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Abstract: In the last decade, there bas been increasing interest—particularly among international non-
governmental and multilateral development organizations—in evaluating the effectiveness of conservation
and development projects. To evaluate success, we need more comprebensive and case-specific information
on how conservation decisions are made. I report on a database that synthesizes information on 27 marine
conservation planning cases from around the world. I collected data on each case’s geographic scale, primary
planning objective and outcome, legal and institutional context, degree of stakebolder involvement, and the
ecological criteria and tools used to facilitate conservation decisions. The majority of cases were located in
North and Central America, were regional in nature, and had biodiversity conservation as the primary plan-
ning objectives. Outcomes included priority-setting plans and implementation of marine reserves and other
types of marine protected areas. Governments and local nongovernmental organizations led more partici-
patory processes than national and international nongovernmental organizations. Eleven cases considered
ecological criteria first, whereas 106 relied on integrated criteria (ecological plus socioeconomic data and other
pragmatic considerations) to select priority areas for conservation and management action. Key tools for data
integration and synthesis were expert workshops, maps, and reserve-selection algorithms (i.e., computer-based
tools for priority setting and reserve design). To facilitate evaluation of success, future documentation of marine
conservation planning cases should include a standard set of ecological, social, economic, and institutional
elements. To develop standards for effective marine conservation, a more diverse set of documented cases is
needed, for example, those that failed were located outside North and Central America, focused on the local
geographic scale, or were motivated by objectives other than biodiversity conservation.

Key Words: ecoregional planning, marine protected areas, marine reserves, priority-setting approaches, reserve
selection algorithms, systematic planning

Sintesis de Estrategias de Planificacion de Conservacion Marina

Resumen: En la dltima década ba babido mayor interés—particularmente entre organizaciones inter-
nacionales no gubernamentales y de desarrollo multilateral—en evaluar la efectividad de los proyectos de
conservacion y de desarrollo. Para evaluar el éxito, requerimos de informacion, integral y de casos especificos,
sobre como se toman decisiones de conservacion. Analicé una base de datos que sintetiza informacion sobre
27 casos de planificacion de conservacion marina alrededor del mundo. Para cada caso, recolecté datos de la
escala geogrdfica, del objetivo primario de planificacion y su producto, del contexto institucional y legal, el
grado de participacion de los interesados y de los criterios y berramientas ecologicas utilizadas para facilitar
las decisiones de conservacion. La mayoria de los casos se localizaron en Norte y Centro América, fueron de
naturaleza regional, y tuvieron como objetivos primarios de planificacion a la conservacion de biodiversidad.
Los productos incluyeron planes de definicion de prioridades y la implementacion de reservas marinas y otros
tipos de dareas marinas protegidas- Las gobiernos y organizaciones no gubernamentales locales condujeron
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mds procesos participativos que las organizaciones no gubernamentales nacionales e internacionales. Once
casos consideraron criterios ecologicos en primera instancia, mientras que 16 se basaron en criterios integrales
(datos ecologicos y socioeconomicos y otras consideraciones pragmdticas) para seleccionar dreas prioritarias
para la conservacion y acciones de manejo. Las herramientas clave para la integracion y sintesis de datos in-
cluyeron talleres de expertos, mapas y algoritmos para la seleccion de reservas (i. e., berramientas de computo
para la definicion de prioridades y el diseiio de reservas). Para facilitar la evaluacion de éxito, la futura
documentacion de casos de planificacion de conservacion marina deberd incluir un conjunto estdandar de
elementos ecologicos, sociales, economicos e institucionales. Para desarrollar estdndares para la conservacion
marina efectiva se requiere de un conjunto mds diverso de casos documentados; por ejemplo, aquellos que fra-
casaron estaban localizados fuera de Norte y Centro América, estaban enfocados en la escala local o estaban
motivados por objetivos distintos a la conservacion de la biodiversidad.

Palabras Clave: algoritmos para seleccion de reservas, dreas protegidas marinas, estrategias para el establec-
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imiento de prioridades, planificacion ecoregional, planificacion sistematica, reservas marinas

Introduction

Marine ecosystems face increasing threats from both
land- and sea-based anthropogenic activities, including
pollution, exploitation, invasive species, habitat degrada-
tion and loss, and climate change (Pew Oceans Commis-
sion 2003; U.S. Commission on Ocean Policy 2004; Mil-
lennium Ecosystem Assessment 2005). Mitigating these
threats requires a suite of strategies, including develop-
ing institutions and incentives that encourage conserva-
tion and sustainability, building awareness of the value of
biodiversity, and protecting key species and ecosystems
through protected areas and other area-based manage-
ment strategies (Salafsky et al. 2002). Implementation of
protected areas and other area-based management strate-
gies, in particular, requires that priorities be set in a geo-
graphically explicit manner so as to make efficient use of
limited resources. Such priority setting is often referred to
as systematic conservation planning and is based on clear
objectives, with specific conservation targets and an ex-
plicit and transparent decision-making framework (Mar-
gules & Pressey 2000). Although the primary planning
objective is often biodiversity conservation (Groves 2003;
Noss 2003; Redford et al. 2003), other objectives may in-
clude sustaining ecosystem services, preserving cultural
and spiritual values, and providing places for research and
education (Daily et al. 2000; National Research Council
2001).

In the last decade, there has been increasing interest—
particularly among international nongovernmental and
multilateral development organizations—in evaluating
the effectiveness of conservation and development
projects (Margoluis & Salafsky 1998; Salafsky et al. 2002;
Conservation Measures Partnership 2003; Saterson et al.
2004). Evaluation is needed to learn which conservation
approaches work and why, to demonstrate the impact
of conservation, and to provide public and internal ac-
countability (Stem et al. 2005). Success may be defined
by a multitude of social, economic, political, cultural or
ecological criteria but should be explicitly linked to the
project’s objectives and specific activities (Conservation
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Measures Partnership 2003; Saterson et al. 2004). To eval-
uate success, more comprehensive and case-specific in-
formation on how conservation decisions are made is
needed (Conservation Measures Partnership 2003; Sater-
son et al. 2004). Ideally, such documentation would in-
clude information on project objectives and outcomes,
the decision-making process, and measures of success
(Kleiman et al. 2000).

Although governments and nongovernmental organiza-
tions have engaged in systematic conservation planning
for decades, few comparative analyses of the approaches
taken on land exist (Johnson 1995; Redford et al. 2003)
or in the sea (Beck 2003; Lourie & Vincent 2004). Ma-
rine conservation planning efforts have benefited greatly
from the more developed science and practice of ter-
restrial conservation planning (Beck 2003). Nonetheless,
knowledge of differences between terrestrial and marine
systems—in terms of both the biogeophysical realm (Carr
et al. 2003) and resource management and governance
institutions (National Research Council 1997)—suggests
that an explicit synthesis and evaluation of marine conser-
vation planning approaches is needed. Here I report on
a database designed to facilitate the documentation and
synthesis of marine conservation planning approaches
globally and describe preliminary trends that emerge from
the cases in the database thus far. To explore the eco-
logical and social elements that contribute to conserva-
tion success, I focused on the following questions: Where
have marine conservation planning cases been well doc-
umented? What was the geographic extent of these cases,
and who participated? What contributions did natural sci-
ence make to the planning processes? What attributes
were shared among successful cases, and how can this
information be used to develop standards for effective
marine conservation planning?

Methods

To investigate the ecological and social attributes that
contribute to conservation success, I conducted an initial
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survey of marine conservation planning processes glob-
ally and assembled a list of 90 cases (available on request
from H.M.L.). Based on this initial survey, I developed a
database in Microsoft Excel (Seattle, Washington, U.S.A.)
that captured the major features of each case (available on
the Web, see Supplementary Material). I collected data on
each case’s geographic scale, primary planning objective
and outcome, legal and institutional context, degree of
stakeholder involvement, and the ecological criteria and
tools used to facilitate conservation decisions. To fully
evaluate conservation success, data on monitoring, the
social and economic criteria used to make decisions, and
indicators of project success also would be useful. These
variables were not available for most cases, however, so
they were not included in the database. In terms of geo-
graphic scale, each case was scored as local (i.e., limited
to one community), regional (i.e., transcending state or
national boundaries), national, or global. When possible,
information was collected on the spatial extent of both
the planning region and individual planning units.

Each case focused on one of three outcomes: marine
reserve implementation, implementation of a less restric-
tive type of marine protected area (MPA), or priority-
setting plans. Although these three outcomes are not
mutually exclusive, in each case a primary outcome was
apparent. Marine reserves (or no-take areas) are areas of
the ocean completely protected from all extractive or de-
structive activities, except as necessary for monitoring to
evaluate reserve effectiveness (National Research Council
2001; Lubchenco et al. 2003). Marine protected areas in-
clude all area-based management efforts designated to en-
hance conservation of marine resources or meet other ob-
jectives of ocean management (National Research Coun-
cil 2001; Lubchenco et al. 2003). The actual level of pro-
tection of living marine resources within a particular MPA
varies considerably. Priority-setting plans are portfolios or
lists of priority areas used to direct conservation and man-
agement activities such as MPA implementation or envi-
ronmental education. The term priority setting encom-
passes biodiversity conservation planning (Groves 2003)
and marine regional planning (Beck 2003). I use the for-
mer term because not all priority-setting plans in the ma-
rine environment are focused primarily on biodiversity
conservation (Table 1, Bahamas and Fiordland cases).

Information from a variety of natural and social science
disciplines can be used to inform conservation planning
decisions and thus is relevant to evaluating conservation
success. As a starting point, I focused on how natural sci-
ence was used to help make conservation planning de-
cisions. Preliminary examination of the cases suggested
three major roles for natural science in marine conserva-
tion planning: (1) to inform selection of conservation tar-
gets; (2) to provide guidance on the choice of ecological
criteria used to select priority areas; and (3) to develop
and apply scientific tools for information synthesis and
priority area selection.
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Conservation targets include species and ecosystems,
physical features, or a combination of biotic and abiotic
elements (Groves et al. 2002). In many cases, marine habi-
tats serve as biodiversity surrogates and are assumed to
incorporate other targets such as species (Beck 2003).

Most conservation planning processes, particularly
those focused on reserve or MPA implementation, are
based on explicit ecological or socioeconomic criteria
used to identify priority areas (Johnson 1995). In each
case, I examined which ecological criteria were used to in-
form decision making. These criteria were adapted from
a review of ecological criteria for marine reserve design
conducted by Roberts et al. (2003) and included elements
related to biodiversity values, sustaining marine fisheries
and other ecosystem services, and the degree of anthro-
pogenic and natural threats.

Scientists also may design and apply tools for data inte-
gration and synthesis as part of conservation planning ef-
forts. Such tools help ensure a transparent and defensible
process and make the most efficient use of available re-
sources (Margules & Pressey 2000). Three main decision-
support tools were used: expert workshops, maps, and
reserve selection algorithms (i.e., computer-based tools
for priority setting and reserve design). Expert (or Delphi)
workshops bring together people knowledgeable about
the ecological, social, and economic aspects of the iden-
tified study region (Groves 2003). Maps included analog,
digital, and geographic information system (GIS) sources.
Computer-based tools for reserve design included heuris-
tic and simulated annealing algorithms (e.g., SPEXAN,
SITES, and MARXAN) used to generate networks of pro-
tected or priority areas (Possingham et al. 2000; Palumbi
& Warner 2003).

Full documentation was not available for any of the
cases I surveyed initially, so I selected 27 focal cases based
on the following criteria: (1) the case included, but was
not necessarily restricted to, coastal and marine areas and
had explicit spatial boundaries; (2) the planning process
was led by an identifiable institution, and more than one
group of stakeholders was involved; (3) specific planning
objectives and conservation targets were articulated; (4)
the planning process was either completed or sufficiently
developed to result in specific, real-world marine conser-
vation and management activities; and (5) documentation
of at least 60% of the variables in the database was avail-
able from English-language publications (including jour-
nal articles, organizational reports and documents, and
Web sites). In all cases, I conducted interviews with key
informants who participated in the planning processes
to verify the accuracy of data collected from the written
documents and to fill in missing information.

This paper is not meant to be exhaustive, but rather to
stimulate dialog. To my knowledge, this work is the first
effort to synthesize such detailed information on a num-
ber of marine conservation planning cases globally. Some
caution is warranted in interpreting these data, however.
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In some cases the primary objective and other key vari-
ables had to be inferred because they were not explic-
itly reported. The iterative nature of planning processes
may complicate interpretation of the stakeholder groups
involved and the criteria and tools used. This database
can serve as a prototype of what could be a very useful
resource for future planning, implementation, and evalu-
ation of marine conservation efforts.

Results

Characteristics of the Focal Cases

The majority of the 27 focal cases were in North and Cen-
tral America (Table 1). Thirteen were within the U.S. Ex-
clusive Economic Zone (0 to 200 nautical miles offshore).
Seventeen cases had “regional” planning areas, meaning
they transcended political boundaries and were based pri-
marily on biogeographic boundaries. Three cases were
global in focus. The geographic scale of the nonglobal
cases varied from 2,435 to 2,654,945 km?, with an aver-
age region size of 486,618 km? and median size of 160,000
km? (Table D).

Biodiversity conservation was the primary objective in
22 cases (Fig. 1a, Table 1). Creation of areas for scientific
research was the lead objective in two cases, and sus-
tainable fisheries were the primary objective in five cases
(Fig. 1a). Two cases had dual primary aims of biodiversity
conservation and sustainable fisheries: Channel Islands,
United States (Airamé et al. 2003), and Fiordland, New
Zealand (Guardians of Fiordland’s Fisheries & Marine En-
vironment 2003).

Planners selected priority or protected areas in each
case based either on a standardized set of units (e.g., 2.5-
km? hexagons or 1° grid squares) or on a set of differ-
ently sized units delineated by environmental or political
factors. Of those cases for which planning unit size was
reported, two-thirds included variably sized units. The
mean size of individual planning units ranged from 0.3
to 1.1 x 10° km?, with an average of 67,000 km? and a
median of 740 km? (1 = 22 cases). As planning region in-
creased, mean individual priority area and total protected
or priority area increased (7 = 21 cases).

Governments and nongovernmental organizations
both led planning processes (Table 1). Governments were
more active in MPA and reserve implementation efforts.
Nongovernmental organizations dominated initiatives fo-
cused on priority-setting plans. Universities and multilat-
eral institutions (e.g., World Conservation Union) rarely
played a lead role. Based on the average number of stake-
holder groups involved in cases led by each institution
type, government and local nongovernmental organiza-
tions led more participatory processes than national and
international nongovernmental organizations (Fig. 1b).
Completed or more fully developed processes seemed
to include more stakeholder groups.

Marine Conservation Planning 1707

Outcomes of Marine Conservation Planning

Of the 27 marine conservation planning cases evaluated,
15 focused on production of priority-setting plans (Table
1), which were particularly common at the regional and
global political scales. Four cases involved implementa-
tion of marine reserves or reserve networks; the other
eight focused on the implementation of other types of
MPAs or MPA networks. At the local and regional scales,
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Figure 1. (a) Objectives and (b) stakebolder
involvement in the marine conservation planning
cases. Primary objectives included biodiversity
conservation, areas for scientific research, and
sustainable fisberies management. The mean number
of stakebolder groups involved in each process is
Dpresented as a function of the type of lead institution.
Institution types: 1, federal government; 2, county
government; 3, local nongovernmental organization
(NGO); 4, international NGO; 5, national NGO; 6,
multilateral institution; and 7, university. The number
of cases per institution type is listed above each bar:
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cases tended to focus on marine reserve or MPA imple-
mentation.

An example of a priority-setting plan is the Mid-Atlan-
tic case led by the Natural Resources Defense Council
(NRDCQ). The Council convened scientists with expertise
in Mid-Atlantic marine species and ecosystems to identify
priority areas. Participants chose candidate areas based
on seven major criteria and their knowledge of the re-
gion. They produced a composite map of all the candi-
date sites. Areas of great overlap were designated priority
areas (Azimi 2001; L. Speer, personal communication).
As a first step, NRDC used the portfolio of priority areas
to advocate for changes in fisheries management through
the Mid-Atlantic Fishery Management Council process (L.
Speer, personal communication).

An example of MPA network implementation took
place in the Channel Islands National Marine Sanctuary.
The sanctuary and state of California jointly coordinated a
marine reserve working group, which was charged with
designing a network of reserves and other less-restrictive
types of MPAs to meet biodiversity conservation and fish-
eries management objectives (Airamé et al. 2003). The
2-year process was highly participatory and public. State-
of-the-art natural and social science information gener-
ated by scientists from government, nongovernmental
organizations, and universities played key roles. In April
2003, California implemented an MPA network that en-
compasses approximately 25% of state waters surround-
ing the Channel Islands; complementary federal action
is expected in 2006 (http://www.cinms.nos.noaa.gov/
marineres/enviro_review.html).

Role of Natural Science in Marine Conservation Planning

Decision makers considered both fine-scale (species) and
coarse-scale targets (ecosystems, habitats) in 25 of the
27 cases (Table 1). Although the majority of cases em-
phasized ecosystem-based approaches, 25 cases included
some species-level targets, often those deemed focal, key-
stone, or umbrella species (see supplementary material in
online article).

Planners considered ecological criteria first in 11 of
the 27 cases, whereas they relied on integrated crite-
ria (ecological plus socioeconomic data and other prag-
matic considerations) in 16 cases to select priority areas
for conservation and management action. None of the
documented cases considered social and economic cri-
teria first. Explicit ecological criteria were considered in
26 cases. Nongovernmental organizations tended to give
ecological criteria priority, whereas government-led ini-
tiatives tended to integrate social and economic criteria
into the decision-making processes earlier and more ex-
plicitly. Presence of species of special concern, represen-
tation of biogeographic regions and habitat types, and
inclusion of vulnerable habitats and life stages were con-
sidered in at least 20 of the 27 cases (Fig. 2). The criterion
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Figure 2. Ecological criteria used to inform marine
conservation decisions were scored as “included” if
they were articulated in the published documentation
or in interviews. Criteria: 1, species of special concern;
2, biogeographic representation; 3, habitat
representation; 4, vulnerable bhabitats; 5, vulnerable
life stages; 6, exploitable species; 7, connectivity; 8,
ecosystem functioning; 9, anthropogenic catastropbes;
10, size; 11, natural catastrophes; and 12, ecosystem
services.

considered least often was the provision of ecosystem ser-
vices such as nursery grounds for fisheries, clean water,
protection from storm damage, and areas for recreation
(Peterson & Lubchenco 1997).

Connectivity was included as a criterion in 15 cases.
Marine scientists have documented multiple mechanisms
by which marine ecosystems are connected through the
movement of nutrients and other resources (Duggins
et al. 1989; Bustamante et al. 1995), larvae (Palumbi &
Warner 2003), or adult organisms (Johnson et al. 1999).
Such linkages are critical to the maintenance of func-
tioning marine populations and ecosystems and enable
populations, species, and ecosystems to persist at spa-
tial scales beyond that of a single site (Lubchenco et al.
2003; Roberts et al. 2003). In addition, 17 cases men-
tioned the desirability of a network approach in drafting
priority areas for conservation. Interestingly, there was
not a one-to-one coherence between these two variables.
That is, not all processes that alluded to networks nec-
essarily considered connectivity explicitly, or vice versa.
The term network can have more than one connotation,
which may explain the discrepancy. For some decision
makers, a network is simply a set of complementary sites.
For others, the term relates to connectivity and the eco-
logical relationships and processes that link sites in the
network.

In terms of scientific tools, expert workshops were
used in all 27 cases. Experts were most often scientists
and resource managers, but in some cases included other
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stakeholders such as fishers and local residents. In some
cases, such as in the Eastern African Marine Ecore-
gion (Horrill 2002) or the Galapagos Islands of Ecuador
(Bensted-Smith 2002), expert workshops were used to
develop a common vision of conservation action for the
area. In other cases, such as in the Bering Sea (Banks et
al. 1999) and the Mid-Atlantic region (Azimi 2001), the
assembled experts actually drew lines on maps and pro-
duced a list of priority areas for conservation action.

Maps were used to help make decisions in 24 cases.
The distributions of habitat, target species, or resource
use (e.g., fishing, recreation) were mapped in GIS in at
least 17 cases. In the northwestern Hawaiian Islands, for
example, National Oceanic and Atmospheric Administra-
tion staff initially relied on nautical charts and sketched in
information from scientists, managers, fishers, and con-
servationists about fisheries effort and vulnerable habi-
tats to locate the Sanctuary Preservation Areas (R. Griffis,
personal communication). Researchers from Scripps In-
stitute of Oceanography and the World Wildlife Fund used
GIS to visualize the distributions of habitat, reef fish, and
fishing pressure in the Gulf of California (Sala et al. 2002).

Computer-based tools for priority setting and reserve
design (i.e., reserve-selection algorithms such as SPEXAN,
SITES, and MARXAN) were used in eight cases. These
tools were used to identify potential networks of sites that
met explicit conservation objectives. Conservation goals
(e.g., representation of a certain proportion of marine
populations or habitats) were formulated as constraints
within a cost function (Possingham et al. 2000). In the
northern Gulf of Mexico, for example, The Nature Con-
servancy used SITES to help prioritize coastal and marine
activities in the region (Beck & Odaya 2001). In the Gulf of
California, Sala et al. used MARXAN to help create alterna-
tive reserve network configurations that met biodiversity
objectives while minimizing costs to fishers in the region
(Sala etal. 2002). In the Great Barrier Reef Park of Australia
(S. Slegers, personal communication) and in the Channel
Islands of southern California (Airamé et al. 2003), stake-
holder groups explored possible reserve network con-
figurations with similar tools. The Gulf of California and
Australia cases were among the first marine applications
to explicitly incorporate socioeconomic constraints by
using reserve-selection algorithms, which enabled plan-
ners to examine the trade-offs among different conserva-
tion goals and network configurations. All eight of these
cases are part of ongoing marine conservation planning
efforts.

Discussion

Evaluating Conservation Success

Measuring the effectiveness of a conservation project re-
quires an explicit link between project objectives, activ-
ities, and indicators of success (Conservation Measures
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Partnership 2003; Saterson et al. 2004; Stem et al. 2005).
Indicators of success should be focused on specific con-
servation objectives and be measurable, precise, consis-
tent, and sensitive (Conservation Measures Partnership
2003). In addition to biological indicators, social, politi-
cal, and economic data are needed (Saterson et al. 2004;
Stem et al. 2005). The 27 focal cases were all “successes”
in the sense that their objectives, outcomes, and decision-
making processes were well documented and had some
measure of stakeholder support. Almost every case had
a clear primary planning objective; in the majority of
cases, this was biodiversity conservation. It was much
less common to have specific, lower-level objectives that
met the standards of the Conservation Measures Partner-
ship (2003): “impact oriented, measurable, time limited,
specific, and practical.” Also, the majority of cases focused
on the regional scale, where the planning region was de-
lineated based on biogeographic rather than political
boundaries. The planning processes—from identifying
objectives and conservation targets, integrating relevant
information, and identifying priority areas for conser-
vation and management to implementing appropriate
strategies—engaged multiple institutions and stakeholder
groups.

In several cases—Gulf of California (Sala et al. 2002),
Channel Islands (Airamé et al. 2003), Willamette Valley-
Puget Trough-Georgia Basin ecoregion (Ferdana 2002;
Beck 2003), and Great Barrier Reef (Day et al. 2003)—the
integration of natural science knowledge into the plan-
ning processes was particularly well documented and
transparent. These cases serve as successful models, at
least in terms of the detail, extent, and clarity with which
key features of each case were conveyed in printed and
online materials and the degree to which natural science
was used. Ecologists from academia, government, and
nongovernmental organizations were key players in each
case, providing technical expertise and detailed knowl-
edge of the ecological dynamics of the regions of interest.
Also, conservation targets and tools were well matched
to the primary planning objectives. That is, all four cases
relied primarily (although not exclusively) on informa-
tion about habitat and ecosystem conservation targets
to set conservation goals and select priority areas that
met their primary objective, mainly biodiversity conser-
vation. This trend differed from some earlier cases (e.g.,
Bering Sea), where priority setting relied more heavily
on species-based conservation targets even though the
stated primary objective also was biodiversity conserva-
tion. This difference may have partly been due to the avail-
ability of information or to variation in the lower-level,
more specific objectives in each case. This topic war-
rants further research. Although including both species
and ecosystem-based targets resonates with current scien-
tific understanding, there have been few systematic tests
of the value of using species versus ecosystems as targets
in marine systems (Ward et al. 1999; Gladstone 2002).
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Ideally, conservation success would be evaluated by
comparing a random sample of cases (a mix of successes
and failures) based on clear and standardized ecological,
social, and economic indicators. As of December 2003,
however, such indicators were available for few of these
cases. That is not to say that these cases will not be eval-
uated in the future; for example, in the Channel Islands
(NOAA 2003; CDFG 2004) and Great Barrier Reef (http://
www.reeffutures.org/topics/monitoring/review.cfm)
monitoring is ongoing. Also, in Fiordland, New Zealand,
planners have identified a number of social and eco-
logical indicators of success (Guardians of Fiordland’s
Fisheries & Marine Environment 2003). In other cases, it
may be that monitoring plans and results exist but have
not been widely disseminated.

The database that I created, along with other recent
efforts (Beck 2003; Lourie & Vincent 2004), provides a
strong starting point for assessing success of marine con-
servation planning cases and developing standards of ef-
fective practice. Ideally, documentation of marine con-
servation planning cases would include a standard set of
ecological, social, economic, and institutional elements
so that cases could be more systematically compared.
Future documentation of marine conservation planning
efforts should include the following elements: (1) loca-
tion; (2) geographic scope (e.g., the size of the planning
region, planning units, and priority areas); (3) primary
planning objectives and specific measurable lower-level
objectives; (4) primary obstacles or threats to achieving
the planning objectives; (5) primary and secondary out-
comes, including unexpected outcomes; (6) chronology
of the planning process (e.g., length and planning and im-
plementation milestones); (7) lead institution and partner
organizations; (8) degree and form of stakeholder involve-
ment; (9) key legal, institutional, and social mechanisms
used to achieve the planning objectives; (10) primary con-
servation targets and quantitative conservation goals; (11)
ecological, social, economic, and pragmatic criteria used
to select priority areas; (12) scientific tools used; (13)
monitoring (e.g., lead institution, social, economic, and
ecological indicators of project success), and temporal
extent and frequency of monitoring; (14) project evalua-
tion (e.g., links among indicators and planning objectives,
outcomes, targets, and goals); and (15) sources of infor-
mation and key contacts.

With further development of case-specific, comprehen-
sive databases like this one, we would be in a markedly
better position to develop scientifically informed stan-
dards of marine conservation planning and to advance
the protection of marine biodiversity and sustainable use
of marine resources. I reported on a number of the above
elements, including geographic scale, primary planning
objective and outcome, legal and institutional context,
degree of stakeholder involvement, and the ecological cri-
teria and tools used to facilitate conservation decisions.
In addition, data on the social and economic context and
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outcomes of each case are needed (Christie et al. 2002;
Pomeroy et al. 2004; Stem et al. 2005). Neither socioeco-
nomic nor monitoring data were available for most cases,
indicating the need for more documentation and synthe-
sis in these areas. Also, it would valuable to document
more cases that were located outside North and Central
America, were focused on the local geographic scale (par-
ticularly those led by local organizations or coalitions of
stakeholders and institutions), or were motivated by ob-
jectives other than biodiversity conservation. We need
more examples of failed cases, as well. Evaluation of suc-
cess will require synthesis and collaboration across dis-
ciplines and among scientists and practitioners (Saterson
et al. 2004).

Outstanding Research Questions

Targeted research in several areas would strengthen the
scientific basis of marine conservation planning and con-
tribute to more effective evaluation of project success.
First, approaches to integrating information on ecologi-
cal and evolutionary processes into marine conservation
planning need further development and testing. The im-
portance of integrating process information into conser-
vation planning decisions is increasingly recognized be-
cause ecological and evolutionary processes underlie the
persistence of target populations, species, and ecosys-
tems (Noss 1996; Cowling et al. 1999; Olson et al. 2002).
Yet few marine conservation planning processes explic-
itly have incorporated ecological processes as targets or
constraints (see Bering Sea, Gulf of California, and North-
west Atlantic cases for exceptions). Critical ecological
processes include larval dispersal, migration, spawning
and reproduction, recruitment, and trophic cascades and
other interspecific interactions. The spatial distribution of
such processes often has been linked with upwelling and
productivity gradients (Menge et al. 2004; Leslie 2005),
oceanic fronts (Malakoff 2004), or other oceanographic
features. Consequently, oceanographic phenomena may
serve as proxies for ecological processes in some cases,
although see Barber et al. (2002) for a notable exception.

Second, it would be productive to examine in greater
detail how reserve-selection algorithms have been ap-
plied in marine conservation planning thus far and in
which social and ecological contexts they have been most
useful. Eight of the 27 focal cases used siting tools, and
several other applications have been initiated since I con-
ducted this synthesis (for a list of MARXAN marine appli-
cations, see http://www.ecology.uq.edu.au/index.html?
page=29781). Moreover, applications to date have fo-
cused primarily on representing marine habitats and fo-
cal species to meet biodiversity conservation objectives.
They have not explicitly integrated ecological concepts
such as metapopulation dynamics, larval dispersal, or dis-
turbance, even though these factors are widely recog-
nized as important (Allison et al. 2003; Beck 2003; Roberts
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et al. 2003). Some planners have incorporated these fac-
tors through expert review (as in the Willamette Valley-
Puget Trough and Gulf of Mexico cases) after using an al-
gorithm to generate preliminary network configurations
(Beck & Odaya 2001; Z. Ferdana, personal communica-
tion). Others have used features of the algorithms to im-
plicitly incorporate connectivity (Sala et al. 2002; Airamé
et al. 2003; Day et al. 2003). This research need relates
closely to the earlier discussion regarding ecological pro-
cesses. The large-scale distribution patterns of marine
species and habitats that are the focus of most marine
conservation planning activities are dynamic in space and
time and can be generated by ecological processes (such
as dispersal and predation) that operate on local spatial
scales (Guichard et al. 2004). Consequently, it would be
worthwhile to explore how reserve selection algorithms
could be adapted to more explicitly integrate information
on the local processes that drive population, community,
and ecosystem dynamics (Guichard et al. 2004; Williams
et al. 2004).

Finally, further research is needed on the realized
outcomes, costs, and benefits of marine conservation
planning. Considerable resources have been invested in
generating and synthesizing scientific knowledge to in-
form marine reserve design and other planning activi-
ties. These efforts have yielded substantial dividends in
terms of project implementation and advancement of ma-
rine conservation science. Now, greater attention should
be focused on evaluating project success. That is, do
these activities make a measurable difference in terms of
the health and resilience of marine populations, species,
ecosystems, and associated human communities? With
better documentation of the planning, implementation,
and monitoring phases of marine conservation and devel-
opment projects, scientists and practitioners will be in a
considerably stronger position to evaluate the ecological,
social, economic, and institutional dimensions of success
and to develop standards for effective marine conserva-
tion practice.
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