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1. CORAL REEF BIODIVERSITY LOSS

1.1 A Global Perspective

by Magnus Ngoile

Overview. Coral reef ecosystems are under increasing natural and anthropogenic
pressures, despite their ecological significance and economic importance to mankind. The
majority of land based activities and direct human use are borne by these shallow water
areas, which interface between land masses and the open oceans. The objective of this
paper is to give an overview of the value of coral reef ecosystems and the anthropogenic
threats imposed on them, as well as to examine the interactions of coral reef ecological
linkages to other coastal and marine habitats and the future of coral reef ecosystems. It is
suggested that management measures for the preservation of reef systems must link coastal
and marine systems, pay attention to socio-economic factors as well as institutional and
legal ones, employ a cooperative approach, and be based on scientific advice.

1.1.1 Introduction

The international community is sensitive to and concerned with issues of
famine; catastrophes like floods, earthquakes and hurricanes; and war. The
magnitudes of these events are easily visualised because the impacts are
terrestrial and have direct bearings on human populations. Issues that relate to
oceans and aquatic environments even when they are of similar magnitude,
are hard to conceptualise. This is better demonstrated by our representation of
the oceans on the world map; even when two thirds of the world is covered by
water masses, we represent these as the blue areas, carrying little detail, if
any, in comparison to land masses. Most of us are, therefore, detached from
the reality of the oceans which have a rich diversity of features and forms of
life. Just as we have mountains and valleys on land, there are highs and deeps
in the oceans which are even more impressive.

It would take many printed volumes to present the ecological richness of the
oceans and how we benefit from the resources provided by them. This paper
is an overview of coastal and shallow water ecological systems, featured by
coral reefs. Shallow water areas are interfacing between land masses and the
open seas, and most of the impacts of land based activities and direct human
use are borne by these areas. However, despite their ecological significance
and economic importance, especially to the world’s poorest, coral reef
ecosystems are under increasing natural and anthropogenic pressure. Human
population growth is inducing increasing demands on the resources from
these systems.
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Coral reef ecosystems include mangroves, inter-tidal areas, shorelines, coral
reef flats and slopes. These are key tropical coastal ecosystems.

1.1.2 Interactions of shallow water systems

Coral reefs have functional and ecological linkages to other coastal and
marine habitats. Examples of ecological linkages are:

• Fish migration; fish species feed in seagrass beds and take refuge in reef
areas and vice versa.

• Mangroves and estuaries provide nursery areas to most fish species whose
adult phase is in the reef areas.

• Mangroves, seagrasses and algae absorb most of the nutrient loading from
terrestrial areas and therefore cushioning the effects on reefs which
require less nutrients.

• Mangroves prevent silting of adjacent seagrass beds and reefs.
• Coral reefs protect shorelines from violent wave action.

The health and productivity of  individual habitats existing in coastal zones is
dependant on a number of complex interactions. Under "normal" conditions
these interactions are in an equilibrium state as depicted in Figure 1a. In a
simplified form these interactions can be classified into four major factors;
nutrient and dissolved organic matter, particulate organic matter, animal
migrations and human impact; all being facilitated by the hydrodynamics of
ocean waters.

The circulation of coastal waters in most places is influenced by tidal
currents. Where as the other factors are normally under the influence of
natural laws, human activities do impact on them and because of the
interdependence of these habitats, the deleterious effects on one particular
system are not necessarily confined to that habitat. Human pressure on these
habitats can be so intense as to disrupt the normal interactions among them
and bring an imbalance that may degrade some of the habitats beyond
recovery. (Fig 1b). For example, most reefs have planktonic larvae, which
may drift for weeks before settling at the site where they were reproduced.
Therefore human activities that may interfere with the dispersion of these
larvae from one reef may have an effect on a distant reef.

Coastal systems are responsible for regulating global climate change and
biological productivity. The water masses are responsible for heat exchange
and biological systems are responsible for the removal of carbon dioxide, a
primary greenhouse gas, through photosynthesis. Oceans store more than 20
times as much carbon as all of the world’s forests and other terrestrial
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biomass combined (Weber, 1993). Therefore a disruption to ocean systems
could have serious consequences including interference with the carbon cycle.

Marine biological diversity is responsible for the maintenance of productivity
of the oceans through food chains and biological pumps. The coastal waters
are biologically richer than the open oceans and deep sea. It is estimated that
20% of the oceans’ plant production occurs in approximately 9.9% of the
ocean area that lies over continental shelves, and coral reef ecosystems are
most productive.

Our knowledge of the ecological interactions and biological diversity of
shallow water ecosystems is rudimentary and far from being known (Box 1).
This has a significant bearing on our ability to be able to conserve coral reef
ecosystems. However, lack of information must intrigue scientists to address
and direct research efforts in this field. Also, the available information reveals
the urgency of setting management mechanisms and activities for the
conservation of marine biodiversity.

1.1.3 The value of coral reef ecosystems

Reefs are built by coral organisms and encrusting algae which thrive best in
shallow, warm and clear oceanic waters with fewer nutrients. The optimum
temperature for the growth of these organism ranges between 20o and 30o C
with limits at 18o and 33o. Optimal depth is 20 -30 m with maximum depth of
100m. Coral reefs are predominantly distributed on the eastern margins of
continents. Coral reefs cover an area of about 600,000 km2 (Smith, 1978).

In addition to the ecosystem values, coral reef systems provide direct
economic values for human development such as the supply of building
material, local subsistence and recreation. The habitation of atoll
communities, for example, is based on land that has been created by coral reef
processes. It is estimated that 10-12% of the harvestable finfish and shell fish
in the tropics is drawn from coral reefs. In developing countries, coral reefs
yield up to 25% of the total fish landings and in the Pacific Islands the
contribution of coral reefs to fish catches is as high as 90%. Coral reefs
support coastal tourism in many countries as well as supplying building
materials. In some countries like the Maldives, coral stone is the only
available material for building walls of houses.
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FIGURE 1: Marine and coastal ecosystem  interaction
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BOX 1: THE STATE OF KNOWLEDGE:  A MISMATCH.

A recent review  by Gray (1996) has provided useful information  concerning the
state of our knowledge on marine biodiversity. The following synthesis highlights
mismatch, uncertainties and imbalances when compared to terrestrial
biodiversity.
Genetic Diversity:

In general, marine species have higher genetic variability than freshwater and
terrestrial species.

Species Diversity:
More species are known on land than in the sea. There are about 300,000
known marine species against the 1.7 million species currently described on
earth (Stork, 1988). This excludes microbes. However the estimated
conservative figure for undescribed marine species is about 500,000 (May,
1992).  Most marine species are benthic rather than pelagic (Angel, 1993).
Also, there are more coastal fish species (about 13,000) than oceanic (1,200).
Endemism (occurrence of species in only one location)  is an important aspect
of the conservation of biodiversity.  The Antarctic has a higher degree of
endemism than the Arctic. In the Red Sea, 90% of some groups of fish are
endemic.  Also of the 482 species of corals described in the Indian Ocean,
27% occur only on one site (Sheppard, 1994).

Phyletic diversity:
There are more animal phyla in the sea than on land.

ocean 34 phyla 13 endemic 11 pelagic
freshwater 14 phyla 0 endemic
land    11 phyla   1 endemic
symbiotic 15 phyla 4 endemic

It is highly unlikely that environmental threats will lead to reduction of phylectic
diversity.

Functional diversity:
FD is defined as the range of functions that are performed by organisms in a
system. There are more species present in communities than are needed for
efficient biogeochemical and trophic functions - open debate.

Ecosystem diversity:
Do species occur in distinct groups - open debate. The generally accepted
view is that species are distributed along environmental gradients in approx-
imately log-normal abundance patterns (Mills, 1969). Some authors avoid
using the term ecosystem diversity.

Habitat diversity:
This is the most commonly used and preferred term. It is defined as the
number of species or higher taxa within a given habitat. Usually habitats have
defined boundaries. Biodiversity is much richer in coastal zones than in the
open sea. The greatest variety of habitats occurs in the coastal regions.

Synthesis of scientific information:
Most information and scientific synthesis on biodiversity for managers
concentrates on terrestrial systems. By contrast there is little synthesised
information available to managers concerned with the conservation of marine
biodiversity (Elder 1995).

Policy:
Concerns with biodiversity, including those issues that have led to the
formulation and adoption of the Convention on Biological Diversity have been
heavily biased towards the terrestrial (Elder 1995).
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Table 1  Mangrove species and associated biota by world
regions

Region No. of mangrove
associated species

No. of species of
associated biota

Obligate
species

Important
associated

species

Asia 44 14 1829

Oceania 38 14 1244

East Africa & Middle
East

9 7 560

East Coast of the
Americas

7 7 913

West Coast of the
Americas

7 4 32

West Coast of Africa 7 4 -

Mangroves are saline tolerant plants occurring in tropical and sub-tropical
inter-tidal regions of the world. Although the number of species of mangroves
are not many, these habitats are renowned for the diversity of species of
associated organisms. Table 1 shows the number of species of mangroves
occurring in each of the world’s regions and the associated species. The
highest diversity occurs in Asia and decreases both east and west.

Mangroves provide economic returns and constitute a reservoir and refuge for
many unusual plants and animals. The direct benefits of mangroves include:
source of fuel, provide construction materials, the swamps are fishing areas,
provide agricultural areas, raw material for paper production, are a source of
food/drugs/beverages and provide raw materials for textiles and leather
industry.

1.1.4 Threats to coral reef ecosystems

It is estimated that about 10% of these reef areas may have already been
degraded beyond recovery. Also, more than 30% of the reefs are likely to
decline seriously within the next two decades (Table 2). The reefs that are at
greatest risk are in South and Southeast Asia, Eastern Africa and the
Caribbean (IUCN, 1993).
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There is a wealth of literature discussing the different types of threats to coral
reef ecosystems (Salvat, 1987). In summary, the anthropogenic threats are:

1. Fisheries operations such as over-exploitation of species, mortalities
of by-catch species, habitat destruction caused by trawling,
dynamiting, muroami anchor damage etc. There is clear evidence of
an increase in the number of stocks which are experiencing severe
fishing pressure and simultaneous decrease in the number of stocks
offering potential for expansion (Garcia and Newton 1994).

2. Nutrient loading, siltation and chemical pollution. Sewage and organic
wastes from agro-based industries as well as leaching of fertilisers
from coastal farmlands increase the nutrient loading on coastal near-
shore areas causing in most cases localised entrophication. (Most
coral species have poor growth in areas where there is increased
nutrient loading.) Unplanned shifting cultivation and cattle ranching
increases the sediment loads in streams and rivers causing heavy
siltation on estuarine areas. Siltation smothers seagrasses and corals.
Chemical pollution has a wide range of effects from tumours and
diseases in fish to heavy metal bio-accumulation. Most mangroves
occur in estuarine areas and they capture sediments and reduce the
level of nutrients in streams and rivers. This is an important functional
relationship between mangroves-seagrasses-coral reefs, habitats. Clear
felling of mangroves exposes the coral reefs to siltation and nutrient
loading. Other human activities related to sediment transport include
deforestation of coastal forests and river impoundment.

3. It is estimated that on a “typical day” more than 3,000 species of
marine animals and plants are in silent motion around the world
travelling in ships’ ballast water (Carlton and Butman, 1995). They
are an example of the impacts invasive species have but are not
related to coral reefs.

Table 2 Area covered by different states of coral reefs

State of reef Area km2 Examples of countries of same area

Global area 600,000 Somalia or France

Degraded area 60,000 Denmark, Ireland

Threatened 180,000 Senegal, UK

Note: Coral reefs are significantly damaged or destroyed in 93 countries.
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Invasion of  the carnivorous American Comb jelly fish Mnemiopsis
partly attributed to the decline in the anchovy fishery in the Black Sea.
Invasion of Japanese red-tide causing dinoflagellates in Australian
waters has resulted in the closure of shellfish beds.

4. Physical alterations such as dredging, dyking and reclamation of
marshes, mangrove swamps and lagoons. These activities, together
with mining, deforestation and river impoundment, have profound
effects such as shoreline erosion, sedimentation and hydrodynamic
patterns.

Despite these alarming threats, the future of coral reef ecosystems can be
summed up as follows:

• Developing maritime countries which have not been able to diversify
their economic base will have an even greater demand for resources
from coral reef ecosystems.

• Developing maritime countries which have been successful in
broadening their economic base have the chance of reducing their
dependence on reef resources for subsistence.

• Developing countries which have strong customary law and
traditional management practices have a better chance for protection
and sustainable use of coral reef ecosystems.

• Ideally, developed countries should be able to develop conservation
and management programmes that will maintain reefs at a sustainable
level.

1.1.5 What must be done

The call and framework for action provided by the International Coral Reef
Initiative (ICRI) is important and timely. The discussion above demonstrates
that the threat to coral reef ecosystems diversity is ever increasing.  And yet
there are significant coastal populations that are reliant on the resources from
reef systems. We have no choice except to implement management measures
that:

• link coastal and marine systems -  the ecosystem approach.
• pay attention to socio-economic factors as well as institutional and legal

factors.
• are arrived at by consensus of all stakeholders and employ co-operative

management.
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• enhance the development of capacity for conservation.
• are based on scientific advice.

These are key elements in the implementation of integrated coastal
management (ICM). ICM seeks and provides mechanisms for conflict
resolution and equitable sharing of marine and coastal resources. The success
of an ICM depends largely on the contribution, commitment and good will of
the stakeholders. The main beneficiaries of coastal and marine resources are
the coastal communities. In developing countries, the residents of the coastal
zone are involved in artisanal fishing and subsistence farming. Until now the
governments of these countries have given high priority to commercial
activities such as industrial fishing, aquaculture, tourism, processing
industries and mining. Little attention is given to the well-being of the coastal
communities and in some cases the communities are being marginalised and
have lost their traditional areas and rights.

Most of the coastal communities did have some form of traditional
management practices such as restricting fishing during certain seasons and
prohibiting outside fishermen from fishing in their areas. However, these
practices have not been embodied in the existing legislation and conventional
management practices and as a result conflicts are now arising between
neighbouring communities, there is overuse of the resources and destruction
to the environment. This error has been realised and corrective measures are
being taken by establishing co-operative management in specific areas along
the coastal zone in the form of marine parks, conservation areas, etc. The
local residents are involved in the planning and management of these areas
(Anderson, 1994; Horrill and Ngoile 1991).
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