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Abstract

This study investigated the interaction between natural and anthropogenic impacts on
the reefs of Rodrigues. Rodrigues remains undeveloped, however as a result of
deforestation 1n the 1800s, the reefs are subjected to episodic fluvial inputs following
high rainfall, resulting in high sedimentation/turbidity within the lagoon. The island is
also affected by natural impacts such as coral bleaching and cyclones. Despite these
factors the reefs in Rodrigues are currently in good health. This study assessed whether
fluvial inputs are having a sub-lethal effect on coral colonies on the fore reef slopes, by
studying coral growth rates, larval settlement and recovery from injury at 3 sites with
varying sediment regimes. The severity of a coral bleaching episode, which affected the
island in 2002, was also assessed. The results show that at the 2 inshore sites (Totor and
Trou Malabar) sediment deposition was well above ‘tolerable’ levels for coral reefs (up
to 96 mg cm™ d'), suggesting that this threshold is not applicable for these reefs. It 1s
suggested that high turbidity and sediment deposition are related to high rainfall,
resulting in land run-off, combined with high wind causing sediment resuspension. This
periodic high sedimentation and turbidity appeared to be having a sub-lethal effect on
coral colonies, resulting in a decrease in growth rates of Acropora austera and Porites
rus, low coral recruitment and a low ability of Montipora spp. to recover from injury.
The bleaching event was not widespread and coral mortality was restricted to sites in the
north and west of the island. Where bleaching did occur, it was severe, resulting in
mortality of up to 75 % of coral colonies at some sites, particularly branching and
tabular Acropora spp. One year later, dead coral colonies had become heavily eroded

and overgrown with turf and macro-algae, although some recovery had occurred.
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CHAPTER 1: The island of Rodrigues

The aim of this study is to investigate the interaction between some of the potential

factors affecting the health of the coral reefs surrounding Rodrigues; to make
predictions about the future of the reefs and to suggest techniques for minimising
further damage. The island of Rodrigues remains undeveloped, however as a result of
deforestation in the 1800s, the reefs are subjected to episodic fluvial inputs following
high rainfall, resulting in high sedimentation/turbidity within the lagoon. The island 1s
also affected by natural impacts such as coral bleaching and cyclones. Despite these
factors the reefs in Rodrigues are currently in good health. This study will assess
whether fluvial inputs are having a sub-lethal effect on coral colonies on the fore reef
slopes, by studying coral growth rates, larval settlement and recovery from injury at
sites with varying sediment regimes. The extent and severity of a coral bleaching
episode which atfected the island in 2002 will also be assessed. This chapter describes

the island of Rodrigues, its marine environment and the pressures that are currently

being exerted upon the island’s coral reefs.

1.1 Rodrigues
Rodrigues is an island state of Mauritius, situated at 19 ° 42° S and 63 ° 25’ E, 595 km

east of Mauritius. Together with Mauritius and Réunion it forms part of the Mascarene
Archipelago. It 1s 18 km at its longest and 8 km at its widest with an area of 107.8 km®,
making it the smallest of the three Mascarene Islands. Figure 1.1 shows the island of
Rodrigues and the location of places described in this chapter. Rodrigues is of volcanic
origin and was formed 1.5 million years ago and rises to a height of 396 m (Turner et
al., 2000a). The 1sland 1s situated on an elliptical submarine platform, with a width of 30
km and a length ot 55 km. The platform slopes gently outwards to the 100 m contour,
beyond which there i1s a marked increase in slope, and depths increase rapidly to over
2,000 m (McDougall ef al., 1965). Rodrigues is enclosed by a 200 km* fringing reef,
encompassing a very shallow lagoon extending to 13 km width in the south (Turner ef

al., 2000a). The reef 1s relatively young, having grown to within 2 m of present sea level

2-3,000 years ago (Rees ef al., in press).
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Figure 1.1 The 1sland of Rodrigues (Landsat 7 satellite image processed by B.

Chapman) and 1t’s position in the Western Indian Ocean.

N



The Dutch were the first to land on Rodrigues in 1601, however the earliest settlement
was in 1691 when Francois Leguat visited Rodrigues staying for 2 years, with his crew
of 9 men (Gade, 1985; Cheke, 1987). There was no permanent settlement until 1792
when Frenchmen from Mauritius arrived with slaves to cultivate the land. In 1804 the
island’s population was only 104 and the land was sparsely settled until the abolition of

slavery in 1833. By 1851 the population had increased to 495 and was 13,333 by 1952
(Gade, 1985). Rodrigues now has a population of 35,546. The population density 1s 342

persons km™”, with a growth rate of 0.48 % yr'' (CSO, 2000). The population has
however, been stabilised by massive emigration to Mauritius (MEPD, 1995). Rodrigues
remains undeveloped and the economy is based mainly on agriculture, livestock and

fisheries (Genave, 2000; Turner ef al., 2000a). Employment is low at 38.5 % with 34.7
% of employed people working in agriculture and fishing (CSO, 2000). The main centre
of urban development is Port Mathurin on the north coast, where 10,000 people live; the
remaining population is scattered in 137 hamlets throughout the island (Turner er al.,
2000a). Rodriguans are largely African and Malagasy in origin and the majority ot the
population are Catholic (Gade, 1985; IELS, 1998).

1.11 Climate

Rodrigues has a subtropical climate, with a hot and rainy season in November-May
followed by a drier cooler season in June-October. The island is subjected to the south-
east trade winds and is within an area of cyclonic activity; cyclones arrive mostly from a
northerly and easterly direction (Pearson, 1988). Cyclones are accompanied by strong
winds, high rainfall and heavy swells. As annual rainfall is associated with cyclonic
weather patterns it is therefore difficult to predict; average rainfall however varies
between 1,090 mm in the lowlands to 1,710 mm in the uplands (MEQL, 1991). Mean

yearly air temperature is 28.8 °C (Pearson, 1988) however, temperatures often exceed

30 °C (UNEP/TUCN, 1988).

1.12 Oceanography

Rodrigues is influenced by the South Equatorial Current transporting water in a west-
north-westerly direction and varying seasonally to a west-south-westerly direction.

Current velocities are in the order of 0.5-1.0 knots, although these may be affected by
cyclonic weather patterns (Pearson, 1988). Current patterns within the lagoon are wind

driven, flowing predominantly in a westerly or north-westerly direction with mean
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speeds of <0.1 m s't00.5m s’ (Lynch er al., 2003a). Tidal effects can be detected 1n
certain parts of the lagoon, mainly in the major channels, close to passes and in the
sheltered central northern lagoon. Tides are semi-diurnal and range from 0.5 m during
neap tides to 1.9 m during spring tides. Sea surface temperatures range from 22-24 °C in

winter (May to October) to 26-28 °C in summer (November to April) (Genave, 2000).

1.2 The marine environment

Rodrigues has the “most substantial and best developed reefs in the Mascarenes™
(Montaggioni and Faure, 1980). A wide expanse of reef platform extends without a
break for 90 km around Rodrigues, most markedly towards the west. The reef flat
occurs 1 or 2 km from the land in the east of the island (though sometimes as little as 50
m) and as much as 10 km in the west. Emerging above the level of the reet flat are
several small islands, some of which are basaltic, and others such as Ile aux Cocos and

[le aux Sables, are sand cays (UNEP/IUCN, 1988).

When the first settlers arrived in Rodrigues dugongs were abundant in the shallow
lagoon, with schools of 30-40 (Gade, 1985; Cheke, 1987) and in the 1730s the dugong
(lamentin) fishery was reported as being “considerable and a major resource for the Isle
of France, while many are transported salted together with turtles” (d’Heguerty, 1754,
in Cheke, 1987). Dugongs were scarce by 1761 and the last record 1s by Marragon 1n
1795 (in Cheke, 1987). All early visitors to Rodrigues mentioned the abundance of
turtles (Hawksbill and Green), however these also suffered heavy exploitation during

the 18™ century and since the 1950s no longer nest on Rodrigues (Gade, 1985).

Until recently the coral reefs around Rodrigues have received very little study.
Comprehensive surveys were however carried out in the mid 1970s to early 1980s by
Montaggiont and Faure (Montaggioni, 1974; Faure, 1975; Montaggioni, 1980;
Montaggioni and Faure, 1980). The surveys found that the reef flat varies between 50 m
and 2 km wide (Montaggioni, 1974) and can be divided into 4 sections (Faure, 1975;
Montaggioni, 1980). The compact reef flat ranges from 50-300 m wide in the north-east
and south but 1s poorly developed in the west. It has 20-30 % live coral cover,
consisting of massive and digitate coral colonies such as Platygyra sp., Goniastrea sp.,
Porites sp., Montipora sp., Pavona sp., Acropora spp., Pocillopora sp. and Stylophora
sp. (Faure, 1975; Montaggioni and Faure, 1980). Further in towards the lagoon the reef

flat breaks up into scattered coral colonies separated by a system of shallow basins and
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short meandering channels. This is one of the most marked aspects of the reef flat in
Rodrigues (Montaggioni and Faure, 1980). It has 20-30 % coral cover, consisting of
massives (diverse Faviids, Porites sp.), encrusting colonies (Turbinaria sp., Echinopora
sp., Hydnophora sp.) and branching corals (Acropora sp. Pocillopora sp.) (Faure,
1975; Montaggioni and Faure, 1980). This region is followed by a zone of coral-built

alignments, 1-5 m wide, running perpendicular to the reef edge and separated by

shallow grooves. Coral cover is 80-100 %, however there is a decline in species richness
with Pocillopora sp., Stylophora sp. and Galaxea sp. becoming rare (Faure, 1975;
Montaggioni and Faure, 1980). Finally, in sheltered sites, there 1s a region of micro-
atolls, formed from massive Porites sp. colonies or occasionally by Goniastrea sp. and

Platygyra sp. (Montaggioni, 1974; Faure, 1975; Montaggioni and Faure, 1980).

In exposed sites, such as on the east coast, the reef edge consists of calcareous algae,
including Lithothamnium sp., Lithophyllum sp. and Porolithon sp, this does not
however, form a true algal crest such as those found around coral 1slands and atolls 1n
the Pacific Ocean (Faure, 1975; Montaggioni and Faure, 1980). In more sheltered sites
the reef edge is colonised by coral colonies (50-60 % cover) including Acropora spp.,
Pocillopora spp., Stylophora sp., Platygyra daedalea and Goniastrea pectinata (Faure,
1975, Montaggioni and Faure, 1980). Just beyond the reef edge, the shallow reet slope
consists of a compact pavement, interspersed with channels; in the south 1t 1s colonised
by Millepora sp.; in the north it is colonised by branching corals dominated by
Acropora spp. (Faure, 1975; Montaggioni and Faure, 1980).

The reef slope descends fairly steeply at most points around the island (UNEP/IUCN,
1988). In exposed areas the fore reef comprises steep walls, frequently in spur and
groove formations (Montaggioni, 1974; Montaggioni and Faure, 1980; Chapman,
2000). Spur and grooves are poorly developed at the north-western point of Port
Mathurin Bay and in sections from Grande Pointe to Passe Sable, but are well

developed in western sections from Pointe des Quatre-Vingts Brisants (Montaggioni

and Faure, 1980). Spurs vary in width from 6 to 10 m and grooves have a maximum

width of 2 m (Montaggioni, 1974).

In the shallows (0 — 4 m) the fore reef tends to be colonised by Millepora spp. and

branching corals such as Acropora spp., Stylophora pistillata, Pocillopora damicornis

and P. verrucosa (Faure, 1975; Montaggioni and Faure, 1980). Below 4 m the slope 1s



characterised by encrusting and massive colonies including Lepforia phrygia, Platygyra
daedalea, Goniastrea pectinata, Favites pentagona, Favia speciosa, F. pallida,
Montastrea curta, Leptastrea purpurea, Oxypora lacera and Echinopora gemmacea, as
well as the soft corals, Lobophytum sp., Sinularia sp. and Sarcophyton sp. (Faure, 1975;
Montaggioni and Faure, 1980). The lower section, down to 20 m, is characterised by
massive corals of the genera Favia, Acanthastrea, Coscinarea, Turbinaria,
Hydnophora, Goniopora and Astreopora (Faure, 1975; Montaggion1 and Faure, 1980).
The grooves consist of biogenic sand containing a community of molluscs (Terebra
babylonia, T. lanceolata, Oliva epsicopalis, Conus sp. and Mitra sp.) and errant
polychactes (Faure, 1975). In more sheltered areas the reef slope is steep, lacking
grooves and the walls are dominated by laminar and encrusting species (Chapman,

2000; Montaggioni, 1974). Coral cover on steeper areas commonly exceeds 50-70 %
(UNEP/TUCN, 1988).

Passes, creeks and channels break the otherwise continuous reef flat in several places.
Some of the larger reef passes are the site of the most prolific coral growth within the
lagoon with large coral patches dominated by branching and tabular Acropora spp. and
occasionally abundant soft corals (Chapman, 2000). One channel, the Grande Passe de
Port Sud-Est 1s 40 m deep and 200 m wide and stretches 2.5 km from land to the outer
edge of the reef flat (Faure, 1974; 1975). At its landward end it is connected with a
back-reet channel which runs along the coast from east to west. The upper regions of its
walls are dominated by small branching corals (Acropora sp., Stylophora sp.,
Pocillopora sp. and Millepora sp.) and soft corals. Between 4 and 10 m the wall is
dominated by massive corals (Favia sp., Favites sp., Goniastrea sp., Platygyra sp. and
Lobophyllia sp.) and between 10 and 18 m by encrusting forms (Echinopora sp.,
Echinophyllia sp., Oxypora sp. and Mycedium sp.) and soft corals. Below 20 m the
slope is characterised by dead coral rubble, covered with calcareous mud and a very

sparse distribution of living corals. The floor of the channel lies at 35 to 40 m depth and
is covered by rubble and coarse well-oxidised sediment or outcrops of bare rock (Faure,
1974; 1975; Montaggion1 and Faure, 1980). Other passes have a similar zonation. Passe

Ile aux Fous 1n the north is also a rich coral site with high live coral cover and pools and

depressions with large coral complexes (Chapman, 2000).

Recent surveys show that the shallow fore reef sites are dominated by Acropora spp.,

particularly branching growth forms (Clark, 2001; Lynch et al., 2002). The most



commonly occurring species were found to be Acropora abrotanoides, Acropora
austera, Acropora cytherea, Platygyra daedalea and Montipora spp. (Clark, 2001). The
surveys found that hard coral cover ranged from 35 % to 60 % (Clark, 2001), 44 % to
63 % (Ahmada et al., 2002) and from 40 % to 71 % (Lynch et al., 2002). All surveys
found that dead coral cover and macro-algal cover were low (<5 % and <1.5 %,
respectively), indicating that the reefs are in good health. Coral cover on the reef tlat
was however lower ranging from 15 % to 28 % (Ahmada et al., 2002) and 15 % to 53 %
(Lynch er al., 2002). Sites on the reef flat were found to be affected by trampling from
octopus fishers (Clark, 2001). Corals on the fore reef however, were tound to be healthy

with little sign of bleaching and no sign of disease (Clark, 2001; Fenner et al., 2004).

Bruggemann (1879) catalogued 49 species of coral from Rodrigues. Faure (1977)
recorded 90 species and 41 genera of corals (84 species and 38 genera of scleractinian
corals). Chapman (2000) recorded 77 coral species (34 genera), whilst Clark (2001)
recorded 88 species of coral (34 genera). A recent survey by Fenner et al. (2004)
recorded 131 species and 40 genera of hard corals (126 species and 37 genera of
zooxanthellate Scleractinia). This brings the total number of reported coral species from

all sources to 160, which is close to the 163 species most recently reported from

Mauritius (Moothien Pillay et al., 2002a).

1.3 Uses of the coastal zone in Rodrigues

The coastline of Rodrigues is 60.2 km long and is dominated by basaltic rock rubble,
however at some locations the shore is formed from aeolian limestone (Faure, 1973).
There are only 5 small sand beaches (Turner et al., 2000a) and small cliff walls (2-3 m
high), composed of eroded fossil coral reef, occur on the east coast (Coppejans et al.,

2004). Most of the i1sland is steeply sloping and thus many activities are either

concentrated along the coastal zone or have an impact on it.

1.31 Agriculture

The island was stripped of its vegetation for agriculture during the early 1800s through
woodcutting and burning and by 1825 the vegetation was reduced to a savannah with
scattered trees (Cheke, 1987). In the 1830s many ex-slaves hacked out plots in the forest
to plant crops and when the soil was exhausted after a few years a field was abandoned

and a new one created by burning (Gade, 1985). The large numbers of goats and cattle



prevented the regeneration of the native forests. An inventory in 1879 showed that
cultivated land covered 3 % of the surface, pasture 85 %, uncultivated land 2 % and
forest <10 % (De Blic, 1986). In 1955 a programme constructing terraces was started
and the Agricultural Services built 3,600 hectares of terraces between 1955 and 1980

however the terraces have been poorly maintained.

Agriculture is now a major economy in Rodrigues and subsistence plots occupy one
third of the island (Gade, 1985). Rodrigues, however only provides one third of its own
food needs and few crops are sold, apart from onions and garlic that are produced for
export. The main crops grown are maize, which occupies 80 % of the cropland, sweet
potatoes, manioc, haricot beans and peanuts. Domesticated animals including goats,
sheep, cattle and pigs are also a source of cash income. High wind and rainfall which
accompany tropical cyclones during November to May can affect agriculture on
Rodrigues, killing livestock and destroying crops. In addition, Rodrigues is also aftected
by droughts and during half of the year, low rainfall limits farming and often causes
food shortages between January and March. Under the Agricultural Development
Programme imtiated 1in 1983, land and pasture development, construction of access
roads and the establishment of agricultural infrastructure facilities were implemented in

order to further develop agriculture in Rodrigues (MEPD, 1996).

1.32 Fishing

Artisinal fishing 1s important in Rodrigues as the lagoon 1s three times the area of the

land. There were 1,999 registered fishers in 1999 and 1,130 registered fishing boats
(CSO, 2000), with 1,000 regular unregistered fishers and a further 1,000 who are not
registered and fish on a more casual basis (Lynch et al., 2003b). Due to weather

conditions and the lack of large boats the majority of the fishing effort is concentrated

within the lagoon. Of the 1,999 registered fishers only 187 were recorded as off-lagoon
fishers. The total fish caught during the year 1999 was 1,715.50 tonnes. Fish are caught
either on the outer reetf slope or from the coral communities along the edges of the
channels. The most important species in the lagoon fishery is the Rabbitfish, Siganus
sutor (Lynch et al., 2003b), however other common species caught include mullet,
trevally, goatfish, emperors, parrotfish, unicornfish, groupers and snappers (Cross and

Judge, 1990). Fishing methods used include seine net, hook and line, trap and harpoon

(Genave, 2000). Measures taken to develop outer-lagoon fishing, include the use of fish



aggregating devices (FADs) in deeper water (MEPD, 1996; EDF, 1999; Jeetoo and
Yung, 1999). The total catch from outer-lagoon fishing however remained insignificant

during the trial period and due to poor maintenance the FADs are no longer in place
(EDF, 1999).

The seine net fishery is the most important fishery in Rodrigues in terms of size (Lynch

et al., 2003b). Fishing is undertaken by teams of fishers using 4 to 8 boats. During 2002,
8 seine net licenses were granted and 96 fishermen were registered. Fishers use a semi-
circular net and herd fish into the net by walking towards 1t beating the water with
poles. Trap fishing was undertaken by 834 fishers in 2002. A variety of traps are used,
these range 1n size from 1 to 3 m diameter and are made from traditionally woven

bamboo panels or from wire. Traps are baited with algae and/or invertebrates such as

molluscs and are left for 2-3 days.

The exploitation ot octopus is another major fishery within the lagoon. There are in
excess of 2,000 registered octopus fishers and the fishing grounds are located within the
lagoon and concentrated on the reef region (Genave, 2000; Lynch et al., 2000). 43 % of
octopus fishers have access to boats, thus fishing effort is concentrated during periods of
low neap tides when fishers can reach the fishing grounds by foot. Fishing grounds
support an average fishing population of 13-94 fishers who fish for 2-8 hours each day.
The majority of octopus caught are Octopus cyanea; fishers also supplement their catch
with fish and other molluscs. Catches ranges from a mean of 0.2 — 3.5 kg per day per
fisher, with maximum daily catches ranging from 1 — 14.2 kg per fisher (Lynch er al.,
2000). Landings are either air-dried or frozen and beyond subsistence are almost

exclusively for an export market in Mauritius (Genave, 2000).

1.33 Habitation

The population is scattered in approximately 137 hamlets, although some concentration
occurs in the semi-urbanised zone of Port Mathurin and Baie aux Huitres with around
10,000 persons (Figure 1.1). Water consumption is very low at 47 1 d". Most
households have pit latrines rather than flushed toilets and the few hotels have cess-pits
(Turner et al., 2000a). There are proposals for improvements in domestic water supplies

including the use of more effective pumps, construction of dams, desalination



instalments (Jeetoo and Yung, 1999) and the installation of water treatment plants

(MEPD, 1996), all of which have the potential to impact the marine environment.

1.34 Tourism

Tourism is in its infancy in Rodrigues. In 1994 4,013 tourists visited the island (IELS,
1998; MEPD, 1996), by 1999 this figure had doubled to 8,292 (CSO, 2000). The
majority of visitors come from Mauritius (25,638 passengers) or from Réunion (6,299
passengers) and most arrive by plane (39,721 passengers) (CSO, 2000). Rodrigues has 4
3-star hotels 1n Port Mathurin, Anse aux Anglais, Mourouk and Cotton Bay (Figure 1.1)
and the total number of rooms available in 1999 was 200 (EDF, 1999). The Government
1s now, placing much hope on tourism being able to strengthen the island’s economy
(Jeetoo and Yung, 1999). The construction of 5 new hotels around the north and east
coast has already commenced, a new airport has been built at Plaine Corail and the

runway has been extended to allow direct flights from Réunion.

1.35 Industry

There 1s no real industry in Rodrigues and impact 1s low (Turner et al., 2000a).
Manufacturing activities are confined to indigenous craft traditions (MEQL, 1991) and
small-scale businesses producing mainly for the local market (Jeetoo and Yung, 1999)
and the export of manufactured goods to Mauritius 1s negligible (MEPD, 1996).
Measures are however, being implemented to boost private sector industry on Rodrigues
(Jeetoo and Yung, 1999) and it is also suggested that industrialisation in Mauritius may
require the re-location of some labour-intensive industries to Rodrigues (MEQL, 1991).
It is hoped that the location of small and medium industries in Rodrigues will increase
employment, create wealth and stem migration to Mauritius (MEQL, 1991; Jeetoo and
Yung, 1999). An office of the Small and Medium Industries Organisation (SMIDO) was
set-up in 1990, providing advice and monitoring for new enterprises (MEPD, 1996).

1.36 Quarrying

Quarrying 1s an 1mportant industry to supply building material for road and building
construction. Two major stone-quarrying companies operate in Rodrigues near La

Ferme and near Roche Bon Dieu (EDF, 1999) (Figure 1.1). There is a coral stone quarry

near Plaine Corail, however quarrying at this location has now been stopped. Coral sand
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is extracted from licensed areas to the south-west of Ile aux Cocos and on the St
Catherine Bank south-west of Baie Topaze (EDF, 1999). The sand is used for
construction work. Erosion of sand from Ile aux Cocos and lle aux Sables during

cyclones has been attributed to this sand extraction (Saha, 1993).

1.37 Dredging and land reclamation

The channel at Port Mathurin was first dredged in 1975 to allow the Mauritius Pride
supply vessel easier access to the port. Material from the operation was used In
reclamation of land in the Camp du Roi area of Port Mathurin, Baie Lascars and Baie
aux Huitres (Saha, 1993) (Figure 1.1), as well as in the creation of Ile Hollandaise on
the reef flat (EDF, 1999). The channel was dredged again in 1990 with much of the
material being used for land reclamation in Baie aux Huitres (EDF, 1999). There are

proposals to dredge more of the channels and to dispose of dredge spoil for coastal land

reclamation (Turner et al., 2000a).

1.4 Impacts to the coastal zone

1.41 Natural impacts to coral reefs

1.311 Cyclones

Rodrigues is situated within an area of cyclonic activity. Cyclones develop from small

tropical depressions within the Intertropical Convergence Zone, between 10 and 25 °.

Cyclones tend to travel in a westward or north direction and can move at 700-1000 km
per day (Météo France La Réunion, 1997). They tend to occur when the sea temperature
is above 26.5 °C and thus occur predominantly between December and March. They
become known as a tropical cyclone when wind gusts exceed 117 km hr”', however
winds close to the centre may be up to 300 km hr'. Cyclones are accompanied by high
rainfall and heavy swells. In the Western Indian Ocean, approximately 12 tropical
depression systems occur on average each year, of which an average of 4 become
tropical cyclones. Some of the worst cyclones to affect Rodrigues include Cyclone
Monica (1968), Fabienne (1972), Jessy (1973), Celine 11 (1979) and Bella (1991) with
winds exceeding 200km per hour (Mauritius Meteorological Services). During March
2003 Rodrigues was affected by Cyclone Kalunde, which passed 20 km to the east of

the island. Kalunde produced winds of up to 200 km per hour, causing damage to

property, crops and livestock.
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Cyclones may cause damage to coral reefs through physical destruction of reef
organisms by wave action and movement of coral rubble, increased sedimentation and
turbidity and increased run-off after heavy rain (Brown, 1996). There have been no
detailed studies of the impact of cyclones on coral reefs of the Mascarenes. In Reéunion
Naim et al. (2000) state that 27 % of reef flat corals are degraded by cyclones, however
this figure is only based on the impact of Cyclone Firinga in 1989. Naim et al. (1997)
showed that extremely high sedimentation caused by high rainfall associated with
Cyclone Firinga caused 99 % mortality to one reef flat area and Letourner e/ al. (1993)
studied the impact of this cyclone on fish community structure. The impact of
hurricanes has however been studied, particularly in the Caribbean. Cyclones have been
shown to cause coral mortality down to depths of 30 m and branching coral species tend
to be most vulnerable (Woodley ef al., 1981; Rogers et al., 1991; Van Woesik et al.,
1991; Bythell et al., 1993). Two of the most recent cyclones to affect Rodrigues,
Evariste and Dina were found to cause very little damage to the reefs and surveys
conducted after the cyclones had passed found only very few overturned Acropora
tables (Clark, 2001; pers. obs.). Cyclone Kalunde, however does appear to have caused

damage to the northern fore reef slopes and recent coral mortality was observed down to

depths of 10 to 12 m (pers. 0bs.).

1.412 Coral bleaching

Coral bleaching is a general stress response that may result from a variety of

environmental conditions and anthropogenic stresses. A variety of different stresses

have been suggested as being potentially responsible for causing coral bleaching.
Localised bleaching events have been associated with bacterial and other intections
(Kushmaro et al., 1996), chemicals such as cyanide (Jones and Hoegh-Guldberg, 1999),
solar radiation (Fisk and Done, 1985; Harriott, 1985a), sea level drops (Glynn, 1976),
reduced salinity (Goreau, 1964), increased turbidity (Rogers, 1983) and temperature
changes (Coles and Jokiel, 1978). Recent work however, highlights increased sea
surface temperatures and solar radiation (including ultraviolet radiation) as the most
common factors believed to be responsible for large-scale coral bleaching (e.g. Glynn,

1984; Brown and Suharsono, 1990; Brown et al., 1996; Winter ef al., 1998; Quinn and
Kojis, 1999; Spencer er al., 2000).
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Since 1980, there has been a significant increase in the number of reported large-scale
coral bleaching events (Winter er al., 1998). During 1997-1998 coral reets were
subjected to the most geographically widespread and probably most severe bleaching
event 1n recorded history. There was unprecedented bleaching in coral reefs throughout
the Indian Ocean, the Middle East, Southeast and East Asia, the Caribbean, the Far
West and Far East Pacific and the Atlantic Ocean (Wilkinson et al., 1999). The coral

reefs of Mauritius and Rodrigues were however, some of the few reef areas in the Indian
Ocean to escape this mass coral bleaching event. A rapid assessment of the status of the
coral reets 1n Mauritius during April 1999 (Turner er al., 2000b) and a Reef Check
survey 1n Rodrigues during September 1999 (Vogt et al., 1999) showed that the reefs
were generally healthy with no large areas of dead standing coral. A study by Moothien
Pillay et al. (2002b) in Mauritius confirmed that coral bleaching had been mild,
affecting <10 % of coral colonies and that the majority of colonies had recovered.
Analysis of meteorological data showed that during the period of elevated Sea Surface
Temperature (SST), unstable weather associated with Cyclone Anacelle caused higher
cloud cover, very high rainfall and lower hours of sunshine than normally experienced
at that time of year. It was suggested that these unsettled conditions protected the coral
reefs from severe bleaching during 1998 (Turner et al., 2000b). Very few signs of coral
bleaching were observed on the reefs of Rodrigues during surveys in 2000 (Chapman,
2000; Clark, 2001), however a severe coral bleaching event occurred in the north and

west of Rodrigues during 2002 and further coral bleaching was observed on the

northern reefs during 2003 (pers. obs.). The 2002 coral bleaching event will be

described in more detail in chapter 6.

1.413 Disease and predators of coral colonies

Outbreaks of the Crown-of-thorns starfish, Acanthaster planci were first documented on

the Great Barrier Reef in 1962 (Barnes, 1966); since then outbreaks have occurred in
the Red Sea, South Africa, the Maldives, Indonesia, the Cook islands and Fiji (Moran,
1986). Natural densities of starfish range from 1 to 35 individuals per hectare, however
during an outbreak numbers may increase to up to >1,500 per hectare (Moran and
De’ath, 1992). A. planci favours branching and tabular Acropora spp and Montipora
spp, but may eat massive corals during severe outbreaks (Moran, 1986). The starfish can
cause considerable damage to coral reefs and during the 1979-1991 outbreak on the

Great Barrier Reef, reefs experienced 30->50 % mortality (Moran et al., 1992). There
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have been serious outbreaks of A. planci over the past 20 years in Mauritius, possibly
linked to the decline in population of its main predator Charonia tritonis (Fagoonee,

1990). However coral reef surveys in Rodrigues have found no evidence of 4. planci

(Vogt et al., 1999, Chapman, 2000; Lynch et al., 2000; Lynch et al., 2002).

Coral diseases such as white-band disease, black-band disease and white plague were

first reported from the Caribbean in the 1970s and 1980s (Antonius, 1973; 1977, Peter
et al., 1983). Since these times, reports of coral diseases have increased, new diseases
have been described and diseases have been reported from a wide geographical area
including the Indo-Pacific (Antonius, 1985), the Arabian Gulf (Coles, 1994; Korriibel
and Riegl, 1998) and the Great Barrier Reef (Miller, 1996). Coral diseases have been
recorded in Mauritius (Antonius, 1993) and in addition a coralline red algae was also
observed to be overgrowing and killing a number of coral colonies (Antonius and
Afonso-Carillo, 2001). Studies of the corals in Rodrigues have found coral colonies to
be healthy with little or no sign of disease (Clark, 2001). Recent surveys however have

found evidence of white band disease, although this requires further study (Hooper,

pers. comm.).

1.42 Human impacts to coral reefs

1.421 Pollution

The increase in human population in coastal areas and rapid urbanization has resulted in
increased pollution on coral reefs. One of the major forms of pollution to atfect coral

reefs is eutrophication caused by sewage and agricultural run-off, although pollution
also occurs from heavy metals and oil (Roberts, 1993; Brown, 1996; Dubinsky and

Stambler, 1996). Marine pollution in the Mascarene region can be considered to be
relatively low, however pollution ‘hot spots’ occur close to coastal towns (Turner et al.,

2000a). In Mauritius the discharge of both treated and untreated domestic and industrial
waste occurs in shallow water, causing increased turbidity and eutrophication. Water
pollution arises from sugar industry wastes such as flyash and alkaline waste water,
effluent from dye houses, printing, tanning and paint manufacture and heavy metals
from chemical works (Fagoonee and Daby, 1993). In addition, agricultural practices
result in nutrient enrichment and pesticide contamination within the lagoons (Daby,

1999). In contrast, marine pollution is minimal in Rodrigues. There is no real industry
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and surveys of water quality found that nutrient levels were very low and appeared

unconnected to land use (Lynch et al., 2002).

1.422 Overfishing and destructive fishing practices

Reef fish communities have been exploited by coastal communities throughout history,
however, increasing human population, more effective fishing methods and increased
access to reefs has resulted in increased fishing pressure on reef fish stocks around the
world (Spalding ef al., 2001). In Rodrigues, fishing activities within the lagoon impacts
heavily on fish stocks and in addition fishing causes damage to coral colonies through
anchor damage, deployment of basket traps, trampling and the deliberate breaking and
overturning of corals in the search for octopus (Pearson, 1988). The annual artisanal
fisheries fell from 1,900 tonnes in 1991 to 840 tonnes in 1994, indicative of a serious
decline 1n the fishery (IELS, 1998). During 1997 a net buy-back scheme was introduced
to reduce pressure on the lagoon. In addition, the seine net fishery has a number of
management measures in place, including a closed season (30" September to 1%
March), 5 closed areas where seine net fishing is permanently prohibited, a minimum

mesh size of 9 cm and minimum catch sizes for different fish species (Lynch et al.,
2003b).

These legal restrictions are however not enforced in any of the closed areas and illegal
seine net fishing takes place all year round, all over the lagoon (EDF, 1999; Lynch ef
al., 2003b). Despite this, recent work shows that the reduction in fishing effort since
1997 has been sufficient to create a sustainable fishery as the catch weight and effort
were found to be at about 75 % of the maximum sustainable yield (Lynch ef al., 2003b).
There 1s however evidence that growth and recruitment overfishing of the Rabbitfish is
still occurring. Furthermore, a change in the composition of fish catches is taking place
with herbivorous and omnivorous fish, such as Rabbitfish and Goatfish, becoming more
important than predatory species, such as Emperors and Trevallys, indicating a

degraded ecosystem.

The octopus fishery 1s also being exploited beyond its sustainable level. Fishers report
that catches have declined and that octopus sizes have decreased over the past decade
(Lynch et al., 2000). Reports from exporters suggest that the volume of catch had
decreased by 50% during the 30 years before the FAO report (Pearson, 1988) and there
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has been a steady decrease in octopus catches from 732.2 tons in 1995 to 476 tons In
1999 (Genave, 2000). A recent study by Genave (2000) found that densities of Octopus
cyanea were low in areas close to dense population centres despite the fact that suitable
habitats were available. Octopus densities ranged from 0.0 to 0.3 individuals 500 m™ at
sites close to population centres compared to 10.0 individuals 500 m™ at sites further

away from human habitation, suggesting that octopus fishing in Rodrigues has exceeded

sustainable levels i1n many areas of lagoon.

The propulsion of boats in shallow areas is carried out by poles which fracture and
damage coral surfaces and the use of stone anchors cause damage as the stone drags
over the bottom. Basket traps are placed in close proximity to or on coral surfaces
causing damage during the deployment or recovery or though movement while the traps
are in situ. Large coral heads are used to anchor traps in place and are also used to erect
V-shaped walls to drive fish into the traps. Reef walking for line and octopus fishing
results in the destruction of coral colonies. Line fishing causes substantial damage to
corals as a result of line entanglement and the seine net is reported to cause damage
though the practice of herding reef fish into the net by striking corals (Pearson, 1988).
Genave (2000) found a negative correlation between octopus abundance and the amount
of coral damage. Octopus fishers were observed to overturn coral in the search for
octopus and In some areas up to 57 % of corals were damaged probably by a

combination of boat anchoring, trampling and bad fishing practices. Chapman (2000)

also observed several destructive fishing practices in the lagoon including the use of
poles for propulsion across areas of high coral cover, fishing lines entwined around
coral branches, damage from basket traps, construction of Y-shaped walls from coral
heads and reef trampling by octopus fishers at low tide. She comments that numerous
survey sites showed evidence of coral damage particularly in the form of broken
branching corals and large overturned tabular corals, which may have resulted from

damage from basket traps or from deliberate overturning in the search for octopus.

1.423 Sedimentation

Soil erosion is a serious problem in Rodrigues and siltation derived from terrestrial
sources 1s the principal visible impact to the marine environment (TROMES, 1995). For
some time after 1ts discovery, Rodrigues remained well wooded and early reports
describe the 1sland as having a stratified evergreen forest 15-20 m high, which covered

most of the island (Leguat, 1708, in Gade, 1985). As late as the end of the 18" century,
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the forests were still “thick and difficult to penetrate” over much of the island. Two
centuries of human habitation have however greatly changed the native vegetation,
which now only exists in scattered places (De Blic, 1986). Corby (1845, in Cheke,
1987) describes an island largely deforested with pockets of woodland here and there
and Higgin (1849) comments that there is “no great number of trees nor any approach to
forest growth”. In 1879 Balfour (in Cheke, 1987) wrote that the 1sland was “ now... a

bare parched volcanic pile with deep stream courses for the most part dry, in place of

the verdant well-watered island of 200 years ago™.

Extensive deforestation on the island had an effect on water availability as early as
1825, leading to the loss of most of the biologically active soil and causing all but a few
of the 150 original springs to dry up (Cross and Judge, 1990). Since 1970 Rodrigues’
stream courses only flow after heavy rains (Gade, 1985). The natural vegetation was
also destroyed by goats, cattle and pigs which ran wild in the woods until this century
(Gade, 1985). Poor maintenance of the terraces, overgrazing and damage to the terraces
by cattle has caused further loss of soil, silting rivers, lagoon channels and areas of
lagoon (EDF, 1999; Turner er al., 2000a). Soil loss was mentioned in most colomal
reports on the island in the mid 19" century. It has now been estimated that soil erosion
affects 95 % of the total surface area of the island, facilitated by the clay texture of the

soil, the sloping terrain and intense rainfall associated with tropical cyclones (Gade,

1985).

All bays to the east of Port Mathurin are subject to heavy siltation and in 1988 Pearson
estimated that the bathymetry of these embayments had been reduced by 80 cm since
1978. Turbidity is constantly high in some inshore areas such as Baie du Nord and Baie
Topaze despite sediment traps which have been constructed in many of the main river
outlets (EDF, 1999; Chapman, 2000). Field surveys found that in Baie du Nord and
Baie Topaze a silt layer up to 2 m thick covers the seabed (EDF, 1999). This silt

consists of particles of <16 pum, which is easily resuspended. Chapman (2000) also
comments that sediment is readily re-suspended in many areas of the lagoon,
particularly in the windy conditions which prevail over the island. Coastal channels
around the island were found to have considerable terrigenous content (typically
approximately 50 %) (Cross and Judge, 1990). A recent study of sediment distribution
patterns confirmed that suspended sediment is deposited in northern and western areas

of the lagoon in areas where currents are weakest (Lynch er al., 2003a). Sediment
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entering the lagoon was found to be derived from both marine and terrestrial sources
however the input of terrestrial material to the lagoon was shown to be episodic,

occurring when heavy rain during January — March, may carry 55-412mg 1" of eroded

soil into the lagoon.

Sediment can affect coral colonies by physical damage through abrasion (Tomascik,

1991), smothering by the sediment (Wittenberg and Hunte, 1992) and by reducing coral
recruitment as larvae are unable to successfully establish themselves in shifting
sediments (Rogers, 1990). Extensive sedimentation may result in coral bleaching and
tissue death (Marshall and Orr, 1931; Rogers, 1983; Peters and Pilson, 1985; Riegl,
1995; Nemeth and Sladek-Nowlis, 2001). In addition, suspended or overlying sediment
can disturb a coral’s energy budget by reducing the amount of light available which
reduces zooxanthellar photosynthesis (Rogers, 1979; Suresh and Mathew, 1995), by
interfering with the capacity to capture food and by increasing the energy demand for
active sediment rejection (Kendall e al., 1985; Stafford-Smith and Ormond, 1992;
Riegl and Branch, 1995). Rogers (1990) quotes tolerable rates of sedimentation for coral
reefs as being up to 10 mg cm™ d”'. Pastorok and Bilyard (1985) and Rogers (1990)
predict that on reefs with high sedimentation rates (>10 mg cm™ d') species diversity
will be low; live coral cover will be low; there will a greater abundance of resistant
forms and species and there will be an upward shift in depth zonation. There will also

be decreased growth rates, reduced recruitment and the predominance of altered growth

forms (Pastorok and Bilyard, 1985).

Field studies have confirmed that coral reefs in high sediment sites are characterised by
a decrease in coral species richness and a decrease in live coral cover (Squires, 1962;
Roy and Smith, 1971; Loya, 1976; Cortés and Risk, 1985; Supriharyono, 1986;
Acevedo ef al., 1989, Brown e al, 1990; Edinger et al., 2000; Crabbe and Smith, 2002),
an increase in the proportion of injured corals (van Katwijk et al., 1993) and bleached
corals (Nemeth and Sladek-Nowlis, 2001) and an increase in bare substrate (van
Katwijk et al., 1993; Crabbe and Smith, 2002). Van Woesik ef al. (1999) and West and
Van Woesik (2001) showed that coral cover decreased with increasing proximity to
river mouths, due to increased suspended matter. Increased sedimentation as a result of
heavy rainfall has also been shown to cause coral mortality. In Mexico increased soil
erosion during periods of high rainfall resulted in coral mortality due to burial (Ochoa-

Lopez et al., 1998). Rainfall associated with Cyclone Joy on the Great Barrier Reef
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caused extensive flooding and this resulted in high coral mortality due to a combination
of low salinity, sedimentation, sand blasting and decreases in ambient light (Van
Woesik et al., 1995). Furthermore, increased sedimentation associated with Hurricane

Firinga resulted in 99 % mortality of coral colonies on a reef flat community In

Réunion (Naim et al., 1997).

In contrast, other studies have found that increased sedimentation and turbidity have had
little impact on coral community composition (e.g. Sheppard, 1980; Dollar and Grigg,
1981; Perry, 2003; Schleyer and Celliers, 2003). Ledo de Mara et al. (1999) found rich
and diverse coral reefs close to the mouth of the River Amazon and there are healthy
coral reefs in the Lakshadweep Islands, despite sedimentation rates of 125 mg cm” 4!
during the monsoon (Suresh and Mathew, 1993). The inner Great Barrier Reef 1s
characterised by coral reefs, which have developed despite a long-term history of high
terrigenous sediment input and high turbidity (e.g. Kleypass, 1996; Smithers and
Larcombe, 2003). McClanahan and Obura (1997) found that on reefs under high
siltation conditions, coral cover and diversity was comparable to healthy reefs. The high
siltation reefs did however tend to be dominated by sediment tolerant corals such as
Porites sp., Echinopora sp., Galaxea sp., Hydnophora sp., Millepora sp. and Platygyra
sp., with a very low abundance of sediment intolerant corals such as Favia sp.,
Montipora sp. and Pocillopora sp.. Dodge and Vaisnys (1977) also found a change in
species composition with increased sedimentation, from a reef dominated by Diploria
strigosa to a reef dominated by Diploria labyrinthiformis. Van Woesik and Done (1997)
also show that although there was no difference in coral cover on reefs in turbid and

non-turbid regions, reefs in turbid areas tended to be predominately composed of

encrusting and foliaceous coral colonies.

Suspended or overlying sediment may also disturb a corals energy budget, resulting 1n

a number of sub-lethal impacts. Field studies have demonstrated a reduction in growth

rates with increasing levels of sedimentation (Aller and Dodge, 1974; Dodge et al.,

1974; Dodge and Vaisnys, 1977: Tomascik and Sander, 1985; Tomascik, 1990).
Experimental manipulations have also shown a negative correlation between growth
rates and sedimentation, however shading, mimicking high turbidity, has been shown to
have a greater effect than the direct addition of sediment (Rogers, 1979; Kendall et al..
1985; Anthony, 1999; Te, 2001). Other studies have shown a reduction in reproductive
activity (Tomascik and Sander, 1987), an inhibition of fertilisation (Gilmour, 1999) and
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a decrease in larval settlement (Hodgson, 1990; Babcock et al., 2000) in areas of high

sedimentation. High sedimentation has also been shown to affect a coral’s ability to

regenerate injuries (Meesters et al., 1992).

As described in section 1.1, Rodrigues is situated on a large shallow shelf (McDougall

et al., 1965) and 1t is likely that throughout geological history the reefs have been

subjected to constant resuspension of sediments on the this shallow shelf and thus may
have developed in a naturally turbid environment. In addition, deforestation in the early
1800s appears to have resulted in heavy siltation within the shallow lagoon (Pearson,
1988, TROMES, 1995; EDF, 1999). This sediment is resuspended by wind-driven
currents resulting in constant high turbidity within inshore areas. Sediment 1s
transported onto the fore reef slopes by tidal currents, where 1t settles on the sea bed 1n
sheltered areas (Lynch et al., 2003). Furthermore, during periods of heavy rainfall,

which tend to occur between January and March, there may be episodic influxes of

terrestrially-derived sediment of up to 412mg |”' carried by the rivers in to the lagoon.

Despite this high sediment/high turbidity environment, coral reefs in Rodrigues appear
healthy with high coral cover and high species diversity, in contrast to many studies
described above (e.g. Squires, 1962; Roy and Smith, 1971; Loya, 1976; Cortés and
Risk, 1985; Supriharyono, 1986; Acevedo ef al., 1989; Brown ef al, 1990; Edinger et
al., 2000; Crabbe and Smith, 2002), suggesting that coral reefs may have become

adapted to these conditions. However, high sedimentation can also result in sub-lethal
impacts to coral colonies due to disruptions to the energy budget and 1t is theretfore
possible that during periods of high rainfall the periodic increase in sediment input to
the marine environment may have an effect on coral colonies on the fore reef slopes.
This study will therefore concentrate on investigating whether this increased sediment
load is having an impact on coral health, by assessing biological processes which are
likely to be aftected by changes in the energy budget as a result of high turbidity and
sedimentation (coral growth, recruitment and regeneration from injury). The study will
also determine whether coral colonies show any adaptations to the high

sediment/turbidity conditions which are likely to have persisted for at least 200 years.

1.5 Coastal zone management in Rodrigues

Ile aux Cocos and Ile aux Sables were established as Nature Reserves for their plants

and seabird colonies in 1981 (Cross and Judge, 1990). The two lagoon islands support
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important nesting sea bird colonies and original vegetation. Ile aux Cocos has large
colonies of Brown Anous stolidus and Lesser Noddies A. tenuirostris (4000-7000 ot

each) and about 400 white terns Gygis alba. lle aux Sables has smaller colonies of the

same 3 species. Birds on these islands have been seriously disturbed by egg collectors.

At present the only marine protected areas are the 5 closed areas where seine net fishing
1s prohibited. These Fisheries Reserves were declared under the Fisheries Act 75 of
1984 and occur in the shallow inshore areas from Pointe Venus — Pointe la Gueule,
Pointe la Gueule — Pointe Manioc, Baie Topaze, Anse Quitor and the outer section of
Grande Passe (Figure 1.2). These areas are highly sedimented and unproductive and

therefore Pearson (1984) recommended that further reserve areas be declared. These
recommendations were never acted upon, however, the Non-Governmental
Organisation, Shoals Rodrigues, has recently put forward 4 new reserves which have
been approved by the Rodrigues Regional Assembly. The reserves will be at Riviére
Banane, Anse aux Anglais, Grand Basin and Passe Démie. In addition, a UNDP-GEF

project i1s planning to establish an integrated marine and terrestrial protected area at

Mourouk (Figure 1.3).

1.6 Aims and objectives

Anthropogenic impacts tend to be chronic disturbances causing sub-lethal affects such
as a reduction 1n reproduction and recruitment of coral colonies (Richmond, 1993). In
Rodrigues, the major human impact to the marine environment is sedimentation, as a
result of deforestation, with high turbidity occurring within the lagoon, however despite
these conditions the reefs around Rodrigues appear healthy with high coral cover and
high species diversity. However, as described in section 1.423 sediment may also
disrupt a coral colony’s energy budget, resulting in sub-lethal effects. The major focus
of this work was therefore to assess the sub-lethal impacts of sedimentation on coral
colonies on fore reet slopes in the north of Rodrigues by comparing coral growth rates,
larval settlement and recovery from injury. The methods that coral colonies use to adapt

to sedimentation were also investigated by studying changes in colony morphology and

zooxanthellae densities.
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The impact of sedimentation on coral colonies was addressed by:

e A quantification of sedimentation values and other environmental parameters at
3 study sites at increasing distance from the shore in the north of Rodrigues
(Chapter 2).
The following chapters will investigate the sub-lethal impacts of sedimentation on coral
colonies at these study sites by:

e An assessment of coral growth rates (Chapter 3)

¢ A determination of coral recruitment rates and regeneration from injury (Chapter
4).

e An investigation of coral colonies morphological and physiological adaptations

to sedimentation (Chapter 5).

In contrast to anthropogenic impacts, natural disturbances are critical to the maintenance
of diversity on reefs (Connell, 1973), however can be exacerbated by human impacts
(Richmond, 1993). Coral reefs in Rodrigues are affected by two major natural impacts:
cyclones and coral bleaching. During March 2003 coral bleaching was observed on the
shallow reet flat in the north of the island. A study was therefore initiated to assess the

extent of coral bleaching around the island, the degree of coral mortality and the

impacts of the bleaching event to reef structure.

The impact of coral bleaching on the coral reefs of Rodrigues will be investigated by:

e An assessment of the extent of coral bleaching around the island, including

vulnerable species.

e An investigation into impacts of the bleaching event on coral reef structure 1

year later (Chapter 6).

The results of the previous chapters will be summarised and discussed in relation to the

future of coral reefs around in Rodrigues in Chapter 7.
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Adapted from Chapman and Turner (2001).
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Figure 1.3 An estimation of the boundaries of the 4 marine reserves proposed by Shoals
Rodrigues in the north of the island and the UNDP-GEF marine and terrestrial reserve at

Mourouk. Landsat 7 satellite image processed by B. Chapman.



CHAPTER 2: The environmental and biological characteristics of

three coral reef sites on the north coast of Rodrigues

2.1 INTRODUCTION

This chapter describes the 3 study sites on the north coast of Rodrigues, assessing
species composition and diversity and environmental and meteorological parameters at
each site. The chapter will particularly concentrate on spatial and temporal differences
in sediment deposition and sediment composition at the 3 sites. The sites are situated in
Port Mathurin Bay on the north coast of Rodrigues, as this region is in close proximity

to the land and 1s therefore likely to be subjected to the greatest terrestrial influence. In
addition, the area is close to the research station and sites can be accessed in most

weather conditions.

2.11 Port Mathurin Bay

Port Mathurin Bay 1s situated in the north-east of Rodrigues. It is bordered by the capital
Port Mathurin and the villages of Anse aux Anglais and Caverne Provert (Figure 2.1).
The bay is linked to the terrestrial environment by a small river which feeds into the
main shipping channel into Port Mathurin harbour and further small rivers at each of the
two villages. These rivers tend to be dry or stagnant during the most part of the year,
however flow following periods of heavy rainfall, which usually occur during January-

March. The rivers originate in the high land around Mont Lubin in the centre of the

island and tend to be overgrown with grasses and reeds. The river flowing into the
Shipping Channel and Riv€re Anse aux Anglais flow through the remnants of forest,
which occur 1n the northern valleys, into developed areas, whereas Riviére Caverne
Provert flows through pasture and cultivated land. During periods of heavy rainfall,
often associated with cyclones, the rivers can be seen to carry muddy soil into the
lagoon and a study by Lynch (2003a) in March 2002 measured the suspended
particulate matter load to be 69.5 mg 1" in Riviére Anse aux Anglais, 160 mg 1" in the
harbour at Pointe Monier and 202.7 mg "' in Riviére Caverne Provert. This sediment
input, which is likely to have occurred episodically over the past 200 years since

deforestation first took place, is carried into the shallow lagoon and can be seen flowing

over the reef edge of the northern fore reefs close to the shore.
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Lynch et al. (2003a) show that within the lagoon, sediment depths commonly exceed
4m, indicating significant infilling of the lagoon, however sand is the most important
component of this sediment. The fine grained silt and clay particles are kept In
suspension by wind-driven currents resulting in high turbidity (up to 40-50mg 1)
throughout the lagoon. In areas close to passes and at the reef edge these particles are

then transported from the lagoon by tidal currents to slightly deeper, sheltered areas

offshore. Port Mathurin Bay is sheltered from the prevailing winds, which tend to come
from the south-east and east, although outer reefs are exposed to the north-casterly
winds. The reefs in the centre of the bay and on the eastern side are therefore sheltered
from wave action, whilst reefs towards the edge of the bay and on the western side are

exposed to ocean swell. The bay area tends to have high turbidity, particularly at the

sheltered sites close to the shore.

In the centre of the bay, the reef slope consists of steep walls and spur and groove
formations are poorly developed. Towards the edge of the bay however, the reef
consists of more gradual spur and groove formations. All reefs within the bay tend to be
shallow, rarely exceeding 20 m, where they meet a gently sloping sand/silt plain
extending to at least 30 m. Pearson (1988) surveyed 2 sites within Port Mathurin Bay.
He described the reef at the inner site (Totor) as a steep slope and commented that
corals were In poor condition but diversity was relatively high, with diversity and
condition improving above 10 m depth. The reef towards the edge of the bay (Chaland)
is described as a spur and groove formation, dominated by platy corals down to

approximately 20 m depth, where there is a sand/silt plain sloping to great depths.

Pearson (1988) commented that the corals are in excellent condition.

Chapman (2000) places the inner reefs within biotope CR14, which is described as
“steep reef slopes with diverse corals, dominated by laminar Montipora on the steep

lower slopes, and branching and table Acropora on the shallow slopes”. These sites tend
to have low visibility of between 8 — 15 m, and are sheltered from wave action, with
very little current. Coral cover is high ranging from 51 — 75 % with between 44 and 55
invertebrate and macro-algae species at these sites. Reefs towards the edge of the bay

are placed within biotope CR15, which is described as “irregular spur and groove
formation, spurs dominated by Acropora abrotanoides on tops, and massives and
submassives on sides”. These sites have visibility ranging from 12 — 15 m, are more

exposed to wave action, but also have very little current. Coral cover at these sites 1s
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between 51 — 100 % and 45 — 53 invertebrate and macro-algae species were recorded.
Fenner ef al. (2004) reports between 24 and 43 coral species from reefs within Port

Mathurin bay.

Pearson (1988) commented that corals at the inner ref site are in poor condition and
stated that this 1s due to high sedimentation at the site. He also noted that the reef crest
at this site was destroyed by octopus fishers trampling on the reef at low tide. Recent
surveys confirm this observation and Clark (2001) reports that coral cover on the reef
crest at Totor 1s now only 2-5 % due to trampling by octopus fishers. In contrast,
Pearson (1988) noted that corals at the outer reef site were in excellent health, however
he did state that corals on the reef crest were also damaged by fishermen and that
handline fishing took place on the reef slope. Lynch er /. (2000; 2002) report
approximately 40 % cover of living hard corals at a site close to the one surveyed by
Pearson (1988), with 88 % ot all corals alive. In 2002 surveys (Lynch et al., 2002) noted

low levels of anchor damage to coral at this site and discarded ropes.

-

™

Figure 2.1 Port Mathurin Bay 1n the north-east of Rodrigues, indicating the rivers

flowing into the northern lagoon.



2.12 Aims and objectives

The aims of this chapter are to identify three survey sites on the north coast of
Rodrigues, which are similar in structure and easy to access on a regular basis, and to
describe the biological, physical and meteorological parameters at each site. These

objectives will be met by:

e Assessment of the benthic composition of each of the 3 reef sites, including hard
and soft coral species diversity, using rapid assessment techniques.

e Determination of temporal changes in environmental parameters (temperature,
salinity, visibility and light attenutation) at the 3 survey sites over two 4-month

periods in 2002 and 2003.

e Quantification of variations in sediment deposition at each of the 3 survey sites
over two 4-month periods during 2002 and 2003.

e Assessment of changes in sediment composition (particle size and organic
content) at the 3 survey sites over two 4-month periods during 2002 and 2003.

e Investigation of changes in meteorological conditions by studying temperature,

sunshine, rainfall, cloud cover and wind speed data provided by the Mauritius

Meteorological Services during the 2 survey periods.
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2.2 METHODS

2.21 Site selection

Exploratory dives were carried out at a number of sites around Port Mathurin Bay and
from these dives, 3 comparable study sites at Totor, Trou Malabar and Chaland were
selected. In order to assess whether coral reefs are atfected by sediment from episodic
fluvial inputs the 3 sites were located at increasing distances from the shore (and
sources of riverine inputs), were accessible during most weather conditions and were
within 20 minutes boat journey from the laboratory (Table 2.1, Figures 2.2, 2.3). Each
site was marked using a hand-held GPS (Global Positioning System, Magellan 320) and
a sub-surface marker buoy (plastic bucket tied to the substrate) on the reef. All diving
was carried out according to the University of Wales Bangor/Shoals Rodrigues diving

regulations and the relevant permits were provided by the Mauritius Ministry of

Fisheries.

Table 2.1 The position and basic description of the 3 survey sites on the north coast of

Rodrigues.
Site Name | Latitude Longitude Description | o -
Totor 19°40.189S 63°25.748 E  Sheltered site close to mouth of

shipping channel, 700m offshore.
Trou Malabar | 19°40.254S 63°25.017E  Sheltered site to the north of the
shipping channel, 1.1km offshore.
Chaland 19°39.956 S 63°24.577E Moderately exposed site approximately

lkm from the mouth of the shipping
channel, 1.8km offshore.

At each of the 3 sites a rapid assessment was made of the reef structure and biological
composition. Timed surveys of 60 minutes duration were carried out over a 100 x 100 m
area during February 2002. Two levels of visual survey were made (Devantier et al.,
1998, Turner et al., 1999). Broad scale physical and biological features of the reef were
first recorded using a 6-point semi-quantitative scale (0 =0%; 1 =<1 %, 2 =1-10 %, 3
= 11-30 %, 4 = 31-50 %, 5 = 51-75 % and 6 = 76-100 %). Substratum categories used
were live hard coral, dead standing coral, soft coral, turf algae, macro-algae, coralline
algae, sponges or other, unconsolidated rubble, hard substrate, sand and silt. A second
level description of the species composition of the reef was also made, in which the
biodiversity of hard and soft coral species and other invertebrates was assessed at each
of the 3 sites. All hard and soft coral species encountered were recorded in an

underwater notebook. Hard corals were identified to species where possib<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>