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• The provision of ecosystem services was
assessed in the central coast of Chile.

• The demand for services was elicited by
questionnaires to fishermen and tourists.

• Uses could cause a state change of eco-
systems, implying impoverished services.

• A DPSIR framework illustrated the inter-
actions between society and ecosystems.

• This work improved our knowledge on
links between uses and values in the
study area.
⁎ Corresponding author.
E-mail address: sjmohan@bio.puc.cl (S. de Juan).

http://dx.doi.org/10.1016/j.scitotenv.2015.06.094
0048-9697/© 2015 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 16 April 2015
Received in revised form 23 June 2015
Accepted 23 June 2015
Available online 4 July 2015

Editor: D. Barcelo

Keywords:
Coastal ecosystems
Small-scale artisanal fisheries
Ecosystem-based management
Socio-ecological systems
DPSIR
Ecosystem-based management implies understanding feedbacks between ecosystems and society. Such under-
standing can be approached with the Drivers–Pressures–State change–Impacts–Response framework (DPSIR),
incorporating stakeholders' preferences for ecosystem services to assess impacts on society. This framework
was adapted to six locations in the central coast of Chile, where artisanal fisheries coexist with an increasing in-
flux of tourists, and a set of fisheries management areas alternate with open access areas and a no-take Marine
Protected Area (MPA). The ecosystem services in the study area were quantified using biomass and species rich-
ness in intertidal and subtidal areas as biological indicators. The demand for ecosystem services was elicited by
interviews to the principal groups of users. Our results evidenced decreasing landings and a negative perception
of fishermen on temporal trends of catches. The occurrence of recreational fishing was negligible, although the
consumption of seafood by tourists was relatively high. Nevertheless, the consumption of organisms associated
to the study system was low, which could be linked, amongst other factors, to decreasing catches. The compar-
ison of biological indicators between management regimens provided variable results, but a positive effect of
management areas and the MPA on some of the metrics was observed. The prioritising of ecosystem attributes
by touristswas highly homogenous across the six locations,with “scenic beauty” consistently selected as the pre-
ferred attribute, followed by “diversity”. The DPSIR framework illustrated the complex interactions existing in
these locations, with weak linkages between society's priorities, existing management objectives and the state
of biological communities. Overall, this work improved our knowledge on relations between components of
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coastal areas in central Chile, of paramount importance to advance towards an ecosystem-basedmanagement in
the area.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

The current global scenario of decreasing biodiversity and habitat
degradation (Worm et al., 2006) demands the adoption of comprehen-
sive approaches to the management of human activities (Leslie and
McLeod, 2007). Ecosystem-basedmanagement aims tomeet the growing
human needs for natural resources, while ensuring the conservation of
biodiversity (Levin et al., 2009). To achieve this goal, managersmust con-
sider the interactions between different groups of users, and between
uses and the environment (Leslie and McLeod, 2007; Granek et al.,
2010). Ecosystem services have been defined as the attributes of ecosys-
tems that provide benefits to society and improve human well being
(e.g., food and material, recreational space, cognitive values) (MEA,
2005; Beaumont et al., 2007; Granek et al. 2010). Over the past years,
many ecosystem-based management plans have incorporated the social
perception of ecosystems, often through the concept of ecosystem
services (Blasiak et al., 2014; Díaz et al., 2015). However, we still have a
limited understanding on how the demand for services by society might
compromise the sustainable use of ecosystems.

A common approach that could be broadly applied is needed in
order to achieve ecosystem-based management goals. This approach
could be achieved by standardising the multiple concepts embedded
within the ecosystem-based management and integrating its multiple
scales (Arkema et al., 2006; Carpenter and Folke, 2006). The Drivers–
Pressures–State change–Impact–Response framework (DPSIR) was
adapted from the Pressure–State change–Response framework launched
by the Organisation for Economic Cooperation and Development and has
been proposed as a system-based approach that captures the key feed-
backs between society and ecosystems (Elliott, 2002; Muntadas et al.,
2015). The DPSIR describes a framework for assessing causes, conse-
quences and responses to ecosystem change in a holistic way (Atkins
et al., 2011). It links pressures created by human demand for natural re-
sources, such as food or recreational space, with the state change of eco-
systems that ultimately requires a response by society in order to ensure
the supply to future demands. This framework can be considered as a
philosophical context for structuring and communicating relevant ac-
tions to stakeholders (Atkins et al. 2011).

In coastal areas, there is high economic and cultural dependency of
human groups on marine ecosystems (MEA, 2005; Leslie and McLeod,
2007). However, in order to disentangle the multiple links within a
socio-ecological system in coastal areas, a first and essential step is the
identification of ecosystem services provided by biological communities
and the use and perception of these services by society. The aim of the
present work was to understand these links between coastal ecosys-
tems and society. The study encompassed a set of coastal locations in
central Chile, along a coast characterised by rocky reefs and kelp forests
in one of themost productive marine ecosystems of the world (Wieters
et al., 2003). The coast of Chile extends for over 4000 km with many
human communities scattered throughout this area, benefiting from
its high productivity and also increasing the demand for recreational
space (Godoy et al., 2010; Cárcamo et al., 2014). Particularly in the cen-
tral coast,mostfisher villages receive a large influxof visitors in summer
and weekends, since it is easily accessed from the country capital,
Santiago. The increasing touristic demandmight represent an additional
pressure on coastal ecosystems that are already impacted by fishing
activities. Tourists might impose a pressure on ecosystems directly by
recreational use and indirectly by demand for seafood products or in-
creased pollution (Hall, 2001).Moreover, touristsmight degrade coastal
habitats by demand for space and by trample on or collection of inter-
tidal fauna (Davenport and Davenport, 2006).
The first objective of the study was to identify the ecosystem services
and their demand in the study locations. Ecosystem services were quan-
tified though measures of biomass, abundance and diversity of fish and
invertebrates. Kelp forests might provide additional services like carbon
storage or disturbance prevention (MEA, 2005; Palumbi et al., 2009;
Duarte et al., 2013), but these services were not considered, as related
functions have not been measured directly within the study area (but
see approximations done byVásquez et al., 2014). Theuse andperception
of the coastal ecosystem by themain groups of users (tourists and fisher-
men) was analysed to assess the demand for ecosystem services in these
areas. The second objective aimed to identify relationships between the
provision and demand of ecosystem services by the adaptation of a
DPSIR framework to our study area (Fig. 1). We adopted this integrated
framework aiming to illustrate the complex interactions existing in the
study locations, where understanding the implications of the demand
for ecosystem services is essential for the ecosystem-based management
of coastal areas.

2. Methods

2.1. Research setting

The study encompassed six coastal locations from central Chile (ca.
28°S–33°S): Las Cruces, El Quisco, Quintay, Laguna Verde, Maitencillo
and LosMolles (Fig. 2). The tourism sector in these locations is principally
domestic and of individual nature, as most visitants travel from nearby
cities to spend holidays in a second-home or in a rented house. However,
the tourist influx is high. Despite official records on visitants per year
were not available in most locations, for example, Maitencillo exhibits
an approximate fixed population of 2,000 inhabitants, but receives
roughly 12,000 tourists per year.

Coastal fisheries include divers and coastal gatherers that target
subtidal and intertidal benthic invertebrates and reef fish principally
from rocky reefs, often dominated by kelp forests. Over past years,
harvesting of kelp has increased (the species with highest yield pertain
to the genera Lessonia spp.). The exploitation of benthic resources is
regulated under two contrasting strategies. On one side, Territorial
Use Right in Fisheries regime (locally known as “Management Areas
for the Exploitation of Benthic Resources”), that assigned portions of
the seabed to fishermen associations that have the exclusive right to
exploit economically important benthic resources inside these areas
(Gelcich et al., 2010). On the other side, outside the fisheries manage-
ment areas there is an open access regimen for all benthic resources of
the artisanalfisheries, with the exception of thehighly valued gastropod
Concholepas concholepas (commonname: “loco”) that is banned in open
access areas.

2.2. The demand for ecosystem services in the coast of central Chile

The demand for ecosystem services was assessed by face-to-face
questionnaires in the six locations during the austral summer–autumn
2014. Questionnaires targeted the principal groups of users in these
areas: fishermen and tourists. In each location, we conducted 100 ques-
tionnaires that targeted tourists (an overall of 602 questionnaires) and
15–20 questionnaires targeting artisanal fishermen (an overall of 99
questionnaires). Additionally, 50 questionnaires per location targeted
permanent residents to complement information on the most frequent
activities. The individuals being interviewed were randomly selected.
The lower sample size for permanent residents and artisanal fisheries
is linked to a small effective population size of some villages. Survey



Fig. 1. –An illustration of the interactions within the DPSIR framework in the study area (adapted from Atkins et al., 2011). Solid lines represent the links between drivers–pressures–
change studied in this work, while dotted lines represent those links that have not been quantified. The impact of the state change on society was assessed though the demand for eco-
system services by groups of users, after definitions byMEA (2005). In brackets, an example of services provided by coastal ecosystems. Refer to text for further details of the interactions.
MPA: Marine Protected Area.
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strategy for tourists consisted on approaching one individual every
three. Survey strategy for residents followed the same approach when-
ever possible, with the exception of villages with small population size.
In the case of fishermen, due to the limited number of small-scale arti-
sanal fishermen, all individuals that could be encountered in each site
were interviewed.

Based on fishermen's responses to the questionnaire, we identified
the principal species targeted in each location, aswell as fishermen per-
ception on temporal trends in landings. Additionally, temporal trends in
the fisheries landings were available from registers by the Undersecre-
tary of Fisheries (SERNAPESCA).We selected data of the principal target
species from the kelp ecosystem registered in each location from 2000
to 2011. The species selected per location had at least 10 tonnes of
total annual landings in at least one year from 2000 to 2011.

Surveys for tourists included questions aimed to elicit the user's
priorities of the coastal ecosystem. The interviewee selected the first
and second preferred attributes from a list of five: 1) fishing resources,
2) biodiversity, 3) scenic beauty, 4) diving sites, and 5) other (where
the participant could specify their preference). The listed attributes
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Fig. 2. –Map of the study area including the six study locations.
were directly (e.g., diversity of intertidal organisms) and indirectly
(e.g., scenic beauty) related with the coastal ecosystems (MEA, 2005).
Different questionnaire templates were produced to alter the order of
this list and avoid the influence of selecting the first items on the list.
Prior to completion of the questionnaires, participants were provided
with a brief description of the attributes to avoid misinterpretation.
The attributes had an assigned score of “2” for the first choice, “1” for
the second choice and “0” not selected. Data was arranged in a scores
matrix, with attributes as variables and participants as samples.

Surveys for tourists also included questions that aimed at identifying
themost frequent activities and the frequency of consumption of seafood.
The frequent activities had to be selected from a list: recreational fishing,
nature watching, diving, gastronomy, and sunbath and swimming. The
questionnaires targeting permanent residents complemented the infor-
mationobtained from tourists to assess the frequency of recreationalfish-
ing in each location. Surveyed tourists and residents selected the
frequency of participation in recreational fishing as frequent, occasional
or never. The survey also assessed the frequency of seafood consumption
by tourists by providing a list of commercial shellfish and fish inhabiting
the kelp system. Tourists selected the species they consumed and the pre-
ferred place for seafood consumption: in restaurants, at home with the
product obtained in the local market and with the product obtained
from recreational fishing. Consumption was ranked as “2”: frequently
consumed, “1”: occasionally consumed or “0”: never/rarely consumed.
Data was arranged in a scores matrix, with seafood items as variables
and participants as samples.

Variability across locations in the ranking of attributes and of seafood
consumption were tested with multivariate analysis of variance (multi-
variate general model), with negative-binomial error structure and 500
Monte-Carlo permutations, available in themvabund package v.3.9.3 in
R v.3.1.1 (Multivariate Abundance, Wang et al., 2012). Mvabund is an R
package designed specifically for hypothesis testing with multivariate
count data in an experimental framework. This analysis was specifically
selected as mvabund is a multivariate implementation of Generalised
Linear Models that avoids confounding location with dispersion
effects, which can inflate type 1 and 2 errors (Warton et al., 2012). The
summary.manyglm function was used for location contrasts.

2.3. The provision of ecosystem services by biological communities in the
coast of central Chile

We surveyed biological communities in 12 sampling sites across the
six study locations (Fig. 2). In five of the locations (El Quisco, Quintay,
Laguna Verde,Maitencillo and LosMolles), sampling sites corresponded
to neighbouring fisheries management areas (hereafter MA) and areas



Table 1
Percentages of the interviewed fishermen that frequently catch each of the identified target
species in the study locations (e.g., 7% of the fishermen interviewed in El Quisco frequently
catch loco, while 13% frequently catch key-hole limpet and 13% catch red sea urchin). Loco:
C. concholepas; Limpet: Fissurella spp.; Sea urchin: L. albus; reef fish: A. punctatus,
C. variegatus, G. nigra, P. adspersus, P. chilensis, S. sanguineus and T. murphyi. N = number of
questionnaires per site.

N Loco Limpet Sea urchin Kelp Reef fish

Las Cruces 18 11 17 0 72 0
El Quisco 15 7 13 13 7 47
Quintay 19 11 26 37 5 26
Laguna Verde 13 0 31 31 0 23
Maitencillo 15 0 0 0 0 33
Los Molles 19 16 11 16 58 5
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with open access to fisheries (hereafter OA). In one site, Las Cruces,
sampling sites were a no-take Marine Protected Area and an OA area.
Las Cruces MPA was established in 1982 by the Pontificia Universidad
Católica de Chile to protect ca. 15 ha of subtidal rocky reefs and a stretch
of about 500 m of wave-exposed rocky shore. All sites were within the
domain of small-scale artisanal fisheries; however, due to the existence
of MA alternating with OA areas and a MPA, these sites were subjected
to variable fishing activities.

Samplingwas conducted in the low intertidal and in the subtidal dur-
ing austral Spring 2012 and 2013. The sampling sites were characterised
by rocky bottoms, with the low intertidal dominated by amix of Lessonia
spicata (or Lessonia berteroana) and Gelidium sp. and the subtidal area
characterised by Lessonia trabeculata.

The low intertidal was surveyed along a ca. 10 m transect parallel to
the coast in each sampling site. Ten quadrants of 0.25 m2were randomly
distributed along the transect.

– Intertidalmacroinvertebrates: all organisms (size N 1 cm)within the
quadrants were identified to species and counted, including macro-
invertebrates of economic importance (C. concholepas, Fissurella
spp., common name key-hole limpet, and Loxechinus albus, common
name red sea urchin).

– Intertidal species richness: the average number of species per quad-
rant was estimated in each site.

Subtidal communities were surveyed by divers along four 50 × 2 m
transects per site, positioned perpendicular to the coastline, 30 m apart
and ranging from 3 to 15 m depth.

– Reef fish: the identity, number and average size ranks (i.e. small,
medium and large) of reef fish were recorded by a diver swimming
at a constant speed while swimming in the ‘outbound’ direction
along the transect. Cryptic fish species were recorded by the diver
on his return to the starting point of the sampling by searching
under crevices. Average fish species richness was estimated per site.
From the species recorded, the principal fish targeted by recreation
and artisanal fisheries are Aplodactylus punctatus (local name
“jerguilla”), Cheilodactylus variegatus (local name “bilagay”, en.
“Peruvian morwong”), Graus nigra (“vieja”), Paralichthys adspersus
(local name “lenguado”, en. “fine flounder”), Pinguipes chilensis
(local name “rollizo”, en. “Chilean sandperch”), Sicyases sanguineus
(“pejesapo”) and Trachurus murphyi (local name “jurel”, en. “Chilean
jackmackerel”) (Godoy et al., 2010). The size ranks of targeted species
were transformed in weights according to the average size of the
category (Pérez-Matus et al., 2014).

– Subtidal macroinvertebrates: the transects were divided in 5 stations
of 10 m long, where the average depth was recorded and benthic in-
vertebrates larger than 3 cm were visually identified, counted and
measured with a calliper (0.01mmprecision). Sizes of the 3 principal
target species were transformed to biomass based on size–weight
relationships estimated from existing temporal series in the study
area (n = 2900 for C. concholepas; n = 2500 for Fissurella spp. and
n = 1600 for L. albus; r N 0.9 for each size–weight equation).

– Subtidal species richness: four 0.25m2 quadrants were randomly dis-
tributed in the same 5 stations per transect to record the identity of
sessile species. Data from the 4 quadrants was pooled to obtain the
number of benthic species per 1 m2. The macro-invertebrates data
was standardised to 1 m2 and merged with the sessile species data
to obtain a measure of subtidal benthic species richness.

2.4. Links between the provision and demand for ecosystem services:
a DPSIR framework

We adopted a DPSIR framework to represent the links between the
provision and demand for ecosystem services in the study area (Fig. 1).
The principal human drivers of pressures were the activities conducted
by artisanal fishers and tourists. These activities impose pressures on
coastal ecosystems that could cause the state change of biological com-
munities. This state change would ultimately compromise the ecosys-
tem services that benefit society. The impact that impaired ecosystem
services might have on tourists was depicted from their perception of
ecosystem attributes. The impact on fishers was directly estimated by
variability in the biomass of target species.

In order to evaluate possible differences in biological measures
across sites, a Generalised Linear Model was constructed for each vari-
able: exploited fish biomass, subtidal macro-invertebrates biomass and
intertidal macro-invertebrates abundance; and fish richness, subtidal
and intertidal species richness. The GLM included all interactions of the
factors fishing access (Open Access area, Management Area or Marine
Protected Area; hereafter “access”) and location, as surrogate of potential
natural variability amongst sites (Las Cruces, EL Quisco, Quintay, Laguna
Verde, Maitencillo and Los Molles; hereafter “location”). Depth was in-
cluded as a continuous variable formacro-invertebrates and species rich-
ness in the subtidal. The selected family structure was 1) “quasi-poisson”
for numeric variables and when over-dispersion of data was detected,
and 2) “negative binomial” for highly left-skewed data. The model fit
was checked with chi-square tests for deviance vs. the degrees of free-
dom. The GLM followed a step-wise procedure after the Akaike's criteria.
All GLMs were done with the R v.3.1.1 packages gmcv v.1.8.3 and MASS
v.7.3-37 (www.R-project.org).

3. Results

3.1. The demand for ecosystem services in the coast of central Chile

3.1.1. Artisanal fisheries: principal exploited species and trends in landings
According to the questionnaires, the number of fishermen that

currently catch “loco”, key-hole limpet or red sea-urchin was generally
low (Table 1). Fishermen that gathered kelp prevailed in Las Cruces and
Los Molles. Catches of rocky fish species prevailed in El Quisco and
Maitencillo. These results are in accordance with Fig. 3 that represents
temporal trends in official landings of the most representative species
from the kelp system in each location. Landings for the three inverte-
brate species (“loco”, limpet and sea urchin) and for reef fish were
variable but with a general decreasing trend over the past years
(Figs. 3, 4). The most important landings in La Cruces and Los Molles
were for kelp, which reachedmore than 5000 tonnes/year in LosMolles.
In Maitencillo, landings for any of the kelp system species were low and
these species were not consistently fished over the years. The official re-
cords of landings per location included other species, such as Conger
spp., tuna fish and other bivalves, which characterises this fishery as
multi-specific.

In half of the study locations (El Quisco, Laguna Verde and
Maitencillo), over 92% of the interviewed fishermen perceived that
catches have decreased in recent years. In Quintay, 68% of fishermen
perceived catches have decreased, while 26% perceived catches have

http://www.R-project.org


Fig. 3. –Temporal trends of landings of macro-invertebrates, reef-fish and macro-algae in the study locations. Data spans from 2000 to 2011 and correspond to official records of
total annual landings in metric tonnes (data from open access and management areas). The species included per location were the most relevant in terms of total landings. “Reef
fish” groups the species “jerguilla”, “Peruvian morwong”, “vieja”, “fine flounder”, “Chilean sandperch”, “pejesapo” and “Chilean jack mackerel”. “Kelp” groups subtidal and intertidal
macroalgae.
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been constant and 5% perceived these have increased. In locations
where themain exploited species is kelp, a higher percentage of fishers
perceived that either the catches have remained constant (17% in Las
Fig. 4. –Temporal trends of landings of C. concholepas (“loco”) in the Management Areas
from 5 study locations. Data spans from 2000 to 2010 and correspond to official records
of average landings in metric tonnes per month during summer (December to March),
when the fisheries are concentrated in MA.
Cruces and 58% in LosMolles) or even increased (11% both in Las Cruces
and Los Molles).

3.1.2. Tourists: main activities and perception of ecosystem attributes
Of the interviewed tourists across sites, between 52% in Laguna

Verde and 71% in Maitencillo visited the coast only in summer. The
remaining tourists visited the coast all year round. The most frequent
activity in each location was “nature watching”. Recreational fishing
and diving were rare at all locations (Table 2). The frequency of recrea-
tional fishing was more common amongst residents (Table 3), particu-
larly in Las Cruces and Laguna Verde. Amongst tourists, the higher
overall recreational fishing occurred in Los Molles, strongly influenced
by occasional fishing.

On average, 75% of the interviewed tourists consumed seafood
(Table 4), preferably at home, while, on average, only a third prioritised
“gastronomy” (Table 2). Despite these results, the frequency of con-
sumption of the target species by the interviewed visitors was low
(Fig. 5). Conger (Conger spp.) was recorded as “other species you
frequently consume”. Significant differences between locations were
detected for the scoring of seafood consumption (Wald test = 5.1,
p b 0.01), with differences driven by sea urchin (p = 0.02) and reef
fish (p = 0.004).

The coastal attribute most frequently selected by the tourists was
the “scenic beauty”, followed by “biological diversity” that, as second



Table 2
Percentages of tourists in each location that frequently perform any of the activities
included in the table (each person could select more than one activity, therefore, the
percentages per location might be over 100%). N = number of questionnaires per site.

Las
Cruces

El
Quisco

Quintay Laguna
Verde

Maitencillo Los
Molles

N 100 104 100 98 100 100
Recreational fishing 2 2 9 5 4 7
Diving 3 0 7 2 2 3
Sun bath and swimming 54 51 50 45 73 63
Gastronomy 19 23 43 27 36 32
Nature watching 89 74 85 91 72 90

Table 4
Percentages of tourists that consume seafood in a restaurant, at homeobtained in themarket,
or at home obtained from recreational fishing. Percentages are based on the number of
tourists that consumed, frequently or occasionally, any of the species listed in Fig. 6. The
sum of these three options is the total percentage of tourists that consume seafood,
frequently or occasionally, in each location. N = number of questionnaires per site.

Las
Cruces

El
Quisco

Quintay Laguna
Verde

Maitencillo Los
Molles

N 100 104 100 98 100 100
Restaurant 22 23 35 31 37 22
Home (market) 51 38 39 34 38 55
Home (fishing) 2 1 4 4 8 8
Total 75 62 78 69 83 85
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prioritised attribute, was 75% in Las Cruces and around 60% at the other
locations (Fig. 6). The selection of “fishing resources” and “diving spots”
was low, however, the prioritising of these attributes slightly increased
as a second choice (Fig. 6). “Other” was not frequently selected and
responses to this selection were highly variable (e.g., from recreational
activities to clean beaches). The multivariate-GLM, performed on the
scoring of attributes, did not detect significant differences between
locations.

3.2. The provision of ecosystem services by biological communities

TheGLMresults didnot evidence consistent patterns for the biological
metrics across locations and access regimens (i.e., site). The interaction
termwas significant for half of the variables (Table 5), denoting that po-
tential differences between MA and OA sites depended on the location.

Biomass of the target reef fish was significantly higher in the MPA
and in some of the MAs: Laguna Verde and Los Molles (Fig. 7). Access
and location had significant effects on biomass of the exploited subtidal
macro-invertebrates, and the interaction of these two factors was not
significant (Table 5). These results matched the generally higher bio-
mass observed in the MAs (Fig. 7). The abundance of intertidal target
macro-invertebrates was low and highly variable, with higher values
in the MPA and in the MA of Laguna Verde (Fig. 7).

Fish species richness was significantly higher in theMPA, where the
number of species was two-fold higher than at the other locations
(Table 5, Fig. 7). Regarding subtidal species richness, there were signif-
icant differences between MA and OA sites in El Quisco, Laguna Verde
and Quintay (Fig. 7). Regarding intertidal species richness, significant
differences between access regimens were observed in Los Molles
(Fig. 7).

3.3. Link between provision and demand of ecosystem services

A relatively high proportion of the interviewed fishermen targeted
key species from the kelp system (Table 1). However, thefisheriesman-
agement regimen and theMPA evidenced benefits on coastal biological
communities, with significant differences on several metrics of target
and non-target communities detected between the MPA, the MAs and
the OA sites (Table 5, Fig. 7). The state change of biological communities
might alter theprovision of ecosystemservices. Potential indirect effects
of these changes were depicted from the visitors' priorities for
Table 3
Percentages of the interviewed residents and tourists that frequently or occasionally do
recreational fishing. N = number of questionnaires per site.

Residents Tourists

N Occasional Frequent All N Occasional Frequent All

Las Cruces 49 29 12 41 100 13 2 15
El Quisco 50 32 0 32 104 8 2 10
Quintay 48 31 8 38 100 9 9 18
Laguna Verde 51 22 14 35 98 11 5 16
Maitencillo 45 49 9 58 100 8 4 12
Los Molles 45 38 2 40 100 16 7 23
ecosystem attributes and the most frequent activities (Fig. 8). The
most frequently selected attributes at all locations were “scenic beauty”
and “biological diversity”. There was high seafood demand that would
benefit of a higher biomass of exploited species. However, the species
exploited in the kelp system were not frequently consumed (Fig. 5).
Recreational fishing that could directly benefit of high species richness
and biomass was uncommon at all locations (Table 2, 3). Other recrea-
tional activities that could directly benefit from increases in diversity
and biomass of marine organisms were not relevant in the study area:
a small fraction of the tourists selected “attractive diving spots” as a
preferred attribute, while the more general category of “nature-based
activities” or “other recreational activities” (e.g. sailing, kayaking), in-
cluded as “other” (Fig. 6), were selected by less than 2% of the tourists
at all locations.

4. Discussion

The fishing pressure on the different resources from the rocky reef–
kelp system varied between locations. Fishermen in El Quisco and
Maitencillo principally targeted reef fish, in Laguna Verde and Quintay
Fig. 5. –Percentages of frequent consumption of the key species by tourists in each location.
The interviewee could select more than one species, therefore, the total percentage in a
location could be over 100%. LM: Los Molles, M: Maitencillo, LV: Laguna Verde, Q: Quintay,
EQ: El Quisco, LC: Las Cruces.
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Fig. 6. –Selection of coastal ecosystem attributes in each location: percentages of the tourists per location that regularly visited the rocky shores and that selected an attribute as their 1st
most valued one (set of bars on the left) and as 2nd most valued one (set of bars on the right). “Other” includes nature-based activities and other recreational activities (e.g., kayaking,
sailing). LM: Los Molles, M: Maitencillo, LV: Laguna Verde, Q: Quintay, EQ: El Quisco, LC: Las Cruces.
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the gathering of invertebrates increased, while in Las Cruces and Los
Molles fishermen principally harvested kelp (Table 1, Fig. 3). In spite
of the preferences for certain resources in each location, a diverse set
of species was exploited and the species from the study system were
rarely caught by more than 40% of the interviewed fishermen. The ex-
ception was of kelp harvesting in Las Cruces and Los Molles, frequently
harvested by 58% and 72% of fishermen respectively. Official records
evidenced decreasing landings, which could be related with depleted
resources, but also with a reduction in the fishing effort, as retired fish-
ermen are not replaced by new generations. The fishing techniques
have not significantly changed for the past decade, therefore, fishing
efficiency has not increased. However, in agreement with official
records, the predominant fishermen perception was of decreasing
catches. The exception occurred in the twovillageswhere kelp harvesting
currently prevails. Recreational fishing was the only activity identified in
the study locations that implied direct interaction between tourists and
biological communities. However, recreational fishing was uncommon
according to the surveys and the highest incidence corresponded to
residents (Table 3). The random structure of survey design might be
underestimating the occurrence of recreational fisheries, as a previous
work in the study area that specifically targeted recreational fishermen
identified higher occurrence of this activity (unpublished results). It is
important to discern between the two groups of users, as fishing by res-
idents could occur all year round,while tourismwasmainly concentrated
in summer. Therefore, recreational fishing by residents would occur on a
cumulative temporal scale although it is not frequent. The low incidence
of recreational fishing was in accordance with uncommon selection of
“fishing resources” as a valued attribute (Fig. 6). Moreover, reef fish
were not a frequent choice for seafood consumption (Fig. 5). The con-
sumption of seafood by tourists was relatively high (Table 4). But most
of the seafood consumed by tourists came from local markets or restau-
rants, and the percentage of tourists consuming species from the study
system was rarely over 20%.

Our results suggest that fishing activities trigger a state change of
local biological communities. Variability in biomass and species richness
across study sites was observed thanks to the existence of management
areas andMPAs that alternatewith areas open to fisheries.We observed
a positive effect of management areas on several metrics of target and
non-target biological communities. At least half of the management
areas harboured higher biomass of commercial reef-fish, subtidal and
intertidal macro-invertebrates and species richness in the subtidal and
intertidal. However, the observed differences were not consistent
across all pairs of open access and management areas (Table 5, Fig. 7).
According to previous studies in central Chile (Gelcich et al., 2012),
the effects of management areas on the biological communities would
depend on the fishery context, related to the level of enforcement
exerted by the fishermen associations and the role of illegal poaching
within the areas. These findings emphasize the importance of under-
standing socio-ecological links for an optimal implementation of an
ecosystem-based management. We used surrogates for ecosystem ser-
vices, i.e., biomass of commercial species and species richness. These
metrics are approximations to a provision of ecosystem services and
donot aim to identify structural differences between biological commu-
nities due to fishing (Gelcich et al., 2008, 2012). Indirect effects of fish-
ing on the ecosystem structure and functioning, related with many
ecosystem services (Townsend et al., 2011; Muntadas et al., 2015), re-
mains to be evaluated in our study area. But, overall, this work helped
us unravel preferences by users of the coast and assess how the state
change of communities caused by fisheries could negatively feedback
on the user (Fig. 8).



Table 5
–Summary of GLM for each biological variable, including the selected parsimonious GLM
(after lower AIC). Statistics from analysis of deviance of the GLM.

DF Deviance Residual DF Residual dev. Pr (NCh)

GLM: target fish biomass ~ location *∗ access, family = negative binomial
Model intercept: b0.001
Location 5 7.68 42 43.40 b0.05
Access 2 10.34 40 33.06 b0.001
Location:access 4 6.35 36 26.70 b0.05
NULL 47 51.08

GLM: subtidal target invertebrates biomass ~ location ∗ access, family = negative binomiala

Model intercept: b0.001
Location 5 2.64 234 188.82 b0.01
Access 2 3.82 232 184.99 b0.001
Location:access 4 1.43 228 183.56 0.055
NULL 239 191.46

GLM: intertidal target invertebrates abundance ~ location ∗ access, family = negative
binomial

Model intercept: b0.05
Location 5 14.99 114 90.65 b0.01
Access 2 4.79 112 85.86 0.056
Location:access 4 6.24 108 79.62 0.11
NULL 119 105.6

GLM: fish richness ~ location ∗ access, family = quasipoisson
Model intercept: b0.001
Location 5 5.55 42 28.32 0.095
Access 2 6.09 40 22.22 b0.01
Location:access 4 1.87 36 20.34 0.49
NULL 47 33.86

GLM: subtidal species richness ~ location ∗ access, family = quasipoissona

Model intercept: b0.001
Location 5 54.25 227 112.73 b0.001
Access 2 3.176 232 166.98 b0.05
Location:access 4 16.72 223 96.01 b0.001
NULL 234 170.16

GLM: intertidal species richness ~ location ∗ access, family = quasipoisson
Model intercept: b0.001
Location 5 17.42 114 79.51 b0.001
Access 2 4.04 112 75.47 b0.05
Location:access 4 6.75 108 68.72 b0.05
NULL 119 96.93

a The factor depth was not included in the most parsimonious model.
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In agreement with landings' trends, fishermen perception of catches
was markedly negative, with the exception of fishermen from the two
locations that had high incidence of kelp harvesting. In these locations,
the exploitation of reef fish andmacro-invertebrates wasminor. Factors
such as market demand and overexploitation of some of the coastal
species may influence perception and trends in landings. Recreational
fishing could add a stressor on overexploited stocks, in fact, Godoy
et al. (2010) observed that spearfishing had depleted reef fish along
the Chilean temperate coast. But, apparently, in the study locations rec-
reational fishing by tourists was negligible. Traditional artisanal fisher-
ies currently coexist with an increasing influx of visitors that would
demand a series of ecosystem services, including space for recreational
activities and seafood products (Beaumont et al., 2007; Ruiz-Frau et al.,
2012). This demand could imply economic benefits to the coastal villages
(Atkins et al., 2011), but it could also impose additional pressures on the
ecosystems. Despite seafood demand was relatively high, the demand
associated to the rocky reef–kelp species was generally low. Variability
in seafood consumption between villages could be related to themarket
price and the availability of these products. Many tourists acknowl-
edged the rare presence of the macro-invertebrates in the local market
and most of the reef fish were unknown to the interviewed individual
(personal observation). The low demand for these species could allevi-
ate the fishing pressure on the coastal kelp system. But, in agreement
with fisheries landings and fishermen perception, these results could
also be indirectly linked to low availability of the species due to
overexploited stocks. There was an evident mismatch between “seafood
consumption” and “consumption of the key species”, therefore, tourists
also consumed seafood that was not of local extraction. Also, despite de-
creasing catches, a portion of the interviewed fishermen targeted benthic
invertebrates and reef fish that might be supplying non-local markets. In
a study conducted in the central coast of Chile (unpublished work), the
authors obtained data on fish market options in three of the villages in-
cluded in this study and observed highly variable patterns. In El Quisco
and Laguna Verde most of the catch was sold to external markets during
winter months, while in summer most of the catch was sold locally.
Otherwise, in Maitencillo, the entire catch was sold locally through the
fishermen associations. In fact, Maitencillo had one of the highest rates
of seafood consumption (Table 3). Whether the observed differences
are caused by market availability or by socio-economic differences
amongst locations remains to be evaluated. The demand for provisioning
services would operate at different scales. The observed weak relation-
ships between the provision by local biological communities, fishermen
catches and consumption of seafood by tourists might imply that most
pressures on local resourcesmight be caused by drivers operating at larg-
er scales. These results underline the importance of a larger spatial scale
assessment for the valuation of ecosystem attributes, when site-
management currently prevails.

The conceptual model illustrated in Fig. 1 represents feedbacks
between ecosystems and society, where the drivers are the human
activities (i.e., artisanal fisheries and tourism-related activities) that
impose a pressure over the coastal ecosystems. Pressures force a change
of biological communities, whichmight impact the society by impairing
the delivery of ecosystem services. The impact that changes in ecosys-
tem services could have on coastal users was depicted from the visitors'
preferences for ecosystem attributes. Laguna Verde was the location
with consistently higher biological measures in the management areas
compared to the open access sites (Fig. 7). However, this location did
not stand out in a demand for services related to a higher provision by
the management areas. The location with a slightly higher occurrence
of recreational fishing, diving and consumption of the study system
specieswasQuintay (Tables 2–4). However, the benefits of themanage-
ment area in this location would be limited to the subtidal macro-
invertebrates and species richness (Fig. 7). There was a highly homoge-
nous pattern across locations in the selection of ecosystems attributes
by tourists. The “scenic beauty” was the attribute most frequently
selected in all the villages, followed by “diversity”, but as second choice
(Fig. 6). The higher species richness associated to the MPA, and to some
of the management areas (Fig. 7), might provide the tourists' demand
for this attribute. Moreover, the importance of the MPA resides in its
role for educating society and contributing to generate a bond with
the coast (MEA, 2005). The existence of these high diversity areas
could also imply economic revenue by boosting activities related to
nature-based tourism (Nahuelhual et al., 2007). But recreational activi-
ties that could benefit from high diversity (e.g., diving) were not rele-
vant in the study area. The MPA harboured the highest fish richness,
but it is a no-take area, where all recreational activities are banned.
The management areas are known to play an important role in manag-
ing the exploitation of resources, while simultaneously protecting other
ecosystem components (Gelcich et al., 2008, 2012). However, manage-
ment areas imply the restriction of activities like recreational fishing.
The open access areas allow for recreational fishing, but biomass of
subtidal benthic resources and fish was generally low.

Simultaneously addressing ecosystem management objectives and
society needs is not an easy task and the regulation of human activities
to ensure ecosystem servicesmight often imply trade-offs between uses
(Fig. 8) (Hicks et al., 2013). In the study area, while management focuses
on fisheries, the aesthetics of the coast was the most valued attribute.
However, this attribute could be subjected to degradation due to an
increasing demand for coastal space and resources. Identifying the valua-
tion of ecosystemattributes by society should helpmanagers to dealwith
conflicts between use–use and use–ecosystem (Hicks et al., 2013; Lester
et al., 2013). This perspective is essential to implement management



Fig. 7. –Biological variables across sampling sites: bar plots include mean ± SEM. From left to right, plots on the top: biomass of target fish and fish species richness; plots in the middle:
subtidal target macro-invertebrates and species richness in the subtidal; plots in the bottom: abundance of target invertebrates in the intertidal and species richness in the intertidal.
W: biomass; S: species richness;MA:management area;MPA:Marine ProtectedArea; OA: open access area. EQ: El Quisco, LC: Las Cruces, LM: Los Molles, LV: Laguna Verde, M: Maitencillo,
Q: Quintay.
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plans supported by the locals and by groups of users (Leslie andMcLeod,
2007). Moreover, we emphasize that the complex interactions between
groups of users and biological componentsmust be integrated for coastal
management (Collins et al., 2011) in order to build a win–win relation-
ship between humans and ecosystems in coastal areas. In the study
area, therewas an obvious connection betweenfishermen and coastal re-
sources, and the creation of the management areas is an evidence of this
link (Gelcich et al., 2010). Otherwise, the connection between tourists
and local seafood resources was weaker. In general, we observed a
weak relationship between tourists' valuation of coastal attributes and
the biological system in the study area, where the most valued attribute
was the aesthetics of the coastal area and biodiversity only increased in
importance as a second choice. This pattern could hamper social support
for traditional conservation measures that, otherwise, should consider
the negative effects of coastal development to avoid degrading the aes-
thetics of the coast. The DPSIR framework also evidences the importance
of achieving a balance between the biological and social components of
the ecosystems: if biological responses to human uses are not assessed,
the management of human activities might adopt inefficient methods
for ecosystem conservation. Likewise, if society priorities and values are
neglected, the implementation of management actions might fail due to
lack of support (Leslie andMcLeod, 2007). To achieve this balance, future
efforts should focus on the identification of the spatial degree of distur-
bance bymultiple human activities that threaten the long-termprovision
of services andonpromoting differentways to strengthen a cultural iden-
tity of the visitors with the marine environment.

5. Conclusions

Integrating the ecosystem-based management within the DPSIR
framework provides an opportunity to capture in a holistic way the im-
plications of the social demand for ecosystem services (Atkins et al.



Fig. 8. –Changes in the biological communities compromise the provision of services and users would demandmanagement responses (Fig. 1). In our study area, management responses
include the establishment of management areas (MA), or no-takeMPA, that alternate with open access areas (OA). Management actions condition the state change of biological commu-
nities, defined after the GLMs (Table 5): arrow with continuous line denotes positive effects, while dotted line represents negative effects. The state change would ultimately cause an
impact on the society through variable delivery of ecosystem services: arrow thickness represents relative importance of the ecosystem service.
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2011). The broader benefits of adopting a DPSIR framework reside in its
simplified structure that includes the interactions between ecosystem
and society, through use and valuation of the ecosystem attributes by
society, and identifies the consequences of human uses on ecosystem
services. It allows gaining a better understanding of the trade-offs be-
tween uses and benefits of coastal ecosystems. The approach used in
this work allowed us to identify links between the demand for services
in coastal areas, the effects that this demand could have on biological
communities, and the ultimate consequences that a jeopardized provi-
sion of services could have on the groups of users (Figs. 1, 8). Neverthe-
less, we observed a general lack of linkages between society's priorities,
principally focused on the scenic beauty of the place, current manage-
ment objectives, focused on fisheries site-management, and, conse-
quently, potential mitigation of ecosystem services degradation.
Another challenging issue for an ecosystem management in the area
would be to address the temporal and spatial mismatches between
the provision and the demand for services. Particularly in the coastal
area, where human activities can operate at multiple scales and ecosys-
tem services would range from local (e.g. provision) to regional (e.g.
regulation) scales, integratedmanagement approaches to conserve eco-
systems and ensure the well-being of society at regional scales should
be considered.
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