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Targeted, Applied, and Systematic Research to Benefit Coral Reef  Management
Anthony J. Hooten 1

Statement of Issue

ONE of the most significant challenges facing all
nations with coral reefs and associated resources
is to clearly understand the impacts from changes

in climate versus local human activities, and to use this
information effectively in protecting their products and
services.  Over the past 30 years, the volume and diversity
of  information about coral reefs has steadily increased, and
efforts are underway to enhance management based upon
the knowledge already
gained.  However, signifi-
cant gaps in our basic
understanding of coral reef
ecosystems remain, and
management will eventually
be limited without advance-
ment in scientific under-
standing (Knowlton 1998;
Buddemeier and Smith
1999).  Coordinated,
scientific frameworks are
needed that can generate
relevant information to
advance the capacity of
management, whether
through social or natural
resources management
interventions.  Discussions
were held at the 9th ICRS
and other venues as to the nature and scope of targeted,
applied and systematic research that is needed to benefit
coral reef management

Background and State of Knowledge

Since 1998, the World Bank has conducted a series of
consultations with scientists in various regions around the
world, including at the 9th ICRS,  with the purpose of
developing priorities for targeted investigations that will
benefit management and policy:  to examine root causes
and differentiate global trends (such as increases in sea
surface temperature, changes in chemical and nutrient
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cycles, persistent organic pollutants, increases in disease
frequency) from localized anthropogenic effects (such as
sediment loading, resource extraction and nearshore
pollution).

The number of outstanding questions about coral reef
ecosystems far exceed the scope of this summary; how-
ever, some key questions with practical implications for
management include the following:

Are factors
surrounding
climate change
more critical to
coral reef condi-
tion than local,
anthropogenic
stresses?

Will coral reefs
be resilient in the
face of projected
climate change
over the next 50-
100 years?

What will be the
final state of coral
reefs and associ-
ated ecosystems if
coral abundance
decreases dramati-

cally over time?
How can we measure resilience in coral reefs?  To what
degree do Marine Protected Areas contribute toward
resilience and maintenance of biodiversity?
If  a coral reef  experiences a phase shift, is it permanent?
If not, how long might it last?  Are there ways to
reverse the changed state?
How fast will change occur within coral reef ecosys-
tems? Do coral reefs experience net erosion when corals
are no longer predominant? If  so, how rapidly?
What are the most important factors influencing recov-
ery?  Can people help facilitate recovery?
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In addition to temperature, to what extent is coral
bleaching affected by other factors, such as light,
sediment, nutrients, and pollutants (and in what combi-
nations)?  Will the presence of other stresses accelerate
or retard bleaching?
Why are some corals more immune to stress than
others?
Why are coral diseases more prevalent in some regions
than others?  Will diseases expand to other regions?
How rapidly do larvae from adjacent or other reefs
repopulate coral reefs?
What is the relationship between distance and larval
transport?  Between coral and fish larvae and spawning
aggregations?
To what degree do other species depend on the struc-
ture created by corals?
To what degree is maintenance of  species diversity
crucial to coral reef  health?

Why do so many fundamental questions remain?  Because
coral reefs are complex, dynamic systems. The organisms
that comprise them and the parameters that influence them
combine to regulate their abundance and distribution at
spatial scales ranging from microns to kilometers, and on
time scales ranging from minutes to decades (Hughes, et al.
1999; van Woesik 2001). These multiple variables are also
compounded by the complexities of  human interactions by
taking material away from (for example, over-fishing) or
adding to (for example, pollution) coral reefs.   Such
factors present significant challenges in designing investiga-
tions that will provide meaningful answers to managers and

policy-makers within a reasonable period of time. But even
over the past 20 years the coral reef scientific community
has, other than document decline, failed to collectively
address the appropriate responses and information de-
mands concerning coral reefs in many regions of the world
(Risk 1999).  Targeted, coordinated and systematic investi-
gations have the potential to focus on the gaps in our
knowledge about coral reefs, so that we may better relate
information to management actions appropriately, and
cost-effectively, to protect them (Done and Lloyd 1999;
Scully and Ostrander 2001; Nyström et al. 2001).

Specific Recommendations

The recommendations stemming from the majority of
consultations reinforce that while significant changes are
obvious in many coral reefs, the root causes of these
observed changes are still not well understood. The major-
ity of the consultations were consistent in listing similar
outstanding questions about coral reefs (see Background
and State of Knowledge on previous page).

Most researchers agreed that specific investigations are
needed to improve basic understanding of coral reef
biophysical processes that influence coral reef environ-
ments, community responses to disturbance, and
resilience capacity.
Investigations should include a range of screening,
monitoring and experimental design, testing specific
hypotheses, and investigating multiple variables.
The majority of  researchers stressed the need for
longer-term studies (at least 10 years), to better under-
stand temporal and spatial variability in population
dynamics and recruitment, and how this information can
be applied in a management context.
Marine Protected Areas (MPAs) were also consistently
identified as a potential focus to quantify their effective-
ness in protecting habitat and fisheries.

Relevant Actions Being Taken

Based on the series of  consultations, the World Bank is
further developing the Targeted Research program with
funding sought from the GEF and other co-financiers.
Further discussion with potential co-financiers will also be
taking place during this period to address the following
actions:

Promote the establishment of  targeted research net-
works between governments and institutions that can
leverage information and resources to strengthen the

Plague type III on Montastraea annularis. (Colony shown is >2 m
diameter.) Plague has emerged in three forms on reefs of the Florida
Keys. The latest form, type III, targets the largest colonies of Montastraea
annularis and Colpophyllia natans. This is one of the most virulent of
coral diseases and has recently spread to the Caribbean. It is caused by
a pathogenic gram-negative bacterium that may be a new genus.
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applied scientific information base specifically for the
benefit of  management and policy.
Proceed with the completion of the project proposal to
the Global Environment Facility for Targeted Research
under the operational programs for International Waters
and Biodiversity.
In conjunction with the proposal, develop partnership
arrangements with other interested research institutions
and foundations in expanding targeted research sites
worldwide.
Identify and recruit qualified representative researchers
to participate in thematic subgroups that will contribute
to a guiding panel to synthesize research, revise targeted
investigative priorities and help guide management
interventions.
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Coral Reefs and Global Change: Adaptation, Acclimation or
Extinction?  The purpose of the workshop was to review
and synthesize findings of various aspects of coral reef
research with implications for research, assessment, and
management.  The several key recommendations devel-
oped from this workshop were echoed by the series of
consultations that have followed to date.  Please visit Web
site at: http://coral.aoml.noaa.gov/themes/coral_cg.html).




