HO18: Tracking the recovery of a keystone urchin species and its role in reef restoration
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Herbivory is one of the most important processes on coral reefs, especially in recent decades with the
widespread impacts of coastal development and eutrophication. Scleractinian (hard) corals, the
ecosystem architects of these highly biodiverse and productive systems, are crucial to the health and
function of a reef, but grow extremely slowly. Comparatively, macroalgae grows quickly, and therefore
competes with corals and other benthic organisms for one of the most limited resources on a reef;
space. Under natural conditions, macroalgal growth is restricted by the low nutrient content of most
tropical coastal water, which is naturally highly oligotrophic in nature, whilst macroalgal biomass is
restricted by the feeding activity of herbivores. Unfortunately pollution from a range of sources has
significantly increased nutrient availability on many reefs throughout the tropics, meaning there is
now an increased pressure on herbivores to facilitate coral dominance in the benthic community.
Where herbivory is insufficient, reefs become at severe risk of a phenomenon known as phase shifts,
which describes the process whereby an ecosystem moves from one stable state to another, and in
the context of coral reefs most commonly describes a move from coral to macroalgal dominance.
These phase shifts ultimately lead to a loss in reef structure, and a collapse of the associated fish and
invertebrate communities – a devastating impact which poses one of the greatest threats to coral
reefs throughout the tropics.
In many parts of the tropics, herbivorous fish are the most abundant and therefore important for the
process of removing macroalgae. In the Caribbean, however, the most important herbivores are sea
urchins, specifically the species Diadema antillarum. These urchins each inhabit a home range of up
to 4m2, which they are able to completely graze in the space of around four days. When population
densities of D. antillarum are high enough, as should naturally be the case, they are able to consume
the entire net primary productivity of the ecosystem. However, in 1983 a water-borne pathogen
emerged which, within just one year, caused the mass mortality of D. antillarum in the Caribbean.
Between 95-99% of all individuals were killed throughout the Caribbean, with some areas affected to
the extent that local extinctions occurred. This mass mortality event caused significant deterioration
in reef health almost immediately, with some reefs reporting an increase in macroalgal cover of 20%
after only 5 days of disease outbreak.
Unfortunately, the recovery of D. antillarum populations has been minimal at best, with areas of
highest recovery still over one order of magnitude lower more than 20 years after the mass mortality
event occurred. This means that extremely low populations are the norm for reefs in the Caribbean,
and resilience to phase shifts is low as a result. Reasons for a lack of recovery are varied, and only
minimal research has focused on the issue, despite the importance of D. antillarum as a keystone
species for Caribbean reefs and the high priority of phase shift prevention and recovery amongst
regional governments and international conservation groups. This project will therefore focus on
investigating the barriers to D. antillarum recovery on Caribbean reefs by using Honduras as a model
system. The island of Utila is a popular dive tourism destination, but the health of reefs has
deteriorated as macroalgae replaces the vital coral community. Despite a handful of patches of
relatively high population densities in extreme shallows, densities of D. antillarum are low on reefs

around the island, making it an ideal representation of the Caribbean as a whole. In contrast, the
extensive Banco Capiro reef system in Tela Bay on the Honduran mainland is home to one of the
highest recorded post-disease D. antillarum population densities, making it a site of extreme interest
to researchers attempting to address the urchin problem.
Students collecting data for their dissertations on this topic will collect baseline population density
data on D. antillarum and other urchin species on study reefs around Utila and Tela Bay, as part of a
long term monitoring programme to identify changes in population dynamics. In addition, students
can focus on one of several potential barriers to recovery, to assess which factors have contributed to
the difference in population between the two sites. This can include levels of predation on D.
antillarum individuals, benthic characteristics and food preferences which may affect the species’
ability to survive on modern reefs, and evidence that the disease has persisted. Data will mostly be
collected by SCUBA diving, although some snorkelling may be required for shallow habitat
assessments.
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