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ABSTRACT. Each year, hundreds of conservation plans are developed to direct limited resources toward conservation in priority areas.
Conservation plans are developed at different levels, defined here as points on a range of spatial extent varying from global to local.
However, approaches to integrate plans effectively across levels remain elusive. To plan across multiple levels most effectively, the relative
strengths and weaknesses of planning at different levels must be understood. Taking the Coral Triangle region of the western Pacific
Ocean as a case study, we apply an adapted social-ecological system (SES) framework to assess the scalar coverage of conservation
plans, i.e., the extent to which plans developed at one level adequately consider the social and ecological levels and components (i.e.,
resource units, resource systems, governance systems, actors) of an SES. No conservation plans we assessed had complete cross-level
coverage. Plans most adequately addressed social and ecological components at the same level of planning and, to a lesser extent, lower
levels. In line with previous literature suggesting that social factors are most relevant at local levels, we found that local-level plans
engaged with the greatest number of stakeholder groups, whereas higher level plans more adequately addressed ecological components.
Given that it appears more practicable for higher level plans to consider components at lower levels, the onus should fall on higher level
planning to link to lower levels. Achieving complete cross-level coverage will require vertical interactions between planning processes
at different levels, and conceiving of planning processes across all levels as connected planning systems. We demonstrate how an adapted
SES framework can be used by conservation planners to assess the cross-level coverage of their own plans and to formulate appropriate
conservation objectives to address social and ecological components at different levels.
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INTRODUCTION
The explicit recognition of multiple scales and scaling developed
relatively late in the field of ecology (Wiens 1989) and,
consequently, in the paradigms traditionally adopted in
conservation and environmental management (Palomo et al.
2014). In the last decade, however, conservation has increasingly
progressed to consider multiple social and ecological scales
(Lengyel et al. 2014, Guerrero et al. 2015, Sayles and Baggio 2017).
This progression has been a crucial move toward dealing with
problems of scale that have long challenged the ability to manage
the environment effectively (Cash and Moser 2000). Scale is
defined here as the spatial, temporal, quantitative, or analytical
dimensions used to measure and study any phenomenon; level
refers to units of analysis that are located at different points on a
scale (for example, local and national levels occur along a scale
of jurisdictional extent; Cash et al. 2006).
Problems of scale have pervaded many facets of systematic
conservation planning, which concerns the process of deciding
when, where, and how to allocate constrained resources to
conserve biodiversity, ecosystem services, and other valuable
attributes of the natural environment (Pressey and Bottrill 2009).
Such problems range from technical concerns (e.g., data selection
and resolution of priority assessments; Richardson et al. 2006,
Hamel et al. 2013, Cheok et al. 2016) to those more strategic in
nature (e.g., including social concerns and transitioning from
plans to actions; Ban et al. 2013, Pressey et al. 2013, Mills et al.
2014). These technical and strategic concerns in conservation
planning often relate to mismatches in scale between social and
ecological systems. With the prevalence of scale-related problems
in conservation planning, a number of strategies to account
explicitly for multiple scales have been proposed in the literature.
1

Suggested methods include: incorporating scale considerations in
conservation triage (Du Toit 2010), evaluating stakeholders at
different levels to inform actions (Guerrero et al. 2013, Mills et
al. 2014), and integrating ecological data representing different
levels (e.g., ecosystems, processes, species) into spatial
prioritizations (Squeo et al. 2012, Bombi et al. 2013). Other
approaches propose sequential planning processes undertaken at
successively higher or lower levels. In scaling up, separate local
planning processes are coordinated and placed within a broader
context (e.g., Lowry et al. 2009). In scaling down, planning
incorporates patterns or processes at progressively finer levels
within areas of interest identified initially at broader levels
(Groves et al. 2002). Scaling up and scaling down are not without
their limitations, with both approaches facing governance and
implementation challenges (Lovell et al. 2002, Lowry et al. 2009,
Mills et al. 2010, Gaymer et al. 2014). Currently, there is
uncertainty about the extent to which lower level (e.g., local) plans
are able to address higher level (e.g., national) features and
processes or vice versa. This information could be critical to
understanding whether scaling down or scaling up is more
effective in integrating planning across multiple scales and levels
within scales.
Applications of Ostrom’s (2009) social-ecological system (SES)
framework, in which consideration of multiple scales is implicit,
have frequently considered multiple social and ecological scales
in environmental management (e.g., Guerrero et al. 2013,
Cumming et al. 2015, Virapongse et al. 2016, Guerrero and Wilson
2017). Cumming et al. (2015) adapted Ostrom’s (2009) framework
to consider multiscale and cross-scale interactions and feedbacks
explicitly, and applied this modified framework (hereafter, SES
framework; Fig. 1) to assess retrospectively the spatial resilience
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Fig. 1. Social-ecological system (SES) framework reproduced from Cumming et al. (2015) summarizing patterns
and processes at different social and ecological scales. The framework integrates Ostrom’s (2009) SES framework
and Poiani et al.’s (2000) ecological components of a functional landscape. Labels show examples of how social
and ecological elements are related to SES components.

of established protected areas. However, questions remain as to
how we can purposefully facilitate successful outcomes across
multiple social and ecological scales in conservation planning,
and whether there is an optimal level at which planning should
occur to achieve success. The principle of subsidiarity, whereby
decisions are made at the lowest institutional level capable of
executing them sufficiently, has been suggested to guide
community-based natural resource management generally
(Marshall 2007), and in the western Pacific Ocean’s Coral Triangle
specifically (Fidelman et al. 2012). However, the capabilities of
different institutional levels with respect to conservation planning
remain unclear. To address these questions, one must first
understand the relative effectiveness of conservation plans
developed at different levels to address the social and ecological
scales of an SES.
Here, we apply the SES framework depicted in Fig. 1 (Cumming
et al. 2015) to assess the extent to which conservation plans
developed at one level adequately consider components at various
levels across social and ecological scales (hereafter, scalar
coverage). By components, we refer to resource units, resource
systems, governance systems, and actors of an SES (Ostrom 2009;
Fig. 1). As Cumming et al. (2015) demonstrate, each component
comprises different elements that occur at a range of levels. For
example, the ecological component of resource units can
comprise the elements of species and habitats, which occur and
function at different levels. The social component of actors can
involve the elements of communities, governments, or
nongovernmental organizations (NGOs), which also operate at
different jurisdictional levels.

The adequacy with which ecological or social elements are
considered in conservation plans can be inferred from analyzing
specified objectives in the plans (Magris et al. 2014). This is
because setting explicit ecological, social, or economic objectives
determines how conservation goals and values (related to SES
elements) are interpreted in planning processes, within the
constraint of available data (Pressey and Bottrill 2009, Ban et al.
2013). While we acknowledge that the objective-setting stage in
conservation planning processes is not the only stage wherein
scale-related problems can be addressed (e.g., in the
implementation stage; see Pressey et al. 2013), our focus on
specified objectives of conservation plans offers an evaluation of
a key stage in conservation planning: the design phase. Explicit
conservation objectives guide the selection of areas for
conservation action and, importantly, serve as benchmarks to
assess progress toward successful implementation or outcomes
(Pressey and Bottrill 2009). For example, ecological objectives
might be proportions of certain habitat types (representing the
resource system component; e.g., “protect 20% of fringing reef
habitats”). Socioeconomic objectives (including cultural) tend to
be more qualitative in nature and, for example, could address
community livelihood concerns (representing the actor
component; e.g., “maintain sustainable livelihoods for artisanal
fisheries”).
We use the Coral Triangle region as a case study for our analyses.
This region includes all or part of six countries: Indonesia, Papua
New Guinea, Philippines, Solomon Islands, Timor Leste, and
Malaysia. This region is of particular interest to conservation
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planners because of its global biodiversity importance coupled
with highly varied socioeconomic and political complexities
(Mills et al. 2010, Fidelman et al. 2012). All but two of the six
countries (Malaysia and Timor Leste) have some form of
decentralized natural resource governance (decision-making
power devolved to local governments or customary clans;
Fidelman et al. 2012), for which problems of scale mismatches
are known to be acute (Mills et al. 2010).
Ideally, conservation planning within a region would involve the
development (and implementation) of plans that amount to
complete scalar coverage of an SES, i.e., with all relevant elements
adequately addressed at different levels within social and
ecological scales. This arrangement is desirable because of the
interconnected and multiscale nature of SESs, which makes the
management of elements at a single level inadequate (Ban et al.
2013, Maciejewski et al. 2015). Understanding that planning at
different levels likely involves varying capacities, we hypothesize
that: (1) plans conducted at any particular level will state
objectives more adequately for socioeconomic and ecological
elements at that same level (hereafter, intralevel objectives) than
for those above or below the level of planning (hereafter, extralevel
objectives); (2) local-level plans will engage with a greater number
of stakeholder groups and consider social factors in more detail
than will planning at higher levels; and (3) higher level plans will
more adequately address broad-scale ecological elements
compared to planning at lower levels. More adequate
consideration of intralevel objectives is likely because social and
ecological elements occurring at the same level of planning will
be easier to conceive and relate to compared to those of other
levels (Ostrom et al. 1999, Wyborn and Bixler 2013). Our second
and third hypotheses reflect the frequently cited benefits of
management stemming from local and regional levels, respectively
(Mills et al. 2010, Gaymer et al. 2014). In local or communitybased planning exercises, these benefits are the ability to better
incorporate social and economic constraints and stakeholder
preferences, whereas in extensive regional planning, these benefits
are the available financial and logistical resources to include
scientific ecological information (such as species ranges and site
connectivity), and the design of managed area networks that are
ecologically functional and resilient. It should be noted, however,
that these observations do not mean it is impossible for local
planning to consider ecological principles or for regional planning
to include social or economic dimensions; these perspectives have
historically been lacking in marine conservation but are
increasingly being addressed (see Ban et al. 2017, Christie et al.
2017).
METHODS
We first identified marine conservation plans developed at
different levels (from patch to international; Fig. 1) from all six
countries through searching the peer-reviewed and grey literature.
For peer-reviewed literature, we searched the Web of Science
database with the following criteria: (“conservation plan*” OR
“management plan*”) AND (“Coral Triangle” OR “Indonesia”
OR “Malaysia” OR “Papua New Guinea” OR “Solomon
Islands” OR “Philippines” OR “Timor Leste”) AND “marine”.
This search yielded 80 results, of which only 7 were directly
associated with conservation plans. Because of this paucity of
results, we extended our search to grey literature using Google
Scholar and the same keyword search terms, which yielded 14

additional relevant documents. Our criterion that defined a
conservation plan was documentation that reflected the core
purposes of conservation planning (Margules and Pressey 2000),
considered here as including explicit socioeconomic or ecological
objectives (qualitative or quantitative) and identifying spatial
boundaries delineating area(s) for some form of management
action or as priority areas for future action. Planning levels were
categorized on the basis of jurisdictional level rather than spatial
extent because the extents of the same levels of jurisdictions (e.g.,
provinces) can differ greatly between Coral Triangle countries and
it is at different jurisdictional levels that conservation actions are
applied.
For each conservation plan (Table 1), we first extracted stated
ecological and socioeconomic objectives and identified the
corresponding ecological and social elements of the SES
framework addressed by each objective. The level of each
ecological and social element addressed by each stated objective
was then classified independently (see Fig. 2 for an overview of the
analytical process). The scalar coverage of each plan was
determined by assessing the adequacy with which any SES level
and relevant social and ecological elements were addressed
(detailed below). Assessments of conservation plans were
summarized and visualized in R (R Development Core Team 2016)
using the fmsb (v0.6.0; Nakazawa 2017) and ggplot2 (Wickham
2009) packages.
Assessing the adequacy with which ecological objectives are
addressed
Each stated objective was first classified in terms of the relevant
ecological elements and associated level(s) to which it pertained
(step 3, Fig. 2). Classifications were conducted by the lead author
and discussed with coauthors for verification where there was
uncertainty. We assigned these on the basis of Poiani et al.’s (2000)
framework for biodiversity conservation at multiple scales. It can
be difficult to assign an ecosystem or species to an exact level
because region-specific life-history information is unavailable for
most species; moreover, ecological features and phenomena
operate at multiple levels within spatial and temporal scales (Levin
1992). Thus, Poiani et al.’s (2000) framework defines the extents of
ecological levels generally, with overlapping values between levels
to account for regional differences. Informative and specific
descriptions of targeted ecosystems or species (e.g., species name,
specific habitat information) were missing from many of the
conservation plans we assessed. Ecological elements were therefore
assigned on the basis of described habitats or processes across the
range of levels that might have been encompassed by those
described. For example, a common ecological objective was,
“Conserve 20% of shallow marine and coastal habitats (coral reefs,
estuaries)”. Because coral reef and estuarine habitats in these
regions could span patch to local (protected area) levels (Fig. 1;
Poiani et al. 2000), this objective would be classified as addressing
both patch and local levels.
Each ecological objective was then assessed in terms of whether it
was qualitatively or quantitatively articulated. Qualitative
objectives were those that described the objective or target without
quantitative specification. An example is “include critical or
unique sites such as areas with very high diversity, high levels of
endemism or unique marine communities”. Quantitative
objectives involved numerical values when translating an
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Table 1. Summary of all conservation plans and associated reports collated for evaluation of scalar coverage.
†

Conservation plan

Plan level

Country

Lead planning organization

Kakarotan Island Mane’e
Muluk Village Traditional Closure

Patch
Patch

Kakarotan community
Muluk community

Nino Sanis Santana Marine National Park

Local

Indonesia
Papua New
Guinea
Timor Leste

Nusa Penida Marine Protected Area
Sinub Island Wildlife Management Area

Local
Local

Tubbataha Reef Natural Park

Local

Indonesia
Papua New
Guinea
Philippines

Tun Mustapha Park

Local

Malaysia

Wakatobi Marine National Park

Local

Indonesia

WWF, UQ, Universiti Malaysia
Sabah
TNC, WWF

Choiseul Province Ridges to Reefs Protected
Area Network
Isabel Province Ridges to Reefs Protected
Area Network
Kimbe Bay Marine Protected Area Network

Regional

Solomon Islands

TNC, WWF, Live and Learn

Elliott (2001), Clifton (2011,
2013)
Lipsett-Moore et al. (2010)

Regional

Solomon Islands

TNC, WWF, WorldFish

Peterson et al. (2012)

Regional

TNC

Green et al. (2007, 2009)

Lesser Sunda Ecoregion Marine Protected
Area Network
Raja Ampat Marine Protected Area Network

Regional

Papua New
Guinea
Indonesia

TNC

Wilson et al. (2011)

Regional

Indonesia

TNC, WWF, CI

Roviana and Vonavona Lagoons Marine
Protected Area Network

Regional

Solomon Islands

University of California Santa
Barbara, Tiola Conservation
Foundation, WWF, Christian
Fellowship Church
Papua New Guinea Conservation
and Environment Protection
Authority, UQ, TNC
Solomon Islands Ministry of
Environment, James Cook
University, TNC
WWF, TNC, CI, UQ
WWF

Agostini et al. (2012), Grantham
et al. (2013)
Aswani et al. (2005)

WWF, CI

Papua New
Guinea

Ridges to Reefs Conservation Plan for
Solomon Islands

Solomon Islands

Coral Triangle Marine Protected Area System International
Sulu-Sulawesi Marine Ecoregion
International
Conservation Plan

All
Indonesia,
Malaysia,
Philippines

Cinner et al. (2005)
Cinner et al. (2005)

Timor Leste Ministry of
Edyvane et al. (2012)
Agriculture and Fisheries,
Northern Territory Government,
Charles Darwin University
CTC
Ruchimat et al. (2013)
WI-O
Jenkins (2002)

Land-Sea Conservation Assessment for Papua Regional
New Guinea
Regional

Reference

Department of Environment
and Natural Resources (2014)
Jumin et al. (2018)

Adams et al. (2017)

Kool et al. (2010)

Beger et al. (2013)
Dumaup et al. (2003)

†

CI = Conservation International, CTC = Coral Triangle Center, TNC = The Nature Conservancy, UQ = University of Queensland, WI-O = Wetlands
International-Oceania, WWF = World Wide Fund for Nature.

ecological principle or estimating necessary amounts for
conservation. Following Magris et al. (2014), quantitative
objectives with no rationale lacked any explicit justification, e.g.,
“30% of each shallow marine habitat (coral reefs, mangroves,
seagrass, and estuaries) and its sub-class”. Subjective quantitative
objectives were based on the opinions of experts, stakeholders,
the authors, or on previous work or models but without explicit
quantitative ecological justification, e.g., “aim to include at least
three representative examples of each habitat type in different
locations, distributed over a large area to reduce the chance all
would be negatively impacted by a single environmental or
anthropogenic event at the same time”. Ecologically justified
quantitative objectives were based on empirical data, ecological
theories, or models employed with supporting ecological
information, e.g., “aim for MPAs [marine protected areas] to be
spaced 100–200 km apart to maintain genetic connectivity”. In
our evaluations, quantitative-ecologically justified represented

the most adequate level of addressing ecological objectives, and
qualitative the least adequate.
Assessing the adequacy with which socioeconomic objectives are
addressed
The socioeconomic objectives of each plan were categorized in
terms of their relevant social elements and associated level(s)
according to the SES framework (Fig. 1). Socioeconomic
objectives were often stated ambiguously, thus potentially
spanning multiple levels of actors and governance. For example,
“protect high potential tourist sites”, could address socio-political
and economic factors at multiple levels (e.g., tourist satisfaction
occurring at patch and local levels; national revenue generated at
regional levels; Cumming et al. 2015). Because of this ambiguity,
and because authentic stakeholder involvement underpins the
achievement of any conservation objective in societal settings
(Pomeroy and Douvere 2008), our assessment of socioeconomic
objectives focused on the extent of stakeholder engagement across
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Fig. 2. Overview of the analytical process (adapted from Magris
et al. 2014), depicting major steps in analyzing each
conservation plan against the social-ecological system (SES)
framework. For ecological classifications, qualitative statements
(QL) refer to statements of preferences, and quantitative
statements were grouped into three classes: no rationale (QN),
subjective (QS), or justified ecologically (QE). For
socioeconomic classifications, statements were classified to
reflect the degree of stakeholder participation involved
(adapted from Arnstein 1969, Pomeroy and Douvere 2008),
ranging from information (I) to consultation (C), negotiation
(N), and delegated power (P).

or organisations who are, in one way or another, interested,
involved or affected (positively or negatively) by a particular
project or action toward resources use” (Pomeroy and Douvere
2008). We reviewed all stated socioeconomic objectives in each
conservation plan to identify the relevant stakeholder groups and
assign respective levels. We recognized the following groups:
national government, local government, international NGOs,
local NGOs, remote academics, local academics, mining and
shipping industry, tourism sector, aquaculture sector, commercial
fisheries, subsistence fisheries, traditional leaders, and local
communities. These stakeholder groups and corresponding levels
were then categorized in terms of their degree of participation:
“information”, essentially nonparticipation, with flow of
information unidirectional from the managing institution(s) to
other stakeholders only; “consultation”, with stakeholders
consulted but whose ideas and feedback are not necessarily
considered in the planning process; “negotiation”, genuine
dialogue and negotiation between stakeholders but final decision
making still rests with the managing institution(s); and “delegated
power”, with full decision-making power delegated to all
stakeholders involved in the planning process.
RESULTS
We identified a total of 18 conservation plans: two each at the
patch and international levels, six at the local level, and eight at
the regional level (Table 1). Five plans were from Indonesia, four
plans each were from Papua New Guinea and Solomon Islands,
and one plan each was from Malaysia, Philippines, and Timor
Leste. Of the two plans at the international level, one involved all
six Coral Triangle countries (Beger et al. 2013) and the other three
countries (Indonesia, Malaysia, and Philippines; Dumaup et al.
2003).
Strengths and weaknesses of plans to address intralevel vs.
extralevel objectives
In general, plans included intralevel ecological objectives and all
those below the level of the plan (hereafter, sublevels). There was
only one exception: one plan did not address ecological objectives
at all sublevels (Solomon Islands National Plan, Fig. 3A; Kool et
al. 2010). Across all conservation plans, intralevel ecological
objectives were addressed more adequately than, or just as
adequately as, sublevel objectives from the same plan (Fig. 3A).
In the three instances where higher level (i.e., supralevel)
ecological objectives were included, these were addressed least
adequately (qualitative; Nino Sanis Santana, Sinub Island, and
Papua New Guinea National Plans; Fig. 3A). Socioeconomic
objectives only ever referenced engagement with stakeholder
groups at the same level of planning or below, or none at all (Fig.
3B).

the different levels. We considered stakeholder groups as engaged
only if stated socioeconomic objectives explicitly referred to them
or if engagement with them was explicitly described in the
planning documents or reports.
To assess the degree of stakeholder engagement in planning
processes related to stated socioeconomic objectives, we used a
classification scheme based on Arnstein’s (1969) ladder of citizen
participation, adapted in the context of Pomeroy and Douvere’s
(2008) review of stakeholder participation in marine spatial
planning. Stakeholders are defined here as, “individuals, groups

Strengths and weaknesses of plans in addressing ecological and
socioeconomic objectives
Of all plans assessed, 16 included both ecological and
socioeconomic objectives. The remaining two plans (which
addressed ecological objectives only) were conducted to review
existing reserve systems and update spatial priorities (Kool et al.
2010, Beger et al. 2013). Plans typically had the greatest number
of ecological objectives formulated at the intralevel (see Appendix
1 for details). In contrast, socioeconomic objectives were most
numerous at local and regional levels, irrespective of the level at
which the plan was developed (Appendix 1). While the majority
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Fig. 3. Differences in ecological and social levels addressed by conservation plans developed at different levels. IND = Indonesia,
PNG = Papua New Guinea, SI = Solomon Islands, PHI = Philippines, TIM = Timor Leste, MAL = Malaysia, CT = Coral Triangle.
Inner to outer plot circles represent social-ecological system levels from patch to international, respectively. Solid black lines indicate
the respective planning levels for each conservation plan assessed. (A) The maximum ecological adequacy achieved is shown at each
social-ecological system level, based on all ecological objectives stated in each plan. Colors indicate classifications of ecological
adequacy: QL = qualitative, QN = quantitative with no rationale, QS = quantitative subjective, and QE = quantitative ecologically
justified. (B) Presence of stakeholder engagement at each social-ecological system level across conservation plans developed at
different levels. The diversity and extent of stakeholder engagement was highly variable within and across levels; see Fig. 4 for a
more detailed representation.
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Fig. 4. Differences in the breadth and extent of stakeholder engagement across four social-ecological system planning levels.
Engagement refers to different forms of stakeholder engagement; pie charts reflect the variation in engagement among case studies
at the same planning level, showing the proportions of the number of case studies and their respective degrees of engagement.
Stakeholder groups are ordered by their approximate scale of power or operation: NatGov = national government, LocGov = local
government, IntNGO = international nongovernmental organization, LocNGO = local nongovernmental organization, RemAca =
remote academic, LocAca = local academic, Indus = shipping and mining industries sector, Tour = tourism industry sector, Aqua =
aquaculture sector, CommFis = commercial fisheries, SubFis = subsistence fisheries, TradLead = traditional leaders, LocComm =
local communities.

of ecological objectives were stated qualitatively across all plans,
there was an inverse relationship between percentage of
qualitative objectives and planning level (i.e., percentage of
qualitative objectives decreased with increase in planning level;
100%, 83%, 52%, and 50%, from patch to international levels),
and variation in the adequacy with which intralevel objectives
were addressed by different plans (with exception of patch-level
plans; Fig. 3A).
We found that socioeconomic objectives formulated at different
levels were concerned with resource use by, and benefits to, the
stakeholder groups that were most relevant at each level. For
example, socioeconomic objectives at local levels were primarily
concerned with resource use by, and benefits to, local communities
(e.g., “protect areas of cultural importance”), whereas those at
regional levels involved broader economic concerns, often relating
to resource use by, and benefits to, industry (e.g., “support lowimpact environmentally friendly industries that are compatible

with MPAs”). All socioeconomic objectives across all
conservation plans were stated qualitatively.
Plans regularly included multiple ecological objectives at a single
level. For example, in the Wakatobi Marine National Park
(Indonesia) plan, two ecological objectives addressed local-level
elements, with different degrees of adequacy: (1) “effective
management of coral reefs, cetaceans, together with undefined
ecologically valuable marine species” (qualitative); and (2)
“maintaining existing levels of hard coral cover which are
estimated to be around 35–40%” (quantitative-no rationale). To
highlight the potential for plans to address SES elements at
different levels, we report the maximum degree of adequacy with
which ecological objectives were addressed at each level (Fig. 3A).
In general, we found that, across all identified conservation plans,
governments had decision-making power; nongovernmental
institutions and industries tended to be negotiated with; and local
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communities and subsistence fisheries were more variably
informed, consulted, or negotiated with (Fig. 4). Exceptions to
the latter trend occurred in conservation plans from countries
with customary resource ownership, where local communities had
delegated power (e.g., patch- and regional-level plans in Papua
New Guinea and Solomon Islands; Fig. 4). Local-level plans
engaged with a more diverse range of stakeholder groups than
any other level of planning, but the degree of engagement varied
among groups. At the lowest level (i.e., patch), engagement
occurred with the least number of stakeholder groups and was
less varied compared to other levels of planning (Fig. 4).
DISCUSSION
Conservation planning problems are inherently uncertain,
complex, and multiscale, and thus require multilevel governance
approaches (whereby independent centers of decision making
exist, often represented by different institutional levels; Morrison
2017). Multilevel governance theoretically offers the advantage
of increased SES resilience (where resilience is defined as the
capacity of a system to absorb shocks and still maintain function;
Folke 2006) through higher adaptive capacities and ability
respond better to specific contexts (Biggs et al. 2012, Garmestani
and Benson 2013, Gruby and Basurto 2013). Our results provide
insights into how we can more comprehensively account for the
respective strengths and weaknesses of lower and higher level
conservation planning in adequately considering social and
ecological scales, and integrate planning processes across levels
to maximize scalar coverage within a region.
Our hypothesis that conservation plans will better address
intralevel socioeconomic and ecological elements compared to
those at extralevels was substantiated to a certain extent by our
results. Although all plans we evaluated consistently addressed
intralevel objectives more adequately than extralevel objectives,
10 plans addressed sublevel objectives equally well. Our second
hypothesis was similarly validated with qualifications. Rather
than finding that local-level plans considered social factors in
more detail, we found that plans developed at any level (except
for patch-level plans) consistently considered the greatest number
of socioeconomic objectives at local and regional levels. We also
found that local-level plans engaged the greatest number of
stakeholder groups. However, the extent of engagement was
highly variable across stakeholder groups in all levels of planning
except the patch level. Finally, our hypothesis that regional-level
plans would address ecological objectives more adequately than
local- and patch-level plans was validated.
Apparent strengths and weaknesses of lower level planning
Our finding that socioeconomic objectives were greatest in
number at local and regional levels likely reflects the more directly,
and therefore easily, observable social factors and impacts at these
levels compared to higher ones (Ban and Klein 2009). The framing
of socioeconomic objectives at local levels also better captured,
relative to other levels, with social elements representing lower
level actors and governance systems (e.g., socioeconomic
concerns relevant to local resource users and communities).
Although equitable engagement across all key stakeholders who
are not final decision makers is generally ideal (Pomeroy and
Douvere 2008), the extent of engagement that is most appropriate
across different stakeholder groups is complex and highly context

specific (Gopnik et al. 2012, Fox et al. 2013, Sterling et al. 2017).
Nonetheless, because our results suggest that local-level plans are
better able to engage a greater number of stakeholder groups than
are other levels, it is clear that some form of local-level planning
is essential. Conversely, patch- and local-level plans generally did
not address ecological elements at higher levels and were less able
to adequately address these at lower levels (though they were able
to address intralevel ecological objectives in a subjective
quantitative way), suggesting that local-level planning alone is not
sufficient.
Weaknesses in planning at different levels can be described as either
conceptual or technical. Lower level plans generally did not include
objectives for ecological elements at higher levels, suggesting a
conceptual limitation in the ability of planners at lower levels to
perceive ecological features and processes that occur at broader
extents (e.g., Charlie et al. 2013, Wyborn and Bixler 2013). Scale
mismatches between objectives for local protected areas and the
need to represent ecological elements occurring at regional and
international extents suggest that this type of mismatch produces
a lack of local management capacity to address ecological elements
at larger extents (Maciejewski et al. 2015). Technical limitations
were suggested by the poor adequacy with which ecological
elements were addressed, most evident in lower level plans. This
technical limitation of lower level planning, typically led by local
NGOs in Coral Triangle countries, relates to the lack of technical
expertise and capital resources commonly faced by these
organizations (Green et al. 2011).
Apparent strengths and weaknesses of higher level planning
Regional- and international-level conservation plans demonstrated
greater capacity to adequately address ecological elements. This is
likely because organizations that are leading planning at higher
levels (in Coral Triangle countries, typically international NGOs)
tend to have greater access to technical resources and expertise,
which are necessary to incorporate empirically justified ecological
objectives (see Kool et al. 2010, Agostini et al. 2012, Beger et al.
2013). As with local-level plans, higher level planning was
important in addressing socioeconomic elements at the same (i.e.,
regional and international) levels (e.g., concerning development of
industries). This result suggests that conservation planning across
both lower and higher levels is necessary to ensure that the scalar
coverage of social components is maximized for improved
outcomes across all levels (Ban et al. 2013).
A common technical limitation of higher level planning is the
ability to obtain fine-resolution data necessary to adequately
address ecological elements at local levels (Mills et al. 2010).
Although the higher level conservation plans we evaluated
frequently mentioned this caveat (e.g., Green et al. 2007, LipsettMoore et al. 2010, Beger et al. 2013), we still found that these plans
had greatest scalar coverage. However, although our assessment
scheme for ecological adequacy favors quantitative objectives, we
were unable to determine whether the data used to address the
stated quantitative objectives were appropriate or accurate. It is
thus possible that the adequacy with which higher level plans
considered regional and international elements is overestimated.
Nevertheless, our results suggest that it might be possible to
overcome the technical and conceptual limitations to some degree
in high-level planning.
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The greater scalar coverage achieved with higher level plans could
be a reflection of the hierarchical scales that relate to
management, social networks, and knowledge (Cash et al. 2006),
with higher levels inherently containing within them all entities
at lower levels (e.g., Lebel et al. 2008). Moreover, national
institutions are supposed to be designed to include and affect
factors relevant to lower levels (e.g., flows of capital, economic
policies). In contrast, local institutions are seldom, if ever, capable
of coping with developments occurring at national or
international levels (e.g., civil war, international trade markets;
Ostrom et al. 1999).
Recommendations to overcome limitations associated with singlelevel planning
From our assessment of conservation plans against the SES
framework, the need to plan at multiple levels and integrate across
them is clear. Planning at regional levels or higher appears to have
greater scalar coverage than plans developed at lower levels,
suggesting some support for scaling down processes, with
sequential planning occurring at progressively lower levels. The
limitations of scaling down primarily relate to the lack of
consideration of local contexts (Gaymer et al. 2014). Thus, we
suggest that rather than strictly scaling down, a more effective
strategy to integrate planning across multiple scales and levels
within them might involve initiating planning at a high level (e.g.,
regional or international), and then iteratively cycling between
higher and lower levels of planning (e.g., Pressey et al. 2013). This
process would ensure that higher level plans do not proceed to
identify priorities and conservation interventions without
consideration of relevant local conditions.
There is now significant evidence demonstrating that scale
mismatches often decrease the functioning of SESs (Epstein et al.
2015); the larger the magnitude of mismatch, the more likely is a
greater loss in system resilience (Maciejewski et al. 2015). Given
the clear mismatch between the different planning levels and their
ability to consider elements occurring at other levels, one way to
overcome their respective limitations is to ensure that planning
processes interact and effectively inform one another across levels.
This interaction would increase the coverage and alignment of
scale-specific perspectives between planning at different levels,
which has been asserted as a means to overcoming mismatches
between spatial and institutional scales (Maciejewski et al. 2015).
Moreover, bridging organizations (i.e., entities that connect social
actors or groups) have been demonstrated to enhance alignment
across different scales of an SES (e.g., governance, social,
ecological) for improved conservation outcomes (such as
increasing flexibility in management and decision making,
coordination and cooperation among actors, and learning), as
well as to facilitate iterative cycling between different levels of
governance (Olsson et al. 2007, Crona and Parker 2012, Horigue
et al. 2012, Berdej and Armitage 2016).
Our results suggest that the limitations of planning at both lower
and higher levels are conceptual and technical in nature, but
differently so. Lower level plans are constrained by their ability
to conceptualize as well as technically address elements at higher
levels, whereas higher level plans are primarily limited by their
capacity to address lower level technical ecological elements and
to conceptualize higher level socioeconomic objectives.
Conceptual and technical limitations might be overcome by

different types of interactions between planning processes
conducted at different levels. Conceptual limitations could be
overcome through workshops designed to share and learn from
differences in perspectives between planning levels (e.g.,
identifying socioeconomic and ecological objectives that are
important at different levels). Technical limitations might be
mitigated through exchanges of data, information, or individuals
possessing the appropriate expertise between processes. Such
information sharing between levels needs to be institutionalized
for long-term success (Berkes 2009). These interactions across
planning levels would be facilitated if planners have greater
awareness of conservation plans developed at other levels, in the
same region and elsewhere, to broaden their perspectives and so
understand the different conceptualizations of socioeconomic
and ecological objectives at other levels. This information sharing
could be accomplished through a standard database system in
which all conservation plans and pertinent planning information
(e.g., objectives, data used, socioeconomic and ecological context,
implementation strategies) are recorded.
Integrations of SES theory and conservation planning remain
limited, mostly theoretical, and largely motivated from a social
science perspective (Ban et al. 2013, Mills et al. 2014, Bodin 2017).
We argue that the SES framework can also be used as a practical
tool for conservation planners to understand the social and
ecological elements that may be most relevant to the planning
level being undertaken, and elements pertinent at additional levels
that should also be considered. The SES framework could also
be used by planners to assess the scalar coverage of plans (past
or in progress) and identify weaknesses in considering intralevel
and extralevel social or ecological elements, as we have done here.
This recommendation has relevance to multiple stages of the
conservation planning process; beyond setting conservation
objectives, the SES framework can also be used to inform the
initial scoping stage of planning processes, as well as to evaluate
planning outcomes (Pressey and Bottrill 2009).
Limitations
The main difficulty we found in applying the SES framework to
evaluate the strengths and weaknesses of conservation plans was
in allocating appropriate levels to the different social and
ecological elements addressed by conservation objectives.
Because these elements do not fall into discrete levels within
spatial or jurisdictional scales, they need to be assigned to a range
of levels. We also found that assessing the adequacy of
socioeconomic objectives was challenging because, although
stakeholders do represent different jurisdictional levels, they can
often operate on and influence multiple other levels of an SES.
This difficulty was largely related to the ambiguous and
qualitative way in which socioeconomic objectives were
commonly articulated in conservation plans. A potential
improvement to the framework in future applications would
involve more explicit inclusion of the elements of governance
systems relevant at each SES level. Effective governance is an
essential constituent of successful conservation (characterized for
example by institutional fit and scale, adaptiveness and learning,
coproduction of diverse knowledge; see Armitage et al. 2012),
and it is likely that governance systems possessing different
characteristics will inherently better address different SES levels
(Termeer et al. 2010). A more explicit understanding of
governance systems operating at different levels could reveal
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insights into how the scalar coverage of conservation plans can
be influenced from a multilevel perspective (e.g., Lebel et al.
2008).
Our study was limited by the number of conservation plans found,
particularly at the patch and international levels. A number of
factors contributed to this situation. Malaysia and Timor Leste
each had only one instance of systematic conservation planning
at the time of our analysis (Edyvane et al. 2012, Jumin et al. 2018).
In the Philippines, where there is upward of 1200 marine protected
areas (Horigue et al. 2012), only one conservation plan could be
identified. This discrepancy is likely due to a combination of our
criterion for defining conservation plans as requiring documented
objectives, and the fact that established protected areas in the
Philippines are typically ad hoc patch-level decisions that are not
well documented (Alcala and Russ 2006). Further, our assessment
of objectives would have been strengthened had conservation
plans documented the problem context and values that underlie
the specified objectives. We found that this was not the case,
highlighting the importance of future plans to report this part of
the planning design phase. Our analyses are also limited in that
our evaluations relied on planning documentation and reports
alone. Causality regarding the presence or absence of objectives
had to be inferred, as well as the authenticity of reported
stakeholder engagement; further empirical investigation with
planners involved in all conservation plans was beyond the scope
of this study. Nonetheless, plan documentation plays a vital role
in the accountability and transparency of the systematic
conservation planning process (Margules and Pressey 2000) and
the tracking of progress toward achieving objectives and should
thus represent a reliable source of the intentions of any planning
process. Finally, important next steps in evaluating the adequacy
with which conservation plans address social and ecological levels
should focus on realized outcomes from implementation of plans.
This perspective would be valuable in contributing insights into,
and measuring, the gap between design and implementation
stages of conservation planning (Biggs et al. 2011). The lack of
implementation of conservation plans (Nel et al. 2016), however,
would likely further reduce the number of analyzable processes.
CONCLUSION
We have demonstrated a systematic approach for evaluating the
cross-scale coverage of conservation plans developed at different
jurisdictional levels and, in doing so, characterize different
limitations of plans developed at lower and higher levels. Higher
level plans demonstrated a higher capacity for greater scalar
coverage (i.e., more social and ecological levels addressed by
planning objectives) compared to lower level plans, but with
limitations in conceptualizing social objectives. Conversely, social
and economic objectives were most commonly formulated at local
levels, irrespective of planning level, with local-level plans
engaging the greatest number of stakeholder groups. By
evaluating the cross-scale coverage of these conservation plans,
we also identify specific avenues to overcome the respective
limitations and vertically integrate across planning levels. The
responsibility for ensuring that plans are vertically integrated
across levels lies with the individuals and organizations leading
these processes. Achieving this aim requires, at minimum, two
critical ingredients. The first is an awareness of other conservation
plans developed at different levels, as well as their respective
strengths and weaknesses in addressing SES elements (as we have

demonstrated and identified here) and potential areas in overlap
of scalar coverage between plans. Second, further research is
needed to understand specifically how planning processes at
different levels can and do inform one another over time to
overcome the technical and conceptual limitations associated
with planning at a single level.
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Appendix 1. Additional details of individual case studies.
Table A1.1. Summary of scalar coverage assessed for each conservation plan (n = 18), with total number of stated objectives addressing each
ecological and social level (path, local, regional, international), and the adequacy with which ecological objectives were addressed. Grey cells indicate
the level at which each conservation plan was developed.

1
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Patch level
Local level
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no.
Adequacy no.
Adequacy

Regional level
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no.
Adequacy

International level
Total
no.
Adequacy

Case study

Country

Plan level

Lead plan
organisation

Sulu-Sulawesi Marine Ecoregion
Plan
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Malaysia;
Indonesia
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1

QL
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Timor Leste
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0
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Land-Sea Conservation
Assessment for Papua New Guinea
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for Solomon Islands
Lesser Sunda Ecoregion Marine
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Kimbe Bay Marine Protected Area
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Choiseul Province Ridges to Reefs
Protected Area Network
Isabel Province Ridges to Reefs
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Wakatobi Marine National Park
Nusa Penida Marine Protected
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Sinub Island Wildlife Management
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Nino Sanis Santana Marine
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Tun Mustapha Park

Papua New Guinea Regional
Solomon Islands
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Indonesia
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Solomon Islands
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Solomon Islands
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0
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0
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Table A2.1. continued  

Case study

Country

Plan level

SOCIOECONOMIC OBJECTIVES
Patch
Local
Regional
Lead plan organisation* Total no.
Total no.
Total no.

Sulu-Sulawesi Marine Ecoregion Plan
Coral Triangle Marine Protected Area System
Land-Sea Conservation Assessment for Papua
New Guinea
Ridges to Reefs Conservation Plan for Solomon
Islands
Lesser Sunda Ecoregion Marine Protected Area
Network
Raja Ampat Marine Protected Area Network
Kimbe Bay Marine Protected Area Network
Choiseul Province Ridges to Reefs Protected
Area Network
Isabel Province Ridges to Reefs Protected Area
Network
Roviana and Vonavona Lagoons Marine
Protected Area Network
Wakatobi Marine National Park
Nusa Penida Marine Protected Area
Tubbataha Reef Natural Park
Sinub Island Wildlife Management Area
Nino Sanis Santana Marine National Park
Tun Mustapha Park
Kakarotan Island Mane’e
Muluk Village Traditional Closure

Philippines; Malaysia; Indonesia
Coral Triangle
Papua New Guinea

International
International
Regional

WWF
WWF; TNC; CI; UQ
PNG CEPA; UQ; TNC

0
0
1

4
0
4

5
0
5

2
0
0

Solomon Islands

Regional

SI MoE; JCU; TNC

0

0

0

0

Indonesia

Regional

TNC

5

6

3

0

Indonesia
Papua New Guinea
Solomon Islands

Regional
Regional
Regional

TNC; WWF; CI
TNC
TNC; WWF; LL

4
5
0

10
10
2

3
1
2

0
0
0

Solomon Islands

Regional

TNC; WWF; WorldFish

0

1

1

0

Solomon Islands

Regional

UCSB; TCF; WWF; CFC

1

4

2

0

Indonesia
Indonesia
Philippines
Papua New Guinea
Timor Leste
Malaysia
Indonesia
Papua New Guinea

Local
Local
Local
Local
Local
Local
Patch
Patch

TNC; WWF
CTC
WWF; CI
WI-O
MAF; NTG; CDU
WWF; UQ; UMS
Kakarotan community
Muluk community

1
1
0
1
0
1
1
1

1
1
4
2
6
2
0
0

0
1
0
1
0
0
0
0

0
0
0
0
0
0
0
0

International
Total no.

* Lead planning organisations: World Wide Fund for Nature (WWF); The Nature Conservancy (TNC); Conservation International (CI); University of Queensland (UQ); Papua New Guinea
Conservation and Environment Protection Authority (PNG CEPA); Live and Learn (LL); University of California Santa Barbara (UCSB); Tiola Conservation Foundation (TCF); Christian Fellowship
Church (CFC); Coral Triangle Centre (CTC); Wetlands International – Oceania (WI-O); Timor Leste Ministry of Agriculture and Fisheries (MAF); Northern Territory Government (NTG); Charles
Darwin University (CDU); Universiti Malaysia Sabah (UMS).
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