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indeed already established CEPEX systems in some parts of the world 
have been abandoned due to their excessive running cost. Such 
experimental systems should not be set up in South Africa. Related 
work on a much smaller scale, and very much cheaper to run, involves 
experimentation on sand columns in the laboratory, so as to study the 
effects of pollution on the meiofaunal communities of sandy substrata 
(see Mclachlan et at 1981). Results from such columns in the 
presence of hydrocarbon pollution do not yet ·appear to have been 
evaluated. 

26. Field monitoring

While laboratory experiments and toxicity tests form an essential
part of pollution research, they can never be a substitute for
monitoring changes in the field. However, to draw conclusions from
such changes may be extremely difficult because of natural
variability and other problems (McIntyre & Pearse 1980), so that in 
practice attempts at impact assessment all too often follow the
circular and valueless.arguments illustrated by Lewis (1980). A very
large proportion of the literature is concerned with the mortality of
particular species of plants and animals at the time of the
pollution. However, comparatively little attention has been paid to
the population dynamics of such affected species or to their initial
standing stock, both of which need to be known in order to put the
observed 100rtality into perspective (Cushing 1979). Even if it were
possible to estimate actual mortality following a spill, this would
not relate directly to pollution impact, as such impact ultimately
depends not on mortality but on the numbers and fate of the survivors
(Clark 1982).. In other words, the 100st important aspect of a spill
is not the inunediate damage it causes but the length of time taken to
restore the ecosystem to a state approaching normality. A change
that is restored within a few months must be regarded quite
differently from one that persists for many years.

27. Long-term recovery studies

The words "long term" have meant very different things to different 
investigators. In particular, those undertaking toxicity tests have 
usually regarded experiments lasti ng days, weeks or at the most a few 
months as being long-term. In contrast long-term field studies aimed 
at assessing recovery following a spill must be measured in years or 
even decades. Such long-term field studies have been rare. 
Nevertheless, it may be stated that in temperate waters even massive 
pollution damage to coastal ecosystems is reversed in about two years 
(Mann & Clark 1978, Vandenneulen 1982), although subtle cha ng es 
persist for at least a decade (Sanders et al, 1980). The timescale 
may be very different for polar or for tropical regions and for 
special ecosystems such as coral reefs and some estuaries and salt 
marshes. 

28. Rocky shores

On high-energy rocky shores, a si ng le oil spill is transient and the
oil has usually disappeared from most of the shore within one to two
years. However, in the supralittoral fringe and splash zone, some
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30. Estuaries and lagoons

In estuaries and sheltered lagoons, oil persists for much longer than
in relatively high-energy environments such as the seashore 
(Vandermeulen 1982). Wave-action ceases to be a significant factor 
in such "hydrocarbon sinks" and instead microbial degradation becomes 
prominent. Different hydrocarbon fractions are affected 
disproportionately by such degradation and by dissolution, so that 
the larger polynuclear aromatic hydrocarbons are by far the most 
persistent. Furthermore, the transformation compounds of these 
hydrocarbons .may assume greater ecological significance. The 
organisms thus suffer from chronic pollution as a result of the 
continual re-entry of hydrocarbons but the actual substances change 
with time as a result of long-term degradative processes (Teal et al 
1978, Vandermeulen 1982). The overall sequence of events may not be 
very different from those observed on rocky or sandy shores but the 
time scale may be extended to decades instead of a few years. Beyond 
this it is impossible to generalise, particularly about estuaries, 
because of the very wide range of conditions and biota encountered. 

31. Salt marshes

Salt marshes and similar environments are commonly represented as the
most extreme form of hydrocarbon sink, and the m>st vulnerable to oil
pollution. This is due to a combination of factors, including the 
relative lack of water movement, the fineness of the sediment and the 
peculiar disposition of the biota. Annual salt-marsh plants are 
affected very severely indeed, while some other plants may, in fact 
thrive after a spill (Baker 1979, Burns et al 1979). Nevertheless 
there is usually an overall reduction in vegetative cover, sometimes 
to an extreme degree, and this lead� to soil erosion which may

eventually cause the destruction of the marsh. The interstitial 
fauna is decimated by the long-term presence of hydrocarbons; Hampson 
et al (1978) found only 21 individuals of a meiofauna in oiled 
sediment cores from Winsor Bay, compared with 261 individuals in 
comparable cores from control sites. The effect on macrofaunal 
species depends to a large extent, as in other environments, on their 
habits. Crabs such as Uoa may be particularly affected, for example, 
because they moult within their burrows, thus exposing their soft and 
permeable post-moult integuments directly to the oiled sediment 
(Krebs et al 1977). Indeed Crustacea appear to suffer the heaviest 
mortality rates of all the macrofauna and are also the last group to 
return to the contaminated area (Burns 1976). 

32. Plankton

Far less work has been attempted on off-shore planktonic communities
than on shore organisms. This has partly been due to problems of
accessibility but chiefly because oil slicks at sea are almost
invariably sprayed with oil dispersants which, themselves being more
or less toxic, complicate the interpretation of results. However,
there is some evidence from unsprayed slicks and.in one case a small
spill was deliberately left untreated so that its effects on the
plankton could be assessed (Johannson et al 1980). Close to the
wreck, zooplankton biomass fell drastically in the first days after
the spill but within five days there appeared to be full recovery.
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In contrast, phytoplankton biomass and productivity rose; this may 
have been due to curtailment of grazing by zooplankton. Accompanying 
this rise was a marked increase in bacterial numbers. These 
transient changes are thought to be fairly typical (Davenport 1982). 
It is not only bacteria that can benefit from oil spills; planktonic 
yeast populations usually also increase as they thrive upon 
paraffinic substrates (Scheda & Bos 1966, Davenport 1982). However, 
changes in yeast populations are dependent to a considerable extent 
on the type of oil spilled, for yeasts are inhibited by certain 
aromatic fractions (Ahearn & Crow 1980). In genera 1, then, changes 
in planktonic communities at sea are short-lasting, although some of 
the larger forms, such as Dentatium may be more seriously affected 
(Koster & Van den Biggelaar 1980). We know nothing, however, about 
the effects of oil on the neuston and this might repay further study. 

33. Birds

The effects of spilled oil on the marine avifauna have been more 
thoroughly documented than for any other group of organisms. There 
is, of course, no question that large-scale mortality of birds occurs 
from this cause. Nevertheless, the effect on bird populations 
remains controversial. The Royal Commission on Environmental 
Pollution (1981), after weighing a considerable body of data and 
taking into account the views of numerous workers in the field, came 
to the cone lusion that there is no evidence that oil spills have 
significantly affected populations of seabirds (or indeed other 
marine species). Not all authorities would agree. In an extremely 
well-balanced and non-partisan recent review, Dunnet (1982) is more 
cautious, pointing out that seabirds are long-lived, may not breed 
until they are several years old, and have a low mean adult ioortality 
rate. Nevertheless, he points out that the numbers of birds killed 
by oil pollution (in European waters ) is only about a tenth of the 
natural mortality rate. Furthermore, several species of seabirds 
have been increasing in numbers for decades, despite oil and other 
forms of pollution. In the opinion of the present reviewer, 
mortality due to oil pollution is unlikely to have far-reaching 
effects on the populations of flying birds while other factors are 
favourable but may become significant if the populations are at the 
same time under stress from other circumstances. It may also be 
noted that penguins may present a special case and are seldom 
mentioned by reviewers due to their absence in the northern 
hemisphere. 

34. Chronic oil pollution

Much less is known about the effects of low-level, chronic oil 
pollution in the marine environment than about those following single 
oil spills, although the classic work on the oil port of Milford 
Haven showed the overall effect of repeated small oil spills to be 
relatively slight (Nelson-Smith 1972, Baker 1976, Dicks & Hartley 
1982). There has been a shift in population balance, however, with 
algal cover increasing and grazing herbivores decreasing 
(Nelson-Smith 1979). In general, it seems that the community that 
persists under conditions of chronic pollution is similar to that 
found during the recovery stage after a major spill (Southward 
1982). Repeated small spills have much the same effect (Dicks & 
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Hartley 1982). However, chronic conditions present much greater 
interpretive problems th.an the aftermath of a severe spill, because 
the detection of subtle effects has to be made against usually 
unknown scales of natural changes (Lewis 1982). There is a growing 
literature on the effects of chronic pollution from off-shore 
drilling platforms and from natural seepage of oil. These effects 
are ignored here as being irrelevant to the present South African 
situation, while pollution from oil refineries, while relevant, falls 
outside the scope of the review. It may be noted, however, that the 
chronic pollution of some sheltered lagoons and estuaries due to the 
use of motorised vessels is a possible cause for concern, resulting 
not only in the addition of volatile petroleum products to the system 
but also pollution from certain metals, notably lead. 

35. Toxicity of dispersants

The toxicity of oil dispersants and emulsifiers is very relevant to
the present review in that such products are commonly used on oil 
spills in South Africa, as in other countries. The literature on 
dispersant toxicity is less voluminous than that on the toxicity of
crude oils, although it is suspected that in this particular field
most of the work resides in unpublished, and often confide.ntial,
reports. Patin (1982) has summarised a large portion of the
published data. However, dispersant toxicities by themselves are of
little interest and no practical application, as dispersants · should
occur in the marine environment only in the presence of spilled oil.
The relatively small amount of published literature on the toxicities
of oil/dispersant mixtures is difficult to interpret and even more
difficult to relate to field conditions. Although dispersant
toxicity has decreased markedly since such substances were used on
the oil spilled from the Torrey Canyon (Beynon & Cowell 1974, · Patin
1982), there is still no such thing as a non-toxic dispersant. Some
organisms which are very tolerant of oil pollution may be highly
susceptible to dispersants (Reish & Foret 1971, Bodin & Le Moal
1982), and thus to oil/dispersant mixtures. In principle every
mixture of oil and dispersant is more toxic than is the oil itself
(Beynon & Cowell 1974, Norton & Franklin 1980), although in some
animals behavioural considerations, related for example to
oil-droplet size, may give different results (Chapman, pers comm).
Methods of conducting toxicity testing of oil-spill dispersants have
been briefly reviewed by Moldan & Chapman (1983), who also outline
the modifications deemed necessary to suit the South African
situation. Of fundamental, but previously largely neglected, concern
is the fact that in general the more ef feet ive the dispersant, the
more toxic it is to the biota (Lee 1980). On the other hand, the
more effective, the less that has to be used under given
circumstances. A balance between effectiveness, toxicity and
quantity to be sprayed must therefore be struck.

36. Synergistic and other effects

fl-

The effects of oil and dispersant tend to be markedly synergistic
(Beynon & Cowell 1974, Malins & Collier 1981). This is not too
surprising in view of the fact that dispersants, like hydrocarbons,
tend to act largely on lipids, including the lipids of the cell
membrane (Ernst & Arditti 1984). The primary mechanism by which
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