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Abstract.-Although the title of this symposium implied a focus on fully protected marine
areas, most presentations actually dealt with a range of traditional "marine protected areas"
or "marine managed areas" that offer less than "full" resource protection. Some presentations
noted a backlash against establishing no-take reserves. Here we provide 17 reasons why
there is a strong scientific, management, and public interest in using no-take marine reserves
to build sustainable fisheries and protect marine ecosystems. We also discuss some underlying
technical and philosophical issues involved in the opposition to their usage.

Introduction ing and other extractive uses with limited exceptions
for research and education by permit (Ballantine 1997).
Because of the many different terms that have been
used to describe marine reserves, the terminology is
often confusing to both scientists and the public. Com-
mon term~ used to describe marine reserves include
no-take areas, nonconsumptive areas, fishery reserves
(PDT 1990), marine ecological reserves, sanctuary
preservation areas (USDOC 1996), research natural
areas (Brock and Culhane 2004, this volume), fully
protected areas (Roberts and Hawkins 2000), and sanc-
tuary, outside the USA.

Closing areas to fishing has long been widely
practiced in fishery management in historical and
modem times to protect critical habitat, restore depleted
species, and protect vulnerable stocks at spawning
aggregation sites (e.g., Beverton and Holt 1957). Most
closures, however, have been either seasonal, applied
only to specific species, or have been limited to re-
strict certain destructive or wasteful fishing methods.
Rarely have areas been permanently closed to all types
of fishing. Modem fisheries interest in marine reserves
began in the 1980s as a way to both protect marine
ecosystem biodiversity and build sustainable fisheries
(PDT 1990; Bohnsack 1996; Bohnsack and Ault

Marine protected areas are used increasingly to man-
age marine resources, but they often mean different
things to different people, based primarily on the level
of protection they provide. The World Conservation
Union defined marine protected areas (MPAs) as "any
area of the intertidal or subtidal terrain, together with
its overlying water and associated flora, fauna, his-
torical and cultural features, which has been reserved
by law or other effective means to protect part or all
of the enclosed environment" (IUCN 1994; Kelleher
1999). In the USA, Presidential Executive Order
13158 provided a similar definition: "any area of the
marine environment that has been reserved by Fed-
eral, State, territorial, tribal or local laws or regula-
tions to provide lasting protection for part or all of the
natural and cultural resources therein." Under these
broad definitions, a wide variety of sites could be con-
sidered as MPAs.

We focus on "marine reserves," here defined as
marine protected areas permanently closed to all fish-
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fishing "rights" of recreational anglers as expressed
in the proposed Freedom to Fish Act (Lydecker 2004,
this volume).

Here, we present reasons why there is a high
degree of scientific, management, and public interest
in using permanent no-take protection compared to
using "multiple-use" zoning or other traditional fish-
ery management measures. Our intent is to clarify the
issues in the continuing debate on appropriate use of
marine reserves and spatial management in marine fish-
ery and conservation management.

1996). This interest has accelerated after failures of
traditional fishery effort and size control measures to
support sustainable fisheries and prevent collapses of
fisheries and coastal ecosystems (Ludwig et al. 1993;
Russ 1996; Botsford et a1. 1997; Jackson 1997;
Guenette et al. 1998; Pauly et al. 1998,2002; Jackson
et al. 2001; Christensen et al. 2003; Myers and Worm
2003; Rosenberg 2003).

Marine reserve implementation remains a rare
and controversial measure despite support from nu-
merous theoretical and empirical studies (Johnson et
a1. 1999; Murray et al. 1999; Fogarty et al. 2000;
Roberts et a1. 2001; Halpern and Warner 2002;
Halpern 2003) and reviews that call for their ex-
panded application in resource management (PDT
1990; NRC 1999,2001; Roberts and Hawkins 2000;
Ward et al. 2001; Pew Oceans Commission 2003;
Pauly 2004, this volume). In response to the rare use
of marine reserves, 161 academic scientists took the
unusual step of issuing a signed consensus statement
supporting the specific use of no-take marine reserves
at the 2001 annual meeting of the American Asso-
ciation of Science (NCEAS 2001). Widespread con-
cerns over marine resource protection in the USA
resulted in Presidential Executive Order 13158,
which seeks to inventory and assess existing MPAs
(U.S. Office of the Federal Register 2000), and the
adoption of a goal to protect 20% of U.S. coral reefs
with marine reserves by 2010 by the U.S. Coral Reef
Task Force (USCRTF 2000). The two largest U.S.
marine reserve networks were established only re-
cently in Florida and California. Two ecological re-
serves covering 280 km2 (151 nautical mi2) in the
Tortugas region of the Florida Keys National Ma-
rine Sanctuary were established in 2001 (USDOC2000). 

A contiguous 87-km2 (47-nautical-mi2) no-
take research natural area was also approved for Dry
Tortugas National Park but has not yet been imple-
mented (Brock and Culhane 2004, this volume).
Most recently, 10 reserves covering 244.5 km2 (132
nautical mi2) in the Channel Islands, California, were
established in 2002 (McArdle et al. 2003).

Application of marine reserves has been con-
troversial and has generated a backlash at times by
those who favor continued use of other traditional fish-
ery management actions (Shipp 2003) or multiple-use
MPAs with only limited restrictions (Agardy et al.
2003; Clark 2003). Some concerns are that marine
reserves may not be effective for biological (Carr and
Reed 1993) or other reasons (Jameson et al. 2002);
could be counter productive to conservation for so-
cial reasons (Agardy et al. 2003); and could threaten

Results

PefDlanent, no-take marine reserves have certain
unique qualities with potential benefits that are not
necessarily provided by other types of marine pro-
tected or managed areas. Below we describe 17 unique
attributes of marine reserves roughly organized into
categories under fundamental, scientific, and manage-
ment considerations.

Fundamental Considerations

(1) High Level of Ecosystem Protection
Fishing is a known major threat to marine popula-
tions and ecosystems (Dayton et al. 1995; Pauly et al.
1998,2002,2003). By removing fishing, no-take re-
serves potentially provide a high level of resource pro-
tection by eliminating threats from directed take of
targeted organisms, bycatch mortality of nontarget
organisms, and habitat damage from fishing activi-
ties.1n an endless gradation between totally open and
completely closed, marine reserves provide a high level
of protection but not total protection. They do not, for

example, directly protect against regional pollution,
climate change, natural disturbance, or human disas-
ters (Jameson et al. 2002). Other provisions can be
added that provide higher levels of resource protec-
tion, such as prohibiting touching, diving, research,
or even human entry, but with potential social and
economic costs in terms of reduced benefits from
nonextractive activities.

(2) Potential Ecological IntegrityBecause 
no-take marine reserves protect all species,habitats 
and populations impacted by previous fish-ing 

can eventually recover and restore ecological in-
tegrity to reflect "natural" ecosystem structure andfunction. 

Permanent protection allows ecological in-
tegrity to ultimately persist in reserves.
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(3) Precautionary Approach
The precautionary approach can be stated simply:
when in doubt, be cautious. In practice, if you don't
have a complete understanding about the function-
ing and dynamics of natural systems or their man-
agement, then some resources should be withheld
from exploitation until a complete understanding is
obtained (Bohnsack 1999a). Lauck et al. (1998)
demonstrated how marine reserves can mitigate the
effects of uncertainty associated with fishery ex-

ploitation.

(7) Enhanced Nonextractive Human Uses
By separating incompatible activities and protecting
some areas from fishing and depletion, no-take reserves
can support nonextractive uses that have ecological,
social, genetic, economic, educational, scientific, rec-
reational, aesthetic, spiritual, and wilderness impor-
tance (Bohnsack 1998). They can diversify the
economy by providing new social and economic op-
portunities. This is especially important for activities
that require high resource quality. Otherwise, only
those activities that depend on depleted or low quality
resources can persist.

(8) Better Resource Protection
Unlike many other measures, there are no legal ways
to avoid or circumvent the no-take provision which
offers the possibility of better overall resource protec-
tion than do other measures. Trip limits and bag limits
for a recreational fishery, for example, are popular
conservation measures, but their effectiveness can be
circumvented by making more fishing trips. Similarly,
the effectiveness of gear restrictions and minimum size
limits can be negated by increased fishing effort. Ma-
rine reserves also offer better resource protection be-
cause they buffer against changes in total effort or fish-
ing practices in surrounding areas.

Scientific Considerations

(9) Objective Criterion
The no-extraction criterion prohibiting any activity that
intentionally removes organisms or habitat is objec-
tive and easy to determine as compared to many other
criteria that are subjective or difficult to define. Al-
lowing "limited extraction" in a multiple-use MPA,
for example, is problematic because there is no clear
definition of what "limited" means. Accurately deter-
mining a level of extraction that is "not hannful" to a
population or an ecosystem is difficult and mostly
unknown. Also, monitoring or controlling the amount
of take is not practical in most cases.

(4) Shifted Burden of Proof
Compared to other types of managed areas, marine
reserves shift the burden of proof from proving that
fishing causes an adverse impact to proving that it does
not (Dayton 1998). The result is that, in reserves,
management focus shifts from a risk -prone approach,
in which actions are taken only after resource impacts
are demonstrated, to a more risk-averse approach, in
which resources are protected until it can be demon-
strated that an activity is not harmful.

(5) Existence and Future Value
Marine reserves help protect existence value for people
who do not directly use resources and for future gen-
erations. Aldo Leopold (1949) noted that we cannot
prevent the alteration, management, and use of re-
sources, but we need to affirm their right to continued
existence, and in some places, their continued exist-
ence in a natural state. His biotic ethic requires human
obligation, responsibility, and self-sacrifice to preserve
ecosystems for present and future generations. This
mantra needs to be adopted for effective management
of marine ecosystems.

(6) I~reased Public Understanding and Appreciation
Marine reserves provide opportunities for quality for-
mal education at the primary, secondary, and gradu-
ate levels. With public access, they also provide better
public understanding and appreciation of marine eco-
systems and marine reserves and the importance of
effective resource management. Pauly (1995) de-
scribed the shifting baseline problem in which each
generation develops lower expectations about natural
resources based on its own direct experience with
depleted resources. Marine reserves with public ac-
cess offer an opportunity to reverse this trend by re-
storing areas with more natural and healthy ecosys-
tems. They also provide citizens an opportunity to di-
rectly observe the effectiveness of resource manage-
ment and understand its importance by comparing re-
serves to surrounding areas.

(10) Simplicity
Compared to other criteria, it is easy to determine
whether an activity is extractive or not and fundamen-
tally simpler to explain than why some users are al-
lowed to remove resources and not others. Note,
nonextractive, is not the same as, nor should it be con-
fused with, nonconsumptive. Nonextractive recre-
ational diving, for example, could be considered con-
sumptive as the result of repeated contact and damage
to the benthos. Allowing diving and other
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nonextractive uses within marine reserves assumes that
their impacts are either controllable or have much less
significant impact than fishing. If not, additional protec-
tive measures may be necessary to confine, reduce,
eliminate, or mitigate those nonextractive impacts. In
the Florida Keys, for example, divers are also prohib-
ited from touching coral as an added protection. One
suggestion is to call these "kapu zones," after the Ha-
waiian word "kapu" (meaning "do not touch" or "for-
bidden"; Bohnsack 2000a). Kapu was historically
used in Hawaii to protect marine areas.

Management Considerations

(14) Public Acceptance .
Although large land areas in the United States have
been protected from hunting and other extraction for
well over a century, few aquatic areas have received
similar protection. This fact that protected areas are
widely used and accepted on land suggests that simi-
lar protections could be applied and accepted in the
sea. The fact that they have not yet been widely ap-
plied in the ocean can be attributed in part to a histori-
callack of understanding and awareness of marine
ecosystems, mistaken beliefs that marine resources are
unlimited and impervious to human impacts, and what
some consider inalienable rights to fish anywhere.

When high levels of protection are necessary,
marine reserves may cause less social and economic
disruption and receive better public acceptance than
other measures thatprovide a similar level of resource
protection (unless the closed area happens to be a pre-
dominantly favorite fishing area). Marine reserves, for
example, become an attractive alternative when com-
pared to closing down a fishery entirely or severely
reducing bag limits, increasing minimum size limits,
and restricting the number of participants. Potentially,
reserves could allow more people to participate in a
fishery than would otherwise be possible because to-
tal fishing mortality is less if some areas are highly
protected (Bohnsack 2000b).

(15) Simplified Enforcement
As a management tool, reserves can potentially sim-
plify enforcement by making violations easier to de-
tect. Since the act of fishing is a violation, it is not
necessary to obtain, identify, or measure catch. Viola-
tions can be detected by surface, aerial, or satellite
surveillance, using a variety of technology and vessel
monitoring systems. Because permanent no-take pro-
visions apply to all species, there may be less public
confusion and better compliance than if different closed
areas were established for individual species in mul-
tiple-species fisheries. Establishing different seasons
or closed areas with overlapping or conflicting bound-
aries for each species could be much more confusing
and impractical.

The legal authority to close significant areas to
fishing and technological means to monitor compli-
ance and ensure enforcement have advanced in re-
cent decades. The legal authority changed with the
widespread expansion of national exclusive economic
zones in 1977 (Bohnsack 1996). Technological ad-
vances in navigation, surveillance, and vessel track-
ing, as well as a new emphasis on homeland security,

(11) Control Sites
One of the most important tools in science is the ex-
perimental control, in which the influence of a vari-
able is either controlled for or eliminated. By elimi-
nating fishing, marine reserves provide control sites
to objectively evaluate the effects of extractive im-
pacts on marine ecosystems. They also provide a com-
parative basis for assessing the effectiveness of vari-
ous fishery management measures in surrounding ar-
eas. Without control sites, it is almost impossible to
scientifically address larger questions about how much
resource can be removed from a marine ecosystem
and still maintain the biological productivity, persis-
tence, and ecological integrity.

(12) Distinguish between Natural andAnthropogenic
Disturbance
Scientists and managers often need to distinguish be-
tween changes caused by natural versus anthropogenic
events. Without marine reserves, environmental sig-
nals can become hopelessly confounded with fishing
impacts. Observed higher abundance of exploited spe-
cies in no-take reserves compared to similar habitats
in surrounding areas, for example, indicates that fish-
ing is the primary factor influencing the observed dif-
ferences and has more impact on those species than
other anthropogenic forcing factors such as regional
pollution. In contrast, data showing no differences
between reserves and surrounding areas may indicate
that regional factors (either natural or anthropogenic)
are more important influences on populations.

( 13) Increased Scientific Knowledge and Under-
standing
Marine reserves can facilitate the elucidation of natu-
ral processes and enhance scientific knowledge and
understanding of marine ecosystems by providing
comparative areas with minimal human disturbances.
Certain scientific experiments and observations involv-
ing biodiversity, behavior, and ecosystem processes
can only be conducted in reserves.
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make monitoring and enforcement of marine reserves
more practical.

(16) Direct Fishery Benefits
Marine reserves potentially can provide many direct
fishery benefits (Bohnsack 1998). The five most im-
portant benefits follow. Reserves can reduce the
chances of overfishing by providing refuges from
population exploitation. Compared to having all ar-
eas exploited under one set of regulations, reserves
potentially can provide greater fishery yields in the
long-term by having a larger and more dependable
supply of eggs and larvae dispersed to fishing grounds.
Reserves can also potentially increase yield from
spillover, where animal emigration exports biomass
from reserves through to surrounding fishing grounds
(PDT 1990; Roberts et al. 2001). Reserves also can
provide insurance to sustainable stocks by potentially
accelerating stock recovery following natural distur-
bance, human accidents, management errors, or years
of poor stock-recruitment (PDT 1990). Finally, they
may be the only measure that can effectively preserve
stock genetic structure from detrimental effects of se-
lective fishing practices (Conover and Munch 2002).

(17) 1ndirect Fishery Benefits
Fishery stock assessment and management models
depend on obtaining accurate estimates of critical popu-
lation parameters of growth, natural mortality, and fe-
cundity. If all areas are subjected to fishing, measur-
ing these parameters and gaining an essential under-
standing of trophic and habitat relationships, recruit-
ment variations, behavior, and population response to
environmental variability are difficult, if not impos-
sible, to obtain. Marine reserves can potentially ben-
efit fisheries indirectly by allowing some critical popu-
lation dynamic and fishery parameters to be estimated
independent of fishery influences with a rigorous sam-
pling design (Ault et al. 2002).

be examined using marine reserves. From a manage-
ment perspective, marine reserves are attractive be-
cause they potentially provide a win-win conserva-
tion alternative that offers a high level of ecosystem
protection while providing fishery benefits and en-
hancing and diversifying nonextractive human uses.

Much, however, remains to be learned because
the science of marine reserves is new and most exist-
ing reserves are rare, small, recently established, lim-

"
ited to few habitats, or cover only very small porti9ns
of the total managed area (Pauly 2004, this volume).
Because they are rare, more need to be implemented
if they are to provide anything more than a token role
in protecting marine biodiversity. Because marine re-
serves are rare and recently established, few scientific
studies exist (Halpern and Warner 2002; Halpern
2003), leaving many questions and uncertainty con-
cerning their application to biodiversity and fishery
protection. More research is needed to address ques-
tions concerning individual reserve size, total num-
ber, location, total area, and habitats that need to be
included to be truly effective. In addition, more repli-
cated research is needed, especially at larger and more
ecologically relevant spatial and temporal scales, to
address questions of costs and benefits, effectiveness,
and necessary design features for reserve networks.
Many questions remain unresolved concerning social
and ecological impacts of fishing displacement, ap-
plications to highly migratory species, and social ac-
ceptance, compliance, and enforcement. Thus, con-
siderable scientific interest exists in establishing re-
serves in di,fferent regions and habitats and under dif-
ferent biological, oceanographic, and physical envi-
ronments as well as in different social and economic
environments.

Even though they prohibit fishing, marine re-
serves do not conflict with "multiple-use MPAs" be-
cause they create or enhance many kinds of activities
within and outside their boundaries that conflict with
fishing. When embedded in larger MPAs such as the
Florida Keys National Marine Sanctuary, for example,
they also support multiple human uses by separating
incompatible activities and increasing total resource
protection. A belief that fishing and other human ac-
tivities can be practiced simultaneously in all areas
without conflict is becoming far less realistic consid-
ering growing human population demands and the
intensity of resource usage. Likewise, allowing all
areas to be exploited with "limited restrictions" de-
mands a high level of knowledge and human control
that at present is essentially nonexistent.

Discussion and Conclusions

The main priority of pennanent no-take marine re-
serves is to protect biodiversity: ecological structure
and function at the genetic, species, community, sea-
scape, and ecosystems levels (NRC 2001). Their use
has generated considerable scientific, management, and
public interest because the no-extraction provision is
simple and objective and offers a high level of resource
protection that can potentially restore and maintain
ecological integrity in areas with minimum human
disturbance. Many scientific questions can best or only
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Despite offering many potential benefits, marine
reserves have generated considerable opposition
(Norse et al. 2003; Shipp 2003). Most opposition has
focused on technical issues about the applicability of
reserves to different species and habitats, proof of fish-
ery benefits, and the quantifying of design features
(number, size, location, spacing, boundary configu-
rations, and total area covered) for individual reserves
and networks (Carr and Reed 1993; Botsford et al.
2001). Other issues involve enforcement, impacts of
displacing fishing on people and resources outside of
reserves (Bohnsack 2000b), and how to incorporate
reserves into comprehensive management programs
(Jameson et al. 2002). Some opposition simply re-
flects resistence to changing the status quo because it
creates winners and losers. Fishers, who effectively
have had historical access to the entire ocean, can be
expected to aggressively oppose any changes that re-
strict that access (Lydecker 2004, this volume). Al-
though this is not a scientific issue, such shifts are
common and routinely handled by political and gov-
ernment institutions.

Philosophical opposition has received less atten-
tion but ultimately may be more important than the
technical issues. While much attention has focused
on economic costs and benefits, for example, rela-
tively little attention has been paid to conflicts caused
by wide differences in conservation ethics (Callicott
1992; Bohnsack 2003). As Leopold (1949) recog-
nized, economics is not an ethic, and basing manage-
ment decisions solely on economic self-interest is
unwise. Inevitably, it leads to failure because elements
without economic value eventually will be eliminated
to the detriment of the economic parts. Leopold's bi-
otic ethic led to a shift in management emphasis from
"sustained production of resources or commodities,
to a recognition that true sustained yield requires pres-
ervation of the health of the entire system" (Leopold
1949). Much of the current controversy over marine
reserves appears to be a result of philosophical fail-
ures to recognize that people are part of marine eco-
systems, that limits to human usage exist, and that
human well-being is dependent on maintaining eco-
system health. Protecting marine biodiversity and
maintaining sustainable fisheries are not mutually ex-
clusive problems.

A key philosophical issue involves human domi-
nance. Can marine ecosystems be manipulated and
controlled at will and, if so, should all areas be ex-
ploited? Marine reserve application is based, in part,
on a simple premise that if protected from human in-
terference, nature has evolved to take care of itself.

This premise conflicts with the top-down "command
and control" engineering approaches that attempt to
control complex human and ecological systems
(Holling and Meffe 1996). This human control view
is reflected in concerns that some resources may be
underutilized in terms of total yield and, therefore,
wasted by using marine reserves. An extreme example
of this thinking is the position that marine reserves are
not "management" tools because they do not involve
active human manipulation.

Another issue is the philosophical dichotomy be-
tween fisheries and ecosystem management perspec-
tives. In fisheries, marine reserves are usually consid-
ered a "tool" to be used independently of other fishery
management options (Norse et al. 2003; Shipp 2003)
and not as part of an integrated management system
(Norse et al. 2003). The assumption is that fisheries are
independent of biodiversity and ecosystem manage-
ment. In an ecosystem perspective, fishery productivity
is directly derived from ecosystem biodiversity, and the
two must be managed together. Thus, much of the con-
flict between ecosystem and fishery management is an
artifact of separating these two functions. We give three
examples that elucidate this philosophical conflict: the
amount of area needed for marine reserve networks,
the displacement of fishing effort by marine reserves,
and the current efforts to shift fisheries from single-spe-
cies to ecosystem-based management.

First, considerable angst has been generated over
questions concerning how much area should be in-
cluded in marine reserve networks. Proponents of
marine reserves usage argue that substantial portions
of marine environments need reserve protection
(Bohnsack et al. 2002; Pauly et al. 2003; Pew Oceans
Commission 2003), but they generate considerable
criticism when attempting to apply principals as guide-
lines using area percentages (Agardy et al. 2003; Norse
et al. 2003; Shipp 2003). The critics are correct in that
no one percentage will apply to all ecosystems or ar-
eas. However, the same critics ignore the fact that there
is a need for a minimum percentage and that no bio-
logical, social, or economic theory exists showing that
all areas should be exploited. Thus, while there should
be agreement that fixed percentages of reserve area
will not apply to all marine ecosystems, there should
also be agreement that there is no support for zero as a
percentage either. Ideally, adaptive management
should be used to [me-tune protection to specific habi-
tats and areas (Walters 1986; Murray et al. 1999).

Second, marine reserves are often criticized for not
directly addressing human and environmental impacts
of fishing effort displacement to areas outside reserve
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