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Abstract
Marine environments, key life-support systems for the earth, are under severe threat. Issues
associated with managing these common property resources are complex and interrelated.
Networks of marine reserves can be valuable for mitigating threats to marine systems, yet the
successful design and implementation of such networks has been limited. Efficient ways to
conserve marine environments are urgently needed. This focus section of The Professional
Geographer explores the development of marine reserve networks based on geomorphology, fish
biology, ecological connectivity, and appropriate governance. The articles in this focus section
offer examples of the following: 1) distinctive reef geomorphology dictating the spawning
locations of reef fishes, which in turn serve as critical source sites for the replenishment of
distant reefs by means of larval transport, 2) an example of a simplified oceanographic model
that predicts larval transport from fish breeding sites to important nursery areas, and 3) a case
study of the development of a marine reserve network that illustrates key elements of a
successful strategy. In sum, this focus section offers case studies that show the value of marine
geomorphology, oceanographic connectivity and stakeholder involvement as key elements of
multi-disciplinary geographic studies applied to the design of marine reserve networks.
Geographers can further contribute to the conservation and management of coastal and marine
ecosystems in many ways that involve sub-disciplines of remote sensing and GIS, political and
economic geography, political ecology, and ethnography.
Key Words: spatial planning, geomorphology, marine reserves, spawning, connectivity,
governance of common property resources
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Introduction
Marine waters cover 71% of the earth’s surface. They serve a key role in controlling earth’s
climate and supporting human economies and social welfare. The annual value of coastal and
marine ecosystem services was estimated at $22.6 trillion, more than double that of terrestrial
ecosystem services, $10.7 trillion, while global gross domestic product was estimated at $18
trillion (Costanza et al. 1997). Nearly half of the world’s population lives within 200 km of a
coastline and that figure is likely to double by 2025 (Creel 2003). As the receiving basin for
runoff and pollution and the last true commons left on earth, marine waters are being degraded
due to ocean acidification, overfishing, pollution, and habitat destruction; yet they continue to be
managed poorly (Millennium Ecosystem Assessment 2005; Hoegh-Guldberg et al. 2007). The
human and financial resources available for marine conservation and management are estimated
as two orders of magnitude lower than required (Balmford et al. 2004). Understandably, efficient
ways to conserve marine environments are urgently needed and have been the focus of
increasing scientific and political attention.
It has been ten years since The Professional Geographer has addressed marine
environments in a focus section (Steinberg 1999). That section illustrated the wide and growing
body of geographic studies on marine and coastal environments from physical, human, political,
and economic perspectives. Geographers have increasingly focused on marine ecosystem
dynamics and management during the last decade (e.g., St. Martin 2001; Burne and Parvey 2002;
Psuty, Steinberg, and Wright 2004; Lunn and Dearden 2006; Prigent et al. 2008), yet these
efforts are still limited compared to the disciplinary emphasis on terrestrial landscapes. Rather
than attempt to review all new marine geographic studies, this article offers examples of the
diversity of contributions that geographers have made to marine and coastal management, and
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demonstrates ways in which geographers could offer a more holistic approach to this vast study
area. The overall objective of the focus section is to promote improved planning for marine
reserve networks through the use of geomorphologic habitat proxies, studies of ecological habitat
connectivity and the involvement of local fishers and their local knowledge to conserve reef fish
spawning aggregations.
We organized four sessions at the 2008 Association of American Geographers (AAG)
Annual Meeting under the common theme, “Marine Geomorphology as a Determinant for
Essential Life Habitat: An Ecosystem Management Approach to Planning for Marine Reserve
Networks” (Wright and Heyman 2008a). The sessions were co-sponsored by three specialty
groups of the AAG: Coastal and Marine, Geographic Information Science and Systems, and
Biogeography. The unifying goal of these sessions was to examine critically the growing body of
data suggesting that, even more than in terrestrial environments, the underlying geology and
geomorphology of marine environments dictates the location of critical life habitats for a variety
of species. The broad implications of these findings suggest that geomorphology might be used
as a proxy for (or at least help to identify) critical life habitat for marine species, and thus serve
to advance the applications of ecosystem-based management (EBM), the design of marine
reserve networks, and marine spatial planning more generally.
The intentions of this lead article of this focus section are two-fold; 1) to engage a wide
array of scholars about the values and condition of marine waters, and ways in which
geographers can further contribute to marine and coastal management, and 2) to provide the
context for the articles in this section that together focus on the design of marine reserves based
on principles of geomorphology, environmental biology of fishes, connectivity, and the
involvement of stakeholders in governance. The article navigates relevant background literature
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to explain key terms, concepts, and themes. The scope is necessarily broad and includes sections
on the status and trends in marine fisheries and ecosystems, biology of marine fishes, marine
geomorphology as proxy for marine habitats, marine remote sensing and habitat mapping,
marine ecosystem based management, connectivity and larval transport, fisher traditional
ecological knowledge (TEK), and stakeholder involvement in and governance of common
property resources. These disparate themes converge to address marine ecosystem-based
management (EBM) and marine spatial planning and form a synthesis of the focus section. This
article thus serves as an introduction to and synthesis of the articles in the focus section and a
review of the wide-ranging and important roles that geographers play in marine conservation and
management.
Status and Trends in Marine Fisheries and Ecosystems
Seafood produced from marine fisheries and aquaculture provides about 15 percent of the protein
consumed by humans, more than 50 percent in small island developing states, and is the world’s
most highly traded food internationally. Net exports of fish and fishery products were valued at
US$24.6 billion in 2006, representing 194 participating countries (FAO 2009). Our global
dependence on marine fisheries and associated marine ecosystems is not often considered for its
important role in global food security (Smith et al. 2010). Nonetheless, marine fisheries
resources and the habitats on which they depend are either fully exploited or in decline
throughout the world (National Research Council 1999; Food and Agriculture Organization
2004, 2009; U.S. Commission on Ocean Policy 2004; Millennium Ecosystem Assessment 2005).
Low-latitude areas, e.g., the Caribbean, which harbor coral reef environments and a high
proportion of the world’s biodiversity, exhibit rapid declining trends that are consistent with
global averages (Burke and Maidens 2004). These low latitude areas also have a high percentage
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of the world’s poor, a higher percentage of people that are directly dependent on marine
resources for protein and livelihoods, and often less effective governance structures (FAO 2009).
Three case studies in this issue (Heyman; Coleman, Koenig and Scanlon; Gleason, Reid and
Kellison) focus on the Gulf and Caribbean Region, providing a look at areas low latitude areas,
but have a variety of governance arrangements. The final study (Fischer et al. this issue) is from
the California coast where resources for governance are more plentiful, though the study
proposes a cost-effective way to go about marine conservation planning that could be applied in
other areas.
There is strong and growing evidence that industrial fisheries are, by nature,
unsustainable and have lead to declines in marine and fishery resources, particularly large
predators (Pauly et al. 2002; Meyers and Worm 2003). There is also growing realization that a
variety of additional factors are affecting the health, resilience, biodiversity and productivity of
marine waters, and the ocean’s ability to produce the variety of ecosystem services on which
societies depend (Worm et al. 2006). Recreational fisheries, for example, can have enormous
effects on fished stocks. Coleman et al. (2004) report that 64% of the landings for species of
concern in the Gulf of Mexico are harvested within recreational fisheries. This is particularly the
case when recreational fishers target vulnerable times and places in fishes’ life history (see the
next section). Recreational fishers are numerous yet typically smaller producers than
commercial fishers, and have strong links to local tourism economies. As a result their impacts
and needs for careful management and regulation have been largely overlooked (Coleman et al.
2004).
Overfishing alters marine environments in a variety of ways. Jackson et al. (2001) have
shown that overfishing over centuries has dramatically altered marine environments. They used
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historical data gleaned from paleo-ecological sedimentary records, archaeological records of
human coastal settlements dating back 10,000 years, and historical records and charts dating
back to the 15th century. Pauly et al. (1998) describes “fishing down the food web” as the trophic
consequences of overfishing whereby societal preference for large predatory species has created
a serial top-down depletion that is having cascading effects throughout marine ecosystems.
Global environmental changes also contribute directly to observed declines in marine ecosystem
health and fisheries harvests. Hoegh-Guldberg et al. (2007) illustrate how rising ocean
temperatures and acid concentrations have together contributed to the global decline in coral reef
habitat extent and health. River-born sediments, nutrients, pesticides and herbicides from upland
agriculture, industry and urban areas are also having major effects on coastal and marine
ecosystems. The most deleterious effects are generally on nearshore habitats such as mangroves,
seagrasses, and estuaries, which often serve as nursery grounds for a variety of species (Beck et
al. 2001).
Management responses to the plethora of threats to marine systems are as varied as the
problems. Unfortunately, sectoral, single-species top-down approaches that have been imposed
by fisheries regulators and management agencies have rarely proven effective. Worm et al.
(2009) suggest that solutions to the global fisheries crisis must not focus simply on marine
fisheries management interventions. Many authors have suggested a much more holistic
approach to fisheries and marine management that is based on maintaining healthy and resilient
marine ecosystems, recognizes connectivity, is spatially explicit, and is implemented through
broad sector participation at the largest possible scales (e.g., Crowder et al. 2008; Palumbi et al.
2009; Worm et al. 2009; Norse 2010; section on management of common property recourses
below).
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Biology of Marine Fishes as Relevant to Marine Management
Distinct from terrestrial organisms, many marine fish species incorporate three periods of
dispersal during their life history – a period of pelagic larval dispersal, ontogenetic habitat shifts
through juvenile development, and seasonal adult migration for reproduction. While there are
some species that remain sedentary as adults and others that have very limited larval dispersal,
nearly all fish release pelagic eggs (Claydon 2004). The persistence of each species, and by
extension, the overall resilience of marine systems, therefore depends on the availability of
healthy areas for each life stage and successful movement or connectivity between them (Leis
1987; Roberts 1997; Peterson et al. 2000; Beck et al. 2001; Grober-Dunsmore and Keller 2008).
Most large-bodied, long-lived reef fishes do not spawn within their home range. Instead,
they perform seasonal migrations for broadcast spawning from within transient aggregations to
produce masses of pelagic larvae for dispersal (Claydon 2004). Fishes commonly migrate great
distances to spawn within aggregations that occur at specific times and places (Johannes 1978;
Thresher 1984; Leis 1987; Domeier and Colin 1997). Spawning aggregations of reef fish present
easy targets for fishermen with unusually high densities of fishes at predictable times and areas
(Johannes 1998; Sadovy De Mitcheson et al., 2008). Though some species appear more
vulnerable to aggregation fishing than others, even light levels of fishing appear to affect the
viability and health of spawning aggregations (Koenig et al. 1996; Sadovy and Domeier 2005).
Fishing a species during its spawning aggregation has invariably led to declines and in many
cases localized extirpations (Johannes 1998; Sala, Starr, and Ballesteros 2001; Claro and
Lindeman 2003; Sadovy De Mitcheson et al. 2008). Protecting reef fish spawning aggregations
is an obvious conservation strategy (Johannes 1998) consistent with ecosystem-based fishery
management (Pikitch et al. 2004, and see below). Nonetheless, clear patterns of the timing and
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location of multi-species reef fish spawning aggregations are beginning to emerge. Several of the
articles in this focus section examine explicitly the geomorphologically–based marine habitats
associated with spawning aggregations (Heyman; Gleason, Reid and Kellison; Coleman, Koenig
and Scanlon).
Marine Geomorphology as Proxy for Marine Habitats
Marine environments and their associated biota are dictated by their physical oceanographic and
geographic setting at all scales. Classic geomorphological studies of landform have been eclipsed
by more modern studies of process and dynamics (Psuty, Steinberg, and Wright 2004; Wright
and Heyman 2008b). However, in marine environments, where bathymetric data are limited in
scale and extent, landform (or submarine shape and form) studies are highly relevant and yet still
somewhat rare. Yet geographic setting is fundamental in defining the structure and function of
marine ecosystems. Coastal margin shapes (trailing versus leading edge coasts), for example, are
created by tectonic activity. Underlying geology provides the basis for the development of
benthic habitats (e.g., sediment versus rock). Water column properties such as temperature
range, seasonal light variation, and tidal variation are functions of latitude. Species composition
varies with hemisphere and region. The arrival and departure of regularly occurring but
stochastic ocean gyres control local oceanic conditions. Far-field and localized winds influence
wave height, period, and intensity and each of these is attenuated by local structure. At smaller
scales, biotic habitats provide structure for other species (e.g., coral reefs provide habitat for
marine plants, invertebrates and fishes). Indeed, coral reef habitats have been suggested as
surrogates for species, ecological functions and ecosystem services (Mumby et al. 2008).
Ecosystems consist of both biotic and abiotic components and their interactions. The
diversity and density of species and their ecological relationships are generally difficult to
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observe and quantify particularly over large geographic areas, but communities of organisms are
generally constrained by their physical environment. Marine biogeography probably began with
the observations of Charles Darwin. More recently there have been various attempts to classify,
characterize, and map marine environments at various scales (e.g., Hedgpath 1957a, b; Hayden,
Ray and Dolan 1984; Lanier, Romsos and Goldfinger 2007). There are a growing number of
authors who suggest that abiotic ecosystem attributes can be used as surrogates for the
identification, mapping and conservation of biotic components of ecosystems. This approach is
fundamental to landscape ecology and though challenging, is being increasingly adopted for
marine systems (Pittman, McAlpine and Pittman 2004; Pittman, Caldow and Hile 2007; GroberDunsmore et al. 2008; Costello 2009).
Hierarchical classifications can be used to develop marine conservation strategies at
regional, national and global levels. Zacharias et al. (1998) offer an ecosystem classification
scheme for British Columbia. Roff and Tayor (2000) provide an example of this approach used
for the marine waters of Canada, the country with the longest coast and bordering three oceans.
The hierarchical geophysical approach is supported by available data derived from remote
sensing, bathymetric maps, and ocean circulation patterns (Zacharias and Roff 2000).
Oceanographic and physiographic data are used to derive a consistent set of habitat
classifications that together make up the seascape. Roff, Taylor and Laughren (2003) argue that
geophysical surrogates for marine community types are fundamental to understanding biotic
distribution and thus the most practical foundation for marine planning, management and
conservation. In the same vein, geomorphology serves as a basis for a national conservation
framework for the marine waters of Australia (Burne and Parvey 2002; Heap and Harris 2008)
Global marine classifications following a similar geophysical approach are beginning to emerge
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as a basis for global marine planning and management (e.g., Andréfouët et al. 2008; Spalding et
al. 2008).
A growing number of studies in a variety of locations are testing the validity of
geophysical classification systems used to identify biological habitats (e.g., Wilson et al. 2007;
Erdey-Heydorn 2008; Impietro, Young and Kvitek 2008; Kracker, Kendall and McFall 2008;
Wedding and Friedlander 2008). These articles support the concept with specific examples; they
refine techniques and applications for marine and coastal planning, conservation, and marine
reserve network design.
There is emerging evidence that many species that migrate to spawn aggregate at
locations with particular geomorphic structures: generally abrupt discontinuities in surrounding
structure such as reef promontories, uplifted ridges, and shelf edges. Several articles provided in
this focus section (Gleason, Kellison and Reid; Coleman, Koenig, and Scanlon; and Heyman)
provide evidence from east and west Florida and Belize, respectively, to support this claim.
These patterns are further supported by the locations of reef fish spawning aggregations at
similar geomorphological features in Cuba, the Cayman Islands, and other areas (Claro and
Lindeman 2003; Whaylen et al. 2004; Kobara and Heyman 2008; 2010). Collisions between
large-scale ocean currents (e.g., gyres) and abrupt changes in geomorphology alter localized
oceanic conditions. These oceanographic and physical discontinuities create underlying
ecosystem processes and/or conditions to which many species have been attracted over
evolutionary time (Heyman and Kjerfve 2008). Together these serve as examples and provide
evidence for the larger concept that geology and geomorphology must be taken into account in
the design of ecosystem-based management strategies.
Marine Remote-sensing, Bathymetric Mapping and Habitat Classifications
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In spite of the critical need for geomorphology and hence marine habitat information, the
collective effort to map the seafloor has only produced accurate coverage for 5-10% of the
world’s seafloor (Sandwell et al. 2003; Wright 2003). Nonetheless, satellite- and aircraft-based
remote sensing techniques, ship-based single and multi-beam techniques, videography from freeswimming and towed diver surveys, remotely-operated vehicles, and submersible, and computerassisted geoprocessing advances have all contributed to a greater availability of marine habitat
mapping techniques and products (as reviewed by Green et al. 1996; Wright 1999; Wright and
Heyman 2008b). And as a result there have been dramatic increases in the extent and quality of
marine geomorphological habitat characterizations and interpretations (e.g., Wright, Donahue,
and Naar 2002; Aswani and Lauer 2006; Lanier, Romsos, and Goldfinger 2007; Wilson et al.
2007; Kendall and Miller 2008).
In addition to habitat mapping, a discussion of geographically-based marine reserve
network designs would be incomplete without mention of the scores of GIS-based spatial
algorithms that have been developed for marine reserve planning and decision support
(NatureServe 2008). One of the most notable is the suite of algorithms known as MARine
reserve design using spatially eXplicit ANnealing or MARXAN (Ball and Possingham 2000;
Possingham, Ball, and Andelman 2000; Leslie et al. 2003; Klein et al. 2008). MARXAN uses
stochastic optimization routines to generate viable spatial reserve solutions that optimize
coverage of pre-selected biological criteria, while minimizing the cost of the reserve network.
Marine Ecosystem-Based Management (EBM)
McLeod et al. (2005) define EBM as an adaptive resource management approach that
incorporates ecosystem processes and their responses to environmental perturbations while
addressing the complexity of both natural processes and human social systems (e.g., fishing
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communities, conservation organizations, local resource users, academic and research scientists,
community members with traditional knowledge, and other stakeholders). EBM should increase
the resilience of marine systems in the face of increasing local and global threats (Levin and
Lubchenco 2008).
Marine ecosystem-based management was once and still is common in a number of
Pacific Island Nations, where modern impacts have been relatively limited. These “traditional
management” techniques have a great deal in common with what is presently being called EBM.
Industrialized nations are just now rediscovering these simple principles, which are particularly
valuable for marine systems with high diversity. Coral reef ecosystems are high in diversity and
their fisheries are concomitantly diverse; many species are targeted in small numbers. Reef
fisheries are therefore difficult to manage with conventional, single-species management means
such as quotas, size and bag limits, or closed seasons (Koenig et al. 2000). Instead, an
ecosystem-based fishery management (EBFM) approach may be more effective (Pikitch et al.
2004). This approach, which differs slightly from EBM but is complementary, recognizes the
interdependence between protection of critical life habitat and multi-species fishery production.
Ecosystem functions and critical life habitat, such as spawning and nursery grounds, are
protected from destructive fishing practices in order to promote sustainable harvests (Koenig et
al. 2000; Pikitch et al. 2004). Recognizing that marine management includes more than just
fishing, recent studies are urgently recommending broader EBM (e.g., McLeod et al. 2005;
Crowder et al. 2008; Christie et al. 2007) in order to account for impacts on non-target fisheries
resources and habitats (e.g., non-point source pollution) and to include more of a participatory
approach to management with broad stakeholder involvement. In part because both EBM and
EBFM are new and complex in modern cultures, recent successful examples are uncommon
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(Crowder et al. 2008). Heyman (this issue) provides a case study from Belize where the broad
participation of a diverse group of stakeholders (including local fisherman) and a detailed
analysis of geomorphology and its association with the biology of exploited species, play critical
roles in the development of a national network of marine reserves. Indeed, most scientists agree
in principle that large and functional marine reserve networks that provide connectivity between
various critical habitats do form an essential (but not sufficient) component of any EBM or
EBFM approach (e.g., National Research Council 1999 and 2001; McLeod et al. 2005; Halpern
et al. 2008; Norse 2010).
Marine reserves are therefore considered effective tools to manage fisheries and mitigate
pressures on marine biodiversity (Roberts 1997; National Research Council 1999 and 2001;
Allison et al. 2003; Hastings and Botsford 2003). The optimal design of reserve networks has
received a great deal of attention from modelers, ecologists, and managers, but generally the
practical utility of these models, and their outputs have been limited by the lack of biological
data (e.g., distribution of species, larval behavior) with which to run the models (Roberts 1997;
Halpern 2003; Halpern and Warner 2003; Hastings and Botsford 2003; Berkeley et al. 2004;
U.S. Commission on Ocean Policy 2004).
There is an urgent need to rapidly expand the coverage of marine reserve networks in
order to promote marine ecosystem management. Deciding where to place these reserves is a
daunting task, particularly given political opposition and the paucity of available data on which
to make decisions. Since bathymetric data has been primarily collected to assist navigation, the
world’s ports and large areas of shallow US coastal waters have been extensively mapped.
Beyond that, however, there exists astonishingly little fine-scale marine bathymetric data
especially for deep and remote areas. Sparsely available marine biogeographical data represent
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an even greater knowledge gap. We propose that geomorphological habitat proxies, based on the
best available bathymetric data, can assist managers in making timely recommendations for
inclusion of critical habitats within marine reserve networks. We urge, therefore, that
bathymetric data collection and habitat mapping efforts be expanded to this end.
Connectivity and Larval Transport
Maintaining “connectivity” between ecosystem components is critical for their effective
maintenance, resilience and survival, and therefore must be considered in the design of marine
reserve networks (Roberts 1997). Even if sufficient critical habitats are encompassed within the
reserve network, managers are cognizant that most species immigrate and emigrate from
reserves, both by swimming and by larval transport. Roberts et al. (2001) illustrate the positive
“spillover effect” of reserves on adjacent fisheries. A variety of studies have addressed larval
connectivity, generally through numerical circulation modeling. Warner, Swearer and Caselle
(2000) evaluate the relative importance of larval retention versus long-distance transport of
gametes for the design of marine reserve networks.
Fischer et al. (this issue) introduce an alternate approach, which focuses on larval
exchange as a critical factor in marine reserve network design. They have developed a twodimensional, GIS-based diffusion model for representing larval dispersal distributions based only
on bathymetry and coastal oceanographic circulation patterns. The method holds great promise
for practitioners attempting to design marine reserves with limited time and oceanographic
information (i.e., limited access to complex particle-tracking models which may not even be
available for a region in which a reserve network is being designed). The method is superior to
standard one-dimensional approaches currently in use that estimate dispersal along a coastline in
an advection-diffusion framework (e.g., Okubo and Levin 2002). Connectivity research is
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clearly an important area requiring further study and provides another valuable avenue for
interested geographers with skills in biogeography and physical processes.

Traditional Ecological Knowledge (TEK)
Fishers have developed local or traditional ecological knowledge (TEK) of the resources that
they depend on based on their daily interactions with these resources over long time periods
(Berkes 1999). Fishers thus have a great deal to offer scientists and managers in terms of holistic
understanding of marine ecosystem dynamics in the areas they know well (Johannes 1978;
Johannes 1998). TEK has been gathered, synthesized and passed on orally, often in the form of
anecdotes (Agrawal 1995; Johannes and Neiss 2007). TEK is therefore context-specific,
untested, sometimes unreliable, and until recently, very difficult for classically-trained
ecologists, oceanographers, or fisheries managers to accept, incorporate, or mesh with their own
studies (Johannes and Neis 2007; Shakaroff and Campbell 2007). As a result, there exist far too
many examples of marine research and management programs that have ignored fishers and their
local knowledge (Johannes, Freeman and Hamilton 2000). The consequences of ignoring fishers’
knowledge include ignorant conclusions in stock assessments that have missed known
seasonality or migration patterns, or worse, fisheries collapses. In Tarawa, Kiribati, for example,
annual spawning runs of bonefish were almost completely destroyed when causeways were built
between islands surrounding the atoll that blocked seasonal spawning migrations. Based on
interviews with older, experienced fishers from remote villages, a single relict spawning run was
discovered and subsequently managed; leading to resurgence in the bonefish population
(Johannes, Freeman and Hamilton 2000). In another case highlighted in this focus section,
marine protected area boundaries in Florida’s Carysfort Reef were drawn to include a spawning
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aggregation, but inadvertently excluded an adjacent, but locally well-known black grouper
spawning site (Gleason, Reid and Kellison, this issue). As will be developed in the following
section, however, the divide between traditional ecological knowledge and that derived from
scientists is not insurmountable (Agrawal 1995). Fishers’ knowledge may be particularly
valuable to scientists as we try to move to ecosystem-based management (as noted in the section
above) though scholars must be cognizant of delicate political, cultural, and power-relationships
and issues that arise in this type of research (Shakeroff and Campbell 2007). The time has come
for putting fishers’ knowledge back to work for conservation and marine resource management
(Haggan, Neiss and Baird 2007).
We emphasize “back to work” because there are myriad examples of pre-industrial
societies effectively managing their fisheries based on TEK and local management structures,
particularly in the Indo-Pacific (e.g., Johannes 1978; Berkes 1999). Unfortunately, however,
many local traditional marine management systems are being abandoned or eclipsed by the onset
and interaction with industrial fishing and modern centralized governance, often with negative
effects on resources (e.g., McClanahan et al. 1997). Since local fishers’ involvement in
management is predicated on both their understanding of the complex systems in question, as
well as their personal stake in the effective management of those resources, their involvement
can lead to effective ecosystem-based management solutions with high compliance. Modern
examples are becoming more common (e.g., Drew 2005; Prigent et al. 2008). Indeed, most
modern scholars and managers consider the involvement of fishers and their TEK as an integral
component of effective fisheries management and ocean governance (Berkes, Coulding, and
Folke 2000; Berkes 2004; US Commission on Ocean Policy 2004; National Research Council
1999, 2000). Importantly for geographers, carefully planned and implemented studies of TEK
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and their integration with other traditional disciplinary studies are equally valuable and needed
on land and in the sea.
Stakeholder Involvement in, and Governance of Common Property Resources
The world’s oceans are the largest and most important of our common property resources. Their
management has suffered the tragedy of the commons (Hardin 1968), and this has recently been
attributed to insufficient governance by appropriate and effective institutions (Dietz, Ostrom and
Stern 2003). Crowder et al. (2006) indicate that declining marine ecosystem health is largely due
to spatial and temporal mismatches between the scale of ecosystems and the jurisdiction of their
management institutions (e.g., species that migrate across national boundaries). Their article
articulates the need for large scale ocean zoning based on, “. . . underlying topography,
oceanography, and the distribution of biotic communities.” An increasing number of articles
have argued that effective marine area governance may be predicated on the involvement of
appropriate stakeholders, particularly fishers, in the process of adaptive management (e.g., St.
Martin 2001; Christie et al. 2005; Christie and White 2007). Others have argued that marine
systems can be viewed as complex and coupled social-ecological systems so their management
should be addressed using a multi-disciplinary approach that addresses the interactions among
resources, resource users and governance institutions (Mahon, McConney and Roy 2008;
McClanahan et al. 2008).
Comprehensive ocean zoning represents the convergence of inclusive governance and
ecosystem-based management and thus serves to mitigate conflicts in ocean use and to promote
sustainability in fisheries and marine ecosystems (Halpern et al. 2008; Norse 2010). Ocean
zoning is implicitly spatial. St. Martin and Hall-Arber (2008a) suggest that while many physical
properties of marine systems are increasingly well expressed in marine GIS systems for
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planning, community resource use is less well represented. Recent studies seek to fill this gap by
offering methods to work with fishers to map their resource use in GIS layers that can be
considered as an integral component in marine spatial planning (Lunn and Dearden 2006; St.
Martin and Hall-Arber 2008 a,b). Planning and management of the Great Barrier Reef Marine
Park, for example, included comprehensive stakeholder involvement including GIS data layers
showing resource use (Day 2002). There are a growing number of examples of the comanagement of common property coastal and marine resources that illustrate the concepts in this
section. For example, community-based cooperatives contribute to the sustainable management
of the Sian Ka’an Biosphere Reserve in Mexico. As part of their involvement, they manage
cooperatively a sustainable lobster fishery through good governance, transparency, and solid
science (Sosa-Cordero, Liceaga-Correo and Seijo 2008). Integrated coastal management
programs have also seen some success in the Philippines (White, Dguit and Jatulan 2006) and
Trinidad and Tobago (Tompkins, Adger and Brown 2002). These studies provide local
examples addressing commons management but the issue remains as one of the world’s greatest
challenges (Ostrom et al. 1999).
Synthesis of the Focus Section
While this focus section is far from comprehensive, this lead article and the articles herein
provide foundational data and holistic approaches to address declining health and resilience of
ocean resources. We argue for the expansion of marine ecosystem-based spatial management
based on integrated multi-disciplinary studies of underlying geomorphology as a proxy for
marine habitats, studies of marine connectivity, fishers’ traditional ecological knowledge, the
critical analysis of institutions and governance, and the broad involvement of stakeholders in the
entire process.
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The articles in this section focus on the ecology and management of tangible and specific
subset of ocean governance and management issues and areas – the ecology and management of
reef fish breeding areas. We recommend extensive documentation of the timing and location of
multi-species spawning aggregation areas starting with geomorphology and fisher interviews as
primary sources of information. The protection of these critical breeding and feeding habitats,
through cooperative management, within seascape networks of reserves, will contribute to
regional reef ecosystem resilience.
In summary, the five articles collected here illustrate:
1. state-of-the-art examples of how researchers have classified, integrated, and analyzed
physical and ecological data sources to reveal geomorphology as a proxy for marine
habitat, specifically, reef fish spawning aggregations (Gleason, Reid and Kellison, this
issue; Heyman this issue; Coleman, Koenig and Scanlon this issue);
2. how spatial models of larval transport can illustrate the connectivity between spawning
areas and nursery grounds via ocean currents (Fischer et al. this issue); and
3. how these scientific results, along with the active participation of stakeholders (such as
fishers and their TEK), can be effectively used in the design of functional marine reserve
networks, hence a demonstration of marine EBM in action (Heyman this issue)
These articles provide compelling examples of the important role of geographic inquiry
and its applications in marine environments. As a discipline, geography is eclectic and multidisciplinary, yet holistic and integrative. This focus section endeavors to provide that breadth
(marine geomorphology, marine ecology, marine spatial planning based on ecosystem principles,
stakeholder participation in governance of common property resources, and the design of
functional marine reserve networks) along with depth of inquiry into a representative set of case
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studies that illustrates the breath but focuses on largely one issue – marine spatial planning that
aims to conserve vulnerable and valuable reef fish spawning aggregations and their connectivity,
based on studies of geomorphology as a proxy for habitat, modeling studies of marine
connectivity, and through the involvement and participation of fishers and their TEK.

Acknowledgments
We are grateful for all of the participation in two symposia at AAG meetings that lead to the
development of this special issue. We are also grateful to the authors of this focus section for
their hard work and continued efforts. Finally, we are grateful to the editor and staff of The
Professional Geographer without whom, this could not have come to pass.

20

Literature Cited
Andréfouët S, M. J. Costello, D. P. Faith, S. Ferrier, G. N. Geller, R. Höft, N. Jürgens M. A.
Lane, A. Larigauderie, G. Mace, S. Miazza, D. Muchoney, T. Parr, H. M. Pereira, R. Sayre,
R. J. Scholes, M. L. J. Stiassny, W. Turner, B. A. Walther, and T. Yahara. 2008. The GEO
Biodiversity Observation Network Concept Document. GEO - Group on Earth Observations,
Geneva, Switzerland. 45 pp.
Agrawal, A. 1995. Dismantling the divide between indigenous and scientific knowledge.
Development and Change 26: 413-439.
Allison, G. W., S. D. Gaines, J. Lubchenco, and H. P. Possingham. 2003. Ensuring persistence of
marine reserves: Catastrophes require adopting an insurance factor. Ecological Applications
13(1):Supplement S8-S24.
Aswani, S. and M. Lauer. 2006. Benthic mapping using local aerial photo interpretation and
resident taxa inventories for designing marine protected areas. Environmental Conservation
33:263-273.
Ball, I. R. and H. P. Possingham. 2000. MARXAN v1.2, marine reserve design using spatially
explicit annealing, a manual. http://www.uq.edu.au/marxan/docs/marxan_manual_1_8_2.pdf
(last accessed 17 December 2008).
Balmford, A., P. Gravestock, N. Hockley, C. J. Mclean, and C. M. Roberts. 2004. The
worldwide costs of marine protected areas. Proceedings of the National Academy of Sciences
101(26):9694-9697.
Beck, M. W., K. L. Heck Jr., K. W. Able, D. L. Childers, D. B. Eggleston, B. M. Gillanders, B.
Halpern, C. G. Hays, K. Hoshino, T. J. Minello, R. J. Orth, P. F. Sheridan and M. P.

21

Weinstein. 2001. The identification, conservation, and management of estuarine and marine
fish nurseries for fish and invertebrates. Bioscience 51:633-641.
Berkes, F. 1999. Sacred Ecology: Traditional Ecological Knowledge and Resource
Management. Taylor & Francis. Philadelphia and London.
Berkes, F. 2004. Rethinking community based conservation. Conservation Biology 18(3):621630.
Berkes, F., J. Colding, and C. Folke. 2000. Rediscovery of traditional ecological knowledge as
adaptive management. Ecological Applications 10:1251–1262.
Berkeley, S. A., M. A. Hixon, N. J. Larson, and M. S. Love. 2004. Fisheries sustainability via
protection of age structure and spatial distribution of fish populations. Fisheries 29(8):23-32.
Burke, L. and J. Maidens. 2004. Reefs and Risk in the Caribbean. World Resources Institute.
Washington, D.C.
Burne, R. V., and C. A. Parvey. 2002. Marine geography and the benthic habitat: Domains of the
Australian Ocean Territory. In Marine geography: GIS for the oceans and seas, ed. J.
Breman, 127-136. Redlands, CA: ESRI Press.
Christie, P., and A. T. White. 2007. Best practices for improved governance of coral reef marine
protected areas. Coral Reefs 26:1047-1056.
Christie, P., K. Lowry, A. T. White, E. G. Oracion, L. Sievanen, R. S. Pomeroy, R. B. Pollnac, J.
M. Patlis, and R.-L. V. Eisma. 2005. Key findings from a multidisciplinary examination of
integrated coastal management process sustainability. Ocean & Coastal Management 48:
468-483.
Christie, P., D. L. Fluharty, A. T. White, L. Eisma-Osorio, and W. Jatulan. 2007. Assessing the
feasibility of ecosystem-based fisheries management in tropical contexts. Marine Policy
22

31:239-250.
Claro, R. and K. Lindeman. 2003. Spawning aggregation sites of snapper and grouper species
(Lutjanidae and Serranidae) on the insular shelf of Cuba. Gulf and Caribbean Research
Institute 14:91-106.
Claydon, J. 2004. Spawning aggregations of coral reef fishes: Characteristics, hypotheses,
threats, and management. Oceanography and Marine Biology: An Annual Review 42:265–
302.
Conover, D. O., J. Travis, and F. C. Coleman. 2000. Essential fish habitat and marine reserves:
an introduction to the Second Mote Symposium in Fisheries Ecology. Bulletin of Marine
Science 66(3): 527-34.
Coleman, F. C., W. F. Figueira, J. Ueland and L. B. Crowder. 2004. The impact of United States
recreational fisheries on marine fish populations. Science 305:1958-1960.
Coleman, F., C. Koenig, and K. Scanlon. This issue. Groupers on the edge: Shelf-edge spawning
habitat in marine reserves of the northeastern Gulf of Mexico. The Professional
Geographer.
Costanza, R., R. d'Arge, R. de Groot, S. Farber, M. Grasso, B. Hannon, K. Limburg, S. Naeem,
R. V. O'Neill, J. Paruelo, R. G. Raskin, P. Sutton, and M. van den Belt. 1997. The value of
the world's ecosystem services and natural capital. Nature 387:253-260.
Costello, M. 2009. Distinguishing marine habitat classification concepts for ecological data
management Marine Ecology Progress Series 397: 253-268.
Creel, L. 2003. Ripple effects: population and coastal regions. Population Reference Bureau.
http://www.prb.org/Publications/PolicyBriefs/RippleEffectsPopulationandCoastalRegions.as
px
23

Crowder, L. B., G. Osherenko, O. R. Young, S. Airamé, E. A. Norse, N. Baron, J. C. Day, F.
Douvere, C. N. Ehler, B. S. Halpern, S. J. Langdon, K. L. McLeod, J. C. Ogden, R. E. Peach,
A. A. Rosenberg, and J. A. Wilson. 2006. Resolving mismatches in U.S. ocean governance.
Science 313:617-618.
Crowder, L. B., E. L. Hazen, N. Avissar, R. Bjorkland, C. Latanich, M. B. Ogburn. 2008. The
impacts of fisheries on marine ecosystems and the transition to ecosystem-based
management. Annual Review of Ecology Evolution and Systematics 39:259-278.
Day, J. 2002. Zoning – lessons from the Great Barrier Reef Marine Park. Ocean and Coastal
Management 45:139-156.
Deitz, T., E. Ostrom, P. C. Stern. 2003. The struggle to manage the commons. Science
302:1907-1912.
Domeier, M. L., and P. L. Colin. 1997. Tropical reef fish spawning aggregations: defined and
reviewed. Bulletin of Marine Science 60(3):698-726.
Drew, J. A. 2005. Use of traditional ecological knowledge in marine conservation. Conservation
Biology 19: 1286–1293.
Erdey-Heydorn, M. D. 2008. An ArcGIS seabed characterization toolbox developed for
investigating benthic habitats. Marine Geodesy 31:318-358.
Fischer, D. T., J. W. White, L. W. Botsford, J. Largier, and D. M. Kaplan. This issue. A GISbased tool for representing larval dispersal for marine reserve selection. The Professional
Geographer.
Food and Agriculture Organization of the United Nations (FAO). 2004. The state of world
fisheries and aquaculture. Rome: FAO, 153 pp.
_______. 2009. The state of world fisheries and aquaculture 2008. Rome. FAO, 176 pp.
24

Gleason, A., P. Reid, and T. Kellison. This issue. Geomorphology of grouper and snapper
spawning aggregation sites in the Upper Florida Keys, USA. The Professional Geographer.
Green, E. P., P. J. Mumby, A. J. Edwards, and C. D. Clark. 1996. A review of remote sensing for
the assessment and management of tropical coastal resources. Coastal Management 24:1-40.
Grober-Dunsmore R., T. K. Frazer, J. P. Beets, W. J. Lindberg, P. Zwick, and N. A. Funicelli.
2008. Influence of landscape structure on reef fish assemblages. Landscape Ecology
23(SI):37–53.
Grober-Dunsmore, R. and B. D. Keller, eds. 2008. Caribbean connectivity: Implications for
marine protected area management. Marine Sanctuaries Conservation Series ONMS-08-07.
Silver Spring, MD: National Oceanic and Atmospheric Administration, 195 pp.
http://sanctuaries.noaa.gov/science/conservation/carib.html
Haggan, N., B. Neis, and I. G. Baird. 2007. Putting fishers’ knowledge to work. In: N. Haggan,
B. Neis, and G. Baird. (Eds). Fishers’ Knowledge in Fisheries Science and Management.
Coastal Management Sourcebooks series, UNESCO, France. Pp. 35-40.
Halpern, B. S. 2003. The impact of marine reserves: Do reserves work and does reserve size
matter? Ecological Applications 13(1):S117-S137.
Halpern, B. S., and R. R. Warner. 2003. Matching marine reserve design to reserve objectives.
Proceedings of the Royal Society of London [B] 270(1527):1871-1878.
Halpern, B. S., K. L. McLeod, A. A. Rosenberg, and L. B. Crowder. 2008. Managing for
cumulative impacts in ecosystem-based management through ocean zoning. Ocean &
Coastal Management 51(3):203-211.
Hardin, G. 1968. Tragedy of the commons. Science 162:1243–1248.

25

Hastings, A., and W. W. Botsford. 2003. Comparing designs of marine reserves for fisheries and
for biodiversity. Ecological Applications 13(1):S65-S70.
Hayden, B. P., G. C. Ray, and R. Dolan. 1984. Classification of coastal and marine
environments. Environmental Conservation 11: 199–207.
Hedgpeth, J. W. 1957a. Marine biogeography. Geological Society of America Memoirs 67: 359–
382.
———. 1957b. Classification of marine environments. Geological Society of America Memoirs
67: 17–28.
Heap, A. D. and P. T. Harris. 2008. Geomorphology of the Australian margin and adjacent
seafloor. Australian Journal of Earth Sciences 55(4): 555-585.
Heyman, W. D. This issue. Elements for building a participatory, ecosystem-based marine
reserve network. The Professional Geographer.
Heyman, W. D. and B. Kjerfve. 2008. Characterization of transient multi-species reef fish
spawning aggregations at Gladden Spit, Belize. Bulletin of Marine Science 83(3):531-551.
Hoegh-Guldberg, O., P. J. Mumby, A. J. Hooten, R. S. Steneck, P. Greenfield, E. Gomez, D. R.
Harvell, P. F. Sale, A. J. Edwards, K. Caldeira, N. Knowlton, C. M. Eakin, R. Iglesias-Prieto,
N. Muthiga, R. H. Bradbury, A. Dubi, and M. E. Hatziolos. 2007. The carbon crisis: coral
reefs under rapid climate change and ocean acidification. Science 318:1737-1742.
Iampietro, P. J., M. A. Young, and R. G. Kvitek. 2008. Multivariate prediction of rockfish
habitat suitability in Cordell Bank National Marine Sanctuary and Del Monte Shalebeds,
California, USA. Marine Geodesy 31:359–371.
Jackson, J., B. C., M. X. Kirby, W. H. Berger, K. A. Bjorndal, L. W. Botsford, B. J. Bourque, R.
H. Bradbury, R. Cooke, J. Erlandson, J. A. Estes, T. P. Hughes, S. Kidwell, C. B. Lange, H.
26

S. Lenihan, J. M. Pandolfi, C. H. Peterson, R. S. Steneck, M. J. Tegner, and R. E. Warner.
2001. Historical overfishing and the recent collapse of coastal ecosystems. Science 293
(5530):629-637.
Johannes, R. E. 1978. Reproductive strategies of coastal marine fishes in the tropics.
Environmental Biology of Fishes 3:65-84.
_______. 1998. The case for data-less marine resource management: examples from tropical
nearshore fisheries. Trends in Ecology & Evolution 13:243-246.
_______ , M. M. R. Freeman and R. J. Hamilton. 2000. Ignore fishers’ knowledge and miss the
boat. Fish and Fisheries 1: 257–271.
________ and B. Neis. 2007. The value of anecdote. In: N. Haggan, B. Neis, and G. Baird.
(Eds). Fishers’ Knowledge in Fisheries Science and Management. Coastal Management
Sourcebooks series, UNESCO, France.
Kendall, M. S., and T. Miller. 2008. The influence of thematic and spatial resolution on maps of
a coral reef ecosystem. Marine Geodesy 31:75-102.
Klein, C. J., C. Steinback, A. J. Scholz, and H. P. Possingham. 2008. Effectiveness of marine
reserve networks in representing biodiversity and minimizing impact to fishermen: a
comparison of two approaches used in California. Conservation Letters 1(1):44-51.
Kobara, S. and W. D. Heyman. 2008. Geomorphometric patterns of Nassau grouper
(Epinephelus striatus) spawning aggregation sites in the Cayman Islands. Marine Geodesy
31(4):231-245.
_______. Sea Bottom morphology of multi-species spawning sites in Belize. Marine Ecology
Progress Series. In press.

27

Koenig, C. C., F. C. Coleman, L. A. Collins, Y. Sadovy, and P. L. Colin. 1996. Reproduction of
gag (Mycteroperca microlepis) (Pisces:Serranidae) in the eastern Gulf of Mexico and the
consequences of fishing spawning aggregations. ICLARM Conference 48, ICLARM
Conference Proceeding, Manila, Philippines: International Center for Living Aquatic
Resources Management, 307-323.
Koenig, C. C., F. C. Coleman, C. B. Grimes, G. R. Fitzhugh, K. M. Scanlon, C. T. Gledhill, and
M. Grace. 2000. Protection of fish spawning habitat for the conservation of warm-temperate
reef-fish fisheries of shelf-edge reefs of Florida. Bulletin of Marine Science 66(3):593-616.
Kracker, L., M. Kendall, and G. McFall. 2008. Benthic features as a determinant for fish
biomass in Gray’s Reef National Marine Sanctuary. Marine Geodesy 31:267–280.
Lanier, A., C. Romsos, and C. Goldfinger. 2007. Seafloor habitat mapping on the Oregon
continental margin: A spatially nested GIS approach to mapping scale, mapping methods,
and accuracy quantification. Marine Geodesy 30:51-76.
Leis, J. M. 1987. Review of the early life history of tropical groupers (Serranidae) and snappers
(Lutjanidae). In Tropical Snappers and Groupers (Polovina, J.J. & Ralston, S., eds.), pp.
189-238. Boulder, CO: Westview Press.
Leslie, H., M. Ruckelshaus, I. R. Ball, S. Andelman, and H. P. Possingham. 2003. Using siting
algorithms in the design of marine reserve networks. Ecological Applications 13(1):S185S198.
Levin, S. A., and J. Lubchenco. 2008. Resilience, robustness and marine ecosystem-based
management. BioScience 58:27-32.
Lunn, K. E., and P. Dearden. 2006. Fishers' needs in marine protected area zoning: A case study
from Thailand. Coastal Management 34:183-198.
28

Mahon, R., P. McConney, and R. N. Roy. 2008. Governing fisheries as complex adaptive
systems. Marine Policy 32:104-112.
McClanahan, T. R., J. C. Castilla, A. T. White, and O. Defeo. 2008. Healing small-scale fisheries
by facilitating complex socio-ecological systems. Reviews in Fisheries Biology and
Fisheries. 19:33-47.
McClanahan, T. R., H. Glaesel, J. Rubens, and R. Kiambo. 1997. Traditional Fisheries
management, Its' decay, and effect on fisheries yields and the coral reef ecosystems of
Southern Kenya. Environmental Conservation 24(2): 105-120
McLeod, K. L., J. Lubchenco, S. R. Palumbi, and A. A. Rosenberg. 2005. Scientific consensus
statement on marine ecosystem-based management. Signed by 221 academic scientists and
policy experts with relevant expertise and published by the Communication Partnership for
Science and the Sea. http://www.compassonline.org/pdf_files/EBM_Consensus_
Statement_v12.pdf (last accessed 17 December 2008).
Millennium Ecosystem Assessment. 2005. Living beyond our means: Natural assets and human
well being. Washington, DC: World Resources Institute.
Mumby, P. J., K. Broad, D. R. Brumbaugh, C. P. Dahlgren, A. R. Harborne, A. Hastings, K. E.
Holmes, C. V. Kappel, F. Micheli, and J. N. Sanchiro. 2008. Coral reef habitats as surrogates
of species, ecological functions, and ecosystem services. Conservation Biology 22(4):941951.
Myers, R. A. and B. Worm. 2003. Rapid worldwide depletion of predatory fish communities.
Nature 423: 280–283.

29

National Research Council 1999. Sustaining marine fisheries. Committee on Ecosystem
Management for Sustainable Marine Fisheries, National Research Council, H. Mooney (ed.).
Washington, DC: National Academy Press.
_______. 2001. Marine protected areas: Tools for sustaining ocean ecosystem, Committee on
the Evaluation, Design, and Monitoring of the Marine Reserves and Protected Areas in the
United States, E. Houde (ed.). Washington, DC: National Academies Press.
NatureServe.	
  2008.	
  Ecosystem-‐based	
  management	
  tools	
  network.	
  
http://www.ebmtools.org	
  (last	
  accessed	
  17	
  December	
  2008).

Norse, E. A. 2010. Ecosystem-based spatial planning and management of marine fisheries:
Why and how? Bulletin of Marine Science 86(2): forthcoming.
Okubo, A. and S. Levin. 2002. The basics of diffusion. In Diffusion and ecological problems:
modern perspectives, 2nd edition, eds. A. Okubo and S. Levin, 10-30. New York: Springer.
Ostrom, E., J. Burger, C. B. Field, R. B. Norgaard, and D. Policansky. 1999. Revisiting the
commons: local lessons, global challenges. Science 284:278-282.
Palumbi, S. R., P. A. Sandifer, J. D. Allan, M. W. Beck, D. G. Fautin, M. J. Fogarty, B. S.
Halpern, L. S. Incze, J-A. Leong, E. A. Norse, J. J. Stachowicz & D. H. Wall. 2009.
Managing for ocean biodiversity to sustain marine ecosystem services. Frontiers in Ecology
and the Environment 4: 204-211.
Pauly, D., V. Christensen, J. Dalsgaard, R. Froese and F.C. Torres Jr. 1998. Fishing down
marine food webs. Science 279: 860-863.
Pauly, D., V. Christensen, S. Guénette, T. J. Pitcher, U. R. Sumaila, C. J. Walters, R. Watson &
D. Zeller. 2002. Towards sustainability in world fisheries. Nature 418:689-695.

30

Peterson, C. H., H. C. Summerson, E. Thomson, H. S. Lenihan, J. Grabowski, L. Manning, F.
Micheli and G. Johnson. 2000. Synthesis of linkages between benthic and fish communities
as a key to protecting essential fish habitat. Bulletin of Marine Science 66(3):759-774.	
  	
  
Pikitch, E. K., C. Santora, E. A. Babcock, A. Bakun, R. Bonfil, D. O. Conover, P. Dayton, P.
Doukakis, D. Fluharty, B. Heneman, E. D. Houde, J. Link, P. A. Livingston, M. Mangel, M.
K. McAllister, J. Pope, and K. J. Sainsbury. 2004. Ecosystem-based fishery management.
Science 305:346-347.
Pittman, S. J., C. Caldow, S. D. Hile. 2007. Using seascape types to explain the spatial patterns
of fish in the mangroves of SW Puerto Rico. Marine Ecology Progress Series 348:273–284
Pittman, S. J., C. A. McAlpine, and K. M. Pittman. 2004. Linking fish and prawns to their
environment: a hierarchical landscape approach. Marine Ecology Progress Series 283:233Possingham, H., I. Ball, and S. Andelman. 2000. Mathematical methods for identifying
representative reserve networks. In Quantitative methods for conservation biology, eds.
S. Ferson and M. Burgman, 291-305. Berlin: Springer-Verlag.
Prigent, M., G. Fontenelle, M.-J. Rochet, and V. M. Trenkel. 2008. Using cognitive maps to
investigate fishers' ecosystem objectives and knowledge. Ocean & Coastal Management
51:450-462.
Psuty, N. P., P. E. Steinberg, and D. J. Wright, 2004. Coastal and marine geography. In
Geography in America at the dawn of the 21st century, eds. G. L. Gaile and C. J. Willmott,
C. J., 314-325. New York: Oxford University Press.
Roberts, C. M. 1997. Connectivity and management of Caribbean coral reefs. Science 278:14541457.

31

Roberts, C. M., J. A. Bohnsack, F. Gell, J. P. Hawkins, and R. Goodridge. 2001. Effects of
marine reserves on adjacent fisheries. Science 294:1920-1923.
Roff, J. C. and M. E. Taylor. 2000. National frameworks for marine conservation – a
hierarchical geophysical approach. Aquatic Conservation: Marine and Freshwater
Ecosystems 13:77-90.
Roff, J. C., M. E. Taylor and J. Laughren. 2003. Geophysical approaches to the classification,
delineation and monitoring of marine habitats and their communities. Aquatic Conservation:
Marine and Freshwater Ecosystems 13:77-90.
Sadovy De Mitcheson, Y. S., A. Cornish, M. Domeier, P. L. Colin, M. Russell, K. C. Lindeman.
2008. A global baseline for spawning aggregations of reef fishes. Conservation Biology
22(5):1233-1244.
Sadovy, Y. and M. Domeier. 2005. Are aggregation fisheries sustainable? Reef fish fisheries as
a case study. Coral Reefs 24:254-262
Sala, E., R. Starr, and E. Ballesteros. 2001. Rapid decline of Nassau grouper spawning
aggregations in Belize: fishery management and conservation needs. Fisheries 26(10):23-30
Sandwell, D., S. Gille, J. A. Orcutt, and W. Smith. 2003. Bathymetry from space is now possible.
Eos, Transactions of the American Geophysical Union 84(5):37, 44.
Shackeroff, J. M., and L. M. Campbell. 2007. Traditional ecological knowledge in conservation
research: problems and prospects for their constructive engagement. Conservation and
Society 5: 343–360.
Smith, M. D., C. A. Robbins, L. B. Crowder, B. S. Halpern, M. Turnipseed, J. L. Anderson, F.
Asche, L. Bourillíon, A. G. Guttormsen, A. Kahn, L. A. Liguori. A. McNevin, M. I.

32

O’Connor, D. Squires, P. Tyedmers, C. Brownstein, K. Carden, D. H. Klinger. R.
Sagarin, K. A. Selkoe. 2010. Sustainability and global seafood. Science 327: 784-786.
Sosa-Cordero, E., M . L. A. Liceaga-Correa, J. C. Seijo. 2008. The Punta Allen lobster fishery:
current status and recent trends. pp. 149-162 In, Townsend R., Shotton R. and Uchida
(eds.) Case Studies on Fisheries Self-Governance. FAO Fisheries Technical Paper. No.
514. Rome FAO.
Spalding, M. D., H. E. Fox, G. R. Allen, N. Davidson, Z. A. Ferdaña, M. Finlayson, B. S.
Halpern, M. A. Jorge, A. Lombana, S. A. Lourie, K. D. Martin, E. McManus, J. Molnar,
C. A. Recchia and J. Robertson. 2007. Marine ecoregions of the world: A
bioregionalization of coastal and shelf areas. Bioscience 57(7):573-583.
St. Martin, K. 2001. Making space for community resource management in fisheries. Annals of
the Association of American Geographers 91:122-142.
St. Martin, K. and M. Hall-Arber. 2008a. The missing layer: Geo-technologies, communities,
and implications for marine spatial planning. Marine Policy 32: 779-786.
St. Martin, K. and M. Hall-Arber. 2008b. Creating a place for “community” in New England
fisheries. Human Ecology Review 15:161-170.
Steinberg, P. 1999. Navigating to multiple horizons: Toward a geography of open space. The
Professional Geographer 51(3):366-375.
Thresher, R. E. 1984. Reproduction in reef fishes. Neptune City, NJ: TFH Publications.
Tompkins, E., W. N. Adger, and K. Brown. 2002. Institutional networks for inclusive coastal
management in Trinidad and Tobago. Environment and Planning A 34:1095-1111.

33

U.S. Commission on Ocean Policy. 2004. An ocean blueprint for the 21st century. Washington,
DC: U.S. Commission on Ocean Policy.
Warner, R. R., S. E. Swearer, and J. E. Caselle. 2000. Larval accumulation and retention:
implications for the design of marine reserves and essential fish habitat. Bulletin of Marine
Science 66(3): 821-830.
Wedding, L. M. and A. M. Friedlander. 2008. Determining the influence of seascape structure on
coral reef fishes in Hawaii using a geospatial approach. Marine Geodesy 31:246–266
Whaylen, L., C. V. Pattengill-Semmens, B. X. Semmens, P. G. Bush, and M. R. Boardman.
2004. Observations of a Nassau grouper, Epinephelus striatus, spawning aggregation site in
Little Cayman, Cayman Islands, including multi-species spawning information.
Environmental Biology of Fishes 70:305–313.
White, A., E. Deguit, W. Jatulan. 2006. Integrated coastal management in Philippine local
governance: Evolution and benefits. Coastal Management Journal 34:287-302.
Wilson, M. F. J., B. O'Connell, C. Brown, J. C. Guinan, and A. J. Grehan. 2007. Multiscale
terrain analysis of multibeam bathymetry data for habitat mapping on the continental slope.
Marine Geodesy 30:3-35.
Worm, B., E. B. Barbier, N. Beaumont, J. E. Duffy, C. Folke, B. S. Halpern, J. B. C. Jackson, H.
K. Lotze, F. Micheli, S. R. Palumbi, E. Sala, K. A. Selkow, J. J. Stachowicz, and R. Warson.
2006. Impacts of biodiversity loss on ocean ecosystems services. Science 314: 787-790.
Worm, B., R. Hilborn, J. K. Baum, T. A. Branch, J. S. Collie, C. Costello, M. J. Fogarty, E. A.
Fulton, J. A. Hutchings, S. Jennings, et al. 2009. Rebuilding global fisheries. Science 325:
578–585.

34

Wright, D. J. 1999. Getting to the bottom of it: Tools, techniques, and discoveries of deep ocean
geography. The Professional Geographer 51:426-439.
Wright, D. J. 2003. Introduction. In Undersea with GIS, ed. D. J. Wright, xiii–xvi. Redlands,
CA: ESRI Press.
Wright, D. J. and W. D. Heyman. 2008a. Marine geomorphology as a determinant for essential
life habitat: An ecosystem management approach to planning for marine reserve networks.
http://marinecoastalgis.net/aag08 (last accessed 17 December 2008).
Wright, D. J. and W. D. Heyman. 2008b. Marine and coastal GIS for geomorphology, habitat
mapping, and marine reserves. Marine Geodesy 31(4):1-8.
Wright, D. J., B. Donahue, and D. F. Naar, 2002, Seafloor mapping and GIS coordination at
America's remotest national marine sanctuary (American Samoa). In Undersea with GIS, ed.
D. J. Wright, 33-63. Redlands, CA: ESRI Press.
Zacharias, M. A. and J. C. Roff. 2000. A hierarchical ecological approach to conserving marine
biodiversity. Conservation Biology 14(5):1327–1334.
Zacharias, M. A., D. E. Howes, J. R. Harper, P. Wainwright. 1998. The British Columbia marine
ecosystem classification: rationale, development, and verification. Coastal Management
26:105-124.
William D. Heyman is an Associate Professor in the Department of Geography at Texas A&M
University, College Station, TX 77845. Email:wheyman@tamu.edu. His research entails
physical, biological, and social aspects of marine and coastal conservation and management.
Dawn J. Wright is a Professor of Geography and Oceanography at Oregon State University,
Corvallis, Oregon 97331-5506. Her research interests include geographic information

35

science, ocean informatics, benthic terrain and habitat characterization, and the processing
and interpretation of high-resolution bathymetry and underwater imagery.

36

