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4.3 Effects in Marine Ecosystems
J. P. LAY AND A. ZSOLNAY

4.3.1 INTRODUCTION

In this paper, tropical marine areas are defined as those whose minimum surface
temperatures never go below 20°C. They are shown in Figure 4.3.1 and are
approximately the latitudes between 28°N and 28°S. The major exceptions to
this are the areas of strong upwelling found along the western coasts of most
continental areas. These introduce nutrient rich, but colder waters to the surface.
For example, the major upwelling off Peru normally prevents tropical conditions
from existing below latitude 50S in that region (Figure 4.3.1).

The tropics, especially in coastal areas, are exposed to an ever increasing
environmental impact through increased population, industrialization, and
tourism. This has required an increased knowledge of the potential effects of
these impacts. However, to date there has been very little work done in this
geographical area, and the majority of it has been concerned with basic ecological
principles rather than the effect of specific anthropogenic inputs. Of the 15000
ecological publications published between 1979and 1983, only 0.09070of them
dealt with tropical environmental research (Cole, 1984).In fact, the trend appears
to show a decrease over time! In 1979 and 1980 the relative number of articles
in this area of research were 0.18 and 0.23% respectively, while during 1982
and 1983 this has decreased to 0.05 and 0.14%.

One possible approach to circumvent this lack of information is to use the
data and results obtained from environmental studies carried out in temperate
regions and attempt to extrapolate them to tropical environments. This, however,
can only be done in a very tenuous manner. The physical environment is by
definition different in the tropics from that in the temperate areas. Furthermore,
the biota, as a result of diverging evolutionary processes, are naturally not the
same in these two regions. Even when the same taxa exist in both the tropics
and temperate zones, it is reasonable to assume that their ability to successfully
respond to an anthropogenic input will also be affected by the different physical
environments.
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Figure 4.3.1 Distributions of corals (x) and the 20°C surface water isotherms (-)

The goal of this report is to look at these environmental differences and see
in which ways they may mitigate or exacerbate the effects of anthropogenic
inputs. Much of this has already been done (Johannes and Betzer, 1975), but
in this report the results reported in more recent literature will be emphasized.
Essentially, only marine systems will be considered. We feel that rivers and other
inland waters are more complicated and that their variations within a given
geographical region may be greater than the variations between geographical
zones. Similar to Johannes and Betzer (1975), we have found that the pre-
dominance of tropical ecological literature is concerned with coral reefs. By
necessity, our report must reflect this. Finally, we will not be considering
mangroves, since this is being done elsewhere (see Section 5.6.3.2).

4.3.2 PRIMARY CAUSES AND ASPECTS OF THE
TROPICAL ENVIRONMENT

The primary cause of tropical conditions is obviously their geographical location.
This has the main effect of causing tropical areas to receive more intensive solar
radiation, which in turn means that more light and higher temperatures prevail
there. The latter is the chief indicator, by definition, ofthis region. Furthermore,
the wind patterns near the equator result in a system with relatively low kinetic
energy. It is unlikely that anthropogenic inputs will result in an increase of light
or a decrease in the kinetic energy levels. These primary effects produce a whole
series of secondary ones, both inorganic and organic, from which most of the
differences between tropical and temperate regions derive (Figure 4.3.2).
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Figure 4.3.2 Primary and secondary interactions resulting in differences between tropical
and temperate aquatic regions

The higher temperatures in the tropics have a direct influence on the level
of oxygen saturation, which is lower there than in the higher latitudes. Power
plants and similar sources of heat can have significant local effect on the water
temperature. This, of course, will also reflect on the amount of oxygen that
can be present in the water.

Furthermore, the lower kinetics present in the tropics result in lower turbidity
levels in coastal areas. These levels, however, can be drastically increased through
the influence of such activities as dredging, power boating, or sewage intro-
duction. In addition, these lower energy levels, when combined with the tendency
of surface waters to be rapidly heated, lead to a significant vertical stratification,
which in turn prevents the introduction of nutrient-rich deep water into the photic
zone. The result is a prevalence of nutrient-poor or oligotrophic conditions in
the surface waters. This, of course, has the additional effect of keeping the
biological standing stock as well as the turbidity lower in the tropics than in
the temperate regions. The stronger seasonal variations in non-tropical areas
lead to periods of strong mixing between the photic zone and the nutrient-rich
water located below it. This results in the well-documented seasonal blooms

of phytoplankton and their associated zooplankton. This phenomenon is usually
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absent in the tropics. However, the introduction of insufficiently treated sewage
can produce a drastic increase in the amounts of nutrients available. This can
then result in eutrophic conditions, which can also produce an increase in
turbidity levels. The net effect is that the normal ecological system is altered
into a diametrically opposite one. Furthermore, raw sewage produces a strong
biological oxygen demand, causing a significant decrease in oxygen levels.

The organic material, including the biota, is usually present at considerably
lower concentrations in the tropics than in the temperate zone. Sewage
introduction can lead to a local increase in the amount of organic material, while
the introduction of alien biota can lead to major instabilities in tropical
communities. However, the most significant anthropogenic impact in this area
is the introduction of xenobiotics, active chemicals introduced into the ecosystem
either accidently (spills, leaks, etc.) or intentionally (crop spraying, sewage,
etc.).

The main relevant topics concernng the above mentioned differences between
temperate and tropical marine systems are summarized in Table 4.3.1.

Table 4.3.1 The tropical marine environment. Comparison of environmental factors
between tropical and temperate zones

Tropical situation Applicable
Environmental compared to the anthropogenic Ecological Impact in
factor temperate one input effect tropics*

Light More intense Sewage Eutrophication +
Xenobiotics Photochemical +

alteration
Turbidity from Less +

from waste productivity
Temperature Higher Sewage BOD,COD +

Heat Thermal stress +
Xenobiotics Secondary +

chemical
reactions

Xenobiotics Metabolism, ?
detoxification

Oxygen Lower Sewage Community +
concentration restruc-

turing
Nutrients Lower Sewage Eutrophication +

concentration
Turbidity Lower Waste Alteration of +

benthic biota
(e.g. corals)

Community More linear All Loss of +
structure diversity

* + =greater in tropics compared to temperate regions; ? = unclear



Effects in Marine Ecosystmes 199

4.3.3 POTENTIAL ENVIRONMENTAL IMPACTS
IN THE TROPICS

Three groups of pollutants are considered here: (1) hydrocarbons, including
oils and chlorinated compounds; (2) metals; and (3) waste, including nutrients
and turbidity-causing agents. Subsequent effects will be evaluated by giving
examples of changes in light, temperature, oxygen, nutrient flux, and community
structure.

4.3.3.1 Hydrocarbons

Volatile liquid hydrocarbons (VLH) are characterized by their high relative
chemical reactivity, volatility (vapour pressure), and good water solubility. They
make up the major constituents of anthropogenic organic material in the
atmosphere (Duce, 1978) and are discharged into marine coastal waters near
industrial and urban areas in environmentally significant amounts (Sauer et al.,
1978). They can be classified chemically mainly as alkylated aromatics,
aliphatics, and alkylated cyclopentanes/hexanes. Many of them are among the
most toxic components of petroleum (Anderson, 1975;McAuliffe, 1977; Baker,
1970).

Residues of these compounds in the tropical marine environment were
determined, e.g. by Sauer et al. (1978) in the Gulf of Mexico and the Caribbean
Sea from coastal, shelf, and open ocean surface waters.

Concentrations of the VLH ranged from::t 60 ng/l in open ocean non-
petroleum-polluted surface water, to::t 500 ng/l in heavily polluted Louisiana
shelf and coastal water. Caribbean surface samples showed very low
concentrations of 30 ng/I. Subsurface VLH concentrations were only 35-40 ng/I.

Determination of the VLH load was made on the basis of their six major
constituents: benzene, ethylbenzene, toluene, and m-, p- and a-xylene.

In the Caribbean water samples, aromatics were the only volatile compounds
in seawater. Toluene was present in all samples and was suggested to be of
possible geochemical origin. Heavily polluted areas contained considerable
concentrations of cycloalkanes (60-110 ng/l; 20070of total VLH). Besides the
apparently high concentrations of VLH due to contamination, the distribution
of VLH in the regions investigated could have further origins; these include:
surface currents passing through polluted water bringing VLH to the central
Gulf; the atmosphere acting as a source of surface-water VLH; open ocean
discharges from tankers and other ships sufficient to produce detectable VLH
concentrations; and VLH present in open-ocean surface water as true residuals.

Biological effects of VLH have mainly been investigated by short-term studies
of lethal effects at high dosages and have not reflected the realistic stresses that
may be encountered by organisms from waters polluted by VLH (Sauer, 1980).
With regard to the chronic sublethal effects of VLH on tropical marine
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organisms,only studies concerningbehaviouralor chemoreceptioneffectsat
lower concentrations have been carried out. The response of snails and crabs
to chemical substances that normally initiate feeding behaviour was eliminated
with a 1{tg/l concentration of the water-soluble kerosene (benzene) fraction
(Jacobson and Boylan, 1973; Takahashi and Kittredge, 1973; Johnson, 1977).
Fertilization of macro algae was completely inhibited by 0.2 {tg/l No.2 fuel oil
(Steele, 1977). Chemoreception in marine bacteria was inhibited by 10{tg/l of
benzene (Walsh and Mitchell, 1973). VLH concentrations in the microgram per
litre range can be present near many coastal, urban, and industrial areas, and
their steady-state concentrations are high enough to cause detrimental long-term
effects to the local marine organisms present (Sauer, 1980).

Another group of hydrocarbons, the polynuclear aromatic hydrocarbons
(PAHs), are of considerable concern for the marine environment. This is mainly
due to their relative persistence, and carcinogenic and mutagenic potential as
well as to their possible function as indicators of anthropogenic pollution. They
are present, in greatly varying concentrations, in most marine environments.
For example, concentrations of PAHs in the surface waters of the Baltic Sea
were nine times greater than in waters from the same depth in the Sargasso Sea
(Zsolnay, 1977). Aqueous solubilities of these hydrocarbons have been
demonstrated to influence biota uptake, sorption processes to sediments, and
transport to the marine environment (Geyer et al., 1981;Mackay, 1982, Gearing
et al., 1980).

Whitehouse (1984) studied the solubility of six selected PAHs at various
temperatures and salinities. Comparing laboratory data of PAH solubility
performed under standardized conditions, he found that all six compounds tested
exhibited decreasing distilled water solubility with decreasing temperature. With
the possible exception of benzo(a)pyrene, they were also sensitive to small
changes in temperature. At temperature ranges from 3.7 to 25.3°C and
salinities from 0 to 30.7%0 phenanthrene, anthracene, 2-methylanthracene,
2-ethylanthracene, and benz(a)pyrene salted out (decreasing solubility with
decreasing temperature and decreasing solubility with increasing salt concen-
tration), whereas 1,2-benzanthracene salted-in (increased solubility upon the
addition of salt). The findings were that, unlike salinity, small decreases in
temperature can cause significant decreases in the solubility of four of the PAHs
tested, especially in the higher temperature range. This could have significant
theoretical implications and greatly complicates the attempt to predict and
compare the partitioning and transport within the temperate and tropical marine
systems.

The presence of polynuclear aromatic hydrocarbons is important for the
photo-oxidative degradation behaviour of crude oils in the sea. Thominette and
Verdu (1984)reported a photochemical study, with three different crude oils from
Algeria, the Middle East, and Venezuela, under simulated natural weathering
conditions (wavelength above 300 nm, temperature 16-38°C).



Effects in Marine Ecosystems 201

It was shown that, besides spreading, evaporation, dissolution, emulsification,
dispersion, and sedimentation, the sunlight-induced degradation or alteration of
the oils in the sea can lead to weathering processes, which modify their physico-
chemical properties. Photo-oxidation of the PAHs is also responsible for the
stabilization of water-oil emulsions (so-called chocolate mousse).

PAHs are responsible for a great majority of photochemical initiation
reactions. Studies (Thominette and Verdu, 1984) have shown that aromatic-
rich oils were photo-oxidized several times faster than aromatic-poor homo-
logues. As temperature plays an important role in the radical chain mechanism
of photo-oxidation, the overall activation energies can be assumed to be higher
in the tropical marine environment. A side-mechanism via the formation of
singlet oxygen, which can directly give peroxides of the PAHs, is not temperature
dependent but can operate simultaneously with radical chain mechanism which
needs the presence of abstractable hydrogen. PAHs as well as alkyl branched
aromatics were shown to be the most important compounds in the temperature-
dependent radical propagation of oxidation chains.

Oil and tar

Atwood and Ferguson (1982) described a case study in which the fate of oil
was investigated in a tropical environment following a major petroleum spill
(PEMEX IXTOC-l outblow in the southern Bay of Cambeche, summer 1979).
This in situ research, combined with separate microbiological microcosm and
photo-oxidation experiments, covered the chemical and microbial weathering
and fate of the oil spilled.

Fiest and Boehm (1980a), who measured the water column concentrations
of petroleum hydrocarbons, detected significant amounts of toxic compounds,
i.e. alkylated benzenes, naphthalenes, and methyl naphthalenes, within a 20-km
distance from the blowout. The concentrations ranged from 0.02 to 38.0 p.g/I.
The total petroleum concentration in the water column was as high as 10()()()p.g/l
at the wellhead but dropped off rapidly to background values of 5p.g/I. The
chemical evidence for bacterial degradation of the oil was slight.

Atwood and Ferguson (1982) and Fiest and Boehm (1980b) assumed that the
response of the bacterial community and the rate of bacterial weathering of
spilled oils were strongly nutrient limited. Thus, even though the potential for
rapid biodegradation of the oil existed, the process probably did not occur.
Pfaender et al. (1980) and Atlas et al. (1980) both showed distinct effects of
spilled IXTOC-l oil on the microbial community in the water column. Although
little or no increase in total bacterial cell number resulted, there were large
increases in the total hydrocarbon-utilizing bacteria. The spilled oil also caused
an increase in total microbial metabolic activity, but it inhibited microbial amino
acid respiration. These effects were limited to areas very near the floating surface
oil; at distances greater than 25 km down-plume all these parameters were
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at what were perceivedto be natural ambient levels (AtwoodandFerguson,
1982).

The formation of 'chocolate mousse-like emulsion' on the sea surface is a
photochemical as well as a microbial process in the weathering of spilled
oil after long-term exposure. As both processes occur simultaneously in the
marine environment when a spill occurs, separate laboratory photo-oxidation
experiments and microbial studies in the dark were performed. The compounds
identified from the photo-oxidation experiments (oxygenated products like alkyl
benzoic, naphthoic, and phenanthroic acids) were identical to those collected
from the in situ samples in the IXTOC-1 spill plume. The same type of
conversion products were also detected after a 7-day incubation in the dark. The
distribution ratios, however, were different, probably because microorganisms
favoured certain isomers. The formation of the mousse was similar in both the
photo-oxidation and in the microbial laboratory experiments. Collected sediment
trap samples showed that significant amounts of the sedimenting oil were
associated with phytoplankton material. The upper bottom sediment layer
contained 100 mg/kg of substantially physically and chemically weathered oil.
Only 0.5-3070 of the total IXTOC-1 oil within 50 km of the well was in the
sediment. As no quantification was made for each photochemical and microbial
degradation process, we assume that abiotic conversion, because of the stronger
solar inputs, is the dominant process in the tropical marine environment. The
nutrient-limited medium restricts heterotrophic organisms from effecting a more
rapid degradation of spilled hydrocarbons.

In an earlier work, Zsolnay (1978) used gas-chromatographic indices to
determine that the breakdown of tar in a subtropical environment was due to
physical and chemical processes rather than bacteriological ones.

The harmful effects of oil on Red Sea corals were investigated by Rinkevich
and Loya (1977, 1979). They recognized that the poor coral recruitment on oil-
polluted reefs near Eilat was the result not only of damage to the reproductive
capacity of sexually mature corals but also of the survivorship and settlement
of their planulae. The toxicity of crude oil at the concentration of 10jtg/l
was evidenced by a significant reduction of settlement and survivorship
of the planulae of Stylophora pistil/ata. In Figure 4.3.3 the number of
planulae of S. pistil/ata and the percent of settlement following a 144-hour
laboratory experiment in Petri dishes at different oil concentrations are
illustrated.

The spatial and temporal variation of pelagic tar in the eastern Gulf of Mexico
is reported by Van Vleet et al. (1983). Concentration of pelagic tar in this region
collected monthly at seven stations, ranged from 0 to 26.5 mg/m2. Using
neuston tows, average concentrations of tar were found to be 1.6 mg/m2 off
the West Florida shelf and 0.05 mg/m2 on the shelf. Pelagic tar concentrations
were closely correlated with proximity to the Gulf Loop Current, with maxima
in the spring and autumn of 1980.
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Figure 4.3.3 Number of planulae of Stylophora pistillata and percent of settlement
under different oil concentrations. After Rinkevich and Loya (1979)

The occurrence of tar was often associated with floating Sargassum. The above
work notwithstanding, the general impression is that more research is needed
to clarify the impact of petroleum on tropical ecosystems. This is especially true
in the case of chronic effects. This will require an increased need to understand
natural short and long-term fluctuations (Anonymous, 1985).

Chlorinated hydrocarbons

The global distribution of the chlorinated hydrocarbons, especially in regard
to the PCBs, hexachlorocyclohexane (HCH) isomers, and DDT and its meta-
bolites, was monitored in samples collected between 1975 and 1979by Tanabe
and co-workers (Tanabe and Tatsukawa, 1980; Tanabe et al., 1982). General
concentration of PCBs had a range of 0.1-1.0 ng/l, DDT of 0.01-1.0 ng/l and
HCHs of 1.0-10.0ng/l in the North Pacific as well as in the Indian Ocean.
High concentrations of DDT and HCH off the western coast of India and of
DDT off the coast of Central America suggest that large amounts of DDT and
HCH are still used in the tropical zone. The transport of these two pesticides
to the ocean is predominantly via the atmosphere, and the distribution was
determined by the equilibrium partitioning between air and surface waters
(Tanabe and Taksukawa, 1980). HCHs were more concentrated in the northern
hemisphere (especially Asia), while greater DDT concentrations have shifted
from the North to the South in the last decade. PCBs were observed
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in significantly high concentrations in coastalregions of the tropical and
subtropical zones and consisted mainly of the higher chlorinated types. Lower
chlorinated PCBs were dominant in the ocean far from terrestrial environments.
All chlorinated hydrocarbons could be detected in every location of the
Antarctic, western Pacific Ocean, and eastern Indian Ocean. This occurrence,
even in the Antarctic Ocean, indicates the global transport of these compounds.

Data on the residues of persistent organic chemicals, e.g. pesticides, in
the tropical marine environment are rare. The fate and the effects of these
extremely hazardous, anthropogenic compounds were studied only in laboratory
experiments. Solbakken et al. (1984) reported investigations on the fate of
14C-naphthalene, phenanthrene, 2,4,5,2' ,4' ,5' ,-hexachlorobiphenyl, and octa-
chioro styrene in Bermudian corals. Uptake and elimination of these lipophilic
xenobiotics were studied in 19 anthozoa and one hydrozoan common to
Bermudian waters. Accumulation occurred in each species tested. Elimination
rates were very slow; naphthalene was relatively readily excreted, followed by
octachlorostyrene, phenanthrene, and by the chlorobiphenyl, which showed 84070
retention (measured as 14C)even nine months after exposure. No significant
correlation was found between test species and accumulation rate.

These results underline the problem of understanding the impact in tropical
waters of the highly chlorinated hydrocarbons, which are known to be persistent
and possess a long-term subacute toxicity.

4.3.3.2 Metals

The occurrence, distribution, and accumulation potential of metals in the aquatic
environment is known to depend on many factors, such as local enrichment,
temperature, salinity and the physico-chemical properties of the metals
themselves. As for hydrocarbons, most of the research on metals in tropical
marine systems deals with their accumulation in the sediments or in selected
organisms. Again, laboratory short-term studies try to compensate for the lack
of in situ studies and/or of mechanistic processes. General conclusions for the
tropics could not be obtained since large deviations in residual analysis and no
direct comparable experimental conditions were indicated. Studies on anthro-
pogenic metal contamination have to distinguish between natural levels and
those which are enhanced from anthropogenic sources. At low levels, Fe,
Cu, Zn, Co, Mn, Cr, Mo, V, Se, Ni, and Sn, as natural constituents, seem to
be essential nutrients. Hg, Cd, and Pb are, besides Cu, Zn, Ag, and Cr, the
most hazardous metals from the ecotoxicological as well as the public health
point of view.

Heavy metal analysis is often performed in selected areas of coastal waters
and sediments, when high inflows from rivers carrying a highly suspended load
of municipal and industrial waste are apparent. The upper Gulf of Thailand,
with five such inputs, was therefore analysed for high levels of anthropogenic
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sources (Hungspreugs and Yuangthong, 1983). No enrichment was found for
Cr, Cu, and Zn.

Applying the 210Pbmethod, they found that there had been strong build-ups
of Cd and Pb in the upper 15cm sediment layers during the past 30 years.
Residues of Cd and Pb in the area (estuaries, upper and middle Gulf of Thailand)
ranged from 0 to 6.7 mg/kg and 14 to 84.5 mg/kg respectively. Other areas in
the world cited, showed similar Cd, but higher Pb, residual values (Hungspreugs
and Yuangthong, 1983).

Analysis for Hg residues generally revealed that the biota (zooplankton, fish,
algae) from the sites studied (tropical Pacific Ocean, Senegalese littoral and
Malaysia) were relatively uncontaminated with mercury. Hirota et al. (1979)
showed that protozoa, hydromedusae, ctenophores, chaetognaths, copepods,
amphipods, euphausiids, thaliaceans, and larvae of fish and crustaceans have
average Hg residues of 0.02-012 mg/kg dry weight. Methyl-Hg concentrations
measured in only a few samples were generally lower than 0.02 mg/kg at different
sites of the tropical Pacific Ocean.

Total bioaccumulated Hg content in algal samples (26 different species) of
the Island of Penang (Malaysia) revealed 12 species with Hg residues below the
detection limit and others with concentrations between 0.05 and 0.35 mg/kg
(dry weight), except for one, Phaeophycea, with an amount of 1.03 mg/kg
(Sivalingam, 1980). From 130 samples of 20 different types of fish from the
Senegalese littoral it was found that Hg residues were mostly below 0.5 mg/kg,
and 'mercurial pollution had not become a problem in that country at the
moment' (Gras and Mondain, 1978).

The pelagic Sargassum community has been favoured as a useful model for
the study of heavy metal-marine biosphere interactions (Johnson and Braman,
1975; Blake and Johnson, 1976). Sargassum, being well distributed in the North
Atlantic as well as in the tropics (e.g. Caribbean Sea, Gulf of Mexico), represents
a community with several trophic levels but relatively few species and is held
together by a common substrate. Therefore, samples from the community
possess an internal consistency. The fate of arsenic (As), germanium (Ge), and
mercury (Hg) in the Sargassum weed and some of its associated fauna was
studied by Johnson and Braman (1975). The distribution of As (III) and As
(V) was on average the same in the members of the Sargassum community and
in the surface water of the Sargasso Sea. This ration (15/85) of As III! As V
in organisms and in seawater suggests the presence of a steady-state oxidation-
reduction process. One percent alkyl-As was found to be produced by the
Sargassum community in situ. Total As, Ge, and Hg contents were respectively
2.5-19.5 mg/kg, 0-0.28 mg/kg, and 0-0.39 mg/kg wet weight, while seawater
contained respectively 1.6, 0.042, and 0.01 mg/l on average for the three metals.
The species Sargassum filipendula, Padina vickersiae, and Acanthophora
spicifera represent the important potential media for the transfer of Co, I, and
Cs isotopes through food webs. In situ studies by Guimareas (1984)using
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137CS,60CO,and 1251as critical radionuclides from a local power plant, where
they were released in the liquid effluent, showed a fast uptake of Co and 1
(equilibrium in 3-7 days) and of Cs (2-3 weeks). Bioconcentration factors were
101for Cs, 103for I, and 103-104for Co. Rapid uptake, high bioconcentration
factors, and relatively slow elimination by the three species tested recommended
them as indicators for radioactive contamination by Co and 1 isotopes in the
tropical sea.

Klumpp and Burdon-Jones (1982) pointed out the relationship between the
concentrations of Pb, Cd, Cu, Zn, Co, Ni, and Ag in nine bivalve molluscs
and their environment in tropical marine waters. Trichomya hirsuta (one of
the nine species), representative for the tropical Australian coastal water, showed
Pb and Cd accumulations linear with time and in direct proportion to the external
concentrations of these metals. Following a 21-day exposure time, no loss of
either metal was detected after 12 days of depuration in uncontaminated
seawater. Pb and Cu in relocated T. hirsuta varied directly with environmental
levels, while elevated levels of Zn in the environment were not indicated by this
species. This organism proved to be the best indicator for elevated metal
concentrations in tropical seawater, with the exception of Zn, and could be an
alternative for the mytilidae (especially Myti/us edulis) which are used in colder
waters to monitor levels of heavy metals. Accumulation of Cu by three
commercially important bivalves under natural and experimental conditions was
studied by Kumaraguru and Ramamoorthi (1979). The organisms, inhabiting
the Vellar estuary, Bay of Bengal, had Cu levels ranging from a minimum of
7.6-11.1mg/kg (Anadora granosa) to a maximum of 15.2-18.7mg/kg
(Crassostrea madrasensis). Experimental subjection to Cu concentration from
0.02 to 0.08 mg/l synthetic seawater showed maximum levels in gill and mantle
tissues (119 and 147mg/kg at 0.08 mg/l Cu). Toxic effects, e.g. yellowish green
coagulation of the mucus and 'greening' of the gills and mantle, were observed
at higher Cu concentrations (50 mg/kg).

Extensive studies on the cycling of trace metals in tropical and subtropical
estuaries by the dominating seagrass Thalassia testidinum were undertaken by
Schroeder and Thorhaug (1980). Experiments were conducted in microcosms
of moving seawaters at various salinity levels and various temperatures using
22Na, 137CS,85Sr, 54Mn, and 65Zn as model chemicals.

The uptake of the radio nuclides was found to be asymptotic. Concentrations
three orders of magnitude larger than in the seawater occurred in seagrass leaves
and other biological compartments of the system. Uptake of the less soluble
radionuclides by subsediment plant parts was much less than by leaves, although
all the radio nuclides were taken up by the various biological components.
Significant translocation occurred in either direction, i.e. root to leaf or leaf
to root, dependent on uptake site and concentration. All the studies described
by Schroeder and Thorhaug (1980) showed a close relationship of uptake, as
affected by temperature and time, between cations of similar valence and ionic
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radius. Following a single pulse, e.g. a spill, it appeared that after a rapid
bioconcentration occurring almost totally through the leaves, large incorporated
amounts were depurated from Thalassia by the ambient water. The uptake of
the seagrass communities is as great as by the Thalassia plant itself. The
subtropical and tropical seagrass communities are widespread in coastal waters
and estuaries, and are, therefore, more likely to be exposed to metal pollution.
Since relatively low accumulation of the metals could be found in sediments
and because the main route of uptake is via leaves, these toxic elements, however,
appear less potentially dangerous at the present time.

4.3.3.3 Waste

The term 'waste' includes in this context all types of anthropogenic inputs,
such as sludge, nutrients, thermal load, and suspended particles. The
pathways by which waste can reach the sea are manifold. Especially for
countries with extensive coastlines, the possibilities of disposal to sea
have obvious attractions (McIntyre, 1981). In countries with poor or no
domestic plumbing systems, human faeces from coastal communities are
often excreted directly onto the beach. Waste products also reach the sea
via rivers by discharges into freshwaters. Finally, they may be introduced directly
into the marine environment either through coastal outfall or by dumping from
ships.

Most of the available data on waste disposal in the tropics result from
investigations performed in estuaries, lagoons, coastal waters, and coral reefs.
Biological effects were usually measured in laboratory simulation experiments
rather than in situ. The transferability of the former to the 'real environment'
is limited in most cases, mostly because of the short-term character of the studies.
Laboratory studies, especially on the damage to isolated corals, have been shown
to produce conflicting results due to non-harmonized testing procedures and
to the inability to simulate the natural meteorological and hydrodynamic
conditions/ fluctuations.

Thermal pollution (heat input)

The destruction or alteration of marine communities by heated effluents from
power plants and other industrial installations is greatest in the tropics (Wood
and Johannes, 1975). Unlike the biota of temperate and polar regions, tropical
organisms characteristically live at temperatures only a few degrees below their
upper lethal limit. Laboratory experiments, indicating the narrow ranges existing
between ambient temperatures and lethal temperatures for corals in Guam, the
Great Barrier Reef, the Caribbean, and Samoa, have been reviewed by Wood
and Johannes (1975). Earlier studies on temperature effects on Hawaiian coral
species have shown that 11 out of 13 did not survive a 24-hour test with water
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temperature only 5-6 degrees above their normal ambient summer temperatures
(Edmondson, 1928).

Sublethal heat stresses for corals (ceasing of feeding, reduction of reproductive
rate, extruding of zooxanthellae, lack of settling of coral planulae) were also
established. The balance of photosynthesis/respiration rates also changed;
a direct relationship between temperature effect on P/R ratio and the
upper thermal tolerance as well as an inverse relationship between high
temperature tolerance and respiration rate were also observed (Wood and
Johannes, 1975).

Thermal pollution and water movements accounted for regional differences
in tropical marine zooplankton density and species composition. Youngbluth
(1976) reports on a long-term study in a polluted, tropical embayment in Puerto
Rico, where population dynamics were studied at the intake and outflow waters
of a fossil-fuelled power plant and at the entrance of the bay. Water of about
10°C above ambient temperature is released from the power plant into a semi-
enclosed cove (3900 m3/minute). The outflow contained biocides and anti-
corrosives (hypochlorite and chromate). Zooplankton fluctuations in the
thermally polluted bay were related to physiological tolerances as well as to local
hydrographic differences. Lower species diversity but more constant community
membership at the outflow area suggests that a few species were well adapted
to the pollution levels. High diversity and low abundance rates at the entrance
to the bay indicated a mixing of bay and coastal populations. The consistently
low densities and species richness in the thermal cove were explained by low
phytoplankton biomass, high entrainment mortality, and sublethal temperature
effects. Concentration of the chemicals in the effluents was not assessed but
could have had an additional adverse effect on that ecosystem.

The effects of heated effluents from different power plants on Thalassia
seagrass communities in estuaries in the subtropics and the tropics were described
by Thorhaug et al. (1978). Thalassia, the dominant near-shore community in
the Gulf of Mexico and the Caribbean, was shown to be denuded at sustained
temperatures 5°C above the mean summer temperature of 30°C. Detectable
minimal damage to Thalassia occurred at 1-1.5°C elevated temperatures.
Plus-4°C areas showed intensive damage to biological communities at
all locations. Plus-3°C effects varied from severe damage in the subtropics
to 40070damage in the tropics. A legislative decision was requested that heated
effluent released from power plants should never exceed 3°C above the
ambient temperature with the exception of winter when sea temperatures are
below 25°C.

"Tropical and subtropical ecosystems are on the brink of disaster and small
increments of change by man's activities can push them beyond tolerance limits. Evidently,
the marine tropics differ from marine temperate zones in their capacity to assimilate
man's activities."

Thorhaug et at. (1978)
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Sewage

The influence of environmental conditions on the biodegradation of industrial
and domestic waste in a coastal tropical lagoon was investigated by Dufour (1982)
using the BOD measuring technique. Between 25 and 30°C, oxygen consumption
corresponds to first-order kinetics. At 20°C, an inhibition of BOD lasting for
3 days was observed. This inhibition lasted for a longer period at 30°C. The
BOD was also inhibited by higher salinities (highest values tested were 35°/° 0).

Waste waters from Abidjan City (Ivory Coast) have 330 mg/BOD. This
represented 1/3 of the total BOD in the estuarine lagoon. Annual mean values
for that region varied between 1.5 mg/l and more than 8 mg/l in the stagnant
bays close to the city, compared to about 0.8 mg/l for water of oceanic origin.

In the Hawaiian Islands benthic nitrogen fixation was investigated by Hanson
and Gundersen (1976)in a polluted coral reef ecosystem, where secondary sewage
was released from two treatment plants. The range of N2 fixation rates was
2-10 ng/ g/h. Experiments demonstrated that microbial fixation by about 50070
of the taxa was photosynthetically dependent. There was a significant correlation
between numbers of Nrfixing bacteria and the rates of N2 fixation measured
in the sediments.

Studies on the effects of inorganic carbon concentrations by Burris et al.
(1983), conducted in the laboratory with isolated zooxanthellae and coral tips
as well as in situ with whole coral colonies, indicated that inorganic carbon does
not limit coral photosynthesis. The high inorganic carbon concentration in
seawater appeared to be sufficient to saturate photosynthesis, while CO2
production by coral respiration is probably not stimulatory to zooxanthellae
photosynthesis. These findings are contrary to the freshwater situation, where
photosynthesis is mostly limited by inorganic carbon concentration and where
respired CO2 stimulates symbiotic algal photosynthesis.

The main indicators for the presence of sewage waters are high ammonia,
nitrate, and phosphate values, low O2concentrations, high BOD, and decrease
in transparency and salinity. Several recent studies concerning these phenomena
in tropical marine systems have reflected the permanent increase of high
micronutrient values: in Barbados, West Indies, by Turnbull and Lewis (1981); in
the Caribbean Sea of Jamaica and tropical North Atlantic by Barlow et al. (1968).

The effects of elevated Nand P levels on coral reef growth were studies by
Kinsey and Davies (1979). On the basis of a long-term experiment in a patch
reef of the Great Barrier Reef at increased phosphate levels of 2 {tmol and of
20 {tmol urea and ammonium, they postulated that primarily the elevated
phosphate level could cause coral reef communities to lose 50070of their present
calcification activity, i.e. potential reef growth rate. Even if the community
structure were to remain similar, the resulting algal activity would eventually
progressively produce an increased dominance of the standing crop by 'soft
algae', blocking hard substratum sites for the growth of calcifying organisms.



210 Ecotoxicology and Climate

Tertiary effects, such as reducing light by algal blooms in reef communities, where
the most significant calcification is locked to photosynthesis, were also assumed.

Significant increases in phytoplankton biomass by sewage discharge are
apparent in polluted coastal areas. Thompson and Ho (1981) determined the
chlorophyll-a content and the net phytoplankton in coastal waters of Hong
Kong. They showed that a substantial increase in phytoplankton standing crops
is associated with the discharge of untreated sewage into the harbour. Over a
period of 20 months of observation, chlorophyll-a values rarely exceeded 2 tlg/l
in unpolluted coastal waters, whereas estuarine waters generally had 2-6 tlg/l,
and values of more than 20 tlg/l were found in polluted areas.

Mining, Dredging, Drilling

The increase of suspended matter content in the tropical marine environment
has caused local negative effects (reduced light and temperature) to the
communities present there. For example, a comparison of coral reefs in
Martinique with those in the southwest Indian Ocean by Battistini (1978)revealed
a development of brown algae and calcareous coatings on the reefs, exposed
to wind-generated turbidity. The outer exposed slopes showed areas where coral
life was almost extinct, and where the coral heads were covered with calcareous
coatings and were being colonized by sea urchins.

The potential effects of the deep-sea mining of manganese nodules in the
tropical eastern North Pacific Ocean were described by Chan and Anderson
(1981). Emphasis was put upon the short-term influence of mining discharges
on photosynthesis rates through light reduction, discharged particulates, and
by chemical intoxication caused by heavy metals from the bottom sediment.
From these experiments it was predicted that in the vicinity of the mining ship
a short-term reduction in primary production would occur. The reduction of
light transmittance in the water column largely depends on the rates of
discharges, the degree of mixing, the sedimentation speed of sediment particles
out of the euphotic zone, and light-adaptation mechanisms of the phyto-
plankton. Effects by chemical inhibition (heavy metals or other toxic substances)
were shown to be insignificant under the experimental conditions described.
Extrapolation to long-term effects indicated a slight nutrient enrichment, mainly
of the silicates, generating a possible increase in the diatom population in relation
to other phytoplankton.

Other adverse effects are likely to occur in our opinion, i.e. drastic local
damage to the bottom biota after mechanical disturbances. Resulting changes,
such as those concerning the role of zooplankton within the mining area, were
not investigated. This should be done for a better insight into the complexity
of the total involved system.

Corals have been shown not to be dependent on a constant planktonic source
of energy (Bak, 1978). Drastic reduction in light level, however, seemed to be



Effects in Marine Ecosystems 211

the most important parameter in suppressing the calcification rate. Bak showed
that under reduced light values (1-30070of surface illumination), coral colonies,
which were inefficient sediment rejectors, lost their zooxanthellae and died.
Reduction in calcification was about 33%. It was further observed that sudden
deprivation of light apparently induced a calcification suppression, lasting one
month, which resulted from a metabolic shock rather than from the sudden
deprivation of light only.

Rogers (1979, 1983)published two papers on the effects of shading on coral
reef structure and function, and on the sublethal and lethal effects of sediments
on common Caribbean Reef corals. Shading of the experimental area for five
weeks caused a decrease in net primary production, respiration, and the
bleaching/death of several coral species. The exclusion of light was a partial
simulation of one of the effects of extreme turbidity. Ten months after shading
ceased, no new corals had settled on the dead corals, which being colonized
by algae.

Continuous coastal development and dredging in tropical areas have increased
sedimentation rates and constitute a serious threat to coral reefs (Rogers, 1983).
Experiments with traps, installed for 18 months at San Cristobal Reef, Puerto
Rico, to measure natural rates of sedimentation showed mean rates between
2.5 and 9.6 mg/cm2/day. It was assumed that the overall normal sedimentation
rates for coral reefs were of the order of lOmg/cm2/day or less (Rogers, 1983).
Additional single sediment application experiments (200 and 800 mg/m2)
indicated resistance by adult corals, with death occurring only in local areas.
However, smaller doses were estimated to be sufficient to prevent establishment
of coral planulae and reduction of coral growth. Even 1.1 mg/cm2/day
'normal' sedimentation rates in Discovery Bay, Jamaica, significantly reduced
the average growth of Montastraea annularis (Dodge et al., 1974).

The main effects of dredging on corals can be summarized thus: decrease
of light values to marginal conditions; behavioural stress from energy-consuming
sediment rejection; and the significant reduction of calcification rates.

A further experiment, simulating water column turbidity by particulate peat
and subsequent effects on the behaviour and the physiology of the Jamaican
reef-building coral, Montastraea annularis, was reported by Dallmeyer et al.
(1982). Using an in situ respirometer, a large decrease in net oxygen production
was measured as a result of daytime introduction of low concentrations of peat.
The reduction of photosynthetic rate was emphasized by a 22% loss of
chlorophyll content in the coral tissue. The effects were attributed to a loss of
zooxanthellae. Similar effects were also shown as a result of elevated water
temperatures.

Tin dredging and smelting activities in the vicinity of the Ko Phuket reef flat,
Thailand, revealed no increased metal concentrations in coral skeletons and
tissues. However, the colony size of Porites species was smaller, compared to
unpolluted sites (Brown and Holley, 1982).
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Drilling fluids or muds are highly specialized materials necessary for the
drilling of offshore wells. The composition of drilling fluids is highly varied
and complex, containing aliphatic and aromatic hydrocarbons, metals, clays,
artificial polymers, and biocides (Trefrey et al., 1981; Hudson et al., 1982;
Kendall et al., 1983). Drilling muds can harm corals in the following ways: direct
burial, increased turbidity, and chemical toxicity.

Kendall et al. (1983) studied the effects of used drilling fluids on the coral
Acropora cervicornis, maintained in situ in plexiglass domes. A 25 mg/l
concentration of the mud resulted after 24 hours in a 62% decrease in the
calcification rate as compared to controls. Soluble tissue protein declined by
roughly 50070compared to controls after an exposure at 100mg/l. They also
investigated the concentration of total ninhydrin-positive substance. Of these
three parameters, the calcification rate was found to be the most sensitive
indicator of the effect of drilling mud. Exposing the coral to pure kaolin
produced considerably less drastic effects. For example, 125mg/l kaolin reduced
the calcification rate by 34% while a roughly similar concentration of drilling
mud (100 mg/l) resulted in an 88070reduction. This indicated that the deleterious
effects of used drilling muds is not simply due to an increase in turbidity.
Figure 4.3.4 shows the average values of calcification rates in the terminal 4 cm
of the branches of A. cervicornis at different concentrations of drilling muds.

Strong mortality (70-90070) of corals was found near the wellheads at
Matinloc, Philippines, by Hudson et al. (1982). The effects of drilling mud on
the reef-building coral Montastraea annularis was investigated by Dodge (1982)
in a laboratory flowthrough system at concentrations of 0,1,10, and 100Ill/I
drilling mud. More than six weeks continuous exposure of M. annularis at the
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Figure 4.3.4 Calcification rates in the terminal 4 cm of the branches of Acropora
cervicornis at different concentrations of drilling mud (means). After Kendall et at. (1983)
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highest mud concentration significantly depressed the linear growth rate and
increased the mortality of the coral. Calcification rates at 100{tIll were more
than 50070depressed after a four-week exposure. A short-term treatment of M.
annularis with concentrated (slurry) drilling mud caused a reduced growth rate
of the colony for more than six months (Hudson and Robbin, 1980). Barium
levels in the coral skeleton had increased from 11mg/kg (background) to about
1200mg/kg after treatment. These data show that in spite of the insolubility
of BaS04 in water, a considerable uptake of this toxic compound from drilling
muds was possible.

In further in situ experiments by Thompson and Bright (1980) on selected
corals, using closed aquaria at 3 m water depth, the response to drilling mud
was measured as a percent of the number of retracted polyps. At 100{tIll mud
concentration a significant polyp reaction was observed for all corals, while
M. annularis colonies did not survive at this dosage.

Acute and sublethal effects of drilling fluids to marine organisms from
temperate or arctic marine regions have also been investigated. Estuarine
organisms and benthic communities were subjected to a 100-day multi species
toxicity test (Rubinstein et al. , 1980). The fluids tested were moderately toxic
to mysid shrimps at 30 and 100mg/l. Oyster growth and lugworm survival were
also significantly reduced at these concentrations.

A flowthrough system was used for a 30-day mussel toxicity test to
demonstrate that the suspended drilling fluids were most toxic to larval marine
organisms and much less toxic to adults. Long-term effects were observed in
mussels by reduced growth rates (Gerber et al., 1980).

Comparative studies of the toxicity of 18 different samples of used drilling
muds from an exploratory drilling rig in a local estuary revealed that no toxic
effects could be found on intermoult grass shrimps during a 96-hour test
procedure at concentrations of 10 and 100{tIll seawater. However, 30-60%
mortality was found at 1000{tg/l. A mean lethal concentration of 363- 739 {tg/l
for five of the eight mud samples was defined for the moulting grass shrimps.
In a life-cycle test with the more sensitive mysids, the LCso for one drilling mud
was 50 {tg/l (Conklin et al., 1980).

Acute toxicity tests were conducted in situ in the Beaufort Sea, Alaska, by
Tornberg et al. (1980). The results of the static bioassays indicated that the mean
lethal concentrations were 4-70% for the drilling fluids tested, with wide
variations in the responses to exposure by different species. Fish were the most
sensitive organisms, followed by invertebrates, which were relatively resistant.
The resistant species were found to be primarily sedentary, while sensitive species
generally had the capability to migrate from the drilling fluid disposal site.

4.3.4 CONCLUSIONS

In this report, we have made an attempt to review the major known
environmental impacts on tropical marine environments. We have also tried
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to compare the effects of these impacts with those in the temperate zone. The
latter has been well covered in numerous works. However, there has been only
limited research (with the possible exception of corals) done in the tropics, and
much of this, for reasons of simplicity and economics, has only been done in
laboratories. This makes such a comparison difficult.

It is also difficult to generalize. There are inputs with global aspects. For
example, through the transport by the atmosphere and by oceanic currents, many
contaminants, such as from an oil spill or from the application of pesticides,
may originate in non-tropical areas but will migrate and reach significant
concentrations in the tropics. In addition, there are numerous local sources of
contaminants, such as sewage, construction (turbidity), thermal discharge, etc.
In general, it appears that tropical systems are more sensitive and less robust
in regard to many impacts than their temperate region counterparts. This is
especially true for thermal and turbidity pollution. However, in some cases,
such as oil spills, the greater solar radiation in the tropics does lead to a more
rapid breakdown of the contaminants. But this can cause problems, since many
of the resulting oxygenated products may be more toxic than their parent
compounds. The net conclusion is that there is no true substitute for in situ
tropical environmental research. It is a highly questionable practice to transfer
results from either the temperate zones or from laboratory studies.

Despite this, there has been no significant increase in tropical environmental
research (Cole, 1984). This is especially unfortunate, since it is precisely the
tropical regions that are undergoing the greatest growth will all of its atte'1dant
problems. The problem is compounded by the fact that environmental research
is expensive, requiring trained personnel, sophisticated equipment, and modern
laboratories. Many of the nations in the tropical regions have, at present, only
limited funds for such research. However, if this research is not done, long-
term or even irreparable damage to tropical ecosystems may result, which in
turn could have a significant negative economic impact.
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