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a b s t r a c t

Two related approaches to valuing nature have been advanced in past research including the study of
ecosystem services and psychological investigations of the factors that shape behavior. Stronger inte-
gration of the insights that emerge from these two lines of enquiry can more effectively sustain eco-
systems, economies, and human well-being. Drawing on survey data collected from outdoor
recreationists on Santa Cruz Island within Channel Islands National Park, U.S., our study blends these two
research approaches to examine a range of tangible and intangible values of ecosystem services provided
to stakeholders with differing biocentric and anthropocentric worldviews. We used Public Participation
Geographic Information System methods to collect survey data and a Social Values for Ecosystem Ser-
vices mapping application to spatially analyze a range of values assigned to terrestrial and aquatic
ecosystems in the park. Our results showed that preferences for the provision of biological diversity,
recreation, and scientific-based values of ecosystem services varied across a spatial gradient. We also
observed differences that emerged from a comparison between survey subgroups defined by their
worldviews. The implications emanating from this investigation aim to support environmental man-
agement decision-making in the context of protected areas.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

How can we better articulate and understand multiple values
of nature? This question has attracted considerable research
attention in the social and behavioral sciences. Previous in-
vestigations have indicated that tangible and, at times, monetized
values of nature can maintain traction in political arenas and
create meaningful opportunities to examine tradeoffs among
competing “ecosystem services,” defined as the direct and indirect
benefits (e.g., clean air, flood control, timber, recreation) that na-
ture provides to people (Costanza et al., 1997; Daily, 1997; de
Groot et al., 2002; MEA, 2005). Although compelling evidence of
ecological and economic values has been gathered to demonstrate
the implications of changing social-ecological conditions, a
growing body of research has called for broader conceptions of
value encompassing ethical imperatives and expressions of the
nonmaterial qualities of nature (Chan et al., 2012; Cordell et al.,
: þ1 217 244 1935.
er).
2005; Daniel et al., 2012; Martín-L�opez et al., 2012; Raymond
et al., 2009). Specifically, insights on behavioral antecedents
(e.g., value orientations, worldviews, belief structures) are rarely
incorporated in the study of ecosystem services despite their
ability to help explain why valuation occurs and reveal the com-
plexities of human behaviors that benefit the environment
(Kumar and Kumar, 2008; Turaga et al., 2010).

In this paper we call for stronger integration among disciplines
that espouse value-related concepts to help ensure that policy
outcomes are not rendered unsuccessful. Information about psy-
chological processes can be harnessed to better understand
external (e.g., markets) and internal factors (e.g., dispositions) that
confound decision-making (Guagnano et al., 1995), as well as
complement a well-established bridge between economics and
ecology. Multiple values e especially those extending beyond the
assumptions of rational choice theory e influence the imple-
mentation process and carry potential to ensure science is suc-
cessfully incorporated in management activities (Knight et al.,
2008; Pressman and Wildavsky, 1984). Social science scholarship
must establish a more inclusive posture toward integrating con-
cepts from psychology, economics, and ecology to enhance
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Fig. 1. Conceptual framework of the relationship between “held” values represented
by a continuum ranging from anthropocentrism to biocentrism and 12 different types
of “assigned” values of ecosystem services. (Adapted from Brown, 1984.)
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management decisions about resource allocation. Given broader
representation of multiple values in decision-making, agencies will
be better positioned to: (a) negotiate consensus-based outcomes
and create space for trust to be developed in scientific expertise
(Brown, 2009); (b) ensure more equitable and transparent policy-
making (Bridge and Perreault, 2009); and (c) encourage greater
compliance with rules and regulations among the individuals most
affected by policy change (Ban et al., 2013; McCook et al., 2010;
Sutton and Tobin, 2009).

Past research has called attention to tiers of the value concept
that range from core belief structures processed on an individual
basis to more reflective and interactive place-based values (Brown,
1984; Manning et al., 1999; McIntyre et al., 2008; Sabatier, 1988;
Schroeder, 2013). Extending this line of enquiry, we empirically
analyzed two different forms of value across spatial scales to reveal
variation in stakeholder interests that may otherwise be margin-
alized in environmental planning and management. Specifically,
we investigated “held” environmental value orientations that
ranged from biocentric (i.e., nature-based) to anthropocentric (i.e.,
human-based) worldviews and “assigned” values of ecosystem
services that were mapped by survey respondents via Public
Participation Geographic Information Systems (PPGIS) methods
(Sieber, 2006). We also used a Social Values for Ecosystem Services
(SolVES) analysis tool (Sherrouse et al., 2011) to spatially analyze
assigned value patterns reported by subgroups with differing
worldviews, and in turn, identify high priority locations within the
terrestrial and aquatic ecosystems of our study area. Thus, the
purpose of this paper was to determine how worldviews gave rise
to different preferences for tangible and intangible values of
ecosystem services across spatial scales. In the following sub-
sections we elaborate on our definition of value, review methods
for examining this concept, and situate our investigation in the
context of parks and protected areas. Finally, we present the
research objectives that guided this study of outdoor recreationists
visiting Channel Islands National Park.

2. Literature review

2.1. Conceptualizing value

Our conceptualization of value is adapted from research that
distinguishes between held and assigned values (Brown, 1984). A
held value is defined as “an enduring belief that a particular mode
of conduct or that a particular end-state of existence is personally
and socially preferable” (Rokeach, 1973, p550). This form of value
reflects the most basic elements of cognition that facilitate prefer-
ences and induce action. For example, Norlund and Garvill (2002)
tested a path model of held values and other factors that shaped
behavior reported by a sample of Swedish residents. In this study,
held values were correlated with beliefs and norms that anteceded
action. The authors examined the general and environmental held
values of self enhancement and anthropocentrism (i.e., concern for
individual interests and human welfare), as well as self transcen-
dence and biocentrism (i.e., concern for all life forms beyond the
self). Along similar lines, other scholars have argued that held
values play a significant role in attitude formation and influence
less stable psychological processes such as place-based preferences
for resource conditions (De Groot and Steg, 2010; Schultz and
Zelezny, 1999; Vaske and Donnelly, 1999).

Assigned values are defined as the perceived qualities of an
environment that provide material and nonmaterial benefits to
people (Bengston and Xu, 1995; Rolston, 1988; Zube, 1987). In-
vestigations of assigned value have shown that these place-based
preferences can be mapped using GIS and rated in relation to one
another (Seymour et al., 2010). As such, tradeoffs among competing
assigned values of ecosystem services can be examined across
spatial scales. Past research has related assigned value typologies to
categories of the MEA (2005) to further solidify the linkage be-
tween assigned values research often explored under the rubric of
PPGIS methods and the ecosystem services literature (Brown, 2013;
Brown et al., 2012). For example, Sherrouse et al. (2011) linked a
series of spatially-anchored ecosystem service values to a suite of
biophysical metrics (e.g., distance to roads, elevation) that reflected
natural resource conditions in Colorado's Pike and San Isabel Na-
tional Forests. Van Riper et al. (2012) also mapped a suite of ma-
terial and nonmaterial qualities ascribed to places on Hinchinbrook
Island National Park, Australia. These past studies have demon-
strated that the perceived benefits of environments that support
outdoor recreation activities can be mapped across a spatial
gradient and conceptualized as distinct processes from held envi-
ronmental value orientations that encompass biocentric and
anthropocentric worldviews.

A rich theoretical foundation underpins the argument that there
are multiple values of nature. A class of social psychological the-
ories that guide the study of environmental attitudes, for instance,
provides a formal basis to show that held values shape attitudes
and less stable psychological processes such as assigned values,
which in turn influence human behavior (Dietz et al., 2005;
Schwartz, 1992). Stern et al. (1999) developed the value belief
norm theory, which indicated that overt responses to feelings of
moral obligation could be expected when positively influenced by
values beyond self-interest and belief structures such as environ-
mental worldviews. Vaske and Donnelly (1999) also tested a series
of psychological processes organized into a cognitive hierarchy
model that predicted behavioral intentions reported by Colorado
residents. Literature in political science (e.g., Sabatier, 2007) and
environmental ethics (e.g., Callicott, 1984) offer parallel arguments
about the need for pluralism in the study of value. For example, the
advocacy coalition framework of policy change developed by
Sabatier (1988) argued that individual decision-making was a
function of multiple sources of information including shared beliefs
and external events. From the aforementioned lines of research, a
multifaceted conceptualization of value can be rationalized
whereby broad, core belief structures lead to more specific,
malleable preferences for policy outcomes.
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Our understanding of held and assigned values is depicted in
Fig. 1, which flows from bottom to top. Held values and similar
orientations spanning anthropocentrism and biocentrism provide a
foundation on which people base their decisions and interpret the
world around them. Drawing on a spectrum of held values, an in-
dividual moves through an arena whereby he or she experiences
nature. This is a relational realm linking held and assigned values
and reflecting gestalt feelings that emerge from humaneenviron-
ment interactions (Schroeder, 2013). At the top of this diagram lies
a typology of assigned values indicating preferences for features
detected in an environment. The relative perceived importance of
these assigned values is more immutable than a spectrum of held
values (Dietz et al., 2005). In support of this heuristic, past research
has shown that held values shape attitudes toward management of
protected areas (Borrie et al., 2002; Tanner et al., 2008). For
example, Manning et al. (1999) developed a suite of held values and
measures of ethical disposition to predict Vermont residents' atti-
tudes toward management of Green Mountain National Forest.
McIntyre et al. (2008) similarly posited held values were abstract
concepts that could be contrasted against place-based measures of
assigned values. Results from this latter study identified particular
locales that weremapped across aworking landscape. These results
illustrated how assigned values could be depicted in spatial ana-
lyses, and in turn, integrated into environmental planning and
management.
2.2. Navigating value methodologies

Held values are underlying orientations that drive behavior,
similar to the ideas reflected in the New Ecological Paradigm (NEP)
scale (Dunlap and Van Liere, 1978; Dunlap et al., 2000). The NEP
measures nature-based, ‘primitive’ beliefs that reflect an in-
dividual's fundamental priorities about humaneenvironment in-
teractions (Oskamp and Schultz, 2005). The NEP scale indicates
potential endorsement of an environmental worldview and is
comprised of statements about living in harmony with (i.e., bio-
centrism) or having mastery over nature (i.e., anthropocentrism)
(Schultz and Zelezny, 1999; Schwartz, 1994). The dimensionality of
this construct has been contested (Amburgey and Thoman, 2012),
though a large body of research has relied on a two-dimensional
framework and suggested that underlying belief systems predis-
pose people to act in support or opposition of policy change
(Milfont and Duckitt, 2004; Nooney et al., 2003; Wynveen et al., in
press). Use of the NEP as a reflection of held value is a departure
from the “Rokeachean” tradition (i.e., Rokeach, 1973); however, the
NEP can be considered a proxy because this belief structure oper-
ates on a similar cognitive plane as held environmental values
(Norlund and Garvill, 2002) and as is more resistant to change than
Table 1
Definitions of assigned values of ecosystem services that reflected the tangible and intan

Assigned value Description

Aesthetic I value Channel Islands National Park for the attractive s
Biological diversity I value Channel Islands National Park because it provide
Cultural I value Channel Islands National Park because it preserv
Economic I value Channel Islands National Park because it provide
Future value I value Channel Islands National Park because it allows f
Intrinsic I value Channel Islands National Park in and of itself for
Learning I value Channel Islands National Park because I can learn
Life sustaining I value Channel Islands National Park because it helps pr
Spiritual I value Channel Islands National Park because it is spiritu
Recreation I value Channel Islands National Park because it provide
Therapeutic I value Channel Islands National Park because it makes m
Scientific I value Channel Islands National Park because it provide
less stable place-based preferences such as assigned values (Dietz
et al., 2005).

Multiple classification systems have been proposed in past
research to characterize assigned values (Bengston and Xu, 1995;
Brown and Reed, 2012; Harmon and Putney, 2003; Rolston, 1988;
Tarrant et al., 2003). One typology that has spawned a substan-
tive body of PPGIS research was formalized by Brown and Reed
(2000). These authors identified 13 conceptually distinct cate-
gories from past research to reflect why areas in the Chugach Na-
tional Forest were valued. Other scholars have used similar
methods to elicit preferences for assigned values of ecosystem
services and spatially analyze the locations of points assigned to
places by survey respondents using GIS techniques (Sherrouse
et al., 2011, 2014). Specifically, past research has developed value
mapping methods whereby survey respondents are presented with
a typology of various landscape qualities (Table 1) and asked to
situate those qualities across a geographic locale. The assignment of
aesthetic value, for instance, indicates that the respondent enjoys
the sites and scenery of a setting in relation to other place-based
services. This research thread has proved useful for prioritizing
management decisions and engaging stakeholders in participatory
mapping exercises that identify meaningful and important places
(“hotspots” or “coldspots”) (Alessa et al., 2008; Brown and
Raymond, 2007; Bryan et al., 2010; Nielsen-Pincus, 2011; Sher-
rouse et al., 2011).
2.3. Contextualizing value

Investigations of value, including those elicited via PPGIS
methods, require careful consideration in parks and protected areas
(PAs). Particularly within the United States, PAs are often touted as
“priceless” locales that provide valuable resources for future gen-
erations and that serve as symbols of American heritage (NPS,
2012). On a global scale, PAs preserve biological diversity
including ecosystems, habitats, and at-risk species, and they cover
approximately 12% of terrestrial and 4% of aquatic global environ-
ments (CBD, 2008). These contexts inherently embody multiple
forms of value including: (a) economic benefits of tourism activities
(Eagles, 2002); (b) restorative experiences that contribute to hu-
man well-being and quality of life (Kaplan, 1995; Manning, 2011);
and (c) resources that sustain and support local livelihoods
(Naughton-Treves et al., 2005; Robbins et al., 2009). Moreover, PAs
are fascinating laboratories for examining a range of values,
because they can elicit positive associations with nature (e.g.,
sublimity, open spaces, quiet environments) (Harmon and Putney,
2003) alongside negative sentiments such as potential feelings of
intimidation (Plieninger et al., 2013) or histories of resident
displacement (Spence, 1999). As dynamic and changing environ-
ments inevitably shaped by human activities (Mascia and Pailler,
gible qualities of nature.

cenery, sights, sounds, or smells
s for a variety of plants, wildlife, marine life, and other living organisms
es historic places and archaeological sites that reflect human history of the island
s fisheries, recreation, or tourism opportunities that provide economic benefits
uture generations to experience this place
its existence
about natural and cultural resources
oduce, preserve, clean, and renew air, soil, and water
ally significant to me
s a place for my favorite outdoor recreation activities.
e feel better, physically and/or mentally

s an opportunity for scientific observation or experimentation
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2011), PA managers and policymakers are increasingly challenged
to reconcile competing assigned values and ethical orientations
toward humaneenvironment interactions (Manning et al., 1999).

In response to these intellectual, methodological, and contex-
tual challenges, we conducted this research on Santa Cruz Island,
which is the largest (96.53 square miles) of five islands within
Channel Islands National Park (CINP) located approximately 20
miles off the coast of southern California (Fig. 2). The National Park
Service (NPS) and The Nature Conservancy (TNC) jointly manage
24% and 76% of Santa Cruz, respectively. Among other agencies, the
NPS and the National Oceanic and Atmospheric Administration
oversee waters surrounding the island, which are partially pro-
tected within a marine reserve network (Davis, 2005). Santa Cruz
Island has a Mediterranean climate, is largely covered by grassland
plant communities, and is characterized by dramatic viewsheds
including bluffs, sea caves, and occasional sandy beaches along the
coastline. An interior mountain range reaches 2450 feet while giant
kelp forests flourish in nearshore waters providing habitat for an
abundance of marine life. Similar to Ecuador's Galapagos Islands,
the CINP harbors endemic species such as the island fox (Urocyon
littoralis) and scrub jay (Aphelocoma insularis). The islands have
been occupied by humans for approximately 13,000 years,
throughout which time indigenous communities (i.e., Chumash
Native Americans), ranching operations, recreational activities, and
scientific research have shaped its biophysical condition (Gherini,
2005). Currently, outdoor recreation activities amount to approxi-
mately 30,000 annual visits to the islands and 60,000 visits to the
adjacent waters (NPS, 2013).
2.4. Research objectives

This paper explores the conceptualization and measurement of
value-related concepts reported by outdoor recreationists on Santa
Cruz Island within the CINP. Specifically, we mapped a range of
Fig. 2. Map of the study context including Santa Cruz Island an
tangible and intangible assigned values reported by two survey
subgroups defined by their held environmental value orientations
(i.e., worldviews). Our results offer a perspective on how spatially-
anchored assigned values of ecosystem services are shaped by
biocentric and anthropocentric worldviews. Three objectives
guided this research: (a) identify subgroups within a sample of
outdoor recreationists on the basis of environmental worldviews,
(b) examine the relative perceived importance and spatial distri-
bution of 12 assigned values of ecosystem services, and (c) deter-
mine the spatial relationships between environmental worldviews
and assigned values across the land and seascapes of Santa Cruz
Island.
3. Methods

3.1. Data collection

On-site self-administered surveys were distributed to a random
sample of adult visitors by a team of trained administrators. Our
survey schedule was stratified by day of the week and time of the
day during a period selected to reflect the high use season (June-
eAugust, 2012). We randomly selected respondents at pre-defined
time intervals, and in groups, selected individuals with the most
recent birthday (Battaglia et al., 2008). Our survey station was
located near Scorpion Ranch, which is in the northeast corner of the
island. We collected data using ASUS Transformer TF3000T tablets
and Droid Survey (version 1.4.1) off-line software (Davis et al., 2012)
and recorded all on-site encounters in contact logs to estimate
response bias on the bases of gender (c2 ¼ .065) and group size
(t ¼ 1.256, df ¼ 335). Decisions about data collection and the
sampling design were informed by preliminary on-site visits to the
park in August, 2011 and April, 2012 and in consultation with the
park staff. In total, 344 people were asked to participate in the
survey, 323 of whom agreed, resulting in a response rate of 94%.
d four other islands within Channel Islands National Park.
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3.2. Measuring and analyzing environmental worldviews

We measured environmental worldviews using an abbreviated
10-item version of the revised NEP scale (Dunlap et al., 2000). Our
configuration of survey items was based on previous research that
has employed an equal number of positively and negatively-
worded statements to represent each hypothesized facet of the
NEP (Hall and Moran, 2006; Hawcroft and Milfont, 2010; Milfont
and Duckitt, 2004). These items were measured using a Likert
scale that ranged from 1 ¼ “strongly disagree” to 5 ¼ “strongly
agree” (Table 2). Missing observations (19.7% MCAR) were replaced
using LISREL's (version 8.80) multiple imputation procedure in an
extension program called PRELIS. Given the prevalence of a two-
dimensional NEP model supported in past research (e.g., Milfont
and Duckitt, 2004), we hypothesized that held environmental
value orientations would be represented by biocentric and
anthropocentric worldviews. To verify this two-dimensional
conceptualization, we used confirmatory factor analysis, relied on
a maximum likelihood estimation procedure, and analyzed data
with a positive definite covariance matrix. The hypothesized factor
structure illustrated adequate fit to the data: c2 ¼ 109.990, df ¼ 33
(p � .01) (Kline, 2011); RMSEA ¼ .089 (Steiger, 2007), CFI ¼ .915
(Bentler, 1990); SRMR ¼ .47 (Hu and Bentler, 1999). All factor
loadings exceeded .30 and a reliability analysis (Cronbach's alpha)
indicated internal consistency among five positively-worded items
reflecting biocentrism (a ¼ .706) and five negatively-worded items
reflecting anthropocentrism (a ¼ .763) (Nunnally, 1978).

To segment respondents into subgroups we performed a K-
means cluster analysis (SPSS version 21.0). For this procedure, we
entered all NEP survey items into the analysis and considered
multiple cluster solutions in terms of the: (a) proportion of re-
spondents in each cluster; (b) significant differences illustrated by
Analysis of Variance testing; and (c) results from validation ana-
lyses using socio-demographic and trip characteristics (Hair and
Black, 2000). Ultimately, we selected a two-cluster solution and
created a cluster membership variable to segment respondents into
subgroups on the basis of their environmental worldviews. Table 3
shows survey respondents' evaluations of the NEP scale and other
items that were used to distinguish between the two subgroups.

3.3. Measuring and analyzing assigned values

We collected data on the perceived importance and spatial lo-
cations of assigned values of ecosystem services during a mapping
exercise that involved two tasks. First, we asked respondents to
allocate 100 “preference points” across 12 categories of tangible
and intangible values drawn from past research (Brown and Reed,
Table 2
Factor loadings, mean values, standard deviations, and internal consistency among surve

Biocentrism (a ¼ .706)
We are approaching the limit to the number of people the earth can support
When humans interfere with nature if often produces disastrous consequences
Plants and animals have as much right as humans to exist
Despite our special abilities humans are still subject to the laws of nature
If we continue on our current course, we will soon experience a major ecological ca

Anthropocentrism (a ¼ .763)
Humans have the right to modify the natural environment to suit their needsa

Human ingenuity will ensure that we do not make the earth unlivable
The earth has plenty of natural resources if we just learn how to develop them
The balance of nature is strong enough to cope with the impacts of modern industr
The so-called “ecological crisis” facing humankind has been greatly exaggerateda

Note. Measured on a five-point Likert scale where 1 ¼ “strongly disagree” and 5 ¼ “stro
a Survey items allowed to covary.
2000) and modified in consultation with our NPS partners
(Table 1). In contrast to past PPGIS research (Sherrouse et al., 2011),
we used preference points rather than dollar values during the
mapping exercise because framing particular categories (e.g., spir-
itual, intrinsic) in monetary terms may have eclipsed actual esti-
mations of perceived value. The second step in this exercise
involved situating these values on a 34” by 13” map of Santa Cruz
Island created by the National Geographic Society (http://travel.
nationalgeographic.com/), which was displayed at the survey sta-
tion. We asked respondents to identify places on the map that they
believed embodied assigned values selected in the first step of the
exercise. This activity was an interactive process between the
respondent and administrator who recorded information and
verified accurate entries on the tablets, and as such, occurred after
the self-administered portion of our survey. Only data from re-
spondents that completed both steps in the mapping exercise were
used for analysis.

Survey data were analyzed using a SolVES (Version 2.0, http://
solves.cr.usgs.gov) GIS mapping application developed by the U.S.
Geological Survey (Sherrouse et al., 2011, 2014) that interfaced with
Maximum Entropy (MaxEnt) modeling software (Phillips et al.,
2006). All locations to which respondents assigned values were
digitized in an ArcGIS geodatabase under a point feature class
(n ¼ 2245). The total number of preference points associated with
each assigned value in the typology was linked to the digitized
points using a unique identifier. Next, weighted kernel density
surface layers were generated for each assigned value category
(Alessa et al., 2008; Silverman, 1986) and then normalized, trans-
formed, and standardized on a 10-point value index using SolVES
(Sherrouse et al., 2014). The maximum value index for each
assigned value category was multiplied by a logistic surface layer
generated inMaxEnt, which employed amachine learning program
to estimate the probability distribution of points given the con-
straints imposed by a suite of explanatory environmental variables
(i.e., “biophysical metrics”). Using point data reflecting the distri-
bution and intensity of valued landscapes as well as the continuous
and categorical biophysical metrics selected for analysis, logistics
surface layers were generated inMaxEnt to indicate the probability,
on a cell by cell basis, that survey respondents would associate
assigned values with places in the study area.

Five biophysical metrics analyzed in MaxEnt were selected for
this study owing to their potential for shaping the perceived
qualities of places and based on the findings from past PPGIS
research (Brown, 2013; Brown and Brabyn, 2012; Sherrouse et al.,
2011). The first metric was an elevation layer acquired from the
U.S. Geological Survey's National Elevation Dataset (http://
nationalmap.gov/elevation.html). Secondly, we used a 16-class
y items in an abbreviated version of the new ecological paradigm scale.

Factor loadings Mean SD

.550 3.58 1.16

.663 3.86 .93

.497 4.22 .90

.341 4.40 .68
tastrophe .774 3.81 .99

.498 3.67 .98

.506 3.24 1.10

.476 2.94 1.16
ial nations .692 3.72 1.06

.786 3.88 1.08

ngly agree”.

http://travel.nationalgeographic.com/
http://travel.nationalgeographic.com/
http://solves.cr.usgs.gov
http://solves.cr.usgs.gov
http://nationalmap.gov/elevation.html
http://nationalmap.gov/elevation.html


Table 3
Profile of the pooled sample and two subgroups defined by environmental worldviews.

Pooled sample Neutral NEP subgroup Strong NEP subgroup

Gender (%)
Male 58.6 69.4 52.4 c2 ¼ 8.25*
Female 41.4 30.6 47.6

Age
Years (M, SD) 43.53 (14.83) 41.4 (14.78) 44.74 (14.75) t ¼ �1.87

Education (%)
Less than high school 1.3 1.9 1.1 c2 ¼ 3.99
High school graduate 7.7 11.1 5.8
Vocational/trade school certificate 4.0 3.7 4.2
Two-year college degree 10.1 8.3 11.1
Four-year college degree 35.7 32.4 37.6
Graduate degree 41.1 42.6 40.2

Income (%)
< $50,000 15.0 14.3 15.3 c2 ¼ .39
$50,000e$99,999 32.3 32.4 32.2
$100,000e$149,999 25.3 26.7 24.6
$150,000e$199,999 13.2 13.3 13.1
> $200,000 14.2 13.3 14.8

Ethnicity (%)
Hispanic 10.1 11.1 9.5 c2 ¼ .19

Race (%)
White 86.8 81.5 89.9 c2 ¼ 4.24*
Asian 6.4 9.3 4.8
Black or African American 1.0 1.9 .5
Native Hawaiian or other Pacific Islander e e e

American Indian or Alaska Native 2.0 .9 2.7
Household size
People (M, SD) 2.93 (1.42) 3.19 (1.43) 2.78 (1.39) t ¼ 2.46*

New ecological paradigm
Biocentrisma (M, SD) 3.97 (.64) 3.38 (.52) 4.32 (.41) t ¼ 17.39*
Anthropocentrismb (M, SD) 2.51 (.77) 3.23 (.57) 2.10 (.53) t ¼ �17.12*

*p � .05.
a Agreement with survey items indicated a biocentric worldview.
b Agreement with survey items indicated an anthropocentric worldview.
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categorical land cover layer drawn from the National Land Cover
Database 2006 (Fry et al., 2011). The third, fourth, and fifth metrics
were distance to management infrastructure including all trail
systems and interpretive centers on Santa Cruz Island, distance to
marine protected areas, and distance to the coastline. We used the
Euclidean Distance tool in the Spatial Analyst extension of ArcGIS to
create our third, fourth, and fifth biophysical metrics. All layers
were treated as 50 m resolution rasters and results were generated
at an output cell size of 500 m. The final value index maps created
using SolVES andMaxEnt reflected the suitability of different places
for providing assigned values of ecosystem services within the
constraints imposed by our explanatory variables. These final layers
allowed us to evaluate the dispersion, clustering, and randomness
of assigned value points using completely spatially random hy-
pothesis testing, which estimated average nearest neighbor sta-
tistics (Brown et al., 2002). For a more detailed overview of SolVES
and its use of MaxEnt modeling see Sherrouse et al. (2014).

4. Results

In response to our first objective, we identified subgroups of
outdoor recreationists on the basis of their environmental world-
views. The first subgroup, Neutral NEP, represented 36.4% (n ¼ 108)
of the sample and was comprised of respondents that reported
nearly equal agreement with survey items reflecting biocentrism
(M ¼ 3.38, SD ¼ .52) and anthropocentrism (M ¼ 3.23, SD ¼ .57).
Respondents in the second subgroup, Strong NEP, represented 63.6%
(n ¼ 189) of the sample and took a relatively pronounced stance
toward environmental issues indicated by high levels of agreement
with statements about biocentrism (M ¼ 4.32, SD ¼ .41) and strong
disagreement with statements about anthropocentrism (M ¼ 2.10,
SD ¼ .53). According to results from independent samples t-tests,
there were more White females reporting a smaller household size
in the Strong NEP subgroup compared to respondents in the Neutral
NEP subgroup. Age, income, ethnicity, and previous experience did
not vary between subgroups. Survey items measuring biocentrism
(t ¼ 17.39, p � .001) and anthropocentrism (t ¼ �17.12, p � .001)
were perceived differently to a statistically significant degree.

As articulated by our second objective to examine the point
density and distribution of assigned values, we evaluated how
outdoor recreationists allocated 100 preference points across the
value typology. This phase in the analysis allowed us to determine
why survey respondents thought the CINP was (or was not)
important. Aesthetic, recreation, learning, biological diversity, and
scientific qualities were assigned the greatest number of preference
points by respondents, suggesting the park was most valued for
these purposes. We also found that all categories in the typology
except economic value formed statistically significant spatial clus-
ters. That is, nearest neighborhood statistics indicated that the
digitized points identifying which areas carried assigned value
grouped together in several places across our study area (Table 4).
This procedure allowed us to determine areas of value abundance
on Santa Cruz Island and in the adjacent waters.

Next, we compared value allocations between subgroups using
an independent samples t-test (Table 5). Among the five most
important assigned values identified in response to our second
objective, three were preferred to significantly different degrees by
the two subgroups: (a) biological diversity, (b) recreation, and (c)
scientific. We further examined these three assigned value cate-
gories to satisfy our third objective of analyzing the relationship
between environmental worldviews and assigned values. The
Neutral NEP subgroup believed the park embodied more



Table 4
Preference point allocation and nearest neighborhood statistics for 12 values that outdoor recreationists assigned to places on Santa Cruz Island.

Value type Pooled sample Neutral NEP subgroup Strong NEP subgroup

N R-ratio Z-score N R-Ratio Z-score N R-Ratio Z-score

Aesthetic 440 .22 �31.48 157 .21 �18.98 278 .29 �22.57
Biological diversity 424 .49 �20.23 110 .39 �12.29 306 .57 �14.34
Cultural 87 .26 �13.28 40 .44 �6.79 46 .37 �8.18
Economic 16 .98 �.13 7 .10 �4.54 9 1.33 1.91
Future 110 .42 �11.66 34 .28 �8.05 76 .49 �8.44
Intrinsic 97 .36 �12.13 40 .45 �6.70 57 .31 �9.92
Learning 212 .12 �24.53 57 .05 �13.68 149 .14 �20.18
Life sustaining 45 .48 �6.72 21 .46 �4.76 24 .49 �4.83
Spiritual 89 .27 �13.16 38 .24 �9.01 50 .27 �9.90
Recreation 373 .24 �28.13 156 .16 �20.07 213 .31 �19.37
Therapeutic 144 .37 �14.44 54 .13 �12.21 89 .45 �9.97
Scientific 208 .51 �13.44 39 46 �6.43 161 .53 �11.51

Note. Spatial statistics included the observed versus expected distance between points (R ratio) and the number of standard deviations from the mean (Z score).
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recreational qualities than the second subgroup, Strong NEP, which
was comprised of individuals that reported higher ratings of bio-
logical diversity and scientific-based values. The final value index
maps generated using SolVES and MaxEnt graphically illustrated
how these three assigned values were perceived differently. We
found varied spatial distributions of assigned value points, sug-
gesting that held environmental values manifested different
assigned value patterns (Fig. 3). Specifically, assigned values were
spread across a larger geographic area by respondents in the Strong
NEP subgroup. These individuals ascribed biological diversity, rec-
reation, and scientific assigned values of ecosystem services to the
eastern portion of Santa Cruz Island where visitor activities were
facilitated by the NPS, as well as the TNC side of the island where
public use was prohibited.

5. Discussion

Compelling evidence of ecological and economic values of na-
ture has been gathered to support the long-term success of envi-
ronmental planning and management, whilst social values have
received considerably less attention. In this study we integrated
disciplinary perspectives on the value concept to help illustrate the
full value of nature experienced through outdoor recreation activ-
ities. Our results showed that survey respondents defined by their
“held” environmental value orientations (i.e., anthropocentric and
biocentric worldviews) reported a range of “assigned” values of
ecosystem services that reflected the tangible and intangible
qualities of a U.S. protected area. Using PPGISmethods and a SolVES
mapping application, we examined the spatial dynamics of
Table 5
Independent samples t-test results and descriptive statistics for 12 assigned values of ec

Neutral NEP subgroup (n ¼ 108) Strong NEP sub

M SD M

Aesthetica 18.36 18.67 16.32
Biological diversity 13.04 14.05 17.97
Cultural 5.10 7.27 5.19
Economica 2.52 5.27 1.55
Future 6.70 9.26 9.16
Intrinsic 6.95 11.34 6.81
Learning 7.78 12.43 8.68
Life sustaining 5.46 11.39 5.87
Spiritual 3.69 7.07 3.24
Recreationa 15.24 15.75 11.16
Therapeutic 5.67 10.26 5.60
Scientific 5.72 8.66 10.13

*p � .05.
a Equal variances not assumed.
assigned values in relation to five biophysical metrics and observed
that outdoor recreationists situated these values in different ways
across the land and seascapes of Santa Cruz Island. We extended
theoretical propositions about the hierarchical relations among
facets of the value concept (Brown, 1984; Manning et al., 1999;
Sabatier, 1988; Schroeder, 2013) and provided evidence to show
that worldviews were distinguishable from less stable place-based
values (McIntyre et al., 2008). Our results attest to the importance
of considering diverse viewpoints to inform resource management
decision-making, and help to disentangle the conceptual and
empirical relationships between multiple value concepts.

We investigated worldviews to determine the extent to which
respondents subscribed to environmentalism. Drawing on a two-
dimensional conceptualization of the NEP scale (Milfont and
Duckitt, 2004), our measures of biocentrism and anthropocen-
trismmanifested different values ascribed to marine and terrestrial
environments. We also observed that outdoor recreationists on
Santa Cruz Island either viewed people and nature on equal terms
or thought that nature had rights to exist irrespective of human use.
This endorsement of an environmental worldview may have been
partially attributable to respondents' previous experiences visiting
the park and high levels of education (Oskamp and Schultz, 2005).
Outreach activities that aim to further conservation and preserva-
tion of park resources will likely be well-received by individuals in
our sample. However, these tendencies are relatively resistant to
change and will not be easily manipulated by resource and recre-
ation managers who may wish to encourage environmentally-
friendly practices (Stern, 2000). That is, agencies will see more
immediate results from their efforts to engender environmental
osystem services.

group (n ¼ 189) 95% CI for mean difference t df

SD

15.11 �2.12, 6.19 .97 187
15.18 �8.44, �1.42 �2.77* 295
7.07 �1.78, 1.61 �.10 295
4.11 �.21, 2.15 1.62 179

10.80 �4.90, .02 �1.99* 295
10.20 1.28, �2.38 .11 295
11.09 1.40, �3.65 �.64 295
10.38 �2.97, 2.14 �3.20 295
6.14 �1.10, 1.98 .56 294

10.87 .70, 7.45 2.38* 166
8.19 �2.07, 2.20 .60 294

10.35 �6.73, �2.09 �3.74* 294



Fig. 3. Spatial distribution of (a) biological diversity, (b) recreation, and (c) scientific assigned values of Santa Cruz Island in Channel Islands National Park. Results are presented for
two subgroups that reported neutral and strong environmental worldviews. The intensity of values assigned to places for respondents in the two subgroups could range from 1
(blue) to 10 (red) on a value index. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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stewardship if they focus attention on less stable psychological
processes such as: (a) the perceived qualities of high versus low
priority settings; (b) belief structures such as awareness of envi-
ronmental impacts and ascribed responsibilities; and (c) personal
norms centered on moral concerns about the performance of low
impact behaviors and expectations of other park visitors (Van Riper
and Kyle, 2014).

We used PPGIS to examine a suite of assigned values of
ecosystem services and showed thereweremyriad reasons why the
CINP was considered important to outdoor recreationists. Many of
these reasons reflected the fundamental properties of nature (e.g.,
aesthetics, sublime landscapes, cultural resource preservation) that
inspired the protected area movement in the U.S. and subsequently
in other countries (Nash, 1995). The diversity and strength of re-
spondents' value assignments indicated that multiple services
should continue to be provided to the public in an effort to foster
stewardship, protect key resources, and sustain local economies.
The tangible and intangible qualities of nature that were valued in
this study can be difficult to reconcile with resource management
objectives (English and Lee, 2004) and fit within post-positivist
analytic frameworks (Satterfield et al., 2013). However, these
values are of critical importance because they “lie at the heart of the
protective impulse that drives the modern conservation move-
ment” (Harmon, 2004, p9). We contend that multiple, complex
values were ascribed to Santa Cruz Island and effectively captured
using PPGIS methods. This study extended previous investigations
of a range of values people place on the physical world (Carver et al.,
2009; Klain and Chan, 2012) and illustrated how values can change
over space and time (McIntyre et al., 2008; Seymour et al., 2010).

The perceived values of places should be considered in relative
terms when evaluating preferences reported by survey re-
spondents with distinct environmental worldviews. Resource
management is a value laden process that involves tradeoffs in
decision-making and thus requires information about potential
compromises people are willing to make among competing con-
ditions (Lawson and Manning, 2001; Van Riper et al., 2011). To this
end, our results showed what was most important to outdoor rec-
reationists based on the relative ordering of assigned value cate-
gories in a typology adapted from Brown and Reed (2000). This
information is helpful to facilitate communication about changes
that stakeholders are willing to tolerate versus issues that may lead
to displacement or unsatisfactory experiences that impede the flow
of benefits provided to people fromnature (de Groot et al., 2002). In
our study, perceived biological diversity was one of the most
important value types whereas economics was the least important,
suggesting that respondents may be willing to tolerate limitations
on access and/or economic development to ensure protection of the
various plants, wildlife, marine life, and other living organisms in
the park. It could be that respondents in our sample viewed the
Channel Islands as a relatively invaluable place that was not pri-
marily important for monetary benefits and/or resource extraction
(Runte, 1997). From a resource management standpoint, it is
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important to note that visitors may react negatively to de-
velopments that impact biological diversity on the islands.

This study fostered an interdisciplinary understanding of how
values were formed in relation to on-the-ground conditions of
Santa Cruz Island and its surrounding waters. Through the use of
SolVES and MaxEnt we generated value surface layers and identi-
fied suitable areas for ecosystem service provision on the basis of a
comparison between social and biophysical data. Drawing on five
explanatory environmental variables, survey data that measured a
psychological construct and information about valuation of
nonmaterial values of nature, we engaged with multiple disciplines
to bridge “the contemporary chasm separating biophysical and
social science research” (Ostrom, 2007, p15186). We identified high
priority settings on Santa Cruz Island according to areas of value
abundance; however, a variety of configurations can be referenced
to direct attention toward places of managerial concern. For
example, previous studies have argued that the diversity, rarity, and
risk of assigned values can be gleaned frommapping results (Bryan
et al., 2010). In a slightly different lexicon, scholars have posited
that richness, diversity, and vulnerability of values also indicate the
places most likely to foster an appreciation of the physical world
(Brown, 2013). Integration of spatially-explicit information (e.g.,
constraints imposed from biophysical metrics) alongside measures
of reported preferences (e.g., value mapping survey data) will ul-
timately enhance human well-being and help to sustain ecological
communities (Beeco and Brown, 2013; D'Antonio et al., 2013;
Palomo et al., 2014; St. Martin and Hall-Arber, 2008).

5.1. Research and management considerations

We investigated multiple value concepts among respondents
that were predisposed to support environmental protection,
because they sought out nature-based experiences. That is,
considering the financeable obligation and time commitment to
visit the Channel Islands by crossing at least ten miles of open
ocean, our sample was comprised of a specifically defined stake-
holder group. Although our results are informative for managers
that aim to engage with park visitors, broad educational strategies
should be carefully formulated owing to the extent to which our
sample is generalizable to broader publics. That is, in this study
multiple values were mapped across a spatial gradient by a rela-
tively homogenous sample of outdoor recreationists. Managers
should consider the interests of residents that engage in private
boating or water-based, consumptive activities in the case of policy
change, because these individuals may express varied spatially-
anchored values of ecosystem services (LaFranchi and Pendleton,
2008; Van Riper et al., 2012). If a range of value positions are
considered in decision-making, there will be a greater likelihood of
public acceptance of and compliance with policy outcomes (Ban
et al., 2013), as well as reduced potential for conflicts over
competing forms of human use within terrestrial and aquatic en-
vironments (Steel et al., 1994).

To more effectively reach the CINP constituency, interpretation
and outreach can be tailored toward subgroups of the survey
population. Individuals in theNeutral NEP subgroup can be targeted
on the basis of their inclination to support human use within the
park. That is, this subgroup placed relative importance on the
recreation assigned value category suggesting these individuals
relied on interaction with park resources to recognize values car-
ried by an environment. To garner widespread support for envi-
ronmental protection, individuals in the Neutral NEP subgroup
should be made aware of important places, especially areas where
outdoor recreation use may be prohibited due to human impacts,
restoration, or scientific activities. By contrast, respondents in the
High NEP subgroup situated values across a broader region
including thewestern portion of Santa Cruz Islandmanaged by TNC
and inaccessible to the public. This subgroup valued areas that did
not provide direct, tangible benefits in terms of outdoor recreation,
indicating that ethical arguments about the intrinsic values of na-
ture beyond utilitarian interests may resonate with these in-
dividuals (McCauley, 2006; Rolston and Coufal, 1991). Considering
the range of value positions expressed by survey respondents, our
findings shed light on different and potentially shifting public
viewpoints about protection and use of natural resources (Tarrant
et al., 2003) and attempt to make tiers of the value concept more
legible for future research and management (Manning et al., 1999).
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