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ABSTRACT 
 
St Lucia, is a large coastal lagoon, which is very sensitive to changes in water level, 
volume and quantities of inflowing freshwater.  It is therefore sensitive to the effects 
of global change that alter sea levels and rainfall. Earlier studies have shown that, 
during the Eemian, St Lucia was a marine environment.  At that time global sea level 
was 3-4 m higher than that at the present.  During the falling sea level leading up to 
the Last Glacial Maximum, St Lucia was above sea level and the climate was mainly 
dry. Studies of cores at Brodie’s Crossing showed that there were episodes with a wet 
climate at 23 000 years BP. During this period peat was deposited.  Overlying this is 
wind-blown sand.  Diatom studies indicate that this overlying sand was mainly 
redeposited Eemian marine sediments. Studies of the effects of future global change 
have focused on three ecosystems: the estuary itself, the Eastern Shores, and the 
Eastern Shores–lagoon interface (Brodie’s Crossing). For the estuary ecosystem the 
proportion of time in each salinity-state changes, and hence the amount of time that 
the various ecological states occur in the system will change. For the sand aquifer 
ecosystem of the Eastern Shores, the plants are very sensitive to the depth of the water 
table below the surface.  Rising sea level and increased precipitation will raise the 
groundwater table, and as a response there will be an elevation of the vegetation 
zones. For both ecosystems the original ecological patterns will be retained, but with 
different spatial or temporal expressions. For the land-estuary interface, we anticipate 
that erosion over long time may modify important groundwater-fed refuges, and make 
the estuary ecosystem more vulnerable to periods of high salinity. 

 
 

RESUMO 
 
St. Lucia é uma grande lagoa costeira que é muito sensível à mudanças do nível da 
água, volume e quantidades de água doce que fluem para dentro da lagoa. Por isso, a 
lagoa é sensível aos efeitos da mudança global que alteram o nível do mar e a 
precipitação. Estudos anteriores mostraram que durante o Eemiano, St. Lucia foi um 
ambiente marinho. Nessa altura, o nível do mar global era de 3 – 4 metros mais alto 
do que o nível presente. Durante a queda do nível do mar até ao Último Glaciar 
Máximo, St. Lucia estava acima do nível do mar, e o clima era essencialmente seco. 
Estudos de testemunhos de sondagens na localidade de “Bodie’s Crossing” mostrou 
que ali existiu um episódio com um clima húmido à 23 000 anos Antes do Presente 
(AP). A turfa foi depositada neste período. Sobre a turfa assenta um depósito de areia 
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eólica. O estudo de diatomáceas indica que essas as areias suprajacentes são 
essencialmente sedimentos marinhos redepositados. Os estudos dos efeitos das futuras 
mudanças globais focalizaram-se sobre três ecossistemas: o estuário propriamente 
dito, a costa leste e a interface lagoa-costa leste (Bodie’s Crossing). Para o 
ecossistema estuarino, a proporção do tempo para cada estado de mudança de 
salinidade, e consequentemente a quantidade do tempo em que os vários estados 
ecológicos ocorrem no sistema vai mudar. Para o ecossistema do aquífero arenoso da 
costa leste, as plantas são muito sensíveis à profundidade do nível freático abaixo da 
superfície. A elevação do nível do mar e aumento da precipitação vai elevar o nível 
freático das águas subterrâneas, e como resultado, haverá uma elevação das zonas 
vegetadas. Para ambos ecossistemas, as características ecológicas originais vão ser 
retidas, mas com expressões espacial e temporal diferentes. Para a interface terra 
firme-estuário, nós antecipamos que a erosão sobre um período de tempo longo deve 
modificar os refúgios importantes abastecidos pelas águas subterrâneas, e tornar o 
ecossistema estuarino mais vulnerável aos períodos de alta salinidade.  
 
 
Introduction to papers 1-3 
 
BY: RICKY TAYLOR AND SYLVI HALDORSEN   

 
St Lucia is the largest coastal lagoon system in Africa with a surface area of ca. 350 
km2. The estuary forms the southern end of the Mozambican coastal plain in 
KwaZulu-Natal, South Africa (Fig. 1). The climate is subtropical to tropical and there 
is a large number of plant and animal species in the estuary, in the surrounding coastal 
areas and along the Indian Ocean itself.  Because of its unique biodiversity the Greater 
St Lucia Wetland Park was declared South Africa’s first World Heritage Site, under 
the UNESCO World Heritage Site Convention, in December 1999. 
 
St Lucia can be divided into four different parts. In the south the estuary is connected 
to the sea by a long tidewater channel, called “The Narrows” (Fig. 1). The lagoon 
system has a southern part (“South Lake”) and a constriction (Fanies Island) separates 
it from the northern part (“North Lake”). To the west “False Bay” forms a separate 
bay, which is connected to the main St Lucia via Hell’s Gate.  
 
To the east the estuary is separated from the Indian Ocean by the Eastern Shores (Fig. 
1), which is a coastal plain with both low and high dunes (see also Fig. 16). The 
highest dune cordon is found closest to the Indian Ocean with mounds above 150 m 
a.s.l. These are among the tallest vegetated coastal dunes in the world and belong to a 
dune system, which can be followed northwards along the coast up to the Maputo Bay 
in Mozambique. 
 
From the west and north four rivers drain into the estuary (Fig. 1). The largest is the 
Mkhuze River in the northeast, which forms the large Mkhuze Swamp area where it 
enters St Lucia. The remaining three rivers flow into False Bay. St Lucia goes through 
major salinity cycles. During “normal” wet periods False Bay and the North Lake are 
virtually fresh, with an increasing salinity towards the mouth, where tidal water flows 
in from the Indian Ocean. During droughts, the inner part becomes more saline.   
 



 70

 
 
Figure 1. Key map showing St Lucia and its surroundings. Shaded area = Eastern 
Shores. FS= False Bay, NL=North Lake, LP= Lister Point, FI= Fanies Island, MR= 
Mfabeni Swamp, SL= South Lake. Circles show the outlet of rivers flowing into St 
Lucia. Framed: the area of Fig. 17. 
 
Studies of salinity over a period of more than 50 years shows a cyclicity from fresh to 
salt conditions, and back to fresh conditions over a scale of a decade. Nothing is 
known in detail about the salinity cycles before about 1920. 
 
The present shape of the St Lucia basin is a result of the long history of the estuary. 
Parts of the coast consist of soft sandy sediments that are exposed to erosion by waves 
and by sliding and slumping processes. Other parts of the coast consist of pre-
Quaternary consolidated rocks, Quaternary clay sediments, corals or ferrocrete 
deposits that are rather resistant to erosion and may have been stable over a time scale 
of a millennium or more (Fig. 2).  
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Figure 2. Map showing the part of the  of St Lucia , which is most resistant to 
weathering. Pre-Eemian high ground is composed mainly of  Cretaceous rocks that 
are carbonate cemented. The clay deposits correlate well with the outlets of the 
present rivers. Corals in False Bay are supposed to be of Eemian age. Ferrocrete 
deposits protect some of the shores from erosion.  

 
 
Paper 1. The Quaternary history of St Lucia 
 
BY: LARS VÆRET, SYLVI HALDORSEN, BJØRG STABELL and RICKY 
TAYLOR 
 
Quaternary palaeoclimate and sea level curves for southern Africa (Tyson, 1999; 
Ramsay and Cooper, 2002 – see Fig. 3) show great fluctuations related to glaciations 
and interglaciations. Very little is known about the Early Quaternary history of St 
Lucia, while there are more data from the last interglaciation (Eemian) to the present 
(Figs. 4 and 5). Corals in False Bay (Figs. 1 and 3) are believed to of Eemian origin.  
Datings gave an infinite C14 age of > 52 000 years (Orme, 1973) and can therefore not 
be taken as any definitive proof of the Eemian origin. But the corals were found about 
3.5 m above present sea level, which correspond well with the highest global Eemian 
sea levels (Alverson et al., 2003). The size and shape of the False Bay inlet can not 
have been different from today because its coast consists of less erodable pre-Eemian 
high ground (Fig. 2). But since corals require true marine conditions with high 
temperatures and low turbidity, the contact to the Indian Ocean must have been more 
open than it is now. Wright (1997) suggested that there were at that time larger  
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Figure 4. 
St Lucia during the Eemian 
Hatched area: Eemian sea 
Thin line: Present shoreline 
(Based on Wright, 2002) 
 

  
openings in the present continuous coastal dune cordon along the Indian Ocean. It is 
also unlikely that there was any large flow of sediment-laden freshwater into the 
Eemian False Bay from the three present rivers when the corals lived there (see Fig. 1  
 
 
Figure 3. Global change for the past 150 000 years. Ice-core oxygen isotopic 
measurements from the Vostok core (A) (modified from Jouzel et al.(1987) in 
Andersen & Borns, 1994) correlates nicely with the alkenone record obtained for core 
MD79257 from the Mozambican Channel (B) (Bard et al., 1997). Sea-level curve for 
the past 130 000 years based on available sea-level indicators from the South African 
coast and shelf presented in (C) (from Ramsay & Cooper, 2002) also correlates well 
with the curves (A)and (B). Supposed wet and warm conditions, and cool and dry 
conditions in southern Africa are indicated in (D) with data for St Lucia indicated in 
italic. (After Været, 2002). (1): Tyson and Lindsay (1992); (2): Tyson, 1999; (3): 
Ramsey and Cooper (2002); (4): Grundling et al., 1998; (5): Wright (2002). 
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for the position of the present river mouths). The corals would hardly have survived a 
high turbidity and low-salinity water close to a river mouth.  
 
The history of St Lucia between the Eemian and the Weichselian maximum is not 
well known.  The global sea level dropped gradually during the Early and Middle 
Weichselian, with a low stand of –120 m during the Last Termination 18 000 BP 
(Ramsay and Cooper, 2002). As a consequence also the erosion basis dropped.  
 
Rivers flowed through the former Eemian bay and into the Indian Ocean, with the sea 
situated about 5 to 10 kilometres east of the present coastline (Fig. 5). An over 
deepened, submarine canyon outside the northern part of the Eastern Shores has been 
interpreted as an old river course from this time, and indicates where the gap in the 
coastal dunes was located (Wright, 1997). This opening must have been filled in after 
the Last Termination. The aeolian deposits, which today form the continuous Eastern 
Shores, are therefore partly younger than the Eemian (see also luminescence ages in 
Botha and Porat, 2000). The climate around the LGM was dry over the whole 
southern African subcontinent (Tyson & Partridge, 2000; and Tyson, 1999). 
Freshwater through the St Lucia basin must consequently have been restricted.  
 
 
 

 
 

 
 
 
 
 
Figure 5.  
Lucia during the Late Glacial 
Maximum  
Hatched area: Sea 
Bold lines: River systems  
Thin lines: Present shorelines 
(Based on Wright, 2002)  
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Paper 2. Diatoms as a tool for sea-level change, an investigation of 
cores from Brodie’s Crossing, St Lucia 
 
BY: BJØRG STABELL, LARS VÆRET , RICKY TAYLOR,  
SYLVI HALDORSEN, FORTUNATO CUAMBA and JOÃO MUGABE 

 
 
2.1 Introduction 

 
In Scandinavia the diatoms have a long history as tracers of Quaternary sea- level 
changes. It was, therefore, decided to try out this method for St. Lucia, to trace 
possible sea-level changes affecting the estuary.  Diatoms are single celled algae with 
silica wall. The diatoms are sensitive to environmental parameters and are, therefore, 
useful tools for e.g. changes in pH, nutrients and salinity. Changes in salinity due to 
more oceanic water entering St. Lucia during high sea-level stand should be reflected 
in the diatom association. Cores from Brodies Crossing were studied.  Brodies 
Crossing is a low-lying platform by the estuary edge, behind which is a forested ridge, 
and the relatively flat plain stretching towards the vegetated coastal dunes.  
 

 
 
Figure 6. Topography, groundwater levels, groundwater flow direction, vegetation 
and soil stratigraphy, Brodie’s Crossing.   

 
 

Topography and soil stratigraphy along a profile perpendicular to the shoreline, 
parallel to the regional direction of groundwater flow is shown in Figure 6. The 
transect includes a platform with starting point two meters from the estuary edge  
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The platform from the estuary edge to the lower part of the slope has a 10-30 cm top 
layer of coarse semi-decayed unconsolidated organic material. The seaward 35 m has 
an underlying 10-30 cm of clay with a high content of decomposed organic material  

 
Figure 7. Deposition in a basin undergoing isostatic uplift. (Hafsten 1983, Kjemperud 
1981).  A) marine sediments with marine diatoms are deposited in a depression on the 
ocean bottom. B) the threshold of the depression is uplifted to approximately level 
with sea level; the basin (depression) has become a brackish water basin. More 
organic sediments and mainly brackish water diatoms are deposited. C) the basin is 
finally isolated from the sea. Lacustrine organic gyttja with freshwater diatoms is 
deposited.  
 
(19-38 %), underlain by 20-60 cm of fine to medium sand that stretches along the 
entire platform towards the slope. From 35 m landwards this sand layer has a sharp 
lower contact to 25-75 cm of dry hard peat that has an increasing thickness in a 
landward direction. Two peat samples were dated to 24260 ± 240 BP (T-15980) and . 
This layer has an organic material content of more than 60 %. A clayey silt layer of 
unknown thickness underlies the peat and the sand. Clay minerals are dominated by 
smectite, with kaolinite as the second most abundant mineral. Some decomposed 
organic material is present on the peat margin of this clayey silt layer. 

 
2.2 The use of diatoms for sea-level change in Norway 
 
Late Quaternary seaward migration of the shoreline due to the combined result of the 
isostatic uplift of the land and the eustatic rise of sea level is common in Scandinavia. 
Relative sea-level curves are obtained by dating the transition between marine and 
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lacustrine sediments in inland lakes with different threshold heights above the present 
sea level. The determination of the exact position of the marine-lacustrine contact 
requires a study of the microfossils occurring in the sediments, first of all the diatoms. 
The various diatom species are more or less exclusively bound to a specific salinity 
range. Diatom analysis is therefore indispensable for determining the salinity of the 
water when the sediments were formed (Fig. 7).  
 
When we core the estuary we will find a succession from marine to lacustrine 
sediments containing diatoms reflecting the salinity of the water (Fig. 8) when the 
sediments were deposited.  
 

feed

a b cb

g

 
Figure 8. Diatoms with different salinity tolerances. a) Paralia sulcata (polyhalobous 
= marine), b) Fragilaria virescens var. subsalina (oligohalobous halophilous = 
brackish), c) Cyclotella sp. (halophobous = fresh), d) Diploneis smithii 
(mesohalobous = brackish), e) Eunotia serra (halophobous = fresh), f) Diploneis 
didyma (mesohalobous = brackish), g) Tabellaria fenestrata (halophobous = fresh,). 
a-c photographed in Scanning Electron Microscope, d-g photographed in light 
microscope. All diatoms shown are from Norwegian sea-level studies.  

 
By using the diatoms we can place the isolation contact very precisely in the 
sediments. The isolation contact is then dated and the height of the estuary threshold 
is levelled. By using several estuaries with different threshold heights above present 
sea level we can then construct a sea-level (or shore displacement) curve (7 D). 
Hamravatn (Fig. 9) was used in the construction of a sea-level curve from the west 
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coast of Norway (Krzywinski & Stabell, 1984) for the Late Weichselian (Bølling-
Preboreal). 
 
2.3 The diatom study at Brodies Crossing, St. Lucia 
 
The diatom study from sediments taken from Brodies Crossing was undertaken to 
investigate the history of the estuary and possible changes in water level either due to 
changes in freshwater inflow, basin geomorphology or changes in sea level.  
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Figure 9. Diatom diagram from Hamravatn (Krzywinski & Stabell, 1984) with 
diatoms ordered in salinity groups. Marine and brackish diatoms dominate the bottom 
part. The basin is thereafter isolated from the sea and freshwater diatoms dominate. 
This is followed by an ingression (incursion of seawater) and a dominance of marine 
diatoms. Another dominance of freshwater diatoms shows the final isolated from the 
sea. 
 
Cholnoky (1966) reported that the diatoms in the sediments of St. Lucia are derived 
mostly from the flora of the marine littoral. He also found that only those diatoms able 
to withstand a wide salinity range are common and widespread in the estuary. The 
most commonly occurring diatoms in Cholnoky’s samples were: Amphipleura 
rutilans, Cocconeis subdirupta, Navicula diserta, Nitzschia liebtruthii and Synedra 
tabulata, which are all brackish-water species able to tolerate fluctuations in salinity. 
 
Cholnoky also investigated core samples from the estuary and remarked that diatoms 
in the core samples were rare; some of them are no longer able to live in the estuary. 
He concluded that salinity fluctuations (or changes in osmotic pressure as he 
expressed it) were less marked at the time when the core samples were deposited than 
today. The reason for this is probably that there was a more coastal oceanic influence 
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with higher and more stable salinities when the core samples were deposited than it is 
today. 
 
2.3.1 Diatoms in the cores at Brodie’s Crossing 
 
Diatoms in spot samples from the layers in some of the cores where investigated. 
Unfortunately, several samples contained mainly fragmented diatoms. Core 7, 
however, was fairly good and only the results from studies of this core will be 
discussed below. 
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Figure 10. Percent of diatom species in samples 7.1 to 7.4. 

 
 The clay samples were barren (Fig. 10). In the peat (sample 7.4) diatoms are rare; 
however, marine P. sulcata occurred together with a few fresh/brackish Diploneis 
spp. and Nitzschia spp.  In the two sand samples (samples 7.3 & 7.2) there is a 
predominance of P. sulcata, while in the top organic layer (sample 7.1) Nitzschia 
gracilis, N. liebtruthii and N. sigma are most common. 
 
Based on the few samples in core 7 plus the samples from other cores we can 
conclude (Fig. 11) that  

• a probably explanation for the occurrence of rare marine P. sulcata in the peat 
is that they have been transported down from the overlying sand.  

• The sand is derived from a marine deposit with robust coastal marine diatoms, 
with common P. sulcata. 
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•  The organic sediments above have Rhopalodia spp. in the mixed layer and 
Nitzschia spp in the organic layer. The Nizschia spp. are species that Cholnoky  
(1966) reported as common in the estuary  today – or rather in 1964. He did 
not find P. sulcata in any of his samples from the estuary. P. sulcata was, 
however, part of his rare diatoms from his core samples. This indicates that 
the organic layer is fairly modern and that the underlying sand was deposited 
during more marine conditions. 

 
 

Rediocarbon date peat

23 400 & 23 720

years

Rhopalodia

Nitzschia spp.

Paralia sulcata

 
Figure 11. Summary diagram from Brodies with radiocarbon dates of peat from cores 
7 & 9. 
 
The marine P. sulcata was deposited after the peat, and from our dates (radiocarbon 
dates not calibrated to calendar years) that was after 23 000 years BP. From 23 000 to 
the Last Glacial Maximum, the sea level dropped to its low stand around 18000 BP 
(Fig. 5). From 18000 BP until the Holocene the sea level was lower than today. 
Ramsay (1995) has suggested a highstand of 3.5 m above the present sea level during 
the Holocene, starting at 6500 BP. If P. sulcata is autochthonous there is a hiatus from 
23 000 to 6 500 years BP.  In that case it would require an open connection with the 
Indian Ocean, like in the Eemian. One problem with this assumption is that the 
present Holocene dunes were probable already established at that time (Botha and 
Porat, 2000), which makes it less likely that the present St Lucia estuary basin at that 
time had marine conditions. 
 
There may also be another possible explanation of the present position of the marine 
diatoms. During the long period with low sea level the bottom of the earlier Eemian St 
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Lucia marine bay (Fig. 4) must have been dry. Also the shallow parts of the present 
Indian Ocean continental shelf were dry (Fig. 5). The dry marine bottom sediments 
were exposed to wind activity during the dry climate in the LGM. P. sulcata may date 
back to a full marine Eemian condition and be allochtonous and older than the peat. A 
resedimentation of the diatoms will accord well with the general opinion that most of 
the sand on the Eastern Shores is aeolian.  
 
2.4 Conclusion 
 
Our interpretation is that the clay, which is older than 23 000 BP, is fluvial. The peat 
is about 23 000 years old and deposited when the estuary was a dry land. The sand is 
aeolian – but not transported very far. The sand probably originated in the Eemian; 
this assumption we base on its content of marine diatoms. The time of redeposition by 
wind may probably have been during the dry period around the Last Termination. 
Finally, the organic layer gives us the estuarine Holocene record. 
 
 
 
Paper 3. Effects of global change on the St Lucia ecosystems 
 
BY: RICKY TAYLOR, LARS VÆRET and SYLVI HALDORSEN  
 
 3.1 Introduction 
 
In recent years there has been a growing awareness that the man-made and natural 
global change will have profound ecological consequences. The coastal areas will 
experience the impact of a sea-level rise. The coastal systems will also be affected by 
the warming itself and by the related change in precipitation.   
 
Estuarine systems are controlled by the balance between inflowing seawater and out-
flowing freshwater and are therefore very sensitive to a global change. In this paper 
we will discuss the effects of global change on the St Lucia estuary and surroundings. 
The focus is on the following physical factors:  
Sea-level rise:  

• penetration of tidal water  
• erosion of shorelines 

Temperature rise: 
• evaporation rate  

Precipitation:  
• river discharge 
• groundwater recharge 
• direct estuary recharge  

 
 
Three ecosystem components are discussed (Fig. 1):  
1. Estuary St Lucia itself 
2. The Eastern Shores 
3. The St Lucia – Eastern Shores interface (Brodie’s Crossing) 
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3.2 Methods 
 
Maps have been produced to show areas that would become part of the enlarged St 
Lucia estuary basin during the sea-level rise. We have used the 50 x 50 m Digital 
Elevation Model (DEM) developed for the area of the St Lucia basin and the Eastern 
Shores (Armstrong et al., 2002). The DEM is based on the contours mapped with 5 m 
intervals onto the 1996 air photos during the production of 1:10 000 orthophotos 
(Surveyor General Job number 985). These were supplemented with estuary 
bathymetry measured and mapped by Sydow and van Heerden (1985).  From this 
DEM, areas and volumes of the estuary at different water levels were calculated. 
Also, maps showing elevation effects on the Eastern Shores were produced. 
 
3.3 A model for the effect of global change on the ecology of St Lucia  
 
Different models give different rates of future sea-level rise. UNEP (2001) finds it 
likely that the sea-level rise will be between 40 and 60 cm by the year 2100. We have 
chosen to apply this rather conservative estimate in our model. Even if the prediction 
in UNEP (2001) turns out not to be realistic, our model describes the St Lucia area 
with half a meter higher sea level, whenever that situation will occur.  
 
Estimations of future precipitation and rainfall are more difficult, as large regional 
variations may occur. The predictions for the future are diverse, and there are to our 
knowledge no direct model data for the Maputaland coast. There are, however, data 
and models for the past climate fluctuations, which also include the coast. The high-
resolution data published by Huffman (1996), Tyson (1993) and Tyson et al. (2000) 
for the past 2000 years, and the work by Partridge (1997) and Tyson (1999) for longer 
climate sequences, indicate that long warm periods, particularly in the inland, have 
been associated with high rainfall.  Partridge (1997) suggested that the temperature in 
southern Africa 7000 BP was 1-2 oC higher than today and that the precipitation rate 
along the Maputaland coast was 5 – 10 % higher than the present. We have chosen to 
apply the knowledge gained from these palaeoclimate studies as an input to the 
model.  
 
This gives us the following simplified model for our discussions about the effect of 
global change in St Lucia: 
-Sea-level rise will cause a corresponding rise in the estuary water level, and for the 
first 100 years this may be in the order of 50 cm. 
-A temperature rise of a couple of degrees will result in a higher evaporation from the 
estuary surface, from the river catchments and from the wetlands on the Eastern 
Shores. 
-There will be an increase in the rainfall in the inland catchment, over the estuary 
itself, and over the Eastern Shores.  
 
 
3.4 The effect of global change on St Lucia and the Eastern Shores 
 
3.4.1 The estuary ecosystem 
 
The estuary has a surface area of about 350 km2 depending on estuary level, and an 
average depth of only 0.9 m.  The freshwater components are mainly the inflow of 
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water from the rivers and the rain falling on the estuary itself (Fig. 12). As a result of 
its large surface area relative to volume, it is very sensitive to variations in rainfall and 
evaporation.   
 

 
 
Figure 12.  Hydrology of the St Lucia estuary.  The freshwater inputs are from direct 
rainfall and river inflows.  During droughts, when the estuary level is below that of 
sea level, seawater enters the system.  Freshwater losses are from evaporation and 
outflows to the sea. 
 
Periods with high precipitation result in a rise in estuary level and a net outflow of 
water from the estuary to the sea.  Conversely, when rainfall is low, evaporation 
causes the estuary level to drop to below sea level, and there is an inflow of seawater.  
During prolonged droughts salt concentrates in the system as seawater replaces the 
water lost to evaporation.  Under such conditions salinity concentrations of above 120 
ppt (three times that of the sea) have been measured in the northern parts of the 
estuary (Taylor, 1991).  This obviously has a profound effect on the plants and  
 
Table 1. Salinity states- the ranges of salinity that result in the ecological states within 
the St Lucia estuary – after Taylor (1992) 
 
STATE SALINITY 

RANGE  (ppt) 
ECOLOGICAL 
SALINITY STATE 

ECOLOGICAL EXPRESSION 

1 0-4 Fresh Freshwater plants (e.g. Ceratophyllum demersum) 
and fish (e.g. Clarias gariepinus ) 

2 5-12 Brackish Potamogeton pectinatus, relatively poor in species 
numbers.  Ducks may be abundant 

3 13-25 Low estuarine Potamogeton pectinatus, estuarine and marine 
fish 

4 26-45 Medium estuarine Zostera capensis and Ruppia maritima, marine fish 
and fish-eating birds abundant. 

5 46-65 High estuarine Reduced macrophyte beds, fish and fish-eating 
birds common. 

6 >65 Hypersaline No macrophytes and few fish. Large phytoplankton 
and zooplankton populations – although few 
species.  Many Lesser flamingos 

 
animals, with the system undergoing several shifts in ecological state as salinity rises 
and falls (Taylor, 1992). 
 
Taylor et al. (in print) regarded salinity variation to be the key ecological determinant 
in St Lucia. They recognised six ecological states that are present in the estuary at any 
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particular time (Table 1). This was used to describe various salinity regimes that could 
occur, and their impacts on the estuarine biota.   
 
More than one of these states can occur at any one time within the estuary, as there is 
usually a north-south gradient in salinity.  A salinity-monitoring programme was 
initiated in 1958. If we add up the times when the different salinity states have been 
present in St Lucia since 1958 then we have the percentages of time in the various 
ecological states (Table 2). 
 
A specific area of St Lucia becomes available to a species once salinity is within the 
range that the species can tolerate.  When this happens, establishment of that species 
takes place (phase 1, Fig. 13).  This is usually a slow process, as the founder stock has 
to first disperse into the newly available habitat. It then has to become established 
 
 
Table 2. The proportion of time that each salinity state has occurred in St Lucia 
estuary during the 42-year period from 1958 to 2001 
 

State Proportion of time that each state has occurred 
1 8% 
2 14% 
3 63% 
4 43% 
5 36% 
6 20% 

 
well enough to start multiplying. This is followed by expansion and growth of the 
newly established populations (phase 2).  Growth now is at an exponential rate – as 
resources are freely available and the only limitations are the intrinsic rate of growth 
and fecundity. The rates of growth and expansion slow down when habitat and 
availability of resources become limiting (phase 3).  Now there is competition for 
limited resources. Because St Lucia undergoes a very rapid fluctuation in salinities, 
most species seldom reaches the stage 3 before salinity changes to beyond what they 
can tolerate. The species then has to move out (if it is mobile) or it will die. This 
leaves a vacant habitat, which is available for another species that can tolerate the new 
salinity level.   
 
The conclusion from Taylor et al. (in print) was therefore that the different 
ecosystems expand or contract, depending on the salinity fluctuations over time and 
space. As pointed out above, the salinity fluctuations are dependent on the balance 
between inflowing freshwater, inflowing salt water and evaporation (Fig. 12). To 
understand the effect of a global change on the ecology, we therefore need to 
understand how the sea-level rise, the temperature rise and the precipitation rise will 
alter the salinity regime (i.e. both the salinity range as well as the rate it changes). 
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Figure 13. A typical establishment and growth curve of a species colonising a 
previously unavailable habitat.  
 
A. The sea-level rise  
 
Figure 14 shows the increase in surface area of St Lucia plotted against the water 
level. A sea-level rise of 0.5 m within year 2100 will increase the surface area of St 
Lucia by 13 % compared to the present situation assuming that there is no large 
increase in the sedimentation rate. Data from Figures 14 and 15 indicate that the  
 

 
 
Figure 14. Graph of increase in surface area with a rise in water level 
 
 

1 2 3
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volume will increase with between 65 and 70% compared to a estuary level equal to 
the present mean sea level.  
 
The ratio between surface area and volume will therefore decrease (Fig. 15) 
considerably.  The shape of the Narrows (Fig. 1) will not be very much altered, 
because it is restricted on both sides by the rather high clay banks (Fig. 2). The tidal 
inflow may still increase if the channel becomes deeper and is not gradually filled up 
with sediments. 
 
B.  The effect of increased temperature and rainfall 
 
The increased rainfall will counteract the higher evaporation rate caused by the 
temperature rise. The integrated effect is not obvious, and we will again use 
palaeodata as an input to our discussion. Different warm and cool cycles in southern 
Africa for the past 2000 years (Tyson, 1993) have been correlated with archaeological 
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Figure 15. Graph of decrease in surface area relative to volume with a rise in water 
level.   

 
records (Huffman, 1996). The correlation indicates that the warm cycles over southern 
Africa were also characterised by more water available for plant growth, while the 
cool periods were too dry for the growth of water-demanding plants. Higher soil 
moisture must have been an important factor in this connection. If we use the past as a 
key to the present, it is most probable that the St Lucia catchment will become wetter, 
with increased discharge in the rivers.  
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We cannot say if the present climate cyclicity will continue, with a few years of 
drought during each decade. Fossil records can only give an idea about the average 
over longer times. It is, however, unlikely that there will not also be droughts in the 
future. The present situation, with drought episodes and associated net losses of water 
from the estuary surface is therefore also a likely future scenario. The data from the 
past cannot tell if these will be more or less frequent than today.  
 
C. Integrated effect of global change 
  
The above understanding gives us the following scenario of hydrological changes:  
 
The width of the Narrows, with its rather stable and steep clay banks, will probably 
remain more or less the same with a 0.5 higher sea level. The increase in water depth 
will, however, result in both faster outflow and inflow of water through the Narrows. 
With an increased exchange of water between the estuary and the sea, the estuary 
level will be more stable – with a level close to that of sea level for a greater 
proportion of time.  
 
The average outflow of water from the estuary to the sea will increase with a higher 
sea level and a higher precipitation. Whenever there is a raised estuary level (i.e. 
during fresh conditions) because of high precipitation there will be a faster outflow of 
water than today because the outflow channel is deeper. Low salinity conditions will 
therefore not last for long.  
 
Whenever there is a dry period, there will be a net loss of water by evaporation. With 
a lower ratio between the surface area and volume (Fig. 15), a given loss of estuary 
water by evaporation has a smaller effect on the salinity than today. The water lost by 
evaporation will be replaced by inflowing sea water – a process which is now faster 
because of a deeper inflow channel. The integrated effect will be that hypersaline 
conditions will occur less frequently and for a shorter duration of time.  
 
Our conclusion is that the estuary system will become more buffered both to 
freshwater gains and to evaporation losses. The salinity range is likely to be the same 
– from fresh water to hypersaline conditions. There will also be the same salinity 
ecosystem states. However, the larger buffering action means that the fluctuations in 
salinity will be less frequent and the changes dampened. Stages 1, 5 and 6 in Tables 1 
and 2 will occur for a shorter proportion of the total time, while the intermediate 
estuarine conditions (stages 2, 3 and 4) will become more dominant. 
 
Another effect of deeper water is that there will be more circulation, and hence 
mixing, within the estuary – so the salinity gradient will be weaker – resulting in 
fewer salinity stages within St Lucia at any one time. This means that there will be 
less biotic diversity within the system at any time. 
 
The ecological response to the more stable system will be an increased biomass of  
those species that are adjusted to a medium salinity, and which need several months to 
a few years to attain their full growth potential (e.g. submerged macrophytes and 
bivalves belonging to Stage 2 - 4 in Table 1). This is facilitated because the system 
will have more time available for the establishment and growth of colonising species 
within these salinity ranges.  This is likely to increase the overall vitality of the system 
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because larger biomasses are produced if the main species expand and grow to their 
maximum potential (Fig. 13, phase 2).  When the salinity passes beyond their 
tolerances (Fig. 13, end of phase 3), they die off releasing large quantities of detritus, 
which promotes further system productivity. The more homogeneous system we 
expect during a global change, will give less species richness, but will give more of 
the species that depend on system stability to survive. These are mainly the species 
that are dependent on other species creating a biotic habitat in which they can survive. 
 
3.4.2 The Eastern Shores 
 
The Eastern Shores of St Lucia is between 3 and 8 km wide. Between St Lucia and 
the tall coastal dunes there is an undulating coastal plain with lower dunes (Fig. 16).  
From the central dune cordon the groundwater table slopes westwards towards the 
estuary and eastwards towards the Indian Ocean. The groundwater level is here 
estimated to 8 m a.s.l. (CSIR Environmental Services, 1993).  In the central part of the 
Eastern Shores from Brodie’s to Fanies Island (Fig. 1), the groundwater table is up to 
16 m above the sea. From this area the groundwater flows towards St Lucia to the 
west and towards the large Mfabeni Swamp (Fig. 1) to the east  (Kelbe and Rawlins, 
1992). The groundwater level is at the ground surface several places on the low-lying 
coastal plain, forming a major wetland system (Taylor, 1993).  
 
 

 
 
Figure 16. Cross-section of the Eastern Shores showing schematic topography and 
mounding of groundwater (modified from Taylor, 1991).  
 
 
Groundwater depth is important in shaping the wetland vegetation (Mitsch & 
Gosselink, 2000).  The relationship between vegetation and the depth to the 
groundwater table is evident where the water table is close to the surface. Mullins 
(2001) has shown that the depth to water table is a key determinant controlling what 
vegetation community occurs in the lower-lying areas of the Eastern Shores.  Many 
places in the Eastern Shores distinct elevation-related bands of vegetation can be seen 
adjacent to the wetlands. 
 
Where the water table is deeper, the effects are less obvious. Scott & Le Maitre (1998) 
have synthesised the literature relating to the interactions between trees and the 
groundwater in southern Africa. They provide evidence that some trees have roots that 
tap into the groundwater that may be as much as 10 m below the surface of the soil.  
This is likely to help the trees survive dry periods. 
 
Some plants cannot cope with water logging, and die if the water table is too close to 
the surface.  This is especially evident with the abundant shrub Helichrysum kraussii, 
which expands its distribution into low-lying areas during several successive dry 
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seasons, but is killed off as soon as the water table is recharged by a series of rainfall 
events. 
 
The above understanding shows that vegetation is controlled by the depth of the 
groundwater table below the surface of the soil.  In some cases plant growth is 
facilitated by the presence of groundwater, and in others it is excluded by the 
groundwater. 
 
A. The effect of sea-level rise 
 
The water level in the sea and estuary acts as the boundary for the groundwater in the 
sand aquifer. As the sea level rises, there will be an equivalent rise in the groundwater 
table. 
 
B. The effect of a wetter climate 
 
Based on the conclusion earlier in this paper that the integrated effect of global 
change will be higher soil moisture, we believe that the groundwater recharge in the 
Eastern Shores will increase. This will result in raised groundwater levels, as well as a 
higher groundwater flux from the coastal dunes and Embomveni into the wetlands, 
streams and pans.  
 
The regional ecological response to sea level rise will be an expansion of the 
wetlands, and an upward elevation shift of all the zones of vegetation that are in some 
way affected (beneficially or detrimentally) by the presence of the water table.  This 
effect does not occur evenly over the full Eastern Shores area.  A rise in water table of 
half a metre is of no significance in the tall coastal dunes, but is very significant in the 
relatively flat lowlands.   
 
Using the DEM, we have plotted zones in which the vegetation will be impacted to 
different degrees by groundwater rise (Fig. 17).  In zones with an elevation of less 
than 10 m the groundwater table will occasionally reach the surface. The next band is 
between 10 and 20 m.  This is the band in which trees are still able to "tap into" the 
groundwater.  Finally, there is the area with an elevation above 20 m, where the 
vegetation is effectively isolated from the effects of the groundwater. 
 
The lowest of these zones (i.e. where the depth to the groundwater is < 10 m, Fig. 17) 
will be the area most affected by the rise of the groundwater table.  In areas where the 
topography has little gradient, the changes will be the greatest and a small rise in 
groundwater will affect a large surface area. 
 
In the 10 to 20 m zone the interactions are more limited as the plants are not as 
sensitive to small changes in groundwater table elevation – as these are hidden to 
some extent by the background variations caused by wet and dry conditions.  In 
addition, the vegetation can influence the height of the water table.  An increase in the 
abundance of woody plants using the groundwater means that transpiration losses will 
be greater.  This will lower the water table. 
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Figure 17. A portion of the Eastern Shores showing zones of different groundwater 
depths. Location: See Figure 1. 
 
 
3.4.3 The St Lucia – Eastern Shores interface (Brodie’s) 
 
Groundwater seeps into St Lucia along the Eastern Shores shoreline. In most places 
there is a very diffuse seepage zone in sand, which is not very important for the 
freshwater budget of the estuary. However, some places along the coast the sand rests 
on peat or clay. The Brodie’s Platform (Figs. 2 and 6) is an example of this. 
Groundwater flows out from the sand above the clay/peat. The impervious clay/peat 
layer results in a groundwater confluence, which feeds the adjacent shore platform 
with freshwater. This concentrated outflow of groundwater persists during drought 
periods (Taylor et al. in print). Brodie’s and other similar parts of the shoreline can 
therefore act as refuges for salt-sensitive organisms during high-salinity periods 
(Taylor et al. in print). Smaller populations of such organisms can survive in the 
fresher seepage zone and recolonise the estuary when the water again becomes 
fresher. The clay-based part of the shoreline is therefore important for the resilience of 
St Lucia.    
 
The direct effect of the rise in the estuary level will be most important for the coast 
itself. Erosion of the shoreline, as a consequence of a sea-level rise, will most likely 
become the biggest threat to future existence of seepage refuge sites along the Eastern 
Shores. With a sea-level rise of 0.5 m in 100 years the shoreline at Brodie’s Crossing 
faces three possible fates: 
 
Assuming that the clay layer is continuous in an easterly direction: The result will be 
erosion of the sand layers above the clayey silt, with groundwater outflow higher up 
above the clay. The seepage will not be as confined as today, and the importance as a 
refuge may decrease. Only during periods of prolonged droughts with a substantially 
lowered estuary level will the platform be able to dam groundwater seeping out from 
the shoreline. 

Key: 
Groundwater depths below the ground: 
Light grey  = <10 m elevation 
Darker grey = 10 - 20 m  

Black = > 20 m  
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Assuming that the clay layer does not continue further east: Erosion of the entire 
platform. The shoreline will erode in an easterly direction having similar 
characteristics as the diffuse sand seepage coastline.  
 
A vertical progradation of the platform: With increased precipitation the rivers will 
carry more water and sediment so that accumulation of fine sediments may take place 
at the platform. However, the accumulation rate of fine sediments is not likely to be at 
a rate similar to that of sea-level rise. The clayey silt layer will therefore most likely 
be situated below sea level in the situation of a 50 cm sea-level rise. This means that 
the shoreline at sea level will be sand.  
 
From the above we find it most likely that the situation by the year 2100 at Brodie’s - 
and other similar parts of the shoreline - will be similar to the diffuse sand seepage 
coasts, and that their value as refugia will decrease. 
 
3.5 Conclusions 
 
The conceptual models we use indicate that for the estuary and Eastern Shores 
ecosystems the original ecological patterns will be retained.   

• For the estuary there is likely to be a shift in amount of time occupied by each 
ecological state 

• For the Eastern Shores a spatial shift in the vegetation bands is most likely.   
• For the St Lucia Estuary – Eastern Shores interface ecosystem there is a high 

risk that its importance as freshwater refugia will decrease with an increase in 
sea level.  

 
Changes in ecological determinants other than those we have discussed will cause 
additional but lesser responses – such as the temperature induced southward shift in 
species distributions.  These should not be ignored as they could result in changes in 
the component species.  In relatively simple ecosystems, such as in our case studies, 
the level of biotic interactions is low – and hence the effect of changing the key 
physical determinant can be forecast.  This is unlikely to be the case in the more 
complex ecosystems, which have more interactions between biotic components, and 
feedback mechanisms are subtle and less predictable. 
 
One major effect of sea-level rise on estuarine systems is that they will become more 
dominated by marine processes and may by time change to marine bays. If sea level 
continues to rise and is no longer fully balanced by a higher freshwater outflow, 
seawater flowing into St Lucia via the Narrows will eventually intrude further north. 
Several hundred years of global warming and sea-level rise could easily lead us to the 
conclusion that an open marine environment similar to that during the Eemian will 
repeat itself. A 5 m contour map (Fig. 18), however, shows that this situation is less 
likely to occur. Only low-lying areas, such as the Mkuze Swamp at the outlet of the 
Mkuze River (Figs. 1 and 18), will be flooded. The high, vegetated dunes have 
probably blocked the contact to the Indian Ocean since the Early to Middle Holocene 
(Botha and Porat, 2000). Ramsay (1993) suggested a higher sea level between 6 000 
and 4 500 BP (see Fig. 3 and text in part 2 of this paper), with a maximum of +3.5 m. 
If his conclusion is correct, the tall coastal dunes have already survived a long period 
of high sea level without being eroded. Based on this we do not find it likely that large 
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gaps in the dunes will be eroded during a moderate sea-level rise of a couple of 
meters. We believe that the coastal dunes will continue to block the estuary from the 
Indian Ocean also into the future. Except for a larger inflow of marine tidewater 
through the Narrows, and a larger estuary surface (Fig. 18) the shape of St Lucia will 
probably be more or less the same as it is now. It is therefore likely that it will remain 
an estuarine ecosystem long into the future. Our main predictions for future changes 
should therefore be relevant for at least the coming several centuries. 
 
 

 
 

Figure 18. The distribution of the St Lucia estuarine system with a five meters higher 
sea level. Shaded.  
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