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Abstract

There has been a dramatic increase in recent years in the number of papers. reports. ctc., which have been published
concerning Marine Protected Areas (MPAs). This overview of the objectives. selection, design and management
of MPAs aims to provide a basis for discussion regarding possible ways forward by identitfying emerging issues.
convergences and divergences. Whilst the attributes of the marine environment may limit the effectiveness of site-
specific initiatives such as MPAs, it is argued that it would be defeatist in the extreme to abandon MPAs in the
face of these limitations. Ten key objectives for MPAs are discussed, including that ot harvest refugia. and it is
argued that whilst these objectives may be justifiable from a preservationist perspective. they may be objected
to from a resource exploitation perspective. MPAs generate both internal (between uses) and basic (between use
and conservation) conflicts, and it 1s argued that these conflicts may be exacerbated when scientific arguments
for MPAs are motivated by preservationist concerns. It is reported that a minority ot MPAs arc achieving their
management objectives, and that for the majority insufficient information was available for such effectiveness
evaluations. Structure and process-oriented perspectives on marine conservation are discussed. It is argued that
there are two divergent stances concerning optimal MPA management approaches: top-down. characterized as
being government-led and science-based. with a greater emphasis on set-aside: and bottom-up. characterized as
being community-based and science-guided. with a greater cmphasis on multiple-use. Given the divergent values of
different stakeholders. the high degree of scientific uncertainty. and the high marine resource management decision
stakes. it is concluded that a key challenge is to adopt a “middlc-ground™ approach which combines top-down and
bottom-up approaches. and which is consistent with the post-normal scientific approach.
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Introduction

This paper is an overview of issues concerning the

objectives. selection. design and management of

Marine Protected Areas (MPAs). The rationale for
such an overview is that there has been a dramatic
increase in recent years in the number of papers.
reports. cte.. which have been published concerning
MPAS. This overview aims to provide a basis for
discussions regarding possible ways forward by iden-
tifying cmerging issues, convergences and diver-
gences.

By way of background. this overview explores the
development of MPA policy. the progress of MPA
designations under international law and the attrib-
utes of the marine environment which influence the
effectiveness of MPAs. The validity of ten gencral
MPA objectives will then be assessed and the under-
lying value conflicts discussed. The extent to which
these objectives can be achicved by MPAs considering
the scale and connectivity of the marine environ-
ment will then be discussed with particular reference
to coral reets. The biogeographical representativity
and management etfectiveness of MPAS will then be
assessed, drawing on a recent international review.

Apgainst this background. emerging divergences
ot opinion about the best approaches to selecting.
designing and managing MPAs will be discussed.
particularly between those that argue for a top-down
approach. based primarily on strategic scientific prior-
ities. and those that argue for a bottom-up approach.
based primarily on socio-economic priorities. The
benefits and challenges of adopting a “middle ground”™
approach. which combines top-down and bottom-up
approaches, are then discussed.

The ITUCN defines an MPA as:

Any area of littoral or subtidal terrain. together
with its overlying water and associated flora,
fauna. historical and cultural features. which has
been reserved by law or other effective means to
protect part or all ot the enclosed environment
(Kelleher and Kenchington. 1992).

The term "MPAs™ includes intertidal reserves and
areas focused on the protection of shipwrecks, archae-
ological remains. ctc.. some arguing that the term is
so broad and vague that it has little value (Ballan-
tine. 1999). and that its generality may obscure
marine nature conservation objectives (Jones. 1994),
A plethora of terms are used to describe such areas,
depending upon the policy tramework within which

they are designated. the principal objectives. and the
level of protection which is afforded to achicve these
objectives. Ballantine (1999) argues that the term
“marine reserve” should be used generally in order (o
rationalize site-based approaches to marine conserva-
tion. and that sites designated as such should always
be strictly protected against extractive activities and
disturbance. However. for the purposes of this paper
the general term MPA shall be employed. but the focus
will be on subtidal areas in coastal seas (generally
within 12 nautical miles) for which the main objectives
are related to nature conservation. and no particular
degree of protection will be implied by the use of this
term.

The world’s first official MPA which included a
substantial subtidal area was established at Glacier
Bay, Alaska in 1925, incorporating coastal waters of
importance to whale and seal populations. Ten years
later. the first primarily subtidal MPA was established
at Fort Jetterson. Florida. covering the Dry Tortugas
system of coral reets. However. Ray (1999) argued
that the first “self-conscious™ MPA. i.e.. based on first-
hand appreciation of marine life through the advent
of snorkelling and SCUBA. was not cstablished until
1959: Exuma Cays Land-and-Sea Park. [t was another
sixteen years betfore the first international meeting
was held to review progress with MPAs and develop
approaches for selecting. promoting and managing
such sites (IUCN. 1976). The designation of MPAS has
similarly proceeded in a relatively slow manner. with
only 125 being recognized by 1974 (Bjorklund. 1974)
and 1.306 by 1994 (Kelleher et al.. 1995). Considering
that around 37.000 terrestrial protected areas were
then listed by the TUCN. it is clear that progress with
marine site protection has lagged behind terrestrial
initiatives.

Guidance 1o support the selection. designation and
management of MPAs has also been relatively slow in
its development. The TUCN first published guidelines
tor establishing MPAs in 1984, aimed primarily at
planners and managers of MPAs ftor coral reefs and
mangroves in developing countries (Salm and Clark.
1984). and these have recently been updated (Salm
ct al.. 2000). More widely applicable guidelines
for MPAs were published by the TUCN in 1992
(Kelleher and Kenchington. 1992) and these have been
updated to reflect recent developments and experi-
ences (Kelleher, 1999). In addition to such IUCN
guidance. experiences around the world concerning
the difterent principles and techniques for managing
MPAs have been compiled (Gubbay. 1995). and two
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euides focused mainly on the use of MPAs in fish-
crics management have been published (Roberts and
Hawkins, 2000: NRC. 2001).

Attributes of the marine environment

Introduction

The designation of nature reserves is an approach to
conservation that has primarily been developed and
applied in the terrestrial environment. When consid-
ering the relative lack of progress with the designation
ot MPAs. it must be recognized that there are a
number of attributes of inshore marine environments
which, to a degree. limit the potential effectiveness
of such site specific approaches. The implications of
these ditferences for marine conservation strategies
have been reviewed by a number of authors. e.g.,
Agardy (1997), Kenchington (1990). NRC (2001).
Norse (1993) and Ray (1976). There are a number
of ecological and management differences between
inshore marine and terrestrial environments which are
particularly important in this respect.

Ecological differences

Scale
Marine ccosystems tend o exhibit wide spatial
scales and have relatively indistinct boundaries, based
on physiographic features such as sea temperature.
salinity or current fronts, tectonic features.  cte.
Terrestrial ecosystems. on the other hand. tend to
exhibit narrower spatial scales and are bound by rela-
tively distinct physiographic boundaries. c.g.. land-
scape features and geological changes. However.
Ray (1996) reviews arguments against this view of
the sea as a homogenous domain and argues that
the complex wophic patchwork or mosaic structure
of marine systems should be recognized. Though
these arguments are valid. it must be recognized that
subtidal environments are generally relarively homo-
genous and wide-scale. compared to the more hetero-
geneous terrestrial environments. This will influence
the potential effectiveness of MPAs which are neces-
sarily characterized by being site-scale specific. MPAs
are generally considered to be particularly appro-
priate for site-dependent species with limited dispersal
(Boersma and Parrish. 1999).

Norse (1993) reviews difterent types of critical
marine areas to which site-specific protection is partic-
ularly appropriate. such as areas of: high diversity:
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endemism and productivity: spawning and nursery
erounds: migration stopover points and bottlenecks:
and areas of importance to particularly vulnerable
species. Such critical areas often become the basis
on which MPAs are selected. Their importance serves
to illustrate that. despite the scale of marine ecosys-
lems. site-specific measures often do have a role in
conservation efforts. though arguably not in as many
circumstances or to the same degree of effectiveness
as for terrestrial ecosystems.

Connectivity

Arguments concerning scale are closely related to
these tor connectivity. in that areas which are spatially
separated are more likely to be tunctionally connected
in muarine ecosystems than in terrestrial ecosystems.
This clearly influences the selection and design of
MPAs und their potential effectiveness in achieving
certain objectives. Ray and McCormick-Ray (1994)
argue that the general etfectiveness of MPAs is crit-
ically dependent upon whether their design takes
account of the functional connectivity over wide
spatial scales between different parts of the ecosystem
mosaic. whilst Roberts (1997, 1998) stresses the
importance of recognising the connectivity between
sources and sinks of recruits in designing MPAs for
fisheries management.

Vuriabiliry

Biological communities in inshore seas tend to exhibit
particular variability or discontinuitics due to a combi-
nation of biotic. abiotic and anthropogenic factors,
the interactions between which are increased by
the connectivity of the marine cnvironment (Ray.
1996). Inshore marine ecosystems can be particularly
complex due to the interactions between a diversity
of communities in a wide range of niches. which
often have non-linear population dynamics. There-
fore. populations may rise and ftall in a relatively
unpredictable and non-attributable manner due to
complex interactions between the ecological dynamics
of different communities. Such variations also occur
in response to variations in the physical environment,
such as changes in currents. terrestrial run-off and
coastal geomorphology.

Human activities often also affect inshore
communities, and the connectivity of the marine
cnvironment means that such activities may occur
a considerable distance from the MPA. but can still
have a significant impact on the communities in

question. For example. overfishing oft the coast of




200

Alaska was one of the principal factors which led
to the collapse of populations of Steller sea lions
and harbour seals. which were an important food
source tor Killer whales. which have in turn been
forced to seek alternative prey. including sea otters
in the shallow seas around the Aleutian Islands. The
resulting decline in sea otters has set oft a cascade
of effects: populations of sea urchins, on which sca
otters normally prey. have exploded. leading to the
overgrazing and collapse of kelp beds which are at the
base of the inshore marine food web and provide an
important habitat for many marine species (Estes et
al.. 1998).

An important consequence of such linkages is
that management situations are often very complex
through interactions between the impacts of human
activities and the dynamics of a little known system
(Kenchington. 1990). For example. outbreaks of
the crown-of-thorns starfish (Acanthaster planciy can
devastate coral reefs (Sapp., 1999). and there is
evidence that the frequency and intensity of outbreaks
has increased. exceeding the capability ot corals to
recover (Seymour and Bradbury, 1999). However.
there is uncertainty as to the significance of anthro-
pogenic impacts in perturbing these dynamics and
exacerbating the impacts of such outbreaks by
increasing their degree. extent and persistence. and
as to which anthropogenic impacts might be particu-
larly signiticant (Cameron et al., 1991; Kenchington
and Kelleher, 1992). Outbrecaks may be caused by
increased crown-of-thorns starfish recruitment due to
reductions in the populations of species that prey on
larvae and juveniles as a result of commerceial and
recreational fishing (Ormond et al.. 1990). or due to
increased production as a result of increases in the
terrestrial runoff of nutrients (Birkeland, 1982). This
case illustrates how it can be very ditficult to distin-
guish between natural and anthropogenic variations in
inshore marine ecosystems and to link observed vari-
ations with specific anthropogenic impacts. Similarly.
Dayton et al. (1998) discuss ditficulties in establishing
a natural benchmark against which changes can be
evaluated, and in discerning natural from anthropo-
genic changes.

Muanagement differences

Naturalness

Marine ecosystems are generally natural in manage-
ment terms. in that they arc rarely the result of positive
intervention. By contrast. some terrestrial habitats

considered to be of high conservation value. e.g.
moors. lowland heaths and meadows. are semi-natural
in that positive intervention through the maintenance
of certain human activities is required to preserve
them in their modified state (Sutherland and Hill.
1995). Marine ecosystems are. to varying degrees,
subject to negative interventions through anthropo-
genic impacts that result from a range of activities e.g..
fishing. This leads to significantly modified ecosys-
tems (Norse. 1993). and the majority of the world’s
coastal seas have been aftected (Vitousek et al.. 1997:
Jackson et al., 2001). However. it is rarely argued
that such activities should continue in certain marine
areas because the impacted habitats are considered.
as a result, to have developed a conservation interest.
The general approach to the management of MPAs is
therefore one of non-intervention in comparison to the
active management approach to conservation which is
often practised on land (Laffoley and Bines. 2000).
MPA management essentially involves the minimisa-
tion of negative interventions, through the restric-
tion of certain activities in certain arcas. in order
to maintain relatively natural ecosystems. rather than
the promotion of positive interventions, through the
selective continuation of certain activities. in order to
maintain semi-natural habitats.

Limited scientific knowledge base

One reason that the potential of MPAs us a manage-
ment tool has yet to be realized. is that the science
underlying effective MPA development and manage-
ment is poorly understood (Mascia, 2001). Our under-
standing of the structure and function of marine
ecosystems is poor compared to that of terrestrial
systems. due to logistical problems of observing
and studying such environments and the related high
costs, their complex and dynamic nature, and the fact
that humans are a predominantly terrestrial species.
The management problems related to variability are
compounded by a lack of understanding of the abiotic
and biotic dynamics and processes that shape marine
communities (Kenchington, 1990). This has a number
of fundamental implications for the selection. design,
management. and evaluation of MPAs, related to
tactors such as a lack of long-term baseline monitoring
studies, a lack of knowledge about trophic relation-
ships over difterent spatial and temporal scales. and
ditficulties in gaining scientific evidence to support
claims concerning sustainable exploitation levels and
causc-effect relationships. However, Ludwig et al.
(1993) argued that scientific uncertainty is not neces-
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sarily an obstacle to conservation initiatives. and that
actions should be taken on an iterative. adaptive basis
which recognizes scientific uncertainty. rather than
delaying actions in the quest for scientific certainty.

The multiple use of coastal seas

On land. different activities tend to occur in dedicated
arcas, interactions between which can be managed
with relative ease. conflicts generally being based on
competition between different users for a given area,
e.g.. agriculture and conservation. Disputes can often
be resolved at a local or regional level. However.
inshore seas are characterized by a growing intensity
and diversity of multiple uses within the same area,
with different societal sectors perceiving such ecosys-
tems to be valuable in different ways. often leading to
conflicts. Even where activities are spatially separated.
the connectivity of marine ecosystems increases the
scale of related impacts. and thereby the geographical
distance over which negative interactions may poten-
tially occur. leading to “down-stream impacts.” This in
turn means that MPA management must often address
a relatively wide range of conflicts at a relatively
wide spatial scale. Furthermore. the principle of the
“freedom of the seas™ is widely recognized. leading to
a general expectation amongst many stakcholders of
relatively open access and a resistance to proposals to
implement access restrictions.

The manner in which these multiple uses are
managed is also significant. in that there is rarely
an overarching management [ramework. Manage-
ment authority is often restricted to a given agency’s
statutory remit over a specific sectoral activity. which
hinders integration initiatives. Jurisdictional {rame-
works are also often complicated, with significant
gaps and overlaps in their boundaries. leading to the
potential for “turf battles™ between different sectoral
agencies. Furthermore. most marine resources arc not
subject to property rights or are subject to common
property rights, making it difficult to safeguard them
through exclusive ownership and other market mech-
anisms. and rendering them prone to unregulated
competitive over-exploitation (Hardin, 1968).

The alien nature of marine ecosvstents

To the majority of observers ot coastal seas, most of
the adverse effects of disturbance are not apparent.
Even if people are aware of the adverse effects of
certain uses, our lack of tamiliarity and empathy with
most marine life. and its general lack of intrinsic
appeal, mean that the reaction is more likely to be
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one of indifference. Also. marine populations do
not tollow familiar seasonal patterns and the sca
itself” is also often seen as an adversary. However.
it is important to remember that such alienation and
perceptual hurdles (Kenchington, 1990) can positively
atfect human perception of the scas. many people
having a particular interest in marine life because it
is unusual, mysterious and unpredictable.

It could be argued that society’s relation to the
sca is largely defined in terms of the resources it
provides. particulurly as a place to harvest fish. dilute
and disperse liquid wastes, and undertake marine
navigation. Land. on the other hand. is conceived as
a tangible entity in itsell. the uses of which can be
spatially divided. including the set-aside of areas for
nature conservation (Cole-King. 1995).

MPA objectives

The importance of objectives

Clearly. the ecological and management-related attrib-
utes of marine environments will signiticantly influ-
ence the potential effectiveness of MPA initiatives.
When assessing the degree to which MPAs can be
effective against the background of these attributes.
it is important that the detailed objectives of specific
initiatives are formulated. and that consensus on their
validity is reached amongst relevant stakeholders.
Failure to do this is likely to undermine arguments
tor establishing MPAs and exacerbate conflicts during
the tormulation and implementation of management
policies (Jones, 1994). Furthermore. detailed objec-
tives are an essential basis tor MPA selection ( Vander-
klift and Ward, 2000) and ctfectiveness evaluation.
Ten general objectives tor inshore MPAs. which are
primarily focused on nature conservation, can be
identified:

e Protect rare and vulnerable habitats and species
Conserve a representative set of habitat types
Maintain and restore ccological functions
Promote research and education
Harvest refugia
Control tourism and recreation
Promote integrated coastal management
Maintain aesthetic values
Muaintain traditional uses

Cultural symbolic value of set-aside areas
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Review of ten objectives

Protect rare and viudnerable habitats and species

The risk ol species extinction in marine ccosys-
tems has not generally been considered as being
significant. on the basis that most species are wide-
spread as a result of the wide scale and connectivity
of such ecosystems. Therefore, narrow endemism
amongst marine species is relatively low. making them
less vulnerable to extinction than terrestrial species.
Reviews by Roberts and Hawkins (1999) and Powles
ct al. (2000) indicate that only five invertebrates.,
all molluscs, are recorded as having become extinct.
However, it is also argued that many other species are
“missing in action” ie.. were once recorded but have
not been recorded recently. or are known to be on the
brink of extinction. and that many species may have
become extinct without ever being recorded (Norse,
1993: Culotta. 1994 Malakott. 1997: Roberts and
HawKkins, 1999). Culotta (1994) concluded that marine
and terrestrial extinction rates should not be compared
on the same basis. as the scale and connectivity of
marine ecosystems means that it extinctions or deple-
tions are occurring. the causative problem may be on
a very large scale and could potentially have wide
implications. In view of the unprecedented degree and
extent of pressures on inshore seas. and increasing
awareness of the limited range of many species and of
aspects of their life cycles that render them vulnerable
to extinction, Malakoft (1997) argued against the myth
that marine species are extinction proot.”

Similarly. Roberts and Hawkins (1999) and Powles
et al. (2000) identified a number of factors that
render certain marine species particularly vulner-
able to extirpation and extinction including: small
geographic range: dependency on rather limited.
vulnerable and/or patchily distributed habitats: low
tecundity: long and unpredictable intervals between
recruitment; low dispersal ability: and strong Allee
effects. Given increasing knowledge ot the number of
populations which exhibit such characteristics. and the
widespread impacts ot fishing. Roberts and Hawkins
(1999) concluded that documented extinctions may
only be the visible crest of a marine extinction wave
that has been underway since the 19th century and is
now gathering force.

Such fears are validated by growing concern over
commercial fish stocks which arc now considered at
risk of extinction. Musick et al. (2000). note that
the American Fisheries Socicty identified 68 marine
tish species that they believe are at risk of extine-

tion. whilst Malakoft (1997) notes that the TUCN
added 118 marine fish species to its 1996 Red List
of animals threatened with extinction. However, there
has been controversy over the applicability of the
IUCN s eriteria tor defining difterent categories of risk
tor marine species. particularly those based on the rate
of decline in ubundance. as some fisheries biologists
argue that this may not be appropriate to stocks where
declines may be due to natural variability (Powles et
al.. 2000). There are also concerns that some criteria
may not be precautionary enough for marine species
(Powles et al.. 2000), and it has been argued that
increases in the population-decline thresholds used
to assign marine fish species to at-risk categories
would be inconsistent with the precautionary approach
(Hutchings, 2001). The ITUCN's recent review of the
existing criteria did not lead o the development of
criteria specifically for marine species (IUCN. 2000).

Where marine species are being depleted and
becoming rare. MPAs can help protect them against
localized impacts. though the protection aftorded
is clearly restricted by the geographical extent and
distribution of the MPAs. They do. however. have
a particularly important role in protecting marine
habitats which are critical to certain species during
certain stages of the life cycles. They can also be
important in protecting peripheral populations which
are nationally rare because their distribution range is
restricted (o a small proportion of a nation’s seus.
Such peripheral populations may well be globally
common. but Malakott (1997} stressed that apparently
widely distributed species may be revealed. by genetic
studies. to consist of “concealed sibling species”
that can have narrower ranges and therefore be more
vulnerable to extinction. Roberts and Hawkins (1999).
argued that losses of local populations are clearly
indicative that a species might eventually disappear
altogether. It is therefore argued that marine species
are polentially more vulnerable to extinction than has
traditionally been considered, and that MPAS have the
potential to be an important tool in reducing the risk
of such extinctions.

Conserve a representative set of habitat tvpes

The conservation of a representative set of habitats
is the classic structure-oriented approach to conser-
vation. Efforts are tocused on preserving examples
of all major habitat types within a biogeographic
region. based on a hierarchical classification scheme,

as a means of ensuring the protection of species
biodiversity and a range of habitats. By preserving
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representative ecosystems. MPAs are likely to ensure
the conservation of species and genetic diversity
(NRC. 2001). One of the recommendations of the
IV World Congress on National Parks and Protected
Areas was that a global system of MPAS representing
all major biogeographic types and ecosystems should
be established (IUCN. 1993). Accordingly. one of
the key themes of the recent international review of
MPAs (Kelleher et al.. 1995) discussed below was an
assessment of the degree to which existing designa-
tions represent the major biogeographic types in each
marine region. Efforts relating to this objective are
otten focused on arcas which are rich. in terms of the
number of different habitats and species they support.
as a means of maximising representation within a
given area.

Muaintain and restore ecological functions

There is growing awarcness of the high value of
coastal seas in terms of the ecosystem services they
provide (Costanza ct al., 1997). and this is leading
to calls for a more process-oriented approach to
marine conservation. in keeping with the land ethic
(Callicot. 1991). There is also growing awarcness of
the degree and extent of disturbances to coastal marine
ecosystems, particularly those disturbances resulting
from fishing (Jackson et al.. 2001). However. there
1s a socictal perception problem in this respect. in
that most people do not appreciate the importance
of marine ecosystem goods and services (Peterson
and Lubchenco. 1997). Therctore. marine ecosystem
conservation is generally a Jow societal priority (Jones.
19994).

Agardy (1997} argues that most impacts oceur
in coastal seas where the majority of areas critical
to ecosystem functioning and productivity arc found.
and that the protection of such critical marine areas
is of paramount importance. Jackson et al. (2001)
and Pitcher (2001) go further in calling tfor initia-
tives to restore coastal marine ecosystems back to
their original states as revealed by palaeoecological.
archacological and historical records. rather than using
more recent “shifting baselines™ as restoration targets.
Jackson et al. (2001) argue that such ambitious
measures are necessary to restore ecosystem resilience
to other anthropogenic impacts. such as eutrophication
and globul wurming.

Promote research and education

[t is clear that scientific investigations need benchmark
areas that are as unaffected as possible by human activ-
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ities such as fishing. recreation and waste disposal. as
the eftects of these could obscure the natural processes
under investigation. Such benchmark areas can be
viluable for comparatively assessing the ecological
impacts of harvesting in exploited arcas. for studying
natural fisheries dynamics and ecosystem functioning.
and for monitoring wide scale natural and anthro-
pogenic changes in the absence of localised anthro-
pogenic impacts (Murray et al.. 1999: NRC. 2001).
MPAs are also a focus for cducational activities
and initiatives to raise public awareness in order to
promote marine conservation in general. and. more
specifically. for promoting support for the effective
management of MPAs (Kaza, 1995: Alder, 1996a).

Harvest refugia
Arcas which are partially closed, i.c.. during certain
times of the year. and/or are restricted to certain
fishing techniques. are becoming increasingly recog-
nized as a means of protecting areas critical to certain
fisheries and as such are an important and relatively
accepted aspect of fisheries conservation policy. There
are growing calls to combine fisheries and nature
conservation objectives through the designation of
MPAs which incorporate no-take zones. also referred
to as fisheries marine reserves (FMRs) (NRC. 2001).
Such calls are based on increasing concerns about the
sustainability of fisheries and the wide-scale impacts
of fishing on marince ccosystems (Botstord at al.. 1997:
FAO. 2000: Jennings and Kaiser. 1998: Jackson et al..
2001). coupled with the many benefits that FMRs offer
not only for achieving marine conservation objec-
tives such as thosc discussed in this paper. but also
for fisheries conservation. Used in combination with
other fisheries conservation measures, FMRs can: (1)
help replenish stocks. enhance recruitment and sustain
catches by the spillover of adults and export of larvae
into fished areas: (2) provide insurance and resili-
ence in the face of stochastic ecological dynamics,
uncertainty over fisheries modeling and assessments.
and enforcement problems: (3) protect habitats crit-
ical at certain stages of fish stock life cycles: and
(4) provide arcas tor the swudy of fisheries and wider
marine ecology (Guenétte et al.. 1998: NRC, 2001).
A number of modeling cxercises which indicate
that FMRs may yield such benefits have been reported
(e.g.. Guénette ct al.. 1998: Holland. 2000: Sumaila
ct al., 2000: NRC. 2001). particularly for populations
with sedentary adults. (e.g.. Hannesson. 1998: Hast-
ings and Botsford. 1999: Nowlis and Roberts. 1999).
However, the number of evaluations which indicate
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that such benefits have actually been achieved are
limited (Guénette et al.. 1998: Sumaila et al.. 2000:
Roberts et al.. 2001, partly because the spatial and
temporal heterogeneity ot inshore marine ecosystems
means that it is difficult to distinguish between reserve
effects and habitat effects (Garcia-Charton and Perez-
Ruzata, 1999). Many reported evaluations have been
for non-migratory fisheries. particularly on coral reefs.
and only one such study reports overall catch-per-
unit-effort increases after FMR creation (Roberts et
al.. 2001). The majority of evaluations are limited to
indicating that fish sizes and numbers increase within
FMRs (Halpern. in pressy and around their bound-
aries. including limited anecdotal evidence that such
increases have led to the support of fishermen who
previously opposed closure, ¢.g.. Ballantine (1989).
The lack of data demonstrating the benefits of FMRs
coupled with difficulties in undertaking such evalu-
ations have led to calls for FMRs to be established on
a precautionary basis (Lauck et al., 1998: Murray et
al.. 1999).

Overall. observations of discussion fora, such
as the California Marine Protected Area Network
(CMPAN) and news reports. indicate that fishermen
tend to object to proposed FMRs to achieve both fish
stock and marine nature conservation objectives on
the grounds that the benetits of such designations are
unproved and that the motives for such proposals are
based on preservationist rather than fisheries conserva-
tion concerns. Unfortunately, demonstrating the bene-
fits of FMRs through rigorous evaluations is extremely
problematic given that a sutficient number of compar-
able areas to provide for statistically adequate replica-
tion first have to bhe successfully closed to all
fishing activities (Murray ct al.. 1999). often in the
face of objections from fishermen. Furthermore. the
connectivity and variability of inshore marine ccosys-
tems means that it is difficult to confidently relate
wider fisheries benefits to specitic FMRs. particularly
for migratory species. Nonetheless. in the tace of
the evident failure of current measures to conserve
fisheries. it is likely that calls and efforts to raise
community support for FMRs on a precautionary
or adaptive trial basis will increase. as will ettorts
to rigorously demonstrate their fisheries and marine
conservation benefits.

Control tourism and recreation

Tourism and recreation related activities and develop-

ments are recognized as one of the main pressures on
coastal seas, and many MPAs have been designated

in response 1o the impacts of divers on popular but
vulnerable habitats such as coral reefs. One of the key
concerns is that divers will damage the very attributes
of the arca that attracted them in the first place. thus
endangering the sustainability of this economically
important activity and undermining other uses (Kench-
ington. 1993; Davis and Tisdell. 1995). Since these
interests are concentrated on specitic “hot spots™ from
both a marine biodiversity and tourism perspective,
such as coral reefs. site specific protective measures
through MPAs are widely argued to be particularly
appropriate.

Promote integrated coastal zone management (1CZM)
MPAs are often seen as a means of developing and
demonstrating the overall bencfits of management
approaches which enable multiple uses to co-exist
on a sustainable basis in areas which are subject to
a diversity of pressures (Kenchington and Agardy.
1990). As such. MPAs can be a catalyst in that
they are small-scale models of integrated marine
resource management which should be practised on a
much wider scale (Agardy. 1994). The Great Barrier
Reet Muarine Park (GBRMP) is widely regarded as
“flagship™ initative in this respect (Kelleher and
Kenchington. 1982: Kenchingion and Agardy. 1990:
Kenchington. 1990). Management approaches which
provide tor multiple-uses are particularly important in
marine cnvironments. as the provision of access and
allowance of certain activities is widely perceived as a
reasonable expectation. compared to terrestrial arcas
where exclusion and strict protection is a relatively
tamiliar and accepted conservation approach. Critics
argue. however. that the extremely small proportion
of multiple-use MPAs which are set-aside undermines
conservation objectives (Brailovskaya. 1998: Prideaux
ctal.. 1998). as is discussed below in the discussion on
“multiple-use or set-aside.”

Muaintain aesthetic values

Coastal seas are particularly important in this respect.
due to their openness and naturalness. from both a
scascape and o marine wildlife perspective. MPAs
can serve to both preserve particularly important
marine areas as a source of acsthetic values and 1o
promote interest in marine wildlife and related tourism
opportunitics.

Maintain raditional uses
MPASs can provide for the continuation of small-scale
traditional uses and cxclusion of modern. market-
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economics driven exploitation as a means of main-
taining both natural and cultural heritage values,
particularly in developing countries (Alder. 1996b).
Silvit and Desilvestre (1986) discussed this in terms
of the protection of areas where seatood dependent
indigenous cultures have maintained their coastal
subsistence way of lite. Such areas can also serve
1o maintain and demonstrate the value of subsistence
cultural approaches to marine resource management
(Johannes. 1978). To this end. the Convention on
Biological Diversity (Article 10(ch. UNCED. 1992)

calls for measures to protect customary uses of

biological resources that are sustainable. MPAs are
recognized by many as being important for the mainte-
nance ot traditional uses. However, it has been argued
that MPAs. pursued in the context of ICZM projects
funded by development organisations. can subvert
traditional resource management systems and promote
market-cconomics  driven exploitation by external
interests (Nichols. 1999). thus actually undermining
this objective.

There are also a number ot papers which call
the effectivencss of small-scale traditional approaches
to fisheries management into question. Ray (1976)
argued that it would be a great error lo categorize tradi-
tional subsistence cultures as right and the industrial-
ized peoples as wrong. i.e.. it should not be assumed
that traditional cultures have an ecological basis.
Polunin (1984) argued that traditional approaches to
fisheries management based on tenure were competi-
tively driven by a desire for gain rather thun cooper-
atively driven by a desire for restraint. Cooke et
al. (2000) report that the cffectiveness of customary
management varied between ditferent areas in Fiji.
Some exhibited quite a high degree of management
and others exhibited very little or effectively no
management. Jackson et al.’s (2001) findings revealed
that overfishing by indigenous populations began to
fundamentally alter some coastal marine ecosystems
many thousands of years before present, and they
argued that these findings undermine the romantic
notion of the supposedly superior ecological wisdom

of non-Western and precolonial socicties. Even if

it 18 accepted that some indigenous cultures are
ecologically enlightened and can cffectively manage
fisheries. Ray (1976) argued that it must be recognized
that traditional ways are subject to external influ-
cnees and changing technology. This 1s particularly the
case given the increasing influence of globalization,
and this must be recognized when incorporating the
maintenance of traditional activities into the objectives
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and management ol MPAs. Such concerns about the
effectiveness of traditional management approuaches
potentially undermine the validity of this objective.

Promoie the cultural svinholic value of set-aside
areas

This objective is derived from the “moral convic-
tion that 1t 1s right™ to preserve natural areas and
the species they support (Leopold. 1964). regardless
of any scientific or resource management objectives.
Indeed. Pearsall (1984) argucd that the likelihood
of market values actually accruing trom any given
species 1s very small. therefore. public support for
species protection must be tounded on ethical pereep-
tions of which set-aside are symbolic. Set-aside areas
have also been discussed as being the modern equiva-
lent of pre-Christian sacred places in a society that has
otherwise lost its links with the ecological community.
though it ix argued that there is a difference in the
way that nature is regarded and the trade-ofts that
are permissible (UNEP. 1995). In a related sensc.
set-aside areas are also generally considered to be
an important means ot fultilling the human race’s
stewardship duties on behall of future generations. on
behalt of plants and animals themselves. or on behalf
of God. i.c.. with dominion comes responsibilities.

Value conflicts

The objectives discussed above may appear to marine
conservationists and scientists to be justifiable and
achievable through the designation and management
of MPAs. However. experiences trom around the
world have shown that MPA proposals are often
contentious in that they generate contlicts. It is
possible to identity two bases for such conflicts.

Internal conflicts occur between different user
interests and emerge in MPAs when one sector feels
that they are being discriminated against in favour ol
another. For instance. MPA proposals in Britain led
to a number of internal conflicts between divers and
fishermen. where proposed restrictions on shellfish
collecting on one were felt to be unfairly tavouring
the other (Jones. 1999b). and there are often conflicts
where fishermen using towed-bottom gear operate
in the same arcas as those using fixed-bottom gear
(Kaiser et al., 2000). As such. internal conflicts are
based on competition tor marine resources and may
be revealed by proposed MPA restrictions.

Buasic conflicts are based on more tundamental
ditterences in cthical views. between those who
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primarily believe that certain marine areas should be
preserved, in keeping with the cultural benefits of the
objectives discussed above. and those who primarily
believe that marine resources should be exploited.
albeit. to a greater or lesser degree. on a sustain-
able basis. This difference is in turn underpinned by
differences between the preservation ethic and the
resource conservation ethie (Callicot. 1991). To many
proponents of resource exploitation. MPA proposals
are not acceptable in a marine area where they have
exploitation interests, unless they can be convinced
by the resource management benefits of the objec-
tives discussed above. Such conviction requires not
only a long-term view and commitment to sustain-
able exploitation. but also an element of faith in the
management and scientific principles underlying these
objectives. In the majority of cases. this conviction is
not widely held. leading to the objections. opposition.
litigation, and cven sheer defiance that characterizes
the history of many MPAs.

Internal conflicts are relatively amenable to resolu-
tion through consensus and compromise. Basic
conflicts arc extremely difficult to resolve as negoti-
ated settlement is foreclosed. because consensus is
philosophically intolerable (Miller and Kirk., 1992).
It is argued that the internal and basic value conflicts
underlying debates concerning MPAs need to be taken
into account when formulating policies and designing
MPAs, in order that the appropriate conflict manage-
ment approaches can be adopted.

It is also important. in this respect, to consider the
value bases of the objectives that are being recom-
mended by scientists for MPAs. Whilst scientists may
profess that the scientific bases of such objectives are
value-free. in keeping with the positivist or normal
scientific tradition, it is possible that the scientists
in question are consciously or subconsciously moti-
vated by preservationist concerns and cultural benefits.
Where users of proposed or existing MPAS suspect
that this is the case. the credibility of the argu-
ments behind the scientific objectives will be seri-
ously undermined. and the basic conflicts related to
MPAs will be significantly exacerbated. An illustra-
tion of this issuc was provided in a debate in 1999
on the CMPAN email discussion list. in which fish-
ermen accused the scientists who were putting forward
arguments for FMRs of being on a purely moral
mission. Whilst it is important that scientists engage
in debates concerning MPAs, it is equally wimportant
that arguments based on personal ethical views are
distinguished from those based on scientific evidence.

and that the degree of uncertainty concerning the
latter is made clear. Statements which are implicitly
biased by a personal ethical stance potentially exacer-
bate contlicts and confuse issues. This approach will
allow scientists to engage in debates and depart from a
purely positivist approach by making statements based
explicitly on their own ethical judgements. as well
as statements based explicitly on scientific evidence,
in keeping with the posr-normal scientific tradition
(Ravetz. 1999: Naylor L.. pers. comm.). which will,
in turn. provide tor a constructive role for science as
discussed below.

Limitations of scale: Case study of coral reefs

As discussed above. the scale and connectivity of
marine ccosystems limits the effectiveness of MPAs in
achieving their objectives. MPAs are limited in their
spatial scale and cannot protect wide ranging plank-
tonic and migratory species against impacts beyond
the boundaries of the MPA. They are. however. partic-
ularly effective for closed species whose propagules
do not disperse far from adults. and which are terri-
torial or otherwise limited in range. Coral reefs are
particularly appropriate in this respect, and in that they
are of outstanding value in terms of their biodiversity.
cconomic resource, ecosystem function and intrinsic
appeal value. This outstanding value is reflected by
the fact that 274 (21%) of the 1.306 MPAs identified
by Kelleher et al. (1995) cover coral reefs (though
Spalding et al. (2001) subsequently listed over 660)
coral reet MPAs) and that much of the MPA guid-
ance is aimed mainly at coral reet MPAs. e.g.. Salim
et al. (2000). Mascia (2001). This is significant in that
Davidson (1998) revealed that coral reefs only account
for around 0.2% of the global ocean area. but around
33% of all marine fish species and 25% of the total
number of marine macro-species are found on coral
reefs. Therefore. their over-representation. in terms off
numbers of MPAs, is arguably justified in terms of the
proportion of marine biodiversity they support. Coral
reef species also tend to be relatively restricted in their
range and have more specialised habitat requirements.
making them more vulnerable to extinction (Roberts
and Hawkins, 1999; Hawkins et al.. 2000).

The eftectiveness of the 274 coral reef MPAs
reported by Kelleher et al. (1995) in protecting against
localised impacts related to pollution, fishing, tourism,
sedimentation. ctc.. is debatable. given the large
proportion of coral reefs “at risk™ (Spalding ¢t al..
2001). The possibility is emerging that coral reefs




r the
icitly
acer-

will
01m a
ased
well
2nce.
litton
will,
ce as

ty of
Asin
their
tank-
yond
artic-
sules
terri-
S are
they
TSity,
‘nsic
'd by
tified
ough
- 660
guid-
Salm
1 that
sount
‘ound
total
coral
ns of
ot the
Coral
their
1ents.
iberts

APAS
Tainst
rism,
large
it al.,
reefs

may also be significantly threatened by two wide-scale
impacts related to climate change. Firstly. the impacts
of coral bleaching as a result of raised seawater
emperatures are increasing, often as a result of El
Nino/Southern Oscillation (ENSO) events (Wilkinson
et al.. 19991 Reaser et al.. 2000). the incidence and
intensity of which could be increasing as a result of
climate change (Timmermann et al.. 1999). 1tis worth
noting that such bleaching may represent an adaptive
response that helps coruls to survive future warming
events (Baker. 2001). and that ENSO disruptions are
also likely to have consequences for temperate marine
communities (Dayton ct al.. 1998, 1999: Santord.
1999). Secondly, increased atmospheric CO2 concen-
trations could lead to a decline in coral reef-building
capacity by decreasing the aragonite saturation state
of seawater and thus inhibiting calcification (Gattuso
et al.. 1998: Kleypas ct al.. 1999). This could
weaken coral reef skeletons, increasing vulnerability
to erosion through storms which might increase in
intensity/frequency with climate change. and reduce
extension rates. reducing the ability of reets 1o adapt
to sea level rise.

Clearly MPA status will not protect coral reefs
against such extreme wide-scale impacts. However,
protection against localised impacts through ettective
MPA management could reduce the vulnerability of
coral reefls o wide-scale impucts and promote the
potential tor adaptation to and recovery from such
impacts (Salm ct al.. 2001). Similarly. the study of
the effects of wide-scale impacts, which would be
supported through MPA status, might raise awareness
ol the marine impacts of climate change and add to the
pressures to address this global issue. in keeping with
the objective of promoting research and education.
This case study serves to illustrate that whilst MPAS
are limited to a degree in their potential effectiveness
in achieving their objectives due to their limitations
of scale. this does not undermine their role in marine
conservation and it would be deteatist in the extreme
to abandon MPAs due to such limitations.

International MPA review
Biogeographical priorities

Kelleher et al. (1993) asscessed the number. represent-
ativity and effectiveness ot MPAs within 18 biogeo-
graphic regions. Table 1 sets out the basic findings
of this review in terms ot the distribution of MPAs
amongst the 18 biogeographic regions.
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This analysis. coupled with specific information on
the biogeographic representation of the MPAs within
cach region/zone. was used as the basis tor specific
recommendations concerning regional (Table 1) and
national prioritics for proposed new MPAs and for
existing MPAs that require management support. This
was with a view to achieving the objective. discussed
above. that a global system of MPAs representing all
major biogeographic types and ecosystems should be
cstablished.

Management effectiveness

As the priorities for MPAs which require increased
management support imply. a key objective of the
review was (o assess the extent to which MPAs around
the world are achieving their management objectives
(Table 2). It is debatable whether the proportion of
MPAs. for which sufficient information was avail-
able (383 representing 29% of the total). which were
found to have a high level of management (31% of
383 MPAS) is representative of the great proportion
of MPAs tor which insufficient management intor-
mation was available (923 representing 71% of the
total). Tt is possible that a lack of management infor-
mation is indicative of a poor management regime.
in which case the total proportion of MPAs which
have a high management effectiveness will be less
than 31%. A “worst case” interpretation of the above
tigures is that only 9% (383) of the total number of
MPAs around the world (1.306) could be classified
as having high management effectivencess. Even it the
MPAs for which sutficient management information
was available are representative ot the total number,
the figures still indicate that 29% of MPAs are failing
to meet their management objectives, which clearly
indicates that there is great scope for the improvement
of MPA management effectiveness. Kelleher et al.
(1995) stressed that that there were variations between
bioregions as to the reasons why MPAs were fuiling
10 mect their management objectives. but identity
the following commonly recurring themes. many
ol which resonate with the issues discussed in this
paper:

Insufficient  financial — and  technical  resources,
including a lack of trained staff. to develop and
implement management plans.

Lack of data for management decisions. including
information on the impacts of resource use and on
the status of biological resources.
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lable 1.
Kelleher et al.. 1995)

Distribution of MPAs amongst the 18 biogeographic regions and priorities for new or improved MPAs (after

Marine Totl Percentage of Priority Priority Number/percent of
biogcographic number of  total number new improved biogeographic zones within
region MPAS of MPAS MPAS MPAS region with no MPAS
Antarctic 17 1.3 No agreed biogeographic zone cluassitication
Arctic 16 1.2 2 4 1720
Mediterrancan 53 +.0 4 0 2/20
Northwest Atlantic 39 6.8 4 8] 0/Q
Northeast Atkantic 41 31 5 18 1717
Baltic 3 32 5 5 /11
Wider Cartbbean 104 7.9 3 3 /17
West Atrica +2 32 9 3 1720
South Atlantic 19 1.4 3 5 1/20
Central Indian Ocean 15 1.1 R 4 2/33
Arabian Scas 19 1.4 1l 0 5/38
East Africa 54 +.1 3 8 2/40
Eust Asian Seas 92 7.0 I 9 0/0
South Pacitic 06 5.0 Insutticient information 8740
Northeast Pacitic 168 12.8 3 3 1711
Northwest Pacitic 190 14.5 6 0 1712
Southeast Pacitic 18 1.3 2 6 3750
Australia/New Zealund 260 19.9 16 7 2711
Total 1.306 100.0 32 73 32/21
Lack of public support and unwillingness of users {i;g/:’J Munagement effectiveness of MPAs after Kelleher et al..

to follow management rules, often because users
have not been involved in establishing such rules.

Inadequate commitment to enforcing management.

Unsustainable use of resources occurring  within
MPAs.

Impacts from activities in land and sea areas outside
the boundarics of MPAs, including pollution and
overexploitation.

Luack of clear organisational responsibilities for
management and absence of coordination between
agencies with responsibilities relevant to MPAs.

Such evaluations of the performance and effective-
ness of MPAs are critically important. It an MPA
15 failing to achieve its objectives and this failure
is not detected. a false sense of sccurity can be
imparted to managers and stakeholders. This mistaken
security may jeopardize the futurc ot not only the
MPA. but also of regional management policies which
are supported by the MPA (Murray et al.. 1999). An
important caveat when considering Kellcher et al.’s
(1995) review 1is that it did not address the level of
protection which was afforded by the various types of

Number/percent-
age of MPAS

Management level

Higlr: generally achieving nanagement objectives 117731
Moderare: partially achicving manugement objectives 155740
Low: generally failing 1o meet management objectives 111729
Stth-toial: MPAS tor which sutticient management 3837100

information was available (representing
294 of total)
Cnknowns insutticient management information 923/71
waitable

Total 1.306/ 100

MPA designation, other than an asscssment of whether
the management objectives were generally being met,
Therefore an MPA which had modest management
objectives might be classitied as generally meeting
these. whilst an MPA which had ambitious manage-
ment objectives, and thus more use restrictions. might
be classitied as not mecting these. despite the fact that
the ambitious MPA may be achieving more tfor marine
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nature conservation. Future evaluations at a national,
regional and international scale would benetit from an
analysis of the different levels of protection attorded
by the MPAs. rather than being confined to assessing
simply whether the objectives. be they ambitious or
otherwise. are being met. A three level categorisation
of protection has been suggested (NRC. 2001):

MPA — an area designated to enhance the conscr-
vation of marine resources through an inte-
erated plan that includes MPA-wide restrictions
on certain activities, such as oil and gas extrac-
tion, and may also provide for higher levels of
protection for delimited zones.

Fisheries marine reserve (FMR) - an arca/zone
that prohibits fishing activities for some or all
species in keeping with the objectives of harvest
refugia.

Ecological marine reserve (EMR) — an area/zone
that protects all living resources through prohibi-
tions on fishing and the removal or disturbance of
any living or non-living marine resource. except
as necessary for monitoring or research to evaluate
reserve effectiveness.

The systematic usce of such a classification for MPAs
would enable more rigorous assessments of progress
in designating a representative MPA  network and.
more importantly. of the potential and actual cttective-
ness of such a network.

MPA selection/design
Structure and process-oriented perspectives

There is a divergence between those who argue that
MPAs should principally be selected in a structure-
oriented manner on the basis of habitat types repre-
sented within a biogeographical region (e.g.. Kelleher
and Kenchington, 1992), and those who argue that
they should principally be selected in a process-
oriented manner on the basis of their criticalness
in terms of ecosystem function (e.g.. Ray and
McCormick-Ray. 1994).

The structure-oriented view is consistent with the
scientific objective ot conserving a representative set
of habitat types discussed above, and is character-

ized by the view that “it is berter 10 create and

manage successfully an MPA which may not be ideal
in ecological terms but which nevertheless achieves
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the purposes for which it is established than it is
10 labour futilely and vainly to creare the theoreti-
cally “ideal” MPA™ (Kelleher and Kenchington, 1992).
Accordingly, the bottom-up approach is recommended
in that it is argued that local people should be involved
in MPA selection from the carliest possible stage
by providing a scientitically derived list of potential
MPAs for them 10 choose tfrom, in order to overcome
the potential for community opposition (Kelleher and
Kenchington, 1992: Vanderklift and Ward. 2000). It is
further argued that arcas which are directly important
for commercially or recreationally significant species
should be included. as such resources are important to
local economic interests. It is, therefore. not possible
to divorce the questions of resource use and conset-
vation (Kelleher and Recchia. 1998). An important
aspect of this view is that there will often be a choice of
potential MPAs when the structure-oriented approach
is adopted. There is morc scope for taking account
of socio-economic factors and for compromise, when
local people sclect MPAs from a provisional, scien-
tifically derived list.

The process-oriented view is consistent with the
objective of “maintaining and restoring ecological
functions™. as discussed above, and is characterized
by the view that “unfortunately, there is an expedient
rendency to speak to the lowest conunon denominator
in proposing MPAs and their management, resulting

Sfrom consensus-bused participatory processes. This

is self-defeating in the end - perhaps sooner rather
than later”™ (Ray and McCormick-Ray. 1994). Accord-
ingly. the top-down approach is recommended in that
it is argued that MPA selection should essentially be
based on scientific expertise in identifying ecologi-
cally critical areas and that community etforts should
be focused on enhancing local people’s acceptance
of the scientificully prioritized sites. This view is
strongly advocated by Agardy (1994) who argued
that the protection of functionally important areas
should be central to marine conservation. rather than
the protection of species biodiversity “hotspots™. Ray
(1999) expressed the hope that such a process-oriented
approach need not represent a “top-down. authori-
tarian regime™. but goes on to argue that whilst social
science must play a tundamental role in conservation,
there is no escaping the bottom line that ecological
science and monitoring arc the primary components
tor MPA selection and management.

Whilst the structure-oriented approach represents
the dominant paradigm in modern conservation, and.
indeed. was used as the basis for the MPA review
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(Kelleher et al.. 1995) discussed above. it has
also been argued that structure and process-oriented
approaches should be combined in identitying core
MPA areas (Brunckhorst and Bridgewater. 1994).
Similarly. Ballantine (1999) argued for an approach
which provides for both the representation within
MPAs of all major habitat types within a biogeograph-
ical region and for a self-sustaining ecological nenvork
of MPAS which maintains essential processes. Accord-
ingly. Ballantine (1999) argued that top-down and
bottom-up approaches need to be combined: scientists
should determine the relevant principles and explain
the potential benefits of MPAs, but the precise loca-
tion and delimitation should be left to local people and
socio-political processes. This combined approach
clearly falls short ot the principally science-based and
process-oriented approach recommended above. but
it could be argued that, whilst the process-oriented
approach is theoretically optimal. in the absence of
tull scientific information on the structure and func-
tioning of marine ecosystems. scientific priorities must
be integrated with socio-cconomic priorities through a
combined process and structure-oriented approach.

Role of science

As is discussed above. there is a relatively limited
scientific knowledge base for marine ecosystems
which limits the extent to which the sclection/design
of MPAs can be based on an empirical scientific
framework. Some argue that a comprehensive.
hicrarchical ccosystem classification is required to
ensure structural representativity and also provide
for a process-oriented ccosystem  approach (e.g..
Zacharias et al.. 1998). Similarly, it has been argued
that severely compromising the design or implemen-
tation of MPAs because of non-biological 1ssues. such
as funding. local participation and political feasi-
bility and commitment. will jeopardize the original
conservation goals (Allison et al.. 1998). In this
respect Murray et al. (1999) noted that there is
often a mismatch between operative timescales for
ccological, socio-economic and political processes
which can result in inaccurate expectations of the
time-course for reserve outcomes to be realized. This
clearly has implications when attempting to gain wider
support for scientifically predicted ecological benefits
of MPAs.

On the other hand. it has been argued that such
scientific detail is not required and that science should
be confined to determining the principles and bene-

fits of MPAs at a conceptual level. with site-specific
details being left to local and political interests (c.g..
Ballantine. 1999). Kelleher and Recchia ( 1998) argued
that MPAx should not be postponed because of incom-
plete biophysical information. but also argued that
science should be employed in the design ot specific
sites and that there will usually be sulficient informa-
tion to do this. Similarly. Agardy (2000) argued that
the specific objectives of particular MPAs represent
crucial information. and that this information is ulti-
mately societal. not scientific, though it is stressed
that scienee is important in the design of MPAs,
As was previously discussed. the level of scientific
detail concerning marine ecosystems is not sufficient
to adopt a purely process-oriented and science-based
approach. and it is necessary to proceed with MPA
designations in the face of knowledge gaps and uncer-
tainty (Roberts. 1998: 2000) rather than labouring
“tutilely and vainly to create the theoretically “ideal’
MPA™ (Kelleher and Kenchington, 1992). Accord-
ingly, Roberts (200() noted that most FMRs have been
located and delincated Targely on the basis of oppor-
tunism and compromise. rather than science. and that
evidence suggests that such reserves show clear bene-
fits. He argues that it is more important to have a
network of a larger number of better enforced oppor-
tunistic reserves than Lo strive for scientifically optimal
reserves which are more likely to be fewer in number
and poorly enforced.

Whilst there are broadly two schools of thought
in this respect. it is also clear that there s “middie
around™ n that not even the most ardent scientist
would argue that MPA initiatives cannot go ahead
until comprehensive scientific certainty has been
achieved, whilst not even the most ardent socio-
political proponent would argue that science has no
role in sclecting. designing and managing MPAs.
Clearly. more scientific evidence for the benefits
of MPAs will increase socio-political support for
such approaches. but many scientists are agreed that
existing scientific information justifies the applica-
tion of FMRs as a central management tool (NCEAS.
2001). However. there clearly remains a divergence
between those that argue for a principally scientific
approach, on the basis that rigorous theoretical and
empirical approaches should not be compromised by
socio-political tactors. and those that argue for a prin-
cipally socio-politically acceptable approach. on the
basis that thisis, pragmatically, the only way forwards.
It could theretore be argued that a key challenge is the
determination of a constructive role tor science in the
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selection. design and management of MPAs, accepting
that this role lies somewhere between these divergent
Views,

Multiple-use or set-aside?

Many MPAs provide for a range of compatible activ-
ities on the basis that “in the sea the provision

Jor reasonable use is wsudlly a prime considera-

tion” (Kelleher and Kenchington., 1992). This has
led to the development of the multiple-use manage-
ment approach which has been defined under the US
National Marine Sanctuary Program as “contempor-
aneous utilization of an area or resource for a variety
of compatible purposes to the primary purpose so das
10 provide more than one benefir™ (Tarnas, 1988 atter
15 CFR (1xb), 1975). This approach is central to
the objective discussed above of promoting ICZM. Tt
is also supported on the basis that MPAs managed
for multiple-use may gain more political support
than areas set-aside for a single purpose (Tisdell and
Broadus. 1989).

Discussions concerning whether multiple-use or
set-aside MPAs should be the priority include issues
similar to those concerning whether a single large
or several small (SLOSS) reserves should be the
priority. Kelleher and Recchia (1998) argued that
where MPAs are concerned it is not a matter of
cither a single large or several small reserves as
large multiple-use reserves should, and generally do.
incorporate several small set-aside arcas, and that
such areas are more eftective when they are managed
within a compatible multiple-use framework. This
combined approach is also consistent with the Man
and Biosphere (MAB) model for biosphere reserves.
as discussed above. However. there are growing
concerns that such combined approaches go too far
in providing tor compatible ases at the expense of
compromising primary conservation objectives.

Most criticizms are based on the extremely small
proportion ot marine arcas which are actually set aside
in multiple-use MPA programs. Only 0.3% of the US
territorial sea has been designated under the National
Marine Sanctuary Programme. of which a single arca
of only 285 km? has been set-aside as a fisheries
sanctuary in the Florida Keys National Marine Sanc-
tuary. which represents approximately 0.002% of the
total territorial sea area (Brailovskaya, 1998). This
low proportion has led to arguments that attempting
to balance set-aside and multiple-use management has
weakened the US National Marine Sanctuary Program
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(Tarnas. 1988). Similarly. whilst the Great Barrier
Reet Marine Park (GBRMP) is widely cited as an
example of how successtul multiple-use MPAs can
be (e.g.. Kelleher and Kenchington, 1982: Kench-
ington and Agardy. 1990). others have argued that the
multiple-use approach provides mainly for exploita-
tion rather than conservation. pointing out that only
4.6% of the GBRMP’s area is sct-aside (Prideaux ct
al.. 1998). This contrasts with the views ol proponents
of MPAs as models of ICZM. as is discussed above in
relation to the objective of promoting ICZM.

Against this  background and the confusing
plethora of terms employed for ditferent zones.
Ballantine (1999) defines marine reserves as complete
no-take and undisturbed areas. all of which should
be set-aside in their entirety. in keeping with
the NRC's (2001) definition of ecological marine
reserves discussed above. This would provide for
marine reserves which are truly “reserved” through
being set-astde to be distinguished from multiple-
use MPAs which provide for exploitaton. However.
this approach would not be accepted by those who
argue that compatible uses should be provided for
through multiple-use MPAs which incorporate a small
proportion of completely reserved zones, and there is
thus a significant divergence between proponents ot
multiple-use and set-aside MPAs.

Different approaches to MPA management

For the purposes of this discussion. MPA management
is taken to refer to the approaches which are employed
10 achieve the objectives for MPAs as discussed in this
paper. This is ultimately achieved by promoting the
appropriate behavior of users of the marine area in
question, on the basis of which Fiske (1992): Kelleher
(1999): Kelleher and Recchia (1998). and Milton
(1991) have argued for approaches which recognize
the values. concerns. knowledge and customary prac-
tices of stakcholders through providing for active
participation in MPA management processes {rom the
outset. Such processes also involve, to a greater or
lesser degree, the development of appropriate policies
and inter-agency relationships. and the application of
various conflict management and consensus building
approaches. It is extremely difficult. if not impossible.

to produce a definitive and comprehensively appli-
cable typology of ditferent approaches to managing
MPAs, as the management regime for each MPA
is influecnced by the ceological. cultural, political.
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socio-economic and institutional contexts in ques-
tion. However. from the wide range of MPA cases
that have been published. it is possible to identify
two different stances concerning MPA management
approaches (Figure 1).

Many of the divergences discussed. particularly
those concerning the role of science, are consistent
with these divergent stances. In order to combine
strategic scientific and resource management objec-
tives with the need to promote stakeholder cooper-
ation, it is becoming increasingly recognized that
it is necessary to combine top-down and bottom-
up approaches by adopting collaborative management
(co-management) approaches which provide for stake-
holders and relevant government agencies to jointly
manage MPAs (e.g.. Kellcher, 1999: Kelleher and
Recchia, 1998: Mascia. 2001).

For instance. 39 initially proposed marine Special
Areas of Conservation (SACs) are currently being
pursued in Great Britain, as they are throughout
the Luropean Union. in response to the European
Commission’s Habitats Directive. These areas were
selected by government scientists but the implemen-
tation ot the management schemes to conserve them
must, under the domestic regulations which imple-
ment the Directive. rely primarily on the volun-
tary cooperation of stakeholders. Conservationists
have argued that the domestic regulations for marine
SACs are too weak. in that they do not provide the
nature conservation agencies with executive cross-
sectoral powers and that there is too much reliance
on the voluntary cooperation of stakeholders to imple-
ment management schemes. There are other ditfering

views on how such management schemes should be
developed and implemented that are consistent with
the divergent stances (illustrated in Table 1), but the
tact remains that under the domestic legislation it will
be necessary to develop the potential for stakeholder
cooperation through adopting an appropriate bottom-
up approach. in order to ensure compliance with
a top-down strategic conscrvation initiative (Jones,
1999b). A number of ditferent management models
are evolving to meet this challenge. These models are
appropriate to the context of each area. but it is argued
that they need to be symmetrical in that they should
provide for an appropriate balance between top-down
and bottom-up approaches through a partnership or
collaborative approach (Jones et al.. 2001).

In general. in combining top-down and bottom-
up approaches, it 1s argued that a related challenge is
to manage the interactions between relatively “hard”
top-down infrastructures and relatively “soft”™ bottom-
up intrastructures (Figure 2). Failure to recognize
these differences and to take account ot them in the
selection. design and management of MPAs is likely
to exacerbate internal and basic conflicts and thus
undermine the potential of the MPA to achieve its
objectives.

Conclusions

The challenge discussed above. to combine top-
down and bottom-up approaches and to compromise
between taking an approach which is based primarily
on strategic scientitic or socio-cconomic priorities. is
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a major one. Strict proponents of cither the top-down
or the bottom-up approach will often argue that the
two approaches are mutually exclusive. However, it is
argued that experiences with MPAs are increasingly
indicating that both approaches have their benefits.
and that it is necessary to move forward from the
either/or approach to one that recognizes that both
approaches have a role. This is consistent with the
wider concept of co-management. the importance of
which in managing marine resources (Ellsworth et al..
1997: Nielsen and Vedsmand, 1999) and terrestrial
protected areas (Agrawal and Gibson. 1999: Borrini-
Feyerabend. 1996; Paulson. 1998: Sharpe. 1998:;
Tsing et al.. 1999) is gaining wider and increasing
recognition. This is particularly important for MPAs
aiven: the diversity of stakeholders and their differing
value priorities: the high degree of scientific uncer-
tainty concerning marine ecosystems: and the high
decision stakes should such ccosystems be perturbed.

As such. the “middle-ground™ approach that is
being argued for is consistent with the post-normal
scientific approach (Ravetz. 1999: Naylor L., pers.
comm.). outlined in the discussion above on “value
conflicts”™. which others. such as Ballantine (1999)
have also supported. Whilst some scientists may be
hostile to such an approach. it is argued that it is
becoming increasingly evident that it MPAs are to be
designated more widely. managed more cttectively.
and evaluated more demonstrably. middle-ground
approaches will be necessary. Where such approaches
have been developed and successfully applied, it will
also be important o share such experiences, through
a network of parties with an interest in MPAs. and to
assess their transterability. subject to adaptation where
appropriate. This will enable MPAs to move forward
from their present ad hoc approach. by providing
an approach to selecting. designing, managing and

evaluating MPAs which is systematic, though not in
a purely scientific sense. and which is effective in
achieving MPA objectives. including that of harvest
refugia, through the promotion ot stakeholder cooper-
ation.
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