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Shelf Sediments
and Biodiversity

Sean Fennessy and Andrew Green

Sediment banks off Maputo Bay, Mozambique. © José Paula.

WHAT ARE CONTINENTAL SHELVES?

Together with continental slopes and rises, continental
shelves (geologically defined differently from the legal defi-
nition, as defined in Article 76 of UNCLOS) form the sub-
merged margins of continents (Figure 8.1). Shelves are
amongst some of the flattest portions of the Earth’s surface
(Pinet 2009) and act as halfway houses for sediment trans-
ported from the coast to the deep ocean basins. The shelves
of the East African continental margin form connections

between the steep upper continental slope and the adjoin-

ing coastal plain and comprise passive continental margins,
having originated at the edge of divergent tectonic plates
that spread (rifted) away from the mid-Indian oceanic ridge
(Scrutton 1982). The continental margins of the Western
Indian Ocean (WIO) are in contrast to many of the eastern
Indian Ocean margins which formed instead by subduction
processes. These margins are tectonically active and fre-
quently experience earthquakes or volcanic eruptions. Pas-
sive margins, such as those in the Western Indian Ocean, are
subsiding areas, often characterised by thick accumulations

of sediment where fluvial sediment supply is high (Scrutton
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Schematic of the components of a generalized passive continental margin.
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1982). Typically, the shelves of passive margins have a gentle
gradient (Pinet 2009), though this can vary with some
shelves being particularly steep (eg Green and others, 2007).
Each shelf is separated from the continental slope by the
shelf break or edge, where the gradient increases sharply. In
many instances, the shelf break approximates the lowstand
shorelines associated with glacial maxima ie periods of very
low sea level coincident with glaciation phases. On average,
the shelf break is located at a depth of about 140 m (Gross
1972), but this too can vary according to local conditions.
Many shelves can be shallower, with some shelf breaks
occurring at depths of 100 m or shallower (eg Green 2009a).

The location of the shelf break, which determines the
width of the shelf, is a function of interactions between
sedimentation processes, sea level changes and tectonics
(uplift or subsidence). In addition, reefs and submerged
shorelines, for example, form barriers, allowing sediment to
accumulate between them and the shore, cutting off sedi-
ment supply to deeper water (eg Puga-Bernabéu and oth-
ers, 2011). These also produce significant volumes of
carbonate sediment in the form of rubble and bioclastic

detritus (eg Flemming and Hay 1988). Continental mar-

gins with poor sediment supply, such as in arid regions,
tend to have narrower continental shelves. They are char-
acterised by little sediment transport by rivers, or by redis-
tribution of recent sediments by longshore and geostrophic
currents (Scrutton 1982, Green 2009a). T'he WIO is notable
for its narrow shelves (Figure 8.2), with the exceptions of
the central Mozambican region, where sediments from the
largest river in East Africa, the Zambezi River, have
extended the shelf break some 140 km offshore, and off
parts of the Malagasy west coast, where large rivers such as
the Betsiboka have been similarly influential. The East
African shelf only averages 15-25 km in width (UNEP-
GEF 2008), compared to a global average of around 80 km
(Shepard 1963, Pinet 2009). Other areas where the shelf
widens considerably beyond the local average are off the
Thukela River in South Africa, the Limpopo River in
southern Mozambique, the Ruvuma, Rufiji and Pangani
rivers in Tanzania, and the Tana and Sabaki Rivers in
Kenya. In parts of Kenya, northern Mozambique and the
east coast of South Africa, the shelf break is as little as a few
hundred metres to <4 km from the coast (Flemming 1981,
Abuodha 2003, Green 2009a).
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Figure 8.2. The western Indian Ocean region showing the 200 m bathymetric contour (adapted from IOC and others, 2003).
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TYPES OF SEDIMENT

Assuming that the coral reef area in the Western Indian
Ocean is around 13 000 km? (derived from Muthiga and
others, 2008, Ahamada and others, 2008, UNEP-GEF
2008), when compared to the estimated total shelf area
(Table 8.1), it is apparent that the vast majority of the sea
bed of the shelf in the western Indian Ocean comprises
unconsolidated sediments. These are terrigenous sedi-
ments derived mainly from erosion of the continents.
Where there is an increased supply of these sediments, the
shelf break is pushed further offshore as the newly-eroded
sediments accumulate over older layers. Large quantities
of the surface sediments on continental shelves are relict,
in other words, deposited during earlier cycles of sea level
rise and fall. Many of the sediments have been reworked
by erosion cycles associated with varying sea levels and are
exposed as palimpsest (relict) pavements along the mid
and outer shelves, exposed to the action of fringing shelf-
edge currents such as the Agulhas Current (Green and
MacKay in press). These may be interspersed with sub-
merged shorelines of varying ages which have added small,
in situ quantities of rubble and bioclastic debris to the shelf
system (Green and MacKay in press). Along the east coast
of South Africa, the relict sediment is thinly overlain by a
sheet of Holocene aged material, on average no more than
10 m thick with a few localised depocentres up to 30 m
thick, usually associated with the localised convergence of
littoral and geostrophic currents. The nearshore sediments
are thus younger than those on the outer shelf (Flemming
and Hay 1988), typically being produced by deposition of
sand, silt, and clay from rivers, with subsequent redistribu-
tion by longshore currents (Flemming and Hay 1988).
However, where these riverine clastic sediment inputs are
small, biogenic (bioclastic) sedimentation, produced by
erosion of the skeletal carbonate remains of marine organ-
isms, can dominate. The type of sediment can thus change
substantially along and across a shelf, depending on the
relative contributions from carbonate and/or clastic sedi-
ment production.

"T'he outer continental shelf and upper slope are locally
incised by old river courses (Green 2009b, Green and oth-
ers, 2013) that have been infilled by up to 60 m of Holo-
cene aged sediment. Submarine canyons, particularly in
northern South Africa and northern Mozambique (Parson
and Evans 2005, Green 2011), are also a common feature at

the shelf edge and upper slope. Submarine canyons that

Estimates of continental shelf areas of the WIO to the 200 m
depth contour, ie FAO Area 51. NB: the South Africa component of the WIO
only extends to latitude 31°18 S. Source: Sea Around Us Project.

Country Shelf km? %
Comoros 1618 04
Kenya 8 874 24
La Reunion 182 0.05
Madagascar 124 551 33
Mauritius 39 855 10.6
Mozambique 79 451 21
Seychelles 48787 12.9
Somalia 47 51 12.6
South Africa 9768 2.6
Tanzania 16 929 4.5
TOTAL WIO shelf area 377 526

strongly impinge onto the shelf may act as sediment traps
for littoral sediment, or can modify the nearshore currents,
inducing localised deposition of sediment (Green 2009a).
It is now thought that the majority of these features do not
actively transfer sediment to the adjacent deep ocean basin
(Green and others, 2008).

The distribution patterns of the various sediment textures
(mud, sand, gravel etc.) on the shelf vary according to prox-
imity to river mouths, depth, wave action and currents
(Nichols 2009), with the fine fractions (mud and fine sand)
being the most easily dispersed. There are few available
studies on shelf sediment distribution patterns in the WIO;
qualitative reference is made to muddy sediments off river
mouths, such as on the Sofala Bank in Mozambique, and
Malindi-Ungwana Bay in Kenya (Munga and others, 2013).
Detailed studies have been confined to the east coast of
South Africa, and were undertaken by Flemming and Hay
(1988) and Bosman and others (2007); surface sediment
distributions described in the latter have been recently
improved and expanded by Green and MacKay (in press)
and Figure 8.3 below. Knowledge of these patterns is
important, as they enable us to understand the habitat
requirements of the biodiversity of shelf organisms, as well
as having implications for exploitation of both renewable
(Figure 8.3) and non-renewable resources (eg sand
extraction, heavy minerals of terrigenous origin) associated

with particular sedimentary facies.

BIODIVERSITY AND SHELF SEDIMENTS

Organisms associated with the sea bed are termed benthos,

and the faunal component may be divided into infauna
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Map showing the distribution of surface sediment facies off the coast of central KwaZulu-Natal, South Africa (after Green and MacKay in press),
and the close association of the shallow prawn trawling grounds (outlined in blue) with the finer facies (Oceanographic Research Institute, unpubl. data).

(found in the sediment), epifauna (on the sediment) and
demersal (just above the sediment). Further distinctions
can be made on the basis of the size of the organism: mac-
rofauna (such as amphipods, isopods, gastropods and poly-
chaetes) are >1 000 pm, meiofauna (rotifers, harpacticoid
copepods, nematodes) are between 45 and 1 000 pm, while
microfauna (ciliates) are <45 pm. Then there are the ben-
thic microalgae or microphytobenthos (cyanobacteria, ben-
thic diatoms, and flagellates) which form a layer on shelf
sediments in the euphotic zone and which can contribute
substantially to continental shelf productivity (Gattuso and
others, 2006); these are more correctly considered as ben-
tho-pelagic, as they can be suspended in the water column,
particularly during turbulent seas, thereby forming part of
the plankton. Also included in the benthos are the
non-planktonic foraminifera, either living or dead, with
carbonate tests which are typically <1 000 mm in diameter.

Sediment characteristics such as texture, grain size and
composition are important drivers of benthic species com-
position, albeit in combination with other factors such as
depth and temperature (Snelgrove and Butman 1994, Reiss
and others, 2009). Generally, unconsolidated sediments

support high diversity, and macrobenthic invertebrates are
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a major contributor to this (Hall 2002, Gray and Elliott
2009). Classically, polychaete worms predominate in the
macrobenthos, followed by crustaceans, molluscs and echi-
noderms (Gray and Elliott 2009). The benthic infauna, be
they deposit-feeders from sediments or suspension-feed-
ers from the water column, or those which are capable of
both, provide an important link to higher trophic levels like
the demersal ichthyofauna. However, studies of benthic
macro-infauna of tropical marine sediments are far fewer
than their temperate counterparts (Alongi 1990) and, as
with the paucity of information on sediment characteristics
of the region, there are very few infaunal studies on shelf
sediment habitats in the WIO. Consequently, literature on
these fauna from the region are limited (Mackie and oth-
ers, 2005).

Generally, a decline in diversity of macrobenthic fauna
with increasing latitude may be expected, albeit reportedly
less so for the infauna and sessile epifauna than for mobile
epifauna (Hillebrand 2004, but see Gray and others, 1997).
This was demonstrated for polychaete and molluscan taxa
from the equatorial Seychelles relative to their counter-
parts at high latitudes in the Atlantic and Pacific (Mackie
and others, 2005). There is evidence, though, that there are
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considerable differences between some WIO benthic mac-
rofaunal taxa from tropical oceanic islands and the adjacent
east African mainland (Taylor 1997, Crame 2000), possibly
as a result of the influence of reefs as well as mainland ter-
rigenous inputs. Another example of the non-generality of
the relationship between latitude and diversity is that of
MacKay and others (in press), who found that the soft sed-
iment shelf macrobenthos of the central KwaZulu-Natal
Bight on the east coast of South Africa (~28-29°S) are abun-
dant and rich, and are comparable to some of the highest
levels of richness in marine unconsolidated sediments
found elsewhere, as reported by Gray and others (1997).
MacKay and others (in press) found Annelida (760 taxa),
Arthropoda (535 taxa), Mollusca (163 taxa), Echinodermata
(75 taxa), Sipuncula (60 taxa) and Cnidaria (54 taxa) to be
dominant; other phyla were Brachiopoda, Bryozoa, Chor-
data, Echiura, Nematoda, Nemertea and Platyhelminthes.
The Annelida were dominated by Polychaeta which were
particularly diverse (49 families). Amphipod crustaceans
(34 families) dominated the Arthropoda, followed by the
isopods. At the individual taxon level, a hermit crab and a
sipunculid worm were most abundant. Although molluscan
shell material was prevalent in bioclastic sediments (as
crushed shells), live molluscs were not particularly abun-
dant. Grain size was an important driver of macrobenthic
community composition, probably due to its influence on
sediment organic content and infaunal feeding modes, and
riverine outflow was positively influenced abundance and
diversity, probably due to increased food supply in the
form of macrophytic detritus and suspended organic mat-
ter. The study by MacKay and others (in press) supersedes
the generalized review by McClurg (1988), based on lim-
ited sampling in the same geographic area, and appears to
be the only study of its kind in the WIO, and for which
results are available.

It is possible that the diversity of benthic macrofauna
of the KwaZulu-Natal Bight may differ markedly, at least
at lower taxonomic levels, from that elsewhere in the WIO,
owing to the unique nature of this part of the south-east
African shelf. The proximity of a semi-permanent upwell-
ing cell and a large river mouth (L.utjeharms 2000), together
with their relatively high latitude, probably mean that the
soft sediment shelf habitats differ from those further north,
with implications for the benthic macrofaunal community
composition. Having said this, it is, however, notable that
there are marked similarities in some of the larger demersal

shelf fauna found in several countries of the region. The

Western Indian Ocean

prawns (shrimps) Penaeus indicus and Metapenaeus monoceros
comprise the majority of targeted catches by shallow-water
(<50 m) industrial trawlers from South Africa to Kenya, and
Madagascar (see Chapter 21), and many of the bycatch spe-
cies from these fisheries co-occur as well (Brinca and oth-
ers, 1983, Bianchi 1992, Fennessy and others, 2004, Munga
and others, in review). The trawl grounds for these fisher-
ies probably coincide closely with very fine sand or mud
(mean grain diameter <0.1 mm) sediment types, as
described earlier for the east coast of South Africa, mud
being the preferred habitat for these prawns (de Freitas
2004). Members of the family Sciaenidae (croakers; Fen-
nessy and others, 2004) are prominent among the fishes in
these mud-dominated shelf habitats, and can be consid-
ered indicators of the presence of prawns (Pauly and Neal
1985).

Broadly, it may be expected that the demersal ichthyo-
fauna on WIO sediments conform to the “bathymetric pro-
gression” patterns described by Longhurst and Pauly
(1987) for unconsolidated sediments in tropical waters.
Thus, in inner shelf waters associated with river mouths,
members of the Sciaenidae and Cynoglossidae would pre-
dominate owing to their preference for turbid or muddy
habitats, while Sparidae, Triglidae, Sauridae and Haemuli-
dae are probably more predominant over inner shelf sub-
strata with less mud. Some of these families probably
persist into deeper shelf water, being joined by some of the
upper slope taxa such as the Squalidae. Thus depth, too,
(as a proxy for other physico-chemical parameters such as
temperature, salinity, etc.) is influential (Bianchi 1992,
Dulvy and others, 2008). The shelf communities are prob-
ably quite distinct from those on the slope, as described
generally by Longhurst and Pauly (1987). Indications that
these generalized soft sediment demersal community pat-
terns also prevail in the WIO, or at least in its trawlable
areas, are available from unpublished survey reports, nota-
bly those emanating from the RV Fridjtof Nansen, includ-
ing those by Brinca and others (1983), Bianchi (1992),
Johnsen and others (2008), Alvheim and others (2010), as
well as from the recent South West Indian Ocean Fisheries
Project (van der Elst and others, 2009, www.swiofp.net),
although the information on sediment composition in the
trawlable areas is lacking. Thus, the association of demersal
fish communities with particular substratum types has not
been demonstrated in the WIO, other than in a general
sense by Bianchi (1992), and by Fennessy (in press) in a
South African study with limited scope. As described in
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other regions (eg Gaertner and others, 1999), this associa-
tion may be expected to be particularly close for demersal
fishes which are in direct contact with the substratum, such
as flat fishes and gurnards, and some species are probably
specifically linked to substrata and/or turbidity associated
with riverine plumes (as is the case with some inverte-
brates, as described above). Furthermore, it is anticipated
that these associations are also a function of the composi-
tion of the benthic infauna which are the prey of demersal
fishes; again, while these interdependencies are at least
partially understood in other regions (eg Darnaude and
others, 2004), similar studies are virtually non-existent for
the WIO shelf.

Only recently did de Lecea and others (2013) demon-
strate these dependencies indirectly on the South African
east coast, where their isotope-based study revealed that
the soft-sediment demersal food web in a nutrient-poor
shelf environment was controlled by total suspended solids
of terrestrial origin, via riverine input, with macrobenthos
as probable intermediaries. In this case, omnivory was a
widespread strategy amongst the sampled demersal organ-
isms, shown by the low variability in trophic position across
a wide variety of taxa. This “eat whatever is available”
strategy was suggested to be a function of a nutrient-poor
environment, and has important implications for ecosys-
tem functioning; a flexible diet can impart resilience, such
that changes in species composition may not appreciably
affect overall functioning of the system. Untiedt and
Mackay (in press) also showed that the infaunal commu-
nity in this shelf area was dominated by organisms which
had a variety of feeding modes, enabling them to adapt to
an environmentally variable and heterogeneous shelf envi-
ronment. Overall, ecosystem models showed that the
infauna dominate the shelf benthic food web, with a high
reliance on riverine detritus, and with important links to
nearby estuaries (Scharler and others, in review). Although
these studies were once-off and were confined to the east
coast of South Africa, there may well be analogies with
soft-sediment shelf habitats elsewhere in the WIO, which
is generally nutrient-poor (Mengesha and others, 1999; see
also this report — Chapter 16, primary productivity), but
with some areas influenced by riverine inputs (UNEP-
GEF 2008).

IMPACTS ON SHELF SEDIMENTS

While rivers are important providers of nutrients and sedi-

ments to shelf habitats, they are also a source of pollutants,
such as persistent organic pesticides and heavy metals,
which can accumulate in shelf sediments, particularly if
the wave energy is low and the shelf dominated by muddy
deposition (eg Palanques and Diaz 1994). Other sources
which add to this load are marine disposal outfalls and
dumping of harbour dredge spoil. As anthropogenic impacts
in the coastal zone and catchments are increasing, levels of
these contaminants on the shelf are also likely to be
increasing, but studies for which published results are
available are extremely limited, and are mostly based on
isolated (once-off) sampling. Sediments and demersal
invertebrates on the shelf off the Tana and Sabaki rivers in
Kenya in the early 1990s were not highly contaminated
with heavy metals, which were recorded at levels lower
than those in other tropical environments (Everaarts and
Niuwenhuize 1995). Carter (2006) found metal levels in
mud off the Thukela River in South Africa which exceeded
toxicity threshold effect levels. Abundance and richness of
shelf macrobenthic infauna off Reunion increased with
exposure to slight enrichment from industrial effluents rich
in organic matter (Bigot and others, 2006). Results of sam-
pling in 2007 and 2008 during the WIO-Lab project (www.
unep.org/NairobiConvention/, UNEP/Nairobi Convention
Secretariat, CSIR and WIOMSA 2009), albeit conducted
mainly at inshore hotspots, indicated (with some qualifica-
tion) that sediments from Madagascar and Tanzania had
average concentrations of some metals which were higher
than those suggested in the WIO Environmental Quality
Guidelines (UNEP 2009).

CONCLUSIONS

Generally, there are no long-term datasets available for
shelf sediments in the WIO which can be used to examine
habitat and biodiversity trends. Some of the demersal
industrial fisheries described in Chapter 21 may provide
long-term biodiversity indices based on monitoring of
catches, although these are confined to quite specific local-
ities, are focused only on fisheries’ target species, and the
fishing itself alters the ecosystem in which it takes place.
From a biodiversity perspective, perhaps it is fortunate
that most of the soft-sediment shelf in the region does not
support fisheries, apart from shallow inshore areas which
are readily accessible to small-scale gill and seine nets, and
some specific muddy banks harbouring (declining) indus-

trial-scale prawn trawling. This is mainly attributable to the
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low productivity of the shelf soft sediments in terms of
their demersal biomass (Neyman and others, 1973), the
low densities making fishing non-viable.

So the main pressures on shelf sediments in the region
are in the form of terrigenous pollutants in the vicinity of
river mouths, altered nutrient supply as a result of impound-
ments (reduced riverine input), and the potential disrup-
tion of habitats by the extraction of non-renewable
resources (heavy minerals and hydrocarbons). Prospecting
for the latter has produced extensive data sets on sediment
distribution, but these are not readily available to environ-

mental managers. Such information would reveal patterns
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