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Executive Summary
In May 2008, the National Center for Ecological Analysis and Synthesis (NCEAS) conducted a
“Distributed Graduate Seminar” bringing graduate students and faculty from seven universities,
Office of National Marine Sanctuary (ONMS) staff, and other interested parties to examine
Marine Protected Areas (MPAs) as effective tools for Ecosystem-Based Management (EBM).
Students, faculty, ONMS staff, and guest lecturers used NCEAS informatics tools to connect
with each other via an online course website, video conferencing, and a chat bulletin board to
discuss how ecosystem processes within MPAs can allow resource managers to manage MPAs
as integral components of the ecosystems in which they reside. As a course product, students at
each university were required to produce a case study of a MPA within their respective regions.
Students addressed how their MPA can effectively implement EBM within its boundaries,
contribute to broader EBM efforts within their region, and how their MPAs can meet local
management objectives and simultaneously contribute to broader regional objectives. Students
also discussed the legal and jurisdictional barriers and opportunities for EBM efforts at local and
regional scales.
Currently throughout the Pacific region, there is an increasing trend in protecting larger-scale
marine areas, which includes managing many different stakeholder groups and multiple
biological, socio-economic, ecological, and cultural resources. Additionally, with the
establishment of new U.S. Marine National Monuments, co-managing agencies are mandated to
work with each other to manage multiple resources via an EBM approach. This case study uses
the Papahānaumokuākea Marine National Monument (monument) as an example of how comanagers currently implement EBM into large-scale MPA management. Through working with
monument staff and discussing the challenges and obstacles of managing this large-scale MPA,
University of Hawaii at Mānoa (UH-Mānoa) graduate students proposed a new planning and
management approach to better integrate EBM and conservation of focal resources in monument
via a prioritization process that identifies the biological, cultural, and social resources through a
stakeholder process that can aid protected area management.
Following the Graduate Seminar, UH-Mānoa graduate students discussed their case study with
monument managers. Results were positive in nature. The group encouraged the monument’s
three co-managing agencies to strategically implement EBM into future programs and activities
using innovative EBM tools, such as the one described below. Additionally, graduate students
from all participating universities, including UH-Mānoa, were able to come together at a
working group meeting in Santa Barbara, California in April 2009 to exchange perspectives,
experiences, and knowledge to develop scholarly products based on collective student work
during their seminars. This information will help the ONMS effectively implement EBM
management approaches within their boundaries and contribute to broader EBM efforts in the
regions in which they occur.
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1.0

Introduction

In the marine environment, protected areas have become one of the principal tools for conserving
ecosystems. An increasing recognition of the threats to marine ecosystems has led to a focus on
establishing protections at regional biogeographic scales, which has led to the establishment of
MPA networks and large, regional-scale MPAs. Regional protections have been predicated on
the need to match institutional management on the scales relevant to ecosystem processes (Folke
et al. 2007, Galaz et al. 2007), and the need to protect larger percentages and representative
habitat types within the marine environment for conservation efficacy and risk management
(Bohnsack et al. 2002, Sherman 1991). Large-scale MPAs face different challenges in
governance and management than small-scale or community-based MPAs, including multiple
agency management, complex and overlapping legal mandates and authorities, expanded and
more diverse stakeholder groups, and various resource use interests (Kittinger et al. 2009). This
increased socio-political complexity presents many challenges to institutions responsible for the
planning and management of large-scale MPAs (Day 2008, Day 2002, Hughes et al. 2007,
Kittinger et al. 2009, Olsson et al. 2008).
Principal among these challenges is reconciling the somewhat conflicting mandates of holistic
ecosystem protection and conservation of focal resources (Noss et al. 2002). Focal resources,
defined here, include resources such as species or sites that are protected by legal statute and
require special management. In contrast, ecosystem-based management requires consideration
of the broader ecosystem, including the elements, processes, and functions that comprise a
functional ecosystem together with human influences on ecosystem condition (Arkema et al.
2006, Browman et al. 2004, Crowder and Norse 2008, Olsson et al. 2008). EBM is now
becoming the accepted approach in environmental management (Leslie and McLeod 2007,
Olsson et al. 2008), but few operative frameworks have been advanced to address the statutory
mandates that require agencies to specially manage key focal resources. Such conflicts in
management are typically addressed in the planning and spatial management of activities (“use”)
within protected areas, which is typically addressed in the iterative updating of management
plans (Kittinger et al. 2009, Salafsky et al. 2001).
This paper presents a proposed methodology for the integration of ecosystem-based management
and conservation of focal resources in protected areas via a prioritization process for resource
conservation. The proposed methodology relies upon a prioritization of resources, determination
of resource vulnerability, and integration into a spatial conservation planning tool. First, the
origins and scientific basis for ecosystem-based marine management are reviewed. Next, the
concept of ecosystem vulnerability as a method for integrating ecosystem and focal resource
protections is proposed. A comprehensive planning process and three-step method are then
described for quantifying vulnerability for use in marine spatial planning (MSP) tools. Finally,
specific applications to management of protected areas are articulated.
1.1 Ecosystem-Based Marine Management
The integration of the principles and concepts of natural resource management, conservation
biology, and ecosystem sustainability is now referred to as an “ecosystem” or “ecosystem-based”
approach, and is a primary focus in conventional marine resource management (Arkema et al.
9

2006, Grumbine 1994, Gunderson et al. 1995, Leslie and McLeod 2007, Ruckelshaus et al.
2008). In the marine realm, EBM emerged within the development of the integrative discipline
of marine conservation biology, which included concepts and principles of protected area design
and management. Its first general texts (Norse and Crowder 2005a, Sobel and Dahlgren 2004)
and compendium of articles (Ecological Applications 2003) appeared more than two decades
after the publication of the first conservation biology text, which drew from and focused on
terrestrial biodiversity (Soule and Wilcox 1980). This time lag has been attributed to the greater
amenability of the latter to research and conservation (Norse and Crowder 2005b).
Ecosystem-based management (EBM) has evolved from initial establishment of its scientific
basis, to articulation of guiding principles and concepts, and finally to operational
implementation by management institutions (McLeod and Leslie 2009). The scientific basis and
general principles of ecosystem based management have been established (Browman et al. 2004,
Christensen et al. 1996, Ecosystem Principles Advisory Panel 1999), and general guiding
principles have been proposed. In marine conservation, general principles include recognition of
the importance of spatial and temporal scale, the interconnectivity of ecosystems, engagement
with stakeholders, adaptive management, and consideration of society as an intrinsic component
of ecological systems (Brodziak and Link 2002, Crowder and Norse 2008, Leslie and McLeod
2007, Link 2002, Ruckelshaus et al. 2008). Though EBM principles have yet to be integrated
into most governance mechanisms and statutes in the US (Parenteau et al. 2008), agencies
involved in ecosystem management have begun to implement EBM concepts into ‘soft law’
policy and practice. In the literature, operative approaches to marine EBM are now being
proposed (Arkema et al. 2006, Barnes and McFadden 2008, Gaichas 2008); additionally,
international agencies have begun to explore the adoption of EBM principles into management
actions (FAO 2003, Garcia et al. 2003).
The ecosystem-based approach for natural resource management planning on federal lands
became policy in the U.S. over a decade ago (Council on Environmental Quality et al. 1995), and
articulation of its scientific basis has been proposed specifically to address the problem of
sustaining marine fisheries (Ecological Applications 1998, NRC 1999). The policy mechanisms
for applying the ecosystem approach in the U.S. primarily include the iterative updating and
implementing of resource and habitat management plans for federal lands of conservation
significance (including submerged lands), fishery management plans (Kittinger 2008), and
protected area management plans (Parenteau et al. 2008).
1.2

Integrative Approaches to Ecosystem Management

The development of integrative, transdisciplinary theory and research has been spurred by a
general recognition that traditional disciplinary approaches are inadequate to confront problems
of society and environment (Berkes et al. 2003, Hirsch Hadorn et al. 2008). Integrative research
efforts have applied concepts from varying fields of social and natural sciences and other
disciplines to environmental management (e.g., Gunderson et al. 1995). In particular, the
application of concepts of health derived from the biomedical sciences has emerged in the
context of ecosystem management (Costanza et al. 1992). The ecosystem health concept has
been utilized in integrated assessment and protection of conjoint social and ecological systems
through explicit recognition and characterization of social-ecological linkages (Costanza and
10

Mageau 1999, Epstein et al. 1994, Lebel 2003, Millennium Ecosystem Assessment 2005).
Within the context of ecosystem health and management, the concept of vulnerability has arisen
as an effective assessment method for characterizing and prioritizing the linkages between social
and ecological systems, particularly in the context of environmental services relied upon by
human societies (Adger 2006).
In the marine realm, ecological vulnerability first arose in the context of planning for and
responding to natural hazards, including potential oil spills (Gundlach and Hayes 1978, Michel et
al. 1978). Further development of the vulnerability concept has been promulgated in the
literature of systematic conservation planning (Margules and Pressey 2000, Wilson et al. 2005).
The primary purpose in determining ecological vulnerability is to prioritize conservation actions
for specific resources, which often takes place in the process of spatial planning for protected
areas. A synthesis of the vulnerability concept as applied to ecological systems is presented
below. In the following section, a method is introduced for prioritizing conservation of resources
in protected area planning and management of the Papahānaumokuākea Marine National
Monument (monument).

2.0 Reconciling Conflicting Mandates in the Papahānaumokuākea Marine
National Monument
2.1

Papahānaumokuākea Marine National Monument Ecosystem Protections

The Papahānaumokuākea Marine National Monument (monument) comprises the Northwestern
Hawaiian Islands (NWHI) – a chain of islands, atolls, and shoals spanning approximately 2,000
kilometers beyond the Main Hawaiian Islands (MHI), both of which make up the Hawaiian
Archipelago in the Pacific Ocean (Figure 1). Legal protections for the natural resources in the
monument date to 1909 (Executive Order 199A) when President Theodore Roosevelt established
what is now known as the Hawaiian Islands National Wildlife Refuge (Executive Order 1019,
Presidential Proclamation 2416). The unique values, global significance, and ecological
vulnerability of the NWHI were again recognized by the federal government in Executive Order
13178 (2000) (Executive Order 13178), and finalized by Executive Order 13196 (2001)
(Executive Order 13196), establishing the NWHI Coral Reef Ecosystem Reserve (Reserve) and
initiating a process to designate a National Marine Sanctuary (Sanctuary). Additionally, the
State of Hawai‘i recognized the significance of the NWHI by establishing the Northwestern
Hawaiian Islands State Marine Refuge (DLNR 2005). The biological and cultural significance
of the monument has been documented by expeditions to the NWHI (Grigg et al. 2008), multiple
research symposia (DiNardo and Parrish 2006, Grigg and Pfund 1980, Grigg and Tanoue 1984),
and its recent nomination for recognition as a UNESCO World Heritage Site (State of Hawaii et
al. 2009).
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Figure 1: Map of the Papahānaumokuākea Marine National Monument. Courtesy of NOAA, Papahānaumokuākea
Marine National Monument Office

On June 15, 2006, President Bush issued Presidential Proclamation 8031 (Proclamation)
(Department of Commerce et al. 2006, Presidential Proclamation 8031), creating the NWHI
Marine National Monument under the Antiquities Act of 1906 (American Antiquities Act of
1906). Later renamed the Papahānaumokuākea Marine National Monument (monument)
(Presidential Proclamation 8112), the Proclamation recognizes the global biological and sociocultural significance of the NWHI and the need for strong environmental protection. The
proclamation preserved the existing management responsibilities of two federal agencies and the
State of Hawaii (Table 1), as well as pre-existing ecosystem protections. The National Oceanic
and Atmospheric Administration (NOAA), U.S. Fish and Wildlife Service (USFWS), and the
State of Hawai‘i have been designated as monument “Co-Trustees,” with the mandate to work
cooperatively in the management of the monument. Specific management protocols were
outlined for implementation in an interagency memorandum of agreement (Memorandum of
Agreement 2006). A suite of policies and regulations exist associated with the Co-Trustee
agencies, along with applicable state and Federal laws, (e.g. Endangered Species Act, Marine
Mammal Protection Act, Migratory Bird Treaty Act), to which management of the protected area
is to conform.
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Resource
Coral
Algae
Misc. Benthic Shallow
Water Invertebrates
Lobster
Reef fish
Bottomfish
Pelagic Marine Life
Reptiles
Land Birds
Shore Birds
Sea Birds
Marine Mammals
Terrestrial Invertebrates
Terrestrial Plants
Endangered and
Threatened Species
Native Hawaiian
Ancestral Sites
Native Hawaiian
Ceremonial Foundations
Maritime Heritage

Example
Poritidea, Pocilloporidea, Acroporidea, deepwater
‘precious’ corals
Chlorophyta, Rhodophyta, Phaeophyta, Cyanophyta,
Halimeda, coralline

Category
Habitat, species
Habitat, species

Mollusca, Porifea, Anthropoda

Species

Palinuridae, Scyllaridae
Apex predators, herbivores,
Lutjanidae, Serranidae, Carangidae, Lethrinidae
Scombroidae, Carcharhinidae,
Caretta carretta, Chelonia mydas, Lepidochelys
olivacae, Dermochelys coriacea, Eretmochelys
imbricata
Passerines (3), Laysan Duck
Pluvialis fulva, Numenius tahitiensis, Tringa incana,
Arenaria interpres
Albatross, shearwaters, petrel, terns, boobys
Monachus schauinslandi, Cetaceans (20+)
Arachnida, Insecta, Chilopoda, Gastropoda
Achyranthes atollensis, Phyloostegia variabilis,
Pritchardia spp.
Marine mammals, marine turtles, terrestrial birds,
seabirds, terrestrial plants

Species
Species
Species
Species
Species

Species
Species
Species
Species
Species
Habitat, species
Species
Socio-Cultural

Ceremonial terraces and platform foundations
(Nihoa, Mokumanamana)
Ship wrecks, military WWII sites

Socio-Cultural
Socio-Cultural

Table 1: Resources of the Northwestern Hawaiian Islands, as identified by the Papahānaumokuākea Marine
National Monument Management Plan (MMP) (USFWS et al. 2008). ‘Misc benthic shallow water invertebrates’ is
substituted for ‘crustaceans,’ because crustaceans include lobsters, which are disaggregated in the MMP.

2.2

Reconciling Conflicting Resource Management Mandates in the Monument

The monument is the largest protected area in the United States, and one of the largest MPAs in
the world. Like many protected areas, the monument contains focal resources (e.g. the
endangered Hawaiian monk seal, Native Hawaiian cultural sites) requiring special management
actions, as well as the mandate to manage the protected area via an ecosystem approach. For
managing institutions, the legal mandates that require special protection of focal resources can
result in significant investment of agency resources to a disproportionately small element of the
ecosystem. For example, in the monument a suite of management actions have been directed
toward conservation of the endangered monk seal. The significant investment of management
effort in the Hawaiian monk seal is a consequence of the monk seal’s protected status under the
Endangered Species Act, which prescribes specific actions to which managing agencies are
13

required to conform. Conservation strategies employed by managing agencies have included
exhaustive monitoring programs, relocation of males to reduce deleterious male-mobbing
behaviors, catch-and-release programs to revitalize malnourished pups, and the removal of
Galapagos sharks that prey on juvenile pups. The focus on saving the endangered monk seal
takes place within a broader effort by co-trustees to manage the entire ecosystem of the
monument. From an ecosystem function perspective, the monk seal is a critical component of
the functional group of apex predators in the monument. The diversity of functional groups has
been recognized as a key feature of maintaining ecological resilience (Bengtsson et al. 2003,
Hughes et al. 2003, Nyström and Folke 2001, Nyström et al. 2000), although there are emerging
arguments against this assertion (e.g. Bellwood et al. 2003). Loss of functional group diversity
and intact populations can result in phase shifts to undesired states, as has been observed in the
Caribbean region (Box 1) (Nyström et al. 2000). For the Hawaiian monk seal, the critical
question from the whole ecosystem perspective then becomes at what population level does the
monk seal become ecologically extinct, and how would the resilience of the monument
ecosystem be impacted if the monk seal was to go extinct? From a broader ecosystem
perspective, the goals should be to preserve the diversity of functional groups in the monument
in order to maximize ecological resilience and prevent shifts to undesirable ecosystem states that
can be caused by human and environmental disturbances acting synergistically. Notably, both
approaches require an understanding of the historical baseline of ecological states, population
densities and species’ roles in the ecosystem, as well as disturbance regimes (human and natural)
in managed ecosystem.
Box 1. Phase shift in Caribbean coral reefs (adapted from Nyström et al. 2000)
In the past three decades, coral reef ecosystems in the Caribbean region have undergone a dramatic
transition from hard coral to fleshy algae dominance. The factors behind this change include a
combination of natural (hurricanes and disease) and anthropogenic (overfishing and nutrient increase)
disturbances acting in synergy. Due to overfishing, by the late 1960-70s fish biomass had been heavily
reduced, and the reefs around Jamaica were extensively damaged. Because large predatory fish were
continuously overfished, herbivorous fish became the new target species. The loss of herbivorous fish
resulted in the competitive release of the sea urchin Diadema antillarium which increased significantly
in abundance and became the keystone herbivore. In 1981, a hurricane killed or damaged most of the
branching coral species, resulting in new open substratum becoming available for colonization by fast
growing algae. Despite high levels of nutrients, algal densities were kept low by the efficient grazing
Diadema, and coral recolonization took place. However, in 1982 and 1983, the sea urchin population
suffered from a species-specific pathogen that reduced the population by 99% in some areas. It is
speculated that the high host density of Diadema enabled efficient transmission of the pathogen, to
which Diadema exhibited an extremely low resistance. Additionally, the loss of host diversity in the
coral reef ecosystem probably reduced the natural capacity of the ecosystem to dilute the pathogen and
therefore buffer populations from epidemic disease. Because all major grazers were then low in
numbers, they were not able to prevent the establishment of algae, resulting in a dramatic change in the
abundance ratio between coral and benthic algae. Brown fleshy algae became overwhelmingly
abundant and prevented coral larvae settlement. This case demonstrates how the loss of diversity within
the functional group of herbivores resulted in reduced resilience of the coral reef ecosystem. A
disturbance that could previously be buffered by a diverse functional group of herbivores, became the
trigger that caused an ecosystem with reduced resilience to shift from a coral-dominated state to one
dominated by algae. The extent to which this phase shift is irreversible is still unclear.

The above example (Box 1) illustrates the difference in management approaches to the
conservation of focal resources versus broader, ecosystem-based management. To reconcile
14

these approaches, we propose a prioritization process for resource conservation (Figure 2). This
integrative planning and management process includes three primary steps:
1) Resource identification and prioritization through a participatory stakeholder process;
2) Resource vulnerability determinations through an expert interview method, and;
3) Integration of vulnerability determination and prioritization of resources into a
conservation priority index that can be integrated into marine spatial planning tools to aid
in ecosystem planning and management.
The first step is a value-driven process whereby stakeholders identify the resources and attributes
of the protected area and subsequently prioritize the resources for management actions. The
second step is an expert opinion survey method which assigns vulnerability determinations to
resources. A third and final step is the integration of stakeholder resource prioritization data
(established in step 1) with vulnerability determinations (step 2), which results in a resourcespecific conservation prioritization index. Conservation priority indices for specific resources
can be then be integrated via geospatial information tools for ecosystem-based analysis and
decision-making by managing agencies. Each step in this process is described in more detail
below.
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Figure 2: Flow chart showing the progressive steps in a conservation planning framework for resource
identification, prioritization, vulnerability determination, and integration via spatial planning tools.

2.3

Step 1: Resource Identification

In protected areas, resources have variably been defined as habitats, areas, species, processes, or
artifacts that have societal value (Zacharias and Gregr 2005). In an ecosystem context, the term
‘resource’ does not necessarily imply resources expressly targeted for extraction by human uses,
but also includes elements and processes critical to ecosystem function, such as habitat,
interspecies connections, and processes. Additionally, based on the EBM thinking which
16

emphasizes the interconnectedness of economic, political, social, and ecological dimensions,
‘resources’ also include place-specific features that hold particular cultural or aesthetic value.
A critical first step in the conservation planning process is to build a consensus on what
resources in the protected area are valued by different stakeholders. This includes identification
of the resources that are valued in the managed ecosystem by stakeholders and constituents.
Subsequently, resources are ranked or prioritized for management actions based on their
perceived value to stakeholders. Identifying and prioritizing resources should optimally be
accomplished in a systematic, participatory stakeholder process (Berghöfer et al. 2008, Noss et
al. 2002) that attempts to reach a consensus or agreement amongst stakeholders. As part of this
process, managing agencies may generate a preliminary resource list as a basic framework to
facilitate discussions by stakeholders. Subsequently, stakeholder discussions and results from
expert opinion surveys may be integrated to form a more comprehensive resource list.
2.3.1

Establishing a Preliminary Resource List

A preliminary resource list was derived from the Monument Management Plan (MMP) (USFWS
et al. 2008) (Table 1 in section 2.1). Specific resources were initially identified in the MMP
section entitled ‘Status and Condition of the Natural Resources and Environmental and
Anthropogenic Stressors;’ this list includes all resources given a subheading in this section of the
MMP. Subsequently each subsection of the action plans within the MMP as well as the
Environmental Assessment was reviewed and considered while developing the Preliminary
Resource List. We modified an approach from (Zacharias and Gregr 2005), where resources
were grouped and placed into categories, including: Habitat, Species, Socio-Cultural, and
Ecosystem Processes (Table 1 in section 2.1). These categories may be subject to change based
on expert opinion surveys and data gathered by stakeholders during the valuation process in
order to develop a more comprehensive list.
The preliminary resource list was subsequently expanded by adding resources identified in a
survey of related literature in academic journals (Table 2). The following key words were used to
search academic journals available through online databases from the University of Hawai’i at
Mānoa: MPA, EBM, Protected Resources, Focal Resources, PMNM, NWHI, Ecosystem Threats,
Ecosystem Vulnerability, and Ecosystem Risk. Databases were searched by graduate students at
the University of Hawai‘i at Mānoa. The resultant list represents an expanded array of resources
identified as integral to ecosystem function as well as socio-cultural value (Hiddink et al. 2007,
Hiscock and Tyler-Walters 2006, Noss et al. 2002, Selkoe et al. 2008, Zacharias and Gregr
2005). Notably, this resource list includes not only biological elements (e.g., habitats, species),
but also biotic and abiotic processes which are critical attributes of ecosystem function. Finally,
a preliminary list of socio-cultural resources is included, with an express caveat: it is expected
that engagement with Native Hawaiian stakeholders in the process would substantially expand
and further define the resources identified here as having cultural significance in the NWHI.
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Resource
Ecozones &
Habitats

Code
E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
E11
H1
H2
H3
H4

Source

MMP
MMP
MMP

MMP

H5
Biological
Resources

Socio-Cultural
Resources

Processes

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13

MMP

SCR1
SCR2
SCR3
P1

MMP
MMP
MMP

P2
P3

MMP
MMP
MMP
MMP
MMP
MMP
MMP
MMP
MMP

Description
Pelagic
Deep Reef
Outer Reef
Inner Reef
Pavement
Sand / Mud
Algal Beds
Sandy Beach
Rocky Intertidal
Interior Terrestrial
Unclassified Habitat (Other)
Seamounts
Lagoons
Tidal Passages
Spawning Sites
Areas of High Biodiversity (Spp. Richness,
Diversity)
Threatened, Endangered and Protected
Species
Endemic Species
Biogenic Reefs
Seabirds, Shorebirds
Marine Mammals
Migratory Species
Benthic Shallow Water Invertebrates
Crustaceans
Reef Fish
Bottom Fish
Pelagic Marine Life
Reptiles
Long-lived, Low Reproductive Species
Native Hawaiian Ancestral Sites
Native Hawaiian Ceremonial Foundations
Maritime Heritage Sites
Seasonal Spawning/Reproduction Events
Pacific Decadal Oscillation, Geostrophic
Fronts
Ecological-Evolutionary Connectivity

Table 2: Example of an ecosystem-based resource list for the monument. A species or group of species was
categorized as ‘Habitat’ if it provides critical habitat for other species (e.g. biogenic corals). The ‘Species’ category
was assigned to species or groups of species that are considered an important resource, either for extractive or
aesthetic values, or if the species plays a critical role in ecosystem function. The ’Socio-Cultural’ category
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represents resources that have special significance in terms of military or seafaring history or Native Hawaiian
culture. Lastly, ‘Processes’ were identified for specific abiotic and biotic events that have broad-reaching effects
across the NWHI coral reef ecosystem. MMP indicates this resource was identified in the Monument Management
Plan (USFWS et al. 2008).

2.3.2

Stakeholder Mechanisms for Resource Valuation and Prioritization

Once generated, the preliminary resource list can then be evaluated by a group of experts and
stakeholders in order for them to add, alter, and prioritize the resources. Ideally, stakeholders
and experts should reach a consensus, but consensus building amongst competing interest groups
may be difficult. Indeed, different stakeholder groups hold different definitions of what
constitutes a resource as well as different valuations for different resources. Inherent in these
differing resource valuations are the varying motives, interests, worldviews and belief systems
that comprise stakeholder groups in protected areas and elsewhere.
Within the disciplines of decision science and conservation planning there are many methods
that are commonly used for consensus building amongst interested parties. We will highlight a
technique referred to as the modified Delphi Method, an accepted method in the field of
conservation biology and social sciences utilized to reach consensus among competing interest
groups (Crance 1987, Linstone and Turoff 2002). We selected the Delphi Method because the
technique allows participants to remain anonymous to each other and thus minimizes bias and
conflict. Alternative methods include focus groups, public comment and meetings, or facilitated
workshops with stakeholder groups. The Delphi Method is an iterative systematic survey
technique that is used to build towards a consensus or agreement among pre-determined
participants. Survey questions are distributed amongst participants who are anonymous to each
other. Answers are consolidated and redistributed back to the participants by the investigators
along with the original question list and/or additional questions. Survey participants are then
allowed to change their answers based on previous answers and justifications by others in the
group. Because participants are anonymous to each other, this method is able to circumvent
problems that may arise from face-to-face and group interactions. The iterative survey process
allows competing participants to convince each other and change their answers without “losing
face.” This structured process of collecting and disseminating all available data continues until
consensus, stasis, or a predetermined number of rounds has been reached. For MPA
management and planning, a modified Delphi Method should include: 1) reaching consensus on
a final resource list; and, 2) determination of quantitative prioritization (valuation metrics) for
individual resources.
A quantitative valuation metric specific to each resource must be derived from the survey
process. This quantitative metric would be a function of individual scores from survey
participants rating the importance of individual resources according to biological, ecological,
cultural, legal, and economic importance. These ranked values are incorporated with
vulnerability determinations to arrive at what can be viewed as a conservation priority index for
each resource in the protected area (Figure 3).
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Figure 3: Conceptualization of a resource conservation prioritization index, which is a function of vulnerability and
resource value (prioritization ranking). Vulnerability is a function of risk and sensitivity. Risk is a probabilistic
function of the spatial and temporal scale of anthropogenic threats. Resource sensitivity is a function of the
functional impact of a stressor to a resource, as well as the resilience of a resource, defined as its resistance to a
stressor, and recovery time after the occurrence of a stressor.

The results obtained from using the Delphi Method are only as robust as the expertise of the
group of individuals chosen to participate in the process as well as the questions that are used in
the survey. If participants are not an adequate representation of their chosen field of expertise, or
not enough participants are included to capture the field, then the results may not be an accurate
representation and therefore not repeatable. It is critical that survey participants include
stakeholders and experts with knowledge of the protected area. We define stakeholders as any
group that has a direct or indirect stake in the decision-making process. Stakeholders include
individuals, groups, or institutions that can be affected by the results of the decision-making
process. Experts include individuals with academic training in a topic germane to the ecosystem,
those with tenured knowledge of the ecosystem, indigenous cultural experts, or others with
similar qualifications (Grimble and Wellard 1997, Pomeroy and Douvere 2008).
For the monument, stakeholders and experts include, but are not limited to: Native Hawaiian
cultural practitioners, managers from the Co-Trustee agencies, academic and research scientists
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(biophysical and social scientists), extractive resource users (recreational and commercial),
members of non-governmental organizations, and members of the public. These expert groups
comprise the stakeholders identified as critical to inclusion in the planning process, based on the
identified metrics of power, legitimacy, and urgency (Mitchell et al. 1997, Scott and Lane 2000).
It is important to note that experts and stakeholders tend to be viewed as distinct groups, though
in some cases they may overlap. Finally, it is critical that qualified social scientists or
professional facilitators are engaged in the design, execution, and analysis of the survey process.
2.4

Step 2: Resource Vulnerability Determinations

Vulnerability has arisen as a key concept for prioritizing management strategies, particularly in
conservation planning, and various definitions and methods for determining vulnerability have
been proposed (Wilson et al. 2005, Wilson et al. 2006). As used here, vulnerability is defined as
a function of the sensitivity of a resource to a stressor or disturbance, combined with the risk of
the stressor or disturbance occurring (Figure 3). Sensitivity is defined as the degree to which
resources respond to stresses, where stresses are deviations of environmental conditions beyond
the expected range (Zacharias and Gregr 2005). Risk is a probability function for the occurrence
of a specific event, such as a stressor or disturbance (Saaty 1987). Vulnerability is therefore the
probability that a resource will be exposed to a stressor to which it is sensitive (FAO 2007,
Halpern et al. 2007, Hiddink et al. 2007, Zacharias and Gregr 2005).
Various methods have been proposed for determining quantitative measures of vulnerability, but
most studies have focused on a single species approach (e.g. Garthe and Huppop 2004). The
three primary methods proposed in the literature include: 1) ranking data obtained in a literature
review, 2) expert opinion survey, and 3) site-based algorithms. A repeatable, quantitative survey
method is the most appropriate and tractable method by which to assess, from an ecosystem
level, environmental vulnerability (Halpern et al. 2007). The methods presented in Halpern et
al. (2007) and applied to identifying and ranking threats in the NWHI by Selkoe et al. (2008b)
can be used in a comprehensive survey of expert opinions to determine quantitatively the
vulnerability of resources in the monument and bring focal and ecosystem-level resources into a
common framework. As defined above, experts include academically-trained or similarly
qualified individuals with deep knowledge and experience, including those intimately familiar
with the protected area.
Halpern et al. (2007) present five criteria for determining vulnerability, which can be grouped
under the two primary concepts underlying vulnerability, that of risk and sensitivity (Figure 3).
These metrics include the (1) spatial scale and (2) temporal frequency of a stressor, which
together comprise the probabilistic function of risk. For sensitivity, metrics include the (3)
functional impact (number of trophic levels affected), (4) the resistance to impact, and, (5) the
recovery time required to return to a pre-impact conditions.
Resource sensitivity therefore includes considerations of both the likelihood that a resource will
experience substantial alteration from short-term or chronic disturbance, and the length of time
required to recover to its prior state after a disturbance (FAO 2007, Halpern et al. 2007,
Zacharias and Gregr 2005). The most sensitive resources are therefore those that are both easily
disturbed and are slow to recover, or may never recover. Sensitive ecosystem features may be
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physically fragile, but some may be functionally fragile even if physically robust. Therefore, a
resource is defined as sensitive to a threat or stressor if it would be harmed, diminished, or
altered due to the stressor or threat. A resource is vulnerable if it is likely that it would be
exposed to a stressor in a frequency or duration that causes the stressor to affect it.
For individual resources, a quantitative determination of vulnerability requires identification of
the stressors or threats to the resources in a protected area. For protected areas, the stressors of
concern are direct anthropogenic stressors (e.g., marine debris, ship groundings), or indirect
anthropogenic stressors, which are those stressors that have been exacerbated via human actions
(e.g., sea level rise due to human-induced climate change). For the monument, the threats have
been determined in previous work by (Selkoe et al. 2008b) and mapped spatially (Selkoe et al.
2008a).
2.5

Step 3: Integration into Spatial Conservation Planning Applications

A key benefit of the vulnerability concept is the prioritization of resources for conservation
actions. In order for the vulnerability concept to be useful to managers and the decision-making
process the vulnerability determinations and prioritization/valuation ranking must be mapped
spatially. Using spatial mapping tools, areas that contain resources of special significance can be
overlayed by layers of sensitivity and risk analyses. The result is a geospatial model of
vulnerability. Spatial mapping also allows managers to integrate disparate information sets into
a matrix that can inform decision-makers on a time scale relevant to management. Integration
of various datasets into a marine spatial planning process provides a mechanism for data from
research and monitoring to be incorporated into the management of the ecosystem.
Several software applications exist for integrating data into geospatial systems for eco-regional
conservation planning. A suite of site-based algorithms have been developed into software for
conservation planning and configuration. Marxan is among the most sophisticated and
appropriate for marine spatial planning, because it allows users to analyze and resolve multiple
layers of data, including conservation targets (e.g. focal resources) and spatial management goals
(e.g. 60% of spawning habitats protected) (Leslie et al. 2003, Possingham et al. 2000, Ball and
Possingham 2000).
Marxan provides a mechanism to determine a hierarchical set of decision rules in spatial
analyses. It assigns values to spatial planning units based on ecological and social criteria, which
are then selected from among potential planning sites for the creation of a spatially cohesive
reserve system that meets the goals set for protection of biodiversity or other conservation
targets. It also includes tools for setting priorities, objectives, and budgets. Thus Marxan can be
used for re-zoning considerations but also has an irreplaceability function which maps outputs
and gives an indicative measure of the importance of individual planning units for meeting
conservation objectives. Currently, researchers at The Ecology Centre and Centre for Applied
Environmental Decision Analysis at the University of Queensland are developing new
applications for Marxan to depict probabilistic information such as the probability of
catastrophes occurring into the conservation planning process
(http://www.uq.edu.au/MARXAN/index.html?page=77644&p=1.1.2.2).
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The Marxan algorithm contains an objective function with which it runs all possible scenarios.
In our proposed methodology, the objective function would be optimized for a vulnerability
determination. To depict the vulnerability determinations using Marxan the planning region must
be defined, in this case it will be the boundary of the monument. Next, conservation features are
chosen that reflect regional ecology, availability of data, and relevance to desired planning
objectives. The resource list shown in Table 1 (in section 2.1) summarizes the conservation
features (and some of the subdivisions for the planning units) of monument. Data on resources
(conservation feature) sensitivity and risk can then be manipulated to create spatial
representations of vulnerability.
Information from the stakeholder resource identification and prioritization process (step 1) and
expert surveys for vulnerability determinations (step 2) can be integrated with other spatial
information through spatial mapping tools (e.g. GIS). Once a prioritized resource list is
established (see Table 1 in section 2.1) each resource can be mapped spatially based on existing
information on the distribution and spatial characterization of the managed ecosystem using
Arcview, ArcGIS or other GIS software. Information on the risk of a stressor occurring can be
mapped both spatially and by temporal frequency; e.g. for the NWHI, this information has been
determined (Selkoe et al. 2008a, 2008b). The conservation priority index values for each
resource , as determined by results of Steps 1-2 (sections 2.3-2.4), can be further integrated with
biological and abiotic data available from research and monitoring activities.
The solutions or outputs from a Marxan analysis are a timely and useful means of incorporating
large datasets with a huge area and complex questions. It allows for the integration of datasets
generated in ongoing research and monitoring efforts. For the monument, large monitoring data
sets exist, and research activities are consistently generating new data streams and information
useful to management. Since the available information and the issues will constantly change,
Marxan can be run many times with revised conservation targets to give up-to-date overlays of
the most vulnerable areas within the monument. Spatial vulnerability determinations are also
useful for more effective enforcement and monitoring of a reserve system (Leslie et al. 2003).
Considering the large area of the monument, this would be of particular importance to identify
areas that are critical areas to zone for special biodiversity protections, or monitor for violations.

3.0 Application to Planning and Management of the NWHI: Marine Spatial
Planning
Various applications and tools that comprise marine spatial planning (MSP) approaches have
been applied in marine ecosystem management. Ehler and Douvere (2007) define MSP as
“analyzing and allocating parts of three-dimensional marine spaces to specific uses, to achieve
ecological, economic, and social objectives that are usually specified through the political
process.” In MPAs, MSP focuses on a spatial approach to managing ocean-space, including
zoning for multiple use, special ecosystem protections, surveillance, and other human uses
(Crowder and Norse 2008, Douvere 2008, Douvere and Ehler 2008, Ehler and Douvere 2007).
The adoption of spatial approaches is the result of an increased recognition, primarily among
ecologists and resource managers, of the efficacy of spatial management in managing socialecological complexity, including negativisms (“externalities”) associated with common property
regimes (Berkes et al. 2006, Crowder et al. 2006, Day 2002, Dietz et al. 2003, Lubchenco et al.
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2003). Additionally, MSP is now recognized as a viable method for implementing ecosystembased management (Crowder and Norse 2008, Friedlander et al. 2007, Ruckelshaus et al. 2008).
We address two primary MSP approaches for our vulnerability determination process that can be
used in planning and management of the NWHI, including zoning and surveillance.
3.1

Zoning in the NWHI

Currently, the NWHI has been spatially zoned into three areas: Special Preservation Areas
(SPAs), Ecological Reserves, and the Midway Atoll Special Management Area. The purpose of
this zonation is to protect sensitive habitats and preserve ecological services. The existing
zonation scheme was arrived at by using bathymetric curves to delineate SPAs and areas outside
of the existing bottom fishing areas were classified as Ecological Reserves. The current zoning
system was based on a ‘blanket’ approach to set aside large areas, rather than a systematic,
ecosystem-based approach recommended here.
The proposed methodology provides an ecosystem-based approach for integrating information
into spatial management of the monument. Rather than being based on bathymetry alone, this
methodology will allow for meaningful identification of vulnerable areas for relevant zoning
schemes. Greater certainty will be provided because zones will be delineated by physical
habitat, species distribution, physical and biological processes, or locations of high human value
(e.g. native Hawaiian and marine archeology sites). Under this type of zoning scheme, human
activities within the monument could be evaluated based on informed criteria and spatial
vulnerability.
Additionally, this work will build on existing research efforts in the NWHI. In particular, the
existing characterization of anthropogenic threats (Selkoe et al. 2008b) has been mapped
spatially (Selkoe et al. 2008a), identifying areas that are most susceptible to threats. The spatial
characterization of the vulnerability of resources in the NWHI, in conjunction with threat
mapping (Selkoe et al. 2008a), monitoring data, and spatial data on cumulative impacts of human
activities (Halpern et al. 2008) will allow managers to effectively plan and manage the NWHI
protected ecosystem. Such planning and management can more effectively address permitted or
allowed activities in the monument. These activities include commercial vessel traffic,
recreation, siting of cables and pipelines, anchoring, military activities, and prioritization of
research needs for management. For example, dedicated commercial shipping lanes and ocean
cables could be relocated to areas away from identified vulnerable areas, and within a bank scale,
specific anchoring locations could be identified. While the US military is not restricted in any
way within the monument, the identification of vulnerable areas could be used by the military to
voluntarily conduct exercises in less-vulnerable areas.
3.2

Surveillance

Effective MSP also requires enforcement of existing statutes and regulations, in effect,
monitoring illegal activities through surveillance. Human activities in the monument that are
targets for surveillance include three user categories:

24

1) permitted users that violate the conditions of their permits (e.g. bottomfish vessels
fishing in restricted areas),
2) non-permitted legal activities (e.g. vessels engaged in passive transit through the
NWHI), and,
3) non-permitted users engaged in illegal activities (e.g. illegal foreign-flagged vessels).
The threats associated with these different users may impact monument resources at different
scales, and are part of surveillance and threat assessment being conducted by the monument.
Enforcement concerns in monument center on ensuring compliance with monument regulations.
Currently, surveillance of the monument includes monthly flights by the United States Coast
Guard (USCG). During these flyovers a crew can survey a swath of approximately 50 nm given
the altitude and variety of tools (USCG 2008). While monthly flights could conceivably cover
the entire width of the monument, the planes are instructed to avoid areas with large
concentrations of birds in order to minimize impacts, therefore, flights must offset the islands,
potentially leaving important ecological areas essentially unmonitored. This current surveillance
scheme attempts to cover the maximum area without specific focus areas. USCG personnel have
expressed a certain degree of frustration with the current scheme, stating that “we could do a
much better job if we knew where to look” (USCG 2008).
Identification of vulnerable areas in the monument would allow surveillance flights to focus
specifically on these areas. For instance, if illegal fishing vessels were thought to be exploiting
monument resources at specific banks or specific habitats within banks (vulnerable areas as
identified by this methodology) flights could be adjusted to target those areas. Identification of
vulnerable areas will also allow monument managers to use other resources for surveillance.
The primary permitted activity in the monument is research. Informing researchers working in
zones deemed vulnerable (see above) about the zone-specific threats adds ‘eyes and ears’ with
communication abilities to the managers. Coastal and land-based vulnerable areas could be
monitored via remote surveillance cameras and off-shore areas could be monitored via satellite.
Scientific research has and continues to play a critical role in defining the biological value of the
resources and ecosystems of the monument (DiNardo and Parrish 2006, Grigg and Pfund 1980,
Grigg and Tanoue 1984). A prioritization scheme can help to direct resources and monitoring to
fill particular management needs, particularly on those areas deemed vulnerable and high
conservation priorities. 1 For surveillance, informing researchers working in zones deemed
priority areas about the threats specific to that area adds surveillance capacity to the NWHI.

4.0

Conclusions

1

The analysis presented here supports, unequivocally, the importance of research, including biophysical, sociocultural, indigenous, and other, as integral to informing effective management of the NWHI. As such, it is believed
by the authors that the spatial prioritization of resources in the NWHI would help identify critical areas where
research needs can inform management. The authors do not support the restriction of research critical to
understanding resources in the NWHI.
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This paper proposes a comprehensive planning process for ecosystem-based management in
protected areas. The process includes multiple steps, and engages with stakeholders, experts,
and managing institutions in a participatory process. The proposed framework integrates
concepts from social and biophysical sciences and thus espouses a transdisciplinary approach to
these issues in ecosystem planning and management. Ideally, the proposed process would be
conducted on a recurring timescale to inform the iterative updating of the management plan for
the marine protected area. This would add an adaptive management approach to the
management plan review process. Significantly, this proposed method would help to resolve the
conflicting mandates of focal resource management and an ecosystem-based approach to
management. It does so by prioritizing resources through various surveying methods, and
integrating the resultant information into geospatial planning platforms that can become dynamic
tools for use by managers.
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