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A goal that scientists set for themselves is to find general 
principles with broad relevance and applicability. This 
devotion to generality can lead to serious error. For 
example, the harvesting techniques that are very successful 
on the temperate Great Plains may not be applicable to the 
Amazonian rain forest. In the rain forest, where the 
nutrients are bound into the biomass and are sparse in the 
soil, pruning may be a more workable pattern of resource 
utilization than reaping. Reaping works well on the prairie, 
but is likely to do extensive, practically irreparable, 
damage to the tropical rain forest system.  

 
Differences  
 
Functional differences exist within types of tropical 
coastal ecosystems among different regions of the world 
that are analogous to the tropical rainforest/ temperate 
prairie comparisons. These differences between coastal 
ecosystems should be taken into account in management 
programmes, but they have not been recognized. Insight 
into how the functioning of a coral reef varies among 
geographic regions is needed as a basis for designing 
management strategies for coral reef resources appropriate 
to each region. To develop an outline of the differences 
between the comparable coastal tropical marine 
ecosystems and the potential implications of these 
differences to the development of management policies for 
marine resources, Unesco held a workshop/ symposium at 
the University of the South Pacific, Suva, Fiji, in March 
1986. The report from the workshop and the contributions 
of the participants are printed in Marine Science, No.46.  
 
 
 
 
 
 
 

Magnitude of rate of nutrient input 
 
A primary factor in bringing about differences in the 
functional organization of coral-reef communities in 
different geographic regions is the magnitude of the rate of 
nutrient input and the degree to which the input  
is concentrated into pulses. John Ryther of Woods Hole 
Oceanographic Institute calculated that over half the world 
fishery catch comes from upwelling regions, although the 
regions of upwelling occupy only about one-tenth of 1% 
of the ocean surface. Coral-reef ecosystems are even more 
productive than are regions of upwelling in terms of rates 
of gross primary productivity per unit area. Relatively 
pristine coral reefs maintain a large standing-stock 
biomass of fish. Yet coral reefs are particularly vulnerable 
to overexploitation while the regions of upwelling are 
heavily exploited year after year.  
 
      This coral-reef paradox of high productivity with low 
sustainable yield may be explained by the fact that most of 
the nutrients on coral reefs are bound up in the biomass. 
The typical coral reef is found in tropical waters 
containing low levels of dissolved inorganic nutrients. 
Productivity can be high in areas of low nutrient input 
because nutrients are perpetually recycled at several 
levels: microbiologically, physiologically (between the 
animal and the plant tissues of symbionts), ecologically (in 
the detrital foodweb and in other interactions between 
trophic levels), hydrodynamically (by eddies, gyres, high 
residence time of water in lagoons and other enclosed 
coastal features), and through retention of nutrients from 
the water column to the reef surface by active current-
producing suspension-feeders such as sponges and by 
motile resident demersal plankton, planktivorous fish and 
invertebrates.  
 
      Natural habitats in which a large portion of the 
nutrients is recycled acquire the characteristics of having 
the major portion of the nutrients in the biomass rather . 
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reefs) or in the soil (e.g. tropical rain forests). Having a large 
portion of the nutrients in' the biomass promotes the 
accumulation of biomass and longevity in the predominant 
species. Longevity promotes low rates of population turnover. 
Longevity and low rates of turnover promote the accumulation 
of year-classes, biomass, and average size of individuals. The 
accumulation of year-classes, the low rate of turnover, and 
large size of individuals makes a population vulnerable to 
overexploitation at one moment in time. Since a large portion 
of the nutrients is in the biomass, and since the average size of 
individuals is large, a large portion of the nutrients is 
susceptible to being harvested and exported. When nutrients 
are removed as biomass of fish exported for commercial gain 
from systems influenced by upwelling, they are replaced by 
upwelling of nutrients from below the photic zone.  
 
     If a tuna fishery is overexploited, it is most likely a stock-
recruitment problem of the fish population rather than a 
nutrient-depletion problem of the ecosystem. The slower 
processes of replacement of nutrients to the system from 
outside sources may be one of the characteristics of coral-reef 
ecosystems that make them particularly vulnerable to 
overexploitation. If tons of fish are removed from an atoll for 
several years in sequence, there will probably be a nutrient 
depletion of the atoll ecosystem.  
 
Geographical variations  
of natural nutrient replenishment  
 
The availability of natural nutrient replenishment varies 
geographically. The greatest rates of nutrient input on a large 
scale in tropical coastal areas occur in regions of upwelling 
such as the Gulf of Panama, the southern coast of Somalia, the 
southern shelf of Indonesia, and northern Venezuela. 
Intermediate levels of nutrient input are found in areas 
influenced by rivers and terrestrial runoff from large land 
masses, that is, in continental-shelf regions and on large high 
islands, examples being the coast of South-East Asia, 
Indonesia, New Guinea, Philippines and most of the 
Caribbean. Oceania (Micronesia, tropical Polynesia, eastern 
Melanesia) is the region of lowest nutrient input.  
 
     These differences between regions in terms of nutrient 
input not only have quantitative effects on the fisheries, but 
they influence the basic characteristics of the tropical coastal 
ecosystems between regions. The rates of nutrient input, or the 
degree to which the inputs come as pulses, affect the trophic 
structure of the communities, the life-history characteristics of 
the dominant species, and the rate of turnover in occupation of 
primary substrata. These fundamental characteristics of the 
natural systems determine that different resource management 
plans and economic development strategies should be used in 
these different geographic regions of the tropics.  
 
 
 
 
 
 

 
     The availability of nutrient replenishment affects the 
trophic nature of the community. In areas of low rates of 
nutrient input such as atolls in Oceania, the dominant 
occupants of the primary substrata are animal-plant symbiotic 
associations. These organisms have evolved efficient 
physiological mechanisms for recycling the relatively sparse 
nutrients. Most reef- building corals, for example, feed to 
some extent on zooplankton and other suspended organic 
materials, yet they obtain a substantial portion of their 
metabolic energy from zooxanthellae, the symbiotic plant cells 
in their tissues. Most hermatypic (reef-building) corals do not 
obtain enough food energy from the zooplankton, but the 
zooplankton prey is a source of nutrients for zooxanthellae. A 
physiological recycling of nutrients occurs between the tissues 
of the coral and the zooxanthellae.  
 
     Animal-plant symbioses in other phyla are also found to be 
most predominant in oceanic, clear- water, low-nutrient 
conditions. Tridacna derasa (a giant clam with symbiotic 
algae), colonial tunicates with single-celled algal symbionts, 
sponges with algal symbionts, and foraminiferans (a class of 
protozoans) with algal symbionts are examples of organisms 
that are most prevalent in oligotrophic tropical seas.  
 

 
 
Figure 1 Coral-reef communities vary in trophic structure 
with the influence of nutrient input from the neighbouring 
land mass. The large bivalve Tridacna gigas shown here, is 
characteristic of clear, nutrient-poor waters of Oceania. 
Tridacna spp. contain zooxanthellae in their tissues. Photo 
courtesy of C. Birkeland  
 
Differences in growth rates  
 
Complex symbiotic associations are not as able to take 
immediate advantage of nutrient pulses as are algae or small 
suspension-feeding animals. With a rich nutrient input, algae 
accelerate growth faster than do corals, Tridacna spp., or other 
animals with algal symbionts. Likewise, with the nutrient 
pulse followed by phytoplankton blooms, and an increase in 
particulate organic matter or bacteria in the water column, 
barnacles grow faster than corals. The slow growth and 
turnover of corals, tridacnids, and other animal-plant 
symbiotic associations are representative of systems  
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adapted to regions of low nutrient input. They are able to 
grow in nutrient-poor conditions but are vulnerable to 
overharvesting even in nutrient-rich conditions.  
 
     As nutrient input increases on coral reefs, up to a point, the 
growth of benthic vegetation and rates of primary productivity 
increase. This can sometimes lead to overgrowth and even 
mortality of corals. Pollution of shallow marine habitats by 
eutrophication (nutrient input) leads to a general shift from 
dominance by corals to dominance by benthic algae. Long-
term users of the Great Barrier Reef have noted an increase in 
algal cover and a decrease in coral cover attributed to 
increased urbanization, industrialization and agricultural 
development in relatively heavily populated areas on the 
Queensland coast. The mechanism by which this operates 
may be increased nutrient input by sewage or by terrestrial 
runoff from baring the soil and exposing the coast to erosion.  
 
     If a coral is able to reach a certain colony size, it will not 
be overgrown by algae or barnacles. Corals exist in upwelling 
regions as scattered individual large colonies, apparently in 
good health. The survival problem that animal-plant 
symbionts have in regions subjected to major nutrient pulses 
is in recruitment and growth to a refuge in size. The situation 
might be analogous to a tree in a sugar-cape field. The cane 
could never overgrow a fully mature tree, but a tree would 
have difficulty getting started.  
 
     So as nutrients are in greater supply, animal-plant 
symbionts become less prevalent and benthic plants become 
dominant. Animal-plant symbionts may still be conspicuous, 
but this is under the auspices of grazing by fish and/ or 
echinoids on benthic algae. If experimentally protected from 
herbivores, the coral recruits and smaller coral colonies suffer 
mortality from overgrowth or from the creation of sediment 
traps among the bases of algal filaments. With the 
construction and opening of sewer outfalls, the usual change 
in the downcurrent reef community is a changeover from 
corals to algae.  
 
     As nutrient input increases to an even greater level, 
heterotrophic suspension-feeding animals take over a greater 
portion of the primary substrata, with the dominance of 
heterotrophs (nourished by consuming organic matter) over 
phototrophs (nourished through photosynthesis) extending 
into shallower water as nutrient input and sedimentation 
increase. Christopher Rose and Michael Risk of McMaster 
University documented a fivefold increase in the biomass of 
heterotrophic sponges on a coral reef in the Caribbean when a 
sewer outfall began operation. Heterotrophic suspension-
feeders increased and became the dominant organisms in 
southern Kaneohe Bay when sewage began being emptied 
into the area, and promptly showed a decrease to 29% in 
biomass when the sewage was diverted.  
 
 

 
 
 
 
If the natural system in a region is based on recycling, and if 
the system is particularly vulnerable to overexploitation, then 
a stable human economy in the region should not be an 
economy based on the export of materials. The local economy 
could, of course, include subsistence harvesting because local 
consumption would be recycled. But when dealing in the 
world market, it should be a service-oriented economy.  
 
      A fine example of a service-oriented economy on an 
oceanic atoll is the pearl-oyster fishery at Takapoto in the 
Tuamotu Archipelago. Tons of bivalves (Pinctada, Arca, 
Tridacna) live in the lagoon of Takapoto, despite the low 
levels of nutrients in the waters. A large proportion of the 
nutrients may be bound in the bivalves, fish, algae and other 
organisms. If they were heavily exported, the nutrients might 
be depleted at a rate at which the system would be unable to 
replenish and maintain itself. At Takapoto, the main industry 
is the production of pearls by Pinctada. The oysters are 
harvested, but only the pearls are exported. The meat is 
eventually consumed and recycled into the lagoon. Likewise, 
when fish, bivalves, crabs and other organisms are harvested 
for subsistence, the remains wind up mostly in the lagoon.  
 
     Coastal communities in areas of low nutrient input are 
often characterized by clear water and diverse coral reefs, and 
thus have potential for an economy based on service to 
tourists. Although tourism is the first source of revenue to fail 
when the world economy slumps, the natural resources remain 
intact for subsistence fishing and harvesting when non-export 
economies are employed. Coral-reef fish can be overharvested 
by subsistence fishing because of the irregular recruitment, 
slow growth, longevity, and low rates of population turnover 
typical of preferred reef-fish, such as groupers and snappers. 
However, the nutrients should remain and be recycled if the 
system is exploited only by subsistence fishing. Even if 
certain reef-fish are overharvested, alternative species might 
be taken.  
 
     Conversely, excess nutrient input is likely to have a greater 
effect on ecosystems that are normally exposed to low levels 
of nutrient input. Eutrophication via sewage may alter the 
normal system on atolls or oceanic reefs more than the 
systems in lagoons of high islands, near mouths of rivers, or 
in regions of upwelling. Eutrophication could be expected to 
lead to an increase in the phytoplankton-based food-web at 
the expense of the benthic algal-based food-web, to increased 
growth-rates of sponges and bivalves and to increased rates of 
bioerosion of reef-building corals. An increased rate of 
nutrient input from terrestrial runoff may increase the 
frequency of red tides and outbreaks of creatures with 
planktotrophic (plankton-eating) larvae such as the crown-of-
thorns starfish. It is important for planners to understand the 
local and regional effects of sewage output and land-clearing.  
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Different rates of  
recruitment to natural populations 
between geographic regions  
 
The relative rates of recruitment and rates of turnover in 
coastal marine populations vary among geographic regions of 
the tropical seas. At the Unesco meeting in Fiji, Ron Thresher 
of the Australian Commonwealth Scientific and Industrial 
Research Organization (CSIRO) in Hobart, Tasmania, 
described the manner in which the ratio of resident juvenile 
damselfish to adults appears greatest in the eastern Pacific, 
intermediate in the Caribbean, and least of all in the Indo-West 
Pacific. The gradient in relative density of juveniles to adults is 
in the same pattern as the general ranking of productivity in the 
water column among the geographic regions.  
 
     The population densities of coral-reef invertebrates with 
planktotrophic larvae also vary between geographic regions in 
a pattern that suggests that nutrient runoff from land masses 
facilitates successful recruitment. Diadematid sea urchins are 
most abundant in the Caribbean and in the continental shelf 
regions of the tropical Pacific. Diadematids and other regular 
sea urchins are in relatively low population densities on 
oceanic islands and atolls. Outbreaks of coral-reef invertebrates 
such as Acanthaster planci (crown-of-thorns starfish), 
Echinometra mathaei (a reef-burrowing echinoid), and 
Drupella spp. (coral-eating gastropods), occur on large high 
islands or on continental-shelf reefs, but not on atolls.  
 
     Females of species of marine invertebrates and fish which 
have planktotrophic larvae characteristically produce 
tremendous numbers of eggs per individual. Apart from the 
extreme case of no adults, the abundance of recruitment of 
marine animals with planktotrophic larvae is not correlated 
with the standing-stock of adults. A very small number of 
adults are able to produce enough larvae to produce a 
population outbreak. The determining factor is usually the 
degree of larval survival. For animals with planktotrophic 
larvae, survival is related to food supply, the concentration of 
phytoplankton, bacteria or suspended particulate organic 
matter. Although planktotrophic larvae may not actually starve 
in nature, low concentrations in the water column may 
determine slower growth and development which prolongs the 
time the larva spends in the water column and thereby 
increases the chance of mortality from predation or other 
factors. Larvae of barnacles (Balanus balanoides) appear in the 
plankton around the British Isles at about the time of the spring 
phytoplankton blooms. In years of rich phytoplankton blooms, 
dense settlements of juvenile barnacles occur on the coast. The 
recruitment is poor in years when the bloom does not occur.  
 
     At Kaneohe Bay on the island of Oahu in Hawaii, the 
number of barnacle larvae in the water column  
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was large when there was heavy nutrient input into the bay 
from a large sewer outfall. When the sewage was diverted from 
the bay the number of larvae decreased dramatically. The rapid 
response of heterotrophic suspension-feeders with 
planktotrophic larvae to decreased nutrient input and 
productivity in the water column probably involves both a 
decrease in growth- rate and/ or gamete production by adults 
and a lower rate of growth and/ or rate of survival of larvae.  
 
     The timing as well as location of outbreaks of the crown-of-
thorns starfish, A. planci, is related to nutrient input in coastal 
waters. Initial outbreaks (increases in abundances of four to six 
orders of magnitude) occur 2-3 years after a spawning season 
during which heavy rains have taken place, and which 
followed droughts in the months prior to spawning. Juvenile A. 
planci remain secluded under coral slabs, in the interstices of 
the reef framework, or at the base of corals for about 2 years, 
so there is a 2-3-year time lag between larval recruitment and 
the appearance of an outbreak of an adult population. It has 
been shown in laboratory experiments that the larvae of A. 
planci do not survive on phytoplankton alone if the 
phytoplankton is present in the quantities usually found on 
coral reefs. If phytoplankton is present in densities 
characteristic of phytoplankton blooms stimulated by terrestrial 
runoff following heavy rains, the A. planci survives to 
metamorphosis.  
 
     R.R. Olson recently raised the larvae of A. planci in situ on 
the Great Barrier Reef at two levels of phytoplankton densities: 
natural sea-water and sea- water enriched with added 
phytoplankton. He showed that the survival of larvae in natural 
sea-water is better than in aquaria with a monoculture of 
phytoplankton. This may be partially because of a greater 
diversity of phytoplankton in the diet in natural sea-water. The 
waters around high islands also contain a greater concentration 
of particulate organic matter, bacteria and suspended organic 
detrital material than do the waters around atolls.  
 
     Olson also demonstrated that there was a small but 
significant decrease in median time of development of larval A. 
planci when the sea-water was enriched with added 
phytoplankton. The rate of larval mortality is tremendous in 
tropical coastal environments. A shortening of the time spent in 
the water column would substantially reduce the number that 
die before metamorphosis. Since a female A. planci can spawn 
20 million to 60 million eggs in 1 year, a small percentage 
increase in survival of larvae could result in a large increase in 
numbers of juveniles.  
 
Implications for fisheries management  
 
As with A. planci, the location and timing of fisheries 
production can be predicted on the basis of nutrient runoff and 
river drainage because nutrient input from  
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land masses stimulates phytoplankton blooms which increase 
support for the food-web in coastal waters. W. H. Sutcliffe at 
the Bedford Institute, Nova Scotia, Canada, found that the 
fisheries yield of several species offish, bivalves and lobsters 
with planktotrophic larvae correlated with the volume of river 
outflow of the St Lawrence seaway. The fisheries catch of each 
species could be predicted if the lag period necessary for 
growth to harvestable size for each species was allowed. 
Likewise, the abundances of juvenile sardines near the coast of 
India are correlated with the rainfall during the previous peak 
spawning season.  
 
     Conversely, when the nutrient input by river discharge is 
reduced, the fisheries production decreases. A. A. Aleem 
documented a rapid decline of fisheries in the eastern 
Mediterranean Sea immediately following the closing of the 
Aswan Dam. When the dam was closed, the nutrient 
concentrations in the Nile floodwaters decreased, the 
phytoplankton blooms disappeared and, within a year, the 
fisheries catches for the eastern Mediterranean dropped to 
3.7% of their former level.  
 
     The geographic implications of the effects on fisheries of 
nutrient input by upwelling, terrestrial runoff, or river 
discharge are that large-scale commercial fisheries are 
generally concentrated near regions of upwelling at the eastern 
borders of the tropical oceans or along the southern regions of 
Indonesia or Arabia. Tropical seas on continental shelves 
generally support larger fisheries than oceanic islands.  
 
 
Role of strong recruitment  
in determining differences in  
ecological processes between  
geographic regions  
 
When substantially greater numbers of larvae survive to 
metamorphosis in nutrient-rich regions, the number of 
individuals in the populations can become considerably greater. 
With greater densities of populations, the pressures of 
competition and predation or grazing also increase. As these 
processes increase in intensity, they also change in the 
qualitative manner in which they operate. As predation or 
grazing pressure increases, food resources are kept at lower 
levels and grazers must generalize their diets. Generalized 
grazing sets back succession, favours prey with rapid growth-
rates and short generation times. Under conditions of very 
strong grazing pressure, organisms that produce antipredatory 
mechanisms at the cost of slower growth are incidentally 
grazed before they grow large enough to be recognized by the 
grazer and large enough that the antipredatory mechanism 
becomes effective. Occasionally an individual with 
antipredatory devices will grow large enough and will survive 
in a refuge of size. The frequency with which this occurs is 
inversely related to grazing pressure down to the point at which  
 
 
 

grazing pressure is so low that selection for predator-defence 
mechanisms is slight. At intermediate levels of predation or 
grazing pressure, selection for predator-defence mechanisms 
can be strong.  
 
     Competition is also considerably more intense in areas with 
rich nutrient input. In the Gulf of Panama, an area subjected to 
upwelling of nutrient-rich waters, the amount of biomass which 
accumulates on a fouling panel during the first 77 days in the 
ocean is six times the biomass that accumulates on panels over 
the same time interval on the Caribbean coast of Panama and 
twelve times the amount that accumulates on panels at islands 
offshore of the Caribbean coast. Space on the surface of the 
fouling panels in upwelling regions became occupied three to 
six times faster than in non-upwelling regions. Competition for 
space is greater in areas of greater phytoplankton productivity 
both because of greater population densities resulting from 
larval food supply and survival and because of faster growth of 
juveniles and adults.  
 

 
 
Figure 2 Fish generally recruit in larger numbers to areas 
supplied with a greater input of nutrients. Upwelling of 
nutrient-rich waters occurs on the Pacific coast of Panama. 
Grazing intensity on sponges is over 20 times greater on the 
Pacific coast of Panama than on the Caribbean coast because 
of larger populations of grazing fish. Here Holacanthus 
ciliaris, a browser of sponges on the Caribbean coast of 
Panama, is usually found in less abundance as widely 
dispersed individuals. Photo courtesy of C. Birkeland  
 
     The density of coral recruitment shows a pattern opposite to 
that of the community in general. The density of recruitment 
decreases with increasing productivity of the habitat. In the 
highly productive upwelling regions, the number of 
successfully settling coral larvae is low, and the few that 
successfully attach to the substratum are most often overgrown 
or pushed off by other benthic organisms. On coral reefs in 
continental-shelf regions or on the coasts of high islands, coral 
recruitment is common, but is largely dependent on herbivores 
in shallow water for the reduction in algal biomass, since 
competition for space is still a potential hazard. Coral 
recruitment is relatively abundant in oligotrophic (low nutrient  
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input) oceanic regions, but the number of recruits in oceanic 
regions is often limited by the number of larvae in the water 
column and not by available space on the fouling panel. 
Phytoplankton and filamentous and fleshy algae have more 
rapid growth responses to pulses of nutrients than do 
phototrophic animal-plant symbionts. If the nutrient pulse 
results in a phytoplankton bloom, small heterotrophic 
suspension- feeders also show a more rapid growth response 
than do animal-plant symbionts such as corals. The trophic 
structure of coral-reef communities of different geographic 
regions is largely determined at settlement of larvae.  
 
 
Differences in resource  
management on a geographic scale 
brought about by life-history traits  
 
Under conditions of high productivity, both competition and 
grazing favour the survival of generally small, fast-growing 
species. On fouling panels, it was found that the amount of 
biomass removed from fouling panels by grazing was three 
times as great on the nutrient-rich Pacific coast of Panama as on 
the Caribbean coast or at offshore islands in the Caribbean. The 
surface cover of exposed sponges removed by grazing fishes 
was about 25 times greater on the Pacific coast than in the 
Caribbean. Despite the relatively intense grazing, the rate of 
biomass accumulation on the same fouling panels was 1.4 to 30 
times greater in the Pacific.  
 
     The simultaneous increase in rates of biomass being 
accumulated and biomass being removed by grazing comes 
about by increased population turnover. Under conditions of 
nutrient input, both competition and grazing are intense and 
favour organisms with rapid growth and short generation time. 
Populations with rapid rates of growth and turnover are 
generally better adapted to sustain a fishery .In areas with low 
nutrient input, long-lived, relatively large and slow-growing 
animals (for example giant clams, groupers, corals) tend to 
prevail. These are most susceptible to overexploitation.  
 
Cultural adaptations of human 
populations to regional conditions  
 
Over centuries or millennia, atoll-dwellers and inhabitants of 
continental coastlines may have adapted their resource 
management traditions to their different local situations in ways 
that accommodate the differences in rates and magnitudes of 
nutrient input. Residents of atolls and small oceanic islands 
have a clearer perception of their resource limitations and so 
they have developed traditional resource management policies 
in the form of territorial use, size limitations, and closed 
seasons. At the Unesco/ COMAR Workshop on lnter- and 
lntraoceanic  
 
 
 
 
 
 

 
 
 
Comparisons of Tropical Coastal Ecosystems (University of the 
South Pacific, Suva, Fiji, March 1986), it was noted that the 
traditional rules of reef tenure and coastal resource management 
may be stronger at the oceanic islands and atolls of the Pacific 
than in the Caribbean. Although territorial aspects of reef tenure 
systems develop in areas where resources are being exploited 
for economic purposes, the matters such as restrictions on size, 
breeding season, and spawning area may be controlled with 
more detailed regulations in oceanic island and atoll situations. 
A hypothesis was proposed at the workshop that human 
societies may have evolved strict systems of tenure and 
protocol for management of marine resources in regions of low 
nutrient availability and recycling of materials, while societies 
have tended to evolve free-for-all systems of utilization and 
barter in regions of nutrient input (terrestrial runoff or 
upwelling) and high productivity.  
 
     The gradient of nutrient input in different regions of the 
tropical seas leads to a dichotomy of appropriate resource 
management and exploitation strategies. Although management 
and exploitation are complementary aspects of any system, the 
emphasis in nutrient-poor environments tends to be on 
management, while the emphasis in nutrient-rich environments 
has been on exploitation. This dichotomy applies to the natural 
emphasis of the ecosystem on recycling of nutrients or the 
production of biomass. The appropriate economic strategies for 
humans in these respective regions should emphasize service or 
export.  
 
Differences between oceans in areal  
extent and the practical implications  
 
The degree of interconnectedness of coastal eco-systems 
between nations varies between oceans. The Caribbean Sea in 
only about a tenth the size of the tropical Pacific and, because 
of this, the Caribbean is more tightly interconnected. A disease 
infected the sea-urchin Diadema antillarum on the Caribbean 
coast of Panama near the entrance to the Panama Canal in 
January 1983. Within a year the disease had spread throughout 
the Caribbean and halfway across the Atlantic as far as 
Bermuda. In comparison a disease which caused a mass 
mortality of sea-urchins in the Pacific was limited to the 
Hawaiian Islands. Epidemic diseases of sponges have spread 
widely around the Caribbean on about six occasions in the past 
century. An outbreak of A. planci spread for hundreds of 
kilometres in the Ryukyu Islands and other outbreaks spread 
over large distances in the Great Barrier Reef, but each series of 
outbreaks remained within their respective geographic 
subregions. Although the Pacific is partially interconnected by 
the transport of nutrients and larvae by water currents, the 
Pacific is a mosaic of semi-contained areas and not as 
interconnected as the Caribbean.  
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     One of the most striking differences between the coral-reef 
communities of the Caribbean and the Pacific is the 
attenuation of the species pool from west to east across the 
vast Pacific. Over 90 species of crinoids are found in shallow 
water in Indonesia, about 30 species are found in Palau, only 
six at Guam and none in French Polynesia or Hawaii. Even 
entire habitats, such as mangroves, decrease in prevalence 
from west to east across the Pacific. The Caribbean has a 
relatively homogeneous species pool, with crinoids and most 
taxa generally distributed throughout the region.  
 
     In the Pacific, the barriers of distance and unfavourable 
current patterns are beneficial in that they constrain the spread 
of disease and alien species. However, they are a handicap to 
interconnection for re-establishment of overexploited 
biological populations. Human technology has developed to 
the extent that we have the capability of changing ecosystems 
on a geographic scale with single actions. The effects of the 
Aswan Dam on international fisheries is one such example. All 
nations bordering the Caribbean should have a direct interest 
in coastal land-management activities of each of the other 
countries because the Caribbean is interconnected by current 
patterns across a relatively small area. The Pacific is more of a 
mosaic of somewhat interconnected regions, partially isolated 
from other regions. The Pacific might be able to be managed 
by subregions.  
 
 
Differences between 
geographic regions in temporal  
stability  
 
The difference in areal extent of the tropical Pacific and the 
tropical Atlantic leads to differences in temporal stability at 
two levels, but in opposite directions for the two oceans at the 
two levels. At frequencies of decades or centuries, the vast 
distance along the Pacific equatorial current allows an extra 
large build-up during an El Nino Southern Oscillation 
(ENSO), which is a phenomenon of atmospheric- ocean 
coupling in which a very large but low wave transports warm 
water from the western Pacific to the eastern Pacific. ENSO 
has effects throughout the Pacific, with the more disruptive 
effects on populations of marine animals in the eastern region. 
For example, the 1982/83 ENSO led to the disappearance of 
17 million seabirds, comprised of eighteen species, from 
Christmas Island in the Central Pacific. The same ENSO also 
led to the mortality of 95% of the reef-building corals in the 
Galapagos, about two-thirds of the corals on the Pacific coast 
of Panama, and about half the corals on the Pacific coast of 
Costa Rica. The second-order effects on the coral-reef 
ecosystems of mass mortality of corals are great. The corals 
are obviously dominant components of coral-reef ecosystems 
and interact in important, even if indirect, ways.  
 
 

 
     Although marine communities in the eastern Pacific are 
affected the most by ENSO, in central Oceania indigenous 
human populations on atolls are affected the most. Arthur 
Saxe, Professor of Anthropology at Ohio University in Athens, 
Ohio, USA, associates some of the major episodes of 
prehistoric Oceania to previous major ENSO events. It takes 
longer for the terrestrial vegetation and human agricultural 
systems on atolls to recover from disruptive events such as 
ENSO and major typhoons than it does for those on high 
islands or continental coasts. During typhoons, waves sweep 
entirely across the small islets (motus) on atolls and salinate 
the soil and shallow depressions of taro patches. It takes years 
after a typhoon for salts to rinse out of the taro patch 
depression and for the new breadfruit, pandanus and coconut-
palm trees to grow back to a productive size. The entire soil on 
an atoll can be buried under coral rubble or scoured away 
during typhoons. The soil also takes years to recover. The 
disruption to human well-being from ENSO is mainly through 
the lack of fresh water. These long-term disruptions of the 
terrestrial systems on atolls may have shaped the history of 
human cultures in Oceania.  
 
     While the large area of the tropical Pacific destabilizes its 
ecosystems on the scale of decades and centuries because of 
ENSO and super typhoons, the large area of the tropical 
Pacific provides stability on the scale of millennia. The 
Caribbean experiences a greater drop in temperature during 
periods of glaciation than does the central and western Pacific 
because of the relatively large area and volume of the Pacific 
basin. There is less susceptibility to extinction in the Pacific 
because the populations are spread across a larger area and the 
populations can be isolated, allowing pockets of survival when 
conditions change or a disease or a predator spreads. It is 
paradoxical that the large area of the Pacific basin leads to 
more disruptive short- term events and stabilizes the long-term 
environmental fluctuations.  
 
 
Geographical  
differences in rates of speciation  
 
The larger area of the tropical Pacific serves to buffer climatic 
changes and allows for isolation of populations. The 
interconnection of the Malaysian, Indonesian and Philippine 
archipelagos on the continental shelf provides a mechanism for 
isolation and reconnection biotas as sea-levels change. 
Oceanic archipelagos also undergo isolation and reconnection 
as current patterns change with changes in sea-level. Isolation 
is also important as a buffer against extinction from biotic 
factors such as disease and predation. Greater rates of 
speciation and buffers against extinction produce a greater 
species diversity for most taxa in the Pacific compared with 
the Caribbean.  
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Interconnection 
between coastal habitats 

geographic scale. They may be resulting from increased 
terrestrial runoff caused by land-clearing for development 
and clear-cut forestry. Paralytic shellfish poisoning (PSP) 
was known from temperate Pacific waters for centuries, 
but it was previously unknown from the tropical Pacific. 
However, the International Centre for Living Aquatic 
Resources (ICLARM) reports that people have been 
seriously ill and dying from PSP at an accelerating rate 
since 1975 at Kalimantan, Papua New Guinea, Fiji, 
Solomon Islands, Indonesia, Philippines and both coasts 
of India. That dinoflagellate blooms have been increasing 
at a geometric rate in both frequency and magnitude has 
been documented since 1975 at Hong Kong. PSP and 
dinoflagellate blooms may be indicative of an increase in 
frequency and magnitude of phytoplankton blooms in 
general. These increases may be brought about by 
increased nutrient input in continental and large-island 
regions (but apparently not around atolls) and this 
widespread increase in nutrient input may be a result of 
terrestrial runoff following a major increase in 
deforestation in coastal regions. 

Seagrass beds, mangroves and coral reefs appear to have 
more trophic and population interconnections in the 
Caribbean than in the Pacific. A corollary of this is that 
the within-habitat diversity of shallow tropical-fish 
communities in the Caribbean is not so different from 
that in the Pacific, but the between-habitat diversity is 
greater in the Pacific. The practical implication of this is 
that fish communities in the Caribbean might be able to 
recover more easily from catastrophic disturbances or 
local extinctions by immigration from surrounding 
habitats. There are no substantial seagrass beds in the 
eastern Atlantic, eastern Pacific and south of the Amazon 
(except for Styringodium). Mangroves drop out eastward 
across Polynesia. 

Differences between the 
oceans in the presence or absence of 
particular influential species 

Some species in one ocean have no counterpart in the 
other oceans. Geerat Vermeij of the University of 
Maryland, USA, has documented a large number of 
symbiotic relationships that exist in the tropical lndo- 
West Pacific but not in the tropical Atlantic, for 
example, giant clam-zooxanthellae, Amphiprion fish- 
anemone associations. 

If human activities are, in fact, causing increased 
nutrient input into tropical coastal ecosystems, then we 
should expect more frequent population outbreaks of 
animals with planktotrophic larvae. This seems to be the 
case. Recent observations have found a variety of marine 
invertebrates undergoing population outbreaks. Some of 
these species have major effects on the biology and 
geology of coral reefs, examples being A. planci, 
Drupella spp. and E. mathaei. One species, the crown-of-thorns starfish, A. planci, is 

characteristic of Indo-Pacific coral reefs. It is capable of 
killing over 90% of the living coral cover across areas of 
several square kilometres. By this action it can bring 
about changes in community structure through three 
trophic levels. Corallivorous fish became scarce and 
herbivorous fish increased fourfold when A. planci 
devastated the coral communities at American Samoa in 
1978. 

Interviews with indigenous fishermen suggested that 
outbreaks of A. planci ordinarily occur several decades 
apart. In the last two decades, however, outbreaks of A. 
planci have been occurring with increasing frequency. 
Major outbreaks occurred on the Great Barrier Reef in the 
early 1960s and again in the early 1980s. Population 
increases occurred on Guam in 1968 and again in 1979. 
A. planci has remained common on Guam since 1979. 
Likewise, outbreaks occurred in the Ryukyu Islands in 
1957/58 and again in 1969, with A. planci remaining in 
outbreak abundances in the Ryukyus since 1969. Dr 
Masashi Yamaguchi stated that we can safely assume that 
all reefs in the Ryukyu Islands have been severely 
damaged by A. planci. The coral-reef fish communities 
have been found to be drastically changed by the effects 
of predation on large areas of coral by A. planci. As with 
PSP, outbreaks of A. planci are bound to influence the 
economies and subsistence of local peoples. 

While starfish have a major impact on the lndo- 
Pacific coral-reef communities and the starfish in the 
Caribbean are inconsequential, the D. antillarum sea- 
urchin is a major influential factor on Caribbean reefs and 
urchins are relatively unimportant in the oceanic islands 
and atolls of the lndo-Pacific. A widespread mortality of 
this single species in the Caribbean in 1983 was directly 
followed by a severalfold increase in standing stock of 
benthic algae throughout the tropical western Atlantic, 
from Panama to Bermuda. Second-order effects were 
found in the behaviour of fish in the tropical western 
Atlantic. Coral-eating gastropods of the genus Drupella have 

become extraordinarily abundant at certain locations in 
the Philippines, in the Ryukyu Islands, and at Miyake-
jima in recent years. Jack Moyer, of the Tatsua Tanaka 
Memorial Biological Station on Miyake-jima, observed 
that predation by Drupella spp., actually did more harm 
to the coral community than did the outbreak of A. planci 
in the same area. As with 

Indications of global 
changes in coastal ecosystems 
resulting from human activities 

There are indications that long-term changes in coastal 
communities may now be occurring on a 
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reduces water transparency, increases competition for 
space by heterotrophic suspension-feeders, and increases 
bioerosion by heterotrophs. 

A. planci, he attributed the outbreak of Drupella spp. to 
increased nutrient input into the coastal region by road 
construction. The increased nutrients may have 
stimulated an increase in phytoplankton production 
which, in turn, provided an increased food supply for 
planktotrophic larvae of Drupella spp. 

During the next century of sea-level rise, the residents 
of atolls will be most dependent on the upward growth of 
coral reefs because there is no high ground to which they 
can move. Coral reefs are most likely to keep up 
successfully with the sea-level rise on atolls and islands 
of Oceania. With little nutrient input, coral reefs on atolls 
will continue to be subjected to less bioerosion, fewer if 
any outbreaks of A. planci, fewer echinoids, fewer 
corallivorous gastropods, less competition with algae and 
heterotrophic suspension-feeders, and more light 
penetration of water than will coral reefs near major land 
masses. 

Likewise, the reef-burrowing echinoid E. mathaei has 
recently been showing tremendous increases in 
abundance on the coasts of Kenya, Kuwait and Okinawa. 
When extraordinarily abundant, E. mathaei significantly 
alter their behaviour. At large population densities, E. 
mathaei forage in large groups, grazing the benthic algae 
and seriously eroding the substratrum and the bases of 
living coral to the extent that living coral could be 
toppled by wave action. 

The need to consider 
regional differences when  
developing management plans 

At Okinawa, an island that has been undergoing major 
development and land-clearing activities for a couple of 
decades, the coral communities have been greatly altered 
by the extraordinary abundance of A. planci, Drupella 
spp. and E. mathaei. The great abundances of all these 
species and the consequent destruction of coral 
communities can be attributed logically to nutrient input 
from large-scale land- clearing activities. In contrast to 
the high islands or continental coasts where these 
population outbreaks have been occurring, none have yet 
been reported from the low islands (motus) of atolls 
where terrestrial runoff would not be expected to result in 
substantial nutrient input. Although the resources of 
inhabitants of small oceanic islands and atolls may be 
more vulnerable to overexploitation, only the peoples on 
the coasts of high islands or continental coasts are in 
situations in which their actions could have more 
widespread, even international, repercussions. 

It is not just the solution to a problem that differs 
between geographic regions, the entire nature of the 
problem is not the same. In the oligotrophic regions, such 
as the atolls and small islands of Oceania, the problem is 
how to maintain an economy based on a system that 
exists by recycling materials. In continental-shelf 
regions, human activities such as clear-cut logging and 
construction of dams may make large changes in 
processes in the coastal ecosystems on a geographic 
scale. Human activities in oligotrophic regions do not 
have such a potential for bringing about large-scale 
changes. 

The tropical western Atlantic is a relatively small area 
bordered by many countries. The species pool is 
relatively homogeneous and disease in one species of 
echinoid was found to spread throughout the tropical 
western Atlantic within 1 year. The tropical Pacific 
covers an area over ten times as large. The species pool 
attenuates from west to east and echinoid diseases remain 
isolated in archipelagos. While the spread of disease and 
alien species is a greater potential problem in the 
Caribbean, the restocking of locally extinct species is less 
likely in the Pacific. Any large-scale coastal project in the 
Caribbean is of immediate concern to all countries 
bordering the tropical western Atlantic. The management 
of the tropical Pacific can be in a more modular or 
subregional organization. 

Regional differences 
in the possible response 
of coral reefs to rising sea-level 

The release of excessive amounts of CO2 into the 
atmosphere by the burning of fossil fuels is presently 
causing a global warming trend by means of the so- 
called greenhouse effect. With this warming will come a 
partial melting of the Antarctic ice cap and an expansion 
of the ocean surface. By these two processes, the sea-
level is expected to rise by about l5 mm yr-l during the 
next century. Pamela Hallock, Department of Marine 
Science, University of South Florida, St Petersburg, 
USA, and Wolfgang Schlager, Institute for Earth 
Science, Free University, Amsterdam, the Netherlands, 
found in the geological record that the abilities of coral 
reefs to grow fast enough to keep up with sea-level rises 
in the past have apparently been dependent upon the rate 
of nutrient input into the sea. ‘Drowned reefs’ and 
carbonate platforms have fallen behind rises in sea-level 
during periods of excess nutrient input. They proposed 
that increased nutrient input stimulates phytoplankton 
growth and thereby 

Geographic 
differences in potential 
for impact by human activities 

People living on continental coasts or on large high 
islands have a greater potential than those on oceanic 
islands and atolls for influencing the nature of coastal 
marine communities by increasing or decreasing 
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community composed mainly of heterotrophic 
suspension-feeders. In effect, the heterotrophic benthic 
community was replaced by the coral reef. 

nutrient input on a large scale. The international effects 
of the decrease in nutrient input into the eastern 
Mediterranean caused by the closing of the Aswan Dam 
have been mentioned. Conversely, increased agricultural 
or urban development can increase the nutrients and 
sediments in the river discharge which, in turn, can affect 
coastal habitats for hundreds of kilometres downstream 
of the river mouth. This has been shown for the Burdekin 
River on the coast of Queensland, Australia, inshore from 
the Great Barrier Reef. 

The events at Kaneohe Bay demonstrated that human 
activities do not merely affect productivity and 
abundances of populations in a quantitative manner, they 
can also have a qualitative effect and change the very 
nature of functional organization of coastal marine 
communities. They can change the trophic structure of 
the communities and the manner by which community 
processes such as predation and competition operate. That nutrient input resulting from human activities 

can bring about changes in the trophic structure of a 
marine community was documented in Kaneohe Bay, 
Hawaii. From 1951 to 1977, increasing quantities of 
sewage flowed into south and east Kaneohe Bay. The 
sewage was diverted from the bay in 1977 and early 
1978. The total amount of particulate carbon in the water 
column decreased with distance from the sewage outfall 
and also decreased with sewage diversion. The 
abundance of phytoplankton was directly related to 
average nutrient input. The biomass and numbers of 
zooplankton also decreased with distance from the 
sewage outfall and also decreased after sewage diversion. 
Before sewage diversion, over half of the total benthic 
biomass of the bay was in the south-eastern quarter of the 
bay near the sewage outfall. This rich beuthic community 
was composed predominantly of heterotrophic 
suspension- feeders: conspicuous sponges, tunicates, 
polychaetes, barnacles and molluscs. The benthic 
community further north-west in the bay was a typical 
coral-reef community, composed predominantly of the 
phototrophs, algae and coral. When the sewage was 
diverted, the biomass decreased rapidly throughout the 
bay in both the plankton and the benthos. The decrease 
was greatest in the heterotrophic benthos in the south-east 
sector of the bay where the sewage outfall was formerly 
located. The biomass decreased from 505 down to 145 
metric tons dry weight in the 

In oligotrophic regions such as Oceania, coral-reef 
fisheries are particularly vulnerable to over- exploitation, 
and natural restocking may be less reliable because of 
large distances between brood stocks and because of less 
consistent food supply in the water column. 
Repercussions of human activities on local exploited 
populations may be longer lasting than in nutrient-rich 
regions. However, on atolls and on small oceanic islands, 
the terrestrial activities of people are not likely to have 
consequences on a geographic scale. The change in 
nutrient input from an atoll or small oceanic island 
because of human activities is relatively small. 

Fundamental differences in community dynamics of 
comparable coastal ecosystems in different geographic 
regions of the tropics have important implications for 
proper resource management and utilization. We cannot 
necessarily generalize successful resource management 
policies or guidelines from one geographic region to 
another in the tropics. Because of the rapid population 
growth in tropical countries, it is an urgent matter to 
develop a theoretical framework which would form the 
basis for development of rational management 
programmes for tropical coastal resources and which 
would take into account important environmental 
characteristics of the particular regions. 
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