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ABSTRACT. Structuring integrated social-ecological systems (SES) research remains a core challenge for achieving sustainability.
Numerous concepts and frameworks exist, but there is a lack of mutual learning and orientation of knowledge between them. We focus
on two approaches in particular: the ecosystem services concept and Elinor Ostrom’s diagnostic SES framework. We analyze the
strengths and weaknesses of each and discuss their potential for mutual learning. We use knowledge types in sustainability research as
a boundary object to compare the contributions of each approach. Sustainability research is conceptualized as a multi-step knowledge
generation process that includes system, target, and transformative knowledge. A case study of the Southern California spiny lobster
fishery is used to comparatively demonstrate how each approach contributes a different lens and knowledge when applied to the same
case. We draw on this case example in our discussion to highlight potential interlinkages and areas for mutual learning. We intend for

this analysis to facilitate a broader discussion that can further integrate SES research across its diverse communities.
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INTRODUCTION

Social-ecological systems (SES) thinking represents the coupled
interactions and outcomes between human and natural systems
(Walker and Salt 2006, Liu et al. 2007, Ostrom 2009). Researchers
have developed a variety of concepts and frameworks to help
analyze, describe, and communicate SES components and
processes (Newell et al. 2005, Binder et al. 2013). Notable
developments include the ecosystem services (ES) concept and
the diagnostic social-ecological systems framework (SESF).
Although both are used in SES research, they lack common
structures to orient and compare knowledge between them
(Ostrom 2009, Mollinga 2010, Hinkel et al. 2014).

Integrating knowledge between multiple concepts and
frameworks is a challenge for building academic consensus that
can inform sustainability (Spangenberg 2011, Fischer et al. 2015,
Ruppert-Winkel et al. 2015). However, much of the SES literature
continues to generate knowledge that is uncoupled from other
research efforts. Orienting the contributions within SES research
is difficult when knowledge cannot be compared or integrated
(Newell et al. 2005, Ostrom 2009, Bohensky and Maru 2011).
Without structures for knowledge orientation, opportunities to
cobenefit between SES research efforts are missed (Scholz2011).

For comparative purposes, we categorize the knowledge SES
research can generate into three types that can inform
sustainability: (1) system knowledge analyzing and describing
SES functionality and subsystem processes, (2) target knowledge
assessing meaningful goals, visions, and pathways for sustainable
human well-being and ecosystem functioning, and (3)
transformative knowledge for implementing practical solutions
(Hadorn et al. 2006, Jerneck et al. 2010, Brandt et al. 2013).

The goals of SES research are better achieved when knowledge
from different research efforts can inform and advance each other
(Fischer et al. 2015, Bull et al. 2016). We use the three knowledge
types as a boundary object to orient different SES research

contributions (Fig. 1). Different combinations of knowledge
types will be generated depending on the concept, theory, model,
or framework used. However, conducting research that can
generate or orient all three knowledge types remains elusive.

Fig. 1. Conceptual interpretation of a circular multistep
knowledge development process for social-ecological systems
(SES) research. SES research can generate three knowledge
types: (1) system knowledge in order to analyze and describe
the functionality SES and their subsystem processes, (2) target
knowledge to develop meaningful goals, targets, and pathways
for sustainable human well-being and ecosystem functioning,
and (3) transformative knowledge for implementing those goals
into practical solutions (Hadorn et al. 2006, Jerneck et al. 2010,
Brandt et al. 2013).
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Table 1. Definitions.
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System knowledge: objective knowledge of social-ecological subsystems and components, as well as their interactions, functions, processes, and inter-
related dynamics; including aspects in relation to risk, uncertainty, and resilience

Target knowledge: subjective perspectives, deliberative, and/or experienced knowledge relating to the implications, targets, visions, desired directions,
and outcomes for social-ecological systems (SES); this can include the concepts of human well-being, conservation, justice, ethics, efficiency, and

sustainability goals

Transformative knowledge: actionable pathways for implementing SES change and/or target knowledge through normative mechanisms such as
policy, decision-making, education, communication, participation, and motivation

SES thinking: recognition for linked and interdependent natural and social system dynamics, particularly human dependence on ecosystems and the
need to facilitate multidomain research that engages with nonacademic society to achieve sustainability (Fischer et al. 2015)

Boundary object: “Objects which are both plastic enough to adapt to local needs and the constraints of the several parties employing them, yet
robust enough to maintain a common identity across sites.” (Star and Griesemer 1989:393; see also Hertz and Schliiter 2015:15)

Ecocentric: consideration of an “ecological system based on its internal functioning” and diverse values (Binder et al. 2013), where human life is
dependent on existing and intact ecosystem functioning and biodiversity (Mace 2014)

Anthropocentric: consideration of an ecological system based on its utility for humans (Binder et al. 2013), focused on maintaining the ecological

functioning that provides human value

We focus our analysis on comparing and facilitating mutual
learning between the ES concept (Millennium Ecosystem
Assessment 2005, Haines-Young and Potschin 2012, Diaz et al.
2015) and Elinor Ostrom’s diagnostic SES framework (SESF)
(Ostrom 2007, 2009, McGinnis and Ostrom 2014). After an
overview of the ES concept and the SESF, we orient the
contributions of ES and the SESF in facilitating system, target,
and transformative knowledge. Next, we compare the two
approaches in a case study of the Southern California spiny
lobster fishery. Last, we provide a synthesis of both approaches
and analyze the potential for mutual learning and compatibilities
between them. Definitions of terminology used in this article are
provided in Table 1.

OVERVIEW

Researchers have begun to explore linkages between ES and the
SESF in recent studies. Ban et al. (2015) demonstrate how the
coconsideration of multiple ES in an analysis structured with the
SESF can help better understand complexities in a large-scale
marine system. Grét-Regamey et al. (2014) suggest incorporating
Ostrom’s tiered structure of multilevel interactions to map ES
assessments. In addition, others have used the SESF to diagnose
payment for ecosystem services (PES) schemes (e.g., Addison and
Greiner 2015, Bennett and Gosnell 2015). Despite preliminary
efforts, considerable gaps exist for exploring how the ES concept
and the SESF can be used in an integrated analysis. As separate
entities, they have been considered as potential boundary objects
within SES research (Abson et al. 2014, Hertz and Schliiter 2015,
Schleyer et al. 2015).

Ecosystem services

Since the publication of the Millennium Ecosystem Assessment
in 2005, ES research has exponentially expanded through broad
usage in ecology and economics (Seppelt et al. 2011, Orenstein
2013, Chaudhary et al. 2015, Luederitz et al. 2015). The concept

embodies an ecocentric framing in the sense that humans depend
on the services nature provides (Mace 2014). One of the latest
conceptualizations, the ES cascade (Fig. 2), shows a multistep
process that describes the supply of ES to humans and the
reciprocal effects of humans on ecosystems through a governance
feedback loop (Haines-Young and Potschin 2010, 2012). The ES
cascade is widely discussed (e.g., Spangenberg et al. 2014) and has
been further developed (e.g., Martin-Lopez et al. 2014). However,
current research focuses largely on the directional flow of ES
provided to humans, while human actions affecting ecosystems
have received less attention (Comberti et al. 2015, Davies et al.
2015). Additionally, governance mechanisms and institutions that
influence the provision and appropriation of ES are sparse (Nassl
and Loffler 2015, Primmer et al. 2015).

Numerous ways of using the ES concept have evolved in the
literature. The economic approach is the most widely recognized,
including, for example, the TEEB (2010) report and PES schemes,
which mostly try to internalize external effects. However, ES
research is manifold, and thus it is shortsighted to limit the
potential of the concept to a purely economic perspective
(Schréter and van Oudenhoven 2016). The ES concept can serve
as a communication tool to engage the science—policy—society
interface (Diaz et al. 2015, Everard 2015, Bull et al. 2016).

Ostrom’s diagnostic social-ecological systems framework

The SESF is a diagnostic checklist of potential interacting SES
components with multitiered nested relationships to each other
(Ostrom 2007, 2009, Frey and Cox 2015, Hinkel et al. 2015). The
framework is tailored for, but not limited to, understanding
collective action in a shared common-pool resource system. The
framework’s ontology is organized into four subsystems: the
resource system, resource units, governance, and actors (Fig. 2).
Externally, these four subsystems interact with the social,
economic, and political settings, and related ecosystems. Action
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Fig. 2. Side-by-side comparison of the ecosystem services (ES) cascade (left: adapted from Martin-Lopez et al. 2014) and diagnostic
SES framework (SESF) (right: McGinnis and Ostrom 2014). Both conceptual frameworks focus on the interactive processes
between social (blue) and ecological (green) subsystems. There are more specific components that are nested within the categories of

each, but they are not shown here.

SOCIAL SYSTEM
. DEMAND SIDE
Human

——p | Functions Ecosystem
Service Well-being 1
5

| =)

value domain

situations occur when components in the SES create interactions
that shape outcomes (Ostrom 2007, 2009). Action situations
originate from the Institutional Analysis & Development (IAD)
framework, where sets of criteria and rules theoretically frame
social-institutional processes to distil individual and group
decision-making (Ostrom 2005, McGinnis and Ostrom 2014).
Social-ecological systems can have polycentric interactions, with
multiple action situations occurring simultaneously (McGinnis
2011).

The SESF is envisioned to serve two reinforcing purposes: first,
to contextually diagnose complex SES cases through a common
and structured language; second, to generate comparable data
that can use large-N case comparisons to explore commonalities
across case studies for theory generation and policy. The
framework does not provide a methodology for empirical data
collection, but rather a common structure to orient collected data
into a comparable SES language. Guidelines for operationalizing
research with the SESF and further developing the framework for
use in specific sectors has been suggested (e.g., Delgado-Serrano
and Andres Ramos 2015, Leslie et al. 2015, Marshall 2015,
Partelow 2015).

ORIENTING KNOWLEDGE IN SUSTAINABILITY
RESEARCH

System knowledge

System knowledge is the “classic” knowledge produced by science.
This is objective research for understanding system components,
functional processes, and interrelated dynamics as a foundational
base. The development of system knowledge is often a descriptive
methodological and analytical process that does not require the
development of normative direction, communication, or
practical engagement beyond the discourse of science.

There is a vast body of literature that has generated system
knowledge in ES research. Although the ES concept has always
stressed the human-—nature relationship, so far, most research has
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focused on a single or small set of ES. Most of the methods used
to identify and describe ES originate from the fields of ecology
and economics (Seppelt et al. 2011). Such technocratic
approaches often favor easily quantifiable ES such as crop
provisions or flood protection (Reyers et al. 2013, Turnhout et al.
2013). When limited by easily quantifiable ES, the approach
produces primarily system knowledge. In contrast, less tangible
ES are often neglected due to difficulties in interpreting data
through measurable indicators (Milcu et al. 2013, Fagerholm et
al. 2016). Nevertheless, scientific-technical research plays a
crucial role in the governance of ecosystems and their ES
(Primmer et al. 2015). For example, system knowledge that
identifies trade-offs between different ES and their effects on
ecosystems is important for practitioners to make informed
decisions (de Groot et al. 2010).

The primary strength of the SESF is in generating system
knowledge through a diagnostic approach. This can be compared
to medical practice; for example, when a physician diagnoses the
ill health of a patient by identifying the components and processes
of the body that may be causing the problem, typically through
indicators such as body temperature and blood pressure. The
SESF currently has more than 50 components and interactions,
which act as a checklist, to diagnose sustainability problems in a
SES (McGinnis and Ostrom 2014). Using the framework involves
gathering data that can describe the characteristics of each
component, if present, and how they interact and shape system
processes. For some components, indicators that contextually
represent the component in a system may need to be developed.
The SESF suggests components that might be important for
system outcomes; e.g., property rights. However, it does not claim
that a particular state or status of a component leads to certain
outcomes. Thus, the framework does not incorporate theory to
link system conditions to outcomes, but it provides a common
structure of components that can be used to generate theory when
system conditions and outcomes are identified (Ostrom and Cox
2010). The usefulness of the framework will vary depending on
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the depth of data gathered to describe the system conditions
through its suggested components and processes. Adding
components and processes to the SESF is likely necessary through
further empirical investigations that can identify the relationships
between new and existing components in different contexts (Frey
and Cox 2015). Overall, facilitating structured system knowledge
with consideration for broad social and ecological components is
a strength of the framework.

Target knowledge

Social-ecological systems research is suitably positioned to move
beyond the generation of system knowledge and to transition
research into a more active role in society (Fischer et al. 2015).
This transition will generate target knowledge. Building on system
knowledge, target knowledge captures the subjective perceptions,
goals, and visions that shape a normative direction. This can
include the concepts of ethics, morality, and justice. Without this
knowledge, there is the possibility that decision-makers hold a
great amount of system knowledge but lack the ability to translate
that knowledge into socially relevant and accepted decisions.
Informing decision-making and planning processes with target
knowledge aids the inclusion of stakeholder perspectives and
increases the acceptance of (sometimes unpopular) measures
(Scholzand Steiner 2015). Robust and contextually relevant target
knowledge is important for successful adaptive governance
approaches (Gadgil et al. 1993) and long-lasting solutions
(Millennium Ecosystem Assessment 2005).

The generation of knowledge about diverse societal perspectives
on ES is less developed compared to ecological aspects (Davies
etal.2015). However, ES researchers have realized that sustainable
solutions cannot be based solely on system knowledge, but that
there is high relevance for the inclusion of norms, values, and
subject perspectives related to ES demand (Gorg et al. 2014,
Jordan and Russel 2014, Primmer et al. 2015). Specifically, the ES
concept attributes values to biophysical, socio-cultural, and
monetary value domains (Fig. 2). Cultural ES recognize the social
and relational values gained from ecosystems (e.g., sense of place
or recreation), which allows subjectivity to enter ES assessments
and valuations (Chan et al. 2012b, 2016, Daniel et al. 2012). In
addition, social-cultural valuation is often conducted through
participatory methods (Scholte et al. 2015, Winkler and Nicholas
2016) (Fig. 3). Local-level research projects are well situated for
assessing target knowledge due to the more iterative nature of the
process between the producers and users of ES knowledge
(Haines-Young and Potschin 2014, Forster et al. 2015).

The SESF has numerous components, including action situations,
that facilitate target knowledge generation. However, the SESF
ismore diagnostic and analytical than value oriented (Fig. 3). The
diagnosis of action situations identifies social-ecological
processes, driven almost entirely from the social system side in
the SESF, such as deliberation, investments, self-organization,
lobbying, and information sharing (McGinnis and Ostrom 2014).
Understanding action situations is in part dependent on target
knowledge—why stakeholders make decisions based on their
goals and values. There are two types of action situations: (1) an
appropriation action situation, where actors face a collective
action challenge to avoid overuse of a resource, good, or service;
and (2) a provisioning action situation, where actors face a
collective action challenge to provide, maintain, or create a
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resource, good, or service (Hinkel et al. 2015). Either situation
could be influenced by numerous actor characteristics that should
be acknowledged in a diagnosis. Many diagnostic components of
the SESF nested in the first tier actor subsystem facilitate target
knowledge. These include social norms/capital, mental models/
knowledge of SES, and leadership, among others. Individual and
community values as well as perceptions toward society and the
environment will be understood through conducting descriptive
research on such components.

Fig. 3. Conceptual orientation of the ecosystem services
concept and the social-ecological systems framework showing
their generalized contributions to generating each type of
knowledge. Each approach is crudely placed on the scale of
each knowledge type as an interpretation of their relationship.
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Transformative knowledge

Transformative knowledge informs contextually relevant change
pathways toward a desired (target) SES state (Jerneck et al. 2010,
Brandt et al. 2013, Abson et al. 2014). It is often generated in a
transdisciplinary setting, incorporating multiple academic
domains and societal perspectives in the research process (Scholz
and Steiner 2015). Transformative knowledge results from the
coupled analysis of system and target knowledge. In sustainability
science, this aims to transition academic contributions toward
implementing practical solutions for society. A vision for SES
research is to progress the ambitions of sustainability science
(Bodin and Crona 2009, Scholz and Steiner 2015, Schoon and
van der Leeuw 2015). However, research on transformational
change remains primarily conceptual, particularly regarding
political and socio-cultural engagement.

So far, little research has been published on transformative
knowledge production within ES. Often it is assumed that existing
system knowledge will lead to policy or management decisions
that change the unfavorable status of ES, but this has not proven
effective (Primmer et al. 2015). However, the ES concept can serve
as an approach to motivate innovations (Haines-Young and
Potschin 2014). It engages different disciplines and nonacademic
stakeholders through a neutral language that has not yet been
“captured” from any interest group (Abson et al. 2014, Davies et
al. 2015, Everard 2015). Studies using the concept in real-world
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situations show the usefulness of the approach when working with
practitioners and individuals. In the landscape planning context,
it helps various stakeholders understand different perspectives
and demonstrate their own needs (Hauck et al. 2013, Karrasch et
al. 2014).

The SESF can facilitate the diagnosis of SES components that
can inform transformative knowledge. However, the SESF has
not been discussed in the literature or used empirically as a tool
for facilitating practical change processes. The primary potential
exists to analyze the linkages between system and target
knowledge through empirical investigation of the framework’s
components in a case study. This flow of knowledge toward
transformative change (Fig. 1) can be achieved only through
indepth knowledge of the case study context. Additionally, there
is potential for the SESF to act as a common language or medium
for information exchange between researchers, stakeholders, and
practitioners or policy-makers, and as a framework for actualizing
the ambitions of sustainability science (Partelow 2016).
Delgando-Serrano and Ramos (2015) show that the SESF was
useful for communicating codesigned SES research and
identifying shortcomings of the process at the local level with
stakeholders. However, these ambitions remain largely
conceptual within the broader literature.

COMPARING APPROACHES IN A CASE STUDY: THE
SOUTHERN CALIFORNIA SPINY LOBSTER FISHERY

In this section, we use the Southern California spiny lobster
fishery to compare the differences between ES and the SESF (Fig.
2) when applied to the same case. We demonstrate how each can
facilitate the generation of different knowledge types (Tables 2
and 3). By using both approaches, the analysis of the lobster
fishery is shown through two lenses. Similarities, differences, and
potential for mutual learning are highlighted.

The Southern California spiny lobster fishery is located in the
Pacific Ocean along the southwest United States. The broader
area is part of the Southern California coastal marine zone, which
extends south across the Mexican border into Baja California.
The fishery can be referred to as small scale, and has six
stakeholder groups: commercial (C), recreational (R),
nonconsumptive (N), environmental (E), marine science (M), and
federal government (G). There are approximately 150 commercial
fishing licenses and more than 30,000 recreational fishing licenses
(Partelow and Boda 2015). The spiny lobster (Panulirus
interruptus) habitat is embedded in a diverse coastal zone,
including intertidal, sandy beach, rocky reef, and seagrass habitat.
The coastal zone includes extensive conservation and habitat
restoration efforts, generates revenue from tourism, and is an
embedded feature of the Southern California cultural identity. A
comanagement committee was formed between the stakeholder
groups, and was mandated and facilitated by the California
Department of Fish and Wildlife to generate sustainable policy
recommendations for the state legislature.

The ES approach provides an ecocentric understanding of the
fishery. The ecosystem provides a diverse range of goods and
services, including lobster and many others. Lobsters are a part
of the larger ecological system; they play a role in the maintenance
of the ecosystem functions and the biodiversity (Table 2).
Lobsters are of central focus for management, but there is a
diverse range of other ES also provided to different stakeholders
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and opportunities for human well-being. Among the different
stakeholders, socio-cultural and relational values from the
ecosystem and the lobsters are derived both directly and
indirectly.

Currently, the ES cascade does not provide a standardized
analysis of the functional components of governance. This is the
feedback loop connection from the social system to the ecological
system (Fig. 2). Other ES approaches are needed to allow for a
useful social system analysis as its own entity (e.g., Chan et al.
2012a, Diaz et al. 2015). As a result, ecological system knowledge
as well as target knowledge can be facilitated primarily on the
values and potential trade-offs that exist between stakeholder
groups (Table2). The basic facilitation of identifying social system
components beyond values is absent. Transformative knowledge
on reconciling trade-offs in policy can be facilitated but is limited
to conceptual interpretation due to a lack of concrete social
system components to analyze within the ES cascade.

The SESF diagnosis highlights many components that are
influential and interacting in the fishery. The fishery has
characteristics of a common-pool resource system, with high
rivalry and nonexcludability (Partelow and Boda 2015). The
resource has a high economic value, and a comanagement
committee with diverse actors groups was identified to deliberate
sustainable policy recommendations (Table 3). The ecological
system is described in its basic elements as highly productive and
large in size with multiple levels of unclear system boundaries in
the social and ecological system. The primary action situations
affecting fishery outcomes are deliberation and information
sharing in the comanagement committee (Table 3). Target
knowledge on actor perspectives and goals is combined with
system knowledge on the functional structure of the
comanagement committee to aid in an analysis of transformative
pathways through the action situations that affect the SES
outcomes.

INTERLINKAGES AND MUTUAL LEARNING

In this section, we discuss the strengths and weaknesses of
facilitating mutual learning and interlinkages in both approaches.
The application of the case study in the Southern California spiny
lobster fishery is used to provide examples for our analysis. We
frame five key points where interlinkages or mutual learning can
be facilitated: (1) broadening the range of value domains in the
SESF, (2) expanding the diagnosis of ecosystem functioning in
the SESF, (3) describing and analyzing social systems in ES, (4)
structuring a common language and framework in ES, and (5)
mutual challenges and improvements needed in both approaches.

Broadening the range of value domains in the social-ecological
systems framework

A weakness of the SESF is a lack of recognition of more diverse
value domains attributed to resource units, the resource system,
and actors. Currently, economic value of the resource unit is the
only explicitly recognized value that is diagnosed as influential.
Thus, the SESF does not consider broader values of the resource
system or resource unit, such as the biophysical, socio-cultural,
or relational values recognized in the ES concept (Martin-Lopez
et al. 2014, Chan et al. 2016). Learning from how the ES concept
recognizes multiple value domains can enhance the diagnostic
capacity of the SESF. Socio-cultural values related to the resource
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Table 2. A demonstrative assessment of the Southern California spiny lobster fishery using the ecosystem services (ES) concept. Steps
of the ES cascade are matched with case study data from the fishery and the knowledge types generated. Stakeholder groups: commercial
(C), recreational (R), non-consumptive (N), environmental (E), marine science (M), and government (G).

Cascade step (Fig. 2)
Southern California spiny lobster fishery

Knowledge types

Biodiversity/ ecosystem functions
Species diversity and functional role
Carrying capacity
Habitat
Biomass production
Reproduction dynamics

System — understanding of the ecological functioning
of the system

Ecosystem services (based on Common International Classification of Ecosystem Services)

Provisioning

Lobsters and fish (food)

Kelp (materials)

Cooling water for energy production (energy)

Regulating and maintenance
Coastal upwelling (hydrological cycle)

Salinity and temperature fluctuations (biophysical conditions)

Pollution from urban runoff
Micro and regional climate regulation
Maintaining habitats

Cultural

Sense of place (physical and experiential interactions)
Recreation

Intellectual and representative interactions

Symbolic

Human well-being (based on Chan et al. 20124)
+/- Material and employment: economic opportunity (C)
+/- Activity and identity: socio-cultural opportunity (R,N)
+/- Existence/bequest: environmental health (E)
+/- Knowledge: scientific scrutiny and impact (M)
+/- Social capital and cohesion: public interest/legality (G)

Governance (based on Diaz et al. 2015)
Decision-making
Power
Responsibilities
Formal (e.g., property rights, treaties, legislation)
and informal (social norms and rules) institutions
Scale (local to global)
Degree of legitimacy, fairness, rights

System — assessment of existence and status of
ecosystem services

Target — identification of perceived ES benefits for
well-being

Target — improvement of deliberation and policy
process through recognition of stakeholder values

Transformative — policy pathways, communication
paths between actors

system can play a large role in decision-making processes for
resource management, and can contribute to the development of
stakeholder perspectives (Ban et al. 2013). Reciprocally,
neglecting biophysical values in natural resource management can
degrade the functional integrity of ecosystems through lack of
recognition. Adding new components to the framework requires
consideration of the nested relationships within the frameworks
structure (Frey and Cox 2015). We suggest that the second tier
component, “economic value,” in the SESF could be replaced
with “values.” Subsequent third tier components could include
biophysical, socio-cultural, and economic values. Market and
strategic values have been suggested at the third tier level

(Delgado-Serrano and Andres Ramos 2015). Because values can
likely be attributed to the resource system and actor subsystems
as well (Fig. 2), there is a need to consider how and where the
inclusion of value components can enhance the framework
beyond the recognition of dynamics that are centered on the
resource units. The facilitation of more target knowledge would
likely result.

Itis evident that the SESF diagnosis is missing key value domains
that play an integral role in shaping stakeholder perspectives on
the comanagement committee of the lobster fishery. Socio-
cultural and relational values influence the main action situations
that affect system outcomes, deliberation, and information
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Table 3. A demonstrative diagnosis of the Southern California spiny lobster fishery using the social-ecological systems framework
(SESF). First tier subsystems from the SESF are shown (Fig. 2). Data from the fishery and the knowledge types developed are indicated.
This table represents a subset of data taken from the full diagnosis of the fishery by Partelow and Boda (2015). Stakeholder groups:
commercial (C), recreational (R), non-consumptive (N), environmental (E), marine science (M), and government (G).

SESF 1™ tier
(Fig. 2)

Southern California spiny lobster fishery

Knowledge types

Southern California coastal marine zone
Unclear system boundaries

High productivity

Large ecosystem

Predictable seasonality

Lobsters

High economic value

Identifiable reproductive females
High mobility during recruitment
Low adult mobility

Slow growth rate

Resource system

Resource units

Governance Facilitated comanagement between stakeholders
Operational rules to be deliberated for fishing
Constitutional choice rules exist for policy-making
Marine protected areas exist

Actors Six relevant actor groups (C, R, E, N, M ,G)

Varied knowledge of SES between groups
Established social capital in groups
High actor group leadership

History of conflict in policy planning for marine protected

areas
Action situations
during comanagement meetings.

Deliberation: Stakeholders deliberate policy pathways to

achieve group and collective goals.

System — description of the resource system and functional
processes as related to the resource unit

System — description of lobsters as a resource unit

System — describing the governance system characteristics and
functional processes

System — identification of actor representatives and
characteristics on the comanagement committee and their
larger actor groups

Target — actor perspectives, goals, and values; consensus on
the pursuit of normative sustainability goals

Information sharing: Stakeholders share knowledge about SES System — description of interactive processes as well as

deliberative and knowledge sharing procedures

Transformative — reconciling trade-offs between different
actor goals and values through deliberation and information
sharing. Effective governance pathways can be identified.
Education occurs through information sharing.

sharing. For commercial fishers, decision-making may be
influenced primarily by the economic value of the resource.
However, the recreational, nonconsumptive, and environmental
groups may endorse biophysical or socio-cultural values gained
through benefits such as sense of place, recreational opportunity,
intrinsic value, and community identity. If these values are not
identified in a diagnosis of the system, their inclusion in an
analysis of transformative knowledge generation in the policy
recommendation process will be missed.

Expanding the diagnosis of ecosystem functioning in the social-
ecological systems framework

In addition to recognizing further values, use of the SESF by
natural scientists is needed to expand diagnostic components for
the resource system. Ecological drivers are not empirically
investigated as well as social dynamics are in existing applications
and literature. This can be attributed to a lack of contributions
from the natural sciences in development and use of the
framework (Vogt et al. 2015). Ecosystem characteristics (resource
systems and resource units) have underlying supporting and
regulating processes that may be influential in shaping system
outcomes, particularly the provisioning of resources. These
components should be included in the diagnosis and generation
of knowledge that can inform sustainability. This enhances the
potential to develop theory that includes ecological system drivers

in SES interactions and outcomes. Learning from the ES concept,
recognition of ecosystem functioning is pivotal among the
common classification schemes (e.g., Millennium Ecosystem
Assessment 2005, Haines-Young and Potschin 2012). In
particular, the first and second operational stages of the ES
cascade focus on biodiversity and ecological functions as
important underlying foundations leading to ES and human well-
being. Enhancing the diagnostic capacity of the SESF can be
achieved by learning from how the ES concept recognizes
ecosystem functioning as a core driver of SES outcomes.

The SESF diagnosis of the fishery places the resource unit
(lobsters) as the focus of analyzing the ecological system.
However, the ecological system consists of many species and
ecological relationships that allow the system to function and
lobsters to exist. Many of these ecological functions provide
diverse benefits to the different stakeholder groups (Table 3).
More specificity is needed for describing the resource system
components beyond the second tier level of the framework. In
addition, recognition of physical, chemical, and biological rules
in ecosystem functioning may play a key role in diagnosing a
system (Epstein et al. 2013, Vogt et al. 2015). Developing theory
and analytical methods that integrate social and ecological system
components can be done only with indepth component
development on both sides of the SESF. Fully understanding the
lobster fishery with existing theories requires this for an accurate
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assessment. Overall, managing natural resources will be more
effective when influential social-ecological linkages can be
diagnosed with a robust framework of components and can
inform decision-making.

Describing and analyzing social systems in ecosystem services
There is no standardized approach to analyzing the social system
in ES research. The ES cascade stages are clear in the ecological
system, but the social system and the governance feedback stage
are less developed. There is no common set of social system
components similar to the list of identified services and values.
The identification of governance structures and their outcomes
remains vague (Jacobs et al. 2013, Gorg et al. 2015, Primmer et
al. 2015). Social system analysis using ES is left to interpretation,
which minimizes the benefits of using a common conceptual
framework across cases for comparisons and theory generation.
Thus, research on ES governance needs to be enhanced, with
thought for developing common components for analysis
(Bennett et al. 2015). A review of the different social system and
governance analyses using ES would be useful to consolidate
efforts. With intention for mutual learning, ES researchers can
draw on the development of the SESF for social system analysis.
The SESF has identified many components to diagnose social
systems, particularly related to how institutions affect behavior
and decision-making through empirically studied components.

Using ES, knowledge of the governance and institutional
structures of the fishery remains vague, and relies on the use of
other frameworks or knowledge to identify them. The main
reason is the lack of explicit components for an assessment. This
makes it difficult to produce system knowledge on the underlying
structural social components that influence the Southern
California spiny lobster fishery. There are no explicit linkages or
components between governance and ecosystem functioning that
can be used to identify specifics in our case. In contrast, target
knowledge is more clearly facilitated through the identification
of explicit values that can be associated with different
stakeholders. The missing facilitation of system knowledge
related to the fishery’s governance hinders an effective analysis of
the management plan with the ES concept.

A common language and standardized framework for ecosystem
services

Various ES classification schemes exist and are used with, for
example, MEA, TEEB, and Common International Classification
of Ecosystem Services [CICES] (Bull et al. 2016). For example,
MEA differentiates four ES categories (supporting, provisioning,
regulating, cultural), while the CICES classification differentiates
only three categories (provisioning, regulating, cultural).
Regarding the ES cascade, there is no cohesive approach for how
to apply the cascade as a step-by-step process. For each step,
different literature builds the basis for the assessment (Table 2)
because different groups of researchers (often with specific
disciplines focusing on one step) focus on the specific steps with
no standardization. An analysis using ES is typically not applied
as a holistic conceptual framework to explain the whole SES.
Consequently, findings are compartmentalized to specific steps
and are hard to combine or compare. In contrast, the SESF has
been suggested as a formalized structure that can build an
ontology and common language for SES research, including
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guiding literature aimed at structuring comparable data (Frey and
Cox 2015, Hinkel et al. 2015). Standardizing use of the concept
should not limit the ES approach but generate knowledge that
can be clearly communicated and compared across case studies
(Haines-Young and Potschin 2014). Formalizing a guideline to
add and interpret the relationships between nested components
in the ES conceptual framework may be useful in this regard.

The general steps of the ES cascade are clear when implemented
in our case study. There is a procedural flow from the Southern
California coastal ecosystem and functions such as upwelling and
biophysical parameters. This leads to the social system with the
identification of ES, economic, and socio-cultural benefits gained
by each stakeholder group as well as the derived well-being.
Finally, the feedback loop is closed through deriving policy
recommendations for the ES in the SES. However, the procedural
steps or components for a more detailed analysis are not clear.
As seen in Table 2, there is no clear way to compare specific
components of governance in the analysis of the lobster
comanagement committee or governance structure as done by the
SESF. As a result, conclusions or transformative knowledge
cannot be generated easily, transferred, or compared to other
similar SES.

Challenges and improvements in both approaches

Common challenges in generating knowledge for sustainability
exist in all SES research. For ES, manifold usage of the concept
has led to a lack of cohesion between its multiple classification
schemes, definitions, and aims. Since the publication of the MEA
(2005), hundreds of yearly publications now include wide-ranging
interpretations of the concept for different research and policy
agendas (Chaudhary et al. 2015). Larger scale endeavors such as
the Intergovernmental Panel on Biodiversity and Ecosystem
Services also try to conceptualize the ES concept to bring on a
common international policy agenda (Diaz et al. 2015). The ES
concept has found its way to some national policy- and decision-
makers such as the Obama administration, which announced that
ES must be considered in all federal decision-making (The White
House 2015). Such broad usage has led ES to be considered a
boundary object for sustainability (Abson et al. 2014). However,
the different perspectives contest the possible uses of the ES
concept, including monetary valuation and the role of the concept
in supporting conservation initiatives (see discussion between
Silvertown 2015, Schroter and van Oudenhoven 2016, and Wilson
and Law (2016).

The SESF has yet to gain roots within a broader community of
researchers. Most of its usage comes from researchers directly
connected to its foundations. Literature on the framework has
suggested many expansions to broaden its diagnostic scope,
including ecologically (Vogt et al. 2015), in recognition of external
political settings (Guevara et al. 2016), for application in diverse
cases (Hinkel et al. 2015, Marshall 2015), and as a tool in
sustainability science (Partelow 2016). While the framework is
being pushed as a potential common SES language and formal
SES ontology (Frey and Cox 2015, Hinkel et al. 2015), ontological
consistency in current empirical applications is lacking (Thiel et
al. 2015). While the framework continues to expand its use in
contextual case diagnoses, it needs to reconcile broader and
diverse engagement with maintaining the ontological consistency
required to facilitate useful comparative analysis across cases.
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Lastly, both approaches lack empirical applications that
demonstrate how they can be used to generate transformative
knowledge. This aspect concludes the flow of knowledge as part
of a holistic research process (Fig. 1). Although neither approach
may have been intended for such ambitions, this has been
considered an integral aspect of SES research. Nearly all SES
approaches face difficulties in finding appropriate methodologies
that use conceptual frameworks to interlink different types of
data and engage society, as well as highlight and implement
practical solutions. Large gaps exist between theory and practice
in such research efforts, which often aim to be transdisciplinary
but lack applied solutions beyond the scientific discourse
(Zscheischler and Rogga 2015). Knowledge integration and
mutual learning between existing scientific efforts can be a major
step toward bridging the science-society gap.

CONCLUSION

We have analyzed and compared the ecosystem services concept
and Ostrom’s diagnostic social-ecological systems framework. We
identified how each can generate system, target, and
transformative knowledge to compare their contributions and
ability to mutually learn from each other in SES research. Use of
the ES concept facilitates ecocentric system knowledge. This is
contrasted with how the SESF is used primarily to facilitate
anthropocentric system knowledge. Concerning target knowledge,
the ES concept is often used as a tool to facilitate coproduction
and value trade-offs with stakeholders, whereas applying the
SESF is descriptive and analytical in the diagnosis of actor
behavior and decision-making processes. Lastly, both
perspectives lack empirical applications that demonstrate how
they can be used as academic tools to both generate and
implement transformative knowledge in real-world cases. To
address these gaps, we highlight compatibilities and mutual
learning possibilities between them through understanding their
strengths and weaknesses as well as their history and how they
are used in research. It is increasingly necessary that the SES
research community further unifies through boundary work if
academic contributions are to match the pace at which informed
solutions are needed for real-world sustainability challenges.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.
php/8524
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