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INTRODUCTION

Anthropogenic activities are increasingly affecting
the world’s oceans (Jackson et al. 2001, Harley et al.
2006, Worm et al. 2006, Halpern et al. 2008). Overfish-
ing has been identified as one of the major threats to
marine systems due to the direct effects which it has on
the population decline of numerous species (e.g. Myers
& Worm 2005), the indirect effects on food webs (e.g.
Pauly et al. 1998) and the destruction of marine habi-
tats (e.g. MEA 2006).

Marine reserves, which are areas protected from
extractive activities, potentially constitute a powerful
conservation tool for counteracting the harmful effects
of fishing by providing spatial refuges for fished popu-

lations and protecting important habitats and associ-
ated ecological interactions and functions (NRC 2001,
Lubchenco et al. 2003, Sobel & Dahlgren 2003). Recent
syntheses of data from many reserve sites have shown
that overall density, biomass, body size and species
richness of marine organisms are consistently higher
inside marine reserves than in nearby fished sites (e.g.
Côté et al. 2001, Halpern 2003, Lester et al. 2009).
These positive overall effects of reserves are being
described for a variety of marine species and commu-
nities and at a variety of locations around the world
(Lester et al. 2009).

However, it is clear from the syntheses conducted
thus far that marine reserves can have different effects
on different species and communities. One obvious dif-
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ference among species relates to their history of
exploitation prior to reserve establishment (Côté et al.
2001). For instance, because fishing mainly targets
species from higher trophic levels (Pauly et al. 1998);
large predators are likely to benefit from protection,
however their recovery rates may be slow due to their
slower growth and reproduction (Jennings et al. 1999).
There is evidence that older marine reserves near
more recently established reserves can have higher
biomasses for some fish species (Francini-Filho & Moura
2008a). Dispersal ability is another characteristic that
may differentially affect the response of individual
species and communities to reserve protection. Marine
reserves protect sedentary species more effectively
(Jennings 2001) than they protect highly mobile spe-
cies, which need a reserve that encompasses most of
their range (Gerber et al. 2003). However, some highly
mobile species can show positive responses to protec-
tion if a proportion of the population has a high level of
site fidelity as a result of home range behavior (Gell
& Roberts 2003).

In addition to the direct effects of reserves on fished
species, there are many indirect effects that can have
both positive and negative consequences for nonfished
species within reserve communities (Pinnegar et al.
2000). The most obvious effects occur when increases
in predators or herbivores influence lower trophic lev-
els. For example, the dominant species in benthic com-
munities in the Leigh Marine Reserve, New Zealand,
shifted from sea urchins to macroalgae when predators
were protected from fishing pressure (Shears & Bab-
cock 2003).

Given the potential direct benefits of marine re -
serves, and the uncertain indirect effects that may
arise, it is crucial to understand the patterns of change
following their establishment. In this study we evalu-
ated the biological performance of marine reserves at
the large regional scale of Latin America and the
Caribbean, where a comprehensive synthesis of the
effect of marine reserves has been lacking (see Appel-
doorn & Lindeman 2003 for the Caribbean and
Guarderas et al. 2008 for both areas). Widespread
overfishing and degradation in many coastal ecosys-
tems in this region makes such an evaluation timely
(see Cortés 2003, Guarderas et al. 2008). Latin Ameri-
can and Caribbean countries experience similar levels
of development, socio-economic structure and sources
of production, making them a natural group to con-
sider as one region (UNEP 2001).

We address the following questions: (1) Are total bio-
mass, density, body size and richness of the species
surveyed higher in marine reserves? If so, how do
these values compare with other studies? (2) Are there
different responses across trophic groups (corals,
macroalgae, herbivores and predators) and taxonomic

groups (fishes and invertebrates)? (3) What are the
important characteristics of species and reserves that
determine the magnitude of their responses?

MATERIALS AND METHODS

A literature survey was conducted to assemble stud-
ies on the ecological effects of marine reserves in Latin
America and the Caribbean. The keywords used in the
search were: marine protected areas, marine reserves,
and marine parks. We searched 4 databases from 1970
to 2007: Aquatic Sciences and Fisheries Abstracts,
Oceanic Abstracts, Environmental Sciences and the
Zoological Record Plus Database. References cited in
these publications were also evaluated for use in the
present analysis. Peer-reviewed studies and technical
reports that quantitatively evaluated biological effects
of total protection from extractive activities were in -
cluded. We focused on marine reserves in Latin Amer-
ican and Caribbean countries that (1) were established
at least 3 yr before their effects were evaluated, (2)
were considered to be at least moderately enforced
based on information obtained from the publications
and (3) compared the effects of marine reserves to
fished areas at one (i.e. control-impact designs, C-I) or
multiple points in time (i.e. before-after control-impact
[BACI] designs). With this methodology, data from 23
reserves and 32 publications were identified and used
in the analysis (Table S1 in the supplement at www.
int-res.com/articles/suppl/m429p219_supp.pdf).

To quantify the effect of protection inside marine
reserves compared with fished areas, we calculated
the response ratio (RR) as the [ln(Ninside/Noutside)],
defined as the natural log of the ratio of the biological
variable of interest inside the reserve divided by that
outside the reserve. This metric has the least bias of
several metrics and its sampling distribution is approx-
imately normal (Hedges et al. 1999). When studies
included a BACI design, the biological variable
 quantified inside the reserve after its establishment
was divided by the biological variable obtained before
the reserve establishment. This ratio was then com-
pared with temporal changes outside the reserve
[ln(NAfter Inside/NBefore Inside)/(NAfter Outside/NBefore Outside)].
We did not weight the response ratio values by their
precision because some studies were not replicated or
did not report estimates of variability. This would have
severely reduced our sample size and potentially intro-
duced biases into our dataset. However, to minimize
the statistical errors associated with not weighting the
RRs that potentially did not meet distributional
assumptions and the small sample sizes in some cases,
we calculated confidence intervals (±95% CI) around
the means using bias-corrected percentile bootstrap-
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ping (1000 iterations with replacement) (Adams et al.
1997). Mean response ratios were considered to be
 statistically significant if their confidence intervals did
not overlap zero (Rosenberg et al. 2000). Analyses
were conducted with the software package MetaWin
(Rosen berg et al. 2000).

When data from the studies were provided for a
number of locations within and outside each reserve
(Table S1), they were converted to a single mean value
for the reserve and control areas. In addition, if differ-
ent studies evaluated the performance of the same
reserve (Table S1), averages were taken across studies
to obtain an overall reserve response. We chose an
average value because different species or assem-
blages were generally evaluated in different studies.
However, when data for the same set of species were
evaluated in different publications from the same loca-
tions within the reserve, but at distinct points in time,
only the most recent publication date was selected. For
those studies that evaluated the performance of marine
reserves at distinct points in time, the most recent data
were compared with the baseline in order to include
the longest duration of protection. Finally, given the
variability in the types of data reported, our analyses
were conducted at 3 levels: (1) total reserve effects,
(2) trophic and taxonomic group effects and (3) species
effects (Table S1). The species reported in the surveys
and used in the analyses are given in Table S2 in the
supplement at www.int-res.com/articles/suppl/m429
p219_supp.pdf.

To evaluate the overall effect of reserves, we calcu-
lated the RR for total density (n = 19 reserves), biomass
(n = 11 reserves), body size (n = 11 reserves) and
reserve species richness (n = 5 reserves) of all the spe-
cies surveyed in reserves for which data were avail-
able (Tables S1 & S2). To test for the contribution of dif-
ferent reserve characteristics (reserve size and years of
protection) and different sampling methods (number of
species sampled and area surveyed) to the response of
reserves, we conducted regression analyses using the
RR for density, as this was the most frequent response
variable recorded in the literature (19 reserves).

To evaluate the effects of reserves on different
trophic groups, we calculated the RR for corals (n = 6
reserves), macroalgae (n = 7 reserves), herbivores (n =
7 reserves) and fish predators (n = 7 reserves) using
biomass, density or percent cover as the response vari-
ables, depending on the study (Table S1). The reserves
used in these analyses were all in the Caribbean.

To measure the effects of reserves on individual spe-
cies, we collected data from 16 reserves that reported
individual species responses to protection (Tables S1 &
S2). We identified 186 species, 131 of which were
fishes and 55 of which were invertebrates, and again
calculated RR using density as the response variable.

In addition, to understand the relationship between
species responses to protection and various character-
istics of species within the reserves, we correlated indi-
vidual species response variables and the independent
variables of exploitation intensity, maximum body size,
adult mobility, trophic level and resilience for each
reserve. In order to have sufficient degrees of freedom
these correlations are based only on data from reserves
that evaluated the effects of protection of at least 3 spe-
cies. Data from 9 reserves (141 species in total) fulfilled
our criteria.

The species’ characteristics used in the analyses
above were determined with the information provided
in Froese & Pauly’s (2007) database ‘FishBase’ and in
region-specific literature for marine invertebrates
(Humann & DeLoach 2002, Gotshall 2005, Briones-
Fourzán et al. 2006). Based on exploitation information
in FishBase, exploitation intensity was categorized and
values assigned as: no exploitation (1), minor commer-
cial (2), commercial (3) or high commercial exploitation
(4) (information on recreational and artisanal fishing
intensity was not available; therefore, we were not
able to assign this variable a value). Maximum body
size of the species in the studies ranged between 7 and
300 cm. Adult mobility was categorized and values
assigned based on whether the species was ocean-
odromous (1), reef associated (2), benthic (3) or sessile
(4). Trophic level values, based on Froese & Pauly
(2007), were given for herbivores (2 to 2.19), secondary
and tertiary consumers (>2.8) and omnivores (2.2 to
2.79). Finally, resilience was defined as the minimum
time required to double the population size and was
only recorded for the fish species. The values based
on Froese & Pauly (2007) include very low resilience
(>14 yr), low re silience (4.5 to 14 yr), me dium
resilience (1.4 to 4.4 yr) and high resilience (<15 mo).

RESULTS AND DISCUSSION

We found an overall positive response of marine
reserves at the reserve, trophic group and species
level. Total density, biomass and body size of species
were significantly greater inside marine reserves than
in fished areas (Fig. 1). In part, a similar response for
these 3 variables is expected, given the covariance
between density and body size and biomass (although
they have high density, small organisms can also have
low biomass). Species richness, however, did not show
a statistically significant change inside versus outside
reserves (Fig. 1). Our results corroborate the findings
of other studies (Halpern 2003, Lester et al. 2009), but
the magnitudes of the responses are lower, possibly
owing to smaller sample sizes. This may be especially
important for the detection of changes in species rich-
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ness with protection; only 5 marine reserves had spe-
cies richness data. Additionally, the differences in
magnitude of the effects of protection may be related
to latitudinal trends. A recent global review of the
effects of marine reserves demonstrated that temper-
ate reserves show equal and, in some cases, greater
effects compared with tropical reserves (Lester et al.
2009). Because we found many more studies that eval-
uated the performance of tropical marine reserves,
mostly in the Caribbean (tropics: 19 reserves, temper-
ate: 4 reserves; Table S1), the estimation of the overall
effects from protection was highly influenced by the
performance of those reserves.

When studies reported the effect of protection at the
trophic group level, we found that the magnitude of
recovery was more evident for predatory fishes than
for other trophic groups including herbivores, macroal-
gae and corals (Fig. 2). This may be due in part to the
wide variability in the response of particular reserves
and the interaction between different trophic levels
within them. For example, the Exuma Cays Land and
Sea Park in the Bahamas, where there has been 2
decades of protection and a high degree of isolation
(Mumby et al. 2006), shows dramatic increases in the
biomass of top predators and fish herbivores (Fig. 2).
This caused an increase in grazing inside the reserve
and led to a major reduction in macroalgal cover
(Mumby et al. 2006, Fig. 2). The control of macroalgae
could have important effects on vulnerable coral reefs
by reducing competition and allowing better survivor-
ship and recruitment (Hughes et al. 2007, but see
Bruno et al. 2009). Unfortunately, coral cover was not
measured in Mumby et al. (2006). Another reserve,
Punta Frances, Cuba, showed a large increase in

predators, a dramatic decline in herbivores, and an
increase in macroalgae (Fig. 2). This pattern suggests
there is a strong trophic cascade driven by an increase
in fish predators. Interestingly, there was also an
increase in coral cover (Fig. 2), suggesting that the
potential competitive effect of macroalgae was out-
weighed by the overall effect of the reserve. This was
not the case at Glover’s Reef where there was a large
increase in macroalgae and a decline in coral cover,
potentially driven by more predators (Fig. 2).

We also found that at the species level, density
increased inside compared with outside reserves
(average RR = 0.22, CI = +0.08 to –0.07, n = 186 spe-
cies), and this was significantly different from zero.
When we separated the responses based on whether
the species were fishes or invertebrates we found that
the fish response was greater (average RR = 0.28, CI =
+0.08 to –0.07, n = 131 species) than that of the inver-
tebrates (average RR = 0.15, CI = +0.18 to –0.16, n = 55
species). Overall, invertebrates showed higher varia-
tion in responses to protection and exhibited the most
extreme responses, both positive and negative (RR
ranged from –1 to +2.15), and they were not different
from zero. Extreme positive responses in invertebrates
may relate to their relatively low mobility, high inten-
sity of exploitation, high reproductive rates and short
life spans. Some of the highest positive responses
shown in our review are from a spiny lobster (Acosta &
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Robertson 2003) and a carnivorous gastropod (Durán &
Castilla 1989).

Our species level analysis across reserves showed
that only one variable, intensity of exploitation outside
the reserve, was positively correlated, on average,
with the response ratio for individual species (Fig. 3),
and this was significantly different from zero. This
intuitively simple result not only supports previous
findings that evaluated the effects of marine reserves
on fish species (Mosquera et al. 2000, Côté et al. 2001,
Micheli et al. 2004), but also demonstrates that this
relationship holds when fish and invertebrate species
are both included in the analysis. The lack of correla-
tion between response ratios at the species level and
the separate variables of body size, mobility, trophic
level and resilience for each reserve (Fig. 3) could be
due to covariance among these variables. For example,
large-bodied species are likely to be highly mobile as
adults, occur at high trophic levels and have low popu-
lation resilience. In addition, the lack of a consistent
positive correlation could reflect the type of fishing
that occurs in this region. Contrary to other locations
where overfishing operates gradually from high to low
trophic levels (Pauly et al. 1998), the Caribbean seems
to show similar overharvesting among trophic levels.
This pattern is attributed to the wide-
spread use of nonselective fishing gear
and the high density of fishers in small
areas (Jackson et al. 2001). In addition,
there is a strong focus on invertebrate
fishing, particularly lobster and conch,
in the Caribbean.

Moreover, negative or no correlation
between species’ responses and certain
characteristics could be evidence of in-
direct effects, as shown in Fig. 2. For ex-
ample, the lowest species response to
protection in our dataset comes from the
mussel Perumytilus purpuratus. It is the
main prey of a carnivorous  gastro pod,
Concholepas concholepas, which in-
creased dramatically in numbers in in-
tertidal marine reserves in Chile (Durán
& Castilla 1989). The decrease in mussel
abundance led to a well- documented
trophic cascade in which barnacles and
algae increased in the presence of Con-
cholepas (Durán & Castilla 1989, Cas -
tilla 1999). These in direct effects may be
the main driving factors resulting in the
inability to de tect whether certain char-
acteristics of species influence their re-
sponses to protection.

We also found, as have other studies
(e.g. Halpern 2003, Lester et al. 2009),

that the response of these reserves was unaffected by
their size, years of protection or the area surveyed
(Fig. 4a–c), but there was a significant negative rela-
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tionship with the number of species sampled in the
study (Fig. 4d). By sampling only one or a few species,
it is more likely that extreme outcomes (either highly
positive or negative) will be recorded for a particular
reserve both because of the small sample sizes and the
common focus on a few organisms that are targeted to
show positive outcomes to protection. This approach is
valid in terms of monitoring specific goals of reserves
such as rebuilding populations of particular species
severely depleted by fishing. However, it may overes-
timate or underestimate the effect of protection on the
entire community. Thus, defining clear goals for
marine reserves is important not only for monitoring
efforts but also for the ecological scale from which
expected outcomes may be inferred (Appeldoorn &
Lindeman 2003).

We suggest that to fully understand the effect of
marine reserves, monitoring and data analysis should
assess the effects of protection on (1) target species and
(2) other interacting species, in particular trophic or
taxonomic groups that better represent the community
as a whole. As we have shown, this is important in
terms of detecting indirect effects and more reason-
ably estimating community-wide effects of protection.
Additionally, long-term monitoring programs that use
BACI designs are needed. These will not only help
control for the sometimes considerable variation in
space and time in order to evaluate the effects of pro-
tection inside reserve boundaries (e.g. see Francini-
Filho & Moura 2008a), but will also help determine
(indirectly) the extent of spillover and propagule dis-
persal from marine reserves (Castilla et al. 2007,
Francini-Filho & Moura 2008b). If spillover effects
occur, they can confound the results of protection and
possibly result in no or little measurable response.
Ways to detect this effect could include monitoring bio-
logical variables along a gradient from the reserve
boundary (Chapman & Kramer 1999, Francini-Filho &
Moura 2008b) or measuring the fishing effort in the
adjacent fished areas (Roberts et al. 2001). Intensity of
exploitation is also a critical factor that should be
accounted for in the reserve evaluation process
because it will greatly determine the real and per-
ceived effects of protection (Mosquera et al. 2000,
Halpern 2003, Lester et al. 2009, our Fig. 3).

Finally, our results show that the number of publica-
tions on marine reserve performance in Latin America
and the Caribbean is still limited and the distribution is
geographically uneven. The majority of marine re -
serves and studies are located in the Caribbean and
thus are tropical (Table S1, Guarderas et al. 2008). It is
unfortunate that quantitative information exists for
only ~25% of no-take reserves or zones within multi-
ple-use Marine Protected Areas in this region of the
world (Guarderas et al. 2008). We emphasize the need

for more studies that document the community-wide
effects of marine reserves and the need to make such
findings available in peer-reviewed journals.
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