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EUTROPHICATION: BIOLOGICAL EFFECTS ON CORAL REEF SYSTEMS

Terry Done
Australian Institute of Marine Science, Townsville.

CONCEPTUAL FRAMEWORK FOR REMEDIATION OF CORAL REEFS

Programs for remediation of degraded coral reefs should be undertaken within a
framework which recognises the full range of factors which govern the structure,
diversity and productivity of coral reefs. in this workshop, the primary focus is
eutrophication, and indeed, the restoration of good water quality to polluted areas can
be a key component in successful rehabilitation of a severely degraded reef. However
there are many cases where eutrophication is not the sole or even the primary cause of
reef degradation. The following notes therefore review the nature and causes of
degradation of coral reefs in the context of their natural variability, and the implications
for policy makers or managers considering remediation of damaged areas. The ideas
presented here have been covered and referenced in more detail in Done (1992), Done
(in press) and Done et al. (in press); see also Munro and Munro (1994).

EUTROPHICATION — DIRECT AND INDIRECT EFFECTS

Coral reefs are particularly vulnerable to coastal discharge of pollutants
(freshwater, soils, domestic and industrial sewage). Direct and indirect effects are
recognised (see also Birkeland 1987, 1992):

e Direct effects: When reefs are within coastal embayments, or when the reefs
themselves form embayments with long water residence time, sediments, dissolved
nutrients and freshwater can impact directly on reef benthic communities, stressing
or killing corals and other calcifying organisms, and fertilising benthic algae
(competitors of corals). The fertilisation effect may take place in short periods of
elevated water-column concentrations of available N and P. Particulate organic
matter (raw sewage) can support communities of non reef building filter feeders
(sponges, oysters, worms) which can occupy space formerly occupied by reef
building organisms. Chronic pollution can also lead to the following indirect effects.

e |Indirect effect 1: phytoplankton blooms. Nutrient uptake by phytoplankton may
chronically or periodically increase occurrence of phytoplankton blooms. These in
turn can impact on reefs in several ways, not all of them deleterious:

- Death of phytoplankton blooms in reefal habitats, especially lagoons,
causing remineralisation of N and P, and increased biological oxygen
demand (BOD) of decomposition, thence respiratory stress and/or mass
kills in higher reef biota.

- Living blooms cause reduction in light available to phototrophic organisms
such as corals, algae and seagrass
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- Living blooms provide a food source for some species of soft corals
(Fabricius 1995), potentially to the detriment of reef-building corals.

e |ndirect effect 2: Sedimentary accumulations. Terrigenous sediments accumulated in
a ‘coastal wedge' act as a microbe-rich sponge which exchanges organic matter
and nutrients with the water column, the latter compartment being periodically made
available to planktonic and/or reef systems.

ECOLOGICAL AND AESTHETIC DEGRADATION

There are numerous examples around the world of coral reefs which are in a
degraded state (Brown 1988, Salvat 1987). The symptoms of the degradation are seen
in two key services which the degraded coral reefs once provided to smaller human
populations; fisheries production and maintenance of reef structure with its attendant
benefits to humans.

A reef may be considered “ecologically degraded’ (compared to a former
condition) under the following circumstances:

e It no longer provides the production of fisheries (especially fish and molluscs) that it
did in times past

e It no longer sustains healthy coral populations in its coral-producing zones, these
zones instead being either bare, or invaded by excess populations of “non-reef
building' organisms such as algae, soft corals or zoanthids.

e Both of the above.

These are fundamental aspects of ecological degradation. In addition, increased
levels of littering, breakage and reduced water clarity are forms of aesthetic
degradation which may or may not have functional consequences in terms of
ecosystem services.

For policy-makers and managers wanting to remediate degraded reef fisheries
and/or reef benthic communities and hence structure, there are two other indisputable
facts.

e Land runoff, including point and diffuse sources of poliution, is only one impact
which may need managing to achieve the required result. Indeed, it may just as
important, or even far more important to eliminate over-fishing and/or destructive
fishing methods in many circumstances (McManus et al. 1993). Birkeland (pers.
comm.) believes only subsistence fishing is sustainable. i.e. current technology and
human population sizes far outweigh the natural replenishment capacity of
populations to sustain production at useful levels

e |n some circumstances, remediation may be unnecessary or futile in the context of
natural cycles of destruction and regrowth.

Degradation — when is it “permanent’ and when is it a transient and natural

condition? Sometimes, so—called “degraded’ reef states are apparently normal stages
in a succession initiated by natural disturbance. For example, in some regions or
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overall set of reefs must be monitored to ensure that objectives for the system as a
whole are achieved.
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