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Shark-diving tourism is an emerging industry in the Azores Islands. However, this industry directly competes
with fishing, as both exploiting the same highly migratory shark species. This study quantifies the commercial
value of the Azorean shark-diving industry based on a survey of dive tourists and local dive operators and the
potential of this industry to further generate funds for implementation of direct conservation actions. The eco-
nomic contribution of the shark-diving industry to the regional economy of the Azores in 2019 was estimated to
be just over USD $ 1 Million. The results of a spiked censored interval data model of contingent valuation
indicated that implementation of an extra conservation fee per dive trip, to be paid by dive tourists, could
potentially yield over USD $ 103,000 per year to be used for management and enforcement of a proposed MPA
for sharks around the dive sites. Our analysis suggests that the emerging shark-diving industry in the Azores
Islands has potential to grow throughout the Macaronesian archipelago, thereby increasing tax revenues and the
number of jobs and income to Azorean local communities, potentially promoting conservation and sustainable
use of the shark populations. However, expansion of this industry into a robust contributor to the archipelago’s
economy would require a concomitant strengthening of industry regulation, and support by the government, to
protect businesses and investments. This could be partially obtained through improving in fisheries management,
implementation of a functional MPA and adequate enforcement.

1. Introduction

The Azores is an increasingly popular destination for nature-based
tourism, receiving more than 600,000 visitors each year [5]. Tourists
are mainly attracted by the archipelago’s landscapes and marine-related
activities such as sailing, surfing, whale and dolphin watching and, more
recently, scuba and shark diving [10]. In the Azores shark diving is a
summer season activity that began in 2011 [7], growing in popularity
among European tourists due to the reliability of encounters and quality
of experience. The Azores has the only specialized shark-diving industry
in the Macaronesian Region [30], targeting pelagic shark species such as
shortfin mako sharks (Isurinus oxyrinchus) and, primarily, blue sharks
(Prionace glauca, [7]). This industry was estimated to generate a total
economic contribution of over USD $ 2 million in 2014 [63], and has
shown signs of increasing demand over the last decade.

Observing sharks in their natural habitat using snorkel or scuba gear

(from here on defined as shark diving) is an activity that is rapidly
growing in popularity globally [26], with nearly 600,000 participants
engaged in this industry each year [78]. This type of non-consumptive
use of sharks generates substantial benefits to local and regional econ-
omies in several countries through direct business revenues, regional
and national taxes, jobs creation and indirect revenues to accessory
services such as accommodation, food and transport [31,36,44,61,
66-68,77]. For tropical island economies, which often rely on marine
tourism as a major source of revenues, the contribution of the
shark-diving industry can be considerable, and may account for an
important fraction of their Gross Domestic Product [67].
Contrastingly, many of the shark species on which shark-diving
tourism industry relies on are exposed to unsustainable and unman-
aged fisheries [73]. In the Azorean waters, blue shark and shortfin mako
shark are historically caught by-catch by European industrial longlines
fisheries targeting swordfish [20,57,62]. However, a recent global
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analysis found that industrial fishing activities in the North Atlantic
have an 80% overlap with the space use of blue sharks and suggest that
these species are now targeted [50]. Despite certain shark fishing reg-
ulations, which have been established by the European Union forbidding
the catch and trade of some shark species (e.g. hammerhead, thresher
sharks or deep water sharks), and an overall ban on shark finning since
2003, catches of blue and shortfin mako shark in the Azores are still
largely unregulated, leading to regional population declines [11,62,73].

Shark-diving tourism has, in certain contexts, played a key role in
demonstrating a new paradigm for viewing sharks as a renewable, socio-
economically valuable, and non-consumptive resource when compared
to fishing [26,28,65]. The economic benefits brought by shark diving
may provide strong incentives for the implementation of management
strategies that seek to maintain healthy populations of sharks [68].
Globally, there is an increase in the number of Marine Protected Areas
(MPAs) designated for sharks, as well as national-level conservation
measures to prohibit sharks being caught and killed (e.g. shark sanctu-
aries), many of which appear to occur within key shark-diving desti-
nations [27]. These MPAs have been suggested as instruments for
protecting or restoring shark populations worldwide [21,29,35,70].
However, the displacement of fishing activities and resulting social
impact caused by the implementation of these MPAs is a complex issue,
driven by challenges around access to adequate resources for financial
compensation to local communities, as well as those related to moni-
toring and surveillance to ensure the effectiveness of MPAs [23,74].

To overcome some of the financial challenges of establishment and
enforcement of shark-related MPAs, a sustainable financial option may
include fee payments levied on tourists and operators engaging shark-
diving trips. Previous studies have shown that dive tourists are often
willing to pay to support the enforcement of MPAs for shark conserva-
tion in dive destinations where they have experienced shark-diving ac-
tivities [31,63,68]. This mechanism has been suggested as a strategy to
assist funding the effective implementation of conservation measures
and to assist transition of local communities to sustainable activities
integrated to the emerging shark-diving industry [68].

1.1. Economic valuation of shark-diving tourism

Economic valuations have played an increasingly important role in
shaping policy decisions regarding the conservation and management of
wildlife, including sharks [16,27]. Although there are no reliable global
measures of the economic impact of wildlife tourism [33], a range of
methods have been employed to estimate the total economic impact of
this industry, from the consideration of the aggregated value of pro-
duction through the volume of tour or access ticketing revenues, to the
utilization of intersectoral macroeconomic impact modeling through
Input Output Analysis [15].

In the case of shark-diving tourism, socio-economic studies have
been conducted at many scales, providing an overview of the contri-
bution of shark-diving industry to regional and national economies (e.g.
[79]1, [78], [17,26,31,36,44,48,66,67,63,77]. Industry-wide valuations
and economic assessments are well established within the scientific
literature; however, inconsistencies in methods among studies and time
lags among estimates may limit the ability to compare and combine
studies to provide global estimates for the industry [27].

In more recent years, standardized valuation methods have been
used in several countries around the world. These valuation studies have
quantified the direct and indirect expenditures of participants engaged
in shark-diving, quantifying similar metrics to assess the economic
impact of shark-diving tourism and benefits for the locations where the
activity is established (e.g. [31,36,45,66-68]).

1.2. Contingent valuation

The contingent valuation method (CVM) is a non-market valuation
approach commonly utilized to determine the “willingness to pay”
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(WTP) of individuals for the provision of non-market environmental
goods or services, or for public policies that have not yet been imple-
mented [32,34,49]. Contingent valuation method studies have been
successfully used in combination to shark-diving economic impact
studies as a tool to investigate the potential established shark-diving
operations may have to finance the implementation of shark conserva-
tion strategies in the absence of governmental financial support [68].
The CVM has also been used extensively to understand values associated
with marine species conservation such as turtles [16,60,72], whales [42,
53], manatees [59], penguins [41], and sharks [3,37,68].

Based on the utility maximization principle of welfare economics
[9], the CVM reveals respondents’ WTP for hypothetical quality or
quantity changes of marine tourism resources. Data collection is based
on a survey questionnaire that poses individuals with a tradeoff between
market and non-market values [75]. The CVM is a widely used technique
which offers flexibility as it is capable of capturing all components of
Total Economic Value (TEV) including use and non-use values; allows
the valuation of environmental changes that have not yet occurred;
provides a full socio-demographic profile of the target population; al-
lows contingent scenarios to be designed to directly elicit the value of
the change under scrutiny and allows a better alignment of public ex-
pectations and political initiatives as the valuation process is submitted
to public discussion [2].

However, CVM studies have been subject to some criticisms [64,71]
due the potential emergence of some biases in the survey responses, such
as hypothetical bias, information bias, protest response bias, elicitation
format bias and scope effect [25,53]. For example, individual responses
relying upon a hypothetical scenario, respondents may have less
awareness of the proposed valuation and change of interests, and other
biases associated with the selection of eliciting formats and the type of
payment vehicles used [12]. However, the CVM is generally recognized
as a technique that can lead to sufficiently reliable estimates if specific
guidelines or protocols are followed [2]. In particular, scholars need to
be cautious about potential biases and try to control by employing
adequate survey design, maintaining the adequacy of samples, devel-
oping a well-narrated hypothetical scenario, and employing appropriate
eliciting formats and payment vehicles (e.g. [4,16,68]). Thus, when
adequately designed, CVM may offer useful insights of the potential of
groups of respondents to provide financial support to specific conser-
vation strategies, such as the creation and maintenance of MPAs [68].

This study aims to assess the regional economic contribution of the
shark-diving industry in the Azores Islands based on dive tourists’
expenditure and its potential to finance shark conservation strategies
through dive tourists’ willingness to pay. We combined these two ap-
proaches to provide a more comprehensive understanding of the po-
tential of the Azorean shark-diving industry for conservation of two
commercially important oceanic shark species: blue and shortfin mako
shark. Thus, we present a standardized and robust analysis of the socio-
economic impact of the shark-diving industry in the Azores using survey
data and provide an analysis on the potential of shark-diving tourism to
assist financial support for the establishment of a shark-related marine
protected area.

2. Methods
2.1. Study site

The Azores Islands is considered the most remote oceanic archipel-
ago in the North Atlantic and is located about 1600 kilometers from the
west of mainland Portugal coast and 3900 kilometers from the east coast
of North America. It is one of the two autonomous regions of Portugal,
together with Madeira, and accounts for over 2% of the Portuguese
population (above 247,000 inhabitants). This archipelago encompasses
an area of 2333 km? and is formed by nine volcanic islands divided in 3
groups: The Eastern Group of Sao Miguel and Santa Maria, the Central
Group of Terceira, Graciosa, Sao Jorge, Pico and Faial, and the Western
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Group of Flores and Corvo (Fig. 1).

The Azores is one of the outermost regions of Europe and faces
specific social and economic challenges such as the remoteness, insu-
larity, small size, changeable climate, economic dependence on a few
products [39] and the fragmentation and dispersion of its internal
market [19]. The current drivers of the Azorean economy are agricul-
ture, agro-industries, fisheries and tourism [22]. The latter has been seen
by the Regional Government of the Azores as a strategic activity since
the mid-1990s and public policies such as the expansion of accommo-
dation capacity, international touristic promotion and airline liber-
alization have been adopted [69].

2.2. Shark-diving tourism in the Azores Islands

Diving with sharks in the Azorean archipelago started experimen-
tally in 2009-2010 with expeditions around Pico and Faial Islands
seeking to explore the potential of this activity in the region [54].
However, it was not until 2011 that it began as an industry [63].
Scuba-diving season lasts from June to October, during summer months,
though shark-diving activities are mostly operated from July to
September. According to Gonzales-Mantilla et al. [30], eight diving
centers were conducting dedicated shark-diving operations in 2019
(over 13% of the total Azorean diving industry); however, four Azorean
diving centers receive between 80% and 90% of the total number of
shark-diving tourists in the region. These diving centers are established
equally on Faial and Pico Islands, with two centers on each island
(Fig. 1). Despite being partially foreign-owned, local workers are also
engaged in the business as skippers, dive guides and general staff.

The blue shark is the main specie targeted by shark-diving operations
in the Azores; however, shortfin mako shark may occasionally be
observed. According to dive operators, the number of sightings of the
latter has reduced compared to few years ago when this specie was
sighed in roughly 30% of the shark-dive trips. There are mainly two
shark-diving sites: Pedra de Sousa, located at seven nautical miles
northeast from port of Horta, and Condor Bank, at 20 nautical miles
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southwest from the same port. Due to the remoteness of Condor Bank
from the ports of Horta and Madalena (roughly three hours on vessel),
most of the operations occur in Pedra de Sousa (less than one hour on
vessel). The frequency and abundance of blue sharks vary in each dive
site during the season, therefore diving centers maintain regular
communication with the Department of Oceanography and Fisheries
(DOP) of the University of the Azores at Horta exchanging information
about the location with highest probability for shark sightseeing.

Shark-diving operations in the Azores are conducted as half-day trips
in offshore waters. Dive operators deploy a bait bucket containing a
mixture of blood, tuna and cut sardines, to lure sharks to the vessel. The
shark-diving trip may last between four and six hours, depending on
how long it takes for the sharks to arrive (from 30 min to 3 h). A
maximum of eight dive tourists and one dive guide may enter the water
under at a given time. Dives are performed in pelagic waters (sea floor at
200 m) but to a maximum dive depth of 10 m. All the operations are
performed under the code of conduct established by the Regional Gov-
ernment of the Azores. This code, developed in 2012 between two
regional secretaries (Tourism and Ocean), four operators, and the Uni-
versity of the Azores, addresses activity preparation, human safety, an-
imal wellbeing, diver attitude, and miscellaneous concerns [7].

The cost per shark-diving trip varies according to diver expertize and
diving center ranging from € 175 (USD $ 194) to € 195 (USD $ 216).
Whereas in Faial, the cost per dive ranges between € 165 (USD $ 183)
and € 170 (USD $ 188). Faial diving centers also provided snorkeling
with sharks with a cost between € 140 (USD $ 155) and € 150 (USD $
166). Furthermore, all diving centers advertise dive packages, which
may include accommodation, dive activities and, in some cases, inter-
national flights.

2.3. Tourist questionnaire

Dive tourist questionnaires were developed to document not only the
diver’s trip expenses but also their willingness to pay (WTP) for the
enforcement and management of a MPA for sharks. Prior to data
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Fig. 1. (A) Geographic location of the Azores Islands, (B) Geographic location of Faial and Pico Islands in the Azores archipelago, (C) Location of shark-diving sites
and the four main diving centers providing shark-diving operations in the Azores Islands.
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collection, a pilot survey of 30 dive tourists at different shark-diving
centers was conducted for testing the questionnaire. The survey (Sup-
plementary material) was divided into 3 sections: a) motivation for
visiting the Azores Islands; b) the expenditure while in the Azores; and c)
satisfaction with the shark-diving experience. Each section constituted
of five-10 objective questions.

The first section of the questionnaire collected information about the
following aspects: number of times visiting the Azores; main reason for
visiting this region; and number of days spending on shark-diving ac-
tivities. The expenditures while in the region included: total expenses
(excluding international flights); and expenses per item (food and
drinks, accommodation, local transport, souvenirs and gifts, diving,
shark diving, tourist activities, international flights, domestic flights and
other expenses). The last section of the questionnaire was focused on:
average number of sharks sighted; satisfaction with the operation on a
scale from 1 (poor) to 5 (excellent) in terms of: number of sharks sighted,
quality of interaction with sharks and total satisfaction; likeliness to
recommend or repeat the activity, and a specific question if they would
have come to the region if there were not sharks to be sighted. In this
section we also included two contingent valuation questions, in which
divers were asked for their maximum WTP by an extra daily fee to
provide resources for enforcement and management of a MPA for sharks
in the Azores, as well as an extra daily fee for the enjoyment of the shark-
diving activity if the cost of the operation increased. Furthermore, we
included a question regarding suggestions of where the extra amount
should be invested (e.g. diver security, shark conservation, etc.).

2.4. Operator questionnaire

Questionnaires for the dive operators aimed to obtain information
about the characteristics of the business and expenditures of the diving
operation. The data gathered included: a) number of tourists involved in
general dive trips and shark-diving trips; b) main dive attractions and
activities; ¢) shark-diving sites; d) frequency of shark encounters; e)
operational costs; f) employment; g) expectations regarding the dive
industry in the region and enforcement of a MPA for sharks.

2.5. Survey implementation

The on-site surveys were conducted between August and October
2019 with the four main Azorean diving centers providing shark-diving
trips, which accounted for 85% of the total shark-diving industry, based
in Faial and Pico Islands. The surveys targeted separately both shark-
diving tourists and dive operators. These self-administrated question-
naires were designed based on the standardized methodology described
by Vianna et al. and largely applied for shark-diving economic impact
valuation studies [31,36,45,66-68], including the Azorean industry
assessment in 2014 [63]. Additionally, we also used the information
gathered through personal inquiries to the main authors of these studies.

Questionnaires were distributed to dive tourists of the targeted dive
centers in the ports of Horta (Faial Island) and Madalena (Pico Island).
The tourist survey was performed under the supervision of the principal
researcher with a brief introduction about the research. Most of the
questionnaires were issued to the dive tourists once they returned from
shark-diving trips. Some other respondents were personally contacted
on the following days of the operation at the dive centers or the sur-
roundings as they still remained on the island.

2.6. Estimates of regional economic impact from shark-diving tourism

The regional economic contribution yielded by the shark-diving in-
dustry in the Azores was estimated based on combined data from all
individual divers’ expenditures and characteristics of the dive operators’
business. These estimates capture the business revenues brought to the
region by the shark-diving industry in terms of: a) the direct and indirect
business revenues; b) business tax revenues; and c) the revenues to the
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local community in the form of salaries [66]. Direct business revenues
included the revenues of shark-diving operators and indirect business
revenues included accessories services such as hotels, restaurants, car
rentals, tourism operators, regional airlines, and souvenir shops. Dive
tourists were classified into two categories: (1) dedicated shark divers
and (2) opportunistic shark divers. The first category included those
divers who stated that they would not have visited the Azores if they
could not dive with sharks. Thus, all associated traveling expenditures
for these divers, and calculation of associated benefits, can be attributed
directly to shark-diving tourism. Opportunistic shark divers included
those divers who would have visit the Azores regardless of the possibility
to dive with sharks. Expenditures were calculated for opportunistic
shark divers based on the average number of days diving with sharks and
for dedicated shark divers based on the average number of days staying
in the Azores. To further reduce the influence of leakage between sectors
of the economy, the analysis of total revenues from shark diving did not
include international flights. The total number of shark-diving tourists in
the Azores Islands in 2019 was provided by the combined set of dive
operators. The average expenditure of divers was calculated based on
the data collected in the tourist survey. The average daily expenditure of
dedicated and opportunistic shark divers was assumed as the same. The
economic variables and formulas for data analyses are shown in Table 1
and Supplementary data.

We recognized that our estimates of business revenues are a supply
side approximation of tourist expenditure and do not equate to the total
economic benefits from the shark-diving industry since shark-diving

Table 1
Description of constants and parameters used to estimate revenues generated by
the shark-diving industry in the Azores Islands.

Variable Description (units) Values Source

D # divers Total number of dive 20,140  Dive operator
tourists in the questionnaire
Azorean diving
centers advertising
shark-diving trips
(#/yr)

SD # shark divers Total number of dive 1007 Dive operator

per year tourists engaged in questionnaire
shark-diving
operations in the
Azores (#/yr)

DSD # dedicated Estimated number of 306 Dive operator
shark divers dedicated shark divers questionnaire
per year visiting the Azores per

year (#/yr)

SDF Shark divers’ Proportion of dive 0.05 Dive operator

fraction tourists engaged in questionnaire
shark-diving
operations (SD/D)

DSDF Dedicated Proportion of 0.3 Tourist
shark divers’ dedicated shark divers questionnaire
fraction (DSD/SD)

w Wages Average salary of 8740 Dive operator
employees of shark- questionnaire
diving industry in the
Azores (€/yr)

BT Business tax Minimum tax rate 0.04 Dive operator

contribution contribution from questionnaire
shark-diving
businesses

E Number of Estimated number of 53 Dive operator

employees local employees in the questionnaire
shark-dive industry in
the Azores

A Average days Average number of 2.7 Tourist
of diving days diving with questionnaire

sharks in the Azores
(days)

T Average days Average number of 11.5 Tourist

of trip days staying in the questionnaire
Azores




P.G. Gonzales-Mantilla et al.

services contribute to a wider range of market and non-market values
[38]. However, the revenue approximation provides a useful indicator
of the economic importance of the industry, and is consistent with
common economic metrics such as Gross Domestic Product and National
Income Accounting [67].

2.7. Willingness to pay

We estimated the willingness to pay (WTP) of dive tourists for an
extra daily fee used for management and enforcement of a hypothetical
MPA for sharks [68] and for the enjoyment of the shark-diving activity if
the cost of the operation increased. The contingent valuation questions
were framed by using a payment card, that showed tourists five cate-
gories of user fees per trip in Euros (€) of 0, < 30 (USD $33), 30-60 (USD
$ 33-67), 61-90 (USD $ 68-100), > 90 (USD $ 100). The bids were
chosen based on local knowledge of dive operators about user fees from
international marine reserves. Respondents were asked to select their
maximum WTP from the offered bid amounts. The payment card
approach allowed us to observe the lower and upper bound of re-
spondent’s WTP, with unbounded intervals for the extreme responses on
the card, while also considering individuals with zero WTP values.

That is, from a modeling perspective, the individual is asked to
choose between a set of intervals that comprising his/her willingness to
pay, leading to monetary values within censored intervals. The bounds
of the interval chosen would determine the largest and the minimum
amount of money that the subject would be willing to pay for manage-
ment and enforcement of a proposed MPA for sharks and the enjoyment
of the shark-diving activity if the cost of the operation increased. For
individual i, let L; and U; be the lower and the upper bounds of the
chosen interval, respectively. L; = -« for those individuals choosing the
lowest interval on the payment card, while for those choosing the
highest interval on the payment card, U; = +«. There can also be some
individuals for whom WTP is not censored, since they state that they
would not pay any amount of money, i.e. WTP is zero.

Thus, in this paper we propose the estimation of a spiked censored
interval regression model, similarly to Kristrom [40] for the single
bounded dichotomous choice approach. This model allows for the
consideration of individuals who answer a zero WTP value together with
other individuals who choose some of the intervals in the payment card.

Therefore, the probability that the monetary value for individual i is
located in the interval is

Ui
Pr(L,- < WTP; < U,) = / F(WTP,)dWTP; = F(U;) 7F(L,v> €}
JrL;

where WTP; is willingness to pay for individual i, F is the cumulative
distribution function of willingness to pay, and f is the probability
density function, with F(-«) =1 and F(+«) = 0. The log likelihood
function is derived by aggregation through the sample. That is,

£= 3 log(1 ~ 1)[F(U) ~ F(L) + logl (0] @

where [; is an indicator function that takes the value of 1 if the individual
states a zero WTP, and 0 if the respondent chooses some of the intervals
on the payment card. The parameters that maximize the log-likelihood
function can be obtained by iterative methods such as Newton-
Raphson or simulation methods. WTP; can be a function of explana-
tory variables, such as WTP = X;+ ¢;, where X; is a vector of charac-
teristics of the individual, j is a vector of parameters, and ¢; is an error
term which is normally distributed.
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3. Results
3.1. Data collected and respondent profile

We collected 118 questionnaires, of which 115 were answered by
dive tourists and 4 by dive operators (representing 85% of the Azorean
shark-diving industry). Dive tourists were between 25 and 60 years old
and came from eight countries: USA, Canada, Germany, Russia, Italy,
Spain, France and Portugal. For most of respondents (~68%), this was
the first trip to the Azores; however, about 21% had been in the region
before. General diving activities was indicated as the main reason to visit
the Azores (~37%), followed by general tourism (~22%). Approxi-
mately 15% of the respondents stated they traveled to the Azores spe-
cifically to dive with sharks. The average total length of the trip for all
divers was 11.5 days, and 2.7 days for specifically diving with sharks
(Table 2).

Approximately 30% of shark-diving tourists were classified as dedi-
cated shark divers since they stated that would have not come to the
Azores if it was not possible to dive with sharks. This figure included the
respondents who stated having traveled to the archipelago specifically
to dive with sharks, but also included divers who prioritized this desti-
nation because of shark diving (as a decision factor) but also to diversify
their holidays with activities other than shark diving. Regarding shark-
diving activities, the average number of sharks seen per dive was 2.6%,
and 77% of tourists would definitely repeat this activity or recommend it
to other people. Overall, the shark-diving trip was qualified as “excel-
lent” by the majority of the tourist divers (69%) and as “good” for 24%
(Fig. 2). Regarding the willingness to pay survey, 47% of respondents
would pay less than € 30 (USD $ 33) as an extra fee per dive trip with the
aim of enforcing a proposed MPA for sharks in the Azores (Fig. 3). If the
cost of shark dive operation increased, over 40% of tourists would pay
an extra fee higher than € 30. Most of respondents (~71%) reported they
would like to see this extra revenue invested into shark conservation
(Fig. 4).

3.2. Economic impact of shark-diving industry

Our study revealed that the total economic impact generated by
shark-diving tourists in the regional economy of the Azores in 2019 was
€ 932,603 (USD $ 1,035,189), of which approximately 65% was
attributed to dedicated shark divers. The expenditure of the dedicated
shark divers that would not have visited the Azores if shark-diving ac-
tivities were not advertised would have been lost to the region and
therefore is entirely attributable to the main attractions, blue and
shortfin mako sharks. Economic benefits from shark-diving reached the
community in the form of salaries to local employees of the shark-diving
industry. A total of 53 local employees were working directly for the
Azorean diving centers providing shark-diving operations. Given that
the total number of shark-diving tourists per year represents 5% of the
total annual number of all divers in the Azores, this activity generates €
23,161 (USD $ 25,709) to the local community. Considering the

Table 2

Summary of divers’ answers.
Divers’ profile Value
Average trip days (mean # of days + SD) 11.5(+4)
Average days of shark diving (mean # of days + SD) 27 (+3)
Shark diving was the main purpose of the trip (%) 14.8
Dedicated shark diver fraction (%) 30.4
Average number of sharks watched (mean # of days + SD) 26(£1.3)
§ Likeliness to repeat or recommend the shark-diving experience (%)
Definitely 77.4
Likely 16.5
Maybe 4.4
Unlikely 0

No 0




P.G. Gonzales-Mantilla et al.

CINA
EPoor

EBelow average
M Average

Marine Policy 135 (2022) 104869

W Good
MExcellent

100
()
Q
c
[
% 80
<
()
j@)]
[
=
2_ e
T2
f<i
[z}
g
c 40
K=l
8
o
©
%] 20
w
o
=
&)

Number of sharks sighted  Quality of the interaction
with sharks

Overall satisfaction with
the shark-diving
experience

Fig. 2. Divers’ satisfaction with shark-diving experience in terms of number of sharks sighted, quality of the interaction with sharks and overall satisfaction.
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Fig. 3. Divers’ willingness to pay (WTP) for management and enforcement of a MPA for sharks and for shark-diving trip if its cost increased.

minimum tax rate contribution of 4%, the total business tax revenues
from shark-diving tourism in 2019 was € 37,304 (USD $ 41,408)
(Table 3).

3.3. Willingness to pay

The willingness to pay (WTP) responses for the management and
enforcement of an MPA for sharks and for the enjoyment of the shark-
diving activity if the cost of the operation increased are modeled uti-
lizing a censored regression approach that allows for the consideration
of zero values and unbounded intervals. The variables that were sig-
nificant explaining WTP values are described in Table 4, while Table 5
presents the model results.

It can be seen that WTP for a proposed MPA for sharks is higher for

those dive tourists that have experienced an excellent quality with the
shark-diving activity, have spent more on their vacation in the Azores,
have been before in the islands, come to the islands for shark diving as a
main reason and would like to strongly recommend the visit to Azores to
other people. The mean WTP for the censored regression model is € 34.7
with a 95% confidence interval ranging from € 10.8 to € 51.7. For the
enjoyment of the shark-diving activity if the cost of operation increased,
WTP is significantly higher for those tourists who have perceived a
higher quality of the experience, have spent more on their vacation and
have been before in the islands. The mean of the maximum extra fee, or
WTP, for the diving activity is € 38.93, with a confidence interval from €
15.6 to € 62.2.

The average individual WTP estimates were aggregated over the
total number of shark-divers per year (SDT) and the average number of
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Fig. 4. Divers’ choice of area of investment of extra-amount per dive trip.

Table 3
Estimated revenues and income generated by the shark-diving industry in the
Azores Islands in 2019.

Code Description Value Value ($)
©
Annual business revenues
BROSD Business revenues from opportunist shark 340,245 377,672
divers
BRDSD Business revenues from dedicated shark 592,358 657,517
divers
Total Shark-divers 932,603 1,035,189
Annual community income
DCID Direct community income from diving 463,220 514,174
DCISD Direct community income from shark-diving 23,161 25,709
Annual tax revenues
BRTOSD Business revenue tax from opportunist shark 13,610 15,108
divers
BRTDSD Business revenue tax from dedicated shark 23,694 26,300
divers
Total Business revenue tax from shark-divers 37,304 41,408
Table 4
Variables in the WTP model.
Variable Description
Quality Dummy variable that takes the value of 1 if the subject rates the
quality of the tourist experience with sharks as excellent, 0 otherwise.
Expenditure  Total expenditure in the visit to Azores in Euros over 1000.
Main Dummy variable that takes the value of 1 if the subjects’ main reason
for visiting the Azores was to dive with sharks, 0 otherwise.
Before Dummy variable that takes the value of 1 if the subject had been in
Azores before, 0 otherwise.
Recommend  Dummy variable that takes the value of 1 if the subject definitely

recommends the visit to Azores to other people, 0 otherwise.

diving days (A) to obtain the potential annual revenues from an extra fee
per shark-dive trip (REV) (Supplementary material). Based on the mean
WTP for management and enforcement of a hypothetical MPA for sharks
from respondents, the proposed MPA could generate an estimated
annual revenue (REV) of € 94,346 (USD $ 103,780) (confidence interval:
€ 29,364-14,0567) (USD $ 32,301-154,624) from extra fee per shark-
diving trip. Based on the mean WTP for the enjoyment of the shark-
diving activity if the cost of operation increased, this situation could
generate an estimated annual revenue of € 105,847 (USD $ 116,431)
(confidence interval: € 42,415-169,116 (USD $ 46,656-186,027) from
extra fee per shark-diving trip.

The cumulative distribution of WTP responses for a proposed MPA

for sharks shows that nearly 30% of respondents were willing to pay
more than € 30 and approximately 10% of respondents were not willing
to pay an extra fee to enforce the proposed MPA for sharks (Fig. 5).

4. Discussion
4.1. Economic impact of the shark-diving industry in the Azores Islands

The total economic contribution generated by the shark-diving in-
dustry in the Azores was estimated as USD $ 1,035,189, which is
significantly lower compared to other small-island industries in the
world such as Fiji (USD $ 42 million), Palau (USD $ 18 million), French
Polynesia (USD $ 5.4 million) or Fernando de Noronha in Brazil (USD $
2.6 million) (Table 6, [17,48,66,67]). This could be mainly explained by
the number of divers (1007) and the observed short shark-diving season,
but most critically that the Azorean shark-diving industry has recently
emerged (started in 2011), and that tourism is still burgeoning in the
archipelago [5,69]. Unlike the other small-island destinations, the main
shark-diving attractions in the Azores are oceanic shark species (blue
shark and shortfin mako shark), which appear seasonally in the regional
waters, therefore, shark-diving activities are only operated for three
months per year, during the summer period, similar to what was re-
ported by Gallagher and Hammerschlag [26] in places such as Rhode
Island (USA) and Southern California (USA). However, if we standard-
ized by number of years and operations, the Azorean shark-diving
tourism would be among the highest and most profitable small-island
industries considering its reliance in the European economy which is
stronger than in the other diving destinations (Table 6).

In 2014, Torres et al. [63] estimated the revenues generated by the
Azorean shark-diving industry in over USD $ 2 million per year
(Table 4); the study included estimates of direct, indirect and induced
revenues from shark-diving. As observed in our results, the total number
of shark-diving tourists in 2019 has decreased compared to 2014 (273
fewer tourists), and this difference represents over 27% of the total
number of dive tourists in 2019 (1007 shark-diving tourists). This could
partially explain why the total business revenues in 2014 were higher
than our estimation in 2019; however, the difference between the two
studies is still substantial after accounting for the smaller number of
tourist in 2019, which is likely a consequence of the inclusion of inter-
national flights in dive tourist expenditures estimated by Torres et al.
[63]. In our study we did not include this category of expenditure in
order to focus on the revenues that are retained in the Azorean economy,
as opposed to revenues that may leak to foreigner countries. Another
factor that could potentially explain the difference between these esti-
mates is the proportion of dedicated shark divers. In Torres et al. [63],
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Table 5
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Censored interval regression results of divers’ WTP for management and enforcement of a hypothetical Marine Protected Area (MPA) for sharks and for shark-diving

trip if the cost of the operation increased.

MPA for sharks

Increase on shark-diving trip

Variable Coefficient Std. err. Coefficient Std. err.
Constant 6.46 3.94 * 15.11 7.62 *
Quality 19.61 7.88 il 25.24 12.08 il
Expenditure 5.022 2.36 o 3.014 1.66 *
Main 7.88 3.17 9.23 6.17
Before 13.87 3.87 12.63 7.69 *
Recommend 5.77 2.14 w 12.51 8.81
In (s) 2.67 0.12 ek 3.51 0.10 e
N 97 97
Log-likelihood -102.24 -167.003
McFadden’s R2 0.411 0.181
McFadden’s Adj R2 0.370 0.102
AIC 218.495 348.006
BIC -118.794 -178.44
LR(5) 142.519 99.10
Mean WTP (€) 34.7 10.8-51.7 38.93 15.6-66.2
Notes: *p < 0.1, **p < 0.05, ***p < 0.001
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Fig. 5. Cumulative distribution of WTP for a proposed MPA for sharks responses showing the percentage of respondents who were willing to pay the amount

specified by each bid range category.

Table 6

Comparing the commercial value of shark-diving industries in island destinations.

Shark-diving Year Number of Season Average expenditure per trip Average expenditure per day Total business revenues (USD
destination divers length (USD) (USD) million)

Fiji 2011 49,000 Year-round 2300 212 42.2

Palau 2010 8600 Year-round - - 17.4

French Polynesia 2009 12,623 Year-round - 325 5.4

Fernando de Noronha 2014 4400 Year-round 1483 269 2.6

The Azores 2014 1280 3 months 3672 322 2.2

The Azores 2019 1007 3 months 2189 203 1.0

dedicated shark divers represented nearly the half of the total number of
tourists engaged in shark-diving activities (44%), while in 2019 our
study found this to be 30%. This difference reduced the total revenue
estimate in our study, as the expenditures of dedicated shark divers were
calculated based on the average number of days staying in the Azores
and not only for the average number of days diving with sharks (i.e.
opportunist shark divers). This large difference in the number of tourists
engaged in shark-diving activities may be related to differences in the
survey sampling design. The survey performed by Torres et al. [63]

mostly targeted divers utilizing one of the four major diving centers,
while our survey targeted the entire shark-diving industry and was
successful in sampling 85% of the dive operators. According to the dive
operators, the diving center targeted by Torres et al. [63] historically
hosts most of the shark-diving tourists in the region, which was also
confirmed in our results (about 30% of the entire industry). We observed
that the average expenditure of divers utilizing this diving center was
30% higher than those of dive tourists in the other diving centers (€
163.7 per day), which could also partially explain the higher values



P.G. Gonzales-Mantilla et al.

estimated by Torres et al. [63].

This comparison unequivocally demonstrates the need for analyses
of shark-diving socioeconomics to be representative of the entire in-
dustry in order to obtain a more accurate estimate of the total economic
impact in the region. As more standardized valuation studies become
available, these data may assist the development of models that could
predict the potential of diving tourism to finance the implementation of
management and conservation strategies [68].

Despite the smaller size when compared to shark-diving industries in
many other countries, this industry in the Azores has the potential to
grow due to the optimal conditions for diving practices [54], high
probability of shark sightseeing (i.e. blue sharks) and the current
expansion of the nature-based tourism industry in the Azores [69]. Ac-
cording to the dive operators, other potential shark-diving sites can be
found in the archipelago such as Azores and Joao de Castro Banks and
this could lead to a higher number of diving centers engaged with
shark-diving activities. Additionally, the average expenditure per day
for diving with sharks in the Azores is lower compared to the other
mentioned shark-diving destinations (i.e. Fiji, French Polynesia and
Fernando de Noronha), which could encourage dedicated shark divers,
particularly from Europe, to visit/return to the Azorean archipelago for
this reason.

4.2. Local community income from shark-diving industry in the Azores
Islands

The direct local community income generated by the Azorean shark-
diving industry was also lower than other small-island industries;
however, expenditure on shark-diving had flow-on effects for the local
economy, benefitting businesses that might not be directly involved in
the industry such as accommodation, transport, restaurants, etc. [68].
Also, considering that diving activities occur in the Azores for 5 months
per year, local workers in diving centers receive a higher income per
month during this period than the average monthly income in other
sector of the economies [6]. Still, the annual average salary of the local
community engaged in the diving industry may appear relatively small
due to the short diving season. This suggests that the growth in the
number of shark-diving operations and the development of a coastal
shark diving year-round could further expand the Azorean shark-diving
industry and increase community income.

Considering the potential interaction of fisheries and shark-diving
tourism in the Azores, it is important to discuss the revenues produced
by shark landings in the Azorean Economic Exclusive Zone (EEZ).
Pelagic longlines land the largest majority of shark catches in this region
[20], with blue and shortfin mako sharks accounting for most of the
catches [50,57]. According to Torres et al. [62], the total landed value of
these pelagic species in 2014 was less than € 20,000 (USD $ 22,000) in
the Azorean market, which evidenced lower benefits of catches of blue
shark and shortfin mako shark for the local fishers compared to other
more valuable fish species (e.g. swordfish, tuna, etc.). The low local
demand for pelagic sharks in the regional market has led to a high dis-
carding of blue and shortfin mako sharks in domestic fleets [24,47]. Yet,
local pelagic longlines in the Azores operate at a much smaller scale
compared to European industrial pelagic fleets [18]. In contrast, the
majority of shark catches from mainland and foreign fleets are landed in
mainland European harbors, where shark meat and fins have a higher
market value and management restrictions (quota or MLS) for these
species are absent [24]. This suggests that there is a large underesti-
mation of the pelagic shark catches in the Azorean waters and the value
of this industry.

As pelagic shark catches have a minor socio-economic impact in the
Azorean local community [13,47], the non-consumptive use of sharks
through the shark-diving tourism industry may potentially represent a
higher source of income and provide more job opportunities. Local
fishers could also benefit from the increasing presence of shark-diving
tourists through a higher demand for more sustainable fish products
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regionally, which could make local fishers encouraged to reduce bycatch
and particularly discards of blue and shortfin mako sharks, and to sup-
port the shark-diving tourism industry [67].

4.3. The shark-diving experience in the Azores Islands

The overall shark-diving experience in the Azores was highly valued
by dive tourists (rated “Good” or “Excellent” by 92% of respondents),
which may explain why 77% of the divers interviewed would definitely
return or recommend this activity. Our results in the assessment of the
overall shark-diving experience and the average number of shark
sightings per trip (2.6 sharks) had similar results to the survey per-
formed in 2014. However, in our survey we included a specific question
about the number of shark sightings per trip and 23% of respondents
expressed a relatively low degree of satisfaction. This may reflect the
dive tourist preference for consistent shark sightings and that observing
fewer individuals of blue and shortfin mako shark in the future could
negatively affect the motivation to perform this activity. According to
the dive operators, shortfin mako sightings have largely diminished in
the shark-diving operations in recent years, which is likely a conse-
quence of increasing fishing pressure and overfishing [11,62,73]. As
stated by Zimmerhackel et al. [76], evidence of shark population de-
clines in shark-diving destinations may trigger a substantial decrease in
demand for dive trips with economic losses not only to the dive industry,
but also to the broader local tourism market. Conversely, increasing
abundance of sharks may further increase demand and generate higher
economic gains [76], which could be potentially achievable with the
enforcement of MPAs for sharks.

4.4. Willingness to pay (WTP) for a proposed MPA for sharks in the
Agzores Islands

Willingness-to-pay studies have been widely used to investigate the
acceptance and optimal value of hypothetical marine park fees,
including MPAs for sharks, and inform decision makers of the financing
potential of fee implementation [31,43,58,68]. Our results show that the
shark diving-industry in 2019 could generate over € 94,300 (USD $ 103,
700) for the management and enforcement of a proposed MPA for
sharks. This represents an increase in the willingness to pay by divers
utilizing this industry when compared to a similar survey from 2014
[63], which estimated that a total amount of € 62,720 (USD $ 68,992)
could be generated for the same matter. This difference could be asso-
ciated to a general trend of increasing of concern by divers with the
protection of shark populations. However, it was also observed that if
the cost of shark-diving operations would increase, tourist divers could
pay a higher extra fee generating € 105,847 (USD $ 116,431), and for
most of them (71%) this amount should be invested in shark conserva-
tion. This could be explained by the fact that tourist divers perceive that
the Azorean government may be falling short to protect shark pop-
ulations, as stated by some respondents, and would prefer to support
independent shark conservation initiatives such as promoted by diving
centers.

Our WTP model analysis shows that dive tourists who had a higher
quality of experience, a higher average expenditure in the Azores and
have returned to the region would be willing to pay more for the
enforcement and management of an MPA for sharks and in case the cost
of the shark-dive trip increased. It seems logical that dive tourists who
have returned to the Azores and were highly satisfied with the shark-
diving trip would like to repeat the experience with shark populations
and their habitat well-conserved, even if the cost of the operation
increased. It also seems logical that dive tourists who spent more in the
region would be able to pay more for the activity and to financially assist
shark conservation actions. We also observed that over 90% of the dive
tourists were willing to contribute financially to the establishment of a
MPA for sharks which could be related to the general high satisfaction
with the activity. However, the implementation of any fee payment
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scheme must consider potential effects on return rates of individual
tourists through further market research or contingent behavior studies
[68].

The Azores is a pioneer in the region in the implementation of a set of
marine conservation instruments through MPAs, having started in the
1980’s when few countries were actively engaged in marine spatial
management for conservation [80]. With 110,000 km? of extension, the
current established network of the Azorean MPAs has achieved a
representative coverage of a full range of ecosystems habitats and
vulnerable marine environments, along with the establishment of large
offshore MPAs both within and beyond the Azorean EEZ [81]. However,
Azorean MPAs cannot fully protect the populations of a large number of
migratory species that visit the archipelago such as oceanic shark species
because only part of their life cycle is spent within Azorean waters [80].
Moreover, underfunding for monitoring, enforcement, management,
and public and stakeholder engagement is also challenging in the region,
as in most MPAs worldwide [23,74]. Despite some MPAs around
shark-diving sites in the Azores have been implemented banning certain
fishing activities (e.g. demersal fisheries in Condor Bank), these reserves
still lack effective protection [1].

Shark-diving tourism has demonstrated to be a financial mechanism
for protection of sharks and their habitats through conservation strate-
gies and management in many diving destinations around the world [8,
67,68]. However, this engagement relies on how significant the eco-
nomic contribution of the shark-diving industry for the regional econ-
omy is [27]. The total business revenues generated by the Azorean
industry may not currently represent a strong contributor of economic
outcomes for the local community and to support strong conservation
strategies. However, prohibitions on shark fisheries through the imple-
mentation of MPAs for sharks would not be challenging for local fishers
and the overall local community. The marine environment is deeply
rooted in Azorean livelihoods and culture, and recent studies show that
most Azorean people consider marine conservation a priority and are
willing to engage to avoid loss of marine biodiversity [52,53]. The main
stakeholder affected by a shark fisheries ban would be the European
industrial fleets, which are the largest pelagic shark fisheries in the
Azorean waters, and that potentially threaten the expansion of the
shark-diving industry. Conversely, the establishment and adequate
management of MPAs for sharks would only benefit the local economy
and investing in shark conservation can increase this potential.

Finally, considering that enforcement of an MPA for protecting
pelagic sharks is challenging due to their migratory patterns, this MPA
would require a large-scale conservation planning with regional con-
nectivity. Blue sharks and shortfin mako sharks move through the entire
biogeographical region of Macaronesia, which also include the archi-
pelagos of Madeira, Canary Islands and Cape Verde. This area is also a
hotspot of large-distant industrial fisheries targeting pelagic sharks [50]
with signs of significant overfishing [82]. In light of these facts,
supra-regional control measures could be implemented to reduce
shark-fishing mortality through the implementation of a network of
pelagic MPAs in Macaronesia. This region has also shown a high po-
tential for the development of shark-diving tourism [30], which could
potentially generate funds to assist the enforcement and adequate
management of these marine reserves. Hence, good practices in the
Azorean shark-diving industry would not only serve as an example for
the other Macaronesian archipelagos, but for other small-islands sharing
similarities in terms of overlapping of pelagic industrial fisheries and
oceanic shark populations.

5. Conclusion

Our study investigated the economic value of the shark-diving
tourism industry targeting pelagic or oceanic sharks in the Azores
Islands and the potential of generation revenues for conservation.
Despite being one of the most widespread group of sharks in the world,
the species focused on here (blue and shortfin mako) have been
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modestly represented among global shark-diving tourism operations
(over 10%, [26]), and our findings contribute to a better understanding
of the potential economic dimensions of this emergent market in the
Mid-Atlantic. The contingent valuation analysis based on the willingness
to pay survey shows that the Azorean shark-diving tourism could assist
financial resourcing for the implementation of a MPA for sharks. How-
ever, this industry needs to expand in order to represent a strong
contributor of economic outcomes for the local community and to sup-
port strong conservation strategies.

The growth possibilities of the Azorean shark-diving industry depend
mainly on attracting a greater number of tourists to the region, partic-
ularly dedicated shark divers. A wider awareness among local author-
ities about the economic benefits of this potentially sustainable industry
is needed, with the aim to improve marketing strategies, increasing
support for local dive centers to explore this market, and to integrate
more local workers from the Azorean community into the shark-diving
industry.
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