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A B S T R A C T

A spatial-economic analysis, together with a social assessment, was used to understand the tradeoffs between
different marine ecosystem services (recreation, harvestable fish, and fisheries-related cultural services) in
marine protected areas (MPA), using the Brazilian MPA of Fernando de Noronha as a case study. In this MPA,
tourism activities, including the profitable shark-diving activity, occur alongside small-scale fisheries that are
operated by the local community in some areas, whereas in other areas tourism is the sole beneficiary of eco-
system services given that access by fishers and for fisheries is prohibited. The spatial-economic analyses suggest
that tourism revenues are 10 times higher than those provided by fisheries, and would not be substantially
affected were fisheries to be expanded to some parts of the MPA, even at the expense of shark-directed tourism.
However, this purely economic analysis, which aims to determine how to compensate fishers for not accessing
parts of the MPA, is incomplete as the study identified important cultural impacts associated with inability to
easily access some parts of the MPA, resulting in the loss of place attachment, cultural heritage and identity.
These losses are most felt by fishers who cannot easily switch to alternative economic activities. These findings
highlight the need for an integrative approach to addressing marine ecosystem services that is capable of cap-
turing potential types of losses brought about by competing uses of ecosystem services. Considering only the
economic benefits of conflicting ecosystem services, while overlooking cultural values, may threaten the ef-
fectiveness of MPAs or of the ecosystem services themselves.

1. Introduction

The commodification of ecosystem services (ES) entails that the
goods and services provided by ecosystem processes, structures and
functions be appropriated by the private sector and traded in markets
by assigning them exchange values (Gómez-Baggethun et al., 2010).
One argument is that if ES are clearly identified and assigned a
monetary value then decision-makers will consider the possible con-
sequences of destroying or safeguarding nature (McCauley, 2006). Still,
ES commodification has been criticized (Jax et al., 2013; Peterson et al.,
2010), mostly because decision-makers could fail to recognize the im-
portance of many ES, and only focus on those with direct economic
value (Kosoy and Corbera, 2010).

Although monetary valuation of ES differs from commodification of

ES, assigning monetary value to ES could lead to an expansion of the
market logic to ecosystems and biodiversity (Gómez-Baggethun and
Ruiz-Pérez, 2011). In its narrowest sense, commodification of ES could
lead to the understanding that nature and its ES are only worth pro-
tecting for their exchange value. This could result in an understanding
that if human-nature relations cannot be quantified in monetary values,
then these relations are worthless. When considering the intangible and
incommensurable relationships between humans and nature in the form
of sense of place, identity, spiritual enrichment, or inspiration, to name
a few, it is easy to conclude that relying solely on monetary valuation of
ES is ill-suited to convey the full importance of human-nature re-
lationships (Parks and Gowdy, 2013).

Instead of relying on single valuation approaches that only capture a
fraction of ES values (Jacobs et al., 2018), ES assessments should
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consider a broad range of ecological, economic and sociocultural values
to reflect the many ways that nature is important to people (Pascual
et al., 2017). These broader assessments are also better equipped to
improve sustainability (Jacobs et al., 2016), and shed light on power
asymmetries, environmental conflicts and struggles for environmental
justice (Berbés-Blázquez et al., 2016; Martínez-Alier, 2003).

Fisheries science has long focused on the goods (e.g., fish) harvested
from coastal/marine ecosystems (provisioning ES) from an economic
perspective (Damasio et al., 2016; Lopes et al., 2015; Sumaila et al.,
2015), even before the prominence of the ES concept. Fish are seen as
goods that can be easily priced, given that once they are caught ap-
proximately 88% enter fish value chains (Pauly and Zeller, 2016). Fish
are assigned a price during the multiple stages of trade, from the ag-
gregate first sales price to the aggregate price paid by consumers
(Sumaila et al., 2007).

However, even for an apparently tangible and easily quantifiable
ES, such as harvestable fish, there is a fair chance that simplistic eco-
nomic ES valuations might overlook some of its relevance. First, not all
fish caught are commercialized; at least 3.5% of global fish catch are for
subsistence purposes (Pauly and Zeller, 2016). Even if a price is as-
signed to subsistence fish, there is still a chance that this value would
ignore the role that fish plays in food security and health in terms of
micronutrient and/or overall dietary intake (Golden, 2016; Roos et al.,
2007).

Fish can also contribute to cultural ES. An example of the cultural ES
provided by fish is recreation, both through recreational fishing
(Prayaga et al., 2010) or diving/snorkeling/fish-observation (Tamayo
et al., 2018). Another example is the contribution of fish to the cultural
identity of many coastal and riverine communities, through non-ma-
terial or intangible human-nature relationships (Costanza et al., 2011)
related to a wealth of other cultural ES (Garcia Rodrigues et al., 2017).
Catching fish has implications for how people define their cultural
heritage and identity, way of life, attachment to place, connections to

nature and social bonding (Acott and Urquhart, 2018). The sense of
belonging to a fishing community has implications on the overall
wellbeing of that community, including material, relational and sub-
jective wellbeing (Coulthard et al., 2011), thereby creating individual
and community identities that define “a fishing way of life” (Urquhart
et al., 2014). This is not to say that all fishing community members
experience the same cultural ES, given that relational, shared, intrinsic
and other non-instrumental values may be perceived and experienced
differently depending on age, gender, education, experience, history,
and relationship to a given resource (Lopes and Villasante, 2018;
Manzan and Lopes, 2016; Petrosillo et al., 2007).

Some cultural ES are amenable to market transactions (e.g., re-
creation or fishing-related tourism), but many cannot be quantified
easily, despite recent innovations in the use of revealed and stated
preference techniques (Fish et al., 2016). Perhaps it is due to these
difficulties that ES practitioners tend to overlook some cultural ES,
thereby penalizing communities that depend on fish and fisheries for
their livelihoods. For example, recreation, which is generally con-
sidered to be a non-consumptive cultural ES, has often been suggested
as an activity to replace fisheries, a consumptive activity (Lopes et al.,
2015). Although individuals who choose this route may do better
economically than their peers (Hoefle, 2014), the intangible aspects lost
in this transition may go unnoticed. This can result in inappropriate
judgments, such as direct comparisons between aggregate market rev-
enues from tangible ES, either cultural or other.

There is a need for inclusive and integrated approaches to better
understand the wide range of values that mediate human-nature re-
lationships. These approaches must consider the underlying socio-
economic and cultural factors that both drive resource exploitation and
lead to conflicts over common resources in coastal and marine settings.
Within this context, this paper explores the different values that con-
tribute to conflicts and their outcomes in marine protected areas (MPA),
by examining the Fernando de Noronha MPA (northeastern Brazil) as a

Fig. 1. Location of the study site and boundaries of the two management zones. Note: The area identified with the red color on the right panel refers to the terrestrial
part of the sustainable use zone. The ocean area visible on the right panel, and outside the limits of the no-take zone, is also a sustainable use zone. The table on the
left provides basic information on the two zones. For a complete list of the endangered and endemic species occurring in the archipelago refer to Table S1,
Supplementary Electronic Material.
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case study (Fig. 1). An integrated valuation of coastal/marine ES was
developed and applied using two methodological approaches (Section
2). First, a spatial model was used to estimate the current economic
overlap between harvestable fish and recreational opportunities
(Section 3.1). Second, a fisheries-centric view was applied to assess
fishers’ perceptions on the conflicts regarding other ES uses that have
emerged since the MPA was implemented (Section 3.2). Finally, dif-
ferent ES values were synthesized, and the intricacies of how ES va-
luation can support just and sound environmental initiatives are dis-
cussed, especially in contexts where different values of marine and
coastal ES intersect (Section 4).

2. Methodology

2.1. Study site

Fernando de Noronha, one of the best known Brazilian MPAs, is
formed by two parks that were created at the end of the 1980s: one for
the sustainable use of marine and coastal species and the other as a no-
take reserve (Fig. 1). The oceanic archipelago is located 345 km from
the Northeastern Brazilian coast and is a refuge for multiple endangered
and endemic marine species (Table S1, Supplementary Electronic
Material). In the past, the two parks were managed independently, but
since early 2017 they have been jointly managed. This has, in practice,
turned them into an MPA with different zoning and restrictions for
fisheries and/or tourism.

The MPA has witnessed a myriad of conflicts between fishers and
MPA managers, especially over the last decade since management be-
came stricter due to changes in legislation (Lopes et al., 2017; Lopes and
Villasante, 2018). Whereas fishers argue that their backing of the es-
tablishment of the MPA was conditional upon them continuing to use
and visit their traditional fishing grounds (for both work and leisure),
the MPA managers claim that fisheries can disrupt tourism and the MPA
itself. These disruptions would result from the impact of fisheries on the
ecological food chain (by removing baitfish that serve as food for other
species), given that fish-watching, and specifically shark-watching, is
an important tourist attraction in the MPA’s crystal clear waters (Lopes
et al., 2017).

The main conflict between fishers and MPA managers has to do with
access to shoreline fishing grounds to catch baitfish, mainly sardines
(Harengula spp.) and big eye scad (Selar crumenophthalmus), with cast
nets. During a third of the year, fishers’ access to baitfish is constrained
to the sustainable use area due to the swell season, thus creating the
need for them to use the calmer no-take beaches. Yet, at the time of this
study, MPA managers claimed that, in addition to fishing being in-
compatible with the MPA’s rules, catching baitfish in shoreline shark
nurseries and mating areas for lemon sharks (Negaprion brevirostris) and
nurse sharks (Ginglymostoma cirratum) would interfere with shark be-
havior and scare them away.

Sardines and big eye scad form mixed and abundant schools in
shallow and calm surf areas. These fish are used as bait for the fishers’
main target species: tuna (Thunnus alalunga and T. albacares) and tuna-
like species, such as wahoo (Acanthocybium solandri), and dolphin fish
(Coryphaena hippurus). Alternatively, fishers also catch reef and reef-
associated species, such as barracuda (Sphyraena barracuda) and some
species of jack (e.g., Caranx lugubris and C. latus).

These target species are reportedly caught in offshore fishing
grounds, outside the limits of the no-take zone, with hook and line or
rod and reel. The latter method is used specifically by fishers who also
offer recreational fishing services (Table 1). Reef species can be caught
using frozen sardines stocked from the previous season or with different
baitfish during night fishing. However, fishers dislike night fishing as it
is more tiring and because the species caught have a lower market
demand, thus suggesting respectively a cultural aversion to nighttime
work and strong economic side to this conflict, respectively (Lopes
et al., 2017).

The social side of this conflict is related to the changes in the local
community brought about by the establishment of the MPA and by the
tourism boom in the 1990s (de Souza and Filho, 2012). The tourism
boom led to lifestyle changes that marked a clear division between is-
landers (i.e., those who had migrated earlier, when the island was a
military base, between 1942 and 1987) and outsiders, pejoratively
called haoles (a Hawaiian word meaning foreigner, white man, origin-
ally part of the surf vocabulary) (de Souza and Filho, 2012). The MPA
added to this division by allowing some tourism activities in the no-take
zone, which created opportunities for those with financial capital (e.g.,
diving companies, restaurants, hotels), who were mainly outsiders.

Another source of conflict is access to parts of the no-take zone for
leisure. Although companies that sell scuba diving activities and boat
trips are granted access to the no-take zone, private users (including
fishers) wanting to visit the no-take zone for leisure must request per-
mission. This includes areas where fishers were previously able to visit
freely with their families. Access for private boat trips, such as for
fishers, is granted on a case-by-case basis and can, therefore, generate
some power imbalances between fishers, MPA managers and the
tourism industry. If, and when, granted access, the fishers share the
space with multiple day-trip boats carrying sometimes dozens of tour-
ists.

Tourists generally do not mind the fishers’ operations inside the
MPA, although they would be willing to compensate fishers for not
fishing during part of the year to avoid disturbance inside the no-take
zone (Lopes and Villasante, 2018). Tourists usually visit the archipelago
for its famous landscapes marked by giant boulders, beautiful beaches,
and clear waters, rich with a wide diversity of large fish. Snorkeling,
free diving and coastal hiking are common recreational activities in the
area. Although tourism activities peak during holidays and vacation
periods (December-February, and July), they are relatively constant
throughout the rest of the year.

2.2. Data collection and analysis

2.2.1. Spatial distribution of small-scale fisheries and tourism revenues
In order to evaluate the usefulness of a standard ES monetary va-

luation for the case study, the financial benefits of both nature-based
tourism and fisheries were assessed to determine their respective fi-
nancial values. To model the spatial distribution of fisheries and
tourism, two software platforms were used: (a) ArcView 10.1 to gen-
erate the geographic layers (provided by the Ministry of Tourism), and
(b) the stand-alone version of InVEST 3.3.1 software to do the spatial-
economic analysis (Tallis et al., 2011). Specifically, the InVEST Re-
creation and Tourism Model was used, which predicts the geographical
coverage of recreation and tourism person-days based on the location of
natural habitats and accessibility, and includes built features that factor
in decisions about where to carry out recreational activities
(Adamowicz et al., 2011).

The InVEST Recreation and Tourism Model displays visitation rates
y across the study area using a simple linear regression:

= + + ⋯ = ⋯y β β x β x for i n1, ,i i p ip0 1 1

where xip is the coverage of each attribute in cell i within the study area
containing n cells. The model is parameterized using a crowdsourced
measure of visitation: namely geotagged photographs posted on the
website flickr. For this case study, geotagged photos were searched for
the period between 2010 and 2017. This interval overlaps with the
period in which fishing information and MPA visitation rates were
available. A decision was made to collect this information over a period
instead of a single year in order to get a better understanding of pat-
terns of spatial use, which can be biased if a short period is considered
(e.g., due to weather anomalies, economic instability, etc.). The model
also uses attributes of the studied places, such as natural features (e.g.,
habitat distribution), built features (e.g., roads), and human uses (e.g.,
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industrial activities) (Tallis et al, 2011). For the aim of this study, i.e., to
determine the value of different activities per pixel, the purpose of
visitation was less important, but this information can be found in Table
S2, Supplementary Electronic Material.

For this case study, a pixel is the unit of measurement, with each
pixel being equal to 500m×500m (250,000m2). From the recreation
and tourism model, each pixel was assigned an average annual number
of photo-user-days (AVG-PUD). This value of AVG-PUD for every pixel
was used as a proxy to predict the yearly spatial distribution of nature-
based tourism. Total revenue from tourism was calculated by accessing
general revenues and diving revenues data provided by ICMBio, the
federal institute in charge of managing the Fernando de Noronha MPA.
ICMBio provided the number of dives from the three diving companies
who work in the archipelago, and this number was multiplied by the
price of each dive during the studied period (2014/2015). Additionally,
ICMBio provided visitor entrance numbers (disaggregated by domestic
and foreign visitors) for the year 2015. These entrance numbers were
multiplied by the entrance fee. Both values, i.e., diving and general
tourism revenues, were added to generate the total revenue from
tourism in the MPA. All values were originally collected in the Brazilian
currency Real (BRL) and then converted to Purchasing Power Parity US
Dollars (USD PPP) after averaging the USD PPP for the years 2014 and
2015 (average USD PPP 100=BRL 1803; World Bank, 2018). Finally,
AVG-PUD spatial frequency values were used to assign a relative pro-
portion of the total revenue to each pixel.

To assess the spatial revenue distribution from fishing, harvest
revenue was estimated by calculating catch data over time per fishing
ground. The amount of fish caught with sardine and bigeye scad bait
was estimated and for each pixel these values were averaged out for the
entire period. MPA managers provided landing data for the year 2011
per fishing ground. Total yearly value per fishing ground was then di-
vided by the number of pixels (250m2 per pixel) contained within each
ground. To estimate how much fish was caught with sardine and bigeye
scad, the species most caught with this kind of bait (e.g., tunas, wahoo,
dolphin fish) were extracted and it was assumed that all of these species
had been caught with this method. Although it was recognized that this
could lead to overestimation, it was assumed that the error would be
minimal because very few fishers were using lures in 2011. Revenue
was extrapolated using the ex-vessel prices recorded on the island for
the year 2016. Although there were some temporal discrepancies be-
tween the datasets used in the analysis, this data was considered the
best available information to inform the analysis.

Fishers identified the fishing grounds on maps and based on this
information ArcGIS was used to generate polygons of those fishing
grounds. Two scenarios were generated: (a) the current overlapping
situation, and (b) one that considered a significant increase in fisheries
catch (50%), followed by a decrease of 23% in the revenue from shark-

diving tourism. The decrease in shark-diving tourism was extracted
from a study that investigated the percentage of visitors that said they
became interested in shark diving after they arrived in the archipelago
(Pires et al., 2016). The assumption was that with a reduction in shark
numbers there would be less (or no) spontaneous interest in shark
diving, without affecting the number of tourists arriving to specifically
dive with sharks. A 50% increase in fisheries catch is more than what
fishers would gain if they had full access to the baitfish year-round, as
that would represent an increase of 50% in just four months of the year
(see Section 3.2). Such a scenario aims not only to include current
fishers’ demand for unlimited access to baitfish during part of the year,
but also to account for increased demand for fish (Lopes et al., 2017). It
is a realistic possibility that would likely put further pressure on baitfish
stock availability in and out of the no-take zone. A scenario where
fisheries catch increased by 50% during four months of the year was
also performed. Given that the results of this scenario did not differ
quantitatively from the baseline scenario, they were omitted from the
results for brevity.

The hypothetical scenario makes three assumptions: (1) catches are
limited by the availability of baitfish only, and not by the abundance of
targeted species; (2) if fisheries increased by 50%, year-round sharks
would not easily be seen in the archipelago and tourism revenues would
decrease; and (3) the 23% of tourists who became interested in shark
diving after arriving would not dive for any other reason.

2.2.2. Interviews with local fishers
Thirty-five semi-structured interviews were conducted with fishers

to elicit their perceptions about tourism and the MPA. There were a
total of 40 fishers (all men), who fished using boats and access both reef
and pelagic fish stocks and who were essentially the fishers in conflict
with the MPA. There were also other fishers who usually fished from
the rocky shore, moved around on foot, restricted themselves to the
permitted zone, and used both fresh and frozen fish for bait, depending
on the season. Shore fishers were not identified by the MPA managers
or boat fishers to be in conflict with the MPA and, therefore, were not
included in the survey. About 10 of the interviewed fishers were new
entrants into the fishery sector (i.e., live less than 10 years on the is-
land), all of which fish for older local fishers. This, coupled with the fact
that many of those born and raised on the island were young when the
MPA was established (Section 3.2), suggests that much of the knowl-
edge obtained from fishers may be trans-generational (i.e., acquired
from their relatives and older peers).

Interviews were semi-structured, open-ended, and lasted between
40 and 60 minutes. No fisher declined to participate in the research
when asked. The five fishers that did not participate in this research
were away from the island when fieldwork was carried out (February
and May 2015). The fishers were asked four questions: (1) what is their

Table 1
Summary of the main socioeconomic and fishery characteristics of the interviewed fishers.

Characteristic Characterization Source

Age 40 ± 9.7 years old; youngest= 24 years; oldest = 62 years
Birth place 48.5% local

51.% from the closest coastal states (Rio Grande do Norte and Pernambuco)
Own

Schooling 6.1 ± 3.2 years
Fishing experience 22.3 ± 9.6 years
Fish trade Restaurants, fishers’ association, own homes Own and Dominguez et al.

(2016)
Gear Hook and line, rod and reel, and castnet (for baitfish) Own and Dominguez et al.

(2016)
Boat type 63.6% artisanal fisheries

27.3% artisanal and recreational fisheries
9.1% recreational fisheries

Dominguez et al. (2016)

Capture per Unit Effort – CPUE (kg of fish caught per hour per
fisher) for 2011

Hook and line= 3.75 ± 2.4 kg/h/fisher
Rod and reel= 3.07 ± 1.9 kg/h/fisher

Own

Other economic activities performed by the fishers Tourist guide, park staff, boat captain, taxi driver, recreational fisheries Dominguez et al. (2016)
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relationship with tourism; (2) what is their relationship with the MPA;
(3) what solutions would they propose to the conflicts; and (4) what are
their estimated economic losses from not using their traditional fishing
grounds inside the no-take zone to catch baitfish. The questions were
open-ended to allow fishers to elaborate in length about their percep-
tions on these matters.

The same issues were discussed during a two-day workshop orga-
nized by the MPA managers to address the questions with a group of
fishers, and to validate the information obtained through the inter-
views. This workshop was directed to all fishers. The number of parti-
cipants varied between 20 and 35 people (depending on the day and
time), with two other stakeholders (tourism entrepreneurs) joining as
well. The objectives of the workshop were: (a) to outline the conflict
which, although widely known, had never been discussed in a meeting
specifically designed for that purpose by the MPA managers; (b) to
present the data collected during the fieldwork with the fishers and
other stakeholders involved in fish trade around the island; and (c) to
discuss possible solutions involving compromise on both sides, i.e.,
fishers and MPA managers. This workshop provided detailed informa-
tion on what the fishers demanded, and how they perceived the re-
search-based solutions proposed by the MPA managers.

3. Results

3.1. Spatial distribution of revenue from small-scale fisheries and tourism

The average annual number of entrance tickets to the no-take zone
(considering both Brazilian and foreign tourists in 2014 and 2015) was
slightly over 70,000, with a monthly peak in October of over 6700
tickets. Brazilians accounted for more than 80% of these tourists,
meaning that the total revenue generated through tourism in the MPA
(i.e., through tickets) was about USD 4.16 million per year. Scuba
diving revenue had the same October peak, when it reached an average
of USD 887,400. In 2014 and 2015, on average, the three diving op-
erators generated almost USD 7.49 million annually. Most dives are
concentrated within the boundaries of the MPA’s no-take zone. Thus,
the total revenue generated by recreational activities amounts to the
sum of entrance tickets to the no-take zone and the scuba diving trips,
representing an average of about USD 11.64 million per year.

The spatial-economic analysis, which broke down the above rev-
enues per pixel, showed that per pixel fishing revenue is one-tenth the
level of peak tourism revenue. According to this spatial analysis,
tourism generates approximately USD 6.38 million annually within the
aquatic boundaries of the no-take zone, representing 58% of total
revenues from tourism on the island. The remaining revenue from
tourism (about USD 5.25 million; 42%) is generated from the beaches
adjacent to the no-take zone, and on other parts of the archipelago.
Fisheries, on the other hand, generate about USD 674,000 annually
(Table S3, Supplementary Electronic Material). Most fishing grounds
are located on the eastern side of the marine reserve, where per pixel
revenues can reach up to USD 23,300 per year. The lowest per pixel
revenues are found on the north side of the island.

In the scenario where fish catches increased by 50% and diving
revenues declined by 23%, most fishing revenue changes were con-
centrated in the fishing grounds that are already considered to be the
most profitable. In these fishing grounds, revenues increased by one or
two orders of magnitude. The proposed decrease of 23% in tourism
revenues due to the decline in shark diving represents a loss 7.94 times
greater than the increase in revenues from fisheries. However, this
scenario still suggests that tourism is the main winner in comparison to
fisheries, given that the large differences in revenue between the two
activities remain (Fig. 2B and D; Table S3, Supplementary Electronic
Material).

3.2. Fisher perceptions about the MPA and tourism

The interviewed fishers were, on average, 40 years old, with over
22.3 years of fishing experience, and low levels of formal education (6.1
schooling years) (Table 1). Most of their interactions with tourism are
either neutral or positive (87.5%, 32 respondents), whereas most of
their interactions with the MPA are negative (80.6%, 31 respondents).
Fishers are positive towards tourism because it generates the demand
for their fish, i.e., “fisheries occur because of tourism” as one re-
spondent stated. Respondents who considered their interaction with
tourism as neutral highlighted the fact that there is no overlap in time
and space between the two activities.

The negative interactions with the MPA were based on the per-
ceived lack of dialogue between fishers and the MPA managers, and
what fishers considered to be exorbitant fines for fishing within the
MPA. Many, however, could not cite a specific reason, other than the
general feeling that the “MPA managers were on a mission to end
fisheries”. According to some fishers it should be the other way around,
i.e., “the park should cease existing”. As for suggestions to defuse or
resolve the conflict, most fishers cited specific measures, such as ro-
tating beaches for catching baitfish, time limits for fishing within the
MPA to not interfere with tourism, improving the dialogue between
stakeholders, and changing the MPA administration (which happened
soon after fieldwork for this study was carried out).

The fishers never spontaneously brought up financial compensation
as a solution, although they could estimate the monetary losses for not
using their traditional fishing grounds. They estimated their average
annual economic loss at 59% (range: 0–100%; median=50%) of their
regular income during the four months of the year they could have been
using the MPA grounds. Due to weather conditions in the remaining
months of the year, fishers catch baitfish outside the no-take zone, so
they do not experience any economic losses due to the MPA restrictions.
Some variation in economic losses was observed between fishers, but
this was mainly attributed to the fact that some fishers completely
stopped fishing during the swell season. Other fishers claimed that they
could still catch some baitfish outside the no-take zone during the few
days of relatively calm seas. Some, however, switched to lures and night
fishing, when they can use frozen baitfish. Some of the oldest fishers
spoke at length about how their interaction with the MPA managers had
developed over the years, veering off track at multiple times during the
interview. For example, they touched on some of the prohibitions that
they felt were especially harsh on them, and particularly how they are
prohibited from using certain beaches for recreational activities be-
cause these beaches are either now fully closed (even for tourism op-
erators) or are only open for boat tours (Fig. 3).

During the workshop, fishers revised and confirmed the information
provided during the interviews. However, it is worth noting that their
answers were not unanimous when it came to the topic of possible fi-
nancial compensation in the form of a subsidy to adapt fishing gear, as
proposed by the MPA managers. Younger and independent fishers,
whose boats are also adapted for recreational fishing were, in general,
very positive about this possibility. Conversely, older respondents that
owned traditional fishing boats were unenthusiastic about this oppor-
tunity. Their lack of enthusiasm was partly due to the fact that their
fishing boats are too slow to use lures, and partly due to their insistence
that they had the right to fish in their traditional grounds. Although
these rights have not been officially recognized, these fishers consider
that they have this right given their long history of using the archipe-
lago for fishing, which for some respondents dates back three genera-
tions. These fishers are possibly also those responsible for the knowl-
edge transfer about the economic and cultural uses (and their
intertwined connections) of the archipelago before the establishment of
the MPA. Knowledge transfer is indeed expected to happen through
multiple avenues, e.g., from the instruction of children by their elder
relatives to participation and observation of how resources and land-
scape are used (Turner et al., 2000). These fishers could potentially
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agree to compromise their usual fishing practices (e.g., in terms of time,
access area, total catch) if they could maintain the right to access what
they consider their rightful fishing grounds.

4. Discussion

4.1. Economic trade-offs between MPA uses

The spatial-economic analysis carried out in this study used a
market-based method and highlights the disproportionate differences in
revenues generated from tourism (shark-diving, MPA entry fees) and
fishing. Tourism generates 10 times more revenue than fishing, a dis-
crepancy that remains even if the revenues generated by non-diver
tourists are considered. This is consistent with multiple studies carried
out in both developing and developed countries (McCook et al., 2010)
that have pointed out the potential of no-take zones to generate more
profits from tourism than from consumptive activities, such as fishing
(Sala et al., 2013). Some studies have found this difference to be even
higher than in Fernando de Noronha: for example, in some Kenyan
MPAs tourism can generate 350 times more monetary profits than
fisheries (McClanahan, 2010).

In the present case study, the revenue discrepancies between
tourism and fishing were sustained, even under a hypothetical scenario
that assumed increases in fishing and a decline in shark-diving tourism.
Even in a hypothetical scenario where fish catches increased by 50%
and shark-diving tourism resulted in financial losses, the financial gains
from tourism were still orders of magnitude higher than fisheries.
However, it is important to note that this estimate is based on the
simplified assumption that the only outcome of a shark decline would
be a decline in the number of tourists. This study does not consider the
interactions with other tourism activities (Bennett et al., 2009; Lopes
et al., 2015; Raudsepp-Hearne et al., 2010), or the ecological con-
sequences of losing local sharks and/or scaring visiting sharks (Myers
et al., 2007). The study also uses datasets with some temporal dis-
crepancies, which could have reduced the accuracy of the results.

The spatial-economic analysis identified that 58% of the total rev-
enue from recreation is concentrated in the no-take zone alone.

Fig. 2. Spatially-explicit revenue generation from small-scale fishing (2A, B) and recreational marine tourism (2C, D). Note: Fig. 2A and C represent the baselines, and
Fig. 2B and D scenarios assuming a 50% increase in fisheries catches, and loss of revenues from shark-directed tourism (23% of total tourism). Figures on the right
represent the difference between the baselines and scenarios. Note the differences in revenue magnitudes between fisheries and recreation.

Fig. 3. Winners and losers of the implementation of the no-take zone in
Fernando de Noronha MPA.
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Similarly, the most profitable fishing grounds are precisely on the
borders of the no-take zone, which could also indicate a direct benefit
from fish spillover from the MPA (Lester et al., 2009; Palumbi, 2004), or
from unintentional drifting of fishing boats toward the no-take zone.

Whereas the economic benefits from a non-consumptive activity
such as recreation can be perceived as an opportunity for communities
living in or close to the MPAs to move away from consumptive activities
such as fisheries, they also paint an incomplete picture of ES provision,
access and use. Specifically, the substitution of traditional fishing
grounds for tourist activities encompasses many more trade-offs than
what can be captured through a standard economic ES valuation ex-
ercise. It unequivocally creates winners and losers (Section 4.2), as the
effects of such changes are not equally felt among stakeholders.

4.2. Trade-offs between stakeholders

While there seems to be an apparent replacement of a provisioning
ES (harvestable fish) for a cultural one (recreation) in the MPA, the
actual trade-offs might be broader. It can be argued that many other
cultural ES associated with small-scale fisheries and their traditional
practices are also lost. In this sense tourists and divers benefit from the
no-take zone as they have more opportunities for recreation, and do not
have to compete for space with fishers (Fig. 3). On the other hand, older
fishers with slower boats cannot use lures to catch fish. Thus, they can
only use baitfish, which are only available inside the no-take zone
during four months of the year. Their inability to fish for such pro-
longed periods could influence them to move away from fishing, thus
resulting in a loss of cultural ES associated with this activity.

Many scholars have discussed the potential effects of tourism in
such contexts. With some exceptions (Truong, 2013; Truong and Hall,
2013; Zapata et al., 2011), tourism is commonly perceived as an un-
democratic and disempowering activity for local communities (Tosun
et al., 2003), which has little effect on poverty alleviation (Deller,
2010). In many areas where tourism has replaced fisheries, it has led to
the displacement of local people (Archer et al., 2005), and increased
income concentration and inequality (Tosun et al., 2003). Concerns
over income concentration and inequality were also voiced in our study
site, considering not only the uneven distribution of the economic
benefits derived from the MPA, but also the fact that older fishers with
lower ability to adapt find it harder to be engaged in the new uses of the
archipelago.

For example, not all of the fishers who lose their right to fish can be
easily absorbed by the tourism industry (Wattanakuljarus and Coxhead,
2008). In fact, in the present case study there is a good chance that
fishers who are willing to accept some sort of compensation for not
disputing the fishing ban in what they perceive as their traditional
grounds have already been absorbed by the tourism industry. These
tend to be younger fishers who use their fishing skills to sell recrea-
tional fishing activities to tourists. In this unique arrangement recrea-
tional fishers are allowed to take one of the fish caught during the re-
creational fishing trip, and then sell the remaining to restaurants, or
take them home for their own consumption. Fish trade by recreational
fishers seems to be a legal grey area for MPA managers who struggle
between finding legal clarity and avoiding conflicts with the fishers
who are willing to give up their traditional claims. In this respect,
younger fishers may have found a niche in this cultural change brought
about by both the MPA and tourism. In a way, by choosing not to out-
migrate and attempt to attain socioeconomic viability through tourism,
these fishers may prevent the decline of their communities, something
that is rarely achieved by rural communities under similar circum-
stances (George and Reid, 2005; Rockett and Ramsey, 2017).

Older fishers may not have the means or the skills to switch to other
activities (Marshall and Marshall, 2007), or to find the alternative night
fishing worthy of the effort and/or the money. These older fishers are
also strongly against giving up their rights to the traditional grounds,
given that they have used them for most of their lives. Additionally,

some of these fishers feel that they have been betrayed by the MPA
authorities, given that they initially supported the development of the
MPA as a way of protecting the area against unplanned tourism. During
the interviews, many fishers highlighted the changes to their commu-
nities after the creation of the MPA, including not being allowed to visit
some places. Even when insistently asked about changes to fisheries,
many fishers evoked cultural changes, related to the inability to take
their families on Sunday boat rides to some beaches and barbecue the
fish they caught. In order to be allowed to do that today, they would
need to go through a bureaucratic (and according to them) humiliating
process that could take weeks, whereas boat tours carrying dozens of
people are allowed to do this very same activity every day (though no
fishing is allowed).

Nevertheless, fishers in Fernando de Noronha are not opposed to
tourism, they admit that small-scale fisheries today have been shaped
solely to cater to it. In fact, fish demand from the tourism industry is
such that the locally caught fish is not enough (Lopes et al., 2017). In
this sense, a decrease in tourism to allow for fisheries expansion might
have a negative effect on fishers themselves through decreases in fish
demand. Such unintended consequences, although hard to anticipate,
should be accounted for before proposing management changes
(Degnbol and McCay, 2007). A possible way to achieve this is by de-
signing management changes that are sufficiently robust to cope with
possible negative consequences (Abbott and Haynie, 2012).

The strong connections between the different stakeholders suggest
that MPAs that promote tourism, while still maintaining fishing within
the MPA (or “on the line”) (Kellner et al., 2007), are a double-edged
sword. Nature-based tourism is an opportunity to benefit from cultural
ES through interactions with nature, which can promote the intrinsic
value of nature (McCauley, 2006), while also forging public opinion to
support nature parks (Tisdell and Wilson, 2001). In times where threats
toward protected areas are growing at an accelerated rate (Bernard
et al., 2014; Mascia and Pailler, 2011), forging favorable public opinion
can be a win–win opportunity for people and MPAs. At the same time,
tourism can have a positive effect on fisheries by creating demand for
fish (see above). However, in turn, this can generate conflicts with MPA
goals, if this extra demand can only be met by putting pressure on the
protected resources (Smith and Zeller, 2016). The latter point is further
complicated if only some fishers are able to change and adapt their
fishing practices to comply with the MPA limitations and not others
(Marshall and Marshall, 2007), thereby increasing the vulnerability of
some fishers. However, as previously stated, it is possible that this type
of unintended management consequence can be overcome by im-
plementing schemes that have built-in mechanisms to assist those less
likely to adapt to such changes (Silva and Lopes, 2015).

4.3. Loss of cultural ecosystem services

Although it is difficult to conceptualize and assess some cultural ES
(Chan et al., 2012; Fish et al., 2016), their importance (or loss thereof)
was clear in the responses of many fishers. At the time of this study,
fishers could no longer easily visit some of the areas they had previously
been able to in the past for fishing and recreation (Sections 3.2 and 4.2),
suggesting that the limited access imposed by the MPA has negative
implications on these long-held cultural practices. Such barriers can
lead to loss of attachment and/or appreciation of place, which is linked
to multiple ES (Urquhart and Acott, 2014). For example, the loss of
access to their ancestors’ traditional fishing grounds can have im-
plications on the cultural heritage, identity, and social capital of the
fisher communities affected. In turn, this can increase the risk of losing
these important cultural characteristics for future generations
(Brookfield et al., 2005). The erosion of cultural ES can also contribute
to the loss of social cohesion (Urquhart et al., 2011), as traditional
fishing communities become fragmented and new fisher groups with
different interests are formed.

Tourism, especially nature-based tourism, can also provide many
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other cultural ES and intangible values in addition to recreation (e.g.,
inspiration, knowledge) that can offset the above losses. However, this
paper only considered the negative effects due to the erosion of cultural
ES in the local communities. In this sense, the attempt of this study to
assign a price to ES might be inconclusive, ill-designed and incomplete
for other ES uses (Chan et al., 2012). Nevertheless, it is crucial to be
aware of these limitations when carrying out negotiations and de-
termining compensations for not using a given ES.

It is also important to consider that the conflicts between fishers and
MPA managers go beyond financial issues or compensations, and also
encompass cultural issues. However, although these conflicts that lead
to frustration and anger (e.g., manifested by the desire of a few fishers
to end the MPA), they can also contribute to reasonable solutions (e.g.,
space and time limits). Some fishers seem to be pondering specific
trade-offs, between accessing their traditional grounds for fishing and
leisure and maintaining the MPA. This is an exercise that, if carried out
properly, could contribute to better assessing and maintaining some of
the intangible cultural ES related to fishing (Chan et al., 2012) without
compromising the other ES provided by an effective MPA.

It is unquestionably important to ensure the ecological sustain-
ability of protected areas, but whenever possible, strategies to minimize
the loss of cultural ES derived from such initiatives should also be
sought (Klain et al., 2014). This is especially important because, in the
case of fisheries, the users of cultural ES (fishers and their families) are
also those with the least power to negotiate for the maintenance of
these services. In addition to the loss of cultural ES, if local people’s
needs and frustrations are not considered, the primary goal of pro-
tecting nature could backfire by leading people to feel antipathy to-
wards MPAs (Bennett and Dearden, 2014), thereby threatening the
integrity of these areas through non-compliance (Karper and Lopes,
2014).

5. Conclusion

This study conducted a spatial-economic analysis and a more in-
depth social assessment to identify the economic and cultural trade-offs
involved with the creation of an MPA, considering those that allow
fisheries and tourism in their grounds. The results of our Fernando de
Noronha MPA case study suggest that small-scale fisheries and tourism
based on shark-diving operate in different economic and spatial scales.
Tourism is significantly more profitable, even under scenarios where
fishing activities increase to the assumed point of negatively affecting
shark-diving tourism.

On the other hand, the trade-offs in the use of ES are not limited to
profits and revenues, given that some fishers also consider that the MPA
has caused them to lose access to the grounds traditionally used for
fishing and their own recreation. For these fishers, economic compen-
sation for losing access to these grounds would not be enough to end
conflicting demands for ES, although it could be a solution for the
(mostly) younger fishers who benefit from tourism due to the growing
demand for fish and recreational fishing.

Thus, there are important cultural ES associated with small-scale
fisheries that are at a risk of being lost given that they remain hidden in
typical valuation approaches, as demonstrated in this paper. This sug-
gests that economic analyses, even those that are clearly fisheries-
centered and only consider the instrumental values of species or habi-
tats, are incomplete as they can ignore the complex ways in which the
marine environment is important to local communities. More inclusive
approaches to assessing human-nature interactions may be suitable for
unmasking such environmental conflicts, power asymmetries, and ES
trade-offs that often remain hidden or result in the loss of cultural ES
when under environmental interventions, such as MPAs.
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