


Marine reserves represent a complex biological and social phenomenon. Any

given marine reserve is likely to encompass a unique mixture of species,

habitats, and ecosystems, and these combinations as well as their broader dis-

tributions will help to determine the best design principles. The social and po-

litical atmosphere will also vary from one reserve to the next, with different

levels of support, sense of need, and even goals and objectives for the reserve

or reserve network. An effective marine reserve designation process should fol-

low advice based on local biological and ecological characteristics, but should

also provide flexibility to address the social and political atmosphere. This

process should include plenty of opportunity for interaction between techni-

cal advisers and the general public, with an open invitation to members of the

public to propose designs and a chance for scientists to inform and review

these proposals.

Marine reserves provide a valuable and powerful tool to help meet the mul-

tiple goals and address the complex challenges facing managers in many areas,

but are clearly not the best tool for all purposes. In assessing their use, it is im-

portant to keep in mind what makes reserves different from other management

tools, and ultimately what their relative strengths and weaknesses are. Four

properties make reserves stand out from other management measures. First, re-

serve boundaries are simpler to enforce and thus more difficult to circumvent

than other regulations. It is easier to see whether a boat is fishing in an area

than to board it and examine its catch or gear for compliance. Second, reserves

allow fish to grow large and realize their full reproductive potential. Third, re-

serves protect an entire area from many major human impacts, letting nature
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flourish and effectively manage itself. In this manner, they represent a form

of effective ecosystem-based management even when we do not understand

the details of how the ecosystems work (Buck 1993). Finally, reserves provide

lightly affected areas that we can use as a reference to understand the effects of

human activities and how to control them in the future (see also chapters 4, 8,

and 10 for examples and discussion).

D E S I G N  C R I T E R I A

Ecological considerations are important in marine reserve design, but it is im-

perative to view them in the broader context of a designation process. We

begin with this broader view, then discuss some general design principles and

conclude with a detailed discussion of several design elements.

Ecological Dimensions in Context

Ecological considerations are an important part, but only one part, of an

effective process to establish marine reserves (Table 5.1). The ocean is a public

resource and as such its management should reflect the desires of society,

whether those desires are for sustainable fishing, conservation, nonconsump-

tive uses, or some combination of these. Enforcement considerations should

also influence reserve design to ensure that goals are actually met. These con-

siderations can usually be addressed through a set of general criteria that may

be satisfied with a wide range of possible designs.

If no-fishing zones are regularly violated, reserves will only benefit the

poachers. Enforcement can be aided through the selection of appropriate

shapes, sizes, and locations for reserves. However, the most important factor

in achieving compliance is often broad community-level support, including

acceptance by fishers—the people most likely to be excluded from marine re-

serves (Proulx 1998). If they are involved early on in the process, exposed to

and educated about scientific deliberations, and ultimately held responsible for

proposing and modifying reserve designs, local communities and fishers are

more likely to take ownership of reserves and assist in both compliance and

enforcement. Where reserves have been established without broad public sup-

port, they may be vulnerable to dismantling when politics shift (e.g., Russ and

Alcala 1999; see also chapters 4 and 8) or in danger of never being created in

the first place.

Stakeholder input is also a means to collect and consider invaluable in-
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formation about the biology and socioeconomic properties of ocean use

(Johannes 1997). Some cultures have studied and fished local waters for cen-

turies, and even shorter-lived fishing traditions can provide a wealth of knowl-

edge for effective reserve design, as discussed further in chapter 7. Stakeholder

input will be best represented and included if stakeholders are exposed to the

development of scientific and enforcement criteria and then encouraged to de-

velop reserve design proposals that meet these criteria.

Act Now? or Study the Problem?

One key question in developing marine reserves is whether to act quickly to

establish reserves or wait for more study. Several authors have made the point

that reserves seem to work for most species even when they are set up with

little or no scientific guidance and, consequently, we needn’t wait for more

study (e.g., Roberts 1998). Other authors have used simple models to illustrate
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Table 5.1 Recommended Marine Reserve Designation Process

1. Goals
a. Representatives of the general public specify goals for the management area.
b. Scientific and enforcement advisers work with these representatives to clarify goals

and specify measurable objectives.
2. Design criteria

a. Scientific and enforcement advisers determine appropriate design criteria for a re-
serve or reserve network in the management area—including recommendations
for overall percent inclusion in the reserve; habitat types to consider; critical areas
for inclusion; and the size, shape, and configuration of individual reserves within
a network—based on the management goals.

b. If requested, advisers illustrate their criteria by drawing examples on maps.
3. Drafting alternatives

a. Representatives of the general public draft alternative network designs, taking so-
cioeconomic and cultural impacts into consideration.

b. Scientific and enforcement advisers work with the general public representatives
to ensure their alternatives reflect the general design criteria.

c. The public submits alternatives along with descriptions of the socioeconomic and
cultural ramifications to the government agency or working group. Advisers pro-
vide formal reviews of each alternative and its capacity to meet stated goals.

4. Selecting alternatives
a. The government group drafts a final list of alternatives, taking into account the

public’s values, scientific and enforcement reviews, and any potential short-term
socioeconomic or cultural impacts.

b. The public comments on draft alternatives.
c. The government group chooses a preferred alternative.
d. More public comments are made.
e. The government group makes a final choice.



the potential pitfalls of establishing reserves in poor locations (e.g., Crowder

et al. 2000). Sources are areas that produce more fish than they contain, some

of which move to other areas at some point in their life cycle. By contrast, sinks

are areas that produce fewer fish than live there and are only sustained because

they are supplemented from source areas. Crowder et al. developed a model

in which areas were either sources or sinks and showed that managers could

actually do more harm than good if they created a marine reserve network that

encompassed more sinks than sources.

A major flaw with the preceding argument, though, is the assumption that

sources and sinks are static—that they do not change with the establishment

of marine reserves. In fact, strong evidence supports the fact that reserves usu-

ally become sources by creating an area with many fish producing lots of off-

spring (Appeldoorn 2001). As a result, it is an incorrect simplification of reality

to assume that all sinks will remain so if they are designated as marine reserves.

Very strong sinks may not be overcome by marine reserves, but these areas are

likely to be poor enough in quality that they aren’t identified as useful areas

from the start. More subtle sinks, on the other hand, are more likely to become

sources after reserves result in the buildup of high abundance and reproduc-

tive potential within them. In this manner, the concern over sinks is similar to

that of poor habitat in general. Reserves may not function well if placed in poor

quality habitats, whether because of unrecoverable degradation, source–sink

issues, or low natural productivity.

To avoid these potential pitfalls, there are some pieces of information that

may be worth taking the time to collect, depending on how readily they might

be available. Traditional knowledge of crucial areas—spawning grounds for ex-

ample—and other key life history traits may be readily available from experi-

enced fishers in the area (Johannes 1978). It also may be possible, depending

on the ecosystems and budgets involved, to make at least rough maps show-

ing habitat distributions throughout the management area. Habitat mapping

is more achievable than ever with the advent of technologies that can discern

habitats remotely, as discussed in chapter 7. Finally, there may be a wealth of

scientific information already collected from the area that can be instructive

once it is compiled. These sorts of information may add substantially to the ef-

fectiveness of marine reserve design without long delays. For most other types

of information, though, the benefits gained by learning them would not be

worth the time it takes to do so. If important discoveries are made during or

after reserve implementation, they may justify a reevaluation of the reserve de-

sign. For example, a black grouper spawning aggregation was discovered less
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than 100 meters outside a newly designated marine reserve in the Florida Keys

(Eklund et al. 2000). It is a challenge to provide sufficient flexibility to allow

rapid response to discoveries such as these while providing enough process to

maintain public support.

The Designation Process

The process for designating marine reserves will be more effective if it is

driven by well-defined goals (Ballantine 1997), which could include the con-

servation of healthy natural ecosystems, insurance of fisheries against collapse

due to management errors, or many other possibilities. The process should

clearly specify how it will address public values, ecological, socioeconomic, and

enforcement considerations, and the input of fishing communities and other

stakeholders. General processes have already been proposed for developing ma-

rine reserve networks (Hockey and Branch 1997; Roberts et al. 2003a). These

processes score potential reserve areas relevant to the specified goals, engineer

a set of biologically adequate alternatives, and select among those according

to socioeconomic criteria.

We contend that the most successful site selection and designation processes

will rely on the same basic philosophy but be driven less by government agen-

cies or scientists and more by the public (see Table 5.1). While a top down ap-

proach may work well in some settings, a bottom up approach is ultimately the

most likely to produce long-lasting site designations. However, top-down in-

terest and pressure can provide a broader context for individual site designa-

tions and a cohesive national policy can provide a framework for developing

a stronger network or system approach, especially if it includes bottom-up

input. Regardless, it is valuable to set up several working groups that interact

extensively from the start. One should represent the public at large, another

should consist of informed and objective scientists with relevant biological and

social expertise, a third should consist of enforcement experts, and in situa-

tions where multiple agencies have overlapping jurisdiction, a fourth may be

required consisting of representatives of those agencies.

Goal setting is a crucial first step. Marine reserves can help to achieve many

societal goals, ranging from fisheries enhancements to conservation of natural

environments for economic and intrinsic reasons (NRC 2001). Since no single

reserve design will satisfy all goals equally it is important to specify goals as the

first step in a designation process (Murray et al. 1999). At the same time, efforts

should be made to ensure that the reserve design is capable of meeting a range
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of goals (Roberts et al. 2003a). These goals should incorporate the desires of

local people, and their enumeration is an opportunity to involve stakeholders

early in the reserve creation process. When establishing goals, it should be clear

to what area they apply (Roberts et al. 2003a). It is important that these goals

are communicated clearly to a group of scientific advisers in a manner that is

amenable to their asking relevant questions. To facilitate this process, we rec-

ommend that draft goals be shared with the science group who can then pro-

vide feedback to the public group, who may choose to revise the stated goals

for clarity, specificity, or both.

Once goals are clearly defined, the science and enforcement groups can de-

velop relevant design criteria. The criteria should state acceptable ranges for

several design elements and highlight how choices of one element may affect

how other elements are addressed. Scientific criteria will most constructively

address several elements:

• The total size of the reserve or reserve network

• The habitat types to consider

• Critical areas for inclusion

• The size, shape, and configuration of individual reserves within a network

Enforcement criteria will most constructively address:

• The size, shape, and location of individual reserves

If requested, advisers should illustrate criteria by drawing examples on maps.

In our experience, examples are better received when several quite different op-

tions are presented. Single examples tend to be construed as detailed recom-

mendations even if they are meant only to serve as an illustration of how to

achieve general design criteria.

Extensive communication with the public helps to inform them of the de-

sign criteria and prepare them to draft alternatives for the design of the reserve

or reserve network. Although all members of the public deserve the opportu-

nity to present alternatives, special attention should be paid to those stake-

holders that spend the most time on or in the water, including fishers. The

opinions of stakeholders with extensive on-the-water experience are especially

important because of their knowledge of local ocean life and fisheries, their

vulnerability to short-term negative impacts if they are displaced by marine re-

serves, and the crucial role their opinions play in achieving compliance and

assisting with enforcement. Scientific and enforcement experts should provide

constructive critiques of proposed alternatives, including suggestions of how
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to make the alternatives fit better with the general design criteria. This step can

be formal or informal but will have the greatest impact if it is done in an in-

teractive manner. Modified alternatives should then be submitted to the gov-

ernment agency or working group along with descriptions of how the alter-

natives were devised, what their short- and long-term socioeconomic and

cultural ramifications may be, and the rationale for excluding specific other

areas. Scientific and enforcement advisers can then provide analysis of how ef-

fective each alternative is likely to be at meeting the stated goals. The govern-

ment agency or group then drafts a final list of alternatives, taking into account

the public’s values, ecological and enforcement reviews, and any potential so-

cioeconomic or cultural impacts. They should aim to include a suite of alter-

natives that covers the range of realistic possibilities and addresses the desires

and concerns of a broad cross section of the public. The public should have a

chance to comment on the alternatives to help inform the government’s

choice of a draft preferred alternative, and be granted another chance for com-

ment before a final selection is made.

This process may be more time consuming than a more autocratic one and

less rigorous than a more scientifically driven one. But, it is worth the time in-

vestment and loss of some scientific rigor to involve the general public deeply

in the process. If the general design criteria are done well, they should ensure

that the reserve or reserve network will be effective enough. This process em-

phasizes public involvement because there are far greater dangers for failure

due to lack of public acceptance than due to poor design.

Goals

Marine reserves can help to achieve many societal goals, which can gener-

ally be lumped into four categories: (1) ecosystem protection, (2) improved

fisheries, (3) expanded knowledge and understanding of marine systems, and

(4) better nonconsumptive opportunities (NRC 2001). There has been a dis-

connect in the ways in which design criteria have been addressed for each goal.

Whereas optimality models—which predict the design that will maximize re-

serve performance—have been the norm when addressing fishing benefits, es-

pecially the maximization of yields (NRC 2001), risk minimization models and

other methods to predict the minimum necessary design have been the norm

for other goals. The reason for this disconnect is simple: the optimal solution

for addressing conservation and nonconsumptive goals would be to close the

entire ocean to fishing and other major human impacts, while our scientific
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understanding would be best served by having an extensive reserve network

with smaller scale experimental fishing areas.

How do we find balance given this dichotomy? It depends on societal val-

ues but, more often than not, marine reserves should be viewed in terms of risk

minimization for all benefits rather than optimality for fishing benefits. This

conclusion follows two important observations. First, risk minimization is an

underlying goal for all four of the categories. Unless we conserve the entire

ecological and socioeconomic system with some minimal network of marine

reserves, none of the other goals can be assured (Appeldoorn and Recksiek

2000). Research has shown that setting aside populations free from risk of fish-

ing makes the populations as a whole much more robust and resilient to

inadvertent management errors (Fig. 5.1; Sladek Nowlis and Bollermann 2002).
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FIG. 5.1 Risk Minimization Overrides Other Design Considerations. This graph shows

sustained catch levels, relative to maximum sustainable yields (MSY), as a function of re-

serve size and error level. Marine reserves, or another method of setting aside a protected

population, maintain productive fisheries even if managers are making large errors. Re-

serves increase catches under all circumstances when management errors lead to overfish-

ing, with more dramatic increases under larger errors. Note that maximum sustainable

yields can be achieved with large reserve networks even if errors are large. Also note that

the use of reserves does not necessarily cost any yield—without errors, maximum sustain-

able yields can be achieved with or without reserves. Source: Adapted from Sladek Nowlis

and Bollermann 2002.



Second, models have generally predicted that risk minimization requires larger

and more ambitious marine reserves or reserve networks than maximizing fish-

ing benefits (see NRC 2001 for overview of goal-oriented design criteria), and

maximum fishing yields can still be achieved with large reserves (Sladek Nowlis

and Roberts 1995, 1999). Since the more ambitious design based on risk mini-

mization can satisfy optimal fishing opportunities but not vice versa, it has to

take precedence. However, this approach should not be viewed as the conser-

vation alternative. Instead it rests on the philosophy that we should allow as

much fishing as possible without risking the future of the fish, fishery, or

ecosystem. As such, it represents responsible ocean management where con-

servation goals are achieved by stacking the odds toward long-term success for

both ecosystems and fisheries. Consequently, design criteria based on risk min-

imization should serve as minimum standards, and larger reserves may be de-

sirable, depending on the goals of the reserve or reserve network.

General Design Principles

A substantial effort has gone into developing design principles for conser-

vation areas on land, and much can be learned about marine reserve design

from them. These efforts have examined and illuminated a wide range of con-

cepts, including (1) minimum viable population sizes, (2) effective population

sizes, (3) biodiversity hotspots, and (4) landscape processes. The first two of

these concepts are aimed at ensuring any protected area is sufficiently large to

contain a viable population. For many land species and a few ocean ones, an

area may need to be very large to maintain a viable population, often consid-

ered to require at minimum an effective population size of 200 (Gilpin and

Soulé 1986).

The latter two concepts are aimed at identifying priority areas for protection

and represent two very different approaches. Under the hotspot approach, sci-

entists map out the ranges of any and all species of interest. They then analyze

those maps to identify hotspots that contain particularly large numbers of

species. Ideally, areas should be chosen so that all species are represented in at

least one conservation area. This approach offers the potential to find and use

complementary areas to achieve broader conservation goals, but it also raises

some concerns. Species ranges are not static and may change with develop-

mental stages, seasons, and ecological succession—the natural process of re-

covery of an area to natural or human disturbance. Moreover, concern has

been raised that areas of high species diversity may in fact be poor quality habi-
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tat for many of them (Araújo and Williams 2001). In contrast, the landscape

process approach looks at systems in a more dynamic way. Including an entire

watershed as part of a protected area (marine or terrestrial) is one simple illus-

tration of this sort of thinking since upstream activities can impact a down-

stream conservation area (Pickett et al. 1997). On land, this approach has led

to such ideas as providing corridors to link networks of protected areas (Noss

1987; Simberloff and Cox 1987).

We should heed the lessons learned on land, but with care to avoid over-

generalizing them. One fundamental difference between ecosystems on land

and in the sea is their status. Although marine ecosystems have suffered badly

(Jackson et al. 2001; Myers and Worm 2003), they are generally not as badly

degraded as those on land. One important implication of this difference is that

we still rely on the ocean to a greater degree for wild-caught food. The design

of parks on land, where much habitat has already been urbanized or farmed,

often focuses on keeping as much of the biota inside as possible—an island of

nature amidst human development. The greatest threat to land-based biodi-

versity has gradually shifted from overexploitation to habitat destruction, in

part because many of the great natural food sources have been hunted to un-

productive levels. In the sea, there are still widespread habitats that have the

potential to perform their natural ecological functions if managed appropri-

ately. As a result, we can think of marine reserves in the context of wild fish

production to sustain outside fishing areas (NRC 2001). Another difference that

contributes to the capacity of marine reserves to produce food is the relative

openness of ocean systems. The fluidity of the ocean makes it inevitable that

many species will disperse beyond reserve boundaries. These differences all

favor the use of the landscape process concept over hotspots as a guiding prin-

ciple for designing networks of marine reserves.

Scientists have already identified some guiding principles for designing ma-

rine reserves or reserve networks and we will build on these. Ballantine (1995,

1997) identified three important concepts:

• Representation of all habitats

• Replication of reserve units to avoid losing too much from the occasional

poor quality area

• Networking the reserve units in a self-sustaining manner

He suggested that the network should encompass 20 to 30 percent of the total

management area. Roberts et al. (2003b) added a few additional rules of thumb.

They recommended prioritizing sites to most efficiently achieve the greatest
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result. Specifically, they recommended preferentially including four site cate-

gories:

• Sites that include vulnerable habitats

• Sites that contain vulnerable life history stages

• Sites that are capable of supporting exploited species or rare species

• Sites that provide ecological services

The services include coastal barriers and water purification but might also in-

clude places that have special nonconsumptive value, like a popular diving

spot (see chapter 4 for more detail on other ecological services). These authors

also recommended avoiding sites with very high threats from human or natu-

ral disasters. We agree with avoiding sites under high threat of human catas-

trophes and also those highly vulnerable to natural disasters if reserves are

going to be sparse. However, if a reasonably large reserve network is going to

meet the other general rules of thumb, then it will be important to include

areas that are frequently disturbed naturally. We believe they should simply be

treated as one more habitat type to be included in a representative and repli-

cated manner.

This landscape-level approach is being used more frequently. Sala et al.

(2002) showed that biodiversity in the Gulf of California, Mexico, was not ran-

dom. Instead it showed organization corresponding to latitude and depth.

Friedlander et al. (2003a) took a similar broad look at the pattern of diversity

around Old Providence and Santa Catalina Islands in the Seaflower Biosphere

Reserve, Colombia. They found strong similarities in the full assemblages and

bottom-dwelling reef communities within habitat types they had previously

defined, differences among habitat types generally, and additional differences

between sites near the island and those on a long shallow bank that extended

to the north. Once these distinctions were recognized, they were incorporated

into the design process by ensuring that each distinct type was represented.

Crucial Factors

Although a number of different factors can influence marine reserve design,

two stand out as especially important: the fluidity of the ecosystems involved

and the extent of damaging activities outside the reserve. Not coincidentally,

these two factors underlie our ability to rely on the sea for wild-caught food.

The fluidity is a crucial factor because reserves will be more effective the bet-

ter they retain adults, although some degree of export of reproduction is de-
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sirable (PDT 1990; Sladek Nowlis and Roberts 1999). The extent of damaging

activities is important because it determines the extent to which reserves have

to accomplish all management objectives. For example, high yields can be

achieved from many fisheries in the absence of marine reserves if fishing is at

relatively low levels, carefully controlled, or both. In contrast, very large re-

serves may be necessary to achieve similar fishery yields if fishing activity is

high in the remaining fishing grounds (Sladek Nowlis and Roberts 1999).

Movement to and from Reserves

Marine reserve design will be influenced a great deal by the degree of inter-

action across space in the ocean. Most marine species, particularly those tar-

geted by fishing efforts, have planktonic larvae, which generally spend from a

week to several months in the water column (Boehlert 1996). These lengthy

larval periods provide great potential for long-distance dispersal. It has been

demonstrated that, if larvae drift passively on surface currents, they may move

hundreds of kilometers during their larval phase (Roberts 1997). Reinforcing

this evidence of high dispersal potential, genetic studies have shown surpris-

ingly high homogeneity in marine populations across entire ocean basins,

suggesting that populations mix genetically over these broad ranges (e.g.,

Lacson 1992). However, work in population genetics has also shown that very

little mixing, on the order of a few individuals per generation, need take

place to maintain this homogeneity among otherwise distinct populations

(Slatkin 1987).

Not all organisms can disperse so far. Tunicates, for example, generally

produce large larvae with limited dispersal ability. Larvae of the tunicate Lis-

soclinum potella are visible to the naked eye in field conditions and can be fol-

lowed from parent to settlement (e.g., Olson and McPherson 1987). The lack

of dispersal capability can influence tunicate biodiversity patterns, with

extremely limited distributions for some species (e.g., the Chilean tunicate

Pyura praeputialis, Clarke et al. 1999). Though tunicates are not a traditional

target for exploitation most places in the world, there is growing interest in

previously nonexploited groups, including tunicates, by the aquarium and

pharmaceutical industries. Other exploited species also show limited disper-

sal patterns (e.g., the bull kelp Durvillea antarctica, Castilla and Bustamente

1989), but these species are exceptions to the general rule of high dispersal po-

tential among exploited species.

However, larvae might not disperse as far as surface currents on the open

ocean would suggest. Small-scale coastal oceanography can play a major role
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in larval dispersal and recruitment (Caselle and Warner 1996) and can lead to

local retention of larvae (Black 1993; Wolanski and Sarsenski 1997). Larval be-

havior can also play an important role in dispersal (e.g., Jenkins et al. 1999; Katz

et al. 1994). Together, local oceanography and larval behavior can lead to sig-

nificant amounts of local retention (e.g., Cowen et al. 2000). These patterns can

be accentuated by differential survival of newly settled individuals. Even if larvae

manage to move far away from parents, the chances of discovering suitable

habitat decrease with increasing distance. If they do not find suitable habitat,

they are more likely to die—making the dispersal ultimately ineffective.

These discoveries are backed by growing evidence that there are genetic gra-

dients, which indicate relatively low exchange through dispersal (Palumbi

2003). Collectively, the body of work on larval dispersal suggests that many

coastal marine populations retain larvae locally but also allow some larvae to

disperse large distances. Perhaps not coincidentally, this strategy of mixed dis-

persal ranges has been shown to have profoundly positive ecological and evo-

lutionary benefits in terrestrial and freshwater systems (Cohen and Levin

1987). The interactions among larger-scale oceanographic processes, smaller-

scale coastal oceanography, and larval behavior are still poorly understood and

remain a great mystery of marine ecology.

Reserves provide an opportunity to learn more about larval dispersal pat-

terns. Reserves create a buildup of biomass, and therefore potential reproduc-

tive output, within their borders. To the extent that larvae are retained locally,

this phenomenon should be observable as gradients of larval abundance, de-

creasing as one moves away from the reserve. Only a few studies have at-

tempted to document a larval gradient, or any phenomenon, outside of reserve

boundaries, but they offer promising results. In one reservelike experiment,

Tegner (1992) reintroduced green abalone (Haliotis fulgens) into an area off of

California. Green abalone were depleted to very low levels at the time of re-

introduction from heavy overfishing, so the reintroduced abalone served as a

reserve of sorts. The author demonstrated higher than expected recruitment in

the general area of the reintroduction, with apparent recruitment enhance-

ment up to 8 km away. Additional studies like this one offer potential to gain

a better understanding of larval dispersal and the links between adult biomass

and new recruitment into a population.

Like larval dispersal, postsettlement movements by juveniles and adults may

contribute to the openness of marine systems. Marine species can be classified

into three general categories: benthic, pelagic, and demersal. Benthic species

are associated with bottom substrate as adults, and thus have extremely lim-
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ited adult dispersal capabilities. There are some benthic species that have been

shown to move substantial distances as adults (e.g., spiny lobsters, Acosta 1999)

but most are physically attached to the bottom with minimal movement ca-

pabilities. Incidentally, benthic species may be most capable of benefiting from

reserve protection because their limited movement capabilities can make them

susceptible to reproductive failure if density is too low (Levitan 1991). Pelagic

species form the other extreme, being associated almost exclusively with the

water column. Demersal species fall in between, typically associated with bottom

structure but with capabilities to swim in the water column. Reserve studies

and reserve efforts have generally focused on benthic and especially demersal

species (Halpern 2003) because pelagic species may be less likely to benefit from

reserves (Bohnsack 1996; but see Guenette and Pitcher 1999).

Although postsettlement movement in demersal species is easier to study

than larval dispersal, it is nearly as poorly understood. Studies have examined

movement patterns of both tropical and temperate demersal species both in-

directly and directly, albeit with a bias toward reef-associated fish.

Reserves provide the majority of indirect evidence about postsettlement

movement. For example, Russ and Alcala (1996) showed higher densities of

adult fish close to the border of a reserve on Apo Island, Philippines, than far-

ther from it, suggesting the possibility that fish move across the border but not

too far. Similar results were found at the border of a marine reserve on Barba-

dos (Rakitin and Kramer 1996). Johnson et al. (1999) demonstrated that, in ad-

dition to a buildup of biomass within a Florida reserve, some fish moved in and

out, and a number of world record trophy fish were caught in the area. Addi-

tional direct evidence comes from observable phenomena like spawning ag-

gregations where high abundances concentrated in space and time could only

be explained by movements to and from the aggregation.

Direct evidence consists of tagging experiments, where tagged fish are re-

trieved by fishers or by underwater visual observation, and tracking experi-

ments, where fish are equipped with an acoustic device that can be tracked

using a hydrophone from the surface. Tagging experiments provide a coarse-

scale picture of movement, showing the limits over longer periods of time.

Tracking experiments provide the fine-scale picture, showing detailed move-

ment patterns over short time frames.

Although juvenile and adult fish movement patterns are still poorly under-

stood, a picture is emerging that includes specialized movements tied to partic-

ular life history events with less frequent and often habitat-limited movement

patterns at other times.
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Many species of fish and marine invertebrates utilize different habitats as

they grow and mature, typically moving from shallow inshore habitats, to

deeper offshore habitats (Roberts 1996). In some cases, these movement pat-

terns through development will vary depending on whether appropriate habi-

tats are adjacent, and may be inhibited by habitat types that act as a barrier to

dispersal (e.g., Acosta 1999). These sorts of movements can also occur on a daily

basis. Juvenile grunts in the Caribbean undergo predictable movements be-

tween daytime resting and nighttime feeding areas (Ogden and Ehrlich 1977).

Numerous species of fish aggregate to spawn, requiring long-distance move-

ments for some. Tropical species like groupers and snappers are particularly

well known for this phenomenon. Larger groupers and snappers can migrate

great distances to specific sites and form spawning aggregations of hundreds

or thousands of individuals at specific times of the year (Domeier and Colin

1997). Long-term persistence of these aggregations at specific sites (e.g., Colin

and Clavijo 1978) makes these species extremely susceptible to fishing pressure

(Sadovy 1993). Several grouper and snapper species have been greatly over-

fished throughout the world, largely due to extreme exploitation of spawning

aggregations. Despite the recognition of this behavior and great importance to

conservation, only a small, but growing, number of spawning aggregations

have been closed to fishing, and a paucity of scientific information exists on

the details of spawning aggregations, especially the potentially important habi-

tat characteristics of spawning aggregation sites (Fig. 5.2; and see chapters 9

and 10). It is not surprising that fish seek this complex habitat while spawning

because the complexity offers shelter for the large number of fish that gather,

and it may also influence the dispersal of offspring so that some are retained

within the complex habitat structure whereas others are effectively dispersed

longer distances (Wolanski and Sarenski 1997).

Many temperate adult fishes show similar patterns (Cushing 1995). Fish

tend to be found in higher concentrations on spawning grounds compared to

feeding grounds and thus are more susceptible to fishing pressure in these lo-

cations. The spawning grounds for plaice in the Southern Bight in the south-

ern North Sea have remained in the same location since the grounds were

discovered in 1921 (Harding et al. 1978). Between 1921 and 1967, the mean

peak date of spawning for these fish was January 19 with a standard deviation

of less than one week (Cushing 1969). Plaice spawning therefore exhibits a

high degree of predictability in both space and time. Cod tagged in five regions

on the Canadian Shelf tended to return to their grounds of first spawning, with

a low emigration rate (distant recaptures/all recaptures) of 0.0375, which would
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promote a relatively high rate of gene flow between each group (Thompson

1943) but relatively little mixing from a standpoint of stock productivity.

Despite the ability to migrate large distances and the propensity of some

species to do so at specific stages of their life history, most reef-associated fishes

appear to be rather sedentary and possess relatively small home ranges. Hol-

land et al. (1993) found that a population of weke (white goatfish, Mul-

loidichthys flavolineatus) in Hawaii showed high site fidelity, with 93 percent

of recaptures occurring at the release site. In a trapping and tagging study con-

ducted in Hanalei Bay, Kauai, Friedlander et al. (1997) recaptured or resighted

85 percent of all tagged individuals of twenty-three species within 50 meters

of their release site. The limited range of dispersal of recaptured omilu (blue

trevally, Caranx melampygus) (75.5 percent within 0.5 km of the release site)

and strong site fidelity observed from sonically tagged fish suggest that dis-

persal is much less than might be predicted for a highly mobile, piscivorous

species (Holland et al. 1996). Kumu (whitesaddle goatfish [Parupeneus por-

phyreus]), a Hawaiian endemic goatfish and important fisheries species, were

acoustically tracked around the Coconut Island refuge for periods up to ninety-
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FIG. 5.2 Complex Habitat at a Spawning Aggregation Site (NOAA/NOS/

NCCOS/CCMA-Biogeography Program unpublished data). The Red Hind Bank Marine

Conservation District, St. Thomas, U.S. Virgin Islands, was established to protect spawning

aggregations of red hind (Epinephelus guttatus), a Caribbean reef fish, and other species.

Not coincidentally, red hind and other groupers utilized a site with complex habitat, pro-

viding refuge for spawners (see Beets and Friedlander 1999 for more detail).



three hours (Meyer et al. 2000). The home ranges of all fish were within the

boundaries of the Coconut Island reserve. This small reserve (less than 1 km2)

was capable of protecting both large juveniles and some spawning size indi-

viduals (Meyer et al. 2000). Kala (blue spined unicornfish [Naso unicornis]) were

acoustically tracked for periods of up to twenty two days in the shallow high-

energy fringing reef habitat in the Waikiki Marine Life Conservation District

(Meyer and Holland 2001). The home ranges of all of the kala tracked were

completely encompassed by the boundaries of the Waikiki Marine Life Con-

servation District. However, more mobile species, such as jacks and goatfishes,

ranged over an area slightly larger than 1 km2 (Meyer 2003). Even this limited

movement exceeded the 0.32 km2 size of the Waikiki Marine Conservation Dis-

trict and left these fish vulnerable to fishing. Caribbean reef fish showed sim-

ilarly restricted movements in and near a marine reserve on Barbados, with

most species rarely showing much movement away from the site of first cap-

ture (Chapman and Kramer 2000). However, some species (e.g., horse-eye jacks

[Caranx latus] and bar jacks [C. ruber]) did appear to move frequently from the

study area. Moreover, even sedentary species showed relatively more move-

ment when the reef habitat was uninterrupted than when it was fragmented.

These results suggest considerable site fidelity on the part of a number of

species. They also suggest that an association exists with a particular locality

of rather limited size. Short-term (e.g., day-to-day) movements may be com-

mon, but tag recovery data and telemetry data indicate that if these fishes make

such movements, most of them return to the home locality. Although different

species have widely different movement patterns these results are generally

consistent with existing ideas about the limited normal range of movements

of many demersal, reef habitat–associated species.

Nevertheless, some evidence suggests that marine systems are open and thus

vulnerable to impacts unless marine protected areas are very large. Friedlander

and DeMartini (2002) identified twice the fish biomass in the large, remote,

and lightly fished Northwestern Hawaiian Islands than in small, fully protected

marine reserves in the main Hawaiian Islands (Sladek Nowlis and Friedlander,

2004). Large apex predators made up the majority of fish by weight in the

Northwestern Hawaiian Islands but were virtually absent from reefs in the

main Hawaiian Islands, even those protected from fishing. The marine reserves

themselves contained more than twice the fish biomass of areas that received

partial or no special protections within the main Hawaiian Islands (Friedlan-

der et al. 2003b). Nevertheless, the reserve effect was not adequate to reestab-

lish fully functioning ecosystems, most likely because of the small extent of
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marine reserves as a whole and the heavy fishing pressure surrounding them.

Although many benefits can be reaped from small reserves, larger ones may be

necessary to sustain fully functioning ocean ecosystems.

Outside Impacts

The second crucial marine reserves design factor is the degree of outside im-

pacts. For example, models have shown consistently that maximum yields can

be obtained over a range of reserve sizes depending on the intensity of fishing

outside of the reserve (Sladek Nowlis and Roberts 1995, 1999). If impacts are

light and strictly controlled outside of reserves, marine reserves may not be

necessary. However, experience suggests that fishing rates rarely stay light and

are even less frequently under strict control of managers (e.g., Myers and Worm

2003).

In addition to modeling reserve design based on the scales of outside im-

pacts, managers may wish to reduce the magnitude of outside impacts on re-

serves. One way in which managers can do so is by integrating reserves with

coastal zone, ecosystem, or broader ocean zoning management plans. Another

way is through the creation of linked land–sea protected areas that protect ad-

jacent terrestrial and marine areas. Reserve designations can help to protect the

designated area from fishing, point-source pollution, and other directed

human impacts, but may not offer protection from non–point source runoff.

As a result, it may be desirable to locate marine reserves downstream from

terrestrial protected areas, or at least to enact stricter controls on upstream de-

velopment if a reserve is put in place. In some cases, though, it may be neces-

sary to scale up the size of marine reserves to account for major disturbances

such as oil spills or hurricanes (Allison et al. 2003).

Total Extent of Reserves or Reserve Network Coverage

The hottest debate regarding marine reserves usually surrounds their extent

of coverage through the management area in question. A recommendation of

20 percent (PDT 1990) created uproar along the southeastern Atlantic coast of

the United States, whereas a recommendation of 30 to 50 percent (Airamé et

al. 2003) caused a similar stir in the Channel Islands of California. Total extent

is a key design consideration because it is arguably the most important for

achieving goals but also has the greatest influence on what the short-term costs

are likely to be for displaced stakeholders (Fig. 5.3). Costs can be significant if

large marine networks are created (Sladek Nowlis and Roberts 1997). Fortu-
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nately, those costs are expected to be offset by reserve benefits clearly and

quickly when fisheries are most depleted, and can be deferred under any cir-

cumstances by phasing in reserves (Sladek Nowlis and Roberts 1997). It is also

worth noting that for most overfished fisheries—ones that have been depleted

to the point where they have lost productivity potential—reserves often im-

pose smaller opportunity costs than other more conventional management

techniques while offering the greatest chance of achieving rebuilding to more

productive levels (Sladek Nowlis 2000).

A number of scientists have examined the question of how much area to in-

clude in a marine reserve or reserve network (reviewed in NRC 2001). The rec-

ommendations depend on a number of factors, foremost among them being

the goals and objectives for the reserve or reserve network. A number of stud-

ies have examined the extent of reserve that will maximize fishery yields (e.g.,

Sladek Nowlis and Roberts 1999) and even these studies found a wide range

of possible extents, from none to sizable, depending on several circumstances.

On the other hand, there are also many nonconsumptive benefits one might

achieve from marine reserves, and most of these benefits will be maximized by
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FIG. 5.3 Extent of Reserves: More Benefits, More Costs. A population model of the

white grunt (Haemulon plumieri), a Caribbean reef fish, experiencing heavy overfishing ini-

tially. The creation of a marine reserve or reserve network enhances catches in the long

term but also generates short-term costs. Source: Adapted from Sladek Nowlis 2000.
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having very large extents. Consequently, the percentages discussed following

here should be viewed as minimum standards rather than optimal recom-

mendations. To move forward on this complex issue, we focus on risk mini-

mization. While this is not the only goal one might have for a marine reserve

or reserve network, it is fundamentally important because without it managers

are gambling with the future of the ecosystem and the people that rely on it

for sustenance.

Scientific results suggest that reserve networks need to protect a population

consisting of 30 to 50 percent of its pristine size to ensure against collapses

(Mangel 1998; Sladek Nowlis and Bollermann 2002). This level of insurance re-

duces the tremendous uncertainties that surround fisheries management. For

example: in the United States, where more resources are available than almost

anywhere else on the planet for fisheries management and science, over three

quarters of all federally managed fish populations (some species are managed

as separate populations across their range) were of unknown abundance, had

unknown levels of fishing pressure, or both, in the year 2000 (NMFS 2001).

State managed fisheries may do even worse. A 2002 California report indicated

that 85 percent of all nearshore species (the ones most likely to be State man-

aged) were of unknown status (CDFG 2002). If we cannot even identify the sta-

tus of fish, we surely cannot manage them with certainty. Scientific studies

clearly indicate that uncertainty can be countered most effectively by main-

taining a portion of a fished population as off limits from all fishing (e.g.,

Sladek Nowlis and Bollermann 2002).

Closing 30 percent of an area will not necessarily protect 30 percent of the

fished population from fishing, nor will it necessarily reduce catches by 30 per-

cent. If especially productive areas are chosen, the effects may be amplified. On

the other hand, two factors will cause a smaller portion of the population to

be protected than reserves might suggest.

1. Marine systems vary tremendously in their openness, and some reserve

benefits will be diluted the more individuals move across reserve boundaries.

Openness can be minimized by using relatively fewer large reserve units within

a network because large reserves will leak less than smaller ones (Diamond

1975). However, it is likely that systems with high fluidity will need a greater

extent of reserve coverage to counteract this fluidity. As such, reserves are a

more obvious choice for less open systems—including most coastal ocean

ecosystems—than more fluid systems, like open-ocean pelagic ecosystems. It

is also possible to address this issue by selecting areas with high habitat diver-
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sity since many species move among different habitats daily (Holland et al.

1993) or throughout their life cycles, and may need to move shorter distances

if several habitat types are in close proximity (Appeldoorn et al. 1997, 2003).

2. Ecological disasters will also tend to increase the extent of reserve cover-

age necessary to minimize risks. Natural and human-caused ecological disas-

ters may disrupt equilibrium processes inside reserves and in doing so make

them less effective at meeting management goals. However, natural ecologi-

cal disasters are part of natural cycles and we should not harbor a static view

of the world. When habitats are disturbed, the natural process of succession

gradually restores mature living communities; for example, old-growth forests

or coral reefs. Succession is an important process in ecology. It is through this

process that early successional, fast-growing, and widely dispersing organisms

coexist with the hardier, slower-growing species that ultimately outcompete

them in an undisturbed site. Retaining the natural cycles of disturbance is

important for maintaining ecological balance. When damaging human activi-

ties are added to natural forms of disturbance, the results depend on their relative

magnitudes and frequencies. In an environment with little natural disturbance,

even small amounts of human impacts can disrupt the ecosystem. By contrast,

in an environment with high rates of natural disturbance, relatively high rates

of human impacts may not noticeably affect the ecosystem. If human impacts

do degrade certain areas more than the natural cycle of disturbance, reserve

coverage will need to be scaled up to account for the degradation. For example,

it has been determined that along the California coastline reserve coverage

needs to be scaled up by 20 to 80 percent to address oil spills (Allison et al.

2003).

A number of scientists have identified 20 percent reserve coverage as a minimum

societal goal (e.g., Ballantine 1997; PDT 1990). This percentage was originally

proposed based on overfishing definitions that suggested fished populations

should be maintained at levels that on average allowed individuals to achieve

20 percent of their expected reproductive output (Goodyear 1993). Since that

time, overfishing definitions have been overhauled, often to far more conser-

vative levels (e.g., 40 percent for rockfish, Clark 1993). Recent recommenda-

tions have focused on broad concepts of insurance rather than on single-

species management. These approaches have identified that reserve coverage

of as little as 10 to 20 percent can help sustain a fishery, whereas 30 to 50 per-

cent may be necessary to ensure high, long-term abundance and catch levels

(Sladek Nowlis and Bollermann 2002). Depending on the scale of impacts out-
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side, the openness of the system, and the rate and extent of ecological disas-

ters, reserve extents may need to be modified to encompass the desired pro-

portion of the unfished abundance. And these recommendations should be

viewed as minimum standards rather than optimal recommendations because

there are many nonconsumptive benefits that may also be important in the

designation of marine reserves.

Size and Shape of Individual Reserves

Scientists have actively debated the size and shape of conservation areas on

land since the 1970s and developed some general principles. Their debate was

based on the presumption that resources would limit the total coverage of land

conservation areas and, as such, a key decision would be how to parcel out the

coverage. Coined the single-large-or-several-small (SLOSS) debate, a general

consensus emerged that few larger reserves were generally better than several

small because they were more likely to contain functional ecosystems within

their borders and to suffer less from outside effects (Diamond 1975).

In the sea, the size and shape of individual reserves can have important ef-

fects on ecological and socioeconomic performance as mediated by the fluidity

of the system and scale of impacts in outside areas. Whether goals are to en-

hance fishing opportunities or conservation of natural ecosystems, it will be

desirable to design marine reserves so that adults stay inside them while some

of their offspring disperse out (PDT 1990; Sladek Nowlis and Roberts 1999).

There is one fairly minor exception to this rule. In a few cases (e.g., recreational

trophy fisheries) there will be far greater value placed on the catch of a few very

large individuals. In these cases, it may be desirable to have a small amount

of adult movement across reserve boundaries (Johnson et al. 1999). But even

this minor motivation to have leaky reserves should be tempered for a couple

of reasons. First, too much leakiness will prohibit fish from growing large

enough to provide the trophy opportunities. Second, because of the wide range

of movement patterns exhibited by different species and sometimes even dif-

ferent members of the same species (as discussed following here), most sizes

and shapes that maintain most adults within reserve borders will also foster

enough spillover of some species to provide trophy fishing opportunities.

Keeping adults in marine reserves will be easier in some systems than in oth-

ers. Given new studies that show relatively low rates of adult movement in

coastal environments (e.g., Attwood and Bennett 1994; Holland et al. 1996;

Fig. 5.4), relatively small marine reserves may adequately protect adults near
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the coast. In fact one reserve on the Caribbean island of St. Lucia was highly

effective despite measuring only 150 by 175 meters (Roberts and Hawkins

1997). The shape of a reserve could help if it accounts for connectivity among
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habitat types. Since fish may use more than one habitat type throughout the

day or their life cycle, it is usually preferable to include multiple habitat types

within the same reserve (Appeldoorn et al. 1997). There is no single best shape

for doing so, although swaths stretching from shore into deep water are more

likely to contain a diversity of habitats than reserves without as much depth

range (e.g., PDT 1990), and may encompass common natural migrations from

shallower, land-associated to deeper habitats (Appeldoorn et al. 2003; Davis

and Dodrill 1989; Love 1996).

For highly mobile species like the bluefin tuna, reserves might need to be

extremely large if they are going to protect a substantial portion of adults. In-

stead, these species might gain more realistic protection from reserves located

in areas where large groups of animals come together to feed or reproduce

(Hyrenbach et al. 2000). Complementary regulations will be especially impor-

tant for highly mobile species to address uncertainty. These could include size

limits (Myers and Mertz 1998) or quota systems (Sladek Nowlis and Bollermann

2002). Regardless, we find relatively sedentary species in virtually every part of

the ocean, particularly associated with bottom habitats. Given increasing fish-

ing efforts targeting deepwater species and the impacts this can have on bot-

tom habitats (Dayton et al. 1995), it makes sense to consider all areas of the

ocean when designing networks of marine reserves.

Enforcement can also be enhanced through the shape of individual reserves.

Both enforcement and compliance will be greatly aided if reserve borders are

straight lines running north–south and east–west or utilizing other obvious

navigational reference points. Enforcement will also generally be easier if there

are relatively few large rather than many small reserves. However, the size issue

has enough ecological and socioeconomic implications that enforcement con-

siderations may be secondary in this respect.

Site Selection

Marine reserve networks have the greatest chance of including all species,

life stages, and ecological linkages if they encompass representative portions

of all ecologically relevant habitat types in a replicated manner (Ballantine

1995, 1997). Studies indicate that habitats are a good surrogate for species, so

that a system of protected areas that incorporates all habitat types is also likely

to provide refuge for most species. In fact, habitats are generally a better focus

for protected area design than species because they are easier to map and are

more closely tied to the ecological processes whose conservation should be the
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ultimate goal. As a precursor to including habitat types in a protected area, it

will be necessary to define habitat types in an ecologically relevant manner and

map out their distributions. Let us consider an example.

We have performed extensive surveys of the coastal ocean environments

around Old Providence and Santa Catalina islands (in close proximity to each

other) in the Archipelago of San Andrés, Old Providence, and Santa Catalina,

Colombia, which were recently designated the Seaflower Biosphere Reserve (Fried-

lander et al. 2003a). We used preexisting habitat maps (Díaz et al. 1996) and sur-

veyed a wide range of habitat types for ecological differences as identified by

distinct fish assemblages and communities of organisms living on the seafloor.

Based on these surveys, we were able to lump several habitat types into a few

simple yet distinct categories and identify ecological connections among these

habitats. We also identified a major difference between otherwise similar ap-

pearing habitats based on their proximity to land (Appeldoorn et al. 2003). The

shelf extends approximately 20 kilometers north of the islands but only a short

distance south. Our surveys showed distinct differences in fish assemblages for

all habitat types depending on whether the survey site was close to the island

or on the northern bank. This finding confirmed the importance of links be-

tween coral reefs and other nearshore habitats, like mangrove lagoons and sea

grass beds (Ogden 1988), which serve as nursery grounds for a number of

species. The bank habitats were nevertheless valuable and worthy of protection

because of their differences (some species thrive in the absence of the ones that

start life in mangroves or sea grass beds), but it was helpful to identify them

as different from otherwise similar looking habitats near the islands.

It is important to represent all habitats, but some may have greater conser-

vation value than others. It is especially important to identify limiting habitat

types and ensure that these are preferentially included in no-fishing or no-

entry zones. These habitats fall into three categories: rare habitats, especially

vulnerable habitats, and habitats where fish are especially vulnerable to over-

fishing. Habitats may be rare because they only develop under limited ecologi-

cal conditions or because they have been disproportionately impacted by

previous activity. For example, coastal wetlands exist in a narrow band at the

water’s edge and have been targeted heavily by coastal development (Rosen-

berg et al. 2000). Vulnerable habitats would include those that are especially

likely to be impacted by fishing activity. Structurally complex habitats are es-

pecially vulnerable to the impacts of bottom trawling, for example (Dayton et

al. 1995; Watling and Norse 1998). Habitats where fish are especially vulnerable

primarily include places where fish gather to feed or reproduce. When they are
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gathered together, fish are easier to catch en masse. Moreover, they may selec-

tively choose structurally complex, and thus vulnerable, habitat for shelter dur-

ing these aggregations (Beets and Friedlander 1999). At the same time, there

may be some areas that are of particular value because they contain or are in

close proximity to all the habitats necessary to support a productive ecosystem.

These areas, along with those that are rare or vulnerable, such as spawning ag-

gregation sites, should receive particular attention (Fig. 5.5).

Another question with respect to habitat inclusion is whether it is accept-

able or desirable to include degraded habitats within a reserve. From a socio-

economic perspective, a site may be desirable if it was impacted at some point

in the past and is now no longer of great utility. Sites like this could be ac-

ceptable reserves if the source of degradation is identified and eliminated, and

if the system appears to have the capacity to recover its former productivity
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in a reasonable timeframe. For example, overfished locations may be perfectly

acceptable as long as the habitat or target species have not suffered too severely.

In fact they may be ideal candidates for another reason—their ability to recover

quickly. Studies predict that the most heavily fished areas are most likely to re-

cover quickly (Sladek Nowlis and Roberts 1997). In doing so, they have great

potential to solidify support for marine reserves. It has been our experience

that, especially among fishers, seeing an area recover quickly after designation

as a marine reserve removes doubt about the effectiveness of this management

tool. In part, this reaction is due to the visible evidence that fishing was keep-

ing the fish populations down, but it also appears to arise from a contagious

enthusiasm at seeing fish at higher abundance than many thought possible.

Not all degraded areas are good candidates, though. For example, an embay-

ment that receives untreated sewage is probably not a good candidate unless

the sewage effluent is going to be redirected and studies indicate the bay has

not been impacted to the extent that recovery is unlikely.

The tolerance for including impacted habitats should increase with greater

extent of reserve coverage. If reserves will encompass a substantial portion of

an entire management area, it might actually be desirable to include habitats

in varying conditions (while avoiding severely degraded habitats) to learn

whether and to what extent habitats can recover. However, greater damage will

require higher coverage to ensure that reserves minimize risk of collapse since

it will take some time before they are capable of providing resilience to the re-

gion’s marine ecosystems.

We therefore recommend that stakeholders lead site selection with support

and guidance from technical advisers. The ecological, socioeconomic, and en-

forcement design criteria should be conveyed to stakeholders, with continuing

discussion and feedback as stakeholder groups create and collaborate on propos-

als. To the extent that stakeholder groups can agree on a single proposal that

meets the basic scientific criteria, we recommend that such a proposal be adopted.

Regulations

A common question when designating marine reserves is whether a little

fishing is acceptable if conducted by some group that might cause relatively

light impacts. On the one hand, there are some examples where certain kinds

of fishing are likely to have little effect on the species of concern. In one stud-

ied case, pelagic fishing (for fish in the water column) seemed compatible with

the recovery of a bottom-dwelling scallop and some groundfish populations
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on Georges Bank off the northeastern United States (Murawski et al. 2000).

However, this result should not be taken as typical. This region has greater

management capacity than almost any other place on the planet, and en-

forcement was carried out using satellite-based vessel monitoring systems. It

would be difficult to replicate this scenario in most places in the world.

On the other hand, allowing some fishing in an area can open up a host of

enforcement and ecological difficulties. In contrast to the Georges Bank ex-

ample, most studies of partially protected marine protected areas (MPAs) show

they fare poorly, most likely because of the difficulty in enforcing the ban on

certain kinds of fishing when other fishing activity with similar appearance is

allowed (Reed 2002; see also New Zealand Poor Knight’s discussion in chapter

11). Wallace (1999) examined northern abalone abundance in several sites

around southern Vancouver Island, British Columbia, Canada. Abalone col-

lection was banned in all of the study sites and throughout the region, but sites

varied in their other regulations. Five sites were open to other types of fish-

ing, and all had extremely low abalone abundance—suggesting poaching.

Three other sites were closed to all fishing. One was a designated ecological

reserve, a second was a prison site where fishing was prohibited close to shore,

and the third was near a military installation. The military site had the high-

est abundance of abalone, probably owing to high levels of enforcement. The

prison site and the ecological reserve had fewer abalone, suggesting that some

poaching may have taken place, but both had substantially more abalone than

the five partially protected sites. More impressively, the ecological reserve had

as many abalone as the prison site, suggesting that compliance within the re-

serve matched the prison site. These results indicate that allowing some fish-

ing can create a real enforcement challenge.

In a larger study, Friedlander et al. (2003b) surveyed sixty sites around the

main Hawaiian Islands. These sites varied in their fishing regulations. Some

sites were open to all forms of fishing, others were MPAs that allowed some

forms of fishing but not others, a few were managed using traditional Hawai-

ian methods and light overall fishing pressure, and still others were no-take

marine reserves. Results indicated that open and partially protected sites were

quite similar both in their fish assemblages and in the amount of fish they con-

tained. These sites were distinct in both respects from marine reserves and from

lightly fished sites managed using traditional Hawaiian practices, which had

similar characteristics to each other. These results would indicate that most ex-

ceptions were deleterious to any benefits partial protection might provide, with

the possible exception of light fishing using traditional methods in a culture
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where these methods have evolved over centuries and management responsi-

bility was delegated to the local community.

Allowing some forms of fishing also threatens an area with ecological effects

that cascade through an ecosystem. Certain species have been identified as key

players in ecosystems. Their removal can trigger changes throughout the en-

tire ecosystem. For example, the loco (Concholepas concholepas), a predatory

snail, plays a central role in keeping mussels from dominating the Chilean

rocky intertidal zone. It is also a prized food source and has been depleted

throughout Chile. Protected areas have not only allowed the loco to recover,

but at more natural abundance levels it restores the Chilean rocky intertidal

environments to more natural conditions (Castilla and Durán 1985; Durán and

Castilla 1989). There are many other examples of similar key species in marine

environments (Pinnegar et al. 2000; see also examples in chapters 4, 8, and 11).

If an MPA were closed to all other forms of fishing but allowed collection of

these important species, the MPA would not contain an ecosystem in natural

ecological balance. These types of ecological interactions are especially impor-

tant to be aware of because we know relatively little about ecological interac-

tions in the ocean, and these types do appear fairly often.

To assure that a number of fishery and conservation goals are achieved, a core

network of true marine reserves is necessary. However, these reserves could fit

naturally within a broader zoning plan that includes a full range of MPAs and

other management zones. Such a zoning approach would also enable managers

to address a broad range of threats to and conflicts about protection and use of

marine resources. Conservationists and fishers do not monopolize conflict about

use of the ocean. There are also rifts between commercial, recreational, and sub-

sistence fishing; between motorized and nonmotorized water sports; and between

fishing and oil drilling, just to name a few. Zoning provides an opportunity to re-

duce all of these conflicts by designating areas where each activity is allowed.

In a broader zoning approach marine reserves should lie at the core of larger

marine protected areas (NRC 2001). Doing so can buffer the reserves from out-

side impacts and reduce the impact of leaky reserves. Buffer zones might be

compatible with such uses as light fishing using traditional practices and other

forms of tightly regulated commercial and recreational fishing.

C O N C L U S I O N S

Reserves should be designed using a process that clearly defines the role of the

general public, scientific and enforcement advisers, and fishing communities.
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The aim of the process should not be one of compromising scientific advice

with the will of fishers, but instead achieving mutually agreed upon goals related

to sustaining fish, fisheries, and ocean ecosystems into the foreseeable future.

Toward this end, scientific and enforcement advice should play a key role in

shaping designs, but the task of selecting actual reserve sites is ideally left to a

public process that engages key stakeholders, including fishers and the broader

public, as long as those sites are compatible with the agreed to and stated goals

for the reserve and the expert advice about their ability to meet them.

There are some useful rules of thumb for designing marine reserves or reserve

networks. While different goals could result in different designs, it is worth pay-

ing special attention to minimizing the risk of collapsing fished populations and

the fisheries and ecosystems they support. Given our lack of knowledge, we

would need marine reserves or other tools that kept 10 to 20 percent of all fish

off limits to fishing to assure persistence, if not health, of these populations. To

ensure relatively healthy fisheries and ecosystems would require more—30 to 50

percent of all fish must be protected. Depending on the openness of the systems,

the magnitude of impacts outside reserves, the efficacy of other management

tools, and the scale and frequency of ecological disasters, reserves may have to

be modified, typically scaled up. Reserve networks should be divided into in-

dividual reserves capable of supporting viable adult populations of at least

bottom-associated species within their boundaries. It is also desirable, and for

most species likely, that reproduction will move out across the boundary to fish-

ing grounds and other reserves. All habitats should be represented in a replicated

manner, with special emphasis paid to rare, vulnerable, and fish aggregation

habitats. Although small amounts of fishing may be compatible with conserva-

tion objectives at times, allowing exceptions makes partially protected areas vul-

nerable to losing all benefits. Especially given the goal of risk minimization, it

is important to ensure that marine reserves form the backbone of any marine pro-

tected area plan. The reserves may fit naturally as the core of a broader zoning

plan designed to reduce a wide range of conflicts surrounding the use of the sea.

We know everything necessary to design effective reserves right now. There

are such great needs to ensure against future management mistakes and rebuild

depleted fish populations that most reserve designs will prove beneficial even

if they are only first steps toward ideal design. As reserves become more common,

design choices will become more important for providing real improvements.

Fortunately, the process of designating reserves and studies of their perfor-

mance along the way will provide invaluable information for making the right

choices in the future.
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