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Abstract 

Sediment cores extracted from a coastal lake along the south coast of South Africa 

provide a unique opportunity to assess environmental changes during two discrete 

periods of the Holocene. Conductivity and pH are reconstructed using a diatom 

inference weighted average model, (r2 = 0.76608, RMSE = 0.47504) and (r2 = 0.7567, 

RMSE = 0.50937), respectively. Other environmental parameters, including salinity, 

nutrient availability and water level changes are inferred using ecological indicator 

species within the diatom fossil assemblage. An age~depth model is developed 

through the combination of four radiocarbon (14C) measurements and eleven optical 

luminescence dates from two cores in the lake basin. Cluster analysis and Principal 

Component Analysis identify four significant zones in the core, namely zone a (c. 4.2 

~ c. 4 ka), zone b (c. 4 ka), zone d (c. 0.7 ~ c. 0.33 ka) and zone e (c. mid 1600s AD ~ 

present). A depositional hiatus occurs between zone d and b causing an interruption in 

the sequence. The results indicate that variations in diatom assemblages are related to 

changes in external environmental factors. In summation; changes in the diatom 

assemblage in Zones a and b correspond to sea level changes and the remobilisation 

of sand dunes, while Zone d is associated with temperatures changes experienced 

during the Little Ice Age (LlA) episode. Zone e indicates a combination of extreme 

climates during the LlA and the later impacts of human activities within the 

catchment. This study demonstrates that diatom analysis of lake sediment can provide 

very detailed information on long and short term climate change, hampered only by 

inconsistent sediment accumulation at Groenvlei. Further work may provide insight to 

periods which were not covered in this study. 
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Chapter 1. Introduction 

Quaternary based studies conducted throughout South Africa have shown that 

different regions have responded uniquely to changing global influences due to the 

steep biogeographical and environmental gradients across the country (Meadows and 

Baxter, 1999) (Talma and Vogel, 1990) (Holmgren ct at., 1999). In the quest to 

provide a more complete picture of the changes experienced in the different regions, 

the past two decades has witnessed an increase in long term palaeoenvironmental 

studies in a number of different disciplines. This has provided a more reliable 

assessment of the nature and scale of natural variability of the Earth's climate system, 

as well as the extent of human impacts on the present and future climate. 

Palaeolimnology is one such discipline which has been indirectly utilised to detennine 

climate change in numerous regions of the world (Wolin and Duthie, 1999), in 

addition to facilitating the monitoring of environmental transfonnations (Anderson, 

1995). The sediments and fossils deposited in a lake system are intricately linked to 

the climate within the region, i.e. climate directly influences the hydrological budget 

of the lake with further implications on ecological and sedimentological 

characteristics of the system (Fritz ct at., 1999). The high potential of fossil 

preservation in sediments within a lake provides additional proxies to correlate to 

known climatic events and changing environmental conditions. 

Diatoms in particular have proved to be a useful tool in reconstructions as they are 

widespread and abundant in almost all habitats where water is at least occasionally 

present and, moreover, are ecologically sensitive (Stoenner and Smol, 1999). 

Therefore, the stratigraphic sequence in lacustrine sediments can offer a valuable 

source of evidence for the reconstruction of high temporal resolution environmental 

change (Anderson, 1995). Recent advances in palaeolimnology from a primarily 

qualitative descriptive subject with basic depictions to a quantitative analytical 

science has provided in depth insight into rates of change and natural background 

conditions concerning the impacts of environmental changes on limnic systems 
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(Birks, 1998). These advancements have made it useful to revisit earlier works to 

fUliher explore and quantify evidence obtained previously. 

Although palaeoenvironmental studies in South Africa have been on the increase, 

there are still huge gaps in our knowledge of environmental change in the late 

Quaternary, as well as suggestions of inconsistencies between different regions across 

the country due to diverse climatic regimes. The opportunity to return to a study 

within the transitional rainfall zone of South Africa, which has laid the foundation for 

many studies since its publication, can present a quantitative view and offer added 

insight to a region that has had few feasible sites to study. Initial work on a coastal 

lake near Knysna by Martin (1956, 1959, 1962 and 1968) identified sediments rich in 

fossil materials, which spanned most of the Holocene epoch. This is an exceptional 

resource in the southern African context as the continuous accumulation of lake 

sediments is very rare (Scott and Lee-Thorp, 2004). The lake, Groenvlei, has shown 

alterations in its chemical and biological development through the Holocene which 

Martin (1959) attributed to possible marine transgressions at various times over the 

last few thousand years. The potential of the Groenvlei sediments to be rich in diatom 

fossils had already been demonstrated in Martin's work (1959); therefore revisiting 

this site to further study sediment chrono-stratigraphy and fossil diatom assemblage is 

a potentially rewarding exercise. 

1.1 Aims and Objectives: 

This project aims to develop, against a suitably accurate chronology, an understanding 

in the changes in the sedimentary sequence at Groenvlei in relation to evolution of the 

associated biological communities. Diatom analysis is used to determine 

environmental factors responsible for any observed changes. This analysis is expected 

to offer insight into the coastal lake's history during the Holocene, with particular 

reference to alterations in the physicochemical parameters of the water body. The 

ecologically based indicator study also provides indirect evidence of changes within 

the Groenvlei catchment area and a comparison with other proxies and previously 

published work reinforces the palaeoenvironmental reconstruction. The intention is to 

create a high temporal resolution study to present as much information on patterns of 

climatic variability in an extremely significant environmental area along the southern 

coast of South Africa. 
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In summary, the main objectives of this study are to: 

• Reconstruct the water quality indices, pH and conductivity, quantitatively 

using diatom transfer functions with the intention of providing exact 

parameters of observed changes; 

• Assess water quality changes of Groenvlei over time qualitatively by 

utilizing an indicator species approach as both a method to validate the 

quantitative reconstruction and relate the changes in the diatom assemblage 

to climatic changes; 

• The overall aim relates to the evolution of Groenvlei based on theorised 

environmental changes already suggested in other studies with the hope of 

substantiating their findings and providing a foundation for the development 

of the southern coast of South Africa. 

1.2 Project Outline: 

The intention of the above introduction is to present a framework on which this 

project is based; in essence, establishing the fundamental principles required and the 

need for palaeo-based studies. Chapter Two investigates the importance of lakes and 

the broad application of diatoms as proxies to environmental change. A review on the 

literature available for the study site is presented in Chapter Three, outlining the 

contemporary setting and geological development of the physical environment in the 

region, based on climate, relief and ecology. Chapter Four describes the methods 

employed to produce the results and environmental reconstruction presented in 

Chapter Five. Chapters Six and Seven discuss and conclude the results introduced in 

the previous chapter and the project on the whole. 
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Chapter 2. Lakes and Diatoms 

A closed lake, that is one without surface outflow (Fritz et aI., 1999), provides an 

archive of palaeoenvironmental data due to the response to changing hydrological 

inputs caused by natural climatic variability and/or anthropogenic activity (Austin et 

aI., 2007). These changes occur at a variety of timescales, either long or rapid periods 

of time or as a result of catastrophic events (Wolin and Duthie, 1999), that are 

recorded in the sedimentary record which vary according to the lake and its catchment 

(Battarbee, 1999). The strength of the sedimentary signal is dependent on the type of 

lake with shallow, closed basin lakes having the strongest (Wolin and Duthie, 1999). 

Lake sediments are a mixture of organic and inorganic material, typically derived 

from the lake itself or its catchment (Battarbee, 1999), the continued deposition of 

plant and animal remains and sediment inputs causes infilling of the lake basin, 

resulting in the lake becoming shallower over time (Wolin and Duthie, 1999). The 

rate of deposition can vary within and between lakes but are usually sufficiently rapid 

to allow for high temporal resolution analyses into environmental changes (Battarbee, 

1999). It is for these reasons that lake sediments are analysed using a diverse range of 

physical, chemical and biological methods (Battarbee, 1999), as they contain a 

valuable record of changing hydrological conditions (Anderson, 1995). 

Lake hydrology is intricately tied to climate, with the chemical response of a closed­

basin lake being near instantaneous (Fritz, 1990). As a result, the palaeolimnological 

record should not suffer from time lags, as it is a direct, sensitive and powerful tool 

for palaeohydrologic and palaeoclimatic reconstructions (Fritz, 1990). An important 

factor to consider is a lake's hydrological sensitivity to any changes that do occur 

(Fritz et aI., 1999), as an individual lake's response is related to both the lake and the 

catchment morphometry, local hydrology and the position of the lake within the 

landscape (Anderson, 1995). However, the stability of the sediments and their 

resistance to erosion by such physical processes as tidal currents, wind-induced waves 

and bioturbation (Sullivan, 1999) allows for the use of palaeolimnology as a tool in 

identifying probable causes in change, either by reconstructing the history of 

individual sites or by the comparison between sites (Battarbee, 1999). 
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Thc climate, lake chemistry and lake levels of closed basin lakes are closely related 

(Anderson, 1995), hence several hydrological elements can be used to determine past 

climatic trends. Water levels and lake chemistry are a manifestation of moisture gains, 

i.e. inputs and moisture losses, i.e. outputs (Wolin and Duthie, 1999). Inputs include 

precipitation, stream flow, surface runoff and groundwater inflow (Fritz et aI., 1999) 

where outputs involve evaporation, stream outflow, groundwater recharge and in 

some cases deep seepage (Wolin and Duthie, 1999). Water level fluctuation is 

increasingly used in reconstructions for projecting climate change (Wolin and Duthie, 

1999) and can provide a framework for understanding modem hydrologic responses 

(Fritz, 1990). Surface water hydrology, for example lake isolation or open versus 

closed basin, is not always the main cause behind changes to lake levels (Anderson, 

1995) but can also be a function of a variety of geological, biological or climatic 

processes (Wolin and Duthie, 1999). However, in general, lake levels increase during 

wet periods and decline in drier periods leading to knock on effects on such 

parameters as thennal stratification, with the total loss of stratification and the 

resuspension of bottom sediments occur in shallow systems; in addition to increases 

in nutrient and chemical salt concentration with corresponding changes in pH (Wolin 

and Duthie, 1999). The inverse is true for higher lake levels (Wolin and Duthie, 

1999). 

Other factors influenced by changes in the inputs and outputs of a lake are salinity, the 

ionic composition and concentration and nutrient supply. Salinity varies in relation to 

the inflow of both freshwater and marine water, precipitation and evaporation and 

depending on the position of the lake salinity can vary from relatively stable to 

extremely unstable in time and space (Snoeijs, 1999). Brackish waters are the median 

between the two extremities of freshwater and marine water and can be subdivided 

into three major categories (Snoeijs, 1999. p. 298): 

• "Transition zones between freshwater and marine habitats 

• Transition zones between hypersaline waters and marine waters and 

• Inland waters with higher salinities than freshwater" 

Salinity can also be an indirect measure of climate, as lake water becomes more 

concentrated when regional climates become drier and lakes change to closed basin 
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(Anderson, 1995), however lakes that fluctuate between open and closed hydrology 

may exhibit large shifts in salinity which are not propOliionate to climatic forcing 

hence a prior knowledge of the lake's development is required (Fritz ct aI., 1999). 

Ionic composition of lakes is highly variable and may be dominated by carbonates, 

sulfates or chlorides in combination with major cations, such as Calcium (Ca), 

Magnesium (Mg) and Sodium (Na); the concentration of which is the result of the 

interplay between the chemistry of source water, groundwater flow and climate (Fritz 

ct aI., 1999). An enrichment of inorganic plant nutrients into the lake system is tenned 

eutrophication and may be caused by a multitude of factors but is regulated to a large 

extent by human activities, climate, morpho-edaphic conditions of the watershed and 

food web interactions (Hall and Smol, 1999). Eutrophication usually results in 

increased lake productivity (Hall and Smol, 1999). 

An important factor to consider is the influence of humans on the natural processes 

occurring in the lake's catchment. In many regions, human activity has impacted lake 

development for a long time (Hall and Smol, 1999), typically resulting in acceleration 

in the natural processes by such activities as forest clearance, fanning and nutrient 

inputs (Wolin and Duthie, 1999). These activities can alter or obscure the climatic 

signal present in the sedimentary record; by separating the anthropogenic signal from 

the natural, a clear indication of human versus natural modifications can be 

detennined (Wolin and Duthie, 1999). Therefore changes in the hydrologic budget 

either natural or anthropogenic will affect physiological responses and species 

composition of the lake's biota (Fritz ct aI., 1999). The microfossil record preserved 

in the sediments is used to identify early changes in the biological record, as the 

extent of these changes can be used to reconstruct changes in water quality; in 

particular diatom analysis is now sufficiently well established to allow for quantitative 

reconstructions (Battarbee, 1999). 

Diatoms are microscopic algae found in almost all aquatic environments (Stoenner 

and Smol, 1999), their habitats range from marine to estuarine and shallow coastal 

environments (Sullivan, 1999) to freshwater lakes and rivers (Hall and Smol, 1999) 

where they are often the dominant component of the microalgal assemblage (Sullivan, 

1999). Diatoms are typically abundant and diverse, occurring in a broad spectrum of 

lake trophic status (Hall and Smol, 1999), have high species diversity and niche 
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specificity (Denys and de Wolf~ 1999) with the community composition being 

generally related to the chemical, physical and biological variables present in their 

habitat (Fritz et al., 1999). On an individual species level, each has a specific habit 

and water chemistry requirement (Hall and Smol, 1999). These requirements have 

allowed for diatoms to be used as a tool to explore and interpret many ecological and 

practical problems (Stoem1er and Smol, 1999). Their sensitivity to different aquatic 

environments lead to their use as indicator organisms which reflect the ecological 

changes experienced (Wolin and Duthie, 1999), and allow for the changes to be 

tracked as algal productions shifts in response (Hall and Smol, 1999). 

Biological communities are dynamic in nature (Snoeijs, 1999), therefore if a habitat 

varies in a short time period, even at a subseasonal scale the community will respond 

rapidly to the changes and adapt to the new conditions (Bradbury, 1999). With their 

short lifespans and capacity for rapid regeneration (Bradbury, 1999), diatoms make 

especially suitable indicators to track changes in the hydrological budget at a variety 

of temporal scales, whether be it short or long (Fritz et al., 1999). The temporal scale 

is directly proportionate to the accumulation rate of the sediments, which are highly 

variable through space and time (Hall and Smol, 1999). It is important to note that 

accumulation rates are difficult to estimate accurately but remain the most accurate 

measure in diatom production (Hall and Smol, 1999). 

On the basis of diatom life histories, habitats and ecological preferences, a wide 

variety of environmental parameters can be detennined (Bradbury, 1999). A particular 

emphasis on past climate changes has been the subject of many recent diatom studies, 

these studies are based on interpreting past limnological conditions from fossil diatom 

records and subsequently extrapolating to the climatic environment responsible 

(Bradbury, 1999). 

Diatom fossil deposits are often well preserved in the sediment record (Stoenner and 

Smol, 1999), reflecting years of sediment accumulation (Cooper, 1999). A diatom 

frustule (skeleton) is made up of two valves (Stoenner and Smol, 1999) composed of 

resistant opaline silica and it is these valves which are preserved in the sediment (Hall 

and Smol, 1999). The shape, size and sculpturing of the cell walls of the valves is 

taxonomically diagnostic (Stoenner and Smol, 1999), these distinctive features are 
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well documented and aid in identification of species (Hall and Smol, 1999). The 

preservation potential of the fossil remains allows for the identification of each 

species within the assemblage which ultimately contributes clues about the past 

environment and with additional quantitative assessment and assemblage statistics 

additional infonnation can be gained (Cooper, 1999) (Denys and de Wolf, 1999). The 

degree of preservation of the frustule may also contain additional infonnation relating 

to the environment during deposition, for instance fractured or eroded valves may 

indicate intertidal exposure or abrasion whereas pristine valves may indicate rapid 

bUlial and little post-depositional disturbances in a low energy environment (Cooper, 

1999). The analysis of the assemblage composition and knowledge of the relevant 

autecological characteristics of the taxa present aids in infen-ing environmental 

conditions (Denys and de Wolf, 1999). 

2.1 Environmental Variables that Contribute to the Diatom 

Assemblage: 

The main environmental variables that account for significant variations in diatom 

assemblages include conductivity, pH and cation and anion composition and 

concentration, that is the variation of positively- and negatively charged molecules 

within the water system and salinity (Fritz ct al. 1999). Studies have shown that the 

distribution of diatoms is clearly con-elated with pH in low alkalinity lakes and it has 

been shown to occur at the species and taxonomic level (Charles and Smol, 1988). 

The siliceous remains of the frustules, when well preserved in lake sediments can be 

used to infer long-tenn as well as short-tenn acidification trends (Charles and Smol, 

1988). Many diatom species show a clear specificity for celiain cation and anion 

compositions and concentrations and may be characterized by the levels of such ions 

as chlorides, carbonates or sulphates (Fritz et al. 1999); these specifications aid in the 

utilization of diatoms as bioindicators of water pollution or nutrient changes through 

time (Gelabert ct al. 2006). 

2.2 Diatoms in Relation to Sea Level and Climatic Changes: 

Diatoms can be used to identify the stratigraphical levels where marine influences 

increase or diminish (Denys and de Wolf, 1999). The different stages that can occur 

within a water body, such as a lake that is affected by changes in sea level, 

specifically transgressions and regressions of the ocean, can be detected through the 
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diatom microfossil assemblage, although early stages of sea level changes are often 

poorly represented in the diatom sedimentary sequence (Snoeijs, 1999). The changes 

in sea level can alter the tidal zones along a shoreline; hence environmental 

conditions, and subsequently diatom assemblage compositions, change most rapidly 

at the higher tidal elevations (Denys and de Wolf, 1999). For diatoms, the transition 

from fresh water to brackish water, the changing in the substrate characteristics and 

transportation by the tidal currents appears to be some of the most important 

detenninants that characterise the assemblage (Denys and de Wolf, 1999). Diatoms 

can provide an indirect record of climatic change as they are known to respond to the 

physical and chemical attributes of a water body (Ruhland and Smol, 2005); these 

attributes are a direct manifestation of the balance between inputs, e.g. precipitation 

and outputs, e.g. evaporation (Fritz et al. 1999), this can aid in tracing past climatic 

changes and the results of which can be useful for predicting expected future changes 

(Snoeijs, 1999). 

Studies utilizing diatoms within sedimentary sequences have been conducted globally 

and these have aided in understanding changes in the local climate, sea level 

modifications and alterations in environmental systems. A study carried out along the 

Chilean coast showed that during the late Quaternary; there were strong 

palaeoproductivity variations that were associated to different physical mechanisms, 

forcing processes and climatic changes (Romero et al. 2005). Another study on 

Slipper Lake, U.S.A.; tracked a subtle, slow and natural pattern of increased acidity 

during the early history of Slipper Lake, with the most abrupt and noticeable change 

occurring within the last two centuries (Ruhland and Smol, 2005). On the North 

American continent Quaternary hydrology and climate have been inferred from the 

diatom stratigraphy of closed-basin lakes; for example in glaciated regions, lake 

sediments recorded the pattern of limnological change following the retreat of the 

Laurentide ice sheet at approximately 12 ka (Fritz et al. 1999). 

2.3 Environmental Factors: 

As stated previously, diatoms have been used to detennine various environmental 

variables, such as salinity, pH and productivity. Most studies incorporate 

classification schemes to group similar species together that share the same 

tolerances, as is the case with pH and salinity, or that have specific requirements for 
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their existence, as is the case when trying to establish the palaeoproductivity. These 

classification schemes are discussed below. 

2.3.1 Life Form and Water Level: 

Life fonn relates to the changes in abundance of planktonic and benthic diatoms, 

these changes are interpreted in two ways; either as due to changes in the morphology 

of the lake basin as the lake fills in and/or to a change in productivity (Battarbee, 

1986). Planktonic diatoms are those which are free floating living in the open lake 

water, whereas benthic diatom communities are those which are non-planktonic or 

littoral fonns which live on the lake bottom (Wolin and Duthie, 1999). 

Tycoplanktonic fonns are usually associated with the benthic or near shore 

community but can be easily transported into the planktonic community (Wolin and 

Duthie, 1999). Benthic diatoms are further characterised by the substrata they attach 

themselves to, for example epiphytes are attached to other plants (Wolin and Duthie, 

1999), epilithic diatoms live attached to rocks, episammic diatoms are associated with 

sandy substrata and epipelic diatoms live on fine sediments (Hall and Smol, 1999). 

The knowledge of a dominant life fonn in the fossil assemblage can be beneficial in 

itself as each has an effect on the environment it inhabits, for example epipelic 

diatoms secrete a mucilage substance which prepares the way for the eventual 

colonisation by vascular plants (Sullivan, 1999). 

Studies have shown that changes in the percentage of life forms from planktonic to 

benthic can indicate high or low lake levels (Wolin and Duthie, 1999). This is related 

to the assumption that during high water levels the percentages of planktonic forms 

are expected to increase and as lake levels fall, benthic and epiphytic life fonns 

generally increase (Wolin and Duthie, 1999). Several environmental parameters are 

subject to vary as water levels fluctuate; these include changes in available habitat, 

chemical conditions, water stratification and to the mixing regime, also light 

penetration increases as lake levels drop (Wolin and Duthie, 1999). Although this 

ratio is highly useful, the same signal may be caused by other factors such as changes 

in nutrient inputs therefore multiple lines of additional evidence is required to support 

any proposed lake level fluctuations, this may include fine grained particle analysis, 

pollen analysis and stable isotope analysis (Wolin and Duthie, 1999). 
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The establishment of the dominant life fonn during a time period and the subsequent 

change to an alternative life fonn can be infonnative to the development of a habitat. 

The Chalie and Gasse (2002) study at Lake Abiyata, Ethiopia combined the 

abundance of taxa with the reconstructed chemistry of the lake water and the life fonn 

groupings to establish three major zones of environmental change over the past few 

centuries, these zones were then subdivided into several sub-zones. The subsequent 

limnological stages complemented millennial-scale environmental records available 

for the region and recognized variations in the lake water levels and salt balances. 

2.3.2 Salinity: 

Since the nineteenth century scientists have identified salinity as the major 

detenninant of diatom distribution (Denys and de Wolf, 1999). The main salinity 

regulating factors within an aquatic system are the inflow of freshwater, the inflow of 

marine water, precipitation, evaporation and the extent of ice cover (Snoeij s, 1999). A 

freshwater body is separated from a saline water body by the salt deposits within its 

water column, it has been agreed that the boundary between freshwater and saline 

water is 3 gil (Fritz et at., 1999). Some species of diatoms are rare or absent above the 

3 gil salt concentration mark, while others can only occur above this limit (Fritz ct al. 

1999). The diatom community structure is so sensitive to salinity changes that a one 

per mil (1 %0) change in salinity can completely change the species composition within 

the water body (Snoeijs, 1999). In other words, the "series of species replacements 

along the salinity gradient" (Fritz et a1., 1999, p. 63) make diatoms a leading indicator 

of chemical change within that water body which is driven by changes in hydrology 

and climate (Fritz ct at., 1999). Although three factors must be taken into account 

when using organisms as environmental markers for salinity changes, as outlined by 

Snoeijs (1999, p. 298); those being: 

1. " .. .In environments with fluctuating salinity regImes, the speCIes are 

selected more according to their ability to cope with changing salinity 

(euryhalinity) than their salinity optima; 

2. In environments with stable salinity regimes, evolutionary processes have 

resulted in various degrees of endemism depending on the geological age 

and stability of the water body and the degree of isolation from other 

populations of the same species; and 
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3. Species perfonn differently, that is physiologically and ecologically; in 

different brackish waters because they are, besides salinity, also affected 

by other environmental constraints; such as alkalinity, water temperature, 

light regime, nutrient concentrations, degree of exposure to wave action, 

biotic interaction etc ... " 

Lake water salinity becomes more concentrated as the local climate becomes drier and 

as lakes evolve from open basin to being closed basin (Anderson, 1995), therefore 

changes in salinity can be used to infer changes in climate. Diatoms are distributed 

into three major groups called a halobian system, which assists in identifying key 

periods in a lake's development. These groups were outlined by Battarbee (1986) and 

are stated below: 

1. Euhalobous: diatoms that can tolerate salinities that range from 30 to 40 per 

mil 

2. Mesohalobous: diatoms that can tolerate waters with a salinity range of 5 to 20 

per mil 

3. Oligohalobous: diatoms that can only tolerate salinities that are less than five 

per mil 

The last group is subdivided into: 

a) Halophilous: which are for diatoms that grow well in slightly brackish 

conditions 

b) Indifferent: tolerant of brackish water but their optimum growth is in 

freshwater 

c) Halophobous: these are the diatom taxa that can not tolerate even the 

smallest concentration of salts within the water column. 

The reconstruction of climate change inferred from salinity records obtained from 

diatom analysis requires an understanding of the basin hydrology; due to the fact that 

the climate signal is affected by the contribution of the groundwater component in the 

water body's hydrologic budget (Fritz et al., 1999). Significant limitations in salinity 

reconstructions occur when species diversity is low and the taxa that are present have 

a large salinity range (Fritz et al., 1999), or if the assemblage is of a mixed origin 
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wh~r~ li'eshwater diatoms are brought inlo the ')"~lelll hy ri vcrs and marine spe~ie~ are 

transported in by lidal aLlion (Cooper. I 9<)9). 

2.3.3J2ll 

I\umemll' <;\udic~ have showil that diatom~ lire good indicator8 of pH ch;lllge OVCT 

time (e_g. Nglletsop cl ai" 2004, Hunt8man-\I;lpilll ('/ a/" 2006. (,halie and Gils8e, 

20(2). Species arC t ypj~al l y divl(kd inlo olle of live ~alegorie~ a~conling 10 theiT 

llldi,idual pH tokTance8. The8e categories were outlined by Rilttarbee (1986) ;lIld <Ire 

Te~ounlcd helow: 

I, Alkallbiontic; the"", ilre the dj;ltom~ that oceur lit plJ villues o\er 7 

2, /\ lkaliphilou~: this ciltegory i nel ude8 <iilltOIllS thllt occur ilt pI I value8 lit ;Ioout 

7 ;llld with thelT wi<1e8t di8trjbution at pI I > 7 

3. Circumneutral ilndi jferent: the,e ilre the di;ltom~ thilt occur equally on both 

8ide~ofpll = 7 

4, Addophi lous: this eakgory incilldes diatoms that occur at a pI'! value ofilbout 

7, but with the widest distriblltion at pH < 7 

5, Acidobiontic: these are the diatom~ that occur at pl'l villues under 7. with the 

optimum distribution lit pll = 5.5 ;111<1 under, 

There is ;111 illtricllk rdationship between pll values 

illHJ wilter as indicated by Fib'Ure I: hence by 

determilling the changes in pH one can r~con~truct the 

OOlLlTe wak.,- over ti me lIlld the ~hange8 of these i nput8 

in the e\olution of a wilkr hody. For eXlimple. the 

8tudy ~onduL\cd by ;-.iglldoop ('f nt. (2tXl4) estllhhshe<i 

il Ijlll; between the pH of Lal;~ Ossa. Camerooll and 

precipitlltion rate. hence pll chilnge oYer time "liS 

iml ireLlly ll~ed a'; a pro~y for pasl precipitation 

changes. 

Figur" f __ Rdwionship b""",,en pH arul W"'"I" Soum' , Imodlfied from 

hltr;!'-'",,,",," n ' g>' w iwaler/m'manau lullal/r ph him) 
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Classification schemes aid in identifying periods of significance, ultimately assisting 

in inferring environmental and climate changes, however caution should be taken as 

local hydrological factors must be understood for a meaningful interpretation (Barker 

and Gasse, 2003). Another factor that plays an important role is that of adequate 

modem analogues which is required when utilising diatoms in such studies as 

reconstructing past environmental changes 

2.3.4 Water Quality and Nutrient availability: 

Water quality studies have increased in number and scope as human activities have 

continued to influence the environment (Sullivan, 1999). The nutrient signal in the 

diatom assemblage can be used to indicate human impacts or environmental changes 

within the lake basin (Wolin and Duthie, 1999). It works on the basis that diatoms are 

sensitive to changes in nutrient concentrations, supply rates and ratios; with each 

taxon having a specific range and tolerance (Hall and Smol, 1999). Therefore, the 

response time to changing nutrient availability and other water quality conditions is 

particularly rapid (Cooper, 1999). The combined shift in the relative propOliion of 

inorganic nutrient concentration and increases in primary production usually indicates 

eutrophication (Snoeijs, 1999), although increases in primary production may be at a 

lag to the changing nutrient status due to the shading effect of the overstorey grass 

canopy (Sullivan, 1999). The other possibility when the ratio between nitrogen and 

phosphorus changes may be a shift from diatoms and other small edible algae to 

larger cyanobacteria, which may have ramifications on the higher trophic levels (Fritz 

ct al., 1999). 

Water quality indices have been fonnulated to quantify the concentration of chemical 

constituents present in the water body (Bate ct al., 2004). In South Africa, benthic 

diatoms are utilised in water quality assessments since the 1950s (Bate ct al., 2004), 

to detennine environmental features such as lake water chemistry and conductivity to 

name but a few (Austin ct al., 2004). 

2.4 Limitations: 

Diatom analysis has certain limitations and assumptions that need to be considered; 

firstly, mixing and transport of frustules before burial may cause distortion or 

inaccurate shifts in the diatom assemblage resulting in an imprecise environmental 
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reconstruction (Fritz ct al. 1999). Secondly, the selective removal celiain taxa from 

the record may occur either through dissolution, i.e. the dissolving of the frustule into 

its constituent elements or diagenesis, i.e. the dissolving of the frustule into its 

constituent elements and the subsequent recombination of the elements (Fritz ct al. 

1999). Finally, the diatom assemblage composition can be affected by the physical 

processes within the water body, some of these processes being the changing velocity 

of the water currents, the intensity and frequency of upwelling events, the 

resuspension and erosion of particles; and biological processes, such as bioturbation 

(Snoeijs, 1999). 

The importance of detennining the ontogeny of the fossil assemblage has to be 

stressed; the possibility of transported material within the assemblage may represent 

species which never lived together in either space or time (Bradbury, 1999). 

Parautochthonous assemblages may also arise when different habitats occur close to 

each other, as is the case in some coastal situations (Denys and de Wolf, 1999). For 

this reason guidelines have been set out to limit the distOliion of misplaced fossils 

when attempting a reconstruction; these include the consideration of life fonn, where 

sessile or benthic species are less likely to be transported than planktonic or 

tycoplanktonic species, the abundance or commonness of a species, valve 

preservation or the ecological compatibility within the assemblage and the 

consistency to the known palaeoecological trends for the region (Denys and de Wolf, 

1999). However, small amounts of displaced species may provide valuable insight 

into environmental conditions during the time interval, for instance the OCCUlTence of 

marine species in non-marine deposits that occur in close proximity to the sea may 

provide evidence of increased marine activity (Denys and de Wolf, 1999). 

These limitations however do not outweigh the wOlih of this analysis. The primary 

value of palaeolimnologically based reconstructions of past hydrology and climate is 

to "establish natural patterns of climate variability at a variety of spatial and temporal 

scales" (Fritz et al. 1999, p. 45). 
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Chapter 3. Study site 

rhe dynamic nalure of the somil coast in relation {n climate and landscape makes it a 

,ita1 region 101' palacnscicnlists (0 investigate cmirumncntal changes in the Holocene. 

Set in the lransitinJlal raini:111 zone between the prcoominantly winter and sunlllicr 

rainfall /Ones, tile Wildemcss Emhaymcnt consists of several lakes of which 

UroCll\ lei is one (Figlll'c :n The (allowing chapter gives an ovcrview of the physical 

cllvironnll;Om II r the area and its dcvc111pm cnl during the Huloccnc: all ages fCJX1rlcd in 

\uriou, sllbsections have hecn calibrated to maintain consistency. 

Figur~ ], Til" {","(IIi()n (lj (ir""n\'!ei (Comp""'''<- A<'ril1i Pil()l()gmpn) and Ih" other Irildel'nes, l.lI1<", 

along the SoUlI, CO<l'1 of 8()ulh .. !trim (17,(l1.21)'U, JCJI> 11)75 O"dlslJ()()"', Stn'p (114, r~lalil'~ 10 

.. wtliemAlik" (inset) 

3.1 Physical Setting: 

The \Vilderness region along the south coast of South Africa i, defined by three 

physiographic o;km~l1ts aeeonling 10 Rirch ('/ al_ (1978); Iho;se ar~ the OuteJliqua 

Mountains, thc ZOO m high Tcrtiary plattunn and lh~ Wihkmcss-Knysna Cl11bayml~lL 

A prominent feahlre of the Wildcmes,·Kny,na embaymcnt is thc 32 km stretch or 

coastal lake, (Martin. 1'156) and marshe, (Martin, 1'162). beginning at W il<R-'fIlcSS and 
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culminating at the Goukamma River (Martin, 1959). These lakes lie in valleys 

between 200m high sand dunes and run relatively parallel to the coastline (Martin, 

1962) (Figure 2). Behind the series of lakes coastal mountains rise to an elevation of 

about 1200 - 1500 m (Martin, 1959), at a distance of 13 - 25 km inland (Martin, 

19603
). The mountains are of Pre-Tertiary origin (Martin, 1960b

). 

The region is dominated by Pleistocene and Recent coastal sands in the fonn of high 

rise dunes (Martin, 1956). The dune ridges are underlain by older dune rock showing 

aeolian cross-bedding (Martin, 1956). The underlying geology of the region is 

composed of igneous and metamorphic rock, predominantly quartzitic sandstones and 

shales of the Cape Supergroup (Irving and Meadows, 1997) and phyllites and granites 

of the Pre-Cape Group (Martin, 1960a
). A peneplain, consisting of Table Mountain 

Group sandstone in the east and being the result of coastal erosion during the Tertiary 

(Martin, 1962), is dissected by several deeply entrenched, meandering, perennial 

rivers which are fed from the mountain (Martin, 1960\ The receding sea allowed for 

an erosive phase over the shore rejuvenating, deepening and broadening the coastal 

streams (Allanson and Whitfield, 1983). 

Soils are derived from a variety of parent material (Martin, 1960b
), however 

weathered Pleistocene and Holocene aeolianite make up a considerable percentage 

with dark alluvium, rich in organic matter located in larger river valleys (Allanson and 

Whitfield, 1983) (Martin, 1960b
). Soils are generally acidic, leached, shallow and 

nutrient deficient (Irving and Meadows, 1997). One other feature that stands out along 

the coastline is the 7 - 8 m above sea level (a.m.s.1.) high terrace on both side of 

Swartvlei, and the two lower level terraces at 2.5 - 3 m a.m.s.1. and 1 - 1.5 m a.m.s.1., 

a remnant of past sea level transgressions (Martin, 1959). 

3.2 Regional Climate: 

The climate can be defined as mild and temperate (Allanson and Whitfield, 1983). 

The coastal mountains ensure high and evenly-distributed rainfall (Martin, 1960a
), 

averaging between 700 mm to 1300 mm per annum (Martin, 1959). There is no dry 

season (Irving and Meadows, 1997), i.e. the region has year-round rainfall, however 

occasional dry spells or periods of torrential rain does occur (Martin, 1960a
) (Figure 

3). Temperatures are rather mild (Martin, 1959), with a mean daily maximum of 19.8 
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"C ancl a daily mean minimum of 13 "C (AllailSOIl .md Whitllcld. 19S3). Prc\uiling 

"iuds arc southeasterly to southwesterly (AlIlIIlSOIl lIlld \\l,;lllchL I ,)S3): hOll'eYCT the 

ITlfluL'"llcc 0 I' the Berg W intis from the interior m,IY C,I\ISC widespread aridity (DllUCUll, 

20(6). 

Cape 
Town 

EliZllbcl"l 

Figure 3: Tmns('('1 {;VIn Cap" Tml'" to Po!'i FJizl1hN" indi('aling tlJUI{ mO!1!hlJ rain/ull in the winla 

min/all cone and 1M (r<ll,<Uianai ''fJiH/iJIl zon,' o{.,outhnn .1ji-ica, ,h,· .",,,I\' sitl' is luca/eJ hU,,-een Ihe 

22° and 23" lon~i(ud(' (ld(If""dft'om. P,-()d,,'~ '" al., 111(5) 

3.3 Flll'irOilmenwl C!raI!EVS dIlrillK the H%ccn(}: 

The cmbaymc'llt is a wetland system which is ecologically b'lscd 011 tluclu'ltions in 

Tlalural processes (Allullson and Whitfield, 1983). which <.Comprise of dim,ltic 

mechanisms, including tcmpcr:ltufc ami r<linLil1 ch:lllges through lime and occuni~ 

forcing which consists of SCli lev el vllrjlllion~ :Illd ~h:lllg~s in ~ea ~llrl"CC (emperu(llres. 

The>;e nahmli proces~e~ are outlined helow: 
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3.3. Climatic Mcchanism: 

.," 

-------".--, 

Fi7urc 4. Schem"li~ rep""'~ma'''m o(lhe prusml .. Jay pmilian of h;;:h-p'-CSSI11'e ~el/.\' and gl'n~ral wiml 

p<Jf/cms on Ihc South~rn II~mi.\l'h",.~ (Sou,.ce: Sluul and wmy, 2004, PR 31i21 

Clim,lle in south.", Aln~a is dominated by two systems. the westerly belt ,md the 

tropical ~ast<:rl y winds: wl,ich is the result of the interplay of atmosph~n~ and (",eanic 

circulations ,llong its ~O:lsts (Scott and Lee-'1110111, 20(4) (hgl([~ 4). These systems 

control moisture distribution aaoss the continent. resulting in (wo rainlilll regimcs. 

the SUlllmer rain fall /mle and the winter rainfall zone, with the SOUlhem (A,e region 

or So uti, Alrica being the ~"'Tent interface between the two zon~s (R,lt~man et aI., 

20(4) and r<:eel v~s year round prcdpitatlOn. Less than 30 per cent of the sub~ontinent 

re~~I\'es rainrall during Ihe winter months which is deri\'ed frolll the passage of 

westerly low preSSl.lfe syst~ms origlTlaling in Ihe South Atlantic Ocean (Partl;dge ,,/ 

al .. 2(04). The ongm or s"mmer winfall is the result of ,ld,ection ofmmst illr oyer 

th~ Indian O::~aJl by a High Pressure Cdl to the southeast ofth~ countTy (CalT c/ aI., 

21)06'), The advection of moist air f!'Om the Indian Oce,lll is strongly in ll u~n~ed by 

se,l surfilCe temp"'nlt"res and the intensity of the Low PreSSl([e Cell whid, lies mer 

the interior during the summer months (Scott and WOll(ll>oume. 2(07), Hence, cooler 

sea s"rfa,e lemperarures along the coast generally correi,lt<; witl, ,,·etleT conditions in 

Ihe illl~rior and dricr conditions along the eO'lSt. as reduciOd sea surface temperatures 

lead to a decline in evaporation and lo\\'~red r~lati\'e hun1]{lity corresponding to a 

decrease in cloud formation and pre<:ipitalion (D"ncan. 20(6). 

Flu~tuali ons in sea surface temperatures (SST) are related to ~hang~s in the inlensity 

of the cold13enguela Ocean ('un-ent system along tl,e "esl coast and the strength of 

the warm Agulh:ls Oc~an Curr~nt along the s""th eastern coastal margin (Partridge cl 
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al., 2004). Both of these ocean currents are modulated by fluctuations within the 

global thelll10haline circulation (Partridge ct a!., 2004). Changes in the oceamc 

conveyor belt can result in changes in the global climate and local oceamc 

temperatures (Cohen ct aI., 1992). As is the case during periods of reduced North 

Atlantic Deep Water (NADW) production, which results in cooler SST in the 

southern Benguela system as entrainment of walll1 Agulhas water around the Cape 

weakens and the southeastern Atlantic Ocean cools (Cohen et aI., 1992). 

Wind intensity and direction plays an important role in the upwelling events of the 

two ocean currents, significantly contributing to the climatic variability and 

complexity of the area (Carr ct aI., 2006b
). In particular, the upwelling regime of the 

Benguela system and its associated atmospheric circulation system is strongly linked 

to coastal aridity along the west coast (Scott and Lee-Thorp, 2004). It is here that 

shifts in the easterly and westerly systems would affect climate both presently and 

historically (Scott and Lee-Thorp, 2004). Scott and Woodbourne (2007) state that an 

equatorward or poleward displacement of the westerly belt would alter the winter 

rainfall zone, whereas an eastward or westward displacement of the tropical easterly 

winds would alter advection of moisture over the Indian Ocean changing the summer 

rainfall zone's distribution. In general, precipitation in the winter rainfall zone would 

increase if the westerlies migrate equatorward and decrease in the summer rainfall 

zone, as would be expected if the easterlies migrated eastwards (Scott and 

Woodbourne, 2007). An example of a strong northward displacement of the 

westerlies occurred during the Little Ice Age (L1A) some 700 to 400 years ago; the 

Antarctic Circumpolar Vortex expanded pushing the westerly belt toward the equator, 

allowing cold air from the Southern Ocean to reach South Africa in the f01111 of deep 

frontal systems (Duncan, 2006). This climatic event corresponds to decreases in 

upwelling events and the renewed introduction of walll1 Agulhas surface water 

plumes toward the coast by southwesterly winds leading to wetter coastal conditions 

and generally drier conditions in the interior (Duncan, 2006). 

The contributing effect of the ocean, especially that of the Agulhas boundary current 

on the southeastern coast and the semi-arid nature of the region indicates that 

moisture is the more important climatic parameter over temperature changes (Scott 

and Lee-Thorp, 2004). Hence, changes in the Agulhas and Benguela currents related 
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to their strength and position, together with variability of the wind systems in both 

direction and intensity will have considerable influence on moisture supply to the 

continent (CalT et aI., 2006a
). Therefore by detennining the spatial extent of the 

winter and the summer rainfall zones coupled with the timing and the magnitude of 

environmental changes within them, they can be used as vital indicators of the shifting 

positions of the temperate and subtropical mechanisms of the atmospheric circulation 

(CalT et aI., 2006b
). 

3.3.2 Holocene Climate Changes: 

The Holocene was not exempt to climate variation, both temperature and precipitation 

patterns changed over the last 10 000 years. According to Pm1ridge et al. (1999) 

temperature changes were of a modest extent and rather similar in amplitude over a 

wide geographical vicinity particularly for the coastal areas of the Southern Cape and 

KwaZu1u-Nata1, however rainfall trends are more complex in nature. 

Temperature 

Since the beginning of the Holocene epoch temperatures have generally increased, 8 

to 6 kyr shows a wanning of 1 to 2 °C in both the summer and winter rainfall regions 

of sub-Saharan Africa (Partridge ct al., 1999), this wanning trend reached a peak circa 

7 ~ 6000 yrs BP (Scott, 1993) with evidence of wann, wet winters (Avery, 1993). A 

temperature increase of ~4 °C is documented in the dissolved gas temperature record 

from the Uitenhage aquifer at 6.3 kyr (Scott and Lee-Thorp, 2004). However, by 5.5 

kyr marked cooling took place, which is in agreement with the Cango Cave 8180 

stalagmite record (Scott and Lee-Thorp, 2004) so that by 5000 yrs BP temperature 

essentially varied within + 1 °C and -2°C relative to present day temperature, these 

generally lower temperature values persisted until about 2000 yrs BP where evidence 

from the Cango Cave 8180 stalagmite sequence indicates slightly higher temperature 

values (Ta1ma and Vogel, 1990) (Figure 5). 
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Fig""" 5- rare lIolocene tem{)<!"",,,'e cun", der,,,«i/,,,,,, Iii . Cango Caw ,)1'\0 Ilnlagmil" _<equenc(', 

indicming the Lillie fee Age nnd tile At"din,,'-,,/ Wnrming ['eriod IModi/,'edFom. Talma nnd V~el, 

/99{), f'g lOBj 

Since thell '"k'T1TIitt~l1t rerill{!, llfw;!mlillg ,1I1d cooling have occurred. most nllt"bly 

the Mediacyal Wanl1ing PL>Jilld fi-om gOO to 1300 AD (Holmgrell ('f (II.. 1(99) <llld the 

Little Ice Age (LIA) from 140010 IgS0 AD "hich wa,; a global cooiing period 

\coo ins to deterioration () r illl ,egctatioll tJ pcs aiong th~ south COilS! (Ho im!,'Tel1 cr aL 

1999) aTld the de,dopment or lunette dcpllsitlOn on the J\gulhas Plain (Cilrr rr al.. 

2()()4~)_ Al the peak <11' the UJ\ arountl the 1700s 1\0, cold and arid c(lTlditiOT1S 

prevailed O\Cf the interior (Holmgren cI al., 19(9) (Figure 5), "ith SC<ltt and Lce­

lhorp (21)()4) concluding that -I "C tcmperature fluctuations occurred associated with 

dricr. stormicr (mel cooler conditions which culminated hy 1750 All. 

Ra;nFtf! 

Prcscntly the sO llth coast of South Afri~a lics in the transitional raiTlfall /OT1C; that i, 

thcrc is no predominancc of ,ummcr rainfall o,cr wintcr rainfall and vicc \'crsa 

(Allanson and Whitfield. 19H3) (Figure 6). Nonetheless. during certain periods of the 

IlolocCllC a dominancc of summer rainfall o\cr \\imcr raint:111 or vkc \ersa hu, 

(><:<:urred relating to shifts in atmosphcric and occanic cIrculation. 
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Fi;:urc 6, Tllc d",;si(1n of /iI,> ":'III,'r min/ail zon" (I><m1l'n'd hy soliJ line). Ihe Immiliomd ,."illfof! zOIiC 

I/xml,'''''/ hr d<l.\heJ /i"e) nnd "it' ,,,mmcr m{"wil ;com' rSour('i' . Ch(IJ" and Mmdows, 21Xi7) 

In general. the early 110llICCne saw e~lcl1si\'e arid]r,~a[i(]rI; with winter rainfall 

prevfllent (Scolt, 1993) and mndili(ln~ wlTicicnlly moi,t to support a hydroph)1k 

ek~l1ent alol1g the south coaSl (Duncan, 20(6). B) 7,S kyr Ihe summcr rainfall rcgi(>n 

e~perimced ~mlle moisture impr0\el\lcnl (Scott and Lec-Th(\]l'. 2()()4)_ "neT 
mod.,mlely will win[crs around 7000 yrs BP, a greatcr proportion (\1' sumlIK>r raini'flll 

by 6200 yr, BP prcvailed in the rcgi('n indi<:atcd by an inc[ea~e in gramll1oi(k 

ailhough ycar round rainfall is evident a decrease in winter sea,;.olUilily occun-ed 

(.-\very. 1993). Mcadows ('I al .. (1996) wggest that the mid-Holocene was drier lhan 

present. with a tenden~y toward wint<.-'!: se:ls(\llality oy~r the pre,.,nl fill ycar round 

"lin/rill experienced in the area ( lalnHI filld Vogel. 1990)_ Soon an~r S(x)() yr~ BP, the 

sub~ontil1ent e~pcrienced widespread andily (Scot[ and L~e-Thorp, 2(04), as a shift 

limn wllllcr scasonality to 8t1Tnmer dominancc lOok place. the rising Slliluner rail1t;lll 

dominancc pcakcd m around 2000 yrs 131'. resulting in ,I drmnati<: decrea~e in wil1l~r 

sclls(\nali tv (Scott. \993); this treml" reil1f(]rcet! by high <il !a \'a\u6 Irom ostrich 

egg~hell~ li-(\111 Plamls Ray Ca\'~ indi~aling an arit! period betwecn 4,7 and 3 kyr 
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(S~o!t !Illd Lee-Thorp_ 20(4). Since 36()() FIr, rallll"ll Ii",; h~~n Oil !I gencmi decline 

(Cornish-13o\\,kn. 20())). Relatively moist conditions existed between 3200 13P a\l(l 

25110 13P along the ~ollth~m ('aI''' region allowing for forest reco\cry (A\-cry, 1<}<)J: 

Lewis, 20IlS), hut ,hlils towards dri"," wnditions between l.S and 2.5 ka hampered [he 

resmgcncc of for"sl Ilora (Can <'I al .. 2()04'j. Following this cpis.odc an incr"a,e III 

rnoismrc !lvailabi1i!y as ""II as jnlTeascd humidity began mound 2 ka and lasted unti l 

<)I){) BP (LC\\,l~, 201lS; linT ('f (]I., 2004b). Intermittent warming bctwccli sao AD and 

1321l AD. all CXPT""lOl1 of the MediaCVlI l Warming Period is evidenced m some 

palacor~cordo (TY>Oll cr tiL 2000): during which the interior experienced generall y 

\\ctlCI' cOTl(lililm,; (Holmgrcn CI ai .• ]<,199) lind collstal rcgions eneO<Llltcred innc,j,~d 

aridity (Carr Cln/., 2004"!- lhe Little Ice Age allowed filr aridity on the interior oj'th~ 

cou!ll ry and relati \'d y moist condit iUlY; along the coast (Dune!llI, 200t; ). 

3.3.3 Oceanic Forcings: 

f , 

, 

,/ ! , , ! " \ / 'J 

-- -------
" , , , , , 

COl1p!<>n.2GO' 
5mt~r':' M~~~""",. HS.., 
J e rdTdir-o. '!l95 
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J\111he Wild"",,,,oo Lakes. including urocnl'lci prior to it1; l~nlation o"c l11l1ch of their 

character, if n01 thcir ~olltinoc"{] existence to thcir close proximity tu th~ O~Cijn 

(YI!II1in.1962). Scycral marin~ t ranS!,'T~ssiono ilnd rcgressions hme takcn plac~ dunng 
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Pleistocene and the Holocene, at some periods sea levels rose sufficiently to totally 

cover the Wildemess embayment (Allanson and Whitfield, 1983) (Marker and Miller, 

1993). A large number of the topographic features along the south coast are related to 

these sea level changes; for instance a wave cut platfonn in the dune rock extending 

from the Wildemess Lakes to Cape St. Francis (Butzer and Helgren, 1972) or the 

seven metre high terrace-like feature on which the Sedgefield Village is situated 

(Martin, 1956). Miller et al. (1995) speculates that even a 2 - 3 m rise or fall in sea 

level would dramatically remodel the coastline; with local variations arising due to 

tectonism (Compton, 2001). 

3.3.4 Sea Level Changes: 

Since the end of the last glacial period sea level has been on an increase with a 120 m 

rise towards present day levels, this rise is tenned the Holocene Transgression 

(Compton, 2001). Locally, sea level rise allowed for the complete covering of the 

coastal plain at the beginning of the Holocene (Allanson and Whitfield, 1983), 

Ramsay (1995) speculates that the sea continued to rise by 8mm.yr-l between 9000 

and 8000 BP with this initial transgression coming within a metre of present levels by 

8000 BP (Baxter and Meadows, 1999), this trend continued throughout the 7000s BP, 

reaching a peak of 0 - 3 m above mean sea level by 6.8 ka (Compton, 2001). Sea 

level fluctuations during this time varied on a regional scale along the South African 

coast due to isostatic adjustment, ice volume changes and local tectonic movements 

creating a highly variable sea level curve (Compton, 2001) (Figure 7). A rapid 

regressive phase about 7000 BP occurred, with sea levels dropping 3 - 4 m only to 

experience a rapid advancement around 6000 BP (Baxter and Meadows, 1995). This 

mid-Holocene highstand, which persisted for 2500 years (Ramsay, 1995), is said to be 

of a magnitude of 1.5 m to 3 m above mean sea level (a.m.s.!.) (Marker and Miller, 

1993) (Compton, 2001). Estuarine shells from the Sundays River suggest an elevation 

of 1.5 m a.m.s.l. (Marker and Miller, 1993); however other radiocarbon dated sea 

level indicators from the south coast suggest a magnitude of between 2.4 m and 2.8 m 

a.m.s.l. (Marker and Miller, 1993). This is consistent with the 2.5 m terrace on both 

sides of Swartvlei, an estuary near the town of Sedgefield, which probably fonned as 

a depositional estuarine terrace (Illenberger, 1996). According to Ramsay (1995) sea 

level rose to a maximum of 3.5 m a.m.s.l. prior to the tennination of the Holocene 

Hypsithennal Event, with Scott and Lee-Thorp (2004) suggesting a 2 m sea level 
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higher than present before 5.6 kyr. The higher sea levels are attributed to wanner sea 

surface temperatures contributing to thermal expansion (Miller et ([/., 1995). Sea level 

slowly began to drop and reached 0 m a.m.s.l by 4200 BP (Miller et ([/., 1995), with a 

short lived rise around 4000 BP (Baxter and Meadows, 1999). Throughout the 3000s 

BP sea level regressed to within a metre of present datum (Compton, 2001), by 

around 3000 BP sea level had dropped to below 2 m a.s.l. (Ramsay and Cooper, 2002) 

with this lowstand maintained until approximately 2000 ka (Compton, 2001). By 

2000 yrs BP sea level has risen again to close to its present level (Birch et a/., 1978), 

temporarily rising above present day sea level, indicating a minor recovery from the 

regression (Baxter and Meadows, 1999). However, there are suggestions that sea 

levels began dropping again around l.3 ka and continued to fall until 0.7 ka when it 

was 0.5 m lower than present (Compton, 2001). From 0.7 ka the sea has been rising to 

its present level (Compton, 2001); Scott and Lee-Thorp (2004) do suggest that sea 

levels were lower between 0.5 ka and 0.38 ka as an expression of the early phase of 

the Little Ice Age. 

As stated by Compton (2001), variations between regional sea level reconstructions 

arise due to external environment processes, such as isostatic adjustment or tectonic 

activity, therefore it is rather complex to create one sea level curve for the entire 

South African coastline. However, the combination of several studies has hinted at 

generalized sea level fluctuations during the Holocene which are presented in Figure 

7. 

3.3.5 Holocene Sea Surface Temperatures: 

Lower sea surface temperatures were experienced during the early Holocene, 

although prior to 7000 BP wanner sea surface temperatures (SST) of the adjacent 

ocean lead to an increase in rainfall possibly under the dominance of westerly 

circulation (Duncan, 2006), this may have persisted up to and beyond 6.8 kyr, from 

evidence of marine molluscs from Nelson's Bay Cave (Scott and Lee-Thorp, 2004), 

however, by 6300 BP SSTs had lowered (Duncan, 2006). Higher SSTs could be 

interpreted as intensified Westerly circulation bringing forth their associated frontal 

disturbances and slightly higher Agulhas Current influence (Scott and Lee-Thorp, 

2004). The timing and duration of two episodes of isotopic enrichment in Antarctic 

ice cores over the last 4000 years, correspond to periods of Holocene Glacier 
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expansion (Cohen et al., 1992). The first of which occulTcd betwecn 3 and 2000 yrs 

BP and relates to a worldwide neo-glacial advancc, thc sccond episode occUlTed 

between 750 and 400 yrs BP and is an expression of the Little Ice Age which reached 

a maximum 400 yrs ago (Cohen et al., 1992). Both episodes are associated with lower 

annual inshore sea surface temperatures to the magnitude of one to two degrees lower 

than present day estimates typical of the west coast (Cohen et al., 1992). A short lived 

OCCUlTence of low summer and winter SST at around 1000 BP is thought to be an 

expression of the Mediaeval Warm Period, evidenced through forest decline prior to 

colonial influence (Duncan, 2006). 

3.4 The Wilderness Embayment: 

The Wildemess region has an extensive geomorphic history, relating to changes in 

various environmental factors, including tectonic defonnation, eustatic fluctuations in 

sea level and changes in climate and vegetation (Butzer and Helgren, 1972). The 

embayment consists of palaeocliffs, a series of lakes and fossil dunes (Bateman et aI., 

2004). The palaeocliffs fonn a northem boundary for the Touw River floodplain in 

which the lakes occur and is bounded along the south by high, consolidated, old sand 

dunes (Allanson and Whitfield, 1983). The Touw River floodplain is the most 

important wetland along the south coast (Allanson and Whitfield, 1983) and has been 

designated a RAMSAR site as of 1991 (Randall, 1990). 

3.4.1 Lakes: 

The Wildemess Lake System consists of several lakes lying in east to west valleys 

between sand ridges which rise to over 200 m in some places (Martin, 1956). The 

lakes, in order from west to east are Eilandvlei, Langvlei, Rondevlei, Swartvlei and 

Groenvlei (Figure 2), inland from these are the Karatara and Ruigtevlei (Martin, 

1960a
). None of the lakes are above six metres above mean sea level and are the result 

of three phases of submergence and emergence, with the last stage occurring during 

the Holocene (Martin, 1962). These phases are linked to sea transgressions and 

regressions, of which the fonnation of the lakes during the Pleistocene was dependant 

(Matiin, 1956). The present shape of the system fonned in the Early Holocene, with 

estuarine conditions being established some 4 - 5 kyr ago (Allanson and Whitfield, 

1983). This developmental phase commenced during the Late Pleistocene and 

coincided with the marine regression, water levels dropped considerably and in 
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e~tl'eme eases lakes emptit'Cl and ~r"'kd. how~v~[ "ith the Holo~ene Tmn,gr~"ion 

reaching its peak tluring the mid-HoklC~n~. inlerdunlll d~pl,,%inn, were one~ again 

110< >d~d (Rlreh ('{ al., 197.':). the marjn~ ti dal influenc~ Ia,ted throughoul th~ H ok'cene 

up to the P",'~nt (Allanoon alld \\'11itfidd. 1983), rreshwat~[ enter' the system via 

,;cv~ral nv~n; originating in the mountains. namely Tou,,·s. Duiw~, Diep. Hogckraal. 

Swart anti Kamtam Riv~n; \Mar!in. 1956). Inllowing fr~sll\,akr lS an important 

sOUTCe or inorgamc Pho'l'ho[Ous and \litrog~n, which may l[]LT~a,~ con~i'krahly 

during flooding epis()(k~ cau~ing ~horl-li v~d ~utrophie condition ~ in the lake>, for 

exampk 111 Langvlcl and Eillln,hki (Alllln".)n and Whitfield. 1983). Flooding lS the 

result of tomn!ial winlall ~1Ji~(>d~s l[] Ih~ mountaillS. ~uch a, the major ll()('~ling 

events exp~>Ji~nc~d ill Augtlst 2()()ti and Nov~mh~r. 2007; whieh kd to drasticall} 

altered "ater qualit} an ti kvels, It is lherctor~ appaTCn! Ihal Ih~ salinily stalus orlh~se 

eoa.';lal lake; ar~ dir~dly rdakd to the inllo" or Ir~shwakr and evaporalion rates 

(Allan;;.on and \Vhitlicld. I'lH3) 

3.4 2 Dunes: 

, 

- ",,' 

Figure 8: Dr",e c,wtions dis<cc/eti bv 'he mnjnr ri.'er's in Ihe Wilderness Region, nlso intiicmeri is die 

ancient sea cliff. Th,' 'qlrarc rep,,'sen/s G"",',,,,/ei I.!{odi!i.-djim" RmemaJl <'I ai, 21)/N) 

Prominent topographic reatures or the landscape arc the sc\'Cr~1 dune mrclons 

Mrelehing trom just west of the wwn of Wilderness (l\.!aJ1in. 1956) to the town of 

Kn~ynll (IlJcllhcrger, 19(6) (Figure 1;). Birch cr al. \1978) i'kntitled two well 

d~v~loped dunal cordons onland and Iwo oftshor~; howewr IIknh~[ger \1q<)(») 

itlenli lied lhr~e onland dune cordons. The maslal dun~s ar~ or Pkisl(IC~>T\e ori gin 

38 

, 
I 

, 

Univ
ers

ity
 of

 C
ap

e T
ow

n



('vIartin, 1(56) whicll form steep ridges separated by the lak~, (l1lenberger, 19'>6) alld 

dissected by a numbcr of rivcrs originatiug iu the mountains (Batem3u ('I aI. , 2()(l4), 

The offShore dunc cordons have reC(1gnis~d shordin~, atthelr bas~> at depths of 40 

m. 50 - 55 m and 65 75 m (lllcnher!o'er, 1(96). 

Thc oldest of these calcareolls mlge, hav~ he~n cemented illk\ aeolianite or dune rock 

(/l.lmtin, 196H). All onlanJ dllU~ ridges are underlain by the older dune r",,,k shov,ring 

aeolian cross-bedding (MartiTl, 1956) and cov~r~d by Hl\k\CCTle lIllconsolidated >and 

of \lIl'iahlc thickn~% (Bm;h cl "I., 197R). Soi Is presellt 011 the cemellted dune dep<.»its 

lIrc in placc~ ft1Togiui sed (llI~u~b~r!o'~>J', I 996) Sand dep<.\sits at the we>tem end of the 

dunc s~ries f()rrn~ a narrOw helt in Ii-ont 0 r the Touw Estuary' at Wilderness. grad ually 

Illcrcllsmg lT1 hei!o'ht aTld width furth~>J' ca>twards (.\Ianin. 19(2), At the eastem end 

sand spreads eight kilol11etres mlamj and lillnl> a thin mantle over the older rocks 

(Martin, 19(j.()"j, Deposits bdll~en th~s~ [WO points reach a thickness 01' 350 m 

(Illenbergcr, 1(96). Th~ duu~s a!'~ more or leI'S parallel k\ the slwre wnverging 

towllrds thc CliSt (llkubcrger, 1(96) and reach up tl\ a 200 m ab<.\\'e >ea le\-el in height 

in some pla<:~s (Bat~ll1an ct ",., 20(M) (Figure 10). Dunes are parabolic in foml with 

their trailing arms Ol'ielllat~d paralld to the predominant westerly' palaC<.\wind 

{Batcman ('/ al., 2(04). Thc trailin!o' anm 1;)nT\ another t0p<)b,,-aphi<:al leature. creating 

ridges which arc IS" - JO" to thc shordiTl~ aTld rllTl diagollally across Ih~ seawarJ 

cordon (llJcnbcrger, 19(6), 

The llolo<:ene dun s!llld consists of J5% hing~nic cakium carhonat~, mostly shell 

1i-3pneuts 0 I' aUlrine mollus<:s (lllcnberger. 1(96), Thc calcium carboual~-p()or s yst~ll1 

may bee the result "fa <:hange in provenance or post depositionlillcliching (BatelllaTl e/ 

uf., 20(4). Gradual I~aching 111 the I,-»sil dunes i> evidellt (Illenbcrgcr. 19Q6), The nltc 

of I~a<:hillg is climate d~'PCndellt heing directly proportionlll to tcmperaturc and 

rainfllll (Ill~nher!o'er, 1996; Raal and Burns. 19(6). Ilowe\'er. the Wilderncss scaward 

cordl>n hM not cxpericnL~d mudl kaching a, there is 110 eviden<:~ 0 I' calci fielltion and 

lumdlu~ >how a subtle con<:entration of fincs II ithin the s~dillle'llt~ (Batem3Tl ('t "I., 

20(4). 
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Fig",-e ~. (i/'O"m'ld i.1 ;" dost' proximay fn Ihc I('{', II", x y ,jQwlion QIl 1M image i .. Ji'a/(,j rhe 

I'mpo_'ed chwmcl whieh IinkeJ Gr,"-'n.'/ci 10 SWQr/)''''i m,J Ih ,· s<'a d,,,-ing Ih ,· fI"I''';('n<- ISmuw. 

,\f">'Iin, /959) 

Th~ <leo1ini~tic ridge closest to Urocllvlci reaches a ma"imum height of 200 m ah",c 

s~a level and l~ two ki]omctn:~ wide (l\ir~h <'I al .. jC)7n (Figure 10). at its lowest 

poinllhe ridge is 23 m abo\~ GrOCI1\'lei (;....1w1in. 195\1), th~ ridge is dissccwd by the 

SwaJ1\'lci ESlwlTy III IlJ~ wesl and ml al lb ea~tem end by th~ Gouk<mlma River but 

continl1c~ eastward, (()wards Walker Buy (Bir~h er al .. 1975). Directly 11011h and 

south of Grocnvlci towards RlIiglcvicJ and lh~ sea resp~cti\ely; multiple u~oJianite 

ridges rise at their low~st point to ahoul 46 m abov~ m~<l11 ~eu kvci <Inti at their 

high~st to about liiO m aoo\c mcan sea level (\1arlin, 19-';9). L~3dlil1g 01 ~url~ce 

curbonates along th~ northcm shorc dunc ridges has lell slirElce scdimenl~ shglltly 

u~Hli~, bllt the ridges to the south huve a cominU0us mallllc 0(' pale ~alcareoliS sand 

with a pH 0r aWlll1d 8.0 (Manll1, 1968), ['he lilmes are veg~mwd \vith dune hcath 

comprised of eri~oid and schlewph:ll()LL~ s~mb~ whi<:h MC gl1Mkd and stunted b, 

wllld action (Mmtin, 1960'). Thc hcath ,cgetaLi0n remains the dima~ flora on siks 

which are climatically and edaphical!y less suited f0r tree gwwth, h0wc\'cr wOI~llal1d 

taxa are presel1t m ce11<1in ar~<ls differing in sp~cics compositi0n relatcd to their 
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pmitiUll ~IOllg the lake's shore; for example the southcm ~hm~ i~ charaderi~~d bj 

SidrrO).y!oll illume (White Milk\\o0dl whcrca~ th..: norlhcm shor~ l ~ ~ha!1ld~ris~d bj 

Ajrocarpus falemus' (Sickle-leaved Yellmvwllod) illld Crllis rlmmlli!olia (Martin, 

1960'). 

'" 

"i 
-' ,;,-
l 
~M , 

~ '''-
i m 

noo",,, .. , ",,"'" 

I 
! , 

Flgw'p 10 Nm'lh 10 SOli/it ems> Sec/ioll {I,rough the lIe,,/illllite 11dg'_' dm"-It til (;",,,,"\'I,i, imli!.min;: 

lake "nlley>. dmw wrr/u", a"" co,,,{al pial/oem (C"un"-,), ofF Yanl r::, lanli) 

DUlle DCI'Civpmcnt 

Th<: d~, elupmcl1t of the Wi I d~mes-> d"nc cordons is rclated to wind acti UI1 (H cll,lri';m, 

1996) alld chill1g~s ill Stil levd (Maltin. 1962) ovcr 1\\0 glacial-lTllcrglacial cy"les 

(13memall cl ai., ~()04)_ The ~erics of dUl1e~ ar~ comple.\ in origin (Martin, j 962) with 

each cnrdun fOnlling al ditrcr~l1t ilge" ilnd se~ levels (Il1enberger, 19%). [ach neW 

line started fltl1hcr wc,1 Ihal the p!e~~dil1g un~. th~ ~a'tcrly trcnd observcd is due (0 

(he prevalcllt S0ltlhwCSlctly gaks (l\brtin, lW;2). Thc initial pulse in dune building 

was probably ill j,)[m 0 r transgr~'Ssivc dltl1~ lick!s, with Ihe pr~\'ailing \\ esterl y winds 

~rcali 11 g the presently u hscf\ ed parabolic d ltnC, (Illcnhcrgcr. I ,)9!i)_ A c0n~1 allt .>upplj 

of ~..:limenls was pf()vid~d by th~se dominant winds and the \\C,t to ea~l 10ng,l10rc 

drift, allowing for (hc norlhca,terl y dUllC ml ~'I'atioll (Hd Istrom. J 'X(6). 

al.,200-t)_ 
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rhe carbonate-rich sedilJl<-'TllS aTe d~ri\·~d from the coastal plain during periods or 

changing Sea level (Batem~1l1 cr ai., 20(l4)_ Hmzer and Helgrcn (1972) Slale thal th~s~ 

cqrdons could onl} ba\'e forlll~u during periqcls qfhigh sea level, during the eaTbest 

stages or a dCl'c1oplTlg r~gres.'ion or during the later stages of a rene\\cd transgression, 

sentiments which "ere lirst ~'press~'<i b} IIlartin (1962) in a priO!" SllIcly. Th~ 

thickness of th~ aeolJanit~ d~posits has b~"en interpreted by Bateman ['I a/. (2004) as 

indicati\!; of high pala~o"ave ""~rgy levels along the south coast. The combination 

of easterly littoml drill, which caus~d the eastward propagation of the dunes and the 

r~"Ceding Sea allowed ror ~ach Tl~W IJl1 ~ of dunes to stmt from a IX'int fUl'lher to the 

,lest than the preceding ml~ (Birch CI al .. 1':178). 

The cordons are the result of their proximity to the beach and a plentiful supply of 

sand (B1ll7er and Hdh'n.;Tl, 1972), having IlLllc(ioned l]}('re or less narurally for the last 

4()(X1 10 6000 years (HellsiTiim, I <)<)6). L~lrge s~ak nHlvements of dunes south of 

Grocm lei have occlIITed during the Holqeen~ (Milltin, 19(8). with cave profiles from 

Nelson's Bay Ca\'e ami Easl Guanogat on the Rqbberg Peninsula (Plcttenberg Bay) 

documentiTlg major aClivit) aTOllTld 6(l()(l BI' and partial stabilisation shortly before 

4200 BP (BlItzer aTld Hdgr~n. 1972). lllenberger (1996) agrees that cordon growth 

restarted about 7(X10 BP when sea Inds r~tumeJ to nell[ present le,"(ls in the 

Holocene and that this plmse starteu wilh a large extensi\' ~ sediment pulse which is in 

ac~ordance with the ca\C pro Iiles_ A~ohan cqnlrihutiOTls to the dun~'S may have 

decreased due the dunes becorl1mg vegelated (Bir~h cr al .. 1978). 

I loman Inf!ue/U;e 

Dunes are still ~Idive presently, albeit constrained due [0 hurnaTl activjti~s 

(Ill~TlbL..-ger. 1996). Iluman interf~'fence occurred during the mid ISOOs with th~ 

introduclion of an AlI,tnllian Acacia species to prevent the movement or mobile 

<:oastal sands, by 1921 dune slabilisation he~allle general policy under the perception 

that the mobile transverse dunes in the GoukalJul1a l\allITe Resen·~ w<luld eventually 

block the Goubmma River mouth and cover the lorest and fynbos v~get~lti<ln 

(Hellstrom, 1<)90). Acacia cyclops and Ammopliila arcnari(J werc introduccd as part 
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of the dune reclamation programl11~ transforming the mobile dune fields into a stahle 

vegetale!l <:oastal plat/om1 (Hdbtrom. 1'1(6). 

'4' .J. ..J 

l 
\~ 

Vegetation: 

, 
\ , , -

~,,"" ...... c;.,_",~stn_ 

"",,ort, • ' ''''' s.,.",.,.",,, 
.. f' ..... ,. 
.. Tr_iIl & !.coOn""", .. _" ",,,",,, :.,,( "'~-.b; 

L-----~C------~== 

The interplay or climat~. IOPOh'l<.phy and soil patterns ha, resulted in a complex 

vegetation matrix (R aal ami R lIrns. 1 ()I)6) (Figllre 1 I). Allanson and \Vhitfi el d ( 1 <)g_" 

p. 23) consider thc Wildcme~~ sy~km to be made up of three major vegetation 

components, these heing "a'-juallc plants ofth~ lakes and channels. semi-ayuatic 110ra 

of tll~ low lying areas adjacelll to [he lakes and channds and lkgraded cnastal 

Fynbos". Raal and Burns (19%) state that th~ ("ap~ Flora is wcll represented with 

many ditTcrenl Fynbo~ comnmnitks identified. they conclude lhat the mosl illlponant 

\'Cgetati(ln along the ~outhern ("ap~ <:oast is the mosaic of xeric transitional Ihi<:h1 

and limestone Fynbos. ArromoIllane r(lrcst and m~sic mountain Fynbns. 

43 

Univ
ers

ity
 of

 C
ap

e T
ow

n



F(J~('SI.\· 

-~ 
, , , lOc~ , 

Figw '~ 12_ Shad"d "re", i"di('il'~ rh~ {'x'~nI oj th~ A';-omontan(' ""g.·taliof! if! Sowh A(rim 1,\lodijic-<1 

TIle forcst is the most extensivc of its kind in South Africa, nlthough pr~s~mly 

li-af,'T11enled the loreSls used to hc lJlorc extensi,,? spatially (\-1arlin. 1965), this declinc 

may he parlly due 10 the l"Omhinalion 01' Bcrg Wiud rclatcd fir~ and topography 

(f)un~an, 20(0). The Atromoniane vegClalipn is all assorlmel1l of dr: and wcr forest 

types. gnL~slal1(l and small- leaved erimid and schlemph: l1ous plaut clemculs (II1anin, 

1969) (/l.-Jt,adows al1d Raxter, 190}9)_ Temperate rain loresls are located in a narrow 

mne 011 the ooa~lal plain mId on the scaward slopcs oflhc Outeniqua and Lnngekloof 

mounlains (Marlin. l<)6g) (Figure 12). TI,e forc,ts generally "'l\C an a ltitudinal limit 

of aholll gOO 1\1 and restricted in thrce dircdions hy the sharp climatic gradient 

towards aridity; they arc alsp topographic'ally hounded in the "cst by the (JOllr111 

River valley and to the east by the Garntoos Ri\er \alky (Marlin , 1965). Thereforc, 

areas oflngh I"re,t c'!l\crage OC~lU' on the southea.~tern facing slopcs and nnines, on 

sandstone~ 0 I' the mountains nnd coastal uplands (\·1cnd,m s and Baxter, 1499). on th", 

peneplains and in rakhes aloug the shore (Martin. I96S). At sca lc\d the forest gh'cs 

way to SL'Tuh (Martin, 1961;). The forcst ekment docs appcar to be the climax 

community: and may he lhc rcason behind the low local endemism of the Cape hcath 

specIes (M"rlin, 19(8). This tr~nd is particularly tnL'" f()r peri()(ls of dimali ~ shills 

lowards welter c',,"diti,,"s and redu~",1 saud mpbilit)' where plal\l pm~,'ression [wm 

herbaccous domiumcd euvil'Onments to woodland taxa is prevalent (Duncan. 201)6). 
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3.4.4 Fauna: 

The Wildel11ess Lakes wetland system is an impOliant region for avian habitat, for 

both resident and migrant species (Allanson and Whitfield, 1983). The site is a 

significant area for Palearctic migrant waders, southel11 African waterfowls 

undergoing moult migration, large populations of herbivorous and piscivorous birds 

and a refuge and food supply for seabirds during unfavourable weather conditions 

(Allanson and Whitfield, 1983). 

3.5 Groenvlei: 

3.5.1 Geomorphic Evolution: 

Groenvlei's origins are founded in the Early Pleistocene during a lower sea level, 

allowing for the calcification of the aeolinitic ridges north and south of Groenvlei 

(Mmiin, 1959), followed by a rise in sea level drowning the depression between the 

two aeolinite ridges, which lie parallel to the coast (Martin, 1960b
). Martin (1960b

) 

outlines four developmental stages of the Holocene epoch relating to the Holocene 

marine transgression prior to this Groenvlei was a freshwater system. The first stage 

occurred approximately 6900 yrs BP and lasted until 4000 yrs BP, and it typified by 

the peak of the transgression (Martin, 1960b
). The "marine" stage was followed by the 

"lagoonal" stage from 4000 yrs BP to 2200 yrs BP based on a decline in marine 

influence, from 2200 yrs BP Grocnvlei was once again transfonned to a freshwater 

system, with peat fonnation in the last 900 yrs (Martin, 1960\ The climatic 

conditions associated with these stages are suggested to be, for both the marine and 

lagoonal stages, either drier and hotter or wetter with increased sand mobility; neither 

of which are favourable to forest spread, this was followed by more effective moisture 

allowing for an increase in the forest element with the onset of drier conditions about 

900 yrs ago (Martin, 1960b
). COl11ish-Bowden (2005) also suggests a series of 

changing environments which appear to coincide with the stages Martin (1960b
) 

proposes, the onset of which may have resulted in the development of a depositional 

environment within the lake by means of wind-blown sand from the surrounding 

dunes and influx of in-washed sediments from the surrounding environment (Col11ish­

Bowden, 2005). 
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Marine Intrusions 

Evidence relating to marine tidal influence throughout the Holocene can be found at 

Groenvlei, the filled in basin includes marine sediments (Martin, 1962), occurring on 

top of peats which suggests that the sea entered Groenvlei periodically (Birch et at., 

1978). Martin (1959) proposed that Groenvlei's link to the sea lay through Swartvlei, 

an estuary situated directly to the west of Groenvlei (Figure 9). The connection takes 

the fonn of a channel which was first cut during the second marine recession of the 

current interglacial period (Martin, 1962). The channel is cut below the level of the 7 

m terrace and into the 2.5 m terrace and is currently overlain by a recent dune of 

unleached, calcareous sand (Martin, 1959). The sea level highstands in the final stages 

of the Holocene Transgression increased tidal action and enhanced sediment int1ux 

into Swartvlei, as a more direct link to the ocean must have been prevalent during 

these periods (Birch et aI., 1978). Birch et al. (1978) states that a 5 m rise in sea level 

would undercut the seaward dune ridge and engulf Groenvlei and Langvlei, possibly 

transfonning the dune into an elongate island making both lakes relatively open 

marine embayments. However, Martin (1956) maintains that there is no implication 

that the sea was above its present level when it entered Groenvlei. As the sea receded 

the marine influence on the lake decreased with the lowering of sea levels as well as 

with the migration of the mouth of Swartvlei eastwards creating a more tenuous link 

with the sea (Birch et ai., 1978). It was during these times that an initial increase in 

sand mobility started filling in the channel, causing a limited amount of water 

interchange between the two lakes (Illenberger, 1996). 

3.5.2 Contemporary Groenvlei: 

Groenvlei is a shallow, coastal lake with a surface area of approximately 248 hectares, 

which is relatively large considering its catchment area of about 956 hectares (Martin, 

1956). Its catchment area consists entirely of coastal sand dunes, stabilised heath and 

woodland taxa (Martin, 1960b
). Groenvlei is only 2.2 m above mean sea level and has 

a maximum depth of 5.6 m; yet its depth rarely exceeds 3.7 m (Martin, 1956) (Figure 

13). The lake floor rapidly increases to a depth of 2.5 m, progressing slowly to a 

maximum depth then gently shelving up to 2.5 m before rapidly reaching the lake 

margin on the southern shore (Martin, 1960a
). 
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Groenvlci is isolated from Swartvlei in thc west by drift sand and alluvium (Martin, 

1960<1). A fen has developed on the eastern shore, scparated from the greater majority 

of the lake by a hummock, giving the fen a fairly separate drainage basin (Martin, 

1960b
). The northern shore is bordered along its entire length by a 180 m broad sand 

platfonn of whitish to grey sand, on which peat bearing fen vegetation occurs (Mmiin, 

1960<1). The southern shore has a narrow reed shelf resting on sand dune (Martin, 

1960<1). Soils are generally waterlogged being organic and alkaline to neutral in nature 

(Martin, 1960b
). Near the margin, the bottom sediments is mainly sandy but with 

increasing depth bottom sediment is variable consisting of a pale buff-coloured marl 

with diatom frustules constituting a large portion of surface lake mud (Martin, 1960a
) 

(Figure 13). The sand which makes up the bottom sediments are continuous with that 

of the dunes, both the lake and the fen have been subjected to intrusions of sand in the 

past but little evidence in the present suggests that this is still occurring (Mmiin, 

1960a
). 

Water QlIali(v 

The lake is fed by rainfall, seepage, springflow, runoff and b'Toundwater and is 

without outlet; hence water level is dependent on the inflow and evaporation rates 

(Martin, 1956 and 1960a
+

b
). Water level is highest during the winter season, where 

levels can increase by more than 0.7 m (Martin, 1956). The summer water table is 

close to or confonning to ground level (Martin, 1956). 

All lakes in the Wilderness embayment are slightly saline, which is related to their 

historical development and a low precipitation to evaporation ratio (Martin, 1962). 

Groenvlei does have a salinity gradient with its western end tending to be more saline 

than the eastern end and is generally eutrophic (Martin, 1959). Lake water is 

calcareous in nature as a response to the leaching of the slmounding calcareous dunes 

(Martin, 1960b
). Water contains very little organic matter in suspension or in colloidal 

solution (Martin, 1960<1), although lake water is rich in solutes, the main ions present 

are chloride, sodium, bicarbonate, sulphate and magnesium (Martin, 1960b
). The 

relatively high proportion of chloride ions is not derived from the freshwater streams 

which enter Groenvlei at the foot of the dunes along the northern shore, as these 

streams are poorer in solutes than the lake (Martin, 1960\ It has been hypothesised 
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that the high chloride content of thc watcr is attributable to one of several sources; 

these theories include the possibility of the concentration of salts by evaporation or 

possibly salt accumulation derived from sca spray (Mmiin, 1960h
). These are all 

viable options and none can be discounted. A highly stable buffering system 

maintains the pH within the alkaline range of 8 to 9, it is presumed to be a calcium 

and magnesium carbonate to bicarbonate system (Martin, 1960h
). Magnesium 

replaces calcium as the chief basic ion due to the high precipitation of calcium 

carbonate by the algal photosynthetic community (Martin, 1960h
). Water depth is not 

so f,Jfeat to allow for complete mixing of the water column; however during wann, 

still weather temporary thennal stratification occurs (Martin, 1960a
). The water is 

generally well oxygenated, even though Charc/ beds only grow down to a depth of 

four metres possibly indicating a minor oxygen-deficiency (Mmiin, 1960a
) 

Vegetation 

The plant community sunounding Groenvlei is fen (Martin, 1956), with nanow 

sections of swamp and saltmarsh along the southem and westem shores (Martin, 

1968), the eastem shore is covered by grass meadow on peat due to grazing (Martin, 

1956). Martin (1960h
) states that primary succcssion is generally from sedge fen to 

fen scrub or can. However with the increasing utilisation of the area by humans 

related to grazing and ground trampling, secondary succession leads from fen can 

toward meadow fen and salt marsh-like communities (Martin, 1960h
). The lake's 

proximity to the sea affords for wind pruning of the vegetation by the prevailing 

southerly wind off the Indian Ocean (Martin, 1968). Vegetation is also prone to 

desiccation during summer months (Martin, 1960h
). 

The vegetation of the lake and its margin is relatively species-poor, having only two 

major growth fonns, those being the elodeiod and the reedswamp types (Martin, 

1960a
). The reedswamps occur along the outer most edge of a sandy platfonn and 

consists of Typha capensis (Martin, 1960'l Peat deposits and marginal flora are well 

developed amid local abundance of Phmgmites and Cham species in varying 

densities covering the greater part of the lake floor (Mmiin, 1960a
). Bottom-living and 

:? Chura is a common alga found in lakes with growth is directly proportional to nutrient and oxygen 

availability (State of Michigan, Department of Environmental Quality Water Bureau. 2005) 
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epiphytic diatom species are common, sharing the bottom mud sediments of the lake 

with blue-green algae (Mmiin, 1960a
). 

Lacustrine Fauna 

Prior to the introduction of the exotics, Lepomis macrocllirus (Blue Gill Sunfish) and 

Hum sa 1171 o ides (American Black Bass) primarily for angling (Martin, 1960a
), the 

dominant fish species were Gilchristella aestllarius and Hepsetia bre1'iceps (Allanson 

and Whitfield, 1983). All marine and estuarine fish species disappeared when 

Groenvlei lost its link to the sea (Allanson and Whitfield, 1983). Invertebrates include 

the mollusc, BllrJ1Upia capensis and the isopod, Pselldosphaeroma barnardii (Martin, 

1960'l Mole rats and moles occur along the eastern shore in sandy soils (Martin, 

1960'} 

3.6 The Human Factor: 

Human activity has clearly affected the region (Meadows and Baxter, 1999). The 

present degraded state of the vegetation along the south coast of South Africa in 

general is directly related to human occupation of the region (Allanson and Whitfield, 

1983). Colonial settler influence in the area began late in the 18th century, evidenced 

through increased charcoal remains in the sedimentary record relating to the 

exploitation of the forest, as well as the introduction of exotics such as pine in the late 

19th century (Duncan, 2006). The first cattle fanners appeared some time between 

1730 and 1750 AD in the Knsyna and Tzitzikamma forests with the first pennanent 

settlement occuning near Plettenberg Bay in the late 1780s AD (Butzer and Helgren, 

1972). 

3.6.1 Groenvlei Catchment 

Human disturbance is directly linked to the resources within the floodplain and its 

adjacent area and remains a major detennining ecological element (Allanson and 

Whitfield, 1983). The increased pressure for development along the coast of South 

Africa for tourism and recreational pursuits are on the rise (Raal and Bums, 1996), the 

effects of which are already observed in the area. 
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3.7 COI1c!US;OIlS: 

As outlined above the Wildemess regIOn has experienced striking environmental 

fluctuations during the Holocene and continues to be affected during the present day 

by human activity. It is expected to follow then, that these changes will be expressed 

in the lacustrine deposits which can be indirectly utilised to measure the magnitude of 

the afore mentioned environmental changes. Therefore, to establish the development 

of Groenvlei various methods are employed to ascertain the extent of these changes 

on the local surroundings. 
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Chapter 4. Methodology: 

The aims of this project are to reconstruct the floristic composition of the lake diatom 

communities through the Late Holocene and hence indirectly establish the lake water 

quality and the palaeoenvironment during the Holocene; this includes the pH, 

alkalinity, the nutrient status, life form and the salinity of the lakes within Groenv1ei 

as pm1 of the Wilderness Lake system. To achieve these aims suitable methods were 

unde11aken to ascertain the changing nature of the lakes. 

4.1 Sediment Sampling: 

Sediment cores were extracted from several sites within the Wilderness Lakes system 

with the use of a vibracorer in the late summer of 2005. The vibracorer is the most 

effective \vay to extract deep, continuous sediment sequences for investigation. 

Modifications on the vibracorer by Smith (1984, as cited in Baxter, 1996) and Baxter 

(1996) on the initial design by Lanesky ct al. (1979, as cited in Baxter, 1996) allowed 

for the greater accessibility to a variety of depositional terrains, including fluvial, 

lacustrine and in estuarine environments (Baxter, 1996). The only requirement for its 

effective use is that the sediments are unconsolidated and water saturated (Baxter, 

1996). The vibracorer works on the basis of continuous source, high frequency 

vibrations which creates a low amplitude standard wave throughout the core (Baxter, 

1996). A portable generator supplies power to the vibracorer, for this study the 

University of Cape Town's vibracorer was powered by a 144cm3
, 3.7kW Yanmar GE 

50 motor (Baxter, 1996). The core tubing used in this study was standard thin-walled 

aluminium 'irrigation' tubing, which is available in 6 m lengths, with a diameter of 

7.8cm (Baxter, 1996). 
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r,ltun' /4 1"" "lh"'''''111'/: "'''''$' n! h/w.""um "1-.. p; b! pu;h;nf: <ore Jown illie 1M "V/n",m <i 

M',",'nr_i"iI "" .... "'" ~'IIW" ,rlf><>d fllill <II .. wI"".~ ",,,11,,1><-11;,,[: tOTt"T 

The "ihr .. ~w~'f t:.t:i lilUled the C'l.lr->CI lon of four cores from !luCt." of Ihe \\" ild"rn""s 

I ..:J~ I!S: namd» I\\V [WIl' (;n,.:m"!d /lad ox each from Rondc .. 1c, aad IW l.all£, I" . 

''''''1le1C:lI' cI:-. wnh 1l1l 1l11l' .ol d'S1 um,IIIC': t" the s.:.hrnCflt (J' igurc l .Ja j<> l.tel lln-ing lind 

;\ I ... ~do"$. 1997). F"II,,"ing lhe rel n C,",ll of each oorc. Ihey \\"~"n: S('alcd. lal:>.::ll<'1l 

tiKI . (jK~. ["(\'1 and Rt V (Figun: 14d), rcspccll\"d v and transportoo hack 10 tit" 

boorl!<lry. \I hen: !Ip<'" lhe :,lumil1l WlI tubll1g of c~ch oon: "as spht lcnf!.lh",~ h\r 

~r~li grA I'hh::al descri ption baS<:<! on (o;l>.lure. eolour and ",-gank cOl1knt. 'I he ~pl i ltil1l: 

01 til., ~h l nllillum C<>r(.o.s W:!~ performed in dUk 1'0I'1ll conditipns ,,) (ha l .and s.'l111pk' 

c<) ul d h ~ ~~lr~ch.1 1 ti,,· "I'hc~ll ~ st'filL,L,bJ lumincsccnce (OSL) dal1llg. Other >lL1labl ~ 

sampi ~s w~r,' subnlltt~d to lh ~ Ra,lioc arholl [)aling I.ab of I b c C'S IR In I'rc(or i a. 
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4.1.1 Dating Methods 

Two methods of sediment age determination were utilised in this study, namely 

radiocarbon dating and optically stimulated luminescence (OSL) dating. The OSL 

dating method detennines when last material was exposed to daylight. It is based on 

the assumption that materials contain naturally occuning radionuclides and are 

subject to increasing levels of radiation build up over time (Walker, 200S). The 

resulting radiation remains as stmcturally unstable electron traps within the mineral 

grains, the electrons are then released by shining a beam of light onto the material, the 

measure of which provides an indication of the time that has elapsed since the last 

exposure to daylight (Walker, 200S). Optical dating offers a direct measure of the last 

time the sediment was exposed to daylight and can provide ages up to ~800 ka (J ain et 

al., 2004; Lepper, 2007). In contrast to OSL dating, radiocarbon dates can be obtained 

on a range of biogenic material (Walker, 200S). The radiocarbon method is based on 

the rate of decay of the radioactive or unstable carbon isotope 14 (14C) in organic 

material (Walker, 200S). The rate of radioactive decay of the unstable isotope is 

constant; therefore by measuring the amount of 14C remaining in a sample of fossil 

material and comparing to modem 14C material an age can be detennined (Walker, 

200S). The half-life of the radioactive isotope is ~S730 years, gIV1I1g an upper 

dateable age limit of approximately 4S 000 years (Walker, 200S). 

4.1.2 The Groenvlei Cores 

Table 1: Summan' olthe a/located lv/unsell notation alld their dcscriptil'c colollr to depositional zoncs 

Depth Munsell Notation Colour 
0-200 7.SYR2.S/l Black 

200 - 330 10YRS/2 Grayishlbrown 
330 - 830 SY6/1 Gray 
830 - 92S SY7/2 Light Gray 

92S - 10S0 SYS/2 Olive/Gray 

The core's stratigraphy was described based on the colour of the sediments using the 

Munsell Colour Notation (Table 1), the texture and the presence of organics (Irving 

and Meadows, 1997). The Troels-Smith scheme for stratigraphic notation as described 

by Birks and Birks (1980) was used to indicate changes in lithology within the first 

metre of the core (Figure IS). The organic content of the GK2 core is relatively low, 

most of which occurs most prominently in the surface section, which is a 
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r~p re,entative of more recent accumulatIOn (Charter el a!. 10(5). Other than thcse 

principal surface organics, other seJllllcnl or prc8umc'tl orgalllc nature occ"ur 

J iscontinllousl y throughout (Charler er a/. 1005); lllle "f thc8e sedllllls ,,~~urs neilr th~ 

base of GKl at a Jepth of 4_27 m anJ correspollds to all agc of g 173 ka (K]fl;ten, 

10(5)- J\pal'l Ii-om thcse sC~tiOllS thc ~ores are pTedo111inantiy made up "f sand "f 

varying ,hades of grey which range li-0111 C"oaT>C to line grained salld, (Cormsh­

Bowden. 20(5)-

~ ..... ""~. . . " ,," I ' , 
. . " I 

0' --.- • • • • ~ 8 ;;: ~ 

U' ""E' 'D"'· r······ ,. '" ", " " ,,' , .. 
,', -~ , " -'--' --:- ' -

Figure 15_ Al1IlOlaled diagram inJJ(wilrg Litholo!;y using Tro,.{,\'_.I"muh /J"x~rJrtion "nd "dated 

Mumdl C"lour Notation /rIC the tor m,',," of tlu' UK} core 

4.1.3 Core Site (34°_ 0 I : 5,15" S; 22° 50' 069"" F) 

UPOIl illspectioll it WilS ,hown that diatmns ,)ccur thl'OughoUlmuch of the GKl core. 

illlhlll.Lgh thdr stratigraphic distribllti,)n is disc,)ntinuous, Much ,)fthe lower lrorti,)ns 

of the GK1 cor~ exhibited lrost depositional mixing 01' diseontimwus sedimcntation, 

therefNe th~ upper metre of the 4,8 m e,)re was sampled as it slwwCli evidence of 

continUl'US ,~dilllent,ltion, The core site is located on the south \I, estern slwrc of 

Grnell\ki, It i, ilhput ~O 111 ji-pm the L~k~ Pleilsilnt 1l,)liday Re,ort rcreption area allli 

~pprnxim~tely 20 m IinTI the 'later's edge (Chal1er el a1. 2(05). The core \vas taken 

from wilhin a Phragmilc" stanJ aholll 15 m ji-om the gra", bank ill the edge "r 

Croellvlei (Charter el ,,!. 2(05), 

TIle ~OI'e tuhe penelnlled ljuilC eilsi ly tp a J~lIth of 5.45 m. with a sample kllgth "~f 4,8 

m: indicating a compaction lactor of 0_65 m Or ~120/0 (Chartcr ('f ai, 200~), The 

re,llrts influence is n,)ted through the e:.;:;stenee of exotic vcgdatioll lhat surrounds the 
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Phragl71itcs stand (Charter ct al. 2005). This vegetation takes the f011n of palm trees 

and kikuyu grass (Chmier et al. 2005). 

4.2 Diatom Analysis: 

The larger the stratigraphic sample thickness the more time will be averaged in the 

prepared sample material and the more difficult it will be to relate the fossil 

assemblages to modem diatom communities and populations (Bradbury, 1999) 

therefore, a sub-sample with the thickness of 5mm was extracted from the core at 20 -

30 mm intervals; however the sampling was ultimately dependent on changes in 

lithology and sedimentation rates. This generated approximately 30 to 35 samples 

from the GK2 core, giving a detailed temporal scale of environmental change at 

periods through the Holocene. The extraneous materials required removal so as to 

concentrate the diatom sample; this included salts, organic matter and minerogenic 

matter. The main objective in chemically treating the samples extracted from the 

individual cores was to obtain satisfactory microscope slides for analysis. For this to 

succeed celiain steps were undertaken for the effective extraction of the fossils, these 

steps are outlined below (as adapted from Battarbee, 1986) and displayed in Figure 

16: 

1) The sediments were initially treated with hot 10% HCl to remove all 

carbonates from the sample. This was achieved by placing a small quantity of 

sediment into a beaker, covering it with 10% HCl and heating gently for 15 

minutes while swirling the contents. This was repeated until all carbonates 

were dissolved. 

2) Following this, the residue was diluted with distilled water and allowed to 

settle overnight, with excess supernatant liquid removed through pipetting the 

following morning. 

3) The sample was then washed in 20ml of 30% H20 2 and heated gently in a 

water bath until all organic matter was removed, this was repeated several 

times to ensure complete removal of organic matter. 
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4) To remove coarse organic matter, e.g. roots; the residue was sieved through a 

0.5mm screen. 

5) The resultant residue was centrifuged and washed with distilled water at least 

three times. 

6) Coarse mineral matter was removed by sieving through a mesh size not less 

than 0.5mm with deionised water. 

7) The subsequent sample may have contained clays and finer mineral matter, by 

swilling the residue in a beaker, clays were removed by allowing the diatoms 

to sediment before decanting and discarding the suspended clay. 

8) Following these steps, a final wash with deionised water was perfonned. 

9) The prepared sample was checked by prepanng wet mounts to ensure an 

adequate removal of diluent material and a proper separation of frustules into 

single valves. 

10) Following these steps, 3 drops of the diatom solution was pipetted onto a clean 

cover slip (Battarbee, 1986) and diluted with a few drops of deionised water 

(Barnett, 1997); the solution was then been allowed to settle (Battarbee, 1986). 

11) The water in the solution was left to evaporate on a hot plate at a low 

temperature (~40°C). 

12) Lastly, after all the water had evaporated, the coverslip was mounted onto the 

microscope slide using a "resin of high refractive index" (Battarbee, 1986, p. 

531) for this purpose Pleurax (R.!. = 1.73) was utilised. 
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Figurc 16: SUIl1I11(//)' of lahoratory preparation of lake sediments for diatoll1 analysis (Source: 

Battarbee, 1986, p. 531) 

4.3 COllnting alld Identification: 

After mounting the slide, diatoms were counted under a light mIcroscope at a 

magnification of up to X1250 (Lowe and Walker, 1984). To improve precision and 

significance a count of approximately 500 diatom valves was undertaken, however 

500 counts per slide was not always possible, hence a lower limit of 300 individuals 

had to be present on the slide before it was decided upon for the sample to be included 

in the analysis. Fragments were also included in the count; but to avoid double 
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counting, only fragments that include the valve centre or a single characteristic feature 

of the valve were included. A larger count is necessary due to ecologically important 

taxa being obscured by mass occurrences of more common taxa (Battarbee, 1986). 

Identification of diatom species was based on type collections, keys and photographs 

in diatom manuals and catalogues, for example Bate et al., (2004); Schoeman and 

Archibald (1997); Kelly et al., (2005) and Taylor et aI., (2007) (Lowe and Walker, 

1984). Once identified the diatom assemblage was analysed and displayed using the 

TILIA programme (Grimm, 1997, as cited by Szkomik et al., 2006). 

4.4 Statistical Analyses: 

The Jaccard Index compares the species diversity between two different samples or 

communities, and is defined as follows: 

Jaccard Index = (j / r) * 100. 

and is " ... calculated by dividing the number of species found in both of two samples 

(j) by the number found in only one sample or the other (r) and then multiplying by 

100," 3. The Jaccard Index gives a percentage of faunal similarity, but is sensitive to 

differences in sample size. Two other statistical techniques were utilised to identify 

group classifications within the fossil diatom assemblage namely Cluster Analysis and 

Principal Component Analysis (PCA) using the program Statistica 7.0. Cluster 

analysis using Ward's Algorithm identifies relationships between the diatom species 

and defines them into specific groups. Principal Component Analysis aids in 

establishing relationships between environmental parameters as well as identifying 

the most influential environmental factor. 

4.4.1 Weighted Averages 

The weighted average method assigns each species an optimum and a tolerance for 

the given environmental variable hence the weighted average optima and tolerances 

can be used to detennine the desired variable for the study site with weighted average 

calibration (Reavie et al., 2004). Weighted Averaging (WA) reconstructions take 

averages twice, once in the regression and once in the calibration, this can result in a 

3 Meyer. 1998. http://www.cals.ncsu.edu/course/ent591k/gcextend.html#diversitv 
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reduction in the range of infelTed values, therefore the application of linear 

deshrinking is required as a correction (Birks ct al., 1990). This is achieved through 

the use of a linear ret,'Tession model which regresses the initial infelTed values of the 

training set on the observed values; this is tenned a classical regression (Birks ct al., 

1990). The classical regression has a tendency to take infelTed values further away 

from the mean, whereas an inverse ret,'Tession minimizes the root mean squared elTor 

(RMSE) in the training set (Birks et ai., 1990). The RMSE gives a measure of the 

'apparent' enor (Roberts and McMinn, 1998); hence the value of the RMSE evaluates 

how well a model can be expected to function as a predictive tool (Birks et al., 1990). 

The Jackknife can be used to derive elTors of prediction, where the jackknifed RMSE 

gives an indication of the "true predictive ability of a transfer function [and can 

provide a] realistic predictive cOlTelation and elTor estimate between observed and 

diatom-infened" (Roberts and McMinn, 1998, p. 104) parameters. In this study, 

Conductivity and pH were reconstructed using the EDDI (European Diatom Database 

Initiative) Combined Salinity training set in the reconstruction software called ERNIE 

available from the Newcastle University website (Juggins, 2001). The ERNIE 

program allows diatom-based transfer functions stored in the European diatom 

database to be applied to core or fossil samples. The dataset is an amalgamation of 

those established for Spain, North and East Africa and the Caspian region and consists 

of652 species from 387 lakes. All that is required is to align the diatom species of the 

core to that of the training set, "this means that the taxon codes used in the core and 

training set must match in tenns of the codes themselves and in the taxonomic 

concepts applied to the codes" (J uggins, 2001, p. 14). A weighted averaging 

reconstruction with inverse deshrinking was chosen for the analysis and was 

evaluated using jackknifing to detennine diatom species relationships to pH and 

Conductivity. 

4.5 Conclusions: 

The analysis of the various methods incorporated and outlined above will provide a 

framework on which changes in natural processes can be measured. The interpretation 

of these methods will aid in the understanding of any variations in the diatom 

community observed over time and lead to inferences on environmental changes. 
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Chapter 5. Results 

5.1 Chronology: 

Two dating methods were utilised to create a chronology for the Grocnvlei cores, 

namely radiocarbon dating and optical luminescence dating. The radiocarbon dates 

were detennined by the Quaternary Dating Research Unit (QUADRU) at the CSIR in 

Pretoria and were calibrated using the program CaLib Version 5.0 (Stuiver and 

Reimer, 1993) with the calibration dataset SHCa104 for Southern Hemisphere 

terrestrial samples (McConnac ct al., 2004). Probabilities are ranked to a 95.4% 

confidence intervaL i.e. 2cr (sigma) with the relative area under the probability curve 

calculated and nonnalized to one (Stuiver ct al., 2005). The number of calibrated 

ranges is related to the relative area covered by the probability curve and in cases 

where more than one range is reported Stuiver ct al. (2005) suggests that the extremes 

of the ranges can be given. Hence, in Table 2 below, the extremes of the lower and 

upper calibrated range is reported when more than one range is produced as well as 

the median probability over all ranges. 

Table 2: The radiocarbon dates (~l both cores calibmted to the SHCal04 Cllll'e indic([ting the upper 

and 100\'er calibration range in units, BP with their median probabilitl' and corresponding depths 

Lab Code Sample Code 
Depth Radiocarbon No. of lower cal upper cal median 
(mm) age, yrs BP ranges range BP range BP probability 

9491 Pta- GK1.31-36 340 580 ± 40 2 504 631 

9481 Pta - GKl.158-163 1600 7410±70 1 8016 8337 

9497 Pta- GKl.400-405 4020 7630 ± 130 4 8049 8631 

9487 Pta - GK2.425-430 4270 7400 ± 20 2 8032 8286 

Several sand samples from the Groenvlei cores, GKI and GK2 were extracted for 

luminescence dating, which was carried out at the Centre for the Environment, Oxford 

University (Table 3). Prior to detennining the ages several corrections need to be 

made, one of which is for dose rate. The environmental dose rate is a measure of the 

radiation per unit of time since the zeroing of the luminescence clock, which is 

"calculated from an analysis of the radioactive elements within the sample and its 
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sunounclings" (Walker, 2005, p. 98). In this study Inductively Coupled Plasma Mass 

Spectrometry (lCP-MS) and X-Ray Fluorescence (XRF) for the elements uranium 

(U), thorium (Th) and potassium (K) detennined the dose rate. The ages and 

accompanying depths are summarised in the table below: 

Tah!e 3: OSL dates \t'ith their corresponding depths \\'ithin the Groel1\1ei cores 

GK 1 Sampled Dates GK 2 Samples Dates 
Depth (mm) Age (ka) and elTor Depth (mm) Age (ka) and error 

730 3.58 ± 0.58 440 4.13 ± 0.27 
840 7.39 ± 0.43 790 4.19±0.74 
1000 9.41 ± l.83 1280 8.11 ± 1.48 
1560 8.53 ± 1.68 2290 6.45 ± l.15 
3350 8.43 ± 0.51 3920 8.49 ± 0.59 
4280 31.22 ± 5.65 

The OSL ages coupled with the radiocarbon ages from both cores aid in deciphering 

the chronological sequence of events indicated by the sedimentary sequence. To 

estimate relative ages for sampled material, the OSL ages and calibrated radiocarbon 

ages from the sampled depths of 340 mm, 730 mm, 840 mm, 1000 mm and 1560 mm 

in GK 1 and 440 mm, 790 mm and 1280 mm from GK2 were graphed with the 

assumption that the top of the core (contemporary sediment surface) equates to 

present-day deposition and has an age of zero (Figure 17). For depths not dated by 

either method an age-depth model is incorporated to present a means of interpolation 

of ages and to estimate sedimentation rates. 

62 

Univ
ers

ity
 of

 C
ap

e T
ow

n



o 

, 
''''' 

, 

]OIH) 

I \ I)) 

12IH) 

1300 

, 

, 

, , , , , , , 
-, , , 

'- .... --, - , , - , ... "' .. . .. , , , , , 

'" 
-GK I D"k~ 

(oK It};)l~ 

- ChrunulullY 

Sample'S 

, , , , 

, , , 
, , , , , , 

fl~"'r" ~~.,-o.'l"k .lfi>oNI "~''''(HJI7II1n1: OS[ da/~J alld ",libn.l/.'.! roJ;,xwbo>tl ,}",rj "/I~ .,,"" 

lor bt>!iI UI'<)''fII''~; ((>r~. {J'(HJIt./Jt· 1m' OJ;. } ,"'II:. ;"'/IIJ;"IS "ISII: ~.";",al", of ./lHlI""" ~;"'I,"'" 

1<1",,,,,,,,,1» u.,~,,,,,,,,,,J .,ul .... "J UI'~ indi""nl hi· "Mud h",hnJ Ime rm 1M ug~ ,/t'/d maid 

A rool mal occurs 111 both ~"Ort'S. t'_\ IC11dlllg from Iht' surface to ~4U nUll 111 GK 1 :md 

200 mill ill G1\.2. Illc hase or " llIdl is ;:,.11l1l.:ltcd to oc :mlund 600 year. ,.1<1: thl~ 

would imply Ihal tht' nile of deposi tion of the .oost rccelll pliasc or depo~ni, .n for Ihe 
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(Duncan, 2006). The introduction of Pillus into the region is known from historical 

records having occurred during the early stages of the 20th century and provides an 

excellent chronological marker (Duncan, 2006). Lower down the cores, two probably 

short-lived episodes of very rapid sediment deposition occur at depths equating to 

approximately 4 ka and 8 ka (Figure 17). The most recent episode spans from ~ 830 

mm to ~ 330 mm in the GK 2 core and consists of light grey, coarse sand; the horizon 

of which merges with the root mat dated at around 600 BP. Sediments of the period 

connecting the sand bar with the formation of peat underwent post depositional 

erosion, therefore sediments and fossils are thus indistinguishable in age. It can be 

said that the transition from the ~ 4 ka episode and the root mat having experienced 

removal of sediment over the 3500 year gap left behind 130 mm of trace material in 

the GK2 core between the two sedimentary zones (Figure 17). The time between the 

two rapid deposition events from ~ 4 ka and ~ 8 ka also appears to have been 

associated with either a depositional hiatus or a continual removal of sediment 

possibly by wave action over the 4000 year gap, leaving behind approximately 200 

mm of trace material in the GK2 core (Figure 17). Mid-Holocene high sea levels may 

have contributed to the removal of sediment from the GK 2 area as the core site is 

near the proposed channel connecting Groenvlei to the sea via Swartvlei. Sea levels 

retumed to present levels around 4200 BP (Miller et al., 1995), just prior to the ~ 4 ka 

event; possibly allowing for 200 years of sequential deposition of sediment before its 

onset. A new depositional stage occurring between 925 and 830 mm is evident in the 

stratibTfaphy and may substantiate the 200 year deposition event as pinkish, grey sand 

with clear laminations are observed; this would suggest that the rate of deposition 

near the GK 2 site during this stage would be close to 0.5 mm.y(l. 

5.2 The Fossil Assemblages: 

5.2.1 Cluster Analysis 

Cluster Analysis incorporates a number of methods to develop .bTfOUp classifications in 

datasets. Its main objective is to assemble items into groups through the use of some 

measure of similarity or distance. Ward's Algorithm was used in this analysis as it 

identifies relationships between the variables although Ward's does not recognize 

outliers well. The analysis generated three clusters and one possible outlier; these 

clusters were further subdivided as discussed below (Figure 18). 
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TI,e lin;t clu'ler comistcd of species thm ur~ rur~ Or do mIl oCCur in the upper K"ll 

sample8 or the core, such ns Amphora \'('I/('I{1, Campriod;":u,, dypcus and Ma~lVg/oi" 

smithi;. lllc .'>Ceond cluster wns ;;ubdivitled inlo thrc~ h'roups {I, hand (', Group a 

eom,i;;ts mainly of aerophilic sped~s ilild l>c~ur throughout the core incr'ensing in Ihe 

top two samples ofthc core towards the preS'-'11L Group h j, dominall"d by epiph.,1ic, 

fre;;h brackish spedes th'-l! in~re"s~ in surface samples. Group (' also ~onsisls of 

epiphytic ,pecic, preferring '-Ilk"lin ~ wa\er8 hut gcncrally decrense towards th~ 

sUiface, The c:weplion to this i8 the dia\OlnS MaslOg/oio ciliptica (Fib'Ure 21 Ill) imd 

"jmplu)ra comnlHww; thc fonner only ocrurS bctv.'cen the depths 125 mm to 220 mHl 

uml the lutl~r lS eonsdent throughoutthc eorc, '11K: third duster is '-11>0 wbdi\'idcd 

into thre~ groups. n'-lllldy d, e and;: Group d includes thrce benthic speri~". namely 

(' occonci, engc/hrachli;, A/(IS/og/oia hnillni i and that d(1lnjnut~ the 10\\,<,>[ hal f or the 

core li'(lTn depths nOO mm to 925 mm (Figure l~), Group e ~lnnpri8e8 lhre~ diatoms, 

namely CO('('()fwis place!!/u/a, Rhopalotiin gibbcmla and Rhopa/oJ;{1 gihhi'/; that live 

attached to other plants in fresh bwcki'h Wider th'-lt hav~ nolahle appcaranees in lhe 

lower quarter of the core from 800 lIllI] to 925 JIl11l. 'l1lC la;;t ;;ubdiyision, Group ( 

J'caturcs Pi",,,,/ari,, ct: l'iriJijormis, {'scud(Mmwo';1'<1 h"Cl';,{ri{1la and Staurvsircf/" 

pinno/" are fresh bru~ki,h (Tuble i\). hU8ie watcr ;;pecie;; occurring in lhe top hulfof 

the core from depths 220 to Ihe 8urfilC~ and arc suhdominant to SI"urvsir" clfil'/iclI, 

!h~ outlier id~ntitied In the analysis, SWlIrosim eflip/ica prefers a frc8h brurki'h, 

ulbl ine huhitul living on Ilne ,cdimcnts or on sandy suhstrllt'-l (Kell y e/ tiL 2(05). 

5,2.2 Princip4! Component AnalysIs: 

Principal component analysis '-lids in reve~llllg Piltt~ll1' within a dataset and is useful 

when trying to dele.rmine und<-.,-lying a,p"cu of lhc oJala, Threc eigenvalues were 

extr'-ld~d irom Ule '-Inal Y8i, which covered nearly <;0",11 of the explained \'il[i'-lnce. TIle 

Eigen\'~lU~8 gen~rat'-"d three Factor Loadings which were rotated; u,ing Vurimax 

\lonnali,ed Rotation. In the factor loadings thcre arc three fadors, of whIch fourl~~n 

vari ahles arc prL'!'.ent; Factor One incorpofiltes tcn \'uri'-lbl e8 with two \ anahles in each 

of the second lind third hdor'. The Filctor r .oading was considered to hc signifkililt 

if b'l'e'-lter thim 0.7, whIch ~xplains 50% of th~ squared variance, 
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FUGlvr LouJinf',s 

Fador One il1~orporates the lop t~n ,;ampl'" Ii-om the dataset from depth 220 111m tv 

the surface, all of whi~h <Ir~ dlrectly proportional to each other (Figure 19<:), 1hi, 

implies thm during this phase, which lasted ~rrroximalcl y 700 years, condit ivns w~rc 

rather steady allowing for a pcrivd in which a stahle diatom cOlllllluni ty ,ould be 

cst'lblish. Althvugh certain specics appeal' and disappear during th is time Ihe 

conditions III whkh they """un-cd rcnuinc(\ rather cnn,rant and that it is p<:lSjible that 

these samples ar~ linhd hy an underlying c!l\lwnmcntal condi tion. l'actor lW0 

incorporates lh~ slIInples 600 mm and S()O 111lll (Figure 1%). This agrees wi th th~ 

Jm'card index whi<:h idcntilicd a separation rn:l\\CCn samples at SOO mill and 840 mm, 

'Ih~ two samples lire directly proportional to each other but inversely prop01tional to 

the vther twv factors. Thi, may be thc start or declining cnYirollJn~ntal wnditions 

during the mid-ll"lo~en~ T~s"l ting in ,hills in tlw diatom community as a response. 

As in hlctor 1\'10 th~ lotal valiance ror Factor Threc i, eX]i lain~d by two yariables, 

thos~ bcing samples 900 111m and 925 mm (Figurc 19a). Both samples are diredly 

propvttional tv each vthcr. This stagc appears to be a ncar stable period jusl ['nvr tv 

environm~nta l dekriorat ion ofthc mid-Holocenc. 

One ,ample is lett vul of thc loadings, namely 840 mm: which aplX'Ufj to h ~ an 

inklllll>diate hetw~~>J1 lilctOT t\\'o and ractO!' three. Thi, could possibk be j~en aj lh~ 

transition bctwel"' a nCar ;;tahle mwironment to a modifying ~nviro!1ment vnly 

10ler,lll>d by diatom, with a wHie ecological amplitudc. 
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Factor Loadillg.s : 
Fddvl I \';:j Fador':: \ '::i . Factor 3 

R""'I011 Y~rilll"" lWllll,hze,1 

Fff!,~"e 19: npw Jilt/oIlS(OMi"i,,' ol/i,dOO' food/figs g(,l!('ml<,d b} Slali"i", \'7.0. ifldf,nrfnf!, lilt' 

,'elm;onship ol saml'il'd maM',nilO <'{I,n other: ((lj ,"'/{lI"< 10 Ii/aM huiinf', 3, rb) reinrc, 10 filaM 

ilXldil!g ], Ie) rdarl!:>' 10 j'tCl"r loading f alld rh<, iI!lNm"di(ff<, ."wI!,I" of 840 111111 

In this analysis, component scores Jbovc the value of one were identified as 

signilkan! in rellition to the Rotll!ed ractor as discussed previously. As the i'fldol' 

swre rdate" to th" ~as~s in lh~ dalasc( it will IhL.,-dorc relate (0 [he difltOl11S that the 

case r~pr~s~"t' 

Fae/o}" Scores 

The diatoms Pimw!ar;a cf. \'iridi(ormis, Pseud()staw'os;ra hrerislriata and Staums;ra 

('flip/iea nre shown liS significant in relation to Fador On<:. Of these cases it ]s 

Stauros;m clli/,!;ca whi~h has th~ !Feat<:st significanc<: with fl lil~lor s~or~ 01' 6.08 

(Figure 20). this is trallslakd to the dominane~ "rth" Slkcics in lb~ assemblag~ in the 

top 220 Inm of the core, the other 111"0 diatoms ar<: subdomi nant to SlmmJsira dliplica 

occUlTing in quwnily in fill sampks from 220 mm to the surface. With respect to 
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!'a~wr Two the following diatoms were shown to be of signiticlll1cc; Rhoicosl'licllia 

(.Ibbrcl'ia/a (Figurc 210), AnOlllocolicis sp/lt1cml'hora, ;V"ric,,!a ';!J1J1oceplw/o :md 

R/wpa/oJia j;ibba with RflOicospliellill ab/Jrel'iala being the mos( significant with ~ 

fudor scorc of -~.')7 'lJ1d '({lOpal""',, g'hha being inversdy propOition~l in 

significance (0 (h~ lIfore mcmiol1cd di"lom> (Figure 20)_ Rnoit-ospbcilj" "bbrel'ia((/ is 

a domin~n( specic> in th~ low~r hiM of the core which t"!cra(,,s a!ka!iphi!o\ls, il1bnd 

bracki sh WlitCI'S of ~kclrolyte rkh wnkl11 (I'd I y ct IIi., 2(0) J- CO("coileis I'iacenll<ia, 

/!JJll'hora COnlnllllaia. Nlioic051'lieilia ahb,-('\,'ata A/aS/og/oia h,.mmii. Cocconds 

enxdbmchlii and Rfwpaiodia gib/J" arc p<)sitivcly ~igni ficant and AnolJlo"oneis 

spiweropllOra is il1\"~r:;ely propor1ional to lhe ,,['oresaid specics in f~cwr three (l'igure 

20), A"olJloconeis sphocrophora <:an toleratc ~nti~al k .. c1s of pollution in brackish­

saline co~stal wntcr:; therdorc ,,, thcse criteria ar" mel AnolJloeoneis splweropllOm 

(Figure 2le) will incrcas~ and th~ ~for~ mcntioned dialoms will decrease and vicc 

versa. 

C) Factor 1 C l"ac~or 2 0 h.",,, J 

lh~rdl)r~. with th~ ~id orthc alxne al1alys,,~ it i~ possibk 1.0 dcterminc statisticlilly 

sigl1ili<':<l1lt <:Ilang"s l!\ the fossi l diatom assemblagc and ~slllbli>h WI1C' of similarity 

wilhin Ih" core. Altel1lati\'c1y, the combination of clllster an~l ysi:; and principal 

compon~nt ana!y:;is clin be llscd to idcl1tify di~,imi1anly helw~en saJllpk~ and aid in 
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classifying zones 111 the assemblage. For example, PCA has clearly defined a 

separation between samples 800 mm and 840 mm as did cluster analysis. 

Consequently, the assemblage has been divided into five zones based on a 

combination of cluster analysis, PCA and the Jaccard index, which is used to verify 

changes between limnological stages, as well as to detennine similarity/dissimilarity 

between the different communities prevalent in the fossil assemblage (Meyer, 1998). 

The five zones are provided with interpolated ages based on the age-depth model 

(Figure 17). The fossil assemblage is characterised by two diatom fossil depositional 

periods and are further subdivided into five zones between the time intervals of 4.2 ka 

to 4 ka and 0.7 ka to the present. A hiatus occurs between the two periods and has 

been designated as Zone c. The separation between the two time intervals lasts 3.5 

thousand years which corresponds to active sand movement in the area during this 

time. Diatom frustules are not well preserved in a coarse sand matrix, this fact may be 

the reason behind highly fragmented diatom frustules in the samples from the hiatus 

period. The only fragments which are discemible come from the diatom 

CampylodiscllS c~vpells, a planktonic species which favours inland waters with high 

conductivity as well as inland saline waters and weakly brackish waters (Wasylikowa, 

2006) (Figure 21 b). A description of each zone and their prevailing environmental 

nature with notable diatom species occurrence is given below with a more detailed 

table of the dominant and subdominant species per time step displayed in Table 4. 

5.2.3 4.2 ka ~ 4 ka: 

The time period spanning from 4.2 ka to 4 ka corresponds to the depths 925 mm to 

600 mm and is divided into two zones. Zone (a) occUlTing from depths 925 to 800 

mm spans about two hundred years; whereas Zone (b), from depth 800 to 600 mm, 

corresponds to at best a few decades and appears to occur concurrently with major 

aeolian activity. Dominant and subdominant species for both Zones are summarised in 

Table 4 below. 

'Lone a 

A mixed assemblage with Rhopalodia gibba, Cocconeis engelbrachtii (Figure 21 d), 

Coccolleis placentllia (Figure 21 c), Mas toglo ia brallnii (Figure 21 g) and 

Rhoicosphenia abbreviata (Figure 22) being most prevalent. All species prefer 

alkaliphilious water and live either attached to rocks or filamenteous algae (Kelly et 
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al., 2005) (Table 8). Cocconcis cngclbraclztii is endemic to South Africa, preferring 

brackish waters with highly elevated electrolyte content (Taylor ct al., 2007). Just 

prior to the 4 ka event, most of these species have steadily dropped in abundance, 

with other species like Achnantizidiwll minutissil71a occurring. Aciznanthidilll1l 

minlltissima is abundant in fresh to brackish waters which are circumneutral or 

alkaline in nature with low or moderate concentrations of nutrients and organic 

material (Kelly ct al., 2005; Telford, 2001) (Table 8). Planktonic and aerophilous taxa 

are minimal, suggesting moderate water levels which is optimum for a benthic diatom 

community. 

Table 4: SUI11111my of the dominant and subdominant diato/JI species for Zones a and b as recognised hy 

TILlA, included are those species which \I'ere identified (IS significant hr the Principal Component 

Analysis 

Sample 

600 Dominant 

800 Dominant 

Dominant 
840 

Subdominant 

Dominant 

900 S ubdominant 

PCA 

Dominant 

925 S ubdominant 

PCA 

Species 

Rhoicosphcnia abbrcviata, Anomoconcis sphacrophora, Navicula 
Clyptoccpha/a, Amphora vcncta 

Rhoicosphcnia abbrcviata 
Rhoicosphcnia abbrcviata, Cocconci cnge!brcclztii, Achnanthidiwl1 
minlltissima 

Rhopalodia gibba 

Rhopa/odia gibba 

Amphora commlltata, Cocconcis cngclbrcchtii, Rlzoicosplzcnia abbrcviata 

Cocconcis p/accntllla, Mastogloia brallnii, Anomoconcis splzacrophora 

Mastogloia braunii, Cocconcis cngclbrcchtii 

Rlzoicosphcnia abbrcl'iata, Cocconcis placcntllla, Rhopalodia gibba 

Anomoconcis sphacrop/zora, Navicula Clyptoccp!zala 

Zonc b 

Zone b represents a very ShOli time interval with dynamic changes in the assemblage 

due to the rapid changes occurring in the environment at around 4 ka. Rlzoicosphcnia 

abbrc)'iata peaks at 800 mm (~ 4000 yrs ago), comprising nearl y 80% of the diatom 

assemblage (Figure 22). Rhoicosphcnia abbrcl'iata (Figure 210) is commonly found 

attached to filamentous algae or to rocks (Kelly ct al., 2005) and is indicative of 

slightly brackish conditions (Hedenstrom and Risberg, 1999) (Table 8). 

Rhoicosphcnia abbrcviata diminishes in numbers to ~45% at 600 mm, giving way to 

two epipelic and one epilithic species, namely Anomoconcis splzacroplzora (Figure 

21e), Navicula Clyptoccpha/a and Amphora vcncta, respectively (Kelly ct al., 2005; 

Poulickova and Mann, 2006) (Table 8). Anomoconcis splzacrophora is typically found 
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in linora! lOnCS of II atcrl>Odics with llloocr~le 1(> high e!crlwl)1C content (Kelly etill .. 

ZOOS) alld " dJ'-~ltied ... ~ ~ hr~d",h bgoon~l lavm hy H~len,lmm and R"b~r;; 

{19'19/, The d"IIlln.am ~pC\'ic.~ for Ihi' (on~ all ext~nd into hmeki,h "8\el'. and arc 

lok ...... 11 10 heu'Y ,I<:gr"..,,; ,11" "~a.,,,: pollulion (Kelly <'I af .• ;wo'i. All "lh~r '1K"\:It'S 

pr<':\. ,om!y ob""", cd hu' e .I ,~a]ll""nrcd ffUlll lh~ as",-,nb!age. 

Fi>:",,· 11 s.,.",. '''''I."", I'rf" ,.'-~I In II,,· "",emM,,!!:., - "",,,{.' TfP,'f-'<'n<., WP'" h'h~r.· ""Ii'~IrJ I~I 

Pi~m':"rin 'f ";."hformll , (bl C/1'''i"hli><.u, dlp'-"', fd CtlH'oncis pl","nlu/", 1<1) C'''',''''','I,I 

S."" n. ,ir dl~ 1" '>JIIII" (",,,,,,1.'11). 

':f "'"1'"'/''''' (II Am}"",,,, "w,1i>, 
rlIJp/"n. I~) f"nlh,"", 

(.) AmJlh,,.-,, a1fi'<lefi'rmi", (I) 

pr!!:mu.'<1 and (tI! 

72 

Univ
ers

ity
 of

 C
ap

e T
ow

n



~~~;;§;;j~~~#~-2;;.'=''='0c­

I 
r 
J L 

~ 
~ 

j 1I"",~d .. , d "ml>i .. ,x)·.~ 

I ·V .. " "( "Ia ... ,,,, 
\'''~I'i'' d" ~,,,,plllfn .. 

Cy", b,., ~ I "". II! a 

.~~_~==~=======~=~===============~~~~~=+====~ .If".,.,o~ (" .. ,./1"', .... " .,,, ' "i~- " '" ", />/t;"p,,' 

1====f========f=============t~~;j~~~~~ .""v/c"ln pl,"."",,,,,,a ~ P"""'~'rl" ("'r,, 1 " '''~~'u 

Pm"""'",, cf Vlr,dt/tlm",; 

r",I""'''' " :"..0,' 

Univ
ers

ity
 of

 C
ap

e T
ow

n



\{I'<'''''I., < ..... """ .•• ,,),,,1<, 
" ~~~~~i~~~~~~~~i~~~~~~~~~~~~~i~~~~f~~~£ ;':":'~:":':',:'" /" .. "n' 

1m r)l,,,,,, <»II""·/i-,..,, /.' 

I "i", 

" j~===t=======~t::============t=~::::t::=~~ RI~,p(I I"d", /:II-".,n"" -"""-.. r,·,, fie,'" 
S""ytr/1 m~lIbm 

" 
, 

( ',,.,, (nlo:I,,·, ."" ,'r, '1'<.· .. ·• 

"nk .. ... ,,, 

• 

-

.... 

~ 
~ 

~ 

~ f1 ::0". 
_. " 
='rT: 
;::. :;1 . .... -;:: 

" (';. 

'" 

P lank tonIc 

Univ
ers

ity
 of

 C
ap

e T
ow

n



5.2.4 0.7 ka - present: 

The last 700 years of the regions history is represented by the top 220 mm of the core 

and is divided into two zones. Zone (d) extends from 700 to 330 years ago, covering 

120 mm of sediment from 220 to 100 mm; whereas Zone (e), from 100 mm to the 

surface, spans approximately 330 years. Neither zones d nor e are completely 

dominated by one species, but rather a composition of taxa. Previously dominant 

species, Rhoicosphcnia abbrcviata, Rhopalodia gibba and to a lesser degree Amphora 

\'cncta do not occur in either Zone d or e (Figure 22). Anol11oconcis sphacrophora and 

Nm'icllla cryptoccphala which peaked prior to the hiatus, are still present in both 

zones but at no level do any of these diatoms exceed 5% of the total diatom 

assemblage on an individual basis. A summary of species, which are dominant or 

subdominant in each zone, are indicated in Tables 5 and 6 below. 

ZOI1C d 

Zone (d) post dates aeolian activity and the hiatus and is viewed as a recovery stage 

for the diatom community (Figure 22). At least 60% of the diatom community during 

this time period is comprised of the benthic diatoms, Stallrosira clliptica and 

Psclldostallrosira brcl'istriata (Fib'Ure 21 f) with Pinl111laria cf. \'irid~rormis (Figure 

21 a) and Stallrosirclla pinnata (Figure 21 f) making up another 25% (Figure 22) 

(Table 5) (Kelly ct al., 2005) (Edwards ct al., 2006). Mastogloia clliptica makes its 

only appearance in the assemblage during this stage; a species which extends into 

brackish water bodies, requires non-acidic conditions and can be sensitive to pollution 

(Kelly ct al., 2005) (Table 8). E'pithcmia adnata also makes its first appearance and 

reaches a peak around 450 years ago; it lives attached to macrophytes and other solid 

substrata; generally found in neutral to high pH environments and is tolerant of 

elevated water temperatures (Taylor ct al., 2007) (Kelly ct al., 2005), Epithcmia 

adnata is apparently capable of Nitrogen fixation via endosymbiotic blue-green algae, 

which may be beneficial for the later colonisation by vascular plants (Kelly ct al., 

2005). One eutrophic diatom able to survive critical levels of pollution makes an 

appearance during this period (Kelly ct al., 2005); C.vclotclla mcncglziniana has a 

cosmopolitan distribution in the benthos and plankton of electrolyte rich rivers, 

streams and lakes (Taylor ct aI, 2007). Aerophilic species such as Rhopalodia 

gibbcrllla (Figure 21 h) and Syncdra tablliata also start making an appearance after the 
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hiatus. Aerophilic taxons are dependent on free oxygen or mr and therefore can 

survive periods outside the water body. 

Tah/e 5: SllmlJl(/ll" of the dominallt and slIhdol71inant diatom .\j)eciesfor Zone b as recognised by TILL4. 

included arc those 5pecies which l\'ere identified as significant by the Principal Component Analysis 

Sample Species 

125 

155 

185 

200 

220 

Dominant 

Subdominant 

Dominant 

Subdominant 

Dominant 

Subdominant 

Dominant 

Subdominant 

Dominant 

Subdominant 

Staurosira elliptica, Pselldostallrosira brcvistriata, Stallrosirella 
pinnata, Pinnlllaria cf l'irid((ormis 

Cocconeis engelbreclztii 
Stallrosira clliptica, Pselldostallrosira brcl'istriata, Stallrosirclla 
pinnata, Pinnlllaria cf virid(formis 

Mastogloia elliptica, Cocconcis cngelbreclztii, Epithcnzia adnata 
Stallrosira clliptica, Pselldostallrosira brcl'istriata, Stallrosirclla 
pinnata, Pilll1ularia cf l'irid((ormis 

Mastogloia clliptica, Amphora COml11lltata, Cocconcis engelbrechtii 
Stallrosira clliptica, Pscudostallrosira brcvistriata, Stallrosirella 
pinnata, Pinnularia cf virid(formis 

Mastogloia clliptica, Amphora commlltata, An0111oeoneis sphacrophora 
Stallrosira clliptica, Psclldostallrosira brcvis tria ta, Stallrosirclla 
pinnata, Pinnlllaria cf virid(formis 
Mastogloia clliptica, Amphora commlltata, Anol11oeoneis 
splzacrophora, Cyclotclla meneghiniana 

Zone e 

The last 330 years exhibits a general decrease in planktonic species and increases in 

aerophilic taxa. Benthic diatoms are still dominant, of which the majority live on or in 

fine sediments or on hard surfaces such as rocks. Stallrosira clliptica, 

Pscudostallrosira brCl'istriata and Pinnlliaria cf. viridi(ormis arc still the dominant 

species during this period (Table 6) and are accompanied by S.vnedra aCltS, Syncdra 

tablllata and Syncdra ulna (Figure 22); all three S.vncdra species are epiphytes, 

prefening fresh brackish, alkaliphilous waters (Kelly ct al., 2005) (Table 8). 

Sil7lol1scnia cf dclognci has been increasing since the start of this period and reaches 

a maximum of nearly 5% of the total assemblage about 50 years ago; it is typically 

associated with strong river influence and low productivity (Hay et al., 1997); at the 

same time Hantzchia cf. ampJzioxys, an aerophilic species makes its first appearance. 

Navicllla Clyptocephala shows a slight recovery towards the present, with 

Anol11oconeis spJzaeroplzora steadily decreasing towards the present as does Amphora 

commlltata. Aclznantlzidillm minutissima makes a re-emergence near the end of the 
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stage possibly indicating a return to fresh water conditions (Kelly ct al., 2005). Both 

Coccollcis species disappear from the top samples, reiterating changes in water 

conditions from previously brackish fresh to possibly fresh to fresh brackish (Kelly ct 

al., 2005). 

TaMe 6: Summary of the dominant and subdominant diatom ,\j7eciesfor Zone e as recognised hv TlLIA, 

included are those ,\j7ecies which H'CI'e identified {IS significant by the Principal Component A/1(I~Vsis 

Sample Species 

15 Dominant 

35 Dominant 

Dominant 
55 

Subdominant 

Dominant 
85 

Subdominant 

Dominant 

Staurosira elliptica, Pscudostaurosira brcl'istriata, Pinnularia cf 
1'irid(formis, Staurosirclla pinnata 
Stallrosira elliptica, Pscudostaurosira brc1'istriata, Pinnularia cf 
l'irid(formis, Staurosirella pillnata 
Stallrosira clliptica, Pscudostaurosira brcl'is tria ta, Pinnlllaria cf 
1'irid[formis, Stallrosirclla pinnata 

Cyclotella meneghiniana, Amphora COml1111tata, Mastogloia bralmii 
Staurosira elliptica, Psclldostallrosira brcl'istriata, Pinnlllaria cf 
1'irid(formis, Stallrosirclla pinnata 

Cocconeis cngelbrcchtii, Cyclotella l11cl1cghiniana 

100 

Staurosira elliptica, Psclldostallrosira brcl'is tria ta, Pil1Jllllaria cf 
l'irid(formis, Stallrosirclla pinnata 

Subdominant Cocconcis engelbrcclztii, Syncdra tabulata 

5.3 Environmental Variables: 

The classical species orientated approach places taxa in general autecological 

classifications which reflect the behaviour of species groups with similar requirements 

(Denys and de Wolf, 1999). Environmental variables were detcnnined through these 

classifications grouping diatoms into categories; in this analysis variables include 

salinity, pH and life fonn. Salinity has four groupings, in order of highest to lowest 

salinity; they are brackish, brackish fresh, fresh brackish and fresh. pH also has four 

categories, which include alkalibiontic, alkaliphilous, circumneutral and indifferent. 

Life fonn has five divisions, namely aerophilous, periphytic, epilithic and epiphytic, 

benthic and lastly planktonic. All environmental variables have an unknown category 

which includes unknown species and species with an unknown preference related to 

the particular variable. Variables are presented in percentages which were determined 

by the addition of individual species related to the specific category divided by the 

total number of species within the sample. 
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5.3.1 Salinilv: 
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Initially. condition, are more bracki,h to bmcki,h fr",h. with just ovcr 50%, of the 

ass~mblag" box~d inlO this category but by _ 4O(XI years ago (R(X) mm) only -6% of 

the fossil as,emblage remam in this category as the sitlLation becomes increasingly 

fre,h brackish. impiYlllg a trend towards il fre;her environment (Figure 23), However 

just prior to the hiatus. the tr~nd reverse, and circumstance, rev~n towards bracki,h 

fre,h with an increase of -35% in the s!",cj.,; pref~rring bracki,hfbracki,h fre,h 

condition;, implying dther a dccreas.c in freshwater supplics or an increa,e in saline 

water. After th~ hiams toward, the pre;.eIll. upproxillliltdy 70% of the a,;.embl~ge 

tends toward fresh brackish. accompaniw by frcsh water individualS but these 

diatom, are minimal. The t"acki,hibracki,h fresh componeIll of the a"~mblag~ i, ,till 

cvident and at cert~;n phasc' strengthens but doc, not return to dominate, ",'= the 

surface, an increa,e of 10% in individllilb preferring bracki'hibracki,h fresh 

condition, may indicate the heginmng' of tnackj'h condition" 
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• A Ikaliph i lQUS .A lkalibiQlllic 

A( nO poin( III time is the willer chemistry in Groenvlei acidic, Strongly alkaline 

conditions are prevalent throughout the fo"il diatom ""embiage both prior anJ post 

the hiatus. Of panicuiar imere,t. is (he pha,e "ppro.\ima(dy 4000 yeaTh ago (800 mm) 

a, eireumocutral iooi "iJuals deercased by 5%, m, well as a doxrease by more than 1O'ii 

in alkalibion(ic ;pocies resulting in an increase to 80% for olhliphilou, species , 

probably indicating a shin toward, we"kly alkaline water. In spite of thi, mciination. 

ju;( prior to the hiatu, abou( 4000 )ears ogo (600 mm), ~ return of alkalibiontic 

spede, i, ohser.'ffi. an increase of nearly 40% is evident po",ihly indicating an 

increase in pH (0 ,(rongh' alkaline cundition" Subsequent (0 (he hia(U, conditioll> ore 

strongly alkaliphilous to alJ;alihiontic with diatoms occurring at pH value, at about 

,e"en Or with (heir wides( di,(nbu(ion at pH greater than se,'en . The,e taxa domina(e 

the ossernblage wi(h an overwhelming -90% which stradily decreo , cs to ju,t o"er 

60% near the surface. approximately 50 year> ago . The deerea'e in 'trongly alkaline 

dominant 'peeie:s give, way to cirurnneutral individual, "ble to toler"te a wider 

spec(rum of the pH scalc on either ,ide of seven: lhi , may impl)' that waters arc 

(ending toward neutral but rffllaimng basic in nature at present. 
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Weight,'!! Ar('rnges MerlJ()d 

OflilC 40 known species recorded in tile fossil samples 34 were found in tile modem 

calibration sd in EDD!. rh~ mean jackknjf~ ~s(imatcs of pll corrdatc well (I" -

0.7567. RMSL ~ 0.5(937) with the weighted a\cmg~ (inverse dcshrinking) pIl 

~stimatcs. The gcn~ral lr~lId ob,cl'v~cl in the reconstruction conT"ponds well with 

both (his stlldy (figure ~41 and the anal ysis cunclllcl~d hy C()mish-BnlVcl~n (2005). 
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F,gur< 25: pH r('conS/I'UC!iOl' ~'i,h ,m'ors, usfog diulOm l'ec<>os/ruujoN progr"", ERXIE in"!""li"!> 

g<'npmllreltd u/ch"nging pH 0\'''' lime Il'CS W') 

As in the <,pedt"s da"ifkation above (figlll'c 24), the rcconstrudcd lallie, indicak a 

[mh",!' alkaline environmcnt dccr~asing toward~ neutral hy ~ 4 ka then a wdden and 

rapid incrcase towards a morc alkalinc cnvirol\m~nl is dct~ctctl (fi!,urc 25). TIlC mOrC 

alkaline conditions may hav~ jil'c\aikd dUL'ing lh~ hiatus hut withlnLl morc 

information, this wnains sp~culati\c. altholLp .. h Comish"B<)\\dcn's (2()O)) stlJdy docs 

suggest th~ same tr~nd fm changes in pH o\cr thi., inter, at Thc last 70() ycan; sec~ 

rdiltivd y stable pH conditions fluctuating within 0.1 units of7.5. with a dOIVTJwartl 

lrend 11] ti,e mo.,t rc~ent Silmple.,. 
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5.3.3 Life form: 

,. 

" 

Ii 
II 

i 

Ii " .. I I, ...,IL 

_I 

I 

I "~~,-

o Unknown 
D Henthic 
o Epi<ammic 
iii! Epililhi~ & Epif"lic 
::J Epiph)1ic 

::J Periphj1ic 
D Aerophi iom 

iii Plunktooi" 

Planktonic sp"";'" arc fafe in the fossil assemblage only occurring Iwice, on"" jll'! 

prior to the OIIset of the -4 ka event (840 mm) and II"," again about 700 ,nTh ago 

(220 mm). 111ese two epiwd.,s m:ly indicate period' of increased wafer level" (lIlIer 

than these two exceptio"s, the fo,sil diatom assemblage is dominated by lypically 

bcnlhi~ l1ora. A shift toward prerlomina[\tly ep'pelic and epi lithic diatoms o<:<:urs by 

about 4{X)() years ago (6('.() mm), the", taxa arc found auadlCd to rocks or E"ing on 

fin., ,,,dimen! and at one point ~omprisc nearly 95% (If {he a";emhlage. Prior to lhi, 

dominan~c> a notable portion (If the fossi l diatom, were ,,,ssile organisms li"ing on 

{he h,,!tom of the lake but"", e\ientually oul~ompclcd by the cpipeli~ a[\d epii i!hic 

component. After the 3300 year gap in (he sedimentation, the nora i, predominately 

comprised of ~nthic organi,m,; with epipelic and tpilithi~ sp.:~ies :;till major 

"on>titu.nt" The:;., three categories combi[wd. var)' between l(X)% and H5',0 of the 

a"cmblage from 700 years ago to the present. The de~rease in the benthic tlor~ near 

the smiace of the core i, not c(~llrihuted to an increase in the penphylCs nOr to the 

"" 
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planktonic ~"mrO!lenl hut rather to the emergence Ill" a~rophihc specie, which are 

ilhk to 'urviv~ out>idc th~ water: this mlly imhcat~ II graduul low~rjng In water lev~L 

Tho: trend Ob,Cfvcd can be :;ubdividcd into two groups: th ~ first inddcnt >pilns from 

700 :-~ars ago (220 mm) to 450 y~ap; ago (155 1111ll) where ilerophilous W.\<I initwlly 

contrilmk approximately 5% towards the diatom a,scmblage only to gradually 

di,ap)Jt'ar by 450 years ago. Th~ s~cond incident spall, from 400 y~ar' ago 10 prc,~nt 

and sees the re-cmcrg~!l~e or th~ a~rorhi1ic taxa from just above zero percent to 

ncarly 15~··; , orthc 10tal taxa present 

5.3.4 Conducti,i[v: 

Conducti"ity i, the mca,urc of the ailili!\' "f water to pm" an electrical current. 

SCH:ral raclOn, aricd the c0"dudivily of wakr tile,., m~ lh~ pres~n<:~ or inorgani<: 

dis~olvcd ,olids su"h as chlorid~, nilral~, suJrat~ and pho,phate anions or ,odium. 

maplesium, "uiclUm. 1mn and aluminum calion,; organi<: <X>I11]X1unds ,uch as oil, 

phenol and akohoL <:hang~s in temperature and th~ underlying geology (lJSEPA, 

20(0). l1wrerore, low "ondudivily may he Ihe result or ellher "old \\'aL~r 

I~mperalures, a large amo"nl Ilf Ilrgamc pIli I uli"n or a 10" concentralion 0 I' il1(lrgani<: 

ions ilnd vice "er,a. A meil,ure of conductivity i, u~eful l!l delenll ining Ihe eieclrol yle 

wnlen! (llSLPA. 2006): as a result high electrolyte CIlntent ",,,uld he cOlTdated III 

high ""nduct;vil:>. 
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To detennine conductivity two methods are employed, the one is based on the specific 

requirements of taxa present per sample and the other uses weighted averages to 

reconstruct inferred values over time. The same training set was used to reconstruct 

conductivity as that used for pH. The mean jackknife estimates of conductivity 

correlate well with the weighted average (inverse deshrinking) conductivity estimates, 

with an r2 of 0.76608 and a RMSE of 0.47504. However, the reconstruction appears to 

markedly underestimate Groenvlei's conductivity through time, indicating values 

which closely resembles those of distilled water (Figure 27). The examination of the 

diatom community suggests that, for the time period ~ 4.2 ka to ~ 4 ka, electrolyte 

content was relatively high, with species such as Cocconcis cngclbrachtii and 

RJlOpalodia gibba, which enjoy water habitats with highly elevated electrolyte content 

being most abundant (Bate ct al., 2004). Following the hiatus, electrolyte rich waters 

are inferred by the dominance of taxa such as Staurosira elliptica and Staurosirella 

pimzata (Kelly et al., 2005). 

5.4 Conclusions: 

The water chemistry of Groenvlei during the period spanning from ~ 4.2 ka to ~ 4 ka 

experiences rapid changes in all detennined parameters suggesting a dynamic system 

responding to changing environmental conditions during the mid-Holocene. On the 

contrary, over the last 700 years conditions appears to have remained relatively stable 

in all environmental variables; including pH, salinity and conductivity. 
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Chapter 6. Discussion 

6.1 IntrodlLction: 

When attempting to reconstruct past environments certain fundamental principles are 

applied, the most well known being the unifonnitarian approach, which implies that 

fossil organisms have the same biological and environmental requirements as their 

modem day counterparts (Lawrence, 1971). Thus, by transfen'ing an organism's 

modem ecological situation to its fossilised occurrences within the palaeorecord, one 

can create a snapshot of the environment at the time of deposition and with it resolve 

external environmental factors relating to climate and distribution. The paleorecord 

may manifest itself in various fonns, although as demonstrated in this thesis, lake 

sediments have shown patiicular promise in this regard. Changes within a lake related 

to environmental drivers are usually rapid and nonnally have knock on effects on the 

biological community; in this way, the examination of fossil assemblages can provide 

key insights into changes in the environment and their related causes. 

The development of an acceptable chronology using two dating methods in this study 

has allowed for a detailed environmental reconstruction using diatoms as a proxy. 

However, sand movement during certain periods of the Holocene has disturbed the 

preservation of fossil material, resulting in two discrete units of fossil assemblage 

accumulation for analysis. These units span from depths 925 - 600 mm and 220 mm 

to the top of the core and correspond to interpolated ages of ~ 4.2 ka to ~ 4000 years 

BP and 700 years ago to present, respectively. 

Both periods are of interest to the development of Groenvlei and the evolution of the 

region. The lower unit spans two previously identified limnological stages (Martin, 

1968); this transitional period from Marine Stage II to Lagoon Stage I was associated 

with one of two climatic alternatives as expressed by the pollen sequence. The pollen 

evidence suggests an environment that was not conducive to forest spread, being 

either too dry or too warm, although Martin (1968) proposes a second possible 

explanation: that of a wetter climate than present with forest vegetation being 

restricted by active sand movement. Pollen (Duncan, 2006) and sediment analysis 
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(Comish-Bowden, 2005) on the same Groenvlei core presented in this study offer 

support for the latter suggestion, with both Cornish-Bowden (2005) and Duncan 

(2006) presenting evidence indicating higher rainfall in the area during this time. 

Indeed, the region was " ... potentially influenced by wann sea surface temperatures of 

the adjacent ocean, [and] under [the] dominance of westerly circulation" (Duncan, 

2006, p. 99). The division from the marine stages to the lagoonal stages represents 

successively lower salinity levels, although salinity varied considerably during this 

time the separation between the two stages is co-incident with the ultimate extinction 

of marine diatom species (Martin, 1959) 

The upper unit encompasses the last 700 years and includes recent climatic events 

which have been indicated in other palaeoclimatic studies such as those conducted in 

the Cango Caves (Talma and Vogel, 1992) and Makapansgat Valley (Holmgren ct at., 

1999). Both speleothem records point to 16th and 1 i h century (0.45 ka and 0.35 ka) 

cooling during what is now termed the Little Ice Age and intennittent lOth century 

(1.1 ka) Mediaeval Wanning, although the exact nature and extent of these events are 

uncertain both in tenns of timing and amplitude of temperature change. The upper 

fossiliferous depositional zone at Groenvlei begins around the time of the tennination 

of the Mediaeval Wanning Period (around 630 cal yrs BP) and encompasses the 

whole of the Little Ice Age (Holmgren ct al., 1999) and the expansion of colonial 

influence since the mid 18th century (~150 cal yrs BP) (Duncan, 2006). 

The geological developmcnt of the Groenvlei system over the last 4500 years has 

been intennittently recorded in the fossil diatom assemblage. Through the assessment 

of the fossil assemblages, it is possible to correlate and detennine changes in the 

Wilderness Embayment through time and relate this to changes in climatic influence 

and the environment as well as indicating changes in water chemistry, water 

temperature and water level. The interpretation below is, accordingly, compared with 

other Holocene palaeoenvironmental records within the region. 
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6.2 Synthesis: 

6.2.1 ~ 4.2 ka to ~ 4 ka: 

The depositional unit spans for approximately 200 years and indicates radical changes 

in the physiochemical parameters of Groenvlei around the time. The period 

commences after the partial stabilisation of the coastal dunes in the region (Butzer and 

Helgren, 1972) and tenninates at about 4000 yrs BP when dunes once again became 

unstable (Mmiin, 1968). The lake substratum appears to be consistent with fine 

sediments providing a suitable environment for diatoms to prosper. The diatom 

assemblage suggests that conditions were initially alkalibiontic and brackish to 

brackish fresh with high mineral content. Over the next 200 years salinity becomes 

highly variable but with an overall trend toward a fresh brackish habitat; pH follows 

suit as water alkalinity advances toward neutrality. Water levels appear to be higher 

than presently observed, as witnessed through the abundance of diatom fossils some 

distance from the present day shoreline and remains relatively stable during this 

period; that is until the transition from the marine stage to the lagoonal stage; where 

an increase in planktonic species occurs directly followed by the appearance of 

aerophilic taxa. The planktonic component coupled with the declining pH toward 

neutral may allude to increases in rainfall resulting in a rise in water levels within 

Groenvlei (see Chapter 2.3.3); allegedly the climatic mechanism behind the wetter 

climate during this period is the greater influence of Atlantic cyclones to the south­

westem Cape (Hassan, 1997). Whereas the sudden increase in the aerophilic 

component at the expense of planktonic taxa directly afterwards indicates a shift 

toward a drier climate. Scott and Lee-Thorp (2004) suggested that around 4000 BP a 

short-lived dry spell occurred, which could possibly be the reason behind the growth 

of aerophilous taxa as water levels would drop due to decreases in rainfall. Evidence 

from the transitional period implies an intensely dynamic environment responding to 

changes in source water supply. The changes in the source water may have led to 

increases in organic concentration coupled with decreasing conductivity which is 

evident during this period as species, such as Amphora reneta and Rhoicosphenia 

abbrel'iata which are tolerant of moderate to heavy concentrations of organic material 

are dominant (Kelly et at., 2005); this could be in response to changes in rainfall 

increasing runoff from the surrounding terrain (Lewis, 2008). Much of this episode 

Univ
ers

ity
 of

 C
ap

e T
ow

n



may be interpreted as the response of the lake to the marine intrusions which 

frequently entered Groenvlei creating a slow f10wing tide as shown by the 

subdominance of RllOpafodia gibba in the earlier stages (Kelly ct af., 2005). Isotopic 

analysis on molluscan shells from the Groenvlei core, GK2, showed a cOlTclation 

between the 12C/13C and 180 /160 signal which was attributed to the mixing of two 

f1uids with different isotopic composition (Kirsten, 2005); this cOlTclation may 

contlnn the sea water intrusions as well as the full mixing of the other source waters 

in the lake creating the brackish to brackish fresh environment. The later stage, as 

depicted by Zone b, occulTed COnClllTently with the 4 ka event and shows the struggle 

between two natural forcing factors, viz the rapid rise in sea level at around 4000 yrs 

BP (Baxter and Meadows, 1999) and the remobilisation of the sand dunes (Martin, 

1968). The interplay between these processes seems to have affected the salinity and 

pH of the lake and brought on its isolation from Swat1vlei to the west, effectively 

filling in the channel and creating a lagoonal environment which was in full effect at 

the end of the period as shown by the dominance of Anol71ocol1cis sphaerophora 

(Hedenstrom and Risberg, 1999). The increase in epilithic taxa ncar the end of the 

period is also indicative of an enhancement in sediment movement and dune 

instability. 

6.2.2 ~ 4 ka to 0.7 ka: 

Little can be said about this period as the preservation of fossil material was minimal. 

Indeed, sediments of this age are not sampled in the Groenvlei cores. Duncan (2006) 

encountered the same problem during her pollen analysis, stating that the sand section 

imposed a "significant hiatus in the record" and declined to make any environmental 

inference. Therefore, it would be unwise to make assumptions about the 

environmental conditions on the basis of the diatom remains that do occur in this 

facies. It may be that the OCCUlTence of Camprfodisclis C~)'pCllS frustules in the 

sedimentary sequence during this period indicates increased salinity, a pH greater than 

seven and increased water levels due to the planktonic nature of the species. In fact, 

the material making up the sand bar, which extends from 830 mm to 330 mm is 

consistent with aeolian sedimentation as noted in Kirsten (2005) and Cornish-Bowden 

(2005). It is, therefore, likely that diatom remains were transported by wind into the 

Groenvlei catchment during the active dune destabilisation period and cannot be used 

to infer environmental conditions during this time. 
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6.2.3 ~ 0.7 ka to the present: 

The discussion below is subdivided into two time periods; one relating to the Little 

Ice Age and the other correlating to the period of European occupation along the 

south coast of South Africa. 

Littte Ice Age Period (1300 - 1800 AD) 

The Little Ice Age is a global climatic phenomenon which lasted five centuries 

tel111inating by about 1810 AD (140 yrs BP), although it has rarely been observed in 

the southel11 African palaeorecord (Holmgren et at., 1999). While it is generally 

accepted that the Little Ice Age is evident in some records across South Africa its 

influence on different regions has been variable (e.g. Talma and Vogel, 1990; 

Holmgren et at., 1999; Tyson et at., 2000). The Makapansgat Valley stalagmite 

record suggests that this period was associated with lower than average temperatures 

and drier conditions related to the regional expansion of the circumpolar westerlies 

(Holmgren et at., 1999). During the dry spells an increase in frequency of deep, 

intense thunderstonns and hail is experienced over the interior as oppose to the 

" ... persistent wann rainfall from middle-level stratifol111 cloud bands associated with 

tropical-temperate troughs" which occurs during wetter periods (Holmbrren et at., 

1999, p. 303). However, through pollen analysis of the GK1 core Duncan (2006) 

proposed that this period was rather moist due possibly to increased frontal systems 

trailing across South Africa owing to the expansion of the circumpolar vortex 

resulting in reduced upwelling and the introduction of wann Agulhas cutTent surface 

water plumes towards the coast. Duncan's (2006) analysis attributed the decline in 

vegetation around the Groenvlei site during the Little Ice Age to the significance of 

changing temperatures on the physiological needs of the vegetation. 

The palaeorecord at Groenvlei based on the diatom assemblages recommences around 

1300 AD (650 yrs BP) with conditions appearing to be rather brackish fresh tending 

toward fresh brackish, strongly alkaline, with a pH value nearing eight and 

moderately high mineral content. Groenvlei's ecology during the Little Ice Age (L1A) 

is principally dominated by four species which frequent alkaliphilous, moderate to 

high electrolyte content and fresh brackish habitats (Kelly et at., 2005). Two of these 

species, namely Stallrosira elliptica and Stallrosirella pill11ata are episammic 

(Sylvestre et at., 2001; Kelly et at., 2005), a clear indication of the sandy matrix 
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within the root mat. The sub-dominance of Anol71oeoneis splzaeroplzora and 

Cyelotella mClleglzillialla may be suggestive of high levels of organic loading and 

even eutrophication (Kelly et al., 2005). It is impOliant at this point to specify that 

Groenvlci today is without outlet and is mainly fcd by groundwater and surface runoff 

the chemistry of which is related to changes in the watershed. The wetter conditions 

during thc Late Holocene would have increased surface runoff causing widespread 

erosion leading to changes in the water chemistry (Lewis, 2008); hencc altcring 

biological community. A sudden and dramatic increase of Epitlzemia adnata about 

450 years ago is consistent with a wanning phase during the mid 1500s AD; this was 

also evident in the Holmgren et al. (1999) 8 1i10 analysis of the Makapansgat Valley 

stalagmite which indicates a slight wanning between 1500 and 1675 (450 yrs BP and 

275 yrs BP). The wanning phase was coupled by a minor reinforcement in alkalinity 

and salinity as well as the renewed introduction of aerophilic taxa implying a drop in 

water levels; this could be interpreted as a decrease in rainfall as the circumpolar 

vOliex weakened. The aerophilic component rcmains until the mid 1600s then 

diminishes in presence as the species are replaced with benthic taxa relating to a 

recovery of water levels equivalent to that experienced prior to the warming phase. 

Many species prefelTing brackish waters do not re-emerge after the wanning period 

and water conditions appear to be eutrophic, tending more toward fresh brackish and 

alkaliphilous. The near disappearance of Epit/zcl71ia adnata and Rhopalodia gibberula 

by the early 1700s AD cOlToborates other records suggesting remarkable cooling 

during the early half of the 18th century which has been associated with sunspot 

activity minima (Tyson et al., 2000). 

During the first half of the 18th century, Groenvlei remams relatively stable with 

respect to water quality boundaries and lake levels, however with the incrcasing 

human influence over the next two and a half centuries conditions start reflecting the 

changes occulTing in the watershed of this coastal lake. 

Period of Human Occllpation (J 750 - present) 

Historical records indicate human activity within the region by the mid 18th century as 

resources in the floodplain and its adjacent areas became apparent (Allanson and 

Whitfield, 1983). By 1730 AD cattle fanners infiltrated the Knysna/Tzitzikamma 

Forests and by 1790s penn anent settlements were established (Butzer and Hel!:,rren, 
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1972). The value of the forest was apparent to these early scttlers who bcgan intrusive 

logging operations and section clearing of the biome by the late 19th century 

introducing exotic plant species, changing the vegetation composition and altering the 

watershed regime, the magnitude of which Duncan (2006) likened to that scen during 

the Little Ice Age. 

The baseline conditions which were present during the Little Ice Age are still 

prevalent during this period, with the same four species dominating the assemblage. 

However, the occunence of the episammic species, Stallrosira clliptica and 

Stallrosirclla pinnata, which remaincd relatively stable during the previous stage; 

begin to dramatically decrease in the later phase of the sequence toward the present 

day indicating a reduction of coarse sediment supply into the lake. Cornish-Bowden's 

(2005) sediment analysis showed a considerable decrease in the sand constituent of 

the textural composition of the Groenvlei core but increases in mud and organic 

matter. The changes in the diatom assemblage relating to sediment supply shifts 

pertain to the timing of human interference in the natural dune activity of the region 

through the introduction of alien vegetation and dune stabilisation programs since the 

mid 1800s (Hellstrom, 1996) (see Chapter 4.3.2). 

Water quality is variable; salinity appears to be increasing toward brackish to brackish 

fresh conditions, pH is on a very minor downward curve but still remaining strongly 

in the alkaline range and water levels drop significantly as aerophilic species 

quadruple in frequency towards the present. The increase in taxa which favour 

periodically dry habitats is directly related to the dropping water levels and the 

receding shoreline of Groenvlei coupled with the advance of the reed swamp 

presently observed around the periphery of the lake. A decidedly electrolyte-rich 

environment is established, as changes in the watershed alter the chemical make up of 

runoff water into the lake. Runoff is one of the main inlet water sources into 

Groenvlei. The change in the runoff water chemistry as well as an upward inclination 

in eutrophic and hypertrophic species, such as Hantzchia cf. amphioxys, 

Psclldostallrosira brcl'istriata and Nitzschia cf. amphibia is discernible, emphasizing 

the increase in nutrients into the lake system possibly due to modified fanning 

techniques occuning on the fen along Groenvlei's eastern shore and within its 

catchment (Martin, 1960b
; Duncan, 2006). Duncan (2006) goes as far as stating that 

gq 
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the selling off of allotments within the Grocnvlei catchment for agricultural purposes 

probably disturbed the rather sensitive nutrient cycle, causing ramifications in plant 

succession, thus altering runoff and groundwater quality ultimately affecting the 

biological community of Groenvlei. 

It is clear, however, that not all changes observed in the assemblage are solely 

attributable to human interference as changes in the climate over the last 250 years 

could be an additional underlying mechanism as witnessed throughout the remainder 

of the sequence. However, the complexity involved in trying to disentangle the 

climate signal from human influence on the environment is beyond the scope of this 

study and further research is required to achieve an indication of the course of both 

natural and artificial processes present in the region. It could be presumed that 

climatic conditions post LIA set the course in Groenvlei's modification as detailed 

previously and human influence amplified the signal. 
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Chapter 7. Conclusions 

The fundamental objective of this study was to supply an accurate account of the 

changes in natural processes over time by using the fossil diatom assemblage 

preserved in the lake sediments of Groenvlei as a medium. For this to be achieved an 

acceptable chronology was constmcted using two dating methods on which the 

variations in the fossil assemblage could be conelated. By undertaking both 

quantitative and qualitative approaches several environmental parameters where 

detennined, aiding in developing a detailed environmental reconstruction for the 

south coast region. Salinity, pH, water levels and conductivity were detennined 

through an ecologically based indicator study using species classification schemes as 

a means to ascertain variations on the environment. Conductivity and pH were further 

analysed quantitatively, offering a specified numerical range to the changes in the 

physiochemical parameters and were verified by the classification schemes previously 

undeliaken. The outcome of the combined techniques has supplied a reasonably high 

temporal resolution study against which infonnation on patterns of climatic variability 

could be assessed. 

Groenvlei has proven to be a vital source of infonnation peliaining to the evolution of 

the Wilderness region during the Holocene and has demonstrated itself to be an 

excellent receptor to changes in external environmental processes, documenting these 

variations in fossil rich sediments. The development of Groenvlei would best be 

described as cycles of accumulation and erosion of sediment through time. Two such 

events of accumulation are those labelled as the ~ 8 ka and ~ 4 ka events where rapid 

and near instantaneous deposition of sand disturb the preservation of fossil material. 

Both events are preceded by extensive erosion lasting a few millennia then by 

continuous sediment deposition lasting a few centuries. It was during these short lived 

depositional phases that fossil rich sediment was laid down and provides the focus of 

this study. 

Groenvlei in itself exists on an environmental gradient related to the proximity of the 

lake's ecosystem to sources of marine water and freshwater; in particular the core site 
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examined in this study has shown a dircct relationship between its proximity to the 

proposed channel linking Grocnvlei to the sea via Swativlei and environmental 

changes experienced during the mid-Holocene. Of thc two discrete depositional units 

analysed, that cOlTesponding to the period of ~ 4.2 ka to ~ 4 ka dcmonstrated the full 

effects of sea transf:,'Tcssions and rcgrcssions on a coastal lake. Ramifications of which 

were felt throughout both the abiotic and biotic constituents of the ecosystem as 

altering salinity, pH, nutrient availability and water levels resulted in the modification 

of the biological community in rcsponsc. This two hundred year episode saw the 

metamorphosis of a lake from a marine embayment to a coastal lake caused by the 

remobilisation of local dunes and minimiscd marine influence due to the filling in of 

the channel. The second unit spanned the last seven hundred years and extended the 

full length of the Little Ice Age, as well as the beginnings of human interference in the 

region since the mid 1700s AD. The natural climate phenomenon identified as the 

Little Ice Age caused widespread cooling and wetter conditions along the coast 

resulting in increased water levels and fresh water conditions; it is however, 

punctuated by a wanning period approximately 400 years ago causing a decrease in 

rainfall and hence in water levels and increased water temperatures. The onset of 

human occupation within the region exacerbated conditions leading to increases in 

nutrient availability and dropping water levels, these changes in the catchment 

relating to forestry and agriculture can not be solely attributed to Groenvlei's 

environmental state as further investigations are required to ascertain climatic forcings 

during this period. 

The changes observed during this analysis appear to be the result of the interplay of 

natural processes within the watershed and the region during the Holocene and 

increased human influence over the last two and a half centuries. While this project 

has contributed knowledge of environmental conditions during certain periods of the 

Holocene; a substantial hiatus in the palaeorecord between the depositional units 

analysed still poses questions on climatic causes and effects during these phases. 

Lastly, the possibility of overlapping previous studies to provide an outline of natural 

circumstances where this study has fallen short is an option in addition to the 

possibility of substantiating the findings of this study. 
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Species 

Ifml(zchia cf ampllio.\.),,\' 
Aclllul1Ifhcs sp 
AcllIIUlIlhidiwll millutissima 
Amp/wra cojleacforlllis 
Ampltora C011/mufala 

Amphora Gratis 
Amphora vellela 

Allolllo(,01/cis splineropllOra 

Call1l~l'h)(lisclls ('("PC/IS 
Caecof/cis clIge/hrachtif 

Coccolleis plaeell/Illa 

C)'e/otella lIlel/cghil/inl/a 
C)'lIlbella pllsilla 
C\"II/bella sp 
Dip/oncis OJ'nlis 
Lpitliemia adnata 
Fallacia pygmaea 
Gompltonema gracile 
Ifml11crzc sp 
lv/as/oglaia brmmii 
Mastogloia elliptica 
Mastogloia smithii 
A1e/asira sp 
Navicula ('inla 
NtH'feu/a Clyptoceplwla 
Navicula oblollga 
Nal'icu/a pl{/~l'SIOIJU1 
NIII'icllla sp I 
Nm'icu/a SjJ 2 
Nal'icu/a sp 3 
Nitzschia (flll11pliih;a 
Nitzschia cf. chaser' 
Nitzschia IiI/caris 
Pillmt/aria acrosp/incrin 
I)jl/J/ularia cf. igl/obilis 
Pillllll/a";a c r \'irid(formis 
Pillllll/aria sp 
Pscudosfallrosira hrCl'istl'iata 
Rhoicosphcllia abbrel'iatn 
Rhopalodia gibba 
Rhopalodia gihhc,.,t!" 
Rhopalodia sp 
Stallrosira elliptica 
Staurosirella pinnn/a 
SYlledra aCllS 

5.vl/edra tabulata 
c~\,l1edra IIll/a 

Unknown sp 1 
Unknown sp 2 

Total 

15 

12 
o 

24 
26 
14 
o 
o 
4 
o 
I 
() 

7 

4 
o 
12 
10 
o 
o 
19 
o 
() 

o 
o 

21 
() 

o 
o 
o 
() 

29 
21 
o 
II 
o 
39 
o 
38 
o 
o 
16 
o 

121 
13 
2 

25 
26 
o 
o 

485 

35 

o 
o 
7 
3 
15 
11 
o 
4 
o 
15 
2 
3 
o 
o 
1 
6 
4 
o 
o 

21 
o 
3 
o 
o 
7 
o 
o 
o 
o 
() 

7 
9 
() 

3 
() 

59 
() 

10() 
o 

7 
o 

148 
27 
o 
7 
14 
o 
o 

484 

55 

() 

() 

() 

7 
25 
o 
() 

12 
o 
8 
() 

14 
(J 

2 
o 
16 
o 
o 
o 

31 
o 
o 
o 
o 
13 
o 
o 
o 
() 

() 

4 

o 

o 
64 
o 

42 
o 
o 
9 
o 

215 
25 
o 
7 
8 
o 
o 

505 

85 

() 

3 
o 
4 
12 
8 
o 
18 
o 

35 
8 
16 
o 
6 
o 
13 
4 
o 
o 
6 
o 
() 

o 
2 
10 
2 
o 
o 
o 
() 

7 
3 
o 
11 
o 

34 
o 
86 
o 
2 
4 
() 

155 
33 
o 
6 
12 
o 
o 

500 

Table 7: GK2 Total Diatom Counts. 
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() 

o 
II 

19 
5 
o 
14 
o 

35 
11 
13 
o 
o 
o 
14 
3 
o 
o 
9 
o 
5 
o 
o 
9 
o 
o 
10 
o 
o 
o 
5 
o 
5 
o 

33 
o 

68 
() 

3 
11 
o 

181 
32 
o 
18 
8 
o 
o 

516 

125 

o 
4 
() 

o 
23 
3 
o 
15 
() 

29 
5 
6 
o 
4 
4 
19 
o 
o 
o 

11 
o 
o 
o 
4 
o 
() 

2 
10 
o 
o 
4 
o 
4 
o 
19 
() 

83 
o 
o 
2 
o 

180 
32 
1 
8 
7 
o 
o 

488 

155 

o 
2 
o 
2 

2() 
5 
o 
18 
o 
32 
14 
14 
o 
3 
o 
36 
1 
o 
o 
19 
30 
o 
o 
o 
3 
o 
o 
() 

() 

() 

o 
() 

() 

6 
II 

31 
o 

44 
o 
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1 
o 
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o 
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3 
o 
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o 
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II 
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20 
(, 

o 
10 
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30 
12 
10 
o 
3 
o 
12 
6 
o 
o 
12 
24 
o 
o 
o 
5 
o 
o 
o 
o 
o 
1 
() 

() 

3 
o 

40 
o 

47 
o 
o 
4 
o 

171 
59 
o 
9 
3 
o 
o 
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200 

o 
() 

o 
6 

26 
o 
o 
n 
() 

13 
4 
12 
o 
o 
o 
15 
o 
o 
o 
13 
30 
o 
() 

o 
6 
o 
o 
o 
o 
o 
9 
1 
() 

2 
o 

2(, 

I 
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o 
o 
3 
o 

183 
42 
o 
11 
5 
o 
o 
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220 

o 
o 

o 
12 
1 
I 

18 
7 

8 
o 
10 
o 
o 
o 
5 
3 
o 
o 
3 
17 
1 
o 
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o 
o 
o 
o 
() 
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() 

o 
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o 
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() 
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o 
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o 
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TaMe 8: Summar)! of Life Form, Salinity and pH, referenced 

I Species Life fOI111 Salinity pH 
;!cl/l1anlhidium minulissima Benthic (Taylor ('I al., 20(7) Fresh brackish (Kclly cl al., 2005) Circllmneulral (Kelly el al., 2(05) 

Amphora co{(i.'acj(mnis Epipelic, Epiphytic or acrophilollS (EI-Awamri ('I al., 20(7) Brackish (Sylvestre cl al" 200 I) 

/lmphora ('ommulala Epilithic (Camargo and Jimenez, 2(07) 

Amphora om/is Epipelic & Epilithic (Kelly ('I al., 20(5) Fresh brackish (Kelly el al., 2(05) Alkaliphilous (Kelly cl al., 20(5) 

Amphora l'olela Epilithic (Edwards cl 01.,20(6) Brackish fi'esh (Kelly ('I 01., 2(05) Alkalibiontic (Kclly cl al., 20(5) 

Anolnoconcis splwcrophora Epipclic (Kelly ('I 01., 2005) Brackish ti'csh (Kelly el al., 2(05) Alkalibiontic (Kelly el aI., 2005) 

Campylodiseus clvpeus Planktonic (Kelly ('I al., 2(05) Brackish (Kelly cl al., 2005) Alkalibiontic (Kclly el 01., 2005) 

Coeconcis cllgclbraehlii Benthic (Taylor cl al., 2007) 

Cocconcis plaeclllula Epilithic & Epiphytic (Kelly ci al., 2005) Fresh brackish (Kclly el ai., 2005) Alkaliphilous (Kelly ci 01., 2005) 

Cyclolel/a lI1ellcghiniana Bcnthic & Planktonic (Yacobaccio and Morales, 2005) Alkaliphilous (Yacobaccio and Morales, 2005) 

Cvmbcl/a pusil/a Benthic (Saros and Fritz, 2000) Fresh brackish (Sylvestre el al., 200 I) 

Cvmbclla sp Epipelic and Epilithic (Kivrak and Gurbz, 20(5) 

Epilhemia adnala Epiphyton or Epilithon or Peliphyton (Kelly et al., 20(5) Fresh brackish (Kelly et al., 2(05) Alkalibiontic (Kelly et ai., 2005) 

Fallacia pygmaea pcriphyton (Hassan el al., 2006) Brackish fresh (Kelly el ai., 2(05) Alkalibiontic (Kelly el 01., 2005) 

Gomphollcma gracile Phytoplanktonic - Epiphytic (Lane and Brown, 2007) Fresh brackish (Kelly el al., 2005) Circumneutral (Kelly el al., 2005) 

flalll~chia c( amphioxvs Aerophilous (Kelly el ai, 2005) Fresh brackish (Kelly et al., 2005) Circumneutral (Kelly el ai., 2005) 

Maslogloia hraunii Benthic (Edwards cl al., 2006) Brackish (Edwards cl al., 20(6) 

Maslogloia clliplica Benthic (Edwards ct ai., 2(06) Brackish (Kelly el al., 20(5) Alkaliphilous (Kelly ('I al., 2(05) 

Maslogloia sll1ilhii Epiphyton (Lane and Brown, 2007) Brackish (Kelly cl al., 20(5) Alkaliphilous (Kelly cl al., 2(05) 

NUI'i('ula eillla AcrophilollS & Epipelon (Kelly el al., 2(05) Fresh brackish (Kelly ('I al., 20(5) Alkaliphilolls (Kelly cl al., 2(05) 

Nm'icula crl'ploceplwla Epipelic in F/water (Polilickova and Mann, 20(6) Frcsh brackish (Kelly el ai., 2005) Circumneutral (Kelly <'I aI., 2005) 

Navicula obiollga Benthic (Jacobs el al., 20(7) Fresh brackish (Kelly cl al., 20(5) Alkaliphilolls (Kelly cl al., 20(5) 

Naviculu plalVSl()llla Benthic (Korol, 2(05) Indifferent (Korol, 2(05) 

Nil~schia c/alllphihia Aerophylic, planktonic or henthic (EI-Awamri 1'1 al., 2(07) Fresh hrackish (Kelly el al., 20(5) Alkaliphilous (Kelly cl al., 20(5) 

Nil~schia lin caris Epipelic in F/water (Kelly cl al., 2005) Frcsh brackish (Kelly el al., 2(05) Alkaliphilolls (Kelly ('I al., 2(05) 

Pillllularia acrosphaeria Benthic (Caljon and COCqllyt, 1992) 

I'illilularia c/ igllohilis periphyton (Crcmcr el al., 200 I ) Fresh (Cremer el al., 200 I) 

Pilllllliaria c( I'iridij(mnis Benthic (Nguetsop <'I al., 2004) 

I'sc(/(Ioslaurosira hrcI'islriala Epiphytic or tychoplankton (Yacohaccio and Morales, 2005) Fresh brackish (Kelly cl al" 20(5) Alkaliphilous (Kelly ('I al., 2005) 

Riloicosphellia ahbr""iala Epiphyte & Epililhon (Kelly ('I al., 2005) Fresh brackish (Kelly cl 01" 2005) Alkaliphilous (Kelly el al., 2005) 

Rhopulodia gibha Periphytic (Kelly ('/ ai., 20(5) Fresh brackish (Kelly ('I al., 2(05) . Alkalibiontic (Kelly cl aI., 2005) 

Rhopalodia gihherula Epiphytic (Yacobaccio and Morales, 2005 Brackish Fresh (Yacobaccio and Morales, 20(5) Circllmnclltral (Yacobaccio and Morales, 2005) 

Silllol1Scllia c( dclogllei Aerophilous (Kelly el al" 2005) Brackish ti'esh (Kelly e! ai., 2005) 

Slaurosira cliiplica Episammic or tychoplanktonic (Sylvestre et ai., 200 I) Fresh brackish (Kelly ('I al., 2005) Alkaliphilous (Kelly cl al., 2005) 

Slaurosirelia pinllala Episammic or Epipclon (Kelly ct al., 2005) (Hassan cl al" 2006) Fresh brackish (Kelly el ai., 20(5) Alkaliphilolls (Kelly cl aI., 2005) 

SVllcdra aeus Epiphytic (Kelly el ai., 2005) Fresh brackish (Kelly el al., 2005) Alkaliphilolls (Kelly fI ai, 2005) 

SVllcdra lahulala Epiphytic (Vos and de Wolf, 1988) 
Smcdra uilla Epiphyte & Epilithon (Kelly ('I al., 2005) Frcsh brackish (Kelly ('I aI., 2005) Alkaliphilous (Kelly et al., 2005) 
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