
livingwiththesea
local efforts buffer effects of global change



2

Lead Authors
Les Kaufman (Boston University and Conservation 

International)
John Tschirky (Conservation International)

Contributing Authors
Octavio Aburto (Scripps Institution of Oceanography)
Paul Anderson (Secretariat of the Pacific Regional 

Environment Programme)
James Atherton (Conservation International)
Thomas Brooks (NatureServe)
Monica Calvopiña (University of Tasmania)
Kent Carpenter (IUCN/CI Global Marine Species 

Assessment, Old Dominion University)
Naamal De Silva (Conservation International)
Guilherme Dutra (Conservation International/Brazil)
Graham Edgar (University of Tasmania)
Leah Bunce Karrer (Conservation International)
Ken Lindeman (Florida Institute of Technology)
Suzanne Livingstone (IUCN/CI Global Marine Species 

Assessment, Old Dominion University)
Stephen Palumbi (Stanford University)
Beth Polidoro (IUCN/CI Global Marine Species 

Assessment, Old Dominion University)
Enric Sala (National Geographic Society)
Sue Taei (Conservation International)

Science communication
Jane Thomas, Kate Bentsen, Tim Carruthers, and Bill 

Dennison (Integration and Application Network)

This publication is funded by
Gordon and Betty Moore Foundation

Reviewers
Arturo Dominici (Fundacion para el Desarollo Sostenible 

de Panama)
Lindsay Garbutt (Belize Tourism Board)
Mark Hixon (Oregon State University)
Melanie McField (Healthy Reefs for Healthy People)
Rodrigo Moura (Conservation International/Brazil)
Fernando Ortiz (Conservation International/Galápagos)
Charles Peterson (University of North Carolina)
Loraini Sivo (Conservation International/Fiji)

Table of contents
 3 Learning how to live with the sea
 4 A healthy ocean has many benefits
 6 MMAs maintain healthy oceans
 8 Conservation of multiple habitats protects 

livelihoods
 10 Local protection provides strong local benefits
 12 Local protection buffers global climate 

change
 14 Local protection maintains the richness of life
 16 Habitat conservation uses new tools and  

people
	18 Recommendations
 19 References

Preferred citation: 
Kaufman L and Tschirky J. 2010. Living with the Sea. Science and 
Knowledge Division, Conservation International, Arlington, VA, USA.

For more information:
John Tschirky
j.tschirky@conservation.org
1-703-341-2400

Conservation International
Science and Knowledge Division
2011 Crystal Drive, Suite 500
Arlington, VA 22202 USA

www.science2action.org
www.conservation.org/mmas

Printed on 100% recycled paper (50% post-consumer)



3

Establishment of marine managed areas (MMAs) is a long-term investment in secure and sustainable ecosystems—
secure for the people that depend on them for sustenance and livelihoods, sustainable in terms of the long-
term persistence of habitats and species present. The goal of MMAs is to operate over timescales of multiple 
generations and deliver returns of increased diversity and abundance of native organisms and ecosystem resilience, 
as the expected return of ecosystem health and robustness can take decades.  

Creating MMAs in many different places throughout the 
world provides discovery of both local knowledge and 
global generalizations. This knowledge forms a powerful 
management tool that can be tailored to specific 
locations.

This document draws on MMA experiences worldwide 
by synthesizing results from over 25 natural science 
studies conducted over the past five years in 18 tropical 
countries in 48 MMAs (see References and www.
science2action.org). The analysis focuses on the role 
of MMAs in maintaining healthy oceans, showing that 
MMAs can be used to enhance fisheries outside their 
borders and safeguard threatened species. Conserving 
multiple habitats using MMAs can also protect diverse 
livelihoods1 and increase fisheries yields.2 Local 
protection of marine resources through the MMA 
process can provide strong local benefits to species, 
habitats, and people. Local protection buffers against 
global climate change impacts while maintaining the 
richness of marine life. Finally, MMAs benefit by using 
new scientific approaches3,4,5 and engaging citizen 
scientists.6 

Learning how to live with the sea

What are marine managed areas?
MMAs, as defined for this booklet, are multiuse, ocean 
zoning schemes that typically encompass several types 
of subareas, such as no-take areas (e.g., no fishing, 
mining), buffer zones with particular restrictions (e.g., 
no oil drilling), or areas dedicated to specific uses 
(e.g., fishing, diving).

MMAs can take many forms, addressing different 
issues and objectives. Some MMAs involve areas 
where multiple uses (e.g., fishing, tourism) are allowed 
under specific circumstances. Others involve areas 
where no extractive human uses (e.g., fishing, mining, 
drilling) at all are allowed. Still others restrict certain 
areas to one specific use (e.g., local fishing) that is 
judged to be the most beneficial use of that area to the 
exclusion of others.

The term ‘marine managed areas’ is often used 
interchangeably with ‘marine protected areas’ (MPAs) 
as an inclusive way of describing different types of 
MPAs ranging from those with multiple-use to areas of 
complete protection.  For more information on MMAs, 
see Marine Managed Areas: What, Why and Where 
available at www.science2action.org.
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A healthy ocean has many benefits
Functioning ecosystems

Sustainable fisheries
More than half the world’s people live along tropical coastlines. Many of these 
people’s lives revolve around extracting resources from the sea, eating them, 
and then trading the rest for their other needs. Fish makes up the major source 
of protein in their diets. Over a billion people rely on fish as their main source of 
animal protein globally.9 The proteins derived from fish and shellfish account for 
13.8% to 16.5% of the animal protein intake of the human population.9

A healthy ocean that provides a stable food supply is dependent on properly 
managed fisheries and a mosaic of healthy connected habitats. It requires that 
there be sufficient breeding adults of fish to populate the next generation, ensuring 
a continual supply and sustainable fishery.10 As finfish and shellfish are dependent 
upon mangroves, seagrass, and coral reefs, it is critical that these pieces of the 
ecosystem are left intact, so as to eventually provide more food resources. 

A healthy ocean has many benefits—it increases food supply, preserves ecosystem resilience, and buffers against 
global climate change. To provide for healthy oceans, negative human impacts should be limited. This can be 
accomplished by ensuring that watersheds are managed vigilantly with sustainable land use practices that reduce 
the flow of sediments, nutrients, and pathogens into coastal waters; catch limits and gear restrictions for fisheries 
are implemented; and non-extraction zones are established to maximize the well-being of selected marine habitats 
and to allow them to provide valuable ecosystem services.8

A sustained fishery is an 
important ecosystem service 
of a healthy ocean.
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Ecological resilience
Ecosystems have evolved to recover from physical disturbance. 
Ecological resilience is the ability to return to a desirable state 
following disturbance. For example, mangrove forests devastated 
by a hurricane use their ecological resilience to return to a pre-
storm stability and function.11 There is considerable uncertainty 
today of what natural ecosystems will become following a 
disturbance, given the other threats they face. High levels of 
ecological resilience are desired so the ecosystem can repair itself 
and return to a state that is most valuable to itself and for people 
that depend on it.

Ecological resilience exists on many different scales.12 The first 
level is individual resilience—an individual is damaged and can 
heal itself. For example, when corals are broken after a physical 
disturbance, the remaining coral colony must resist invasion 
by disease, overgrowth by competitors, and consumption by 
predators, especially since the predators are now focused on a 
smaller remaining area of coral. Population resilience refers to 
when a population can rebuild itself after a very high mortality event. 
MMAs are critical in preserving population resilience, because 
MMAs consist of varying degrees of protection from people, 
providing refugia for fish and shellfish to repopulate areas where 
they are harvested. Community resilience occurs when the key 
species remain in the system after a disturbance. For example, after 
coral bleaching, the survival of a very high population of herbivorous 
fishes and other key functional members of the community can 
maintain an environment conducive to coral regeneration, leading 
the community back to health.

Climate change buffer
Organisms have adapted to disturbance for millennia.13 Global 
climate change, however, presents a major challenge.14,15 Climate 
change has many different components—ocean acidification, sea 
level rise, ocean warming, violent storms—that combine to form a 
set of stressors unlike anything these communities have evolved 
to endure. The best option available is to provide conditions that 
foster maximum possible ecological resilience.

Presently, the changing ocean conditions continue to produce 
mass coral bleaching and mortality. Corals must maintain their 
essential functions (obtaining energy to reproduce, to maintain 
healthy immune systems, and to perform competitive behaviors) 
in a robust manner to boost their resilience. Well-managed MMAs 
reduce the severity of human impacts on coastal ecosystems and 
can therefore help corals cope with the acute stresses associated 
with global climate change.

Coral reef communities can be more resilient to 
acute local and global scale impacts if they have a 
healthy complement of microbes, corals and other 
invertebrates, and herbivorous and predatory fishes.

Coral reefs in Belize bleach during an extreme high 
sea surface temperature event.
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MMAs maintain healthy oceans
Benefits of MMAs
The benefits of well-managed MMAs are many and 
varied.16,17 Where MMAs exist, there can be increased 
abundance of fish and larvae both within and outside 
the MMAs, and ecosystem resilience is increased 
because biodiversity is less disrupted. These ecological 
services contribute to more varied and sustainable 
coastal livelihoods by increasing fish catch and marine 
tourism. Such demonstration of the wealth provided 
by marine habitats can be connected to land use 
improvements and effective MMA management. 
However, to be successful and provide the maximum 
benefit for local communities, the appropriate 
geographic scale of MMA planning and management 
must be considered. Increased fish

Half Moon Caye, Belize
Half Moon Caye on 
Lighthouse Atoll is one 
of the oldest reserves 
in Belize. Most famous 
for its thriving colony 
of red-footed boobies 
and the nearby Blue 
Hole, Half Moon and 
Blue Hole together are 
managed by the Belize 
Audubon Society. As 
part of Lighthouse Atoll, 
Half Moon Caye is 
about 70 km from the 
mainland and is part 
of the Mesoamerican 
Reef furthest removed 
from regional human 
impacts. Lighthouse is 
still heavily fished, but 
ecological monitoring 
results recently showed a 
positive effect of the no-
take area at Half Moon, 
within the larger MMA 
of the Lighthouse and 
Turneffe Atolls. Inside the 
no-take area there was 
greater abundance and 
size of fishes, including 
large parrotfishes, which 
are critical to coral reef health. These positive effects 
are attributed to the age of the reserve, the investment 
in its management, and the distance from the mainland. 
Half Moon is also noteworthy for its balance of human 
values, including commercial fishing, recreational fishing, 
ecotourism, and cultural value (as a World Heritage 
site). Studies of Half Moon Caye indicate that similar 
ecological repair can occur elsewhere in the Meso-
American Reef, but only with vigilant enforcement and 
support of the resident user community.18

Managing at appropriate scales
Gulf of Honduras

In order to maximize the 
success and benefits 
of MMAs, management 
efforts must consider 
threats on all scales. 
For example, the 
terrestrial inputs to the 
Gulf of Honduras from 
Guatemala, Honduras, 
and Belize all become 
entrained in the currents 
that bathe the Meso-
American Barrier Reef 
(MAR), a World Heritage 
Site. The southern portion 
of the MAR suffers most 
acutely with a higher 
occurrence of disease 
due its close proximity to 
poor water quality. MAR-
related conservation 
strategies must include a 
multinational component 
in order to improve 
conditions along the 
entire Meso-American 
Reef.

Fisheries
Many MMAs encompass critical breeding and nursery 
areas for fish and invertebrates.8 As animals mature, 
many migrate outside of the protected areas and into 
parts of the ocean where they can be fished. Better 
management of nursery areas can result in more 
fisheries export beyond the limits of the MMA. By 
maximizing export of animals from MMAs, fisheries can 
be resupplied and potentially enhanced beyond the 
borders. 

Blue chromis swim over a mix 
of hard and soft corals along 
the Belizean Barrier Reef, 
the largest barrier reef in the 
Caribbean and the second 
largest in the world. This reef 
is part of the Southwater Caye 
Marine Reserve, a World 
Heritage Site.

Juvenile fish swim in a shallow 
reef in the Gulf of Honduras.
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Threatened species
Large and abundant animals, particularly fish and 
shellfish species, are usually targeted for fishing 
harvest. Without the existence of refuges of time and 
space and gear restrictions, even the most plentiful 
species can be diminished to levels of commercial 
or ecological extinction. This is especially the 
case when large productive females are removed 
and natural habitats damaged. This leads to a 
compromised ecosystem no longer able to provide 
food and sustenance, with little or no ability to adapt to 
environmental perturbations. 

Supporting biodiversity
Cabo Pulmo, Mexico

The Cabo Pulmo National 
Marine Park, established 
in 1995, is located in 
Baja California between 
La Paz and Cabo San 
Lucas. Although only 
30% of the Park was 
originally designated as a 
no-fishing zone, the local 
community has treated 
the entire park as such.19 
The Park supports rich 
biodiversity20 which has 
increased dramatically 
in the 15 years since the 
Park’s establishment. In 
particular, the diversity 
and biomass of predatory 
fishes, such as snappers, 
groupers, jacks, and 
sharks, has increased 
so that Cabo Pulmo 
supports up to 20 times 
more biomass of these 
important top predators 
than any other area of 
equal size in the Gulf 

of California. Endangered Gulf grouper (Mycteroperca 
jordani) are in severe decline throughout the rest of the 
Gulf of California. However, Cabo Pulmo is proving a 
critical refuge for this species, with surveys in the Park’s 
waters accounting for 30% of Gulf grouper sightings 
within the Sea of Cortez. The Park provides economic 
benefits resulting from ecotourism and sport fishing, 
which are also tied to the high fish biomass. The local 
community in Cabo Pulmo is very supportive of the Park, 
encouraging low-impact development in the area, and 
opposing the Mexican government’s recent approval of a 
large development to be constructed just north of Cabo 
Pulmo.

Adaptive management cycle
In true adaptive management, a feedback relationship 
exists in which scientific results inform daily MMA 
management practices in order to maintain a healthy 
ecosystem.12 Monitoring programs must be in place 
in MMAs to quantify ecosystem response to different 
management regimes. Data collection, analysis, 
and discussion are critical to inform managers and 
other stakeholders regarding success or failure of 
management strategies. This knowledge enables 
managers to adapt management strategies to minimize 
adverse effects and maximize benefits. Trained 
personnel and flow of information are also critical to 
ensure adaptive management. 

Using science for improved resource 
management
Corumbau Marine Extractive Reserve, Brazil
The Corumbau Marine 
Extractive Reserve 
(CMER) was created 
along the coast of 
Southern Bahia to 
assist neighboring 
fishing communities 
in securing a reliable 
and sustainable catch 
of finfish and shrimp, 
thereby maintaining their 
traditional and preferred 
livelihood. The shallow-
water habitats found 
along the Abrolhos Bank 
were historically rich in 
commercially important 
species and these were 
heavily fished. Soon after 
the establishment of the 
CMER, which includes 
no-take areas, marine 
scientists conducted a 
fisheries assessment 
and initiated a regular 
ecological monitoring 
program. Within several years of monitoring, it was 
determined that no-take areas were successful in 
restoring the biomass (increased size and abundance) 
of targeted fish. Given this success, managers decided 
to ease restrictions on types of gear and areas closed 
to extraction. Scientists and fishers both quantitatively 
documented a precipitous and significant decline in 
target species and reinstated the fishing regulations. 
Biomass of target species subsequently returned to 
high levels.21 Spillover of these target species from 
the no-take zones to the open-access areas has also 
been recorded, and the local fishers are supporting the 
creation of new MMAs in the region.22

The leopard, or golden, 
grouper (Mycteroperca 
rosacea), listed as Vulnerable 
by the IUCN, is found within 
Cabo Pulmo National Marine 
Park.

A sustainable harvest of fish 
is enjoyed by fishermen who 
are part of the Corumbau 
Extractive Reserve in Bahia, 
Brazil.
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Conservation of multiple habitats  
protects livelihoods
Near and far 

The life cycle of lobsters shows that just one species needs many connected habitats to survive and reproduce successfully.

Animals that are important food resources often have 
complex life cycles. They spawn in one place, young 
develop in another, adults live in another, and then the 
adults may move yet someplace else to spawn. Many 
species also move among habitats over the course of a 
day. The growth of many snapper species, for example, 
is dependent upon their ability to move amongst 
connected habitats of mangroves, seagrass, and coral 
reefs. A greater abundance of snapper can result from 
mangrove forest protection as mangroves function as 
refuge and feeding areas for early life stages before  
young move away as adults.23

As well as benefits to the species, habitats benefit 
each other in other ways. For example, intact mangrove 
forests physically protect coastlines and reefs from 
the effects of storm surge, tsunamis, and rising sea 
level, while providing nutrients to adjacent systems. 
The connection among habitats is critical, with intact 
mangroves, seagrass, and coral reefs each dependent 
upon the other.

Habitat patchwork
Ideal conditions required for growth of any particular 
organism vary over scales of both time and space.24 
For example, a particular mangrove forest that is very 
productive one year might perform very poorly the next 
year, while an adjacent forest reacts in the opposite 
manner. This occurs because the success of a habitat 

and its associated organisms are 
dependent on a variety of factors. 

By protecting several replicates of similar habitats in the 
system, along an environmental gradient, the likelihood 
increases that at least one habitat will be healthy in any 
particular year. Healthy patches of habitat export plants 
and animals to the other patches, so that they have a 
good chance of improving in coming years. A network 
of MMA sites in different habitats greatly increases 
the effectiveness of each MMA, while allowing the full 
benefits to be reaped.

Early life cycle stages of dog snapper in Brazil typically occur 
inshore (estuary and inner shelf), while later stage adults are 
more abundant offshore (mid-shelf).24
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Fish density is far greater in undisturbed mangroves as compared 
with disturbed mangroves in the Twin Cays of Belize.26

Mangroves are particularly critical ecosystems to protect because of 
their role as nursery grounds for many marine species.

As mangrove area increases, landings for fish and crabs in the Gulf 
of California increase as well, demonstrating the importance of 
these ecosystems (data are average ± SE [2001–2005]; solid line, 
model; dashed line, 95% confidence intervals).25

It is increasingly common for MMAs to be managed 
in ways that lead to increased abundance and size 
(i.e., biomass) of commercially important shellfish and 
finfish species. To ensure the sustainability of these 
populations, MMAs often focus on protecting habitats 
utilized by these species throughout their life history, 
particularly spawning and nursery grounds.

Mangroves play a particularly critical role as nursery 
grounds. The areal extent of mangrove forests has been 
closely correlated with fish and invertebrate landings.25 
Shrimp and fish productivity in intact (undisturbed) 
mangrove forests is 50% greater than in converted 
(disturbed) mangroves.26,27 In order for mangrove 
forests to maintain high levels of productivity, they must 
remain intact and undisturbed.

Increased fisheries
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Historically, there has been an assumption that 
marine species populations were replenished by 
distant populations, with the implication that localized 
management efforts were not critical. Recent 
analyses, however, have shown that many organisms 
are more localized in their dispersal ability than 
previously realized, and stakeholders cannot rely on 
distant populations to replenish local populations. 
Consequently, local management efforts are critical for 
long-term sustainability of these populations.

As larvae, most marine organisms have the ability to 
travel vast distances over the ocean, but this does not 
mean that they do. Most have evolved the behavior 
of catching currents that return them close to their 
birthplace. This mechanism of dispersal is imprecise: 
some distant populations remain connected, but the 
distance animals actually stray from their birthplace is 
much less than previously thought—on the order of a 
few tens of miles, not hundreds or thousands.28,29,30 

Past the phase in which pelagic larvae can disperse on 
ocean currents, connectivity occurs on a hierarchical 
scale with newly settled individuals and juveniles 
moving on a small scale and adult animals moving on 
a larger scale.31 Generally, most mobile organisms are 
fairly local, as they move only tens of kilometers. This 
includes the vast majority of organisms inhabiting coral 
reefs, mangroves, and seagrass habitats. 

Local protection provides 
strong local benefits
Localized replenishment

Within the Fijian archipelago, corals, sea cucumbers, 
and fishes disperse surprisingly little—only a few tens of 
kilometers per generation. There are genetically distinct 
populations of coral species that exist geographically close 
to each other but do not exchange larvae often enough to 
remain genetically similar.30

Scientists originally thought that Fijian fish populations (top panel), which look similar to populations in the rest of the Indo-
West Pacific (bottom panel), were closely connected. It was thought that these “neighbors” replenished Fiji’s fish stocks 
thousands of miles apart. However, genetic analysis has proven that belief incorrect, with much lower levels of connectivity 
than expected. This is strong evidence of the need of MMAs to protect local habitats to ensure species’ continued existence.28

Fiji

Indo-West Pacific

Cinnamon clownfish 
(Amphiprion melanopus)

Talbot’s damselfish 
(Chrysiptera talboti)

Dotted wrasse 
(Cirrhilabrus punctatus)

Cleaner wrasse 
(Labroides dimidiatus)

Lemon damsel 
(Pomacentrus moluccensis)
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Graphic representation of biogeographic affinities of 
Southwest Pacific, showing the unit as a whole as well as 
slight differences among Fiji, Tonga, and Samoa.32

MMA spillover benefits fishery
Hawaii
Some young yellow tang (Zebrasoma flavescens) hatched 
in no-take ‘Fish Replenishment Areas’ (FRAs) along 
the Kona coast of the Big Island in Hawaii ultimately 
settle and develop along the same coastline. Extensive 
enforcement of these FRAs and public communication 
has resulted in abundant populations of this exploited 
species. The spillover of these populations to the 
surrounding areas has supplemented the surrounding 
populations, which are eagerly harvested for the aquarium 
industry.33

These levels of connectivity have important 
management implications. On the smaller scale, if 
stakeholders want these animals tomorrow, they have 
to take care of them today. If local populations are 
depleted it will take a long time for the animals to return 
since a limited adult population will be available for 
replenishment. On the larger scale, the implication of 
animals undertaking great migrations is that they are 
extremely vulnerable both in aggregation and on nesting 
grounds, as reproduction is usually the reason for such 
migrations. Consequently, it is particularly important to 
protect nursery and spawning aggregation sites.

Long-scale migrations vs. local 
populations
Large ocean-going animals 
like bluefin tuna, sea turtles, 
and whales are famous for 
their great migrations. When 
scientists found that even 
small fishes can potentially 
move very far across the 
ocean as eggs and larvae, 
naturally they assumed this 
was the rule and that fish 
populations were connected 
over large distances. As 
it turns out, this often is 
not the case. But even 
limited dispersal potential 
is sufficient to keep from 
being completely eliminated 
by natural disasters (e.g. earthquakes, volcanoes, and 
hurricanes) that can destroy entire populations. Most of 
the time, it is a good strategy for the young to return to 
where they were born. Previous generations did well there 
and low dispersal from one generation to the next can 
be advantageous. This strategy serves like an insurance 
policy against future disasters, as well as a way to keep 
the local population sufficiently large.

Humpback whales migrate 
great distances between 
their summer feeding 
grounds in the polar region 
and winter calving and 
breeding areas in warmer 
regions. These animals need 
protection at both ends of 
their migrations.

Yellow tang populations are 
supported by FRAs.

Examples of 
animals that move 
on the scale 
of hundreds of 
kilometers are 
pelagic fishes, 

sometimes including 
groupers and snappers 

moving to spawning 
aggregations. Large open-

ocean animals, such as 
sea turtles, whales, and tuna, 

undertake long-distance migrations 
and move on the scale of thousands of 

kilometers.
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Coastal ecosystems are affected by local and global 
impacts. Unsustainable fishing pressure, pollution, 
and climatic changes can reduce the resilience of the 
ecosystem to handle the additional effects of global 
climate change. MMAs can protect coastal ecosystems 
from local impacts and thereby restore the abundance 
and diversity of marine life and overall ecosystem 
health. The case studies on these pages demonstrate 
that if a system is intact to begin with, it can respond 
and recover more quickly from the negative effects of 
global climate change. However, it is necessary for 
these systems to possess that resilience if they are to 
survive these new and large-scale global challenges. 
The systems that appear to be most resilient—the most 
capable of coping effectively—are systems that are 
geographically remote from human beings.

Local protection buffers 
global climate change
Local impacts can reduce resilience

Resilience to El Niño
Galápagos Islands
Research results from 
the Galápagos Islands 
provide some indication 
of how resilience is 
influenced by MMAs.34 
The Galápagos Islands 
are subject to periodic 
climate shifts every few 
years when an El Niño 
event occurs. These 
events provide a large-
scale laboratory that 
replicates impacts of 
global climate change on 
marine ecosystems. The 
Galápagos archipelago 
is comprised of two 
opposing systems—
cold water and warm 
water. Nowhere else do 
penguins swim over reef-
building corals. During 
an El Niño cycle, a warm 
water regime dominates. 
This is similar to what the 
region will experience over 
a longer period of time 
with global climate change impacts. Research results 
have found that the systems within MMAs are potentially 
better positioned to cope with El Niño episodes than 
those outside MMAs. Across the Galápagos Marine 
Reserve, islands located at greatest distance from fishing 
communities were found to possess higher densities 
of fishes, lower densities of grazing sea urchins, and 
higher coral cover, suggesting that predation by large 
fishes and lobsters controls numbers of grazing animals 
that inhibit coral growth. These patterns likely arose as 
a consequence of stresses associated with fishing and 
ocean warming acting together. Thus, coral reefs in 
lightly fished areas are less affected by El Niño periods 
of extreme warming than corals in fished areas because 
numbers of coral predators such as pencil urchins are 
controlled by high predator populations. Newly created 
conservation zones in Galápagos Marine Reserve where 
fishing is excluded should therefore assist coral habitat in 
resisting impacts of future El Niños and climate change. 
Overall, existing monitoring studies need to be extended 
over longer time periods to determine the full extent to 
which effective governance and strict protection from 
fishing generate benefits beyond increased fish biomass.

A school of black-striped 
salema (Xenocys jessiae) in 
Galápagos. This Galápagos 
endemic species was 
assessed as Vulnerable by 
the Global Marine Species 
Assessment, and will likely be 
included as such on the IUCN 
Red List.

The Galápagos penguin (Spheniscus mendiculus) is 
endemic to the Galápagos Islands. It is the only penguin 
that lives north of the equator in the wild. The penguin 
is endangered, and the rarest of penguin species, with a 
population size estimated in 2004 to include around 1,500 
individuals. Its survival is directly linked to the presence of 
cool water temperatures.
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A natural experiment in resilience
Southern Line Islands
The Southern Line Islands and Phoenix Islands make up a 
chain of atolls and reefs in the central Pacific Ocean. Prior 
to 2002, the Southern Line Islands and Phoenix Islands had 
the same marine communities, the same endemic species, 
and were considered among the most remote and pristine 
coral reef systems on earth. In 2002, a mass bleaching 
event entirely bleached all of the Phoenix Islands but left 
the Southern Line Islands unscathed. This gave us a natural 
experiment to help us understand how reefs might recover 
from bleaching in the absence of all local human impacts 
that would otherwise compromise coral community health.

Surveys in 2009 provided evidence that the coral reefs 
of the Phoenix Islands are regenerating with extraordinary 
vigor. Not only that, but they are regenerating mostly 
by gradually accumulating more coral from the small 
percentage of coral that survived bleaching. These reefs are 
self-healing. In the few places in the Phoenix Islands where 
there were very modest local impacts due to nutrient inputs, 
reef recovery did not occur. This lack of recovery was 
demonstrated by low coral cover and cyanobacterial mats 
preventing coral recruitment.

This natural experiment provides insights into how very 
resilient coral reefs can be against global climate change if 
local human impacts can be minimized through appropriate 
and effective management.

The Phoenix and Line Islands were chosen as a case study 
because of their remoteness and because they encompass 
a gradient of human disturbance, from inhabited 
islands with intensive fishing (Northern Line Islands) to 
uninhabited islands with pristine coral reefs (Phoenix and 
Southern Line Islands). The islands were affected by the 
warming event of El Niño in 1997–98 and many corals 
died from bleaching. The islands with better protection, 
less human impacts, and greater fish biomass recovered 
more completely. This natural experiment suggests that the 
better protected the local ecosystem is, the more likely it is 
to recover from the impacts of global climate change.

Coral recruitment and fish biomass on four reefs in 
the Line Islands, showing reefs with better protection 
recovered better after an El Niño-related bleaching event 
in 1997–98.35

General aspect of fore-reef habitats (left column) and 
representative shallow benthic habitats (right column) 
at Kingman (A–B), Palmyra (C–D), Tabuaeran (E–F), 
and Kiritimati (G–H). As population and human impacts 
increase from Kingman (uninhabited) to Kiritimati 
(population 5100), fish biomass, coral cover, and coral 
recruitment decrease.35
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Local protection maintains
the richness of life
Extinction matters
Species extinction deprives humanity of resources 
for food, genetic stock, tourism, cultural identity, 
and options for the future. In addition, extinction is 
wholly irreversible—once a species is lost, it can 
never be brought back. On land, human impacts have 
accelerated species extinction rates to a thousand 
times higher than rates normal throughout Earth’s 
history. In the sea, though, a popular belief has been 
that marine species are somehow immune to extinction. 
Recent research proves that this is not the case.36

Worldwide, one in five grouper species, one in three 
species of sharks and rays, and one in three species of 
reef-building corals face extinction. These threat levels 
are comparable to those known for terrestrial species 
groups of mammals, birds, and amphibians.37 In the 
Galápagos alone, human impacts have driven the likely 
extinction of nine species of fish, seastar, and seaweed 
over the last quarter-century. No less than 74 shorefish 
and 15 seaweed species found only in the Eastern 
Tropical Pacific Seascape (ETPS) have now been 
documented to face a high danger of extinction.

Threat rates for marine species groups are comparable to 
terrestrial species. Bars indicate percentages of species 
listed as threatened on the 2009 IUCN Red List (excluding 
Data Deficient species; maximum error bars show 
percentages if all Data Deficient species are threatened, 
minimum error bars percentages if no Data Deficient species 
are threatened). Numbers within the bars are the total 
numbers of threatened species in each group.

The Galápagos stringweed (Bifurcaria galapagensis), an 
alga unique to the Galápagos, was historically abundant, 
but has not been recorded since 1983 and is now assessed 
as Critically Endangered (Possibly Extinct), likely due to 
extreme ocean warming during El Niño and local threats. As 
a result, marine iguanas (Amblyrhynchus cristatus) now rarely 
feed subtidally. The iguanas are now listed as Vulnerable on 
the IUCN Red List.37

Important shallow-water species are 
still being discovered
Brazil
The Brazilian 
snapper (Lutjanus 
alexandrei) was 
discovered during 
implementation of 
the MMAS Program 
and described as 
new to science in 
2007. It is endemic 
and has a small 
range on a global 
scale, as it is 
restricted to shallow-
water habitats off 
northeastern Brazil.

The Brazilian snapper is a newly 
documented species of snapper.
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Many marine species, particularly threatened and poorly 
known species, have small ranges. For reef-building corals, 
shown here, more species fall into the smallest range size 
class than any other, and most threatened and data-deficient 
species have small ranges. Data from 2009 IUCN Red List, 
courtesy Beth Polidoro and Kent Carpenter.

Local actions, however, can stop this loss of global 
diversity of marine life. Many threatened marine species 
inhabit small geographic ranges, as the following chart 
shows for corals. 

The scalloped hammerhead shark (Sphyrna lewini) plays an 
important ecological role at aggregation sites, including at 
Cocos Island (Costa Rica) and the Galápagos in the Eastern 
Tropical Pacific Seascape. It is classified as Endangered by the 
IUCN Red List.37

Protection benefits threatened fish populations
Tortugas Ecological Reserve, Florida
In the Florida Keys, 
increased fishing pressure 
from both commercial and 
recreational interests raised 
concerns about overall 
fisheries sustainability. 
Previous research has 
documented unsustainable 
exploitation of 70% of the 
species representing the 
“snapper-grouper” fish 
complex. Since the Dry 
Tortugas area is an important 
source of recruitment for 
coral reef fishes, no-take marine reserves (NTMR) (566 
km2) were established in 2001 as zones within the Florida 
Keys National Marine Sanctuary. Reef fish populations were 
assessed before and three years after NTMR establishment 
using fisheries-independent surveys. The researchers 
analyzed population and community metrics, which included 
frequency of occurrence, abundance, size compositions, 
and species richness. Significant signs of recovery of 
reef fish populations were seen over relatively short time 
periods since NTMR implementation, providing evidence 
that no-take reserves can lead to the recovery of threatened 
species populations.40

Percent change in abundance over three years of 
protection. Strictest protection in Tortugas Ecological 
Reserve yielded the largest population increases of 
mutton snapper and hogfish (both assessed as Vulnerable 
on the IUCN Red List).40

Moreover, while 63% of the 231 threatened coral 
species are particularly sensitive to global pressures 
such as bleaching and disease, 52% are especially 
vulnerable to local pressures including community 
disruption and harvesting.38 

Local protection is already helping to prevent this 
extinction crisis in the sea. In Samoa, for example, five 
threatened marine species are known to live in marine 
protected areas.39 When surveys are completed, it 
is likely that many other threatened species will be 
found. In the Florida Keys National Marine Sanctuary, 
investigations show reduced abundance of two 
exploited and threatened species in fully fished areas, 
intermediate abundance in the national park where 
limited recreational fishing is allowed, and increased 
abundance in the no-take marine reserve.40 Long-term 
monitoring efforts are needed to continue to assess the 
effectiveness of MMAs under different management 
regimes.
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New molecular approaches enhance 
conservation science 
Research at the genetic level can help in 
understanding and improving coral health 
rather than merely documenting declines.41 
Some genes are expressed (“turned on”) 
specifically to defend against stressors in 
their environment. The expression of genes 
in resilient individuals differs from susceptible 
individuals. Therefore, an understanding 
of the genetic basis of such differences could allow an 
estimation of vulnerabilities of populations. By testing 
for genotypes in different populations, vulnerability to 
particular stressors at key locations can be determined 
and this knowledge used for creating marine managed 
areas and tracking the sources of threats.42

Corals also have genes used to defend against 
disease and heal damaged tissue; these genes and 
the chemicals that they produce are often termed the 
‘defensome’.  Methods are currently being developed to 
measure the patterns of defensome activity to provide 
the ability to predict when corals are at greatest risk from 
threats caused by local and global stressors.  

The role of microbes is increasingly recognized for 
contributing to both healthy and degraded coral reefs.  
A healthy microbial community is essential for productive 
and resilient reefs, as the proliferation of unhealthy 
microbes (e.g., Vibrio) results in degraded reefs due to 
increased incidence of disease. Recent developments 
in assaying the distribution, relative abundance, and 
diversity of microbes in and around coral reef habitats 
will lead to advances in detecting threats and their 
sources in order to prevent them.

Microbes are key to both healthy and degraded coral reefs. 
Concentrations of Vibrio, a pathogenic bacteria, in the Line 
Islands indicate that protected, healthy reefs like Kingman 
and Palmyra have low levels of toxic microbes while 
degraded reefs have higher concentrations.43

Habitat conservation uses  
new tools and people
New scientific approaches provide global insights

credit?

The role of science in MMAs is to help people 
understand how these areas respond to changes in 
the environment and to management. The results of 
science-based assessments and long-term monitoring 
become the insights for finding solutions needed to 
improve ocean health. However, limitations presently 
exist as more precise methodologies are needed to 
connect observed stress in the ocean and its organisms 
to specific sources. These methods should be efficient 
in both cost and labor. 

Recent achievements in understanding the complex 
working of genomes of coral reef organisms are 
presenting many possibilities for understanding the 
agents that stress corals, and how these organisms 
may adapt accordingly. Likewise, with years of 
experience gained through studying and monitoring 
coral reef conditions, scientists agree on the most 
important metrics to be used in developing indices of 
coral reef community health.

The approaches in doing this work can be streamlined, 
but the costs will remain. However, the effectiveness 
of management cannot be evaluated without data 
collection and analysis. Recognizing this, costs can 
be justified as an investment in the future health of our 
natural systems by providing accountability. 

Coral Health Index measures reef health 
from local to global scales
The Coral Health Index (CHI) was developed to provide 
a simple method of quantifying the gradient from 
healthy to degraded reef. The resulting index, based on 
combining metrics used to measure key benthos, fishes, 
and microbes, is an accepted diagnostic measure 
to understand the difference between healthy and 
degraded coral reefs. Using this index informs scientists 
and managers of basic reef processes and when used 
globally will establish a global baseline for measuring 
and monitoring future progress in conservation actions. 
CHI protocol is available at www.science2action.org.

Natural services from coral 
reefs to human society are 
maximized when reefs are 
healthy (CHI = 1.0). The 
choices people make today 
will determine the state, and 
continued existence, of coral 
reefs now and into the future.
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Recreational divers 
track threatened 
species
Most threatened marine 
species are rarely observed 
or highly localized in 
distribution—a challenge for 
scientists trying to accurately 
determine changes in 
population numbers of these 
species. Managers also need 
information on population 
trends when assessing if 
local conservation strategies 
are successful. Recreational 
divers provide the needed 
eyes for an innovative 
program aimed at tracking 
population changes of 
threatened marine species 
across the Eastern Tropical 
Pacific Seascape (ETPS). 

Divers identify any threatened species observed on dives 
using an illustrated guide. Through this cost-effective 
process, over a thousand records of threatened marine 
species have now been compiled (Threatened Marine 
Species: ETPS available at www.science2action.org).

The guide booklet also 
includes a log, which 
divers electronically 
forward after completing 
dives with their records of 
abundances and locations 
to a central Galápagos 
database managed by 
the Charles Darwin 
Foundation. 

Reef Life Survey 
assesses marine 
communities
Reef Life Survey (RLS) 
produces data used by 
scientists to measure 
the human footprint on 
marine ecosystems. It 
aims to provide high-
quality information to 
better manage inshore 
marine habitats for 
conservation, recreation, and resource utilization. RLS 
does this through development of a small network of 
skilled recreational divers trained to quantitatively survey 
marine communities, producing technically rigorous, 
species-level data on the abundance and size of fishes, 
corals, sea urchins and other invertebrates, and marine 
plants. RLS places particular emphasis on data quality, 
which is achieved by limiting the program to the most 
capable divers, by providing immediate feedback 
when divers complete surveys or have queries, and by 
collaboratively involving divers on scientific research 
cruises. www.reeflifesurvey.com

Citizen science provides an early warning system
Monitoring different management regimes within a 
MMA serves as an antenna to assess the effectiveness 
of human stewardship. This tool allows scientists to 
look at different management efforts in different places 
to see what works and what does not. As doctors 
diagnose patients, scientists can “take the temperature” 
of an ecosystem by using the correct diagnostic tools. 
Science provides better diagnostics, better flow of 
information, and a way of integrating information and 
drawing conclusions about investments in ecosystem 
management.

Scientific surveys of marine habitats are expensive but 
provide the best opportunity to accurately track the 
global ecological state of the marine environment over 
the long term. Interested non-scientists that assist in 
the collection of data are called citizen scientists. As 
new tools are developed for gathering basic scientific 
data, citizens can economically employ those tools in an 
effective manner.44 

In effect, citizen science programs involving networks of 
recreational divers allow scientists to “remotely sense” 
patterns at scales otherwise impossible to cover. 
Invaluable information on reef ecosystems at regional 
to global scales has been provided by programs run by 
the Reef Environmental Education Foundation (REEF, 
www.reef.org), Reefcheck (www.reefcheck.org) and 
Reef Life Survey (RLS; www.reeflifesurvey.com).

Since 2004, the Gulf and Caribbean Fisheries Institute 
(GCFI), with support from the United Nations Environment 
Programme (UNEP) and other partners, has presented 
the Gladding Memorial Award to recognize leading 
fishers committed to sustainable use and conservation 
of marine resources. The award empowers these leaders 
to learn more about management issues and to promote 
sustainable fishing practices in their countries and 
beyond. To date, 13 fishers have received the award, 
representing 11 diverse countries throughout the Caribbean. 
More information is available at: www.gcfi.org/PGMA/
PeterGladdingMemorialAward.html

Volunteer RLS diver reeling in 
transect tape after censusing 
coral reef fishes and 
invertebrates.
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Recommendations
The following are recommendations stemming from the 
natural science analyses highlighted in this publication 
and from the social science analyses highlighted 
in People and Oceans (both available at www.
science2action.org).

Government Agencies: 
•	 Regulate with appropriate penalties to enable 

managers to effectively police their MMAs.
•	 Enforce MMAs by surveillance and detection, 

interception and arrest, prosecution, and sanctions.
•	 Invest in MMAs by providing funding, personnel, 

and infrastructure support.  
•	 Plan for sustainable regional development, while 

recognizing global issues such as climate change.
•	 Integrate ocean management with land 

management.
•	 Coordinate scientific discovery and citizen 

scientist efforts to support MMAs. 

Local Community: 
•	 Participate in the design and establishment 

of MMAs so that stakeholders are vested in the 
success of the MMA.

•	 Learn and adapt to the changing conditions and 
use MMAs as social learning experiments.

•	 Celebrate ocean resources through cultural events 
and engage broader groups of people in MMAs.

•	 Engage in alternative livelihoods to sustain marine 
resources, as well as engage life-long learning 
activities afforded through MMAs.

•	 Respect the limits of the ocean and the patchwork 
of MMAs to maintain diversity of habitats. 

•	 Wait long enough for MMAs to have desired 
effects; impatience with natural ecosystems is not 
often rewarded.

Marine Scientists: 
•	 Monitor the effectiveness of MMAs, both in terms 

of natural resources and management practices 
such as economic incentives.

•	 Develop targeted research to help to decide 
between trade-offs and capture the links between 
natural and cultural knowledge.

•	 Disseminate scientific knowledge to MMA 
managers and stakeholders for effective 
management and success of MMAs.

•	 Establish monitoring and research relevant 
to MMA issues and draw on local community 
knowledge.

•	 Investigate the relationship between spatial size 
and arrangement of MMAs and their effectiveness 
for fisheries and for other ecosystem features.

•	 Create new scientific tools for professional 
scientists and well as citizen scientists to better 
monitor and interpret MMA effectiveness.  

Marine Managers
•	 Seek economic support for MMAs by matching 

fees to the willingness to pay (value) of the MMA 
and engage in fundraising activities. 

•	 Educate visitors and stakeholders on how people 
depend on oceans (ecosystem services) and 
promote awareness of sustainable resource use for 
long-term benefits.

•	 Maintain compliance of the local community for 
MMAs using incentives and enforcement.    

•	 Manage MMAs in an integrated fashion, 
encompassing the watershed and adjacent marine 
ecosystem beyond MMA boundaries. 

•	 Connect MMA management to local community 
initiatives.

•	 Facilitate communication between MMAs 
and stakeholders to acheive climate adaptation, 
biodiversity maintenance, and habitat protection.

Private Businesses: 
•	 Allocate a portion of profits to the establishment 

and operation of MMAs to assist in long-term 
conservation.

•	 Educate staff and visitors about conservation 
practices and improve environmental literacy.

•	 Promote sustainable use of resources and good 
conservation practices.

•	 Develop experiences in which a healthy ocean is 
the feature that attracts sustainable development. 

•	 Balance the seemingly contradictory demands of 
protecting natural resources to be able to reliably 
obtain these same resources.  

•	 Focus on biodiversity and locally unique (endemic) 
species or habitats to foster ecotourism.  

Non-Government Organizations:  
•	 Foster long-term partnerships between natural 

resource agencies, conservation managers, and 
communities.

•	 Inform policy and influence decision-makers 
through environmental and conservation education, 
interpretation, and media outreach programs.

•	 Develop sustainable financing mechanisms 
including economic incentives and payments for 
marine ecosystem services.

•	 Build capacity in the local community to manage 
MMAs through training programs and investments 
in conservation support.  

•	 Adopt a systems-wide perspective to manage 
MMAs within the context of the landscape and 
seascape.

•	 Educate government officials, scientists, and 
resource managers about conservation values and 
economic values of MMAs.



19

Photo Credits
Cover (large photo; left to right): © Keith A. Ellenbogen/iLCP; © Karen Koltes; 

© David Obura; © Cat Holloway; © Roderic B. Mast
Page 4: © Graham Edgar
Page 5 (top to bottom): © Enric Sala; © Randi Rotjan
Page 6 (left to right, top to bottom): © Arturo Dominici Arosemena; © Will 

Heyman; © Randi Rotjan
Page 7 (left to right): © Octavio Aburto/iLCP; © CI/photo by Guilherme Dutra
Page 9: © Tim Laman/iLCP
Page 10: © Gerry Allen
Page 11 (left to right): © Brett Atkins/Shutterstock; © Luc Viatour
Page 12: (left to right): © istock; © Graham Edgar
Page 13: © Zafer Kizilkaya and Jennifer Smith
Page 14 (top to bottom): © Jack Stein Grove/JSGrove.com; © CI/photo by 
R.L. Moura
Page 15: © Alex Hearn
Page 17 (top to bottom): © Ken Lindeman; © Graham Edgar

1.	 Mumby	PJ	(2006)	Connectivity	of	reef	fish	between	mangroves	and	coral	
reefs:	Algorithms	for	the	design	of	marine	reserves	at	seascape	scales.	
Biological	Conservation	128:	215–222.

2.	 Roberts	CM	and	Hawkins	JP	(2000)	Fully	Protected	Marine	Reserves:	A	guide.	
WWF	Endangered	Species	Campaign,	1250	24th	Street,	NW,	Washington,	
DC	20037,	USA	and	Environment	Department,	University	of	York,	York,	
YO105DD,	UK.

3.	 Barshis	DJ,	Stillman	JH,	Gates	RD,	Toonen	RJ,	Smith	LW,	and	Birkeland	C	
(2010)	Protein	expression	and	genetic	structure	of	the	coral	Porites lobata	
in	an	environmentally	extreme	Samoan	back	reef:	does	host	genotype	limit	
phenotypic	plasticity?	Molecular	Ecology	19:	1705-1720.

4.	 Thurber	RV,	Willner-Hall	D,	Rodriguez-Mueller	B,	Desnues	C,	Edwards	RA,	
Angly	F,	Dinsdale	E,	Kelly	L,	and	Rohwer	F	(2009)	Metagenomic	analysis	of	
stressed	coral	holobionts.	Environmental	Microbiology	11:	2148-2163.

5.	 Prieto-Davo	A,	Donavan	M,	Edwards	RA,	Walsh	S,	McDole	T,	Haynes	M,	
Wegley	L,	Rohwer	F,	and	Dinsdale	EA	(in	prep.)	Microbial	gene	content	
varies	with	environmental	conditions.

6.	 Irwin	A	(1995)	Citizen	Science:	A	study	of	people,	expertise	and	sustainable	
development.	Routledge,	New	York,	New	York.

7.	 WCPA,	UNEP,	WCMC,	IUCN	(2010)	World	Database	on	Protected	Areas	
(WDPA).	Accessed	on	April	22,	2010.	www.wdpa.org

8.	 Roberts	CM,	Bohnsack	JA,	Gell	F,	Hawkins	JP,	and	Goodridge	R	(2001)	Effects	
of	marine	reserves	on	adjacent	fisheries.	Science	294:	1920–1923.

9.	 World	Health	Organization.	Global	and	regional	food	consumption	patterns	
and	trends.	http://www.who.int/nutrition/topics/3_foodconsumption/en/
index5.html

10.	 Berkeley	SA,	Hixon	MA,	Larson	RJ,	and	Love	MS	(2004)	Fisheries	
sustainability	via	protection	of	age	structure	and	spatial	distribution	of	fish	
populations.	Fisheries	29:	23-32.

11.	 Primavera	JH	and	Esteban	JMA	(2008)	A	review	of	mangrove	rehabilitation	
in	the	Philippines:	success,	failure,	and	future	prospects.	Wetland	
Ecological	Management	16:	345-358.

12.	 Gunderson	LH	and	Holling	CS	(2002)	Panarchy:	Understanding	
transformations	in	human	and	natural	systems.	Island	Press,	Washington,	
DC.

13.	 Gunderson	LH	(2000)	Ecological	resilience	-	in	theory	and	application.	
Annual	Review	of	Ecology	and	Systematics	31:	425-439.

14.	 IPCC	(2007)	Climate	Change	2007:	The	physical	science	basis.	
Contribution	of	Working	Group	I	to	the	Fourth	Assessment	Report	of	the	
Intergovernmental	Panel	on	Climate	Change	[Solomon	S,	Qin	D,	Manning	M,	
Chen	Z,	Marquis	M,	Averyt	KB,	Tignor	M,	and	Miller	HL	(eds)].	Cambridge	
University	Press,	Cambridge,	United	Kingdom	and	New	York,	NY,	USA.

15.	 Johnson	JE	and	Marshall	PA	(eds)	(2007)	Climate	Change	and	the	Great	
Barrier	Reef.	Great	Barrier	Reef	Marine	Park	Authority	and	Australian	
Greenhouse	Office,	Australia.

16.	 Kelleher	G	and	Kenchington	R	(1992)	Guidelines	for	Establishing	Marine	
Protected	Areas.	A	Marine	Conservation	and	Development	Report.	IUCN,	
Gland,	Switzerland.

17.	 Kenchington	RA	and	Agardy	MT	(1990)	Achieving	marine	conservation	
through	biosphere	reserve	planning	and	management.	Environmental	
Conservation	17:	39–44.

18.	 Shank	BV	(2010)	Effectiveness	of	Marine	Managed	Areas	of	Central	and	
Southern	Belize:	Spatial	variations	in	major	community	processes	and	the	
implications	for	local	management	success	[dissertation].	Boston,	MA,	
Boston	University,	279pp.

19.	 Aburto	O	(2010)	Los	beneficios	de	las	reservas	marinas	(The	benefits	of	
marine	reserves).	Biodiversitas	89:	1–6.

20.	 Alvarez-Filip	L,	Reyes-Bonilla	H,	and	Calderon-Aguilera	LE	(2006)	
Community	structure	of	fishes	in	Cabo	Pulmo	Reef,	Gulf	of	California.	
Marine	Ecology	27:	253–262.

21.	 Francini-Filho	RB	and	de	Moura	RL	(2008)	Dynamics	of	fish	assemblages	on	
coral	reefs	subjected	to	different	management	regimes	in	the	Abrolhos	
Bank,	eastern	Brazil.	Aquatic	Conservation:	Marine	and	Freshwater	
Ecosystems,	18(7):	1166–1179.	doi:	10.1002/aqc.966

22.	 Francini-Filho	RB	and	de	Moura	RL	(2008)	Evidence	for	spillover	of	reef	
fishes	from	a	no-take	marine	reserve:	An	evaluation	using	the	before-after	
control-impact	(BACI)	approach.	Fisheries	Research	93(3):	346-356.

23.	 Luo	J,	Serafy	JE,	Sponaugle	S,	Teare	PB,	and	Kieckbusch	D	(2009)	Movement	
of	gray	snapper	Lutjanus griseus	among	subtropical	seagrass,	mangrove,	and	
coral	reef	habitats.	Marine	Ecology	Progress	Series	280:	255–269.

24.	 Mora	C,	Andrefouet	S,	Costello	MJ,	Kranenburg	C,	Rollo	A,	Vernon	J,	Gaston	
KJ,	and	Myers	RA	(2006)	Coral	reefs	and	the	global	network	of	marine	
protected	areas.	Science	312:	1750–1751.

25.	 Aburto–Oropeza	O,	Ezcurra	E,	Danemann	G,	Valdez	V,	Murray	J,	and	
Sala	E	(2008)	Mangroves	in	the	Gulf	of	California	increase	fishery	yields.	
Proceedings	of	the	National	Academy	of	Sciences	105:	10456–10459.

26.	 Taylor	DS,	Reyier	EA,	Davis	WP,	and	McIvor	CC	(2007)	Mangrove	removal	in	
the	Belize	Cays:	effects	of	mangrove-associated	fish	assemblages	in	the	
intertidal	and	subtidal.	Bulletin	of	Marine	Science	80(3):	879-890.

27.	 Ahmed	SA,	Mallick	DL,	Liaquat	Ali	MD,	and	Atiq	Rahman	A	(2002)	Literature	
Review	on	Bangladesh	Shrimp.	Individual	Partner	Report	for	the	Project:	
Policy	Research	for	Sustainable	Shrimp	Farming	in	Asia	(PORESSFA),	a	
comparative	analysis	of	Bangladesh,	India,	Thailand	and	Vietnam	with	
particular	reference	to	institutional	and	socio-economic	aspects.	European	
Commission	INCO-DEV	Project	PORESSFA	No.IC4-2001-10042,	CEMARE	
University	of	Portsmouth	UK	and	BCAS,	Dhaka,	Bangladesh,	31pp.

References
28.	 Drew	J,	Allen	GR,	Kaufman	L,	and	Barber	PH	(2008)	Endemism	and	regional	

color	and	genetic	differences	in	five	putatively	cosmopolitan	reef	fishes.	
Conservation	Biology	22:	965-975.

29.	 Jones	GP,	Almany	GR,	Russ	GR,	Sale	PF,	Steneck	RS,	van	Oppen	MJH,	and	
Willis	BL	(2009)	Larval	retention	and	connectivity	among	populations	of	
corals	and	reef	fishes:	History,	advances,	and	challenges.	Coral	Reefs	28:	
307–325.

30.	 Palumbi	SR	(2009)	Tracking	reef	coral	movement	across	the	Pacific.	
Conservation	International,	Arlington,	Virginia,	USA.

31.	 Fauvelot	C	and	Planes	S	(2002)	Understanding	origins	of	present-day	genetic	
structure	in	marine	fish:	Biologically	or	historically	driven	patterns?	Marine	
Biology	141:	773–788.

32.	 Barber	PH	and	Drew	JA	(2010)	Regional	connectivity	in	South	West	Pacific	
reef	fishes.	Conservation	International,	Arlington,	Virginia,	USA.

33.	 Hixon	M,	Beets	J,	Tissot	B,	Thompson	S,	Walsh	W	(2008)	Larval	connectivity	
and	fish	population	replenishment	in	a	network	of	marine	managed	areas	
for	tropical	aquarium	fishes.	Center	for	Applied	Biodiversity	Science,	
Conservation	International,	Arlington,	Virginia,	USA.

34.	 Edgar	GJ,	Banks	SA,	Brandt	M,	Bustamante	RH,	Chiriboga	A,	Earle	SA,	
Garske	LE,	Glynn	PW,	Grove	JS,	Henderson	S,	Hickman	CP,	Miller	KA,	Rivera	
F,	Wellington	GM	(2010)	El	Niño,	fisheries	and	animal	grazers	interact	to	
magnify	extinction	risk	for	marine	species	in	Galapagos.	Global	Change	
Biology,	in	press.

35.	 Sandin	S,	Smith	JE,	DeMartini	EE,	Dinsdale	EA,	Donner	SD,	Friedlander	AM,	
Konotchick	T,	Malay	M,	Maragos	JE,	Obura	D,	Pantos	O,	Paulay	G,	Richie	
M,	Rohwer	F,	Schroeder	RE,	Walsh	S,	Jackson	JBC,	Knowlton	N,	and	Sala	E	
(2008)	Baselines	and	degradation	of	coral	reefs	in	the	Northern	Line	Islands.	
PLoS	ONE	3(2):	e1548.	doi:10.1371/journal.pone.0001548.

36.	 IUCN	(2010)	IUCN	Red	List	of	Threatened	Species.	Version	2010.2.	<http://
www.iucnredlist.org>

37.	 Dulvy	NK,	Sadovy	Y,	and	Reynolds	JD	(2003)	Extinction	vulnerability	in	
marine	populations.	Fish	and	Fisheries	4:	25–64.

38.	 Carpenter	KE,	Livingstone	SR,	Abrar	M,	Aeby	G,	Aronson	RB,	Banks	S,	
Bruckner	A,	Chiriboga	A,	Cortés	J,	Delbeek	JC,	DeVantier	L,	Edgar	CJ,	
Edwards	AJ,	Fenner	D,	Guzman	HM,	Hoeksema	BW,	Hodgson	G,	Johan	O,	
Licuanan	WY,	Lovell	ER,	Moore	JA,	Obura	DA,	Ochavillo	D,	Polidoro	BA,	
Precht	WF,	Quibilan	MC,	Reboton	C,	Richards	ZT,	Rogers	AD,	Sanciangco	J,	
Sheppard	A,	Sheppard	C,	Smith	J,	Stuart	S,	Turak	E,	Veron	JEN,	Wallace	C,	
Weil	E,	and	Wood	E	(2008)	One	third	of	reef-building	corals	face	elevated	
extinction	risk	from	climate	change	and	local	impacts.	Science	321:	560-563.

39.	 Conservation	International	–	Pacific	Islands	Programme,	Ministry	of	Natural	
Resources	and	Environment,	Secretariat	of	the	Pacific	Regional	Environment	
Programme.	2010	Priority	Sites	for	Conservation	in	Samoa:	Key	Biodiversity	
Areas.	Apia,	Samoa.	32pp.

40.	 Ault	JS,	Smith	SG,	Bohnsack	JA,	Luo	J,	Harper	DE,	and	McClellan	DB	(2006)	
Building	sustainable	fisheries	in	Florida’s	coral	reef	ecosystem:	positive	
signs	in	the	Dry	Tortugas.	Bulletin	of	Marine	Science	78:	633–654.

41.	 Traylor-Knowles	N,	Hansen	U,	Dubuc	TQ,	Martindale	MQ,	Kaufman	L,	and	
Finnerty	JR	(2010)	The	evolutionary	diversification	of	LSF	and	Grainyhead	
transcription	factors	preceded	the	radiation	of	basal	animal	lineages.	BMC	
Evolutionary	Biology	10:	101.

42.	 Alter	SE,	Rynes	E,	and	Palumbi	SR	(2007)	DNA	evidence	for	historic	
population	size	and	past	ecosystem	impacts	of	gray	whales.	Proceedings	of	
the	National	Academy	of	Sciences	USA	104:	15162–15167.

43.	 Dinsdale	EA,	Pantos	O,	Smriga	S,	Edwards	RA,	Angly	F,	Wegley	L,	Hatay	
M,	Hall	D,	Brown	E,	Haynes	M,	Krause	L,	Sala	E,	Sandin	SA,	Vega	Thurber	
R,	Willis	BL,	Azam	F,	Knowlton	N,	and	Rohwer	F	(2008)	Microbial	Ecology	
of	Four	Coral	Atolls	in	the	Northern	Line	Islands.	PLoS	ONE	3(2):	e1584.	
doi:10.1371/journal.pone.0001584

44.	 Cohn	JP	(2008)	Citizen	science:	Can	volunteers	do	real	research?	BioScience	
58:	192–197.



This is a publication of the Science-to-Action partnership, which includes more than 75 organizations led by 
Conservation International’s Marine Management Area Science Program. Science-to-Action is dedicated to 
sustaining the health of coastal and marine ecosystems, and the well-being of people who depend on them.  

Our global network puts science into action so that the ocean can provide the multiple benefits needed by people 
today and tomorrow. Since 2005, we have conducted more than 50 studies in over 70 MMAs in 23 countries, using 
an integrated approach of natural and social sciences. Based on the scientific results, we develop conservation and 
management recommendations, and we engage directly with people at local to international scales to implement 
science-based solutions. 

The following Science-to-Action publications present global research findings and lessons learned.

Marine Managed Areas: What, Why, and Where defines MMAs and discusses the challenges of 
implementation.

People and Oceans examines the role of people in MMAs, including the human well-being benefits and 
challenges of MMAs, and how socioeconomic conditions affect success.

Living with the Sea examines the role of marine managed areas in restoring and sustaining healthy oceans, 
particularly the importance of local management efforts. 

Science-to-Action provides practical guidance for scientists and decision-makers on using science to inform 
ocean policy and management.

Economic Incentives for Marine Conservation provides guidance on how to select and implement 
incentive-based solutions: buy-outs, conservation agreements, and alternative livelihoods.

Coral Health Index provides a comprehensive methodology for monitoring the condition of coral reef 
ecosystems. 

Economic Values of Coral Reefs, Seagrasses and Mangroves: A Global Compilation provides statistics on the 
economic value of tropical marine resources organized by type of use and by region.

Socioeconomic Conditions Along Tropical Coasts: 2008 demonstrates people’s dependence on marine 
resources for livelihoods, discusses people’s perceptions of resource conditions, and highlights governance 
status worldwide organized by region.

Four-page policy briefs summarize these longer booklets and guidebooks.

These publications and information about the Science-to-Action global learning network are available at 
science2action.org. 




