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In wildness is the preservation of the world.
- Henry David Thoreau, 1862

t has taken almost a century for
Thoreau’s words to be applied to
the oceans. In that time, the world
population has quadrupled, and more
people are migrating to the coast with
the hope of utilizing the marine envi-
ronment as a source of food and employ-
ment, and also for recreation, tourism,
education, and research. Unfortunately,
increased use brings user conflicts, and
many fisheries have been depleted or
have collapsed. To most people the
ocean seems boundless, its resources
inexhaustible, and its ability to tolerate
human activities unlimited. We now
know that these perceptions are false:
ocean resources are finite, and human
activities can be devastating.
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For the first time in human history, we
have the ability to catch fish faster than
they are produced. Our catch ability must
be tempered with new ways of preventing
overfishing and resource depletion. Ma-
rine fishery reserves, areas protected
from all fishing and other harvesting
activities, provide one approach. Since
the first modern reserves were estab-
lished in the mid-1970s, they have been
increasingly used for fisheries manage-
ment and resource protection.

Species Protection is a
Fundamental Goal

The primary purpose of marine re-
serves is to ensure that fisheries con-

tinue by protecting a portion of the
spawning stock from exploitation. In a
refuge, abundance, average size, and
total egg production can be increased
over what it would be if the area were
fished. Eggs and larvae produced in
reserves are then spread by oceanic
currents to both exploited and protected
areas.

The concept of marine reserves is
simple: If protected from human inter-
ference, nature will take care of itself.
A large body of scientific literature
attests that harvested stocks will re-
coverif fishing stops. Thereserve concept
is not really new. Until recently, most
reef fisheries were probably partly main-
tained by natural refuges: areas too
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Eggs and Larvae

ArRTwork BY J. Doucerte oF WHOI GraPHICS

millions of Eggs ||
float up, dispersed by |
ocean currents

The typical life cycle of reef organisms Includes a pelglc dispersal phase sgg and larvae,
and a sedentary demersal phase as Juveniles and adults. REbrawN BY J. ESPIRITU FROM THE ORIGINAL

tion is often delayed for several
years. Adultstend to grow slowly
because their energy is largely
allocated to reproduction. Fe-
cundity (total egg production)
usually increases exponentially
with body size. For example,
one 61-cm red snapper can pro-
duceas many eggs as212 smaller
42-cm females. The result of
this size relationship is that a
few older individuals may be
extremely important to total egg
production and population re-
plenishment.

Adults of exploited reef spe-
cies are typically characterized
by slow growth, low adult natu-
ral mortality, long life, and large
body size. In the natural envi-
ronment, large body size is often
an advantage because it helps in
capturing prey and escaping pre-
dation. Unfortunately, fisheries
tend to selectively target and
remove larger individuals be-
cause they provide more excite-
ment, food, and revenue than
smaller fish.

Vulnerability to Fishing

Excessive fishing can deplete
the populations (stocks) of cer-
tain species, disrupt the marine
ecosystem, and damage a coastal

deep, too remote, or too difficult to
locate easily. With improved fishing
methods and more people fishing, the
effectiveness of natural refuges dimin-
ishes. Marine reserves are best suited to
protecting species with the restricted
geographical movements typical of most
reef organisms.

Life History on a Reef

The ecology and life history of reef
organisms make them vulnerable to
fishing. Most species have a two-stage
life cycle: a pelagic (open water) egg
or larval stage, and a demersal (bottom)
juvenile and adult stage. Eggs and lar-
vae arc passively transported and dis-
persed as plankton by ocean currents.
Depending on the species and location,
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eggs and larvae can drift from about a
week to several months before larvae
settle (recruit) to bottom habitats. Once
settled, juveniles and adults live a com-
paratively sedentary demersal existence.
Planktonic survival is generally very
poor. Abundance at settlement can vary
by orders of magnitude from year to
year due to uncertainties in currents,
weather, food availability, and preda-
tion. This annual variability results in
good or poor recruitment years, re-
flected by the abundances of various
year classes for individual species. Once
settled, reef organisms have greatly
increased chances of survival, and typi-
cally live for many years, often decades.
Some corals live for centuries.
Juveniles allocate most of their sur-
plus food energy to growth; reproduc-

area’s overall economy. Many
fisheries around the world have been
depleted or have collapsed entirely,
such as the reef fisheries in Bermuda
and Puerto Rico. Initial symptoms of
overexploitation usually include a de-
cline in average fish size and the dis-
appearance of larger species.
Recruitment overfishing occurs when
fishing disrupts the replenishment proc-
ess. recruitment failure occurs because
too few eggs are produced to replace the
adult population. For species such as
grouper (family Serranidae), which change
their sex by switching from female to
male with age, size-sclective fishing
can create a shortage of males to fer-
tilize eggs. Even if fishing levels are
acceptable for average conditions, a
population could collapse after several
years of unusually poor recruitment due
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to natural environmental
cvents.
Reeffishesarealsovulnerable
to overfishing because they can
be predictably located in time
and space. Some species form
large spawning aggregations at
specificplacesandtimes, making
them easily exploited.
Aggressivebehavior, curiosity,
and inexperience with humans
also make many species
vulnerable to fishing.
Fishing can also reduce
genetic diversity within a
species, especially when a
stock size is greatly reduced
from natural levels. Fishing
depends on harvesting a wild

stock. Unlike  animal
husbandry, which protects
animals with desirable

characteristics from slaughter
in order to breed those
characteristics into future
generations, fishing operates
by removing the most desirable
individuals (from a fishers

After many generations

After many more generations

Fishing can have deleterious effects on fish populations, as it
operates by removing the most desirable individuals from the
breeding population. High levels of fishing can alter the popula-
tion's genetics, by selecting for individuals that mature earlier
and have a shorter life span and smaller adult size. REbrawn BY J.
ESPIRITU FROM THE ORIGINAL ARTWORK BY J. Doucerte oF WHOI GraPHICS

percentage dic because of
the way they are hooked.
When fishing levels are high,
incidental mortality may be
sufficient to dissipatc any
benefits of having a size
limit. Limited entry and re-
quirements for selective fish-
ing gear, such as artificial
baits and large net-mesh

- and hook sizes, may reduce

fishing mortality but still
tend to select against larger
individuals and certain spe-
cies. Hatchery programs and
artificial reefs, although
popular, have not proved to
be effective for increasing
marine species abundance.
Closing and reopening ar-
cas (pulse fishing) is usu-
ally not practical because
arcas must be closed for
many years to be effective,
and the benefits of closure
can be quickly lost when
fishing resumes.

Marine fishery reserves

perspective) fromthe breeding
population. Excessive mortality canalter
genetics by selecting for individuals
that mature early and have a shorter life
span, smaller adultsize, and wary behavior.
Sustained fishing can also lead to the
loss of diversity between species by
selectively removing vulnerable spe-
cies. Loss of certain species could cause
unforeseen disruptions or permanent
alterations to the ecosystem.

Resource Conflicts

Fishing is often a source of conflict
between competing fishing interests.
Commercial and recreational fishers are
often in conflict, partly because of
different values and objectives: Com-
mercial fishers usually want to maxi-
mize revenue for their effort, while
recreational fishers are more interested
in having fun, catching their dinner,
hooking large fish, or just catching
anything,

One traditional way of dealing with
conflicts is through “multiple resource
use”. Multiple use has often been inter-
preted to mean allowing many, if not
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all, different activities in an area. Often
this approach has proved unsatisfac-
tory, especially with increased resource
use, because some uses are directly
incompatible.

Traditional Management
Actions and Benefits of
Marine Reserves

Many of the traditional actions used
in fishery management are ineffective
or impractical to use with reef fisheries,
especially when fishing levels are high.
For example, closed seasons and tem-
porarily closed areas may not be effec-
tive, becausec fish can be caught in other
areas and at other times. Quotasand bag
limits can be expensive to monitor and
difficult to enforce; they also require
timely, accurate data and precise knowl-
edge about the various users and species
in the fishery. Bag limits and size limits
can be ineffective due to unintentional
release mortality: Fish often die when
caughtin deep water because of injuries
associated with depth changes, and,
even when handled carefully, a certain

offer several advantages over
traditional approaches to fishery man-
agement, and have both fishery and
nonfishery benefits.

Fishery Benefits

An important fishery management
objective is to protect some fishes from
harvest to ensure an adequate quantity
and genetic quality of offspring. Marine
reserves arc designed to achieve this
objective based on the ecology of typi-
cal reef organisms. The dispersal of
eggs and larvae from reserves to sur-
rounding areas can maintain, and per-
haps improve, fisheries yield, espe-
cially if total egg production is higher
than it would be if all areas were fished.
With fishery reserves, data collection
needs are reduced and management can
operate without complete information
and understanding about different spe-
cies and their interactions.

There are additional direct benefits
to fisheries. Because fishes are never
caught or handled, incidental bycatch
mortality is eliminated. Also, important
species that have become rare or that
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are particularly vulnerable to fishing
will have an opportunity to rebuild their
populations in the reserves. Fisheries
could also benefit from fishes that oc-
casionally wander out of the reserves
into surrounding areas, particularly large
trophy fish.

One of the most important functions
of reservesisto provide insurance against
stock collapse. All fishery management
has some degree of uncertainty and risk;
it can fail because of inadequate scien-
tific models, errors in the data, inad-
equate compliance, or ineffective man-
agement actions. Chance events, such
as environmental uncertainties in re-
cruitment, could also lead to stock
collapse even if fishery management
were adequate for average conditions.
If a stock collapses for whatever reason,
fishery reserves can act as a reservoir
for rebuilding a stock at a faster rate
than would otherwise be possible,

Reserves can also provide indirect
benefits to fisheries. They facilitate
scientific studies of harvested species.
Natural mortality, a critical parameter
for most fishery management models, is
virtually impossible to measure in an
active fishery, but can be measured in
TESErves.

One benefit to fishers is that regula-
tions, such as quotas and size and bag
limits, can be less restrictive. Reserves
are also equitable in that they apply to
all fishery participants. Enforcement is
often simplified, because it is easier to
detect fishing than to determine if fish-
ers are using legal methods or have a
legal catch.

Nonfishery Benefits

Marine reserves offer many benefits
not related to fishing. They can protect
biodiversity and provide areas in a
natural balance free from direct human
disturbance. They can reduce user con-
flicts by separating incompatible activi-
ties, including those involving fishing.
Reserves can be used to improve public
awareness and understanding of natural
systems and human impacts on those
systems,

Reserves may be especially impor-
tant for monitoring long-term environ-
mental changes. The only effective way
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to have an understanding of the impacts
of human activities on natural systems
is to have reference areas with minimum
human impact.

Marine reserves can enhance some
activities and allow new uses not pos-
sible in harvested areas. Underwater
photographers, naturalists, ecotourists,
and scientists can benefit from reserves.
Certain kinds of scientific experiments,
ecotourism, and education are only pos-
sible in natural areas protected from
fishing.

Problems with Marine
Reserves

Marine fishery reserves alone will
not solve all fishery problems. They are
not likely to provide much benefit to
highly migratory species, which can be
caught outside reserves. For species that
can be protected, few scientific data
exist to precisely determine the ideal
number, location, size, and total area
that should be included in reserves.
While too little area will not provide
much protection, too much area could
unnecessarily limit fisheries produc-
tion. Current information, although limited,
suggests that 10 to 20 per cent of the
continental shelf should be protected
for optimum benefit. reserves must be
large enough to have some biological
integrity and include the norimal move-
ments of. protected species.

Despite scientific support, the use of
reserves is not without controversy and
opposition. Fishing interests are usually
apprehensive and skeptical about ma-
rine reserves because of a lack of direct
long-term experience with them. Even
when accepted as a good idea, most
fishers do not want reserves to include
their favorite fishing spot - the NIMBY
(“not in my backyard”) problem. How-
ever, experience suggests that attitudes
change over time: Terrestrial wildlife
reserves, for example, are now common
and widely accepted. In New Zealand,
marine reserves initially faced great
public opposition when introduced in
1977; however, resistance quickly di-
minished and marine reserves gained
strong support.

For reserves to be successful, public
education and awareness about the function

and importance of reserves is needed.
Alsp, as resources within reserves in-
crease, adequate surveillance and en-
forcement will be necessary to discour-
age poaching. Despite these problems,
creating a reserve is a more attractive
alternative than dealing with a col-
lapsed fishery, or closing a fishery in
order to rebuild depleted stocks.

Henry David Thoreau probably never
appreciated how prophetic his words
would be or their eventual application
to the oceans. Growing scientific evi-
dence indicates that marine reserves are
successful and benefit both fishery and
nonfishery activities,

While the use of reserves has in-
creased around the world, the first large
experimental reserve in the USA was
just declared off the eastern coast of
Florida in 1994. Other fishery reserves
are being planned in the US Virgin
Islands, Puerto Rico, and as an essential
part of the Florida Keys National Ma-
rine Sanctuary.

In conclusion, fishery reserves are
based on the fundamental ecology of
marine organisms and offer benefits to
both fishery and nonfishery interests.
Although marine reserves are primarily
intended to protect or enhance fisheries
by protecting the quantity and quality
of reproductive output, they also help
protect biodiversity and reduce user
conflicts by separating incompatible
activities, and they can act as reference
areas for study of natural processes with
limited human disturbance. Some of
these goals are impossible without re-
serve areas. Finally, reserves provide an
insurance policy against fishery col-
lapse. Through networks of fishery
reserves, we can protect reef ecosys-
tems and allow sustainable harvests for
present and future generations. 6'

Excerpted from Oceanus, Vol. 36, No.3,
Fall 1993, published by the Woods Hole
Oceanographic Institution, with per-
mission from the Editor.

J.A. BOHNSACK does research on reef
fisheriez and marine reserves as Reef Re-
source Team Leader for the Miami Labo-
ratory of the Southeast Fisheries Science
Center, National Maiine-Fisheries Service.
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