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• We examined people's perceptions of
ecosystem services and management
options.

• Our study integrated qualitative and
quantitative field research methods.

• Those surveyed showed varying types
and degrees of dependencies on
nature's benefits.

• People overwhelmingly perceived sce-
nic beauty as most important to
wellbeing.

• People perceived several ecosystem ser-
vices as important yet in mediocre
states.
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Although ecosystem service (ES) approaches are showing promise in moving environmental decision-making
processes toward better outcomes for ecosystems and people, ES modeling (i.e., tools that estimate the supply
of nature's benefits given biophysical constraints) and valuation methods (i.e., tools to understand people's de-
mand for nature's benefits) largely remain disconnected, preventing them from reaching their full potential to
guide management efforts.
Here, we show how knowledge of environmental perceptions explicitly links these two lines of research.We ex-
amined how a diverse community of peoplewith varying degrees of dependencies on coastal andmarine ecosys-
tems in southern Chile perceived the importance of different ecosystem services (ESs), their states (e.g., doing
well, needs improvement), and management options. Our analysis indicates that an understanding of people's
perceptions may usefully guide ecosystem modeling and management efforts by helping to: (1) define which
ESs to enter into models and tradeoff analyses (i.e., what matters most?), (2) guide where to focus management
efforts (i.e., what matters yet needs improvement?), and, (3) anticipate potential support or controversy sur-
rounding management interventions. Finally, we discuss the complexity inherent in defining which ESs matter
most to people. We propose that future research address how to design ES approaches and assessments that
are more inclusive to diverse world views and notions of human wellbeing.

© 2018 Elsevier B.V. All rights reserved.
Keywords:
Natural resource management
Coastal marine spatial planning
Human wellbeing
Valuation
Tradeoff analysis
Chile
University of California at Santa Barbara, 1832 Ellison Hall, Santa Barbara, CA 93106-4060, USA.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2018.04.052&domain=pdf
https://doi.org/10.1016/j.scitotenv.2018.04.052
elwell@geog.ucsb.edu
Journal logo
https://doi.org/10.1016/j.scitotenv.2018.04.052
Unlabelled image
http://www.sciencedirect.com/science/journal/00489697
www.elsevier.com/locate/scitotenv


1015T.L. Elwell et al. / Science of the Total Environment 637–638 (2018) 1014–1025
1. Introduction

One of the most urgent challenges of the 21st century is to improve
human wellbeing while sustaining ecosystems. Ecosystems underpin
human wellbeing, which rests upon basic requirements needed to
lead a good life (e.g., water, food, spiritual inspiration) (MA, 2005;
Guerry et al., 2015). Ecosystem service (ES) approaches—based on an
understanding that ecosystems provide myriad benefits called ecosys-
tem services (ESs) to people—are increasingly showing promise inmov-
ing environmental decision-making processes toward better outcomes
for ecosystems and people (Daily, 2000; Clark and Dickson, 2003;
Ostrom, 2007; Halpern et al., 2013; McKenzie et al., 2014; Arkema
et al., 2015; Ruckelshaus et al., 2015). On one hand, spatially explicit
models that incorporate biophysical and economic sector data allow
users to predict the provision of ESs under different management sce-
narios (e.g., business as usual, development, conservation) (Polasky
et al., 2008; Guerry et al., 2012) and identify tradeoffs and synergies
among ESs, which result from complex interactions that occur across
time and space and following management decisions (Rodriguez et al.,
2006; White et al., 2012; Lester et al., 2013; Estévez and Gelcich,
2015). Such analyses allow modelers to estimate which combinations
of ESs are possible given biophysical constraints. On another hand, a
range of qualitative and quantitative valuation methods help elicit
what matters to people (Klain and Chan, 2012; Marín et al., 2014;
Gould et al., 2015) and explore how ESs underpin human wellbeing
(Bratman et al., 2012; Hicks and Cinner, 2014; Bratman et al., 2015;
Hicks et al., 2015).

However, despite rapid advances in ES modeling and valuation
methods, these two lines of research largely remain disconnected,
preventing them from reaching their full potential to improve
decision-making. Whereas studies on biophysical tradeoffs among ESs
often take people's preferences for ESs as a given or something left to
decipher, ES valuations tend to focus on eliciting what people value
and why, rather than show how such insights may further modeling ef-
forts or inform management decision-making. Notable exceptions in-
clude studies by Mastrangelo and Laterra (2015) and Cavender-Bares
et al. (2015), which examined farmers' preferences when agricultural
productivity traded off with biodiversity. While these studies begin to
link the supply of ESs (i.e., which combinations of benefits are possible
given biophysical constraints) with demand for ESs (i.e., which benefits
people prefer), both studies present a limited understanding of people's
preferences for ESs since they focused on two choices farmers faced: to
use land for agriculture or to leave land forested. Here, we build on this
work that links ES tradeoff analyses with valuation methods, yet we
present empirical data that captures a broader understanding of
people's demand for ESs. We examined how a diverse community of
people perceived the importance of different ESs, the states of those
ESs, and how to best manage the ESs. In so doing, we address a critical
question: How may knowledge of people's perceptions of different ESs
and management options guide ecosystemmodeling and management
efforts?

Perceptions, defined as “beliefs or opinions, often held bymany peo-
ple and based on how things seem” (Cambridge Dictionary, 2016), pro-
vide insights into how people may respond to ecosystem management
initiatives (Gelcich et al., 2005; McClanahan et al., 2005; McClanahan
et al., 2012; Gelcich and O'Keeffe, 2016). The efficacy of such initiatives
largely depends on people's participation and support (McClanahan
et al., 2005; de Groot and de Groot, 2009; Jefferson et al., 2015;
Bennett, 2016; Bockstael et al., 2016). For example, community leaders,
NGOs, and managers benefit from knowing what matters most to peo-
ple so as to anticipate potential support or controversy surrounding de-
cisions that impact ESs. Moreover, insights into people's perceptions of
ESs and management options inform discussions on how to proceed
when faced with tradeoffs among ESs perceived as priorities.

Our results indicate that knowledge of people's perceptions of differ-
ent ESs and management options may usefully guide ecosystem
modeling and management efforts in three key ways. Such knowledge
may help to (1) define which ESs matter most and to whom
(i.e., which ESs to enter intomodels and tradeoff analyses), (2) compare
how people perceive the states of ESs relative to perceived importance
towellbeing (e.g., in a poor state, very important; doingwell, somewhat
important)—so as to focusmanagement efforts, and (3) assess howpeo-
ple perceive the impacts of management interventions on the environ-
ment and future wellbeing. This latter knowledge may allow managers
to identify which interventions garner potential controversy or support.

2. Methods

2.1. Research setting

We assessed how people living along the Pudeto estuary and its
coastal zone (ca. 843 km2) located on the northern portion of the Chiloé
Archipelago in southern Chile (41°–43°S) perceived different ESs and
management options (Fig. 1). This region is known for a cultural
heritage of small-scale farmer-fishers whose livelihoods and ways of
life depend directly on coastal, marine, and terrestrial ESs. The urban
sector of Pudeto is mainly comprised of government housing for
families displaced by a 1960 earthquake and tidal wave—the same
event that formed the estuary. Its brackish waters contain farms of
the red algae Gracilaria sp., grown to produce agar, as well as natural
shellfish banks of mussels, clams, and oysters. Processing plants for
farmed salmon, shellfish, and algae line part of the estuary zoned for in-
dustrial use (Ilustre Municipalidad de Ancud, 2013), while patches of
native forest give way to coastal wetlands, critical habitat for migratory
birds (Andres et al., 2009) (Fig. 1). Like other coastal regionsworldwide,
Chiloé is experiencing rapid sea- and land-use change (e.g., unregulated
extraction of kelp from sea and Sphagnum moss from forest, introduc-
tion of industrial-scale wind farms) and unprecedented environmental
change (e.g., algal blooms, droughts).

2.2. Field research methods

We applied integrated qualitative and quantitative methods to ex-
amine how people with different types of dependencies on ESs per-
ceived the importance of ESs to wellbeing (Singleton et al., 1988;
Poteete et al., 2010; Cheong et al., 2012). Participatory mapping and
semistructured interviews with key informants informed the design of
a survey questionnaire that included closed and open-ended questions
(Fig. 2). Qualitative data—collected through participatory mapping
with indigenous community members, interviews with small-scale
fishers, and a survey of estuary residents—allowed us to interpret pat-
terns observed through the analysis of quantitative data (Sayer, 1992;
Carr, 2003; Creswell, 2009). Participants gave informed consent as per
protocol approved by the Human Subjects Committee at the University
of California, Santa Barbara (Submission 12-485).

2.2.1. Identifying benefits associated with the estuary and its coastal zone
This study examined the perceptions of people who lived or worked

near the estuary. In the initial qualitative research phase, we sought to
identify potential ES priorities. Thus, we first spoke with people whose
livelihoods and ways of life depended directly on the estuary. In
March 2013, we completed participatory mapping with two registered
indigenous communities who perceived the estuary as ancestral terri-
tory and, between June and December 2013, we interviewed 41 small-
scale fishers who fished or harvested shellfish or algae in the estuary.
The term “small-scale fisher” in Chile encompasses a range of activities,
including shellfish and algae harvesting, boat ownership, and fishing
(Chile's Fishery and Aquaculture Law 18892, 1991). While some
small-scale fishing organizations held territorial user rights to the estu-
ary, the two indigenous communities did not enjoy special rights to the
estuary. However, at the time of writing, the communities intended to
solicit rights based on ancestral uses, as several coastal indigenous



Fig. 1. Map of research setting that shows types of ecosystems, aquaculture processing plants, algal farms, and area perceived as ancestral territory by indigenous communities.
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communities in southern Chile had done in accordancewith Chile's Law
20.249 that Creates Coastal Marine Space for Native Peoples (2008).

Mapping and interviews followed several months of fieldwork in
which the first author analyzed coastal policy documents and observed
and participated in harvests (e.g., cleaning algae). These initial months
of fieldwork helped gain access into communities.

We thenheld aworkshop inwhich six indigenous communitymem-
bers generated a list of benefits granted by the estuary and completed in
situ participatory mapping of the estuary perceived as ancestral terri-
tory. We used the participatory mapping methods described in NOAA
(2009) to guide the process. Although six seems like a low sample
size, the six members represented four of the eight total households
that constituted the two indigenous communities. Four of these six
participants served as informants in the interview sample of small-
scale fishers.

We conducted interviews in Spanish at the 41 small-scale fishers'
worksites (shoreline) or homes. We first contacted fishing organiza-
tions to request participation and lists of members. From these lists,
we purposefully sampled at least two members of the organization
and one leader from the directorate board. We sought to capture a po-
tential diversity of perceptions based on factors thought to influence
what people value and prioritize. Criteria for inclusion in this purposeful
sample included: livelihood sources (Gelcich et al., 2009; Hicks et al.,
2013; Marín et al., 2014); membership in livelihood-related organiza-
tions (Gelcich et al., 2005); rural versus urban place of residence, years
of schooling, age, and gender (Martín-López et al., 2012); ethnicity

Image of Fig. 1


Fig. 2. Diagram of the field research methods we used to examine how people who
resided or worked in the Pudeto estuary perceived the importance of different
ecosystem services (ESs), the state of those ESs, and how to manage those ESs. In the
follow-up qualitative phase, practitioners and researchers check that their
interpretations align with the reasoning of participants. This follow-up can include
open-ended survey questions (Section 2.2.2.2., Appendix A Supplementary Data) and/or
interviews or focus groups with key informants.
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and ancestral ties to place (Gould et al., 2014; Winthrop, 2014); and,
ability to access ESs (Leach et al., 1999; Daw et al., 2011; Hicks and
Cinner, 2014; Wieland et al., 2016). To capture the latter, we
interviewed people who accessed the estuary via territorial user rights
(i.e., access gained through membership in a fishing organization), or
open access areas. Fishers not in organizations were approached at the
shoreline, an area of open access.

2.2.1.1. Sample of key informants interviewed. The interview sample
consisted of 19 female and 22 male small-scale fishers, ranging in age
from 21 to 82, with an average age of 51. Interviewees had lived along
the estuary from less than a year to 82 years, with an average duration
of 29 years. Thirty-two interviewees (78%) belonged to a small-scale
fishing organization, five belonged to a registered indigenous commu-
nity, and two belonged to both. Four interviewees did not belong to ei-
ther. Interviewees represented the range of livelihoods that the term
“small-scale fisher” encompasses in Chile, including coastal gleaner,
boat owner, diver, and fisher (Chile's Fishery and Aquaculture Law
18892, 1991), and all but five depended directly on coastal and marine
ESs from the estuary (Fig. 3).

2.2.1.2. Design of semi-structured interview. Interviews followed a
semistructured format of open ended questions that allowed infor-
mants to respond in their own words. First, we collected background
information to better understand informants' history in the social-
Fig. 3. The sources of livelihood of the small-scale fisher key informants we interviewed. In
questionnaire, we first spoke with people whose livelihoods and ways of life depended directl
ecological system, including degree and type of reliance on ecosystems
for subsistence and income, harvests per unit effort, and access to natu-
ral resources (Ostrom, 1990). We then asked informants what the
coastal land marine ecosystems provided them, using follow-up ques-
tions such as, “Anything beyond immediate sources of livelihood or
food?” From these responses, along with those yielded from participa-
tory mapping (Section 2.2.1), we tallied a list of 17 ESs granted by the
estuary (Table 1). We also asked if informants perceived any tradeoffs
among existing or projected uses of the ecosystems, how they perceived
currentmanagement, and how they envisioned the estuary's future. For
instance, we asked what informants would like to see change or remain
the same, andwhat other potential uses or changes, if any, they thought
would add to their wellbeing. From these responses, we generated a list
of ten plausible interventions included in the survey questionnaire
(Section 2.2.2.2).

2.2.1.3. Analysis of participatory mapping and interview data. First we
tallied estuary benefits and plausible interventions identified by indige-
nous community members in the participatory mapping exercise. We
then transcribed interviews with small-scale fishers, compiled re-
sponses to each question (Kitchin and Tate, 2000), and compared
responses from the participatory mapping exercise and interviews to
aggregate lists (Table 1).

2.2.2. Prioritizing benefits associated with the estuary and its coastal zone
From the participatory mapping and interview responses, we com-

piled a list of 17 benefits, or ESs, granted by the estuary, and a list of
ten plausible management interventions identified by estuary residents
(Fig. 2, Table 1).We corroborated these listswith officials at the local of-
fice of Chile's National Fishing Service to ensure interventions would be
plausible. Between 26 February and 3March 2014, thefirst author and a
trained team used a questionnaire (in Spanish) to survey residents
(Section 2.2.2.2., Appendix A Supplementary Data), either in individ-
uals' homes orworksites (e.g., fishing organization headquarters, shore-
line) in urban Pudeto, peri-urban La Pasarela, and rural Pupelde—the
three main sectors that border the estuary. We approached every
house and experienced two refusals.We surveyed the householdmem-
ber who was present. Most often only one adult was present. In seven
households, we surveyed two members because both were available
and presented distinct livelihoods related to the estuary (e.g., diving
for shellfish to sell, collecting algae for subsistence).

2.2.2.1. Sample of estuary residents surveyed. We surveyed 168 residents
(71women and 97men) ranging in age from 16 to 82 years, with an av-
erage age of 48. Survey participants had lived along the estuary from
less than a year to 82 years, with an average duration of 20 years. The
sample covered the range of livelihoods representative of the study
order to identify potential ESs and management interventions to include in the survey
y on the estuary.

Image of Fig. 2
Image of Fig. 3


Table 1
Thefield researchmethods, questions asked, and types of responses elicited and analyzed in order to assess people's perceptions of different ecosystem services andmanagement options.

Field research method Questions asked Type of response

Qualitative phase Qualitative, coded and tallied
(Section 2.2.1)Participatory mapping with indigenous community

members (n = 6)
Semi-structured interviews with small-scale fishers (n = 41)

What does the estuary provide for you and your family?
What, if anything, does the estuary provide beyond livelihood
sources and food?
What would you like to see change or remain the same in the estuary?
How do you envision the future of the estuary?
What new uses or changes might appear?
What tradeoffs, if any, do you perceive among existing or projected
uses of the estuary?

Quantitative phase
Survey of people who resided or worked in the estuary
(n = 168)

Ecosystem services (list of 17) How important is each aspect for the wellbeing of you and your family? Continuous scale from +10 to −10
(Section 2.2.2)In what situation or state is each of the aspects today?

Management interventions (list of 10) What would be the impact on the wellbeing of you and your family
following each change?
What would be the impact on the environment following each change?
What do you think would change?* Qualitative, coded and tallied*

(Section 2.2.2)*Follow-up used for responses between −7 and − 10 and 7 and 10
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area.We categorized participants according tomain source of livelihood
(Section 2.2.2.3). As Fig. 4 shows, eighty-six participants (51%)
depended directly on shellfish, Gracilaria sp. algae, fish, or a combina-
tion of coastal and marine provisioning services from the estuary. We
categorized these participants as estuarine. Fifty-eight participants
(35%) earned relatively steady incomes as wage workers
(e.g., processing plant workers, people with work contracts), pension
earners, taxi drivers, electricians, and mechanics who depended indi-
rectly on provisioning, regulating, and supporting ESs. We categorized
these participants as wage earners. Twenty-four participants (14%)
sold natural resources from forests (e.g., Sphagnum moss, timber),
worked as farmers, carpenters, and artisans who, overall, depended
more directly on terrestrial supporting, regulating, and provisioning
services. Two participants sold seafood caught from areas other than
the estuary and one worked as a tourism operator. We categorized
these three participants as other because they relied on ESs beyond
those immediately provided by the estuary (Fig. 4).

2.2.2.2. Design of survey questionnaire. We included the 17 ESs and ten
interventions identified through participatory mapping and key infor-
mant interviews in a survey questionnaire (Fig. 2, Table 1, Appendix A
Fig. 4. Number and percentages of survey participants, or ES users, grouped according to
main source of livelihood. Participants categorized as estuarine depended directly on
shellfish, Gracilaria sp. algae, fish, or a combination of coastal and marine provisioning
services from the estuary. Wage earners earned relatively steady incomes as wage
workers, pension earners, taxi drivers, electricians, and mechanics who depended
indirectly on provisioning, regulating, and supporting ESs. Participants categorized as
other included farmers, carpenters, artisans, people who sold natural resources from
forests (e.g., Sphagnum moss, timber), two people who sold seafood caught from areas
other than the estuary, and one tourism operator. We categorized these latter three as
other because they relied on ESs beyond those immediately provided by the estuary. Over-
all, participants categorized as otherdependedmore directly on terrestrial supporting, reg-
ulating, and provisioning services.
SupplementaryData). To improve questionwording and ensurefluidity,
we piloted the questionnaire with a similar population in a different
part of the municipality. As opposed to open-ended questions that had
allowed informants to respond in their ownwords, the survey question-
naire mainly included closed questions where participants moved a
scale to mark responses.

The questionnaire included:

• A Google Earth image that defined the estuary and its coastal zone.
• Closed questions to assess the perceived importance of each service to
personal and familial wellbeing, and the perceived state of each ser-
vice in terms of provision (Table 1). We asked participants to indicate
how important each of the 17 aspects of the Pudeto estuary proved to
be for her or his wellbeing and that of her or his family. To mark re-
sponses, we used a continuous scale with two anchor points denoted
by a happy and sad face— “very important” and “not important”, and
a clear “indifference” line in themiddle.We then asked participants to
express the current state of each ES on the continuous scale, with two
anchor points, “excellent” and “terrible”, and a clear “indifference” or
“unsure” line in the middle.

• Closed questions to assess perceived impacts following ten plausible
interventions in the estuary (Table 1). We asked participants to indi-
cate how each intervention would impact her or his wellbeing and
that of her or his family, and how the intervention would impact the
environment. We marked responses using a continuous scale with
two anchor points, “excellent” and “terrible”, and a clear “indiffer-
ence” or “unsure” line in the middle.

• Responses could be marked from −10 to 10. We chose this scale be-
cause participants could intuitively move the scale's marker either
positively or negatively away from the zero indifference or “I don't
know” line, or toward the anchor points denoted by the happy and
sad faces.

• For responses marked between −7 and − 10 or 7 and 10 for the ten
interventions, we followed up with the question, “What do you
think would change?” to record reasons behind perceived impacts
on the environment and future wellbeing (Table 1).

2.2.2.3. Survey data analysis. We analyzed survey data using Microsoft
Excel, SPSS, and R. We grouped participants into three categories
based on their main source of livelihood: estuarine (86 people, 51%),
wage earners (58 people, 35%), and other (24 people, 14%)
(Section 2.2.2.1). We chose to group participants according to main
sources of livelihood because, in the initial qualitative research phase,
we found that livelihoods best explained residents' relationships to
the estuary and captured other differences (e.g., age and gender; access

Image of Fig. 4
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to ESs) (Section 2.2.1). In the seven cases where we surveyed two
people per household, we grouped participants according to the house-
holds' main source of livelihood (Section 2.2.2).

To compare mean scores among the three livelihood groups, we
used a Kruskal-Wallis H test with Dunn's posteriori tests (Rice, 1989;
Elliott and Woodward, 2007; IBM SPSS 24). Written-in reasons behind
scores between −7 and − 10 and 7 and 10 for interventions were
coded to compose main categories of responses and then tabulated to
assess response frequency (Saldaña, 2013).

3. Results

3.1. Ecosystem services and plausible interventions identified

Key informants in the qualitative research phase identified a
range of benefits granted by the estuary. The participatory mapping
exercise yielded a list of 17 benefits, or ESs, associated with the estu-
ary—each of which were mentioned by at least one informant in in-
terviews (Tables 2 and 3). Informants conveyed several potential
interventions for the estuary, which ranged from expanding
(e.g., more algal farms) or renewing (e.g., reseeding shellfish
banks) existing uses to introducing new uses (e.g., small-scale tour-
ism, mussel farming) (Tables 4 and 5).

3.2. Ecosystem service users grouped according to livelihoods

The sample population surveyed included three main types of ES
users: estuarine, whose livelihoods depended directly on marine and
coastal provisioning ESs from the Pudeto estuary; wage earners,
whose livelihoods depended indirectly on ESs; and, other, whose
livelihoods depended more directly on regulating and supporting
ESs (Fig. 4, Section 2.2.2.1). Estuarine users (n = 86) often applied
strategies to ride out resource variability (e.g., switching between re-
sources, adding value to resources, supplementing income with
other activities) given the seasonal and unstable nature of their
work. Wage earners (n = 58), in contrast, earned more stable in-
come. While wage earners did not depend directly on marine and
coastal ESs, some wage earners fished or gathered edible algae and
shellfish for subsistence. Overall, other users (n = 24) depended
more directly on terrestrial supporting, regulating, and provisioning
services (e.g., native forest from which carpenters build, vegetable
Table 2
Similarities in livelihood groups' mean scores for perceived importance of different ecosystem

Category of ecosystem
service

Ecosystem service Total n
(SE)

Estuar
(SE)

Cultural Scenic beauty 9.2 9.3
(0.132) (0.166

Cultural Variety and number of birds 6.5 6.8
(0.319) (0.448

Provisioning Presence of edible algae (luche, cochayuyo) 5.7 5.9
(0.387) (0.567

Regulating Tidal flow of salt water in the river 5.6 6.5
(0.386) (0.485

Provisioning, regulating,
supporting

Wetlands and peat lands that serve as
reservoirs of freshwater

5.1 5.7
(0.415) (0.578

Regulating Ability to eliminate greywater and drainage
from houses

2.1 2.8
(0.597) (0.839

Provisioning Presence of other commercial algae (luga) 1.8 2.7
(0.532) (0.755

Size of livelihood groups: Total n=168. Estuarine n=86,Wage earner n=58, and Other n=2
important at all” or “not good at all” (=−10) and “very important” or “very good” (=10), and a
positive or negative distances from the central zero point.
fibers from which artisans make crafts, farmers who depended on
wetlands and peatlands for freshwater reservoirs). Nearly all in the
other livelihood group worked independently without a work con-
tract, much like estuarine users.

3.3. Perceived importance of ecosystem services to wellbeing

Mean scores for importance ranged from near zero (unsure or in-
different) to near ten (very important) (Tables 2 and 3). The ES per-
ceived as most important to wellbeing, by far, was scenic beauty
(Table 2). This result was consistent across livelihood groups. Sur-
vey participants shared similar perceptions on importance to
wellbeing for nine ESs (Table 2), while perceptions differed signifi-
cantly (P b 0.046) for eight ESs (Table 3). For these differences, estu-
arine users' scores for importance of ESs were significantly higher
than those of wage earners. As expected, estuarine users' mean
score for perceived importance of the commercial algae Gracilaria
was significantly higher than both wage earner and other users'
scores for this provisioning ES (Table 3). Estuarine and other users'
scores for perceived importance of the estuary as spiritual space
were higher than wage earners' mean score for this cultural ES
(Table 3).

3.4. Perceived states of ecosystem services

Survey participants shared similar perceptions of the states of 13
of 17 ESs (Tables 2 and 3). Overall, participants perceivedmost ESs in
a somewhat positive state. Scenic beauty stood out as being per-
ceived in an excellent state. Participants perceived tidal flow of salt
water, ability to navigate the estuary, and variety and number of
birds in good states (Tables 2 and 3). Overall, the estuary's ability
to eliminate gray water and drainage from houses was the only ES
perceived in a poor state (negative mean score) (Table 2). Mean
scores were near zero for the states of other commercial algae,
which most participants marked as zero (unsure), and wetlands
and peatlands that serve as freshwater reservoirs, where partici-
pants' scores appeared across the spectrum (Table 2).

Perceptions regarding the state of ESs differed significantly (P b

0.038) among the livelihood groups in four cases (Table 3). Other
ES users perceived the state of the estuary as a spiritual space in a sig-
nificantly better state than did wage earners. Other ES users also
services to wellbeing (left columns) and perceived state of each service (right columns).

Perceived importance to
wellbeing

Perceived state of ecosystem
service

ine Wage
earner
(SE)

Other
(SE)

P Total n
(SE)

Estuarine
(SE)

Wage
earner
(SE)

Other
(SE)

P

8.9 9.2 0.771 8.2 7.8 8.7 8.3 0.548
) (0.266) (0.307) (0.281) (0.435) (0.313) (0.935)

6.0 6.6 0.357 4.8 5.1 4.3 5.3 0.298
) (0.583) (0.666) (0.375) (0.576) (0.618) (0.658)

5.5 5.5 0.544 2.6 2.0 2.9 4.1 0.515
) (0.656) (0.871) (0.478) (0.719) (0.778) (0.997)

5.0 4.0 0.055 5.1 5.7 4.3 5.0 0.417
) (0.732) (0.987) (0.407) (0.530) (0.797) (0.868)

4.7 4.0 0.075 0.4 0.4 0.0 1.6 0.56
) (0.747) (0.918) (0.456) (0.638) (0.774) (1.228)

2.7 −1.8 0.051 −0.7 −0.5 0.2 −3.2 0.159
) (0.956) (1.592) (0.583) (0.859) (0.951) (1.309)

0.6 1.2 0.088 0.4 0.1 0.1 2.2 0.188
) (0.864) (1.437) (0.438) (0.669) (0.666) (0.998)

4. Survey participantsmarked responses on a continuous linewith two anchor points “not
clear “indifference” or “I don't know” line in themiddle (=0). Responses were recorded as



Table 3
Differences among livelihood groups'mean scores for perceived importance of different ecosystem services towellbeing (left columns) and perceived state of each service (right columns).

Perceived importance to wellbeing Perceived state of ecosystem service

Category of
ecosystem service

Ecosystem Service Total n
(SE)

Estuarine
(SE)

Wage
earner
(SE)

Other
(SE)

P Total n
(SE)

Estuarine
(SE)

Wage
earner
(SE)

Other
(SE)

P

Cultural Space to recreate and practice sports 6.3 6.9a 4.8b 7.6 0.043 ** 3.2 2.7 2.8 6.2 0.088
(0.418) (0.545) (0.842) (0.557) (0.526) (0.769) (0.906) (0.931)

Provisioning, regulating,
supporting

Support for the growth of native forest 6.2 6.4 6.0 6.1 0.423 2.6 1.7b 3.1 4.9a 0.033 **
(0.376) (0.570) (0.559) (1.006) (0.434) (0.665) (0.584) (1.14)

Cultural, potentially
provisioning

Space to develop tourism 6.1 7.1a 4.9b 5.5 0.046 ** 2.3 1.3 2.6 5.2 0.095
(0.460) (0.557) (0.875) (1.323) (0.530) (0.771) (0.874) (1.127)

Provisioning Presence of natural shellfish banks
(mussels, clams, oysters)

5.9 6.9a 4.3b 5.9 0.001 *** 3.5 3.7 2.5 5.2 0.082
(0.378) (0.456) (0.734) (0.902) (0.378) (0.544) (0.659) (0.704)

Cultural Spiritual space 5.7 6.3a 4.1b 7.4a ≤0.033 ** 3.5 3.7 2.1b 6.4a 0.006 **
(0.413) (0.561) (0.731) (0.936) (0.498) (0.704) (0.836) (1.130)

Cultural Space to practice traditional
activities with family

5.5 6.8a 3.7b 5.4 0.011 ** 3.2 3.1 2.4 5.2 0.224
(0.419) (0.448) (0.869) (1.074) (0.479) (0.703) (0.816) (0.954)

Provisioning Ability to navigate the estuary 5.5 7.4a 2.7b 5.4 0.000 *** 5.0 5.4 4.4 5.3 0.347
(0.440) (0.444) (0.872) (1.139) (0.433) (0.629) (0.727) (1.040)

Provisioning Presence of fish (robalo, pejerrey) 5.2 6.1a 3.9b 4.8 0.022 ** 3.4 3.88a 2.16b 4.6 0.038 **
(0.410) (0.520) (0.765) (1.076) (0.399) (0.577) (0.673) (0.833)

Provisioning Quantity and quality of commercial algae
Gracilaria (pelillo)

3.7 6.2a 1.0b 1.5b ≤0.002 *** 1.5 1.3 1.4 2.9 0.37
(0.494) (0.573) (0.843) (1.373) (0.408) (0.574) (0.679) (1.102)

Provisioning, cultural Presence of vegetable fibers (junquillo,
quilineja) to make crafts

3.1 2.6 2.8 5.6 0.149 4.1 4.6a 2.9b 5.2 0.037 **
(0.475) (0.707) (0.796) (0.870) (0.398) (0.596) (0.650) (0.759)

Symbols show significant differences among group perceptions based on Kruskal-Wallis and Dunn's posteriori tests. Livelihood groups that are not statistically significant share the same
letter.
Size of livelihood groups: Total n=168. Estuarine n=86,Wage earner n=58, and Other n=24. Survey participantsmarked responses on a continuous linewith two anchor points “not
important at all” or “not good at all” (=−10) and “very important” or “very good” (=10), and a clear “indifference” or “I don't know” line in themiddle (=0). Responses were recorded as
positive or negative distances from the central zero point.

** denotes p-values less than or equal to 0.05.
*** denotes p-values less than or equal to 0.005.
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perceived the state of the estuary's support in the growth of native
forest significantly better than did estuarine users. Estuarine users
perceived the presence of vegetable fibers (e.g., Juncus procerus E.
Mey., Luzuriaga radicans) and fish in significantly better states than
did wage earners (Table 3).

3.5. Perceived impacts of interventions on wellbeing

Interventions fell into three categories based on perceived impacts
on wellbeing (i.e., anchor points “excellent” and “terrible”): those per-
ceived as having strongly positive impacts, those having fairly positive
impacts, and those whose means averaged near zero (Tables 4 and 5).
Table 4
Similarities in livelihood groups' mean scores for how potential interventions would impact pe

Perceived impact on we

Typology Intervention Total n
(SE)

Estuarine
(SE)

New use Development of small scale tourism 7.6 7.5
(0.263) (0.365)

Conservation Creation of a protected area for nature 7.5 7.3
(0.271) (0.414)

Conservation Installation of a lookout point to observe
birds

7.5 7.6
(0.228) (0.315)

New use Establishment of a mussel farm (seed) 4.8 5.4
(0.448) (0.644)

Expand use Installation of a new shellfish processing
plant

4.2 4.5
(0.499) (0.695)

New use Establishment of a salmon farm (smolt) 0.2 −0.9
(0.575) (0.829)

Development Filling wetlands to build roads and houses −0.7 −0.2
(0.546) (0.736)

Size of livelihood groups: Total n=168. Estuarine n=86,Wage earner n=58, and Other n=2
important at all” or “not good at all” (=−10) and “very important” or “very good” (=10), and a
positive or negative distances from the central zero point.
Strongly positive: Participants perceived that developing small-scale
tourism, creating a protected area for nature, and installing a lookout
point for birds would positively impact their own wellbeing and that of
their families (Table 4). Mean scores N7.5 across livelihood groups indi-
cate that nearly everyone strongly supported tourism and conservation
interventions. As expected, estuarine users showed significantly strong
support (P ≤ 0.014) for expanding Gracilaria algal farms and reseeding
shellfishbanks—resources onwhich theydepend for income (Table 5). In-
terestingly, wage earner and other users perceived that these estuary-
specific interventions would positively impact their wellbeing (Table 5).

Fairly positive: Participants across livelihood groups perceived that in-
troducing a mussel seed farm and installing another shellfish processing
rsonal and familial wellbeing (left columns) and the environment (right columns).

llbeing Perceived impact on the environment

Wage
earner
(SE)

Other
(SE)

P Total n
(SE)

Estuarine
(SE)

Wage
earner
(SE)

Other
(SE)

P

7.7 7.4 0.926 4.8 5.0 4.4 5.1 0.547
(0.400) (0.893) (0.332) (0.464) (0.569) (0.885)
7.8 7.7 0.722 5.0 5.2 4.7 4.5 0.632
(0.334) (0.881) (0.344) (0.481) (0.546) (1.065)
7.2 8.3 0.331 4.8 5.0 4.2 5.4 0.431
(0.425) (0.461) (0.329) (0.450) (0.581) (0.866)
4.3 4.0 0.102 2.3 2.9 1.6 2.0 0.344
(0.730) (1.193) (0.359) (0.534) (0.549) (0.923)
5.0 1.3 0.261 0.3 0.1 1.0 −0.7 0.389
(0.705) (1.683) (0.460) (0.623) (0.783) (1.350)
2.0 0.1 0.192 −2.2 −3.4 −0.8 −1.2 0.078
(0.899) (1.537) (0.494) (0.692) (0.793) (1.353)
−1.6 −0.1 0.465 −3.6 −3.1 −4.4 −3.8 0.469
(0.993) (1.391) (0.493) (0.715) (0.795) (1.305)

4. Survey participantsmarked responses on a continuous linewith two anchor points “not
clear “indifference” or “I don't know” line in themiddle (=0). Responses were recorded as



Table 5
Differences among livelihood groups' mean scores for how potential interventions would impact personal and familial wellbeing (left columns) and the environment (right columns).

Perceived impact on wellbeing Perceived impact on the environment

Typology Intervention Total n
(SE)

Estuarine
(SE)

Wage
earner
(SE)

Other
(SE)

P Total n
(SE)

Estuarine
(SE)

Wage
earner
(SE)

Other
(SE)

P

Expand use More Gracilaria algal farms 7.0 8.7a 5.5b 4.3b ≤0.001 *** 3.3 4.0 2.3 3.2 0.082
(0.334) (0.197) (0.651) (1.267) (0.337) (0.518) (0.460) (0.878)

Renew use Reseeding natural shellfish banks 7.0 8.0a 5.8b 6.1b ≤0.014 ** 3.9 4.6 3.1 3.7 0.180
(0.319) (0.358) (0.629) (0.885) (0.350) (0.498) (0.594) (0.840)

Restrict use Establishment of territorial user rights
fishery

1.9 0.5b 4.1a 1.5 0.028 ** 0.8 0.3 1.2 1.3 0.576
(0.549) (0.837) (0.717) (1.456) (0.406) (0.624) (0.588) (1.044)

Symbols show significant differences among group perceptions based on Kruskal-Wallis and Dunn's posteriori tests. Livelihood groups that are not statistically significant share the same
letter.
Size of livelihood groups: Total n=168. Estuarine n=86,Wage earner n=58, and Other n=24. Survey participantsmarked responses on a continuous linewith two anchor points “not
important at all” or “not good at all” (=−10) and “very important” or “very good” (=10), and a clear “indifference” or “I don't know” line in themiddle (=0). Responses were recorded as
positive or negative distances from the central zero point.
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plant near the estuary would have fairly positive impacts on wellbeing
(Table 4). Larger standard errors of scores for these interventions indi-
cate greater variation of perceived benefits within the livelihood groups.

Near zero:Mean scores for perceived impacts on wellbeing from es-
tablishing territorial user rights, introducing a salmon farm, and filling
wetlands were near zero (Tables 4 and 5). While several participants
marked wellbeing impacts at zero (unsure or indifferent), overall,
scores appeared polarized—either negative or positive, thus averaging
to zero.

Establishing territorial user rights in the estuary's shellfish banks
garnered the most divergent scores among livelihood groups
(Table 5). Wage earners perceived significantly more positive impacts
on wellbeing (P b 0.028) from restricting access to shellfisheries than
did estuarine users (Table 5). Roughly half of estuarine users perceived
positive impacts on wellbeing from restricting access, while half per-
ceived extremely negative impacts (Fig. 5). Similarly, introducing a
salmon smolt farm in the estuary incited polarized scores; participants
were split on whether a salmon farm would have negative or positive
impacts on wellbeing (Fig. 5). Only one intervention garnered negative
wellbeing scores from all livelihood groups: filling wetlands to build in-
frastructure. However, larger standard errors point to greater variation
within groups (Table 4). Indeed, several participants perceived that fill-
ing wetlands would positively impact wellbeing; hence, mean scores
averaged near zero (Fig. 5).

3.6. Perceived impacts of interventions on the environment

The people surveyed similarly perceived how the ten interventions
would affect the environment (Tables 4 and 5). People perceived that
creating a protected nature area, developing small-scale tourism,
installing a bird lookout point, reseeding shellfish banks, expanding
Gracilaria algal farms, and introducing a mussel farm would positively
impact the environment. Mean scores for perceived environmental im-
pactswere near zero for installing a newprocessing plant and establish-
ing territorial user rights for shellfisheries (Tables 4 and 5). For these
interventions, responses clustered at zero; that is, people were unsure
or did not know how a processing plant or territorial user rights
would impact the environment.

4. Discussion

The empirical evidence we present in this article conveys a broader
understanding of people's demand for ESs. We argue that knowledge
of environmental perceptions helps to connect ES modeling (i.e., tools
that estimate the supply of ESs given biophysical constraints) with val-
uation methods (i.e., tools to understand people's demand for ESs). Our
analysis suggests that an understanding of how people perceive the
importance of different ESs, their states (e.g., doing well, needs
improvement), andmanagement optionsmay usefully guide ecosystem
modeling and management efforts in three key ways.
4.1. Defining which ESs to enter into models and tradeoff analyses
(i.e., what matters most?)

Understanding how people perceive the importance of different ESs
to wellbeing may help to define which ESs matter most and to whom.
Analysts may then enter ESs identified as priorities into models that es-
timate the provision of those ESs under differentmanagement scenarios
and given biophysical constraints. In this way, analysts could focus on
ESs perceived as priorities. While this point may seem obvious, it is
not always apparent what people perceive as most important to
wellbeing. For example, through this study we found that the 168 peo-
ple surveyed overwhelmingly perceived scenic beauty as most impor-
tant to wellbeing (Section 3.3). We did not expect this result, and
discuss this in more detail in another paper (T.L. Elwell, D. López-Carr,
S. Gelcich, and S.D. Gaines, unpublished manuscript). With ES priorities
defined, practitioners and researchersmay explore howother ESs inter-
act with those perceived as most important to wellbeing (Raudsepp-
Hearne et al., 2010; Martín-López et al., 2012) and consider how differ-
entmanagement interventions could impact priority ESs (Polasky et al.,
2008; Guerry et al., 2012; Arkema et al., 2015; Ruckelshaus et al., 2015).
In this case, for example, we might ask which ESs, if any, potentially
trade offwith or contribute to scenic beauty, and howdifferentmanage-
ment interventions could impact this cultural ES. In sum, knowing
which ESs people perceive as most important towellbeing could poten-
tially save time by focus modeling efforts toward what truly matters to
stakeholders.

At the same time, we assert the complexity inherent in defining
which ESs matter most to people. Perceptions change (Gelcich and
O'Keeffe, 2016). People tend to perceive things (e.g., endangered spe-
cies) as more valuable as they become more scarce (Hall et al., 2008).
Furthermore, and perhaps most importantly, world views shape
environmental perceptions (Tuan, 1974). From perspectives in which
ecosystems and their different aspects are conceived as whole unit en-
tities, human wellbeing corresponds with the wellbeing of ecosystems
in their entireties: they are inextricably interrelated (Escobar, 2014;
Escobar, 2015; Chan et al., 2016). In asking participants to convey the
importance of different aspects of an ecosystem (i.e., different ecosys-
tem services), we assumed that the importance of each aspect could
be considered individually; however, participants were free to convey
the same level of importance for any of the ESs (Section 2.2.2.2). Yet,
how amenable are ES approaches and valuation methods to world
views in which everything is inextricably interrelated? Future research
may better integrate insights from anthropologists, among others, in
order to design conceptual frameworks and assessments of ESs that



Fig. 5.Histograms (a)–(f) that show frequency distributions of survey participants' and estuarine users' scores (markedon a continuous scale from−10 “not good” to 10 “very good”with a
clear “indifferent” or “I don't know” line at zero) for perceived impacts onwellbeing following the establishment of a territorial user rights shellfishery, the establishment of a salmon farm,
and filling wetlands to build infrastructure (Tables 4 and 5). The scores showmore or less bimodal distributions, or polarized perceptions, that averaged near zero and indicate potential
controversy (Sections 3.5 and 4.3). (a) Total survey participants' (n = 168) perceived impacts on wellbeing following the establishment of territorial user rights for shellfish banks.
(b) Estuarine users' (n = 86) perceived impacts on wellbeing following the establishment of territorial user rights for shellfish banks. (c) Total survey participants' (n = 168)
perceived impacts on wellbeing following the establishment of a salmon farm. (d) Estuarine users' (n = 86) perceived impacts on wellbeing following the establishment of a salmon
farm. (e) Total survey participants' (n = 168) perceived impacts on wellbeing following the filling of wetlands to build roads and houses. (f) Estuarine users' (n = 86) perceived
impacts on wellbeing following the filling of wetlands to build roads and houses.
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are more inclusive of diverse world views and notions of human
wellbeing (Díaz et al., 2015; Chan et al., 2016; Díaz et al., 2018).

4.2. Guiding where to focus management efforts (i.e., what matters yet
needs improvement?)

Understanding how people perceive the states of ESs in relation to
perceived importance may allow managers and other practitioners to
see where to focus efforts. Plotting the perceived states of ESs
(e.g., doing well, in a mediocre state, doing poorly) and perceived im-
portance of ESs towellbeing (e.g., very important, somewhat important,
not important) allowed us to see that participants perceived several ESs
as very important yet in need of improvement (Sections 3.3 and 3.4). A
quadrant drawn onto the plot highlights where managers and other
practitioners may focus management efforts toward improved
wellbeing (Fig. 6). For example, we found that survey participants per-
ceived scenic beauty, the most highly valued ES, in an excellent state
(Table 2, Fig. 6). In contrast, participants perceived several ESs
(e.g., space to develop small-scale tourism, space to recreate) as very
important to wellbeing yet in mediocre states (Tables 2 and 3, Fig. 6).
ESs perceived as important but in mediocre states suggest potential
room for improvement. Managers and other practitioners may then
use qualitative methods (e.g., focus groups, interviews) to delve into
the reasoning behind people's perceptions (Fig. 2, Section 2.2.2.2). For
instance, does the perceived state of an ES concern an ability to access
that ES, its links with other ESs, or its quality? In exploring these

Image of Fig. 5


Fig. 6.Mean scores of perceived importance and state of ecosystem services (continuous scale from−10 to+10) for the total survey sample population (n=168). The quadrant indicates
ecosystemservices perceived as (a) somewhat important, in good state; (b) very important, in good state; (c) somewhat important, inmediocre state; and, (d) very important, inmediocre
state. The location of an overlaid quadrantmay vary according to the location of scores. Here, we drew the quadrant in the upper right corner because participants perceived nearly all 17
ecosystem services as important to wellbeing and in good or mediocre states (i.e., positive values).
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questions, models of ESs would allow for comparisons between actual
versus perceived states of ESs. Answers to such questions may help
practitioners and researchers designmanagement strategies that better
address shortcomings in ES perceived as important yet in mediocre or
poor states (Gelcich and O'Keeffe, 2016). Similarly, perceptions may
be assessed again followingmanagement interventions in order to eval-
uate any changes in how people perceive the states of targeted ESs.

4.3. Anticipating support or controversy surrounding management
interventions

Finally, understanding how people perceive the ways in which dif-
ferent management interventions would impact the environment and
future wellbeing may help managers and other practitioners anticipate
potential controversy or support. Significant differences amongpeople's
perceptions point to potential controversies, while similarities point to
interventions with potential widespread support (Tables 4 and 5,
Section 3.5). Qualitative field research methods, particularly those that
help practitioners and researchers understand the historical context of
social-ecological systems, shed light on reasons behind differences and
similarities (Fig. 2) (McClanahan and Abunge, 2015; Bennett, 2016;
Berbés-Blázquez et al., 2016).

For example, we found that survey participants similarly perceived
the states of ESs (Tables 2 and 3), yet held different opinions on how
tomanage shellfish andGracilaria algae (Table 5). As expected, estuarine
users strongly supported expanding algal farms and reseeding shellfish-
eries, yet were polarized on establishing territorial user rights for shell-
fisheries (TURF) (Table 5, Fig. 5). While most participants could
potentially access benefits from expanding algal farms and reseeding
shellfisheries (i.e., more algae accessible via drift, more shellfish in
open accesswaters), a TURFwould spatially allocate shellfish harvesting
rights, thus including some people while excluding others (Christy,
1982; Gelcich et al., 2006). Given the survey questionnaire wording,
participants did not know if they would be able to access potential ben-
efits (Appendix A Supplementary data). Access would largely depend
on whether or not participants belonged to an organization that ob-
tained de jure rights to the TURF. This example underlines a type of
tradeoff that involves winners and losers because of differing abilities
to access ESs (Leach et al., 1999; Daw et al., 2011; Vira et al., 2012;
Halpern et al., 2013; Hicks and Cinner, 2014; Daw et al., 2015;
Wieland et al., 2016; Berbés-Blázquez et al., 2016). In such cases, partic-
ipants need specific details surrounding the management intervention
in order to judge how they think future wellbeing would change as a
result.

Alternatively, knowledge of perceptionsmay shed light on interven-
tions that garner widespread support, in spite of varying dependencies
on ESs. Here, both wage earner and other users favored expanding
Gracilaria algal farms—an intervention specific to estuarine users who
sell the algae (Table 5). We did not expect this result; however, our fa-
miliarity with the historical context of the social-ecological system
allowed us to understand why participants whose livelihoods did not
depend on the estuary supported this estuary-specific intervention
(Fig. 2, Section 2.2.1).WhenGracilaria booms, people, regardless of live-
lihood, extract the algae. These boom and bust cycles create a variable
population of extractors. The study area, like many natural resource-
dependent places, developed around booms and busts (Grenier, 1984)
(Section 2.1). Given this history, it is likely that non-estuarine users per-
ceived the expansion of algal farms as an opportunity to supplement in-
come. Furthermore, survey participants' interpretations of personal and
familial wellbeing played a role in reasoning (Table 1, Section 2.2.2.2).
Some participants explained that expanding algal farms signified more
work for more people, thereby increasing the wellbeing of the broader
community. Others reasoned that more algae would expand habitat
for shellfish and fish. In sum, participants surmised that expanding
algal farms would positively impact wellbeing in different ways
(e.g., an opportunity to supplement income, more algae habitat to sup-
port fish and shellfish, a livelihood source for fellow residents). This
finding indicates that people's perceptions vary along with their inter-
pretations of wellbeing, which further underscores the importance of
incorporating diverse world views and notions of human wellbeing
into conceptual frameworks and assessments of ESs (Section 4.1)
(Díaz et al., 2015; Chan et al., 2016; Díaz et al., 2018).

Perceived impacts following an intervention involve multiple di-
mensions (e.g., quality, provision, and access to ESs; personal and famil-
ial wellbeing) andmay ormay not correctly forecast any changes in ESs.
Models that project the provision of ESs under different management
scenarios may help practitioners and researchers assess how perceived
impacts compare with model-estimated impacts (White et al., 2012;

Image of Fig. 6
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Lester et al., 2013). Perceived impacts that differ greatly from actual im-
pactsflag a need for better science (e.g.,more robustmodels that project
ESs under different management scenarios, biophysical tradeoff analy-
ses that consider management constraints) or a need to better commu-
nicate science (Bennett et al., 2015).

5. Conclusion

Establishing better links between ES modeling and valuation
methods is critical for leveraging the full potential of these two rapidly
advancing, yet largely disconnected, lines of research. The empirical
data we present here shows how knowledge of people's perceptions
of different ESs and management options may guide ecosystemmodel-
ing andmanagement efforts byhelping to definewhich ESs to enter into
models, highlight where to focus management efforts, and anticipate
potential support or controversy surrounding management interven-
tions. In this way, our study explicitly bridges ES valuation methods
(i.e., tools that assess demand for nature's benefits, whichwe examined
through people's perceived importance of ESs to wellbeing) with
modeling and tradeoff analyses (i.e., tools that project supply of nature's
benefits given biophysical constraints). As our findings indicate, differ-
ent world views and notions of human wellbeing require more atten-
tion in ES approaches. Future research may examine how different
interpretations of wellbeing affect people's perceptions of ESs and
their management. At the same time, there is a dire need for studies
that convey lessons learned in applying ES approaches to actual
decision-making processes that involve interests, power, and politics
at different scales of space and time (Kingdon, 1995; Sabatier, 1999),
aswell as diverseworld views and notions of humanwellbeing. Such in-
sights, gleaned from experiences, would help to move environmental
decision-making processes toward better outcomes for diverse ecosys-
tems and people.
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