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A B S T R A C T

The ecosystem services approach has increasingly emerged as a core requirement of ecosystem-based manage-
ment of the marine space. In this context, explicit quantification and mapping of ecosystem services is considered
key. This research proposes a methodological framework that combines Geographic Information Systems and
participatory techniques to map the ecosystem service of recreation opportunities, provided by coastal and
marine ecosystems. Attributes selected to represent the ecosystem service were scenic beauty, unique natural
resources, accessibility, cultural sites and tourism use aptitude. High values of the indicator concentrated on
areas that combined the presence of unique marine fauna (e.g. Southern Elephant Seal, Mirounga leonina),
terrestrial and marine routs, and areas of high scenic beauty, associated to the presence of glaciers. These areas
corresponded to the southern part of Almirantazgo Sound, the northern part of Navarino Island on the coast of
the Beagle Channel, and to areas surrounding Wulaia fishermen's cove. Zones showing highest values of the
indicator 81–100) comprised 0.89% of the study area and a small proportion of them coincided with areas of
aptitude for aquaculture, which represents potential use conflicts, as long as aquaculture concessions remain
operative. In turn, the areas of lowest values 0–20) were located offshore in open sea, and comprised 0.49% of
the study area. Overall, the methodology demonstrated the capacity to identify potential recreation areas to
inform regional decision making regarding marine use planning.

1. Introduction

Throughout the world, people depend deeply on the oceans and
coasts and the resources they provide, for livelihood survival and
wellbeing [1]. Global estimates indicate that the world's ocean and
coastal biomes provide as much as two thirds of the ecosystem services
that make up the planet's natural capital [1,2]. At the same time, very
little is known about them. “Ocean and costal ecosystems suffer-
perhaps more than any other ecosystem-from both knowledge and
governance deficits” [2]. They are increasingly threatened by human
activities such as over fishing, marine pollution, marine habitat change,
climate change, invasion of non-native species, and other impacts of a
rapidly growing human population [2–4].

These multiple impacts can impair the structure and functioning of
these ecosystems, which in turn may negatively affect their capacity to
generate ecosystem services —the components of nature directly used,
consumed and/or enjoyed to yield human wellbeing [5]. In this context
of increased and competing pressures, the ecosystem service approach

(ESA) to biodiversity conservation goes beyond how people affect
ecosystems, and includes how society depends on, benefits from, and
is affected by an ecosystem [1,6]. For this reason, the scientific
community and policy makers have increasingly advocated for the
use of ESA as a management tool [7,8]. UNEP-WCMC [4] states that
“the principal means for communicating the consequences of ecological
change for human wellbeing is to document the impacts on ecosystem
services”.

Application of ESA has been recognized as a core requirement for
implementing ecosystem-based management for marine and coastal
environments, as it facilitates protection of key ecosystem services and
offers improved evaluation of marine resource uses, impacts and
tradeoffs based on human wellbeing [9,10].

In operational terms, ESA is a problem solving framework, which
commences with the identification of a management/policy problem, in
which ecosystem services provision and social, economic and politico-
cultural contexts are delineated and defined in terms of scale. Chosen
services are then modelled, mapped and valued. Lastly, management
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choices and their opportunity costs are explored via scenarios of future
states of the world and/or policy interventions [11]. Specifically, the
spatial representation (mapping) of ecosystem services has been
recognized as a key undertaking for mainstreaming ESA in policy and
decision making [12–14].

Whereas increasing contributions have been made to the literature
for terrestrial ecosystems, the mapping of coastal and marine ecosystem
services remains limited. Only few mapping studies can be found
[15–19] despite recognition of the importance of spatial representation
of ecosystem services in marine planning [18,20,21].

One of the most notorious ecosystem services provided by coastal
and marine ecosystems is recreation opportunities, also called oppor-
tunities for recreation and ecotourism [1], classified as a cultural
ecosystem service. For most cultural services, the distinction between
the service itself and the benefit is challenging. In the case of recreation
opportunities, combinations of recreation activities and settings jointly
determine the recreational choices people make. All recreation settings
can be described by their biophysical (e.g. singular landscape attri-
butes), social (e.g. sense of solitude) and managing attributes (e.g.
access to site), which together sustain a potential recreation opportu-
nity. Recreation activities in turn represent the benefits, which are a
combination of the ecosystem service and other forms of built capital
[22,23].

Whereas in terrestrial ecosystems a series of indicators have been
proposed to map recreation opportunities [24,25], in coastal and
marine ecosystems very few studies can be found [16,18]. Additionally,
indicators proposed for assessment are usually benefit indicators, such
as number of visits per person per year, number of trips per person per
year, number of hotel rooms [26] or number and quality of beaches
[20], rather than flow indicators, as proposed here.

This research develops and applies a methodological framework
that combines Geographic Information Systems and participatory
techniques to map recreation opportunities provided by coastal and
marine ecosystems.

This is particularly important in a study area such as the present that
comprises a Biosphere Reserve and has been nominated as a world class
tourist destination due to its remarkable natural features and pristine
environments. In Chile, coastal and marine ecosystem services have
been scarcely assessed and the few existing studies were conducted in
refer to northern latitudes [18,27–31]. To the best of our knowledge,
there are no studies conducted as far south as the Magallanes and
Antarctic region.

2. Methods and data

2.1. Study area

The specific study area is found in the extreme southern tip of South
America, within the Region of Magallanes and Chilean Antarctica
(54°5′46.42" to 56° 9′2.85" south and 73°13'15" and 66°2′57.28" west)
including part of the provinces of Tierra del Fuego, Magallanes and
Antarctica (Fig. 1). Together, these comprise a terrestrial area of
19,225 km2, fjord and channel area of 14,618 km2, and open ocean
area of 15,272 km2. It is also the southernmost archipelagic and fjord
territory in the world.

Geography is dominated by the Cordillera Darwin, whose ice field
has given origin to the formation of the fjords and channels of the area
since the last glacial period.

Until the arrival of European explorers and conquerors (16th
century) this territory was inhabited by the Kaweshkar (or
Alacalufes), Selk’nam (or Onas) and Yámana (or Yagan) peoples.
Their decedents began to disappear in the following centuries, first
because of contact with foreigners, but principally due to the expansion
of commercial activity (livestock farming) and evangelization, taking
place during the 19th and 20th centuries. This area acquires its
importance from the 16th century because of the discovery of an

interoceanic passage (Strait of Magellan), through which passed the
ships sent by European colonists. In the 19th century, the expeditions
that arrived to the area were mainly with exploration and extraction
purposes. Mining and farming industries were set up that were to
determine the population of the region [32]. Currently, the main
economic activities in the provinces are concentrated in raising live-
stock, artisanship and industrial fishing [33].

The study area is subject to private and state administration, and the
largest zone is the Cape Horn Indigenous Development Area, which is
managed by the Indigenous Development National Corporation. This
area includes all the Cape Horn Commune and has a surface area of
1,414,600 ha.

National Parks in this territory include Alberto de Agostini,
Yendegaia and Cape Horn, all under administration by the National
Forestry Corporation. Another small area destined to conservation is
governed by the Ministry of National Holdings on Albatross Islet in
Almirantazgo Sound. All the coastline, up to 80 m from the highest tide,
is under the jurisdiction of the General Maritime Territory Direction
from the Chilean Navy. Within the same space, the wild terrestrial and
marine species are the responsibility of the Ministry of the Environment
and the Agriculture and Livestock Service. Natural resources considered
for fishing are overseen by the National Fishing and Aquaculture
Service. There are also two private protected areas, namely Karukinka
Natural Park, held by Wildlife Conservation Society (297,000 ha) in
Tierra del Fuego, and Omora Ethnobotanical Park (1000 ha) that
pertains to the Ministry of Public Holdings and is administered by the
Omora Foundation.

Despite being an isolated territory, the marine and terrestrial
ecosystems are defined as priority areas for tourism development,
given they are endowed with unique features such as the marine fauna
and flora, glaciers, fjord channel networks, sea and landscapes [34].
Most of these recreation opportunities are untapped and difficult to
access due to inadequate infrastructure and support services, thereby
presenting a challenge to the development of tourism in geographically
isolated areas.

2.2. Indicator development steps

The development of the GIS based protocol followed four steps, as
described below.

2.2.1. Step 1 Selection of attributes and spatial variables
Ecosystem services flows are sustained by ecological and landscape

functions and attributes that need to be identified for the construction
of indicators. To select these attributes, prior works were taking as
referent about the provision of recreation opportunities in terrestrial
ecosystems [24]. Expert criteria were also used to incorporate or
modify attributes unique to the marine ecosystems. Selected attributes
were: accessibility, tourism use aptitude, unique natural resources,
cultural sites and scenic beauty. Different variables were selected that
integrated the spatial dimension of each attribute (Table 1). This
selection was carried out based on bibliographic references from prior
studies on recreation opportunities and the availability of spatial
databases from secondary sources. For the accessibility attribute,
terrestrial, aerial and marine routes were used. The attribute of tourism
use aptitude refers to the capacity of different land covers to support
specific recreational activities. To build this attribute, recreational
activities were identified that could be carried out on each land cover
identified in the Native Chilean Vegetation Resource Map for the
Region of Magallanes and Chilean Antarctica [35] (see Table 2). Also
included were cover areas containing fjords and open ocean, that were
not considered in the Resource Map. Unique natural resources com-
prised information about the presence of marine fauna, forests of high
conservation interest, and protected areas. Cultural sites were repre-
sented by ancestral routes, archeological sites, and ancestral lands.
Finally, scenic beauty was represented by the presence of glaciers and
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photographs points obtained with Panoramio.

2.2.2. Step 2 Analysis of spatial variables to represent attributes
ArcGis 10.4.1 with arc info license was used for spatial analysis. The

spatial analyst extension was used for the attributes of accessibility,
tourism use aptitude, unique natural resources and cultural sites. For
the attribute scenic beauty, the 3D extension was also used. In Table 1,

the tools used are described for each layer. Layers used for the
attributes accessibility and unique natural resources were transformed
to raster format. Then, with the raster calculator from the spatial
analysis extension, the layers were summed, given the definitive weight
of each variable.

For tourism use aptitude, the values obtained for each land use were
spatialized over the layer the Native Vegetation Resource Map, plus the

Fig. 1. Study area in Region of Magallanes and Chilean Antarctica.

Table 1
Attributes, variables and data sources used to build the recreation opportunities indicator.

Attributes Layers Spatial treatment Sources

Accessibility Road network Euclidean distance Ministry of Public Works 2015
Ports Euclidean distance Navy of Chile 2005
Seaways Euclidean distance Navy of Chile 2005
Airports and airfields Euclidean distance Ministry of Public Works 2005

Tourism Use Aptitude
(TUA)

Land uses and covers Normalized values assigned to each use and
cover, based on expert opinion

Native Chilean Vegetation Resource Map for the Magallanes
Region, from National Forest Corporation 2013

Fjords and channels Magallanes Regional Government 2005
Open sea Magallanes Regional Government 2005

Unique natural resources Forest of high interest Euclidean distance Native Chilean Vegetation Resource Map for the Magallanes
Region, from National Forest Corporation 2013

Points of observation of nesting
areas

Kernel density Agriculture and Livestock Service

Whales, dolphins, pinnipeds and
otters

Kernel density Quaternary Studies Center (CEQUA) 1996–2014

Public and private protected areas Euclidean distance Quaternary Studies Center (CEQUA)1996–2014

Cultural sites Ancestral routes Euclidean distance Indigenous Development National Corporation 2006
Archeological sites Kernel density Indigenous Development National Corporation 2006
Ancestral lands Euclidean analysis Magallanes Regional Government 2006

Scenic beauty Glaciers Euclidean distance Magallanes Regional Government
Photo capture points uploaded to
Panoramio

View shed analysis Google Earth Panoramio 2016
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fjord, channel and open sea layer. A value of 1 was assigned for
activities that can be realized on each cover, and a value of 0 was used
if the activity could not be carried out (Table 2). The sum of the
activities that can be done in each cover is the value that was
spatialized in raster format on the map of tourism use aptitude. Finally,
all the layers were passed to raster format.

For the attribute of cultural sites, a value of 100 was assigned on the
pixels that pertained to heritage and archeological sites. With distance
analysis from spatial analysis, decreasing values were generated as they
got further from these sites.

Lastly, for the attribute of scenic beauty, user photos uploaded to
Google Earth and Panoramio were used and georeferenced in ArcGis
10.3. The generated points were used as observation points for the
creation of viewsheds on a digital elevation model from the NASA
satellite SRTM published in 2014 using the Viewshed tool from the
spatial analyst extension. Then, the glacial layers were added, and to
these a value of 100 was assigned, while the value in the contiguous
pixels decreased as they got further from the glaciers. In this way, for
this attribute, values were only assigned to pixels that were within the
generated viewsheds.

2.2.3. Step 3 Delphi method and weighting of variables for accessibility and
unique natural resources

The variables contained in the attributes of accessibility and unique
natural resources were weighted by means of individual preferences
obtained from a focus group. Analytical Hierarchy Process was used
with a reference group of fourteen people composed of academics and
postgraduate students from the Universidad Austral de Chile, and a
representative from World Wildlife Fund Chile. The objective of this
reference group was to obtain relative preferences for variables and
attributes. The software IDRISI SELVA 17.0 was used to determine the
weight and congruence of the values of the individual Saaty matrices
generated by each participant.

On accessibility, most participants indicated marine routes as the
most important means to access recreation opportunities, with a mode
value of 0.65. In turn aerial accessibility had a mode of 0.28 and
terrestrial accessibility a value of 0.012. These modes were obtained
from the study by Wachira [36]. Accessibility was finally represented
by the following expression:

Accessibility=ƒ {(0.65* marine routes)+(0.07* terrestrial routes)
+(0.28* aerial routes)}.

On unique natural resources, participants ranked marine wildlife
watching sites in first place, with a mode of 0.58. Forests of high
conservation interest were ranked second with a mode of 0.29.

Important bird nesting sites and protected areas were least rated with
modes of 0.04 and 0.05 respectively. The final expression for this
attribute was the following:

Unique natural resources=ƒ {(0.3* forests of high conservation
value)+(0.045* important bird watching areas)+(0.6* marine wildlife
watching sites)+(0.055* protected areas)}.

For marine wildlife watching sites, temporary cetacean and pin-
niped farrowing sites were considered. These wildlife watching sites
had a ponderation 0.25% higher, because of being sites with permanent
marine fauna.

2.2.4. Step 4 Final mapping of recreation opportunities indicator (ROI)
The final maps of the five attributes were normalized to a 1–100

scale to obtain the final map of recreation opportunities indicator
(ROI). Later, all maps in raster format were added in the Raster
Calculator tool with the same weight for each one of the attributes.
The final result was also normalized to a 1–100 scale.

3. Results

3.1. Spatial distribution and concentration of individual attributes

Distribution of the accessibility value (Fig. 2A) was determined by
the weight obtained by each access variable. Marine accessibility was
indicated as the variable with the most weight, which explained the
high values around these routes. At the same time, land routes are
short, and influence very specific and concentrated areas, principally on
Navarino Island within the sector associated to the touristic route
Dientes de Navarino. Other value areas were observed in front of the
land route in the sector of La Paciencia on the Island of Tierra del Fuego
which is used mainly for hiking. Hornos Island, where Cape Horn is
located, is also a site that allows the arrival of tourists to one of the
southernmost points on earth. This marine access site also generates a
value area in that sector of the study area.

Fig. 2B shows a concentration of values of tourism use aptitude for
four areas: the fjords zone, native forests, other humid areas, and the
steppe (wetlands). High values for native forests are due to that this
land cover can sustain five out of the 10 possible recreation activities
performed in the area, leaving out only the activities that are carried
out on water or ice covers. In turn, the cover catalogued as “other
wetland zones” and the fjord area sustain five to 10 recreational
activities, which gives it a relative value of 83. These four covers
comprise 44% of the study area.

Lowest values of tourism use aptitude occurred in open sea, sector in

Table 2
Activities that can be performed on each cover in the study area, defining the tourism use aptitude attribute.

Horseback
Riding

Mountain
Biking

Bird
Watching

Mountain
Climbing

Ice Hiking Recreational
Fishing

Kayaking Sailing Scientific
Tourism

Camping Total

Area without
Vegetation

1 0 1 1 0 0 0 0 1 0 4

Beaches and Dunes 1 0 1 0 0 0 0 0 1 1 4
Glaciers, Snow and
Ice Fields

0 0 0 1 1 0 0 0 1 1 4

Grassland 1 1 1 0 0 0 0 0 0 1 4
Native Forest 1 0 1 1 0 0 0 0 1 1 5
Other Wetlands 0 0 1 0 0 0 0 0 1 0 2
Peatlands 0 0 1 0 0 0 0 0 1 0 2
Patagonian Steppe 1 1 1 0 0 0 0 0 1 1 5
Rivers and Streams 0 0 1 0 0 1 1 0 1 0 4
Shrub 1 0 1 1 0 0 0 0 1 1 5
Urban Industrial
Areas

0 0 0 0 0 0 0 0 0 0 0

Water Bodies (Lakes,
Lagoons)

0 0 1 0 0 1 1 0 1 0 4

Fjords 0 0 1 0 0 1 1 1 1 0 5
Open Sea 0 0 1 0 0 0 0 1 1 0 3
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which only scientific and navigation activities are carried out. This
explains the abrupt difference of values between fjords and open sea.
The other cover associated with low values was logically the industrial
and urban zones, however this cover has an insignificant presence in
the study area. Scientific tourism is presented as an activity possible to
carry out in 11 covers of the study area. Other activities with an ample
presence are bird watching (present in eight covers), and horseback
riding (present in seven covers).

In Fig. 2C, the highest values of unique natural resources fell on
three areas that concentrate the presence of the highest weighted
variables in this attribute (forests of high conservation importance and
the presence of marine fauna). In Tierra del Fuego, the high values of
the attribute on land are determined by forests of Lenga (Nothofagus
pumilio), Ñirre (Nothofagus antarctica) and Coihue (Nothofagus dombeyi).
Regarding waterways, concentration is found in the Almirantazgo
Sound, because of the presence of leopard seals (Hydrurga leptonyx),
southern elephant seal (Mirounga leonina) and black-browed albatross
(Thalassarche melanophrys). The extreme of the fjord is the most
important resting and mating zone of black-browed albatross in Chile,
and the only one in the world in inland waters (giving it better access
for visitors). Another important area of unique natural resources was
Navarino Island, whose high values on land are determined by the
presence of Magellan's beech (Nothofagus betuloides) and Lenga. An-
other focus was on the fjord zone close to Navarino Island, because of
the marine fauna, principally dusky or Fitzroy dolphins (Lagenorhynchus

obscurus), Chilean dolphins (Cephalorhynchus eutropia), southern right
whale (Eubalaena australis) and minke whales (Balaenoptera bonaeren-
sis). Multiple foci of medium values of the indicator occurred in all of
the fjord zone, given the presence of rest and reproduction areas of
South American fur seal (Arctophoca australis) and the Patagonian sea
lion (Otaria flavescens).

Fig. 2B shows a high concentration of values for cultural sites on
specific points related to the presence of archeological and heritage
sites. Archeological sites were isolated findings that concentrated
mostly on the island of Tierra del Fuego. In the Wualahia Bay, there
were sites of cultural interest linked with ancient Yagan settlements
that give value to the area. The entire study area is indicated as an
Indigenous development zone, according to the Indigenous Develop-
ment National Corporation, which increases the value of cultural
heritage homogeneously within the study area.

High scenic beauty values (Fig. 3E) were associated with glaciers.
Most of the photographs uploaded with Panoramio and used to
construct viewsheds displayed glaciers that are visible from cruise
ships along navigation routes (north of the Beagle Channel). All ships
must transit through the Fueguinos Channels route from the Strait of
Magellan to Cape Horn. In the marine route from the Almirantazgo
Sound to Navarino Island, glaciers were the most important attribute,
generating high values. Highlighted were glaciers from the Tierra del
Fuego archipelago, mostly from Gordon and Hoste islands, and the
Cordillera Darwin located on the southwest part of the Grand Island of

Fig. 2. Spatial distribution and magnitude of the individual attributes that composed the recreation opportunities indicator: A) Tourism use aptitude; B) Cultural sites; C) Unique natural
resources; D) Accessibility; E) Scenic beauty.
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Tierra del Fuego. In the commune of Cape Horn (or on Navarino Island)
the mountainous range Dientes de Navarino showed the highest values
of scenic beauty, also because of the glaciers.

3.2. Recreation Opportunities Indicator (ROI)

It is evident from the final ROI map (Fig. 3), that accessibility had a
significant influence on the spatial distribution and magnitude of the
indicator. The reason for this is that accessibility enters the indicator
both as a single attribute, and is in interaction with unique natural
resources and scenic beauty. The second most important single attribute
within ROI is unique natural resources, which generates a concentrated
focus of high ROI value in the areas with pinniped mating sites, whale
watching and high conservation value forests. This in turn generates a
high value concentration in land and fjord areas on the islands of Tierra
del Fuego and Navarino.

In contrast, attributes of scenic beauty and tourism use aptitude
generated an increased value of the indicator across a wide area (all
covers of fjords, native forests and every cover with glaciers).

Table 3 shows the areas that fall within each range of values of ROI.
Only a small percentage of the area falls within the highest value range
(81−100), whereas most of the area concentrates in the range from 41
to 60 of medium ROI values.

Areas of high value (80−100) of ROI were located in the southern
part of Almirantazgo Sound that combined the presence of unique
marine fauna and terrestrial and marine routs. The lowest value areas
0–20) were located in open sea and represented only 0.95% of the study
area.

4. Discussion and conclusions

Ecosystem services maps are an effective means to characterize the
importance of ecosystems for human wellbeing [37,38]. In fact, they
warrant transparency of trade-offs and synergies associated with
decisions regarding ecosystems [39]. These trade-offs are inherent in
most decisions regarding management, not only between different
services, but also between the current and potential future supply of
a service. This makes the visualization of ecosystem services a
potentially powerful information for decision makers [12,40,41].

We developed and applied a GIS-based indicator and procedure in
order to map potential recreation opportunities in coastal and marine
ecosystems, which has the following strengths: i) it combines attributes
from the physical (e.g. presence of unique species or glaciers) and
cultural landscape (e.g. heritage sites) and managerial attributes (e.g.
roads) to generate a function of recreation opportunities potential; ii)
this function is created by incorporating the opinions of a reference
group, which allows to capture different perceptions, preferences and
judgments that people have for certain attributes and variables; and iii)
it relies on secondary data, which facilitates its replication to other
territories within the country and elsewhere.

In many studies that map ecosystem and cultural services, demand
side indicators (e.g. number of visits to a particular area, proximity to
touristic services, touristic ship traffic) are mistakenly used to represent
ecosystem services flows, which are by essence an ecological phenom-
enon, as defined by Fisher et al. [42] and Boyd and Banzhaf [5]. In
other cases, emphasis is placed only on single elements of the physical
or cultural landscape, for example view sheds or indigenous settle-
ments. The indicator proposed here overcomes those problems by truly
reflecting the potential of the ecosystem to deliver an ecosystem service
flow.

Overall, the highest values of ROI 81–100) concentrated in very
small zones and accounted for a small proportion of the study area (less
than 1%). These areas include Almirantazgo Sound and Navarino
Island, both areas of high biodiversity conservation [43] value and
high potential of recreation opportunities, as supported by our results.
At present these areas are largely unprotected. In fact, the Beagle
Channel waters are not under any official protection and the totality of
Almirantazgo Sound is also unprotected. Currently, attributes of

Fig. 3. Magnitude and spatial distribution of the final recreation opportunities indicator (ROI).

Table 3
Percentage of the study area for each value range of recreation opportunities indicator
(ROI).

Value ranges Label Area (km2) Percentage

0–20 Very low 272,14 0.49
20–40 Low 10,619.38 18.93
40–60 Medium 31,232.66 55.66
60–80 High 13,449.88 23.97
80–100 Very high 531.41 0.95
Total 56,105.47 100
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biodiversity and charismatic species in Almirantazgo Sound [43] have
caused that the Sound is being managed as a coastal and marine
protected area of multiple uses by the Wildlife Conservation Society.

As stated by many authors, mainstreaming ecosystem services into
public decision making has proven a difficult task, not only given the
lack of information or sound methods but also considering the
permanent dichotomy between conservation and economic expansion.
If the ROI map (Fig. 3) is contrasted with the map of the study area
(Fig. 1) an overlap is seen between the high ROI value areas and other
projected uses that could diminish the touristic value of these areas.
Zones that are projected for aquaculture expansion overlap with two
important foci of high ROI value (north of Karukinka Park and the
National Park Alberto de Agostini). Outeiro and Villasante [44] show
that large tradeoffs between the economic benefits of aquaculture and
the loss of regulating and cultural ecosystem services in Chiloé Island,
Southern Chile. Similarly, concession areas for gas exploitation are also
located close to areas with high touristic value on Tierra del Fuego.

In a context of competing uses of the territory and the making of
effective policy, indicators such as ROI can be used for example: i) to
identify and designate hotspots for nearby recreation and ecotourism;
ii) to make recreation and ecotourism potential visible to decision
makers; iii) to emphasize the multi-scale and multi-attribute nature of
recreation and ecotourism, implying sectorial rather than territorial
approach to recreation and ecotourism planning; iv) to complement
integrated assessments of ecosystem services aimed at evaluating trade-
offs, for example between tourism and aquaculture growth; v) to orient
investments and incentives to those areas with known recreation and
ecotourism potential; and vi) to plan the use of hotspots to avoid
negative impacts.

Just as other mapping methodologies, what is proposed in the
present study is subject to certain limitations that are widely known
throughout the ecosystem services literature. One such limit is the
accessibility and updating of cartographic information. For example,
ROI has been constructed based on spatial data ranging from 1996 to
2016. Also, it is important to remark that the indicator can be sensitive
to the weighting of variables, which in this case relied on a reduced,
although varied, number of participants. Several studies have stated the
need for comparative analysis that assess the similarities and differ-
ences between the maps generated by different stakeholders (e.g. the
public, experts, and policy makers) for those intangible or abstract
ecosystem services [45], as well as those that involve more complex
ecological processes such as regulating services. Clearly, future research
in development of mapping protocols should aim to improve the
engagement a variety of stakeholders at various stages of ecosystem
services assessment (i.e. identification, valuation, mapping, incentives
design) in order to enhance map validity.

Acknowledgements

This work has been funded by Centro de Investigación en Dinámica
de Ecosistemas Marinos de Altas Latitudes, IDEAL (FONDAP
15150003).

References

[1] Millennium Ecosystem Assessment, Ecosystems and human well-being: Synthesis
World Resources Institute, Island Press, Washington DC, USA; 2005.

[2] TEEB (The Economics of Ecosystems and Biodiversity), Why value the oceans?
TEEB, A discussion paper, 2012, 34 p.

[3] R.I. Perry, M. Barange, R.E. Ommer, Global changes in marine systems: a
social–ecological approach, Progress. Oceanogr. 87 (2010) 331–337.

[4] UNEP-WCMC, Marine and coastal ecosystem services: valuation methods and their
application, UNEP-WCMC Biodiversity Series 33, 2011, p. 46.

[5] J. Boyd, S. Banzhaf, What are ecosystem services? The need for standardized
environmental accounting units, Ecol. Econ. 63 (2007) 616–626.

[6] S. Díaz, S. Demissew, J. Carabias, C. Joly, M. Lonsdale, N. Ash, A. Larigauderie,
J.R. Adhikari, S. Arico, A. Báldi, A. Bartuska, I.A. Baste, A. Bilgin, E. Brondizio,
K.M.A. Chan, V.E. Figueroa, A. Duraiappah, M. Fischer, R. Hill, T. Koetz, P. Leadley,
P. Lyver, G.M. Mace, B. Martin-Lopez, M. Okumura, D. Pacheco, U. Pascual, The

IPBES conceptual framework — connecting nature and people, Curr. Opin. Environ.
Sustain. 14 (2015) 1–16.

[7] S. Polasky, H. Tallis, B. Reyers, Setting the bar: standards for ecosystem services,
Proc. Natl. Acad. Sci. 112 (2015) 7356–7361.

[8] A. Grêt-Regamey, J. Altwegg, E.A. Sirén, M.J. van Strien, B. Weibela, Integrating
ecosystem services into spatial planning—A spatial decision support tool, Landsc.
Urban Plan. (2016). http://dx.doi.org/10.1016/j.landurbplan.2016.05.003.

[9] E.F. Granek, S. Polasky, C.V. Kappel, D.J. Reed, D.M. Stoms, E.W. Koch,
C.J. Kennedy, L.A. Cramer, S.D. Hacker, E.B. Barbier, S. Aswani, M. Ruckelshaus,
G.M.E. Perillo, B.R. Silliman, N. Muthiga, D. Bael, W. Wolanski, Ecosystem services
as a common language for coastal ecosystem-based management, Conserv. Biol. 24
(2009) 207–216.

[10] C. White, B.S. Halpern, C.V. Kappel, Ecosystem service tradeoff analysis reveals the
value of marine spatial planning for multiple ocean uses, Proc. Natl. Acad. Sci. USA
109 (2012) 4696–4701.

[11] R.K. Turner, G.C. Daily, The ecosystem services framework and natural capital
conservation, Environ. Resour. Econ. 39 (2008) 25–35.

[12] J. Maes, B. Egoh, L. Willemen, C. Liquete, P. Vihervaara, J.P. Schägner, B. Grizzetti,
E.G. Drakou, A. LaNotte, G. Zulian, F. Bouraoui, M.L. Paracchini, L. Braat,
G. Bidoglio, Mapping ecosystem services for policy support and decision making in
the European Union, Ecosyst. Serv. 1 (2012) 31–39.

[13] J. Hauck, C. Görg, R. Varjopuro, O. Ratamäki, J. Maes, H. Wittmer, K. Jax, Maps
have an air of authority: potential benefits and challenges of ecosystem service
maps at different levels of decision making, Ecosyst. Serv. 4 (2013) 25–32.

[14] A. Villamagna, P. Angermeier, E. Bennett, Capacity, pressure, demand and flow: a
conceptual framework for analyzing ecosystem service provision and delivery, Ecol.
Complex. 15 (2013) 114–121.

[15] M. van den Belt, A.O. Cole, Ecosystem goods and services in marine protected areas
(MPAs), Sci. Conserv. Ser. 326 (2014) 1–100.

[16] S.H. Yee, J.A. Dittmar, L.M. Oliver, Comparison of methods for quantifying reef
ecosystem services: a case study mapping services for St. Croix, USVI, Ecosyst. Serv.
8 (2014) 1–15.

[17] K.K. Arkema, G.M. Verutes, S.A. Wood, C. Clarke-Samuels, S. Rosado, M. Canto,
A. Rosenthal, M. Ruckelshaus, G. Guannel, J. Toft, J. Faries, J.M. Silver, R. Griffin,
A.D. Guerry, Embedding ecosystem services in coastal planning leads to better
outcomes for people and nature, Proc. Natl. Acad. Sci. USA 112 (2015) 7390–7395.

[18] L. Outeiro, V. Häussermann, F. Viddi, R. Hucke-Gaete, G. Försterra, H. Oyarzo,
S. Villasante, Using ecosystem services mapping for marine spatial planning in
southern Chile under scenario assessment, Ecosyst. Serv. 16 (2015) 341–353.

[19] J. Saunders, N. Beaumont, J.P. Atkins, A. Lannin, D. Lear, E. Ozdemiroglu, T. Potts,
A review of marine and coastal ecosystem services data and tools to incorporate this
into decision making, in: R.K. Turner, M. Schaasfma (Eds.), Coastal Zones
Ecosystem Services: From Science to Values and Decision Making, Springer
International Publishing, Switzerland, 2015, pp. 145–164.

[20] C. Hattam, J.P. Atkins, N. Beaumont, T. Borger, A. Bohnke-Henrichs, D. Burdon,
R. de Groot, E. Hoefnagel, P. Nunes, J. Powowarczyk, S. Sastre, M.C. Austen, Marine
ecosystem services: linking indicators to their classification, Ecol. Indic. 49 (2015)
61–75.

[21] L.P. Sousa, A.I. Sousa, F.L. Alves, A.I. Lillebø, Ecosystem services provided by a
complex coastal region: challenges of classification and mapping, Sci. Rep. 6 (2016)
1–14, http://dx.doi.org/10.1038/srep22782.

[22] K.M.A. Chan, J. Goldstein, T. Satterfield, N. Hannahs, K. Kikiloi, R. Naidoo,
N. Vadeboncoeur, U. Woodside, Cultural services and non-use values, in: P. Kareiva,
H. Tallis, T.H. Ricketts, G.C. Daily, S. Polasky (Eds.), Natural Capital: Theory and
Practice of Mapping Ecosystem Services. Oxford University Press, Oxford, 2011, pp.
206–228.

[23] T.C. Daniel, A. Muhar, A. Arnberger, O. Aznar, J.W. Boyd, K.M.A. Chan,
R. Costanza, T. Elmqvist, C.G. Flint, P.H. Gobster, A. Grêt-Regamey, R. Lave,
S. Muhar, M. Penker, R.G. Ribe, T. Schauppenlehner, T. Sikor, I. Soloviy,
M. Spierenburg, K. Taczanowska, J. Tam, A. von der Dunk, Contributions of cultural
services to the ecosystem services agenda, Proc. Natl. Acad. Sci. USA 109 (2012)
8812–8819.

[24] L. Nahuelhual, A. Carmona, P. Lozada, A. Jaramillo, M. Aguayo, Mapping
recreation and ecotourism as a cultural ecosystem service: an application at the
local level in Southern Chile, Appl. Geogr. 40 (2013) 71–82.

[25] G. Martínez Pastur, P.L. Peri, M.V. Lencinas, M. García-Llorente, B. Martín-López,
Spatial patterns of cultural ecosystem services provision in Southern Patagonia,
Landsc. Ecol. 31 (2016) 383–399.

[26] A. Böhnke-Henrichs, C. Baulcomb, R. Koss, S. Hussain, R. de Groot, Typology and
indicators of ecosystem services for marine spatial planning and management, J.
Environ. Manag. 130 (2013) 135–145.

[27] P.F. Cárcamo, M. Cortés, L. Ortega, F.A. Squeo, Crónica de un conflicto anunciado:
tres centrales termoeléctricas a carbón en un hotspot de biodiversidad de
importancia mundial, Rev. Chil. Hist. Nat. 84 (2011) 171–180.

[28] P.F. Cárcamo, R. Garay-Flühmann, C.F. Gaymer, Opportunities and constraints of
the institutional framework for the implementation of an ecosystem-based man-
agement: the case of the Chilean coast, Ocean Coast. Manag. 84 (2013) 193–203.

[29] P.F. Cárcamo, R. Garay-Flühmann, C.F. Gaymer, Collaboration and knowledge
networks in coastal resources management: how critical stakeholders interact for
multiple-use marine protected area implementation, Ocean Coast. Manag. 91
(2014) 5–16.

[30] S. Gelcich, N. Godoy, J.C. Castilla, Artisanal fishers’ perceptions regarding coastal
co-management policies in Chile and their potentials to scale-up marine biodiver-
sity conservation, Ocean Coast. Manag. 52 (2009) 424–432.

[31] S. Gelcich, T.P. Hughes, P. Olsson, C. Floke, O. Defeo, M. Fernández, S. Foale,
L.H. Gunderson, C. Rodríguez-Sickert, M. Scheffer, R. Steneck, J.C. Castilla,

L. Nahuelhual et al. Marine Policy 81 (2017) 211–218

217

http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref1
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref1
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref2
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref2
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref3
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref3
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref3
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref3
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref3
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref3
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref4
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref4
http://dx.doi.org/10.1016/j.landurbplan.2016.05.003
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref6
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref6
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref6
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref6
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref6
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref7
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref7
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref7
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref8
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref8
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref9
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref9
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref9
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref9
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref10
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref10
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref10
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref11
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref11
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref11
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref12
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref12
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref13
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref13
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref13
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref14
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref14
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref14
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref14
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref15
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref15
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref15
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref16
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref16
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref16
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref16
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref16
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref17
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref17
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref17
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref17
http://dx.doi.org/10.1038/srep22782
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref19
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref19
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref19
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref19
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref19
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref20
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref20
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref20
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref20
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref20
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref20
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref21
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref21
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref21
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref22
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref22
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref22
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref23
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref23
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref23
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref24
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref24
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref24
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref25
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref25
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref25
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref26
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref26
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref26
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref26
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref27
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref27
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref27
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref28
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref28


Navigating transformations in governance of Chilean marine coastal resources,
Proc. Natl. Acad. Sci. USA 107 (2010) 16794–16799.

[32] M Martinic, Breve Historia de Magallanes, Ediciones de la Universidad de
Magallanes, Punta Arenas, 2002.

[33] Ministerio de Economía, Fomento y Turismo, Cuenta pública, Región de
Magallanes, 2015, 〈http://www.gob.cl/cuenta-publica/2015/regional/2015_
regional_12.pdf〉, 2016 (accessed 13 October 2016).

[34] R. Rozzi, F. Massardo, A. Mansilla, C. Anderson, A. Berghöfer, M. Mansilla,
M. Gallardo, J. Plana, U. Berghöfer, X. Arango, S. Russell, P. Araya, E. Barros, Cape
horn biosphere reserve: a challenge for biodiversity conservation and implemen-
tation of sustainable development in southernmost South America, An. Inst.
Patagon. 35 (2007) 55–70.

[35] Corporación Nacional Forestal (CONAF), Catastro recursos vegetacionales nativos
de Chile, 〈http://bibliotecadigital.ciren.cl/bitstream/handle/123456789/10656/
CONAF_BD_21.pdf?Sesequen=1&isAllowed=y〉, 1999 (accessed 15 May 2016).

[36] S Wachira, Spatial assessment of recreation opportunities provided by marine
ecosystems to support planning: case study Cape Horn, Chilean Patagonia, Master
Thesis, Master of Science in Regional Development Planning and Management,
Universidad Austral de Chile, Valdivia, 2016.

[37] B. Egoh, E.G. Drakou, M.:B. Dunbar, J. Maes, L. Willemen, Indicators for Mapping
Ecosystem Services: a Review, Publications Office of the European Union,

Luxembourg, 2012.
[38] I. Galparsoro, A. Borja, M.C. Uyarra, Mapping ecosystem services provided by

benthic habitats in the European North Atlantic Ocean, Front. Mar. Sci. 1 (2014).
[39] S.M. Grant, S.L. Hill, P.N. Trathan, E.J. Murphy, Review ecosystem services of the

Southern Ocean: trade-off in decision-making, Antarct. Sci. 25 (2013) 603–617.
[40] E. Primmer, E. Furman, Operationalising ecosystem service approaches for gov-

ernance: Do measuring, mapping and valuing integrate sector-specific knowledge
systems? Ecosyst. Serv. 1 (2012) 85–92.

[41] A.C. Vorstius, C.J. Spray, A comparison of ecosystem services mapping tools for
their potential to support planning and decision-making on a local scale, Ecosyst.
Serv. 15 (2015) 75–83.

[42] B. Fisher, R.K. Turner, P. Morling, Defining and classifying ecosystem services for
decision making, Ecol. Econ. 68 (2009) 643–653.

[43] A. Vila, V. Falabella, M. Gálvez, A. Farías, D. Droguett, B. Saavedra, Identifying
high-value areas to strengthen marine conservation in the channels and fjords of the
southern Chile ecoregion, Oryx Cambrige 50 (2015) 308–316.

[44] L. Outeiro, S. Villasante, Linking salmon aquaculture synergies and trade-offs on
ecosystem services to human wellbeing constituents, Ambio 42 (2013) 1022–1036.

[45] L. Nahuelhual, F. Benra, F. Rojas, G.I. Díaz, A. Carmona, Mapping social values of
ecosystem services: what is behind the map? Ecol. Soc. 21 (2016) 24, http://dx.doi.
org/10.5751/ES-08676-210324.

L. Nahuelhual et al. Marine Policy 81 (2017) 211–218

218

http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref28
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref28
http://www.gob.cl/cuenta-publica/2015/regional/2015_regional_12.pdf
http://www.gob.cl/cuenta-publica/2015/regional/2015_regional_12.pdf
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref29
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref29
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref29
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref29
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref29
http://bibliotecadigital.ciren.cl/bitstream/handle/123456789/10656/CONAF_BD_21.pdf?Sesequen=1&isAllowed=y
http://bibliotecadigital.ciren.cl/bitstream/handle/123456789/10656/CONAF_BD_21.pdf?Sesequen=1&isAllowed=y
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref30
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref30
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref30
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref31
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref31
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref32
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref32
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref33
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref33
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref33
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref34
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref34
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref34
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref35
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref35
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref36
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref36
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref36
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref37
http://refhub.elsevier.com/S0308-597X(16)30829-6/sbref37
http://dx.doi.org/10.5751/ES-08676-210324
http://dx.doi.org/10.5751/ES-08676-210324

	Mapping ecosystem services for marine spatial planning: Recreation opportunities in Sub-Antarctic Chile
	Introduction
	Methods and data
	Study area
	Indicator development steps
	Step 1 Selection of attributes and spatial variables
	Step 2 Analysis of spatial variables to represent attributes
	Step 3 Delphi method and weighting of variables for accessibility and unique natural resources
	Step 4 Final mapping of recreation opportunities indicator (ROI)


	Results
	Spatial distribution and concentration of individual attributes
	Recreation Opportunities Indicator (ROI)

	Discussion and conclusions
	Acknowledgements
	References




