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Overview:

Research shows that marine reserves are one tool that can help to 
prevent, slow, or reverse negative changes in the ocean. Marine 
reserves are places in the ocean that are completely and permanently 
protected from uses that remove animals and plants or alter their 
habitats. Increasingly, the public, governmental agencies, commercial 
groups, and scientists are discussing the idea of establishing more 
marine reserves to complement existing ocean management. The 
purpose of this report is to provide a summary of the latest scientific 
information about marine reserves.

Marine reserves produce different outcomes from other types of 
management. Reserves protect marine habitats in a particular place 
and the diversity of animals and plants that live in those habitats. 
Consequently, many animals and plants in reserves tend to live 
in greater numbers, grow larger, and reproduce more than their 
counterparts outside reserves. In contrast, other management 
strategies attempt to control only some activities or protect only a 
few species.

Many other kinds of marine protected areas – with names such as 
marine parks, marine refuges, or marine sanctuaries – exclude some, 
but often very few, extractive activities. Those areas do not generate 
the same effects as marine reserves because they provide far less 
protection.

Marine reserves are one tool for managing ocean ecosystems, but 
they cannot protect oceans from all human influences. Reserves 
alone may not address such pervasive problems as pollution and 
climate change, and they may have fewer direct benefits to some 
fishes and mammals that move long distances. However, the most 
recent scientific research shows that marine reserves usually boost 
the abundance, diversity, and size of marine species living within 
their borders. This booklet examines the causes and potential 
consequences of these biological changes.

marine environments 
worldwide are in the midst of a transformation. 
There is increasing evidence that ocean ecosystems 
are being altered beyond their range of natural vari-
ability by a combination of human activities, includ-
ing fishing, pollution, and coastal development.  
Because of these changes, a growing portion of 
the global community is inquiring about alternative 
management options for ocean environments.

marine reserve?
what is a



marine reserves studied
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around the world

n More than 100 marine reserves have been 
established worldwide.

n Marine reserves encompass much less than
1 percent of the world’s oceans and less than 
0.01 percent of U.S. waters.

n Marine reserves range in size from less than 
a square mile to hundreds of square miles. 
Currently, most reserves are quite small, and the 
median reserve size is less than 1.5 square miles.

around the World

n At least 23 nations have 
established marine reserves for 
various reasons - to protect 
biodiversity, manage 
fi sheries, or restore 
depleted populations 
of marine animals 
and plants.

2



marine reserves studied

Scientists have studied some marine reserves extensively. Their fi ndings provide 
considerable information about the effects of reserves. The above map shows the locations of 80 
fully protected marine reserves. Scientists have analyzed data from these reserves and published 

the results in scientifi c journals. Approximately 40 percent of these reserves are in temperate 
waters, while the others are in tropical waters. Many other marine reserves exist but have not been 

monitored effectively, making it diffi cult to evaluate their effects.

What is a Habitat?
A habitat is the place where an animal 
or plant lives. It has all the necessary 

environmental conditions for that 
species to survive. For example, 

many corals require sunlight 
and warm water. Their 

habitats are in shallow 
tropical seas. 

Habitats support 
many different 
communities of 
animals and 
plants. Natural 
or human-
caused 
activities 
may change 

habitats and 
the species living 

there. Marine 
reserves have been 

designed to protect 
such habitats as rocky 

reefs, estuaries, sand 
and mud seafl oors, rocky 

shorelines, seagrass meadows, 
and coral reefs.

What is an Ecosystem?
An ecosystem includes all the animals, plants, and microbes as 

well as the nonliving environment in a given area. All of these elements are 
connected through biological, chemical, and physical processes. Each species plays a role 

in an ecosystem. For example, algae, fi shes, invertebrates, mammals, and microbes in a kelp 
forest interact to form a rich marine ecosystem. When one species is reduced or removed, 
others may be affected. Ecosystems can be large or small. The Gulf of Maine is an example 
of a very large ecosystem that includes diverse habitats across thousands of square miles.

m
arine reserves studied around the w

orld

number of 
reserves 
studied at 
each location



can reserves produce benefi ts

Do marine reserves typically 
accomplish these goals?  Scientists have 
studied the performance of more than 80 marine 
reserves of many different sizes in a variety of 
temperate and tropical habitats. A comprehensive 
review of these studies reveals that most well-
enforced marine reserves result in relatively large, 
rapid, and long-lasting increases in the population 
sizes, numbers of species, and reproductive output 
of marine animals and plants. The review found 
that the average biomass, or weight of all animals 
and plants studied, is more than four times larger 
in reserves than in unprotected areas nearby. On 
average, the density, or number of animals in an 
area, triples, and the number of species is 1.7 times 
higher in marine reserves than in unprotected areas. 
In addition, the average body size of animals is 1.8 
times larger in reserves than in fi shed areas. These 
fi ndings include not just fi shed species but other 
plants, invertebrates, and fi shes.

Why do these changes occur within 
reserves? First, protection from fi shing allows ani-
mals in reserves to survive longer and grow larger. 
Second, habitats can recover inside reserves and bet-
ter sustain the plants and animals that rely on them. 
Third, the plentiful prey in reserves can support more 
predators. Marine reserves are currently the only 
marine management tool that provides this unique 
combination of effects, promoting the recovery of 
entire ecosystems.

Why are large populations important? 
Small populations are more likely to be driven 
extinct by unpredictable catastrophes, such as oil 
spills. Large populations include more individuals, 
so they are more likely to contain indi viduals 
that are capable of surviving various stresses. 
In addition, population size can infl uence the 
reproductive success of animals that release their 
eggs and sperm into the water, such as abalone 
and sea cucumbers; when these animals are rare, 
their eggs and sperm can become so diluted that 
little or no fertilization occurs.

Marine reserves usually increase the biomass, density, size,  
and diversity of species living within their boundaries. The 
bar graph (modifi ed from Halpern, in press, and Palumbi, 
in press) indicates the percent change in key biological 
measures inside marine reserves. The average increases 
(green bars) are based on data from marine reserves around 
the world. The actual changes at particular reserves varied 
(gray dots), but the vast majority of all reserves showed 
positive responses in all biological variables.

Key Findings

• In marine reserves, animals and plants usually increase in their 
biomass, abundance, numbers of species, and body size — fac-
tors that can increase ecosystem resilience and productivity.

• Biological changes in marine reserves occur because indi-
viduals are not killed by fi shing, and because their habitat is 
protected.

• Larger fi shes and invertebrates typically produce substantially 
more young.

• Many species, not just those that are fi shed, respond positively 
to the protection of entire ecosystems in marine reserves.

inside their boundaries?

a major purpose for establishing marine 
reserves is to protect the habitats and to 
restore animals and plants in particular sites. 

N = the number of reserves in which a particular characteristic was measured
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The Importance of Healthy 
Ecosystems 

Healthy ecosystems are the build-
ing blocks of productive and resilient 
oceans. People depend on productive 
oceans for “goods,” such as food and 
medicines, and essential “services,” 
such as the detoxifi cation of pollut-
ants, recycling of nutrients, control 
of pest outbreaks and diseases, and 
regulation of climate, atmospheric 
gases, and the water cycle.  These 
essentials are called “ecosystem goods 
and services.” Healthy ocean eco-
systems provide these goods and 
services for free. If the ecosystem 
is damaged, for example by habitat 
destruction, pollution, or overfi shing, 
the delivery of goods and services is 
impaired.  As a result there may be a 
loss of productivity, increases in out-
breaks of undesirable species, and less 
resilience to disasters. 

Essential goods and services are 
provided by many types of ocean 
ecosystems: coral reefs, kelp forests, 
mangroves, salt marshes, mud fl ats, 
estuaries, rocky shores, sandy beaches, 
sea mounts, continental shelves, 
abyssal plains, and open oceans. Each 
ecosystem contains many types of 
species that interact with each other 
and infl uence the physical and chemi-
cal environment. Goods and services 
are simply byproducts of the function-
ing of intact ecosystems. 

Unlike other management tools, 
marine reserves protect major por-
tions of an ecosystem, including all 
the habitats, plants, and animals. This 
protection allows the environment, 
the species, and their interactions to 
function in a manner that provides the 
ecosystem goods and services that 
humanity wants and needs.

Average numbers of babies produced by three different sizes of vermilion rockfi sh.

A food web shows the feeding (or trophic) relationships among species. In southern 
California, sheephead and lobster eat purple urchins, which consume giant kelp.

Will reserves increase the abundance of all species?    
Although many fi shed and nonfi shed animals and plants become more plen-
tiful within newly established marine reserves, some decline. For example, 
a fi shed animal, such as lobster, may increase in number and size in marine 
reserves and consequently reduce the number of its prey, such as sea ur-

chins (see illustration). In 
addition, some species 
that were absent may not 
become reestablished in a 
reserve if no viable popula-
tions remain nearby. 

Although it is diffi cult to 
predict the exact changes 
for any particular species 
or location, the data from 
existing reserves show 
that, on average, increases 
in abundance, body size, 
biomass, and the number 
of species are common 
outcomes after marine 
reserves are established.

Bigger body size is one of the most important biological changes in 
marine reserves, because large fi shes and invertebrates can produce 
enormous numbers of young. The relationship between body size 
and the number of young is well known. For many marine fi shes and 
invertebrates, small increases in body size can lead to large increases 
in the number of eggs produced. For example, a 23-inch vermilion 
rockfi sh can produce 17 times more young than a 14-inch fi sh. The 
bigger and more abundant animals living in a marine reserve can 
produce far more young than their smaller neighbors in unprotected 
waters. As a result, marine reserves can support higher growth rates.

References: 1, 2, 6, 7, 8, 9.
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Case Study: Anacapa Island, California, USA

Ecosystem Responses in a 
Marine Reserve
In 1978, the National Park Service established 
a closed area in the Anacapa Island Ecologi-
cal Reserve in southern California. The ban on 
all fi shing in the reserve protects lobsters, fi sh, 
sea urchins, and many other species living in 
the rocky reefs and kelp forest habitats of the 
reserve.

Since 1980, the National Park Service and part-
ner agencies have collected biological data 
from the Anacapa Island reserve and unpro-
tected areas nearby. The data show that the 
marine reserve supports some of the richest 
kelp forests in California’s Channel Islands. Lob-
sters are six times more numerous, red urchins 
grow 1.7 times larger, and sheephead fi sh are 
three times more plentiful in the reserve than 
in nearby fi shed waters. Kelp plants, which 
form crucial habitats for other species, grow 
fi ve times more densely and persist longer in 
the reserve than in waters nearby.

Lessons Learned

• Some important species, such as 
lobster and California sheephead, 
are larger and more abundant in 
the Anacapa Island marine reserve 
than in surrounding fi shed waters.

• Inside the reserve, kelp forests 
fl ourish because lobsters and 
sheephead, which are predators, 
reduce populations of kelp-eating 
purple urchins. 

• As a result, the kelp forest eco-
system in the reserve is more 
productive and stable over time 
than kelp forests outside. Outside 
the Anacapa Island reserve, purple 
sea urchins have periodically 
destroyed kelp forests.

• Similar effects through the food 
web are likely to occur in other 
reserves because marine animals 
and plants often strongly affect 
one another.

Anacapa Island Natural Area

When one species in the food web is fi shed, other species are affected. For example, when 
lobsters are fi shed, sea urchins become abundant and kelp declines. In a reserve, lobsters grow 
larger and more abundant, keeping the urchin population down and allowing the kelp to grow.
K. Lafferty/M. Behrens (USGS/UCSB) analysis of NPS data.

Reference: 16.

The ecosystem protected in the Anacapa Island reserve now contains most of 
its animals and plants in a relatively natural state. The populations in the reserve 
remain more stable over time than those outside the reserve, because inter-
actions among species are not affected by fi shing. Lobster and California sheep-
head protected inside this reserve feed on sea urchins, thereby keeping urchin 
numbers in check. Reduced numbers of urchins allow stands of kelp to fl our-
ish, which in turn support many other species inside the reserve. In contrast, 
outside reserves where lobster and sheephead are fi shed, large numbers of 
urchins periodically overgraze kelp forests, turning reefs into rocky “barrens.”
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Case Study: San Juan Islands, Washington, USA
can reserves produce benefits inside their boundaries?

Lessons Learned 

• Lingcod are much bigger and more abundant inside the San Juan Islands Marine 
Preserves than outside.

• Because of their size and abundance, lingcod in the reserves produce large 
quantities of young, many more than the number produced in fi shed areas.

• Quillback and black rockfi sh are extremely rare in the region. These species 
have not yet recovered in reserves, probably because they lack breeding stock 
in the region.

San Juan Islands Marine PreservesReserves Boost Abundance, Size & Reproduction
In 1990, the Washington Department of Fish and Wildlife and the University 
of Washington established fi ve small marine reserves in the San Juan Islands 
of Puget Sound. They took this action to protect marine biodiversity and to 
provide undisturbed habitats for scientifi c research in a region heavily affected 
by fi shing. A decade later, studies show that the San Juan Islands Marine 
Preserves contain larger and more plentiful fi sh than unprotected areas. 
Production of young fi sh is much greater in the reserves, because both the 
number and size of fi sh are larger.

Since establishment of the reserves, lingcod, which had dropped to low 
levels by the early 1990s because of intensive recreational fi shing, increased 
tremendously. Their biomass is two to four times greater inside the protected 
areas than outside. Lingcod that are old enough to reproduce are ten times 
more abundant in reserves. In recent surveys, the biggest lingcod found in a 
reserve was 110 cm, compared to only 70 cm outside. Each lingcod in the 
reserves produces an estimated three times as many eggs as those outside.

Quillback and black rockfi sh have not yet recovered in the reserves. Because of 
intense fi shing, these species are extremely rare in the region. Without breeding 
stock to provide young to settle in reserves, reserves can offer little immediate 
aid. However, small numbers of young rockfi sh have begun to appear in the 
past few years, offering the potential for future recovery. 

Striped surfperch, which are not fi shed, show no difference in size or 
abundance inside and outside the reserves. Three times more Puget Sound 
rockfi sh, which also are not fi shed, live outside the reserves than inside. 
However, lingcod and other large fi sh eat these small fi sh. Therefore, rising 
numbers of lingcod may account for the observed declines of Puget Sound 
rockfi sh in the reserves.

The estimated number of lingcod eggs 
produced per 100 square meters was 
much larger in marine reserves than 
in unprotected areas around the San 
Juan Islands. The total numbers of eggs 
varied with habitat quality, but habitats 
in reserves and paired uprotected areas 
were similar.
Data: E. Eisenhardt (U. Washington)

References: 14, 18.



outside their boundaries?
can reserves produce benefi ts

m

Spillover: Movement of Adult & Juvenile Animals
Because marine reserves tend to harbor larger populations than surrounding waters, some animals may move into less-
crowded areas nearby to avoid competition for resources such as food and living space. The rate of spillover of adults 
and juveniles increases with time after reserve establishment as populations become increasingly dense in the protected 
area. In addition, some fi shes, such as rockfi shes and lingcod, move from one habitat to another as they grow, regardless 
of population size, and may leave a reserve for this reason.

Whether or not spillover happens for a given species depends in part on its mobility. Species that are attached to the 
seafl oor as adults, such as mussels and clams, cannot migrate outside reserve boundaries, but swimming and crawling 
species like fi sh and crabs can. Transient animals, such as migratory fi sh, may merely pass through reserves. Thus, their 
populations are unlikely to build up in reserves and contribute to increased population sizes in adjacent waters.

arine reserves not only affect populations living within their 
borders but may also infl uence populations in adjacent 
waters. Adults and juveniles from a reserve may swim or crawl 
into neighboring areas. This process is known as “spillover.” 
In addition, tiny newly born animals, called “larvae,” and 
plant “propagules” may drift out of a reserve and “seed” the 
surrounding waters. This process is called “export.” Spillover 
and export may enable marine reserves to replenish nearby 
populations. Although not widely documented, spillover and 
export from reserves are believed to occur commonly.

The graph shows the maximum distance traveled (km) by over 125 sport fi sh tagged in the Merritt Island National Wildlife Refuge. Some 
species (e.g., spotted seatrout) move only short distances, while others (e.g., common snook) travel much farther. Many tagged fi sh moved out 
of the Merritt Island reserve into nearby fi shing grounds. 

Key Findings

• Animals from marine reserves 
may swim or crawl outside to 
supplement surrounding popula-
tions.

• Larvae and plant propagules that 
disperse out of reserves may seed 
and boost populations in sur-
rounding waters.

References: 10, 11, 12, 13.

Studies of animal movement from reserves 
provide direct evidence that fi sh and inverte-
brates spill over. For example, many species of 
fi sh tagged in the marine reserve at Florida’s 
Merritt Island National Wildlife Refuge were 
later caught outside by recreational anglers. 
Some species, such as the spotted seatrout, 
moved only short distances from the reserve. 
However, most species, including two popular 
sport fi sh, black drum and red drum, moved 
between 50 and 200 km from the reserve. A 
few species, such as common snook, exhib-
ited even longer distance dispersal.

Does spillover actually augment populations outside reserves?
If so, animals should be most abundant inside reserves and just across their boundaries. Indeed, this pattern has been 
found for fi shes and invertebrates at several marine reserves in the United States, Kenya, Barbados, Philippines, Japan, 
and elsewhere. Moreover, fi shing boats often congregate along the borders of marine reserves, because that is where 
catches are highest. This practice of “fi shing the line” has been observed at marine reserves in California, Florida, New 
England, Spain, Belize, New Zealand, and other places.
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Export: Dispersal of Young from Reserves
Fishes and invertebrates typically produce hundreds of thousands of 
microscopic young that drift on ocean currents for weeks or months, 
potentially traveling hundreds of miles. Most fishes, mussels, clams, 
sea urchins, and numerous other animals pass through this early life 
stage of dispersal. Eventually, some of the larvae settle onto a reef, or 
other appropriate habitat, where they can grow into juveniles and 
adults. Most marine plants also produce microscopic young that can 
be dispersed by currents.

Species vary in how far their larvae travel (see graph). Distances 
that larvae go depend on their behavior, how long they drift, and 
the prevailing currents. Depending on the species and the local 
conditions, larvae may stay close to their parents or they may disperse 
far away. Because of larval and propagule dispersal, marine reserves 
can seed populations in surrounding regions.

For example, reserves in the coastal waters of Nova Scotia and the Bay 
of Fundy protect just 10 percent of the lobster population, but these 
protected animals are estimated to account for over 50 percent of the 
larvae produced in the entire region. Currents distribute the larvae 
across the region, and many of the young lobsters settle in places 
outside the reserve.

Can Reserves Benefit Migratory Fish?

Some fish are homebodies. But others swim dozens, hundreds, or even thousands of miles each year depending on their breeding 
and feeding habits. How can marine reserves, which are fixed in certain locations, play a role in aiding animals that may routinely 
enter and leave the protected areas?

Although migratory fish move great distances and can be distributed across expanses of ocean, entire populations become 
extremely vulnerable to fishing when they aggregate in spawning grounds, migratory pathways, nursery areas, or other sites. 
Because the animals come together in large numbers in such places, often returning to the same locations year after year, fisher-
men can catch them more readily, and a large fraction of a population can be killed in a short period of time.

If reserves are established at key locations, they can protect migratory fish during these vulnerable stages. Wildlife refuges on land 
protect migratory birds at breeding and feeding sites in a similar manner. Marine reserves have the potential to enhance catches of 
migratory fish in unprotected areas. For example, the nursery grounds of the migratory, flat-bodied fish called plaice were pro-
tected in the North Sea for over ten years and catches in the large region outside these protected zones increased an estimated 
eight percent. Similar measures to protect spawning grounds 
of Nassau groupers in the Caribbean are currently underway 
in the Bahamas. Tuna are another migratory fish that could 
benefit greatly from protection of their breeding grounds.

Marine reserves provide outcomes that supplement those of 
traditional fisheries measures. In some cases, marine reserves 
might be unable to protect fish that swim frequently out of 
the reserves. However, if reserves are large enough, or inter-
connected in a network of reserves that protects critical 
habitats, mobile species may benefit by spending a substantial 
portion of time in reserves.

This graph shows the average dispersal distance for young 
marine plants, invertebrates, and fish, estimated from 
genetic data. In general, plants do not disperse as widely 
as animals. Young invertebrates exhibit a wide range of 
dispersal distances. Some young invertebrates do not dis-
perse more than a few hundred feet from their parents. 
In contrast, sea urchin larvae can move distances over 
100 kilometers. Young fish tend to have higher dispersal; 
some kinds move more than 100 kilometers, on average.
Data: B. Kinlan & S. Gaines (UCSB) 9



Case Study: Merritt Island, Florida, USA

Spillover: Reserve Supplies Trophy Fishes
Historically, the estuaries at Merritt Island were popular places for recreational 
fi shing. In 1962, the U.S. government banned all access to portions of the 
Merritt Island National Wildlife Refuge to create a security zone at Cape 
Canaveral. Today the site on the Atlantic Coast of Florida is one of the 
oldest fully protected marine reserves in the United States. Studies show the 
protected zone now produces enormous game fi sh that live in and move 
outside the reserve into nearby fi shing grounds.

The changes at Merritt Island developed over a period of decades after protec-
tion, because the game fi sh are slow growing and long lived. In the late 1980s, 
biologists compared the marine reserve to nearby fi shed waters and found that 
fi sh in the reserve were older, bigger, and 2 to 13 times more abundant. Fish 
tagged inside the reserve were recaptured outside, demonstrating spillover 
of adults and juveniles. More world records of some popular sport 
fi sh are caught near marine reserves than in all other areas of Florida 
combined. The rest of the state has yielded no new world records for 
black drum since 1985, despite a variety of statewide management 
measures, while areas near the reserve continue to produce bigger 
and bigger fi sh. Red drum and spotted seatrout show similar results; a 
disproportionate number of Florida’s recent record-breaking fi sh come 

from waters near the reserve.

Lessons Learned

• The Merritt Island marine reserve 
has older, bigger, and more abun-
dant game fi sh than fi shed waters 
outside the reserve.

• Several decades after the reserve 
was established, recreational 
fi shermen are catching more 
world-record game fi sh near the 
reserve.

• Today, the majority of Florida’s 
record-breaking fi sh are caught 
near the reserve.

In recent years, far more world-record fi sh have been 
caught near the Merritt Island marine reserve than in the 
Everglades National Park, where only recreational fi shing 
is allowed. Similar habitats in other places in Florida, where 
both commercial and recreational fi shing are allowed, have 
produced even fewer world records.

Merritt Island
National Wildlife Refuge

References: 15, 19, 20.
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Case Study: Georges Bank, New England, USA

Middle photograph, above left:           
Scallops caught inside and outside 
closed areas on Georges Bank.

Export: Closed Areas Boost Scallop Fishery
Georges Bank rises from the continental shelf to form the southeastern boundary 
of the Gulf of Maine. For centuries the area has ranked among the world’s premier 
fi shing grounds for cod, haddock, scallops, and numerous other species. However, 
by the early 1990s catches of cod and other groundfi sh in the region had decreased 
considerably. Resource managers and fi shermen suspected that fi shing gear used to 
catch groundfi sh and scallops contributed to this decline by damaging habitats of the 
seafl oor. These places supported many different animals, including sponges, clams, 
worms, crustaceans, sea stars, anemones, and young fi sh, but trawling and dredging 
degraded these habitats. In addition, gear intended to catch scallops often took fi sh 
incidentally, and vice versa. To address these issues, the U.S. government banned all 
fi shing gear except lobster traps from three large areas, totaling 6,500 square miles, in 
1994. While these closed areas are not fully protected marine reserves, scientists have 
been able to use the closed areas to study the process of larval export at Georges Bank.

Although intended to restore cod and other 
groundfi sh, the closures dramatically affected 
other species as well. For example, within 
four years, there were 14 times more scallops 
in the closed areas than in surrounding 
waters. The scallops in closed areas grew far 
larger than people had thought possible. 
Scallops also became fi ve times more 
numerous in neighboring waters.

Lessons Learned

• Within fi ve years, the abundance 
and body size of some species, 
including scallops, dramatically 
increased in the closed areas on 
Georges Bank.

• Large and abundant scallops in 
the closed areas can produce 
more young than smaller scallops 
outside the closed areas.

• These young boost populations 
of scallops in the closed areas 
and some drift into surrounding 
waters. 

• After the closures were estab-
lished, scallop abundance rose in 
unprotected waters nearby.

• Using known habitats and current 
patterns, scientists predicted 
the places that young scallops, 
produced in the closed areas, can 
settle and grow inside the closed 
areas and in adjacent waters.

• The actual distribution of scallops 
in waters around the closed 
areas matches the scientist’s 
predictions.

can reserves produce benefits outside their boundaries?

Georges Bank Closed Areas

Adult scallop abundance inside and 
near closed areas on Georges Bank.

Potential scallop settlement on 
Georges Bank from larvae originat-
ing in Closed Area II.
Data: C. V. Lewis (UC Berkeley)

Potential scallop settlement on 
Georges Bank from larvae originat-
ing in Closed Area I.

Reference: 17.

What do these changes tell us?
The scallops provide some insight into how 
reserves can supply young to surrounding 
areas. Because the scallops in the closed 
areas are larger and more abundant, they 
can produce many more young than small 
scallops in surrounding waters. A portion 
of young scallops may stay and grow up 
near their parents, while others are carried 
outside the closed areas by ocean currents. 
Scientists use known current patterns and 
locations of suitable habitat to predict 
where scallops will make their homes 
and have the most successful growth (see 
maps). The distribution of adult scallops 
matches these predictions, demonstrating 
the potential impact of closed areas on 
surrounding waters.



considerations

How Long Does It Take To See a Response?
What causes species to differ in their rates of 
recovery in marine reserves? 

Key factors are the availability of breeding stock to initiate a recovery and 
certain characteristics of their life cycles, including how fast individuals grow, 
when and how they reproduce, and how many young each individual 
produces. Some animals grow quickly, mature at an early age, and produce 
large numbers of young. These animals, such as scallops and sea urchins, 
may multiply rapidly after protection, sometimes increasing signifi cantly within 
a year or two. Other animals grow slowly and mature later in life. These 
species, such as rockfi sh and cod, may take years or even decades to increase 
noticeably in a reserve.

An example comes from Georges Bank off New England, where the federal government closed three areas to most types 
of fi shing in 1994. The scallop populations in the closed areas grew 14-fold by 1998. The rapid recovery of scallops is 
due to the fact that they reproduce at a young age. Cod, which develop more slowly and reproduce later in life, are 
beginning to recover in the closed areas, but not as quickly.

Slow-growing species are especially vulnerable to overfi shing. Populations of cowcod, a large rockfi sh, have been 
severely overfi shed in southern California. Because it takes 10 to 15 years for cowcod to mature and begin to reproduce, 
these populations could take decades to recover after fi shing is stopped.

for reserve design

General Principles

• Fast-growing animals that mature 
quickly and produce many young 
can respond rapidly to protection 
within reserves.

• Slow-growing animals that mature 
at a relatively old age and pro-
duce few young take longer to 
respond.

Age of Maturity for Selected Species
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Marine animals often use a variety of different 
habitats during their life cycles. For example, 
some adult fi sh live on deep reefs offshore 
while their larvae drift above in the open ocean. 
The young fi sh eventually settle in shallow kelp 
forests and later move into deeper waters to 
complete their life cycle.

Do All Habitats Need Protection?
The marine environment is a mosaic of different habitats. Beach, mud fl at, 
salt marsh, seagrass bed, kelp forest, and rocky shores fi t together like puzzle 
pieces. Each habitat is home to a different and often unique community of 
plants and animals, all of which have their own environmental requirements. 
For example, clams, sand dollars, and burrowing worms thrive in sandy 
bottoms, whereas abalone and mussels live in rocky habitats.

An important reason to protect a variety of habitats is that different habitats 
often infl uence each other. For example, estuaries serve as nursery habitats for 
some fi shes of the open ocean. Organic matter produced in estuaries can fl ow 
into the ocean, fertilizing coastal marine ecosystems. Fragments of kelp from 
rocky reefs wash up on beaches, providing food and shelter for animals that 
live there. Some habitats, such as estuaries and mangroves, trap sediments 
moving down rivers, preventing these sediments from entering the ocean. 
Without these habitats, sediments could accumulate in the coastal waters, 
smothering life on coral and rocky reefs.

Another reason to protect a variety of habitats is that most marine animals use 
more than one habitat during their lives. As animals grow, they may require 
different kinds of food and shelter, and animals meet these changing needs by 
moving between different habitats. Each habitat used by an animal or plant 
is important for its survival. An organism may not be able to complete its life 
cycle if any one of these habitats is degraded. For example, as adults, many 
fi sh live in deep reefs offshore, while their larvae drift in the open waters on 
the surface of the ocean. The young fi sh move into shallow coastal waters as 
they grow and subsequently to deep waters, where they remain as adults.

Since the ocean contains so many different kinds of animals and plants, all 
habitats play an important role. In order to support a variety of ocean life, it 
is essential that at least some of each habitat is preserved in a natural state. 
Marine reserves that include several adjacent habitats allow animals to move 
between habitats while remaining in protected areas.

General Principles

• Each habitat supports a unique 
community of plants and animals.

• Many animals use more than 
one habitat during their lives, 
and if any one of these habitats 
is degraded, these animals may 
not be able to complete their life 
cycles.

• Marine reserves that include 
several different types of habitats 
can be an effective way of 
protecting entire ecosystems.

13



Data: M. Nishimoto & L. Washburn (UCSB)

How Do Ocean Processes Infl uence Reserve Design?
Ocean processes strongly affect where animals and plants live in the ocean. 
These processes include movement of water and changes in water properties, 
such as temperature and salinity. Knowledge of local ocean processes can help 
determine where marine reserves should be located.

Flowing water commonly transports the larvae or propagules of marine 
animals and plants. This transport affects their geographic distributions in the 
ocean. In some regions, currents travel predominantly in one direction for 
great distances. For example, the California Current fl ows southward along 
the west coast of North America, while the Gulf Stream fl ows to the north and 
east along the Atlantic coast. Winds and coastal landforms can affect currents 
on a smaller scale, causing the water to change direction and speed.

The red bars indicate the numbers of young rockfi sh in the Santa 
Barbara Channel at one time during the summer of 1998.  The 
black arrows indicate the predominant currents at the same time.  
When circular currents form, they may retain young rockfi sh.

Currents can carry larvae from place to 
place or concentrate them at specifi c 
locations. For example, in the summer of 
1998, many young rockfi sh were found in 
the center of the Santa Barbara Channel 
off southern California. Circular water 
fl ow occurring in the channel at that time 
appears to have retained the young fi sh in 
this spot. As they grew bigger, some of the 
young fi sh settled in nearby habitats. At 
other times, currents transport the young 
rockfi sh out of the Channel.

General Principles

• Currents carry larvae and 
nutrients, providing connections 
between different places in the 
oceans.

• Ocean water properties, such as 
temperature, can determine the 
types of animals and plants are 
found in a particular area.

Water temperature also affects the 
distributions of plants and animals 
in the ocean. Water temperature is 
infl uenced by latitude and by major 
currents. Ocean temperatures within 
one region can be very different 
(sometimes 5-10oC) if the region is 
infl uenced by two (or more) major 
currents. The distributions of animals 
and plants in regions like this are 
strongly infl uenced by these changes 
in water temperature. For example, 
off the coast of Point Conception in 
southern California the cool waters 
of the southward-fl owing California 
Current collide with the warm waters 
of a northward-fl owing current. As 
a result, subtropical fi sh rarely occur 
north of Point Conception, while 
rockfi sh live primarily in the cooler 
waters to the north.

Sea surface temperature for the California coast.
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What Size & How Many Reserves Are Needed?
Reserve size affects the level of protection for ecosystems. Decisions about 
the size and number of marine reserves for a given place often depend on 
local environmental, socioeconomic, and regulatory factors. However, several 
general ecological concepts based on scientifi c studies can help guide these 
decisions on reserve size and location.

Even small marine reserves can have positive effects on the abundance, size, 
diversity, and biomass of animals and plants within their boundaries. However, 
large reserves include more and larger habitats, more species, and a greater 
number of individuals of each species. Thus, large reserves protect more of the 
local ecosystem. In addition, larger populations are less likely to be wiped out 
by catastrophic events such as big storms and oil spills.

To receive full protection from fi shing, a particular animal or plant must be able 
to complete all vulnerable stages of its life cycle inside a reserve. A large reserve 
or several reserves, located in critical habitats, may be necessary to protect 
populations of animals that move long distances. A few species complete their 
life cycles in very small areas (less than 1 square mile) and smaller reserves can 
protect such species. In many cases, however, scientists do not know how far 
species actually move during their lives. One strategy to protect these species 
is to set aside a portion of all habitats that are necessary for the species to 
complete its life cycle. As the reserve size increases, the number of different 
kinds of species protected also increases (top graph, right). Large reserves that 
encompass and protect many different kinds of habitats are most effective for 
conservation, but large reserves also may concentrate fi shing into small areas.

General Principles

• Small reserves can have positive 
effects within their boundaries. 
However, when a reserve is small, 
the overall benefi ts are small since 
few species are protected.

• If a reserve is very large, it will 
likely satisfy conservation goals, 
but fi shing effort may be crowded 
into small spaces.

• Reserve areas of moderate size 
can protect and restore important 
habitats, plants, and animals while 
leaving substantial areas of the 
ocean open to fi shing.

As reserve size increases, the potential 
fi sheries benefi t from spillover and 
larval production will increase.  After 
a certain point, the reserve becomes 
so large that spillover and export no 
longer offset the losses to fi sheries due 
to the reduction in fi shing grounds.

As reserve size increases, more species 
(or populations) will be protected. 

The criteria for choosing reserve size to maximize catch in surrounding 
waters are different from those used to design a reserve for conservation. 
Small reserves generally have little positive effect on surrounding fi sheries, 
because the number of animals that eventually swim or drift out of the 
reserve becomes diluted in the large area around the reserve. If a reserve 
is large enough and includes the necessary habitats to support various 
species, it can become a “source” of these species for surrounding waters. 
However, if reserves are extremely large, little area will be left open to fi shing. 
Therefore, to be an effective tool for fi sheries management, reserves must 
be small enough that surrounding waters can still support commercial 
and recreational fi shing, but large enough to become a source of fi sh and 
invertebrates (bottom graph, right).

Although priorities for fi sheries and conservation are different, recommended 
reserve sizes are often similar. Existing models of marine reserves for fi sheries 
management suggest that the highest sustained catch and the lowest risk 
of population collapse occur when reserves include approximately 20 to 60 
percent of the total population of a target species. One way to attain this 
goal for many species is to set aside the equivalent percent of all habitats. 
The range of sizes refl ects variability among species and differences in the 
success of management strategies outside reserve boundaries. Importantly, 
the greatest increase in protection for conservation purposes occurs over 
a similar range of reserve sizes. Small reserves protect few species, while 
moderate to large reserves are likely to conserve the majority of species in a 
particular area. A network of several reserves of different sizes, strategically 
located in critical habitats, may provide the best combination of conservation 
and fi shery benefi ts.
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This diagram shows the 
relationship between 
reserve design and 
mo ve  ment of plants and 
animals dispersed in the 
water. 

Why Use Networks of Several Reserves?
By themselves, small reserves do not tend to support fi sh and invertebrate 
populations that are large enough to sustain themselves. To ensure that 
young are available to replenish and sustain populations within reserves, 
the area protected within reserves must be fairly large. However, in some 
regions, economic constraints may make it impractical to create a single large 
reserve that can support viable populations. Establishing networks of several 
smaller reserves can help reduce economic impacts without compromising 
conservation and fi sheries benefi ts. 

A network includes several reserves of different sizes, located in critical 
habitats, and interconnected by movement of animals and plant propagules. 
A network can contain critical components of a particular habitat type, or 
portions of different kinds of important habitats, depending on the goals for 
the network. To be an effective network, animals and plant propagules must 
be able to travel beyond the boundaries of a single reserve into other reserves. 
To facilitate this movement, a network should be designed within a naturally 
defi ned ecosystem, such as a bay, gulf, sound, or biogeographic region. 

By using different sizes and spacing of reserves, a network can protect species 
with different characteristics. For example, a network of reserves may include 
feeding habitats in open waters and breeding and nursery grounds in shallow 
bays. If marine reserves protect these critical habitats, the resident animals are 
likely to grow larger and have greater reproductive success.

General Principles

• A “network” includes a series of 
marine reserves connected by 
larval dispersal or juvenile and 
adult migration.

• To be an effective network, 
reserves must be located in criti-
cal and productive habitats, such 
as breeding grounds, and spaced 
appropriately to assure larval 
transport between them.

• Although mathematical models 
and our knowledge of life history 
and ecology of marine species 
suggest that networking is likely 
to be an effective strategy, few 
reserves actually have been estab-
lished as networks.

References: 21, 22, 23.

Because of the many 
different patterns of 
movement and habitat 
use among species, 
models suggest that 
one of the most 
effective strategies for 
protecting many species 
is to establish a network 
of multiple reserves of 
different sizes that are 
strategically placed in 
critical habitats.

(A) Currents often carry young animals 
and plant propagules away from their 
birthplace. The yellow dashed lines in-
dicate the spread of young from their 
birthplace.

(B) Young produced in a large reserve are 
likely to stay in the reserve, which con-
tributes to conservation. However, large 
reserves reduce the area open to local 
commercial and recreational fi shing.

(C) A small reserve may protect animals 
while they are in the reserve, but most 
young may settle and grow in surround-
ing waters. If reserves are too small, few 
populations in the reserves will be able 
to sustain themselves, and the reserves 
are unlikely to contribute many young to 
adjacent fi shing grounds.

(D) An alternative is to establish a net-
work of reserves that are connected to 
each other through movement of animals 
and plant propagules. Some animals and 
plants will be protected in reserves and 
others will move into surrounding waters.

A

B

C

D
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Scientific Criteria for Reserve Design
Once a group decides that marine reserves might be part of a solution, 
what is the next step? How might they begin to put lines on a map?
If the objectives of marine reserves are to restore and protect biodiversity and to enhance sustainable 
fisheries, it is possible to use scientific criteria to evaluate different areas and to generate possible reserve 
scenarios. The following chart lists and defines important criteria, and explains how and why they should 
be considered in reserve design. Ecosystem protection will be diminished if any one of these criteria is 
excluded from the design of marine reserves.

Scientific Criteria Definition Application

 Biogeographic representation The inclusion of different 
regions characterized by 
particular sets of habitats, 
environmental conditions, and 
species

Protecting all biogeographic regions can help protect the 
biological communities associated with each region.

 Habitat representation The inclusion of different 
types of habitats (e.g., estuary, 
rocky shore, kelp forest, sandy 
bottom)

Protecting a variety of different habitat types can help 
protect the various plants and animals in those habitats, and 
allow them to complete their life cycles. 

 Vulnerable habitats Rare or threatened habitats 
susceptible to stresses

Marine reserves offer additional protection to vulnerable 
habitats.

 Vulnerable life stages Important life stages, such as 
breeding, juvenile, or migration 
periods

Protecting habitats where these vulnerable stages live can 
help boost abundance, size, and population growth rates.

 Species or populations of 
special concern

Species that are of economic 
or recreational value, are 
globally rare, or live in small 
geographic ranges

Protecting habitats where these species live can help boost 
abundance, size, and population growth rates.

 Reserve size The area covered by a single 
reserve or a network of 
reserves

The choice of reserve size depends on the objectives for 
reserves. Larger reserves produce proportionately greater 
effects.  A network of several smaller reserves may be a 
good compromise.

 Ecosystem linkages The exchange of nutrients, 
plants, and animals that 
connects many ecosystems

Identifying important linkages among ecosystems can help 
locate potential reserve sites.

 Reserve networks A system of reserves in critical 
habitats that are linked by 
movement of animals and plant 
propagules

A network of marine reserves protects critical habitats that 
are used by plants and animals during different stages of 
their life cycles.

 Ecosystem services Beneficial services that people 
use directly, such as removal of 
pollutants from the water and 
climate control

Reserves should include critical habitats that sustain 
ecological services. 

 Human threats Human actions that endanger 
an ecosystem and cannot be 
prevented or reversed by 
establishing a reserve (e.g., 
pollution and habitat loss)

Sites affected by human threats, such as pollution and coastal 
development, are not likely to be effective marine reserves. 
Other types of management may be necessary to control 
these threats.

 Natural catastrophes Events such as large storms, 
harmful algal blooms, disease 
epidemics, and climate changes

Sites subjected to frequent catastrophes are unlikely to be 
effective marine reserves. Establishing multiple reserves in 
different locations can reduce the overall risk from natural 
catastrophes.

 Social and economic criteria Social and economic values 
expressed by community 
members affected by ocean 
management

Social and economic criteria should be incorporated into 
reserve design in order to maximize social and economic 
benefits, and minimize costs.

considerations for reserve design

References: 6, 7, 21, 23.
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where should reserves
be located?

Science Can Provide Options
The reserve planning process often involves collaboration among many 
groups, including resource managers, government agencies, natural and 
social scientists, commercial and recreational fi shermen, environmentalists, and 
other community members. Various scientifi c tools can provide options for the 
design of reserves or reserve networks, but decision-makers ultimately must 
weigh tradeoffs among short- and long-term goals, costs, and benefi ts.

Science can provide options through the use of models that analyze data 
and assist in the design of marine reserves. One such computer model, 
known as SITES or MARXAN, has been used to design reserve options in 
California’s Channel Islands, the Florida Keys, and the Great Barrier Reef. 
This tool can identify many possible arrangements of reserve sites that satisfy 
particular management objectives. Maps of possible reserve sites produced 
by the program can help resource managers and stakeholders review many 
different options. This approach uses scientifi c criteria, but provides fl exibility 
for reserve design.

General Principles

• Reserve design can be based upon 
ecological, economic, and personal 
knowledge.

• Useful ecological criteria have 
been identifi ed (see checklist on 
previous page) to guide reserve 
design.

• Models are available to help 
resource managers identify     
various options.

• There are often many options 
for reserve design that meet a 
particular set of goals.

References: 22, 23, 24, 25, 26, 27.

In the Channel Islands of southern 
California, for example, a group of 
federal and state agencies, fi shermen, 
conservationists, and other members 
of the community initiated a process 
to design a network of marine reserves 
in 1999. The group selected a panel of 
marine scientists to gather and evaluate 
biological information from this region. 
These scientists used the SITES model to 
generate hundreds of options for marine 
reserves. The three maps on this page 
are among the many options produced 
using SITES for a potential marine reserve 
network covering 30 percent of the 
Channel Islands National Marine Sanc-
tuary. These options are based on the 
goals established by the community, and 
the options satisfy the ecological criteria 
for reserve design, including different 
biogeographic regions, habitats, and 
vulnerable species.

Three of the hundreds of options for marine reserves in the 
Channel Islands National Marine Sanctuary, developed using the 
SITES computer model. 
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w
here should reserves be located?
Human Values and Community Involvement Are Important
The social and natural science of marine reserves indicates that a great deal of flexibility often exists in reserve design. In 
many cases, this flexibility makes it possible to accommodate the behaviors, livelihoods, and lives of many ocean users.

Full community involvement is one of the most important aspects of successful reserve design. Science can help us learn 
what reserves do, but communities must work together to decide how to apply this knowledge. A variety of questions 
must be considered before reserve design can satisfy the goals of diverse communities.

• How will marine reserves affect commercial and recreational activities?

• How will current management regulations affect reserve design?

• What other management strategies will be needed to complement 
marine reserves?

• Who has the authority to establish and enforce marine reserves?

• How will the reserves be enforced?

• How will an agency or community secure adequate funding for 
establishment, maintenance, monitoring, and evaluation of reserves?

• What kinds of monitoring will take place in the reserve?

The breadth of knowledge and values in each community can help to answer some of these questions. Personal 
knowledge can fill some of the gaps in scientific data. Economic modeling, based on data from landing records and 
logbooks, can be used to evaluate the potential short- and long-term economic impacts of reserves. Societal values can 
influence the design of reserves so that our traditional relationships with the ocean are protected and sustained.

Consider an example of how these questions were integrated into the design of marine reserves. In the Channel Islands 
of southern California, a group of regional community representatives developed various designs to protect marine 
ecosystems and address fisheries concerns. The representatives used the options developed by the SITES computer 
model (previous page) and additional scientific recommendations, as well as economic data and personal knowledge, to 
develop reserve designs. 

Three of nearly 40 designs for marine reserves in the Channel Islands 
National Marine Sanctuary.  The community worked together to 
develop these designs using the ecological and economic data, as well 
as personal knowledge.

Some of the designs (e.g., De-
signs 1 and 2) meet most of 
the ecological criteria, while 
accommodating different 
interests in the community. 
However, some designs (e.g., 
Design 3) do not satisfy all of 
the ecological criteria because 
of the way that economic 
and social factors were incor-
porated. Design 3 does not 
include habitat protection in 
some areas that are popular 
for recreational fishing, and 
this limits the effectiveness of 
the reserve network. Eventu-
ally, decision-makers must 
evaluate potential short- and 
long-term ecological and eco-
nomic costs and benefits of 
reserves, and make the neces-
sary choices given the trade-
offs among these factors.



how do marine reserves fit 

Marine reserves produce this unique combination of benefits because they 
limit where fishing, drilling for oil or gas, and other extractive activities can 
occur, rather than how much or when those activities occur. Moreover, they 
prohibit other activities such as dumping, which can pollute or destroy habitat. 
By eliminating extractive and other destructive activities in particular locations, 
reserves can protect significant portions of entire ecosystems at once. 
Traditional approaches tend to focus on single species independent of other 
elements of the ecosystem. The most effective protection for even a single 
species requires an ecosystem approach, because every species interacts with 
numerous other species and the environment.

Reserves can protect habitat and produce dramatic increases in populations 
living inside their borders, offering insurance against local extinctions and 
declines. Marine reserves also may affect areas beyond their borders by 
supplying larvae, juveniles, and adults to adjacent waters.

Research demonstrates that marine reserves can be a useful management 
and conservation tool, if they are properly designed and enforced. However, 
other types of management are still critical. Traditional practices such as fishing 
quotas, seasons, and gear restrictions are important to achieve sustainable 
fisheries in surrounding waters. Scientists are developing fisheries management 
models that incorporate both marine reserves and more traditional methods of 
regulating fishing effort.

Marine reserves cannot address all that ails the oceans. Problems such as 
pollution, invasive species, disease epidemics, and climate change affect whole 
regions and require complementary solutions. However, by protecting critical 
habitats, reserves can contribute to the protection and restoration of healthy 
marine ecosystems.

into the big picture?

m arine reserves work on many different levels of biological 
organization, affecting individual animals and plants, 
populations, communities, and ecosystems.The benefits of 
marine reserves can include:

• protection of habitat

• conservation of plants and animals that 
live in protected habitats

• recovery of depleted populations of 
fished species that live in reserves

• movement of animals from reserves to 
surrounding fished waters

• insurance against environmental or 
management uncertainty

• provision of ecosystem services

• protection of places to provide baseline 
information

• provision of sites for enjoyment and 
inspiration
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