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Abstract 

 

The decrease of biological diversity from low latitudes near the equator towards high latitudes is 

one of the most fundamental patterns noted in ecology. These trends have been the subject of 

numerous terrestrial and marine studies and have caused the proposal of several explanatory 

hypotheses. No single hypothesis has adequately accounted for these observed trends. 

Furthermore, large-scale patterns are frequently modified by processes acting at meso- to small-

scales. It is imperative to understand the interaction of these processes to elucidate the 

mechanisms controlling the structure of intertidal assemblages.     

 

The main aim of this thesis was to test the influence of multiple processes at a range of spatial 

scales on biogenic engineers. Biogenic engineers, such as macroalgae, have been reported to be 

strongly influenced by processes such as grazing, biogeography and upwelling and subsequent 

effects are expected to be linked to their associated assemblages. I used infaunal assemblages 

associated with macroalgae as a model system to understand the interactive effects of meso-scale 

upwelling in conjunction with large-scale factors (regional and biogeographic). Three species of 

macroalgae, Hypnea spicifera, Champia lumbricalis and Bifurcaria brassicaeformis, inhabiting 

different but overlapping home ranges were used in this study. Smaller scale, physical attributes 

and the associated fauna of these algal species were compared.  

 

The effects of meso- to large-scale physical gradients on marine organisms have been 

investigated in many instances and resultant gradients in physical variables observed. This study 

was undertaken to investigate morphological trends exhibited by Hypnea spicifera and Champia 
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lumbricalis to compare possible similarities between coastlines and to determine if inferred 

meso- to large-scale processes influence physical trends in a similar manner despite the 

coastlines being affected by different hydrodynamic processes. The macroalgae were located in 

two distinctly different upwelling regimes, Hypnea spicifera on the east and south coasts and 

Champia lumbricalis on the west coast. Upwelling (delivery of nutrients and primary 

production) was not found to be an important factor in determining the physical characteristics of 

macroalgae but there were clear patterns linked to latitude. Mean percentage cover of Hypnea 

spicifera was positively correlated with distance along the east and south coasts. Mean mass and 

mean surface area of H. spicifera were, however, negatively correlated with distance from Port 

St Johns.  Mean frond length showed a negative trend but this relationship was not statistically 

significant. On the west coast, there was a significant increase in mean frond length from north 

to south for Champia lumbricalis. Mean surface area and mean mass of C. lumbricalis exhibited 

non-significant negative trends from north to south while there was a non-significant positive 

trend for mean percentage cover. Following the “Productivity Hypothesis”, these patterns from 

north to south along the coastlines of South Africa could have important implications for 

biodiversity associated with these algae.     

 

Many previous studies have focussed on the effects of upwelling on species (i.e. effects of 

nutrients and temperature) but have failed to separate this effect from large scale effects such as 

biogeography and latitudinal gradients. I tested the influence meso-scale upwelling, large-scale 

biogeographic processes and latitudinal gradients with two different species of macroalgae one 

on the east and south coasts of South Africa and the other on the west coast. Hypnea spicifera 

inhabits the east and south coasts of South Africa spanning two biogeographic provinces and is 

generally affected by relatively weak upwelling, whereas Champia lumbricalis inhabits the west 

coast spanning one biogeographic province which is subjected to intense persistent upwelling 
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year round. Within the east and west coast biogeographic provinces there are, however, regions 

with both upwelling and non-upwelling. 

 

 On the east and south coasts, entire assemblages differed significantly among the three Regions 

(St Lucia, Port Alfred and Knysna, while assemblages between upwelling/non-upwelling areas 

were not different. Assemblages on the different shores differed significantly from each other. 

There were no significant effects of region or upwelling for the number of individuals of 

Crustacea or Polychaeta, while Mollusca showed a significant effect of region. The number of 

individuals of other taxa showed a significant interaction of region and upwelling. Region had a 

significant effect on number of species of molluscs and other taxa, while there was no effect for 

either region or upwelling for the Crustacea or Polychaeta. In general different factors were 

shown to be important (region and shore) while upwelling was rarely important. 

 

On the west coast assemblages associated with C. lumbricalis were not influenced by region or 

upwelling but there were significant differences between shores. Region, upwelling ad shore did 

not affect number of individuals. There was a significant interaction of region and upwelling for 

the number of species of crustaceans, while numbers of species of Mollusca, Polychaeta and 

other taxa showed no effects. 

 

In general, regional factors strongly influenced most organisms, while upwelling played a minor 

role. Hypotheses about differences between upwelling and non-upwelling regions in terms of 

species abundances and composition due to the input of cold nutrient rich water were not 

supported. A link between the effects of larger-scale biogeographic factors and their influence on 
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habitat forming taxa and the resultant effects on associated infauna would be a likely explanation 

for the patterns observed in this study. 

 

Diversity of assemblages is known to be influenced by the structural complexity of a habitat, 

increasing complexity increases the amount of available niches therefore potentially increasing 

the number of species found within that habitat. Three species of macroalgae, Hypnea spicifera, 

Champia lumbricalis and Bifurcaria brassicaeformis were selected on the basis of being 

structurally similar and having their distributional ranges overlap in order to elucidate the effects 

of structure and macroalgal species on associated assemblages. Hypnea spicifera is different in 

terms of surface area and biomass from Champia lumbricalis and Bifurcaria brassicaeformis. 

Assemblages of species found on the three rhodophytes showed both shore and the species of 

alga had significant effects on composition. Only numbers of individuals of molluscs were 

affected by the species of alga. Crustacea and Polychaeta showed an interaction of the species of 

alga with shore. In the case of this study, it is likely that the three species of macroalgae mitigate 

biological stressors such as predation and physical stressors such as wave exposure and 

desiccation. 

 

In general, meso-scale upwelling is suggested to be marginalised when considering the 

structuring of assemblages associated with macroalgae, while large scale biogeography has more 

of an influence. Within shores, assemblages were also strongly influenced by smaller-scale 

factors such as differences in the structure and species of alga. This study indicates the 

importance of investigating patterns across a range of spatial scales to gain a comprehensive 

understanding of factors influencing intertidal organisms. 
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Chapter 1  

General Introduction 

 

There is a general tendency in many taxa for species richness to increase from high latitudes at 

the poles to low latitudes near the Equator (e.g. Rohde 1992, Gaston 1996, 2000, Chown and 

Gaston 1999). Trends along latitudinal gradients have been the subject of numerous terrestrial 

(e.g. Wright et al. 1993) and marine studies (Rex et al. 1993, Macpherson and Duarte 1994, Roy 

et al. 1998, Gray 2001), and several causation hypotheses have been proposed, e.g. the species 

richness-energy hypothesis, environmental stability hypothesis, species richness-area hypothesis, 

Rapoport‟s rule, and the mid domain effect (reviewed in Gaston and Blackburn 2000, Willig et 

al. 2003). No single hypothesis adequately accounts for all such patterns along latitudinal 

gradients (Rohde 1992, Gaston and Blackburn 2000, Willig et al. 2003). Macroalgae are unusual 

in that species richness does not increase from low latitudes to high latitudes (Bolton 1994) 

Many large scale marine patterns are modified by smaller meso-scale processes (10s to 100s km) 

such as upwelling (Broitman et al. 2001, Menge et al. 2004, Weiters 2005, Blanchette et al. 

2007, Freidenburg et al. 2007) or even smaller scale effects such as wave exposure (McQuaid 

and Branch 1984, Bustamante et al. 1995a, Bustamante and Branch 1996, Menge 2000). Larger 

scale patterns may also be influenced by localised processes such as competition, predation and 

small scale habitat complexity (Dayton 1971, Chapman and Underwood 1994). This interaction 

between broad and local scale processes highlights the need to understand patterns of distribution 

and abundance of organisms at a range of spatial scales (see Underwood et al. 2000 for review). 
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1.1 Influences of biogeography on marine organisms:  

Biogeography is the study of the geographical distribution of organisms and, although this 

definition seems relatively simple, it can involve many underlying historical events and 

processes, including geological and biological evolution, which have profound effects on present 

biogeographic distribution patterns of species over meso-scales (Brown and Jarman 1978, Myres 

and Giller 1988, Bustamante and Branch 1996). Patterns in biogeography can be recognised at 

three different levels (Myres and Giller 1988). Firstly, primary patterns involve species 

responding to large-scale environmental phenomena (also known as underlying controlling 

processes) that create non-random spatial distributions. Secondary patterns are formed from a 

collection of characteristics of a group of species or taxa, such as diversity, richness, endemicity, 

etc. Tertiary patterns look at the relationships between secondary and abiotic data, such as 

species-area relationships (Myres and Giller 1988).  

 

Although biogeography is considered important in mapping the distribution of species, the nature 

of its development makes it highly variable among species, with species occurring over the same 

area exhibiting different biogeographical patterns and boundaries due to varying physiological 

and ecological adaptations, and different centres of dispersal for different species (Myres and 

Giller 1988, Bustamante and Branch 1996). This has been demonstrated over both terrestrial and 

marine ecosystems (Bustamante and Branch 1996, Crisp et al. 1999). It has been suggested that 

boundaries between the west and south coast provinces in South Africa differ depending on 

species analysed e.g. Polychaetes (Day 1967), amphipods (Griffiths 1974), opisthobranchs 

(Gosliner 1987), echinoderms (Thandar 1989) and octocorals (Williams 1992). The elucidation 

of multispecies biogeographical distribution patterns requires objective and repetitive criteria 

that is unaffected by the ecology of specific taxa (Bustamante and Branch 1996).  
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Along with biogeography, a suite of top-down and bottom-up factors affect the intertidal region 

and contribute to the shaping of intertidal communities (Menge 2000). Bottom up factors include 

physical aspects of the shore such as wave exposure (McQuaid 1981, McQuaid and Branch 

1985, Field and Griffiths 1991, Emanuel et al. 1992) and sheltering effects, such as the location 

of the shore in relationship to bays (Bustamante and Branch 1996). Nutrient gradients over 

meso-scale distances (Carter and D‟Aubrey 1988, Carter and Schleyer 1988, Lutjeharms et al. 

2000a) also affect assemblages on intertidal rocky shores (Bustamante et al. 1995b, Menge 2000, 

Weiters 2005, Aquilino et al. 2009). 

1.2  Importance of coastal upwelling: 

Nearshore oceanographic processes have been observed to be important in influencing intertidal 

marine organisms in the intertidal region (Menge et al. 1997a, Menge 2000). There are five 

major geostrophic gyres worldwide, two of which are located in the Northern hemisphere and 

three in the Southern Hemisphere, all of which have distinct geostrophic currents within them 

(Garrison 1993). The currents are classified by their position within gyres as Western Boundary 

Currents, Eastern Boundary currents or transverse currents (Garrison 1993).  

 

Slow moving, cold Eastern Boundary Currents such as the Canary, Benguela, California and 

Humbolt currents are considered to be biologically productive (Small and Menzies 1981, Huyer 

1983, Ware 1992, Patti et al. 2008), however there is no agreement as to which local factors 

(wind mixing, light availability, continental shelf size and shape, local strong currents, 

temperature, characteristics of the water brought to the surface by upwelling, dominant winds, el 

Niño oscillation and/or input from major rivers) are responsible for this high productivity in each 

of these areas (Carr and Kearns 2003, Hardman-Mountford et al. 2003, Thomas et al. 2004, 

Ribeiro et al. 2005, Patti et al. 2008). In the Benguela current, offshore Eckman transport, due to 
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strong and persistent coastal wind stress injects cold, nutrient-rich water into the euphotic zone, 

driving primary and secondary production (Small and Menzies 1981, Huyer 1983, Weiters 

2005). 

 

Western Boundary currents are generally considered to be oligotrophic, such as the Gulf Stream 

(Garrison 1993, Paerl et al. 1997, Devred et al. 2007), the Agulhas Current (Condie 1995, 

Lutjeharms et al. 1989, 2000a, Lutjeharms 2006, 2007), the East Australian Current (Richardson 

and Poloczanskac 2009) and the Brazilian Current (Fleoter et al. 2001, Godoy et al. 2002), but 

upwelling due to oceanographic processes induced by variation in shelf topography is typical in 

these currents worldwide (Condie 1995). Specifically, widening of the continental shelf along 

the path of the current can induce persistent upwelling centres and this phenomenon has been 

noted in the Gulf Stream (Hsueh and O'Brien 1971, Blanton et al. 1981), the Kuroshio Current 

(Nagata 1970, Lutjeharms et al. 1993), the East Madagascar Current (Lutjeharms and Machu 

2000) and the East Australian Current (McClean-Padman and Padman 1991, Tranter et al. 1986) 

and has also been described by Gill and Schumann (1979), Lutjeharms et al. (1989, 2000a, b) 

and Lutjeharms (2006, 2007) for the Agulhas current.  

 

These meso-scale oceanographic processes can strongly influence patterns of abundance, 

distribution and biomass of many species of marine intertidal organisms (Menge et al. 1997a, 

Menge 2000, Weiters 2005, Freidenburg 2007) and create striking patterns over such spatial 

scales (Broitman and Kinlan 2006). Previous studies have attempted to link oceanographic 

processes with nearshore larval transport and subsequent settlement patterns. Upwelling is 

thought to transport larvae offshore during times of upwelling events (Parrish et al. 1981, 

Yoshioka 1982, Gaines and Roughgarden 1985, Roughgarden et al. 1988) limiting recruitment to 
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relaxation of prevailing winds and consequent downwelling (Yoshioka 1982, Gaines and 

Roughgarden 1985, Roughgarden et al. 1988, Farrel 1991). In subsequent studies Morgan et al. 

(2009a, b), however, suggested that recruitment is not limited by infrequent relaxation processes 

but rather by as yet unidentified mechanisms acting within upwelling, and further supports this 

theory with larval behavioural studies (Morgan et al. 2009b, c, Morgan and Fisher 2010). 

 

1.3 Marine organisms as habitats:  

Habitat can be defined as “The living place of an organism or community, characterised by its 

physical or biotic properties” (Andrewartha and Birch 1954, Allaby 1998. Pp. 192). This does, 

however, not only include abiotic physical structures on the landscape but also structures created 

by organisms that form secondary habitats for other organisms and this has been referred to as 

“physical ecosystem engineering” (Jones et al. 1997). Jones et al. (1994) originally defined 

ecosystem engineers as “organisms that directly or indirectly modulate the availability of 

resources to other species, by causing physical state changes in biotic or abiotic materials” (Jones 

et al. 1994. Pp. 373). Subsequently this has focused many ecological studies on ecological 

engineers (e.g. Castilla et al. 2004, McCabe and Gotelli 2003, Jouquet et al. 2006). Ecosystem 

engineers can be divided into two categories: autogenic and allogenic (Jones et al. 1994, Jones et 

al. 1997). Allogenic engineers transform the physical state of resources by their actions, making 

them available for use by other organisms, whereas autogenic engineers alter the environment by 

incorporating themselves in the engineered environment (Jones et al. 1994, 1997). Biogenic 

habitats are mostly formed by autogenic ecosystem engineers (Wright et al. 2006) and this 

phenomenon follows on into the marine ecosystem where biogenic habitats are mostly formed by 

autogenic engineers (e.g. Seed 1996, Bologna and Heck 1999, Gutiérrez et al. 2003, Burnaford 



Chapter 1 – General Introduction 

6 

 

2004, Prado and Castilla 2006, Borthagaray and Carranza 2007, Cole 2009, Cole and McQuaid 

in press).  

 

Examples of important habitats formed by autogenic engineers include rainforests (Connell 

1978), coral reefs (Connell 1978, Anderson 1992), mangroves (Ellison et al. 1999), and 

submerged macrophytes in freshwater systems (Carpenter and Lodge 1986). Structural 

complexity created by these habitat-forming organisms is known to be an important factor, often 

influencing the abundance and diversity of associated taxa (Fletcher and Underwood 1987, 

Hacker and Steneck 1990, Huston 1994, Beck 1998, Attrill et al. 2000). Increasing structural 

complexity within a habitat increases the available niches present for utilisation by species, and 

thus often has effects on the number and diversity of species found within the habitat 

(MacArthur and MacArthur 1961, Gilinski 1984, Dean and Connell 1987c, Attrill et al. 2000, 

Crooks 2002). 

 

The importance of habitat-forming species in the facilitation of diversity of smaller taxa has been 

highlighted by Bruno et al. (2003). Comparisons between bare areas and those that have 

biogenic habitats have consistently shown that biogenic habitats contain more taxa and a higher 

diversity. For example, bare soft sediment compared with mussel beds (Ragnarsson and Rafaelli 

1999, Commito et al. 2005), in benthic habitats, (Diaz et al. 2004) and bare rock compared with 

mussel beds in marine and fresh water habitats (Botts et al. 1996, Spooner and Vaughn 2006, 

Borthagaray and Carranza 2007). Biogenic habitats such as turf-forming coralline algae (Kelaher 

2003a) and canopy-forming Ascophyllum nodosum (Bertness et al. 1999) are known to provide 

physical structure that in turn provides protection from potential physical stresses such as 



Chapter 1 – General Introduction 

7 

 

desiccation. Quantification of what resources are being made available and the role played by 

autogenic engineers is an important step in ecological studies involving ecosystem engineers.  

  

1.4 Elucidation of factors affecting epifauna associated with macro-algae:  

Macroalgae have been identified as important ecosystem engineers on rocky shores (e.g. 

Thompson et al. 1996, Kelaher et al. 2001, Kelaher 2002, 2003a, b, Kelaher et al. 2007). The 

three macroalgal species considered in this study; Bifurcaria brassicaeformis (Phaeophyta), 

Champia lumbricalis and Hypnea spicifera (Rhodophyta) were deemed to have similar shape, 

size and sized holdfasts thus potentially providing similar amounts and quality of habitat for 

associated organisms. H. spicifera occurs from north of Richards Bay on the east coast of South 

Africa, to the west coast as far as Angola, while C. lumbricalis is abundant from south Angola to 

Cape Agulhas on the south coast (Stegenga et al. 1997)(Fig 2.1). B. brassicaeformis has a much 

more limited distribution occurring from Cape Columbine on the west coast to Cape Agulhas on 

the south (Stegenga et al. 1997). 

 

Meso-scale variations in nutrients (Carter and D‟Aubrey 1988) and primary production of 

phytoplankton have been observed and studied in many instances (e.g. Carter and Schleyer 1988, 

Lutjeharms et al. 2000a). The effects of these variations have been the subject of many studies 

involving algal assemblages, composition and abundance within the rocky intertidal region 

(Bustamante et al. 1995b, Weiters 2005, Freidenberg et al. 2007, Aquilino et al. 2009) and rocky 

shore taxa (Harris et al. 1998, Menge et al. 1999, Menge 2000, Phillips 2005, Blanchette et al. 

2007). Meso-scale variations in primary productivity along coastlines can be attributed to 

upwelling processes and the accompanying changes in physical and chemical dynamics 
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associated with the water column (Lutjeharms et al. 2000a, Lutjeharms 2007). Studies in the past 

have examined the effects of these upwelling events on intertidal organisms over meso-scale 

distances (e.g. Dayton et al. 1999, Menge 2000, Broitman et al. 2001, Menge et al. 2004, 

Weiters 2005, Blanchette et al. 2007, Freidenburg et al. 2007) but this has not been done across 

large scales over which biogeographic or latitudinal effects may be encountered. Consequently, 

it is difficult to generalise the effects of upwelling in a biogeographic context. Biogeography has 

been shown to have strong effects on intertidal organisms in southern Africa (Emanuel et al. 

1992, Bustamante and Branch 1996).The southern African coast was originally classified into 

three biogeographical provinces (Stephenson 1939, 1944, 1948). Later work by Emanuel et al. 

(1992) and subsequent work by Bustamante and Branch (1996), however, proposed four main 

biogeographical provinces: (1) the subtropical Natal province, (2) the warm temperate Agulhas 

province, (3) the cool temperate Namaqua province, and (4) the cool temperate Namib province. 

Although four biogeographic provinces have been proposed for most fauna around the southern 

African coastline, Bolton (1986) suggested that the marine algae are governed by two provinces, 

a warm temperate province with west and south coast components and a subtropical province on 

the east coast. Further work by Bolton et al. (2004) indicates that the change from tropical to 

temperate flora occurs around St Lucia, however they consider the Natal province to be 

composed of a mixture of tropical and temperate flora forming a large overlap region. Along 

both the east and west coasts, two upwelling and two non-upwelling areas separated by meso-

scales were selected. Upwelling along the east and south coasts occurred in two biogeographic 

provinces; the subtropical Natal province and the warm temperate Agulhas while the upwelling 

areas along the west coast were both incorporated in the cool temperate Namaqua province 

(Emanuel et al. 1992, Bustamante and Branch 1996).  

 



Chapter 1 – General Introduction 

9 

 

The effects of large-scale (biogeography), meso-scale (upwelling), and small-scale 

(physical/structural attributes of the macroalgae) factors on epifaunal assemblages associated 

with H. spicifera and C. lumbricalis around the coast of South Africa are investigated. 

 

In Chapter 2, large scale patterns are investigated in terms of their influences on two habitat-

forming species (H. spicifera and C. lumbricalis). This addresses whether these different species 

of algae are influenced by similar processes affecting their size, biomass and cover over broad 

latitudinal scales (covering most of their range). In Chapter 3, biogeographical factors and meso-

scale upwelling are investigated with the same two species of algae to determined whether such 

processes influence (directly or indirectly) the associated fauna. In Chapter 4, smaller scale 

factors are investigated using H. spicifera and C. lumbricalis and another structurally similar 

species, B. brassicaeformis. The role of structure on associated fauna was studied. The broader 

implications of this hierarchy of ecological factors are discussed in Chapter 5. 
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Chapter 2  

Large Scale Patterns of Hypnea Spicifera and Champia 

lumbricalis Distribution 

 

2.1 Introduction: 

The increase of biological diversity from high latitudes towards the equator is one of the most 

fundamental patterns noted in ecology (Brown and Lomolino 1998, Gaston 1996, Rosenzweig 

1995, Willig 2001, Willig et al. 2003). This trend is possibly one of the oldest patterns noted in 

ecological history, and was first described by von Humboldt in the early 1800s (Hawkins 2001). 

The pattern is consistent for most taxa (e.g. plants, mammals, fish, insects) and covers a variety 

of habitats, both terrestrial and marine, but not all organisms conform to this trend (e.g Gray 

2001). The identification of a single mechanism that explains latitudinal gradients in species 

richness has been elusive and a multifactor approach is more commonly employed (see Willig et 

al. 2003 for review). The search for a mechanism to explain latitudinal trends started in the 

1950‟s (Dobzhansky 1950, Hutchinson 1959) and the first review of possible factors accounting 

for latitudinal gradient in species richness was compiled by Pianka (1966). Over 30 explanatory 

hypotheses have since emerged in an attempt to explain this long standing important trend. Some 

are, however, too specific to account for the ubiquitous nature of the gradient, others could not 

produce the gradient and are considered to involve circular logic and are thus deemed 

implausible. A great number are tightly linked due to the use of similar explaining mechanisms 

and of these, six are deemed to hold the most promise for explaining our understanding of 

species richness and latitudinal gradient relationships (reviewed in Willig et al. 2003). 
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The most promising hypotheses explaining trends in biological diversity trends include the 

following. The Geographic Area Hypothesis; the tropics are comprised of a greater surface area 

and are thus able to support more species, this, in conjunction with higher productivity, produces 

higher species diversity at lower latitudes (Terborgh, 1973, Rosenzweig 1995). The Ambient 

Energy Hypothesis; organisms‟ physical responses to temperature form the basis of this 

hypothesis (Willig et al. 2003), high latitude environments are less hospitable than those at low 

latitude (Kaufman 1998, Willig et al. 2003) and thus more costly adaptations are required for 

survival leading to lower species richness (Brown 1988, Willig et al. 2003). The Rapoport-

Rescue Hypothesis proposes that the distributional ranges of species are inversely related to 

latitude (Rapoport 1975, Rabinovich and Rapoport 1975, Stevens 1989, Willig et al. 2003). High 

latitudes have large seasonal variation and species living here have broad physiological 

tolerances, this broad tolerance leads to not only persistence at a specific locale but leads to a 

large home range while the opposite occurs at low latitudes leading to continual dispersal and 

persistence of species into unfavourable habitats (Willig et al. 2003). The Evolutionary Speed 

Hypothesis; due to high temperatures at low latitudes evolutionary speed is increased, leading to 

high temperature induced speciation rates (Rohde 1992). Latitudinal gradients in temperature 

thus lead to greater species numbers in low latitudes compared with high latitudes where 

speciation rates are slower due to fewer temperature induced mutations, slowed selection 

pressure and slower generation times (Rohde 1992). The Geometric Constraints Hypothesis; the 

effect of environmental gradients on biota along a latitudinal gradient are overlooked (Willig et 

al. 2003) and the gradients observed are due to random placement of species within a specific 

bound area which is defined by a physical or physiological border (e.g. continental coastlines, 

salinity gradients) (Colwell and Hurtt 1994). The Productivity Hypothesis; annual input of solar 

radiation is inversely correlated to latitude and relates to energy availability, productivity and 

biomass (Robinson 1966, reviewed in Willig et al. 2003). In general productivity (measured by 
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actual evapotranspiration) is correlated to species richness but does not encompass all species 

(e.g. Currie 1991). This hypothesis fails to provide a mechanism whereby species richness 

increases and is limited by the available energy as opposed to a simple increase in population 

density with energy increase (Currie 1991, reviewed in Willig et al. 2003). A step towards 

testing this hypothesis requires there to be a latitudinal trend in biomass or habitat-creating taxa.  

 

Variation in abundances of species and diversity is known to occur across large scales along 

coastlines worldwide (e.g. Australia, Underwood and Chapman 1998; Canada, Archambault and 

Bourget, 1996; Europe, Jenkins et al. 2005, Cole and Chapman, 2007; Japan, Nakaoka et al. 

2006; South Africa, Bustamante and Branch 1996, Xavier et al. 2007; South America, 

Rivadeneira et al. 2002, Kelaher et al. 2007; USA, Foster 1990, Blanchette et al. 2006, Sagarin 

and Gaines 2006). Large-scale processes are generally thought to influence the pattern and 

number of species across large areas and this has prompted studies that investigate the role these 

processes play in biological variation (Underwood and Chapman 1998). 

 

The effects of meso- to large-scale physical gradients on marine organisms have been 

investigated in many instances (e.g. upwelling, Menge et al. 2004, Weiters 2005, Xavier et al. 

2007; temperature, Crisp 1964, Broitman et al. 2001). Offshore Ekman transport found in wind-

driven upwelling systems, and subsequent relaxation of this process, has been identified as an 

important oceanographic process influencing temporal and spatial variation in recruitment rates 

(Gaines and Roughgarden 1985, Roughgarden et al. 1988, Farrell et al. 1991, Alexander and 

Roughgarden 1996). It has been suggested that variation in propagule supply, due to differing 

strengths of offshore Eckman transport, accounts for the differences in the broad patterns present 

in community structure between the coasts of northern California and Oregon (Connolly and 
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Roughgarden 1998, 1999a, b). Patterns in functional groupings over continental scales have also 

been suggested to vary due to environmental gradients associated with factors that vary with 

latitude, such as solar radiation (Gaines and Lubchenco 1982, Brown and Lomolino 1998). 

 

At smaller spatial scales biological interactions are also known to influence the assemblage 

composition and species distribution on the rocky intertidal shore (Broitman et al. 2001). Top-

down effects of predators, such as seastars and whelks, can have effects on dominant sessile 

functional groups, hence altering rocky shore assemblages (Paine 1974, Menge 1976, Castilla 

and Duran 1985, Paine et al. 1985, Castella and Paine 1987, Navarrete 1996, Navarrete and 

Menge 1996). Algal competitive interactions have often been demonstrated by experimental 

manipulations, the results showing that encrusting algal forms are out- competed by corticated 

algae and kelp functional groups, which then become the dominant space occupiers (e.g. erect 

fleshy algae over encrusting calcified algae, reviews in Lubchenco and Gaines 1981, Santelices 

1990, Steneck and Dethier 1994). Under high herbivory pressure, competitive hierarchies can be 

altered (Lubchenco and Gaines 1981, Sousa et al. 1981, Branch and Moreno 1994). For example, 

corticoid algae or kelps are replaced by crustose algae as the dominant space occupier under high 

grazing pressure (Branch and Moreno 1994). 

 

All of these afore-mentioned processes can affect the distribution and abundance of species at 

different scales along the coast. Although this study does not look into the processes that control 

the distributional abundance patterns or physical attributes of Hypnea spicifera along the east 

and south coasts and Champia lumbricalis along the west coast, these trends can be related back 

to, or inferred from, well-known and described physical and biological processes that occur 

along these two coastlines. This study was undertaken to investigate physical trends exhibited by 
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both species of algae to compare possible similarities between coastlines and to see if inferred 

meso- to large-scale processes influence physical trends in a similar manner despite the 

coastlines being affected by different hydrodynamic processes. 

 

2.2 Methods:  

Hypnea spicifera and Champia lumbricalis are both rhodophyte macro-algae commonly found 

on wave-exposed rocks in the Lower Balanoid Zone (Stegenga et al. 1997). Hypnea spicifera, 

although classed within the Rhodophyta, is typically green in colour with the purplish base 

giving the only hint of the red pigments that are diagnostic of the red algae. Branching from the 

rhizomes are stiff green axes, which give rise to green spikes (Fig 2.1a) (Stegenga et al. 1997). 

Hypnea spicifera occurs from the  northern Natal Province, south through the Warm Agulhas 

Province around the Cape of Good Hope into the Namaqua province, before moving north into 

the Namib province (Issac and Hewitt 1953, Stegenga et al. 1997). C. lumbricalis has branching 

rhizomes that give rise to reddish-brown segmented septae that bear bundles of branches (Fig 

2.1b). C. lumbricalis occurs from Cape Agulhas, up the West Coast through the Namaqua 

province, to the southern border of the Namib Province (Stegenga et al. 1997). Despite previous 

studies documenting the broad distribution of these algae, they were not present at all sites 

investigated for this study. For the purposes of this study, H. spicifera and C. lumbricalis were 

therefore sampled in the central part of their distributions during June and July 2009. 

 

Moving westwards from Port St Johns on the east and south coasts of South Africa, 1150 km of 

coast was sampled, all sites were out of bays on the open coast. Six samples of H. spicifera were 

randomly selected and collected from each of eight shores from Kidd‟s Beach (north) to 

Vermont (south) (Fig 2.2). The mass (entire holdfast and associated fronds on an individual plant 
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were scraped from the rock and weighed), surface area of the alga and the maximum length of 

six fronds from each plant were measured and recorded. The surface area of each plant was 

calculated as described by Johnson and Scheibling (1987). The weight of a 5x5 cm piece of 

water proof paper measured and recorded. The paper was then dipped in oil (Johnson & Johnson 

Baby Oil™) and left to drip dry for approximately 30 seconds so a monomolecular layer of oil 

coated both sides of the paper. The paper was then reweighed and the weight of the oil coating 

the 5x5 cm (surface area of 50 cm
2
, two sides of a 25 cm

2
 piece of paper) paper was recorded. 

The weight of a macroalgal sample was measured and recorded. The macrolalgal sample was 

then dipped in oil and allowed to drain until it was deemed to have a monomolecular layer of oil 

coating it (2 -5 minutes) and reweighed. From the weight of the oil coating the macroalga the 

surface area was calculated as per the following equation. 

 

 

 

In addition to measurements of mass, surface area and length, the cover of algae was estimated 

within the central range of the distribution of H. spicifera distribution. Five randomly placed 

quadrats (0.5 m x 0.5 m) were sampled on each shore from Port St Johns (north) to Plettenberg 

Bay (south), encompassing the main distribution of H. spicifera, to measure point intersects of 

area covered by H. spicifera (Fig 2.2). The relationships among distance from Port St Johns, 

mean plant surface area, mean frond-length, mean mass and mean percentage cover of H. 

spicifera were determined. Correlation coefficients (Pearson‟s r) between distance and each of 

these variables were calculated.  
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Sampling of C. lumbricalis was conducted along a 656 km stretch of coastline from Groenrivier 

on the west coast to Vermont on the south coast (Fig 2.2). All sites were out of bays, on the open 

coast, and were considered to have similar exposure to waves. Six samples of C. lumbricalis 

were collected at 10 sites from Groenrivier to Vermont and from these samples surface area of 

the alga was measured and recorded. Ten samples of C. lumbricalis were collected from the 8 

sites from Groenrivier to Bloubergstrand and the mean mass and mean length of 6 fronds were 

calculated. Twenty haphazardly-placed quadrats (0.5 m x 0.5 m) were sampled at each of these 

sites (Onrus and Vermont were, however, not included as they fall outside the Namqua 

province). In each quadrat, percentage cover of the alga was estimated from 100 evenly spaced 

points. The relationships between distance from Hondeklipbaai, a randomly selected point north 

of Groenrivier, mean plant surface area, mean frond-length, mean mass and mean percentage 

cover of C. lumbricalis were determined. Correlation coefficients (Pearson‟s r) between distance 

and each of these variables were calculated.  
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(a) 

 

(b) 

 

Figure 2.1: Typical H. spicifera (a) and C. lumbricalis (b) plants found in the rocky shore 

intertidal region 
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Figure 2.2: Map indicating H. spicifera sampling sites along the east and south coasts, starting at 

Port St Johns in the north and moving south to Vermont. C. lumbricalis was sampled along the 

west coast starting at Groenrivier in the north and moving south to Bloubergstrand.   

 

2.2 Results: 

On the east and south coasts, mean percentage cover of H. spicifera was significantly positively 

correlated with distance from Port St Johns (r = 0.85, d.f. = 3, P < 0.05) (Appendix A). Mean 

mass (r = - 0.77, d.f. = 4, P < 0.01) and mean surface area (r = - 0.77, d.f. = 4, P < 0.01) 

decreased significantly in a south west direction from Port St Johns to Vermont (Appendix A). 

Mean frond length decreased moving southwest from Port St Johns towards Vermont, but the 

relationship was not significant (r = - 0.03, d.f. = 4, P > 0.05) (Appendix A). 

 

Angola 

Cape Agulhas 
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There was an increase in mean percentage cover of C. lumbricalis from north to south, moving 

from Hondeklipbaai to Onrus, but this was, however, not significant (r = 0.36, d.f. = 18, P > 

0.05) (Appendix B). Mean surface area (r = - 0.21, d.f. = 8, P > 0.05) and mean mass (r = - 0.38, 

d.f. = 8, P > 0.05) of C. lumbricalis showed a decrease from north to south (Appendix B). 

Although these results, were not significant, there was a significant increase in the mean length 

of C. lumbricalis fronds, from north to south (r = 0.74 d.f. = 8, P < 0.01) (Appendix B).  

 

Table 2.1: Correlation analysis of relationships between mean distance south from the most 

northerly site and mean percentage cover, mean surface area, mean mass and mean frond length 

of H. spicifera (a) and C. lumbricalis (b). For this table: * P < 0.05, ** P < 0.01. 

 
(a) H. spicifera (b) C. lumbricalis 

 d.f. Pearson‟s r d.f. Pearson‟s r 

Mean percentage cover  3 *  0.85 18 0.36 

Mean surface area 4 **- 0.77 4 - 0.21 

Mean mass 4 **- 0.77 8  - 0.38 

Mean frond length 4 - 0.03 8 ** 0.74 
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 2.3 Discussion: 

This study showed only one significant trend with respect to the physical variables of C. 

lumbricalis moving south from Hondeklipbaai to Onrus. Along the 660 kilometers from 

Hondeklipbaai to Vermont where C. lumbricalis was sampled, mean frond length increased 

significantly from north to south. Bustamante et al. (1995a) showed that primary production in 

epilithic micro-algae was correlated with nutrient availability and when macro-algae were 

considered, functional forms of macro-algae changed from foliose algae on the west coast to 

coralline algae on the east coast, however macro-algal standing stocks did no correlate with the 

productivity gradient, with equally high standing stocks on the east and west coasts and low 

standing stocks on the south coast. On the South African coast, it has been suggested that wave 

exposure has an effect on autotrophs, filter feeders, grazers and invertebrate predators (McQuaid 

and Branch 1985, Branch and Griffiths 1988, Gibbons 1988, Field and Griffiths 1991, 

Bustamante and Branch 1996), although it is acknowledged that higher biomass on the west 

coast is due to nutrient input from upwelling (Brown 1992, Pitcher et al. 1992, Bustamante and 

Branch 1996). The increase in frond lengths from north to south on the west coast does not agree 

with previous work on the effects of upwelling on algae as the more frequent and intense 

upwelling in the northern part of the Namaqua province (Brown 1992, Bustamante et al. 1995b) 

would suggest greater frond lengths, due to greater growth rates (Nielson and Navarrete 2004, 

Weiters 2005). Annual input of solar radiation is considered to be higher at low latitudes and 

relates to energy availability, productivity and biomass (Robinson 1966). These two well studied 

and plausible phenomena fail to create more than one substantial trend when looking at physical 

attributes of macroalgae over a large scale. The west coast is subjected to low SST due to the 

nature of the Benguela current and its associated upwelling (Brown 1992, Bustamente et al. 

1995b). It is well know that temperature has a regulating effect on metabolism and that low 

temperatures slow growth rates. This effect would provide a plausible explanation whereby the 
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low sea surface temperature cancels out the solar energy input at low latitudes. I propose another 

mechanism whereby the grazing influences the frond length of C. lumbricalis, producing the 

north to south trend despite the high input of nutrients in the northern part of the Namaqua 

province.  

 

Grazing has a substantial effect on macro-algae, as seen in the Aleutian Islands of Alaska where 

sea urchins regulated kelp abundance (Estes and Palmisano 1974, Estes and Duggins 1995) and 

noted on South African shores by Bustamante et al. (1995a) where the limpets, Scutellastra 

argenvillei and Cymbula granatina (both formally Patela) feed primarily on kelp. A high 

diversity of limpets is found on the South African rocky shore (Branch 1971, 1975) and 

Scuellastra argenvillei and Cymbula granatina are noted as two of the most important grazers on 

the west coast due to their high densities and large size and besides feeding on kelp, they are 

known to be generalist grazers (Eekhout et al. 1992). These limpets are found in their highest 

concentrations in the Namaqua province and numbers decrease southwards (Eekhout et al. 

1992). Grazing by these and other limpets could be responsible for the increase in frond length of 

C. lumbricalis seen from north to south. The mean percentage cover also increased slightly along 

the 470 kilometres of coast from Hondeklipbaai to Bloubergstrand, and again upwelling had no 

effect on the percentage cover of C. lumbricalis along the latitudinal gradient from north to 

south. Broitman et al. (2001) noted that there was higher cover of corticoid algae at sites affected 

by upwelling on the coast of central Chile, however the slight trend of increasing cover in a 

southwards direction could be due to top down effects of grazing as previously mentioned 
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Mean mass and mean surface area of C. lumbricalis both showed a negative correlation from 

Hondeklipbaai to Vermont. The mean mass increased from Strandfontein to Bloubergstrand but 

then decreased at Vermont and Onrus. Intense upwelling located at Groenrivier and Cape 

Columbine (Nelson and Hutchings 1983, Jury 1985, Shannon 1985, DeMarcq et al. 2003) did 

not have an effect on either the mean mass or mean surface area. The mean surface area of C. 

lumbricalis showed a slight negative correlation with distance from north to south with no 

distinct peaks or troughs coinciding with upwelling or non-upwelling sites. Bustamante and 

Branch (1996) found that wave exposure had a controlling effect on biomass of species 

associated with rocky shores around South Africa, and given that C. lumbricalis was sampled 

from shores of similar orientation to swell out of bays no trend was expected. Upwelling centres 

at Groenrivier and Cape Columbine had no effect on C. lumbricalis in terms of mass and surface 

area but generally stronger upwelling is considered to occur in the northern part of the Namaqua 

province providing more nutrients for primary production. Additional nutrients would allow 

algae in the north to obtain greater biomass and surface area compared to areas further south 

where upwelling is not as strong or persistent (Brown 1992, Bustamente et al. 1995b).   

  

Percentage cover of H. spicifera increased from north to south, while individual plants showed a 

decrease in mass and surface area along this same gradient. The low mean percentage cover of 

H. spicifera at Port St Johns could be due to high temperatures experienced at these locations on 

the east coast of South Africa causing desiccation and die back, as the mean temperatures 

decreases further west less desiccation occurs allowing more H. spicifera in the intertidal region 

(e.g. Hodgson 1984, Hawkins and Hartnoll, 1985, Norton 1985, Nelson et al. 2010). Emanuel et 

al. (1992) and Bustamante and Branch (1996) describe two provinces, the subtropical Natal 

province on the east coast and the warm temperate Agulhas province on the south coast, which 

have different rocky shore fauna and flora, while Vermont and Onrus are located in the western 
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overlap region (Bolton and Anderson 1990, Jackelman et al. 1991, Stegenga et al. 1997) and this 

could account for the differences in cover along this stretch of coast line.   

  

Mean mass and mean surface area both showed a significant negative trend moving southwest 

from Port St Johns to Vermont, this distribution of H. spicifera transverses the Natal province to 

the Agulhas province (Emanuel et al. 1992, Bustamante and Branch 1996), implying that mean 

mass and mean surface area decreases from the former to the latter. Bustamante et al. (1995a) 

found that average macroalgal standing stocks were significantly lower on the south coast (Port 

Alfred to De Hoop) than the north coast (Umdoni to Nqabara), while results from Bustamante 

and Branch (1996) have, however, found that in terms of fauna and flora biomass patterns, there 

was no difference between the Natal and Agulhas provinces. Neither study specifically 

considered H. spicifera and this trend may not hold true for this particular species. Mean frond 

length had a slight negative trend from Port St Johns to Vermont, although frond lengths at 

Vermont and Onrus were longer than those from other sites. The frond lengths are likely to be 

controlled by top down effects such as herbivores, including the gastropod Haliotis midae 

(Wood and Buxton 1996) and fish (Burger 1990, van der Elst 1990) grazing on the macro-algae 

or bottom up effects such as inputs from wind driven upwelling common on some of the coast 

within these two biogeographic regions (Lutjeharms and Machu 2000, Lutjeharms 2007).   

 

Underwood and Chapman (1998) found that trends are not always apparent over one specific 

sampling episode but may only become apparent during specific seasons. It would thus be useful 

repeat this study several times during different seasons to either support the observed patterns, 

such as the increase of frond length of C. lumbricalis from north to south, the increase of the 

mean percentage cover of H. spicifera from north to south and the decrease of mass and surface 
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area of H. spicifera from north to south, or to determine if there are other patterns that may not 

be apparent in the present study. The complex ecological processes which may contribute to the 

composition, distribution and abundance of species within the intertidal region also need to be 

further investigated. These effects have the ability to influence organisms on the rocky shore 

such as macro-algae and mussels (e.g. Harley et al. 2006, Menge et al. 2008) which in turn 

provide habitat for macro-fauna (e.g. Borthagaray and Carranza 2007, Cole et al. 2007) showing 

that overall many processes must be taken into account when considering the composition and 

abundance of species within the intertidal region. 

 

Mean mass and surface area are closely related parameters and thus similar correlations were 

expected. A decrease in mean mass and surface area noted from north to south on the east and 

south coasts concurs with results from Bustamante et al. (1995a) who found lower algal standing 

stocks in the Agulhas province than in the Natal province. The results presented by Bustamante 

et al. (1995a), however contradict the gradients of primary production seen around the South 

African coast and they suggest that standing stocks of macroalgae are in fact a poor indicator of 

primary production and these stocks only represent a fraction of the potential algal stocks (Littler 

and Littler 1980, Hay 1981, Bosman et al. 1987). An investigation into the cause of high 

standing stocks of macroalgae in the Natal province in view of the low primary production 

expected here would be useful in understanding the South African coastline more thoroughly. On 

the west coast C. lumbricalis showed no trends for mean mass, surface area or cover but a 

positive trend in frond length moving from north to south. The study on the west coast only 

covered the Namaqua province, and results from the macroalgal correlations conform to the 

biogeographic boundaries of this province with no significant changes in mass surface area or 

cover, indicating that processes in addition to transitions between biogeographical provinces 

must influence frond lengths. Following the productivity hypothesis (Robinson 1966, reviewed 



Chapter 2 – Large Scale Patterns 

25 

 

in Willig et al. 2003), these trends in physical attributes of habitat forming macro-algae from 

north to south along the coastlines of South Africa could have important implications for 

biodiversity associated with these algae (investigated in Chapters 3 and 4).    
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Chapter 3  

Large to Meso-scale Patterns in Variation in Faunal 

Assemblages Associated with Macroalgae 

 

3.1  Introduction: 

Biogeography is the study of the geographical distribution of organisms and often involves many 

underlying historical events and processes, including geological and biological evolution which 

have profound effects on current biogeographic distribution patterns of species over meso-scales 

(Myres and Giller 1988, Bustamente and Branch 1996). Biogeography is, however, not the only 

factor influencing the intertidal region, as a suite of top down and bottom up factors contribute to 

the shaping of assemblages (Menge 2000). Along with other bottom up effects such as wave 

exposure (McQuaid and Branch 1985, Field and Griffiths 1991, Bustamante and Branch 1996), 

gradients in nutrients and primary productivity have been shown to vary over meso-scale 

distances (Carter and D‟Aubrey 1988, Carter and Schleyer 1988, Lutjeharms et al. 2000a, b), and 

to have effects on species assemblages associated with the intertidal region (Bustamente et al. 

1995a, b, Menge 2000, Weiters 2005, Aquilino et al. 2009). These meso-scale variations in 

nutrients and primary productivity can in many cases be attributed to upwelling, which 

influences the physical and chemical dynamics associated with the water column (Lutjeharms et 

al. 2000a, b, Lutjeharms 2007). Upwelling injects cold nutrient rich water into the euphotic zone 

in the intertidal region, increasing primary production (Lutjeharms et al. 2000a). 

 

Southern Africa is bordered by two distinctly different surface boundary currents; the Agulhas 

Current, along the east and south coasts (Stramma and Lutjeharms 1997, Lutjeharms 2007) and 
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the Benguela Current, along the west coast (Shannon and Nelson 1996, Shillington 1998, 

DeMarcq et al. 2003). These currents have similar oceanography to many others found in the 

world‟s oceans, and of particular interest to this study is meso-scale upwelling that is associated 

with these currents.  

 

Oceanographic processes due to the variation in topography of the continental shelf along 

coastlines are commonplace worldwide. Upwelling induction by widening of the continental 

shelf along the path of a current is typical in all Western Boundary Currents (Condie 1995) and 

has been noted in the Gulf Stream (Hsueh and O'Brien 1971, Blanton et al. 1981), the Kuroshio 

(Nagata 1970, Lutjeharms et al. 1993), the East Madagascar Current (Lutjeharms and Machu 

2000) and the East Australian Current (McClean-Padman and Padman 1991, Tranter et al. 1986) 

and described by Gill and Schumann (1979) and Lutjeharms et al. (2000a, 2007) for the Agulhas 

current.  

 

On the east coast of South Africa, the Agulhas current is generally considered to be an 

oligotrophic water body, but persistent upwelling has been identified at locations where the 

width of the continental shelf increases (Condie 1995, Lutjeharms et al. 1989, 2000b, Lutjeharms 

2006, 2007). This upwelling occurs at the northern end of the Natal Bight where the shelf width 

increases between Durban and Richards Bay producing an upwelling cell that lasts year round 

(Lutjeharms et al. 1989, 2000a, b, Lutjeharms 2006, 2007). The continental shelf is also wider 

from East London to Port Elizabeth, resulting in similar upwelling (Lutjeharms and Roberts 

1988, Lutjeharms et al. 2000a, Lutjeharms 2006, 2007). Wind-driven upwelling also occurs on 

the shoreward edge of the Agulhas Current along the south coast and is particularly prominent at 
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head-lands during periods of strong and persistent westerly winds (Schumann et al. 1982, 

Lutjeharms et al. 2000a, Lutjeharms, 2006, 2007). 

 

The west coast is dominated by the Benguela current. Offshore Eckman transport, due to strong, 

persistent coastal wind stress results in upwelling of cold nutrient-rich sub-surface water, and 

means the Benguela is considered to be similar to other biologically productive Eastern 

Boundary Currents such as the Humbolt and Canary upwelling regions (Small and Menzies 

1981, Huyer 1983, Ware 1992, Patti et al. 2008). The combined effect of the large-scale 

circulation patterns and the local factors within Eastern Boundary Current systems accounts for 

the high level of primary production (Carr and Kearns 2003, Patti et al. 2008). There is an 

abundance of hydrodynamic features within the Benguela current that are defined by complex 

physical and chemical dynamics operating over meso-scale distances (Weiters 2005). Wind-

driven upwelling associated with eastern boundary currents injects cold, nutrient-rich water into 

the euphotic zone, driving primary and secondary production (Small and Menzies 1981, Huyer 

1983, Weiters 2005). 

 

Over the past 65 years many studies have dealt with and described the geographical distribution 

of the flora and fauna found in the southern Africa intertidal and littoral region (e.g. Stephenson 

1936, 1939, 1944, 1948, Stephenson et al. 1940, Brown and Jarman 1978, Branch and Branch 

1981, Field and Griffiths 1991, Emanuel et al. 1992, Bustamante and Branch 1996). Generally, 

three biogeographic provinces have been proposed for southern Africa: (1) the cold-temperate 

West Coast, (2) the warm-temperate South Coast, and (3) the subtropical East Coast (Stephenson 

and Stephenson 1972). More rigorous studies by Emanuel et al. 1992 describe these same 

regions, renaming them and including a fourth: (1) the subtropical Natal province, (2) the warm 
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temperate Agulhas province, (3) the cool temperate Namaqua province, and (4) the cool 

temperate Namib province. Experimental evidence (Bustamante ad Branch 1996) supports these 

proposed provinces except for the Namib as no data were collected from this region. 

 

Previous studies have independently suggested upwelling and biogeography as affecting species 

distribution and composition in the intertidal region. Upwelling affects the species distribution in 

a multitude of ways. Most recently larval transport and settlement patterns linked with nearshore 

oceanographic processes associated with upwelling have come under debate. Initially 

oceanographic processes were thought to move larvae offshore during upwelling (Parrish et al. 

1981, Yoshioka 1982, Gaines and Roughgarden 1985, Roughgarden et al. 1988, Connolly and 

Roughgarden 1998) and settlement was perceived to only occur when prevailing winds relaxed 

and subsequent downwelling occurred (Yoshioka 1982, Gaines and Roughgarden 1985, 

Roughgarden et al. 1988, Farrel 1991). Morgan et al. (2009a) contradicted this theory whilst 

studying offshore transport of 45 species of Crustacea in a strong persistent upwelling region, 

indicating that movement on and offshore were determined by larval migrations within the water 

column. This theory was further supported by a study of crab postlarvae during upwelling which 

illustrated that offshore transport was no more prevalent during a year of strong upwelling, and 

suggested further investigation into this phenomenon (Morgan et al. 2009b). Subsequently the 

recruitment of eight invertebrate taxa were investigated in a region of strong persistent upwelling 

and only mussels were deemed to recruit during periods of downwelling, while other processes 

were suggested as causal mechanisms for larval delivery (Morgan et al. 2009c). Larval retention 

of 19 Crustacea taxa in nearshore waters during strong persistent upwelling was again observed 

by Morgan and Fisher (2010) and larval migrations were deemed to be the causal mechanism. It 

must be noted, however, that all these studies were conducted at one site and concentrate heavily 

on Crustacea largely ignoring the recruitment of other taxa. I suggest that replication with sites 
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and taxa be taken into account before this can be a widely accepted phenomena especially in the 

light that upwelling regions are considered to be a recruitment limited area (Morgan et al. 

2009a). 

 

Intertidal flora is thought to be directly influenced by upwelling which typically injects cold 

nutrient rich water into the intertidal region (Small and Menzies 1981, Huyer 1983, Weiters 

2005). The increase in nutrients in the intertidal region classically leads to an increase in growth 

rate and maximum length of intertidal macroalgae, as demonstrated for the turf forming algae, 

Gelidium chilense by Weiters (2005) and the red algae, Mazzaella laminarioides (Nielsen and 

Navarrete 2004) along the coast of Chile. Similar results were obtained by Broitman and Kinlan 

(2006) who found that spatial structure of primary producer biomass was linked with upwelling. 

Upwelling was noted to affect biomass of algae by Bosman et al. (1987) and morphological form 

of the kelp Egregia menziesii (Blanchette et al. 2002), upwelling also influenced niche 

realisation within a kelp forest during a nutrient rich La Niña event in the Californian upwelling 

region (Dayton et al. 1999). Upwelling is also observed to cause changes in abundances of 

specific taxa of macroalgae, for example Broitman et al. (2001) describe and increase in kelp in 

the low intertidal region and corticoid algae in the mid-intertidal in upwelling region, while 

Bustamante et al. (1996) showed an increase in epilithic algal abundance in upwelling regions in 

South Africa. 

 

Fauna also demonstrate patterns in relation to upwelling, mussels have shown faster growth rates 

at upwelling centres and it is postulated that this is due to greater food supply from increased 

intertidal phytoplankton and/or input from nearshore kelp beds, maximum size was also 

suggested to be influenced by upwelling (Xavier et al. 2007). This phenomenon is also prevalent 
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for other intertidal filter feeding invertebrates (Menge 1992, Menge et al. 1994, 2004, Dahlhoff 

and Menge 1996, Sanford and Menge 2001). Menge et al. (2003) suggest that upwelling has 

effects on entire ecosystems found within the intertidal region and in particular population 

dynamics and species interactions were affected. Blanchette et al. (2009) compare the biological 

and trophic structure three of the most prevalent global upwelling systems and conclude that 

although limited trends may be present in regions affected by similar oceanographic processes, 

overall biological and ecological functioning are likely to be context dependant. Recent work 

(Cole and McQuaid in press), however, questions the effect of upwelling on assemblages 

associated with two biogenic engineers, Perna perna and Mytlilus galloprovincialis, over large 

scales suggesting that effects of upwelling may be overwhelmed by biogeographic differences . 

 

This study, investigating the well-known hydrodynamic patterns associated with the coast line of 

South Africa and in particular the warm, oligotrophic, fast-flowing Agulhas current and the cold, 

nutrient-rich, Benguela Current, and upwelling associated with these currents, aims to determine 

the influences of upwelling and biogeographic region on the composition of infaunal 

assemblages associated with two species of macroalgae, Hypnea spicifera (east and south coasts) 

and Champia lumbricalis (west coast).    

 

3.2  Methods: 

3.2.1 Study sites: 

Rocky shores in South Africa are exposed to relatively weak, localised upwelling along the east 

and south coasts (Lutjeharms 2000a, b, 2007), while more persistent and intense upwelling 

occurs along the west coast (Nelson and Hutchings 1983, Weiters 2005). All study sites were on 

wave exposed shores, out of bays. To test the effects of upwelling and biogeography, upwelling 
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and non-upwelling areas were sampled in each of the provinces, two sites were chosen from each 

of the five identified upwelling cells (Fig 3.1 a, b, c), distance between sites ranged between 5 to 

30 km depending on accessibility. Two corresponding non-upwelling sites, separated by 

distances of 80 – 100 km from upwelling cells were chosen. 

 

All upwelling and non-upwelling regions were determined using an AVHRR (Advanced Very 

High Resolution Radiometer) snapshot of sea surface temperatures for the east and south coasts 

for 3 days in May 2008 (Fig 3.1 a) and literature on the oceanography of the chosen regions. On 

the east coast a kinetically-driven upwelling cell occurs between Richard‟s Bay and Cape St 

Lucia (32
°
E; 29

°
S) where the continental shelf widens downstream of St Lucia (Gill and 

Schumann 1979, Lutjeharms 2006). Upwelling is speculated to occur anywhere from 30 % 

(Pearce 1977) to 78 % percent of the time (Lutjeharms 2006). The non-upwelling area was 

selected south of this upwelling cell (Chaka‟s Rock, Ballito) (Fig 3.2).  
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(a) 

  

(b) 

 

 

(c) 
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Figure 3.1: Three day composite Sea Surface Temperature maps of the South African coastline 

indicating the St Lucia and Port Alfred upwelling cells on the east and south coasts (composite 

data starts 27-05-2008 ) (a), the Port Alfred and Robberg Upwelling cells on the south coast 

(composite data starts 20-05-2008) (b) and the Cape Columbine and Groenrivier upwelling cells 

on the west coast (composite data starts 30-12-2007) (c). All maps are three day composite Sea 

Surface Temperature data sets available at www.rsmarine.org.za. 

    

Along the South Coast, upwelling is restricted to prominent headlands or capes (Schumann et al. 

1982, Groschen and Schumann 1990) where the coastline topography, combined with summer 

easterly winds results in the formation of comparatively short-lived upwelling cells (Schumann 

http://www.rsmarine.org.za/
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and Martin 1991, Lutjeharms 2006). On the South Coast, a relatively strong upwelling cell 

occurs at Port Alfred and Kenton (33
°
E; 26

°
S) (Fig 3.1a, b) and the corresponding non upwelling 

area; Kidds Beach and Kaysers Beach (33
°
E; 27

°
S), occurs north of Port Alfred (Fig 3.2). 

Upwelling areas on the south coast were at the headlands; Brenton-on-Sea and Robberg (34
°
E; 

23
°
S) (Fig 3.1b) and corresponding non-upwelling areas were situated at Glentana and Dana Bay 

(34
°
E; 22

°
S) (Fig 3.2). 

 

The Southwest Cape is characterised by a complex coastline with many capes and bays with 

mountains running perpendicular the shore in some cases (Jury 1985). The relatively narrow 

continental shelf (30-40 km), combined with the shear wind stresses caused by this topography 

results in a localised upwelling centre associated with Cape Columbine (32
°
E; 17

°
S) (Jury 1985, 

Shannon 1985) (Fig 3.1c, 3.2). The corresponding non upwelling area was located north of the 

Cape Peninsula (Bloubergstrand, Melkbosstrand) (Fig 3.2). The Namaqualand coastline (28
°
S – 

31
°
S) is relatively uniform, lacking major capes or bays, and the wind-stress remains constant 

throughout the year, producing a persistent upwelling cell where cold water is present throughout 

most seasons (Shannon 1985, DeMarcq et al. 2003). Two shores at Groenrivier (30
°
E; 17

°
S) 

were selected as the upwelling area (Fig 3.1c) while Doringbaai and Strandfontein (31
°
E; 14

°
S) 

were selected as the corresponding non-upwelling areas (Fig 3.2). 
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Figure 3.2: Map of South Africa indicating upwelling and non-upwelling sampling sites located 

in the Natal and Agulhas Provinces where H. Spicifera was collected along the east and south 

coasts and upwelling and non-upwelling sampling sites in the Namaqua Provinces along the west 

coast where C. lumbricalis was collected.  

 

3.2.2 Collection and processing of samples: 

Six samples of each species of rhodophyte macroalga, Hypnea spicifera on the east and south 

coasts, and Champia lumbricalis on the west coast, were collected from the two sites situated 

within each upwelling and non-upwelling areas. H. spicifera is distributed along the east coast 

from north of Richards bay to the west coast as far as Angola, this alga however was not 

abundant on the west coast and a second species, C. lumbricalis was chosen. C. lumbricalis is of 

similar size and structure to H. spicifera and is abundant from Cape Agulhas on the south coast 

to Angola. An entire plant was considered to include fronds and spreading holdfast, in situations 

Angola 

Cape Agulhas 
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where holdfasts coalesced, the holdfast was split at a midpoint between the two plants. The 

collection method consisted of placing a pre-labeled plastic bag over a haphazardly selected 

macroalga plant during low tide, the holdfast was then scraped from the rock with a metal 

scraper and the plastic bag was sealed. Macroalga plants were separated by 10 centimetres to 20 

metres. 70% ethanol was used to preserve the samples until they were processed. 

 

In the laboratory, the macroalgal samples were carefully washed and cleaned of all associated 

epifauna, which were collected using a 0.5 mm sieve and preserved in 70 % ethanol. The lengths 

of six of the longest fronds from each sample of macroalga were then measured. The surface area 

of each plant was calculated as described by Johnson and Scheibling (1987) and the 

methodology in Chapter 2, Pp. 15. Epifauna were identified to species level where possible using 

a dissecting microscope and standard identification keys (Griffiths 1976, Kensley 1978, Killburn 

and Rippey 1982, Branch et al. 2007). 

 

3.2.3 Data analysis: 

Densities of epifauna were standardised to 1cm 
2
 of macroalgae. Number of species was, 

however, expressed per plant. To test hypotheses about species composition and abundances, 

PRIMER6 (Clarke and Gorley 2006) was used to create non Multi-Dimensional Scaling (nMDS) 

ordination plots, based on Bray-Curtis similarity matrices (Bray and Curtis 1957), that were used 

to visualise differences in assemblages. These data were analysed using Permutational 

Multivariate Analysis of Variance (PERMANOVA, Anderson et al. 2005). For each group of 

taxa, three factors were considered. The first level consisted of three randomly selected regions 

(St Lucia, Port Alfred and Knysna on the east/south coasts) and two randomly selected regions 

on the west coast (Cape Columbine and Groenrivier), upwelling or non-upwelling was 



Chapter 3 – Variations in Faunal Assemblages 

38 

 

orthogonal to region. Nested within each upwelling and non upwelling cell were two shores, 

where six replicates of macroalgae were sampled. Pair-wise post hoc tests were done when there 

was a significant effect of region and/or upwelling or the interaction between region and 

upwelling.   

 

Analysis of Variance (ANOVA), using GMAV5 (Underwood et al. 2002), was used to analyse 

univariate data of number of species and number of individuals in four taxonomic groups: 

crustaceans, molluscs, polychaetes and other taxa. The same experimental design was used as for 

the multi-variate analysis. Where interactions were not significant (P > 0.25), interaction terms 

were pooled with the factor Shore for a more powerful test of the main effects (region and 

upwelling) (Underwood 1997). When sources of variation were significant, Student-Newman-

Keuls (SNK) post hoc tests were used to determine the direction of differences.   

 

3.3 Results: 

nMDS plots indicated the three regions on the east and south coasts were relatively distinct from 

each other. There was, however a slight overlap between Port Alfred and Knysna and points 

from each of these regions did not plot further away from those within Port Alfred or Knysna 

(Fig 3.2). Although St Lucia and Port Alfred were similar, points representing samples from 

these regions did not overlap. Between the points there was however, no distinct difference in 

distance between points from the same region and points from either St Lucia or Port Alfred 

regions. Knysna and St Lucia were distinctly different in distance from each other with points 

within each region being closer to one another than points between Knysna and St Lucia. 
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PERMANOVA showed that assemblages among the three Regions differed significantly (F2, 60 = 

5.38, P = 0.001), while assemblages between upwelling/non-upwelling areas were not different 

(F1, 60 = 0.29, P = 0.89). Assemblages on the different shores differed significantly from each 

other (F6, 60= 5.49, P = 0.001). 

  

On the east and south coasts, the number of individuals per unit of surface area of H. spicifera 

showed no significant effects of region or upwelling for Crustacea or Polychaeta. Analysis of the 

number of individuals of molluscs showed a significant effect of region (F2, 8 = 8.44, P = 0.01) 

(Table 1), but SNK tests could not differentiate among the three regions. There was a significant 

interaction of region and upwelling (F2, 60= 7.03, P = 0.027) for the number of individuals of 

other taxa (Table 1), SNK post hoc tests showed that for non-upwelling the number of 

individuals in St Lucia and Port Alfred were equal but less than for Knysna, but again the post 

hoc tests could not differentiate between upwelling and non-upwelling areas. For both St Lucia 

and Port Alfred, the number of individuals found in upwelling areas was equal to non-upwelling 

areas, but for Knysna there were fewer individuals in upwelling areas than non-upwelling areas 

(Table 3.1).         

 

In general, region had an effect on the number of species found on Hypnea spicifera while 

upwelling had no effect. Groups of taxa showing a significant effect of region included the 

molluscs (F2, 8 = 11.57, P < 0.01). St Lucia had fewer species of molluscs than both Port Alfred 

and Knysna (Table 3.1). Other taxa also showed a significant effect of Region (F2, 8 = 7.16, P = 

0.02), with St Lucia and Port Alfred having fewer numbers of species than Knysna (Table 3.1).  

There was no effect of either region or upwelling for the Crustacea (F2, 8 = 3.21, P = 0.09; F1, 8 = 

0.47, P = 0.51) or the Polychaeta (F2, 8 = 4.38, P = 0.052; F1, 8 = 1.45, P = 0.26) (Table 3.1). 
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nMDs plots indicated the two regions on the west coast overlapped with there being no distinct 

differences in distance between Columbine and Groenrivier. There was, however, a distinct 

grouping in the Columbine region that did not overlap with and was separated from Groenrivier 

(Fig 3.3). PERMANOVA showed that assemblages on C. lumbricalis were not influenced by 

region or upwelling but there were significant differences between shores (F 4, 40 = 4.26, P = 

0.001). Furthermore region and upwelling did not affect number of individuals. 

 

Analysis of the number of individuals found on C. lumbricalis on the west coast showed no 

effect of the main factors tested: region and upwelling. There was a significant interaction of 

region and upwelling for the number of species of crustaceans (F4, 1 = 7.87, P = 0.05). At Cape 

Columbine, the number of species found at the upwelling area was equal to that from the non-

upwelling area, while at Groenrivier species richness for upwelling areas was greater than for 

non-upwelling areas. There was no effect of upwelling as a main factor at Cape Columbine or 

Groenrivier (Table 3.2). 
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Figure 3.3: nMDS plot of assemblages living on H. spicifera on the east and south coasts of 

South Africa (upwelling; St Lucia ♦, Port Alfred ■ Knysna ▲; non-upwelling; St Lucia ◊, Port 

Alfred □, Knysna Δ). 
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Figure 3.4: nMDS plot of assemblages associated with Champia lumbricalis on the west coast of 

South Africa (Groenrivier non-upwelling ◊, Columbine non-upwelling Δ, Columbine upwelling 

♦, Groenrivier upwelling ▲). 
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Table 3.1: Analysis of variance of (a) the number of individuals per surface area of H. spicifera 

and (b) number of species per plant of H. spicifera (n = 6), for Crustacea, Mollusca, Polychaeta 

and other taxa. The factor “Region” was random (3 levels), “Upwelling” was fixed and 

orthogonal (2 levels) and “Shore” was random and nested in Upwelling (2 levels). Homogeneity 

of variance was tested with Cochran‟s C test. Student-Newman-Keuls (SNK) post hoc tests were 

done for significant results to determine directions of difference. For this and the following 

tables: * P < 0.05, ** P < 0.01, SL = St Lucia, PA = Port Alfred, K = Knysna. 

  (a) Number of individuals  (b) Number of species 

Crustacea  Cochran‟s C = 0.65 ** Cochran‟s C = 0.14   

Source d.f. M.S. F M.S. F 

Region = Re 2 1.18 1.62 161 3.21 

Upwelling = Up  1 0.39 0.53 23 0.47 

Shore (Re x Up) 6 
x
 0.76  

x
 63  

Re x Up 2 
x
 0.63  

x
 12  

Residual 60 0.04  4  

Total 71     

Pooled 8 0.72 15.01 50 11.54 

Mollusca  Cochran‟s C = 0.29 * Cochran‟s C = 0.28 * 

Region = Re 2 0.10 8.44** 57 11.57** 

Upwelling = Up  1 0.00 0.010 0 0.0000 

Shore (Re x Up) 6 
x
 0.01  

x
 6  

Re x Up 2 
x
 0.00  

x
 3  

Residual 60 0.00  2  

Total 71     

Pooled 8 0.01 5.45 5 2.47 

  SL < K = PA SL < K = PA 
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Table 3.1 continued 

Other taxa  Cochran‟s C = 0.69 ** Cochran‟s C = 0.36 ** 

Region = Re 2 0.03 3.8100 158746 7.16 

Upwelling = Up  1 0.01 0.2700 2532 0.11 

Shore (Re x Up) 6 0.01 3.58** 
x
 25468  

Re x Up 2 0.05 7.03** 
x
 12333  

Residual 60 0.00  6218  

Total 71     

Pooled 8   22184 3.57 

SNK  SL: Non-Up= Up 

PA: Non-Up = Up 

K: Non-Up > Up 

L = PA < K 

Polychaeta  Cochran‟s C = 0.24 Cochran‟s C = 0.20 

Region = Re 2 0.0011 3.67 17 4.38 

Upwelling = Up  1 0.0002 0.67 6 1.45 

Shore (Re x Up) 6 
x
 0.0004  

x
 5  

Re x Up 2 
x
 0.0002  

x
 1  

Residual 60 0.0001  3  

Total 71     

Pooled 8 0.0003 3.00 4 1.39 

x
 Denotes post-hoc pooling, P > 0.25.  New F-values are given for those tested against the 

pooled term. 
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Table 3.2: Analysis of variance of (a) the number of individuals per surface area of C. lumbricalis and (b) 

number of species per plant of C. lumbricalis (n = 6), for Crustacea, Mollusca, Polychaeta and grouped 

other taxa. The factor “Region” was random (2 levels), “Upwelling” was fixed and orthogonal (2 levels) 

and “Shore” was random and nested in Upwelling (2 levels). Homogeneity of variance tested with 

Cochrans C test. Student-Newman-Keuls (SNK) post hoc tests were done for significant results to 

determine directions of difference. For this and the following tables: * P < 0.05, ** P < 0.01, CB = 

Columbine, GR = Groenrivier. 

  (a) Number of individuals  (b) Number of species 

Crustacea  Cochran‟s C = 0.59 ** Cochran‟s C =  0.29 

Source d.f. M.S. F M.S. F 

Region = Re 1 0.02 0.78 1 0.210 

Upwelling = Up  1 0.00 0.01 18 0.450 

Shore (Re x Up) 4 
x
 0.03  5 1.420 

Re x Up 1 
x 
0.00  39 7.87* 

Residual 40 0.01  3  

Total 47     

Pooled 5 0.02 1.6032   

SNK   Up (Re):      B: Up = Non-Up   

GR: Up > Non-Up  

Re (Up):           Up: CB = GR 

Non Up: CB = GR 

Mollusca  Cochran‟s C = 0.59 ** Cochran‟s C = 0.24 

Region = Re 1 0.12 0.12 0.52 0.12 

Upwelling = Up  1 1.74 1.77 0.19 0.02 

Shore (Re x Up) 4 
x 
1.14  4.40 2.02 

Re x Up 1 
x 
0.36  11.02 2.51 

Residual 40 0.17  2.18  

Total 47     

Pooled 5 0.98 5.84   
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Table 3.2 continued 

Other taxa  Cochran‟s C = 0.97 ** Cochran‟s C = 0.9564 ** 

Region = Re 1 0.06 1.59 6.75 1.47 

Upwelling = Up  1 0.04 0.90 3.00 0.65 

Shore (Re x Up) 4 
x 
0.04  

x 
4.04  

Re x Up 1  
x 
0.05  

x 
6.75  

Residual 40 0.02  1.07  

Total 47     

Pooled 5 0.04 2.2601 4.58 4.26 

Polychaeta  Cochran‟s C = 0.75 ** Cochran‟s C = 0.90 * 

Region = Re 1 0.04 4.31 9.19 2.46 

Upwelling = Up  1 0.00 0.08 0.19 0.01 

Shore (Re x Up) 4 
x 
0.01  3.73 1.65 

Re x Up 1 
x 
0.00  20.02 5.37 

Residual 40 0.00  2.25  

Total 47     

Pooled 5 0.01 2.00   

x
 Denotes post-hoc pooling, P > 0.25.  New F-values are given for those tested against the 

pooled term. 
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3.4 Discussion:  

Analysis of the entire assemblage associated with Hypnea spicifera on the east and south coasts 

shows that the three regions; St Lucia, Port Alfred and Knysna, were significantly different from 

each other. The difference between the Knysna and Port Alfred regions was weakly supported by 

visualisation, while other analyses strongly support the differences in assemblages among all 

three regions. This separation between the St Lucia region and Port Alfred/Knysna Regions is 

supported by biogeographical studies by Emanuel et al. (1992) and Branch and Bustamante 

(1996), which place St Lucia in the Natal province and Port Alfred and Knysna in the Agulhas 

province. This study suggests that there is, however, a difference in assemblages associated with 

H. spicifera between the two regions in the Agulhas province, Port Alfred and Knysna. 

Underlying large scale processes such as historical events or differences in average sea 

temperatures (Levin 1992) between these two regions could explain the differences in 

assemblages even though both are within the Agulhas province.  

 

Entire assemblages associated with H. spicifera in upwelling areas did not differ significantly 

from assemblages found in non-upwelling areas for any of the analyses. These results do not 

concur with previous studies (Bustamante et al. 1995a, Menge et al. 1997a, b, Menge et al. 

2003) which suggest that assemblage composition is affected by upwelling. Previous studies, 

have however only considered one upwelling and one non-upwelling area often in the same 

biogeographic province. The present study suggests that over a large-scale, biogeography has an 

overriding effect on assemblage composition. This phenomenon is demonstrated by Cole and 

McQuaid (in press) showing that fauna associated two biogenic ecosystem engineers were not 

influenced by nutrient input associated with upwelling but rather large scale effects of region.  
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The entire assemblages on the east and south coast shores produced conflicting results. Initially, 

visualisation of results using MDS suggested there was no distinct difference in the assemblages 

between shores, however this result was not strongly supported. Further statistical analysis 

showed that shore did have an effect on assemblages. Oceanographic processes acting over 

meso-scale distances (10 to 100 km) often affect marine assemblages (Menge 1992, Menge et al. 

1994, Bustamante et al. 1995b, Bustamente and Branch 1996, Menge et al. 1997a, Broitman et 

al. 2001). The shores sampled during this study were separated by meso-scale distances and the 

coastline sampled is not uniformly affected by oceanographic processes, this would explain the 

variation between assemblages associated with H. spicifera on different shores. Biogeography 

which acts over hundreds of kilometres (e.g. Gaines and Lubchenco 1982, Bustamante and 

Branch 1996, Brown and Lomolino 1998, Broitman et al. 2001) would have also had an effect 

on the composition of assemblages associated with H. spicifera as shores from different regions 

were separated by hundreds of kilometres.     

 

When considering individual groups of taxa associated with H. spicifera, one striking result was 

that for both the number of species and number of individuals of Mollusca, region had a 

significant effect. Both variables conformed to the division of the Natal and Agulhas provinces 

(Emanuel et al. 1992, Bustamante and Branch 1996). Only the number of individuals of grouped 

other taxa associated with H. spicifera showed a significant result for shore and an interaction 

between upwelling and region. The number of species for individual groups of taxa; Polychaeta, 

Crustacea and grouped taxa showed no effect for shore, upwelling, region or interaction between 

any of these factors. Emanuel et al. (1992) and Bustamante and Branch (1996) independently 

found that species composition varies between the Natal and Agulhas provinces, these results 

may not necessarily indicate that numbers of taxa vary between these two provinces.   



Chapter 3 – Variations in Faunal Assemblages 

49 

 

Analysis of entire assemblages associated with Champia lumbricalis between the Groenrivier 

and Columbine regions showed that there were no significant differences in composition. This 

result is to be expected as both these regions occur in the same biogeographic province; 

Namaqua, (Emanuel et al. 1992, Bustamante and Branch 1996) and therefore composition of 

species assemblages associated with C. lumbricalis is expected to be similar. These results do 

not concur with previous studies (Bustamante et al. 1995a, Menge et al. 1997a, b, Menge et al. 

2003) which suggest that assemblage composition is affected by upwelling. Upwelling did not 

have a significant effect on assemblages associated with C. lumbricalis. Previous studies have 

shown communities in the intertidal region are affected by upwelling (e.g. Bustamante et al. 

1995a, Menge et al. 1997a, b, Menge et al. 2003), this study, however contradicts these previous 

findings. The west coast sampling sites were all encompassed by the Namaqua biogeographic 

region (Emanuel et al. 1992), thus it is not surprising that sites did not exhibit differences in 

assemblages of species. Data from Bustamante and Branch (1996) also suggests that this is the 

case. However their data only covers up to Paternoster so does not fully support the Namaqua 

region proposed by Emanuel et al. (1992).   

 

Inconsistent results were seen when the effect of shore on assemblages associated with C. 

lumbricalis were tested. Visualisation suggested that there was no effect of shore, while further 

statistical analysis suggested there was a significant effect. Rocky shore assemblages are affected 

by oceanographic processes such as upwelling that act over meso-scale distances (Menge 1992, 

Menge et al. 1994, Bustamante et al. 1995, Bustamente and Branch 1996, Menge et al. 1997a, 

Broitman et al. 2001), and given that the shores were separated by 10-100s of kilometres these 

processes would affect the assemblages associated with C. lumbricalis. 
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In general, numbers of species and individuals on the west coast were unaffected by region, 

upwelling and shore. The west coast study area falls within the Namaqua province as defined by 

Emanuel et al. (1992) and Bustamante and Branch (1996), suggesting that large scale 

biogeography has more of an effect than small or meso-scale processes such as within shore 

variability or upwelling. The interaction of region and upwelling affected the number of species 

of crustaceans. Intense upwelling associated with topographical features within specific areas of 

the Benguela current (Demarq et al. 2003), would create conditions that would affect some 

species (Bustamante et al. 1995b, Connolly and Roughgarden 1998, Dayton et al. 1999, Menge 

2000, Broitman et al. 2001, Menge et al. 2004, Weiters 2005, Blanchette et al. 2006, 

Freidenburg et al. 2007) and this coupled with oceanographic processes that act over meso-

scales (Menge 1992, Menge et al. 1994, Bustamante et al. 1995, Bustamente and Branch 1996, 

Menge et al. 1997a, Broitman et al. 2001), would have created the differences seen in the 

Crustacea associated with C. lumbricalis. 

 

Upwelling, biogeography and smaller scale differences between shores are deemed important in 

determining the species composition and abundance of intertidal assemblages (e.g. Emanuel et 

al. 1992, Bustamante and Branch 1996, Underwood and Chapman 1996, Weiters 2005, Morgan 

et al. 2009a, b, c, Morgan and Fisher 2010). When all three were, however considered in the 

same study, biogeography was seen to have an overriding effect over the other processes. Meso-

scale upwelling did not appear to influence the infaunal assemblages associated with the two 

biogenic ecosystem engineers. Larger-scale biogeographic factors (e.g. temperature and solar 

radiation) are therefore suggested to play a more important role in structuring intertidal 

ecosystems. Chapter 2 demonstrated the effects of large-scale biogeographic factors on the 

habitat forming ecosystem engineers. A link between the effects of larger-scale biogeographic 
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factors and their influence on habitat forming taxa and the resultant effects on associated infauna 

would be a more likely explanation for the observations.     
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Chapter 4  

Comparison of Different Species of Structurally Similar 

Macroalgae 

 

4.1 Introduction: 

A variety of microhabitats occur on intertidal rocky shores. These microhabitats are formed by a 

multitude of physical features, such as rock crevices, pits and rock pools (Emerson and Faller-

Fritsch 1976, Raffaelli and Hughes 1978, Garrity and Levings 1984, Moran 1985, Underwood 

and Chapman 1989, McCoy and Bell 1991, Underwood and Chapman 1992, Chapman 1992, 

Beck 1998), and biological features such as algal turf and structures produced by sessile 

organisms (Underwood 1976, Underwood and Jernakoff 1984, Daleo et al. 2006, Borthagaray 

and Carranza 2007, Pinn et al. 2008). When considering physical features, Underwood and 

Chapman (1989, 1992) found that pits and crevices in the rock-surface affected the population 

structure, changes in temporal densities and rates of dispersal of littorinid snails. Emerson and 

Faller-Fritsch (1976) found a suite of different mechanisms involving topography that affected 

littorinid populations. Erlandsson et al. (2005) found that topography (rock depressions, slope 

and aspect) had strong effects on two intertidal organisms, Perna perna and Octomeris angulosa 

and an intertidal alga Gelidium pristoides. Biological features such as mussel beds have been 

found to greatly increase species diversity compared with bare soft sediment (Ragnarsson and 

Rafaelli 1999, Commito et al. 2005) or rock where mussel beds are scarce or absent 

(Borthagaray and Carranza 2007).  
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The development of an understanding of habitat structure and its effects on populations and 

assemblages has met with little success (Dean and Connell 1987b, McCoy and Bell 1991, Beck 

1998) as there has been little consistency between definition and measurement of structure 

within or among habitats (McCoy and Bell 1991, Beck 1998). At least three major elements have 

been identified in relation to habitat: complexity, heterogeneity and scale (McCoy and Bell 1991, 

Beck 1998, 2000). This study focuses on the structural complexity of habitats; this is represented 

by abundance and variation in structural components, biomass and surface area (McCoy and Bell 

1991, Beck 1998). Structural complexity is known to be an important factor that directly 

influences the diversity of communities associated with habitats (Fletcher and Underwood 1987, 

Hacker and Steneck 1990, Huston 1994, Beck 1998, Attrill et al. 2000). Increasing complexity 

increases the amount of available niches therefore potentially increasing the number of species 

found within that habitat (MacArthur and MacArthur 1961, Gilinski 1984, Dean and Connell 

1987c, Attrill et al. 2000, Crooks 2002, Borthagaray and Carranza 2007). Increasing complexity 

also has the ability to influence abundance of organisms within a habitat (Underwood and 

Chapman 1989, 1992). For example increasing algal complexity has been known to have effects 

on infaunal diversity and abundance (Hacker and Steneck 1990, Gee and Warwick 1994, Hull 

1997, Bologna and Heck 1999, Burnaford 2004, Cole 2009).  

 

The creation, physical alteration or maintenance of habitats by organisms is termed ecosystem 

engineering (Jones et al. 1994, 1997). Organisms that form such habitats by the direct or indirect 

control of the availability of resources to other organisms by causing physical state changes in 

biotic or abiotic materials are termed ecosystem engineers (Jones et al. 1994, 1997). All 

ecosystems are influenced by ecosystem engineers due to direct or indirect influences on biotic 

and abiotic resources that are utilised by other organisms (Jones et al. 1994, 1997).  
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Ecological engineering can have negative or positive effects on species richness and abundances 

on small scales but, overall, the net effect on larger scales is generally positive, with greater 

species richness due to increased habitat diversity and availability of different niches (Jones et al. 

1994, 1997). Ecosystem engineers can be divided into two different categories. Allogenic 

engineers indirectly alter biotic and abiotic materials from one physical state to another, and 

autogenic engineers directly transform the environment by incorporating themselves into the 

altered environment (Jones et al. 1994, 1997). Initially the provision of living space by an 

autogenic engineer was not seen as ecosystem engineering (Jones et al.1994). Jones et al. (1997), 

did, however, include change in structure and shape of the engineer in their definition of 

autogenic engineering as this created living space and use of the engineer was not deemed to be 

simply a trophic link.  

 

Jones et al. (1994, 1997) previously identified six factors that will affect the impact that 

ecosystem engineer have on any given environment. These factors include: life span of the 

engineer; population density; local and regional spatial distribution; the amount of time present 

at a site; the type of engineer, formation rate and impact of the engineering and its persistence; 

the number and type of resources that are altered, how they are altered and the effect this has on 

other species dependent on these resources. This study focuses on the engineering produced by 

different species of the same type of engineers (i.e. different species of intertidal macroalgae), 

and the habitats they produce.      

 

Three different species of algae, with overlapping distributions were compared. Hypnea spicifera 

occurs from north of Richards Bay on the east coast to the West Coast of South Africa as far as 
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Angola (Stegenga et al. 1997), while Champia lumbricalis is abundant along the West Coast 

stretching from Angola to east of The Cape Peninsula as far as Cape Agulhas (Stegenga et al. 

1997). Bifurcaria brassicaeformis, in contrast has a more limited distribution and occurs from 

Cape Columbine on the west coast to the southern most tip of Africa, Cape Agulhas (Stegenga et 

al. 1997). H spicifera and C. lumbricalis have similar frond structure and branching, while B. 

brassicaeformis has more robust fronds with less branching. Thus, given the similarity of the 

structures of the three algae, I hypothesised that faunal assemblages associated with the three 

seaweeds would be similar.  

     

4.2 Methods: 

The study was carried out within the region where the three species overlap to avoid 

confounding due to biogeographic effects. Study sites were where all three macroalgae, H. 

spicifera, C. lumbricalis and B. brassicaeformis, co-occurred on the same shore. Such sites were, 

however, rare as these macroalgae were sparsely distributed in this overlapping distribution 

range, and during this study only two sites were found to have all three present; Vermont, (34
°
E; 

1
°
S) and Onrus (34

°
E; 10

°
S)(Map Fig 4.1).  
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Figure 4.1: Figure 0.1 Map indicating the two sampling locations where H. spicifera, C. 

lumbricalis and B. brassicaeformis distributions overlapped and were found on the same shore.  

  

Six samples of each macroalga, including holdfasts, were collected from each of the two sites, 

Vermont and Onrus. The collection method consisted of placing a pre-labelled plastic bag over a 

haphazardly selected macroalga. The holdfast was scraped from the rock with a metal scraper 

and the plastic bag was then sealed. 70 % ethanol was used to preserve the samples until they 

were processed. 

 

In the laboratory, macroalgal samples were washed, and the epifauna collected using a 0.5 mm 

sieve and preserved in 70 % ethanol. The lengths of six of the longest fronds from each sample 

of macroalga were then measured. The surface area of each macroalgal sample was calculated 
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following Johnson and Scheibling (1987) and procedures described in Chapter 2, Pp. 15. The 

weight of a monomolecular layer of oil (Johnson & Johnson Baby Oil 
TM

) coating a known 

surface area was used to create an equation whereby the weight of the oil coating a 1 cm
2
 surface 

area was know. Each macroalgal sample was weighed and then dipped in Johnson & Johnson 

Baby Oil 
TM

 and re-weighed, the weight of the oil coating each sample was then converted into 

surface area. The epifauna were identified to species level using a dissecting microscope.  

 

All epifauna data except for entire assemblage data were expressed per square centimetre of 

macroalga before statistical analyses were done. PRIMER6 (Clarke and Gorley 2006) was used 

to create Bray-Curtis similarity matrices (Bray and Curtis 1957) for species composition and 

abundance, and from this matrix, non Multi-Dimensional Scaling (nMDS) ordination plots were 

used to visualise differences in assemblages between the two different shores and three different 

macroalgae sampled on each shore. 

 

Untransformed multi-variate data were analysed using Permutational Multivariate Analysis of 

Variance (PERMANOVA, Anderson 2005). For each broad taxon (Crustacea, Polychaeta, 

Mollusca and Other taxa), two levels were considered in the analysis: shore (Vermont and 

Onrus), and orthogonal to shore, three different macroalgae (H. spicifera, C. lumbricalis and B. 

brassicaeformis), with six replicates of each macroalga from each shore. Multi-variate pair-wise 

post hoc tests were done when there was a significant effect of the type of macroalgae or an 

interaction between shore and macroalga.   

 



Chapter 4 – Comparison of Structure  

58 

 

Analysis of Variance (ANOVA), using GMAV5 (Underwood et al. 2002), analysed univariate 

data of number of species and number of individuals of crustaceans, molluscs, polychaetes, other 

taxa and surface area of macroalgae. In the analysis, two factors of the experiment were 

considered using the same experimental design as for the multi-variate analysis. Where 

interactions were not significant (P > 0.25, Underwood 1997), interaction terms were pooled 

with the Residual for a stronger test of the main effect of interest (macroalgae). In cases where 

variances were heterogeneous (Cochran‟s test), there were no suitable transformations to create 

homogeneous variances and as large designs such as this are robust to violation of this 

assumption (Underwood 1997), the analysis was performed on non-transformed data. When 

sources of variation were significant, Student-Newman-Keuls (SNK) post hoc tests were done to 

determine the direction of differences.   

 

4.3 Results: 

nMDS plots were used to visualise differences in the assemblages associated with the three 

different macroalgae on the two shores (Figure 4.2). There were no distinct groupings, 

assemblages from all three macroalgae produced points that were interspersed with each other. 

The two shores also did not show distinct groupings. Despite, there being no visual differences 

and stress values being quite high (above 1.7 sensu Clarke 1993, indicating that the visual 

representation is not very reliable) the assemblages of species found on the three Rhodophyta 

showed both shore (F1, 30 = 2.91, P = 0.003) and algae (F2, 30 =3.69, P = 0.021) had significant 

effects on the assemblages associated with the algae. Consistent with the nMDS plots, post hoc 

tests could not differentiate among the assemblages associated with the three macroalgae (Table 

4.1).   
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Univariate analysis showed the surface area (F 2, 30 = 3.78, P = 0.03) and biomass (F 2, 32 = 3.71, 

P = 0.04) of the three macroalgae showed significant effects. SNK tests indicated H. spicifera 

had less surface area than B. brassicaeformis and C. lumbricalis in both cases (Table 4.2). 

Univariate analyses of the number of individuals on the three different macroalgae showed no 

distinct patterns (Table 4.3). The numbers of polychaetes differed significantly between shores 

(F 1, 30 = 5.95, P = 0.02), and the numbers of individuals of molluscs were affected by the 

species of alga (F 1, 32 = 8.18, P = 0.001). SNK tests indicated that the number of individuals 

associated with B. brassicaeformis and C. lumbricalis were similar, but there were fewer than 

associated with H. spicifera (Table 4.2).  

 

Univariate analyses showed that for both molluscs and other taxa, neither shore nor alga had an 

effect on the number of species present (Table 4.2). Significant results were, however, obtained 

for the interaction of algae and shore for the other two taxa considered: Crustacea (F 1, 30 = 5.43, 

P = 0.0097) and Polychaeta (F 1, 30 = 4.31, P = 0.023) (Table 4.2). The SNK post hoc tests 

indicated that the number of crustacean species at Vermont had similar numbers associated with 

B. brassicaeformis and C. lumbricalis, but less than those found on H. spicifera. SNK post hoc 

tests could not differentiate among the numbers of species found associated with the three 

different macroalgae at Onrus (Table 4.2). The number of species of polychaetes found at 

Vermont associated with B. brassicaeformis and C. lumbricalis were equal but less than H. 

spicifera. SNK post hoc tests could not differentiate among the numbers of species found on 

three different macroalgae at Onrus (Table 4.2).   
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Figure 4.2: nMDS plot of assemblages living on three different species of macroalgae, B. 

brassicaeformis (Vermont ◊, Onrus ♦), C. lumbricalis (Vermont Δ, Onrus ▲) and H. spicifera 

(Vermont □, Onrus ■) on the South Coast of South Africa. 

  

Stress 0.18  
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Table 4.1: PERMANOVA table of assemblages associated with H. spicifera, C. lumbricalis and 

B. brassicaeformis, standardised according to surface area. The factor “Shore” was random (2 

levels), “Algae” was fixed and orthogonal (2 levels). For this and the following tables: * P < 

0.05, ** P < 0.01. 

Source d.f. M.S. F 

Shore = Sh 1 4436 2.91** 

Algae = A 2 8523     3.69  * 

Sh x A 2 2309     1.5100 

Residual 30 1524  

Total 35   

SNK H. spicifera < C. lumbricalis = B. brassicaeformis 

Onrus = Vermont 
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Table 4.2: ANOVA tables comparing (a) the surface area of H. spicifera, C. lumbricalis and B. 

brassicaeformis, and (b) the biomass of H. spicifera, C. lumbricalis and B. brassicaeformis. The 

factor “Shore” was random (2 levels), “Algae” was fixed and orthogonal (2 levels). Variances 

were heterogeneous (Cochran‟s test), but there were no suitable transformations to create 

homogeneous variances. Student-Newman-Keuls (SNK) post hoc tests were done for significant 

sources of variation to determine directions of difference. Hyp = H. spicifera, Ch = C. 

lumbricalis, Bi = B. brassicaeformis. 

  (a) Surface area (b) Biomass 

  Cochran‟s C = 0.77, P < 0.01 Cochran‟s C =  0.77, P < 0.01 

Source d.f. M.S. F M.S. F 

Shore = Sh 1 151 0.00 1 0.00 

Algae = A 2 1131703 3.78* 2 3.71* 

Sh x A 2 385816 1.29 
x
   2  

Residual 30 299638  
x
 30  

Total 35   35  

Pooled    32  

SNK   Hyp < Bi = Ch Hyp < Bi = Ch 

x
 Denotes post-hoc pooling, P > 0.25. F-values are given for those tested against the pooled term. 

 



Chapter 4 – Comparison of Structure  

63 

 

Table 4.3: ANOVA tables comparing (a) the number of individuals per surface area of H. 

spicifera, C. lumbricalis and B. brassicaeformis, and (b) the number of species per plant of H. 

spicifera, C. lumbricalis and B. brassicaeformis. For Crustacea, Mollusca, Polychaeta and other 

taxa. The factor “Shore” was random (2 levels), “Algae” was fixed and orthogonal (2 levels). 

Variances were heterogeneous (Cochran‟s test), but there were no suitable transformations to 

create homogeneous variances. Student-Newman-Keuls (SNK) post hoc tests were done for 

significant sources of variation to determine directions of difference. Hyp = H. spicifera, Ch = 

C. lumbricalis, Bi = B. brassicaeformis, V = Vermont, O = Onrus. 

  (a) Number of Individuals  (b) Number of Species 

Crustacea  Cochran‟s C = 0.42, P > 0.05 Cochran‟s C =  0.85, P < 0.01 

Source d.f. M.S. F M.S. F 

Shore = Sh 1 0.0463 2.48 0.0007 4.05 

Algae = A 2 0.0378 2.02 0.0016 1.76 

Sh x A 2 
x 
0.0052  0.0009 5.43** 

Residual 30 
x 
0.0196  0.0002  

Total 35     

Pooled 32 0.0187    

SNK     V : Bi = Ch  < Hyp 

O : Hyp = Ch =  Bi 
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Table 4.3 continued 

Mollusca  Cochran‟s C = 0.84, P < 0.01 Cochran‟s C = 0.97, P < 0.01 

Shore = Sh 1 0.0136 1.35 0.0004 1.90 

Algae = A 2 0.0826 8.18** 0.0012 1.91 

Sh x A 2 
x 
0.0081  0.0006 2.67 

Residual 30 
x 
0.0102  0.0002  

Total 35     

Pooled 32 0.0101    

SNK   Bi  = Hyp < Ch   

Other taxa  Cochran‟s C =  0.73, P < 0.01 Cochran‟s C = 0.83, P < 0.01 

Shore = Sh 1 0.0017 2.21 0.0001 1.62 

Algae = A 2 0.0012 0.52 0.0002 1.47 

Sh x A 2 0.0022 2.81 
x 
0.0001 2.58 

Residual 30 0.0008  
x 
0.0000  

Total 35     

Pooled 32   1.8038  

Polychaeta  Cochran‟s C = 0.39, P >0.05 Cochran‟s C = 0.96, P < 0.01 

Shore = Sh 1 0.0096 5.95* 0.0005 2.04 

Algae = A 2 0.0034 0.82 0.0008 0.78 

Sh x A 2 0.0042 2.58 0.0011 4.31* 

Residual 30 0.0016  0.0002  

Total 35    

SNK     V : Bi = Ch  < Hyp 

O : Hyp = Ch =  Bi 

x
 Denotes post-hoc pooling, P > 0.25. F-values are given for those tested against the pooled term. 
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4.4 Discussion: 

The use of the rhodophyte as a natural „sampling package‟ (sensu Kitching et al. 2001, Anderson 

et al. 2005) removes the need for an arbitrary decision on size and shape of the sample unit 

(Bellehumeur et al. 1997), this assumes the size of the hold fast and fronds of the three 

macroalgae were of similar size and shape, due to plants being exposed to similar conditions 

within the same shore, thus providing similar structural habitat for organisms (Anderson et al. 

2005). Small-scale patchiness can be produced among macroalgal plants by spatial arrangement, 

variation in density, spatial arrangement and diversity of neighbouring macroalgae (Theil and 

Vásquez 2000), and disparity in the physical condition of the macroalgae (Cole and Sims 1999). 

The use of alga as a sampling package may therefore not be consistent within a shore.  

Furthermore, different species of algae may also sample different amounts of habitat. As such, 

the surface area and biomass of H. spicifera differed significantly from those of C. lumbricalis 

and B. brassicaeformis, suggesting that H. spicifera has different structural complexity or is a 

different size from the other two macroalgae.  

 

The number of individuals of polychaetes were affected by shore while and the number of 

individuals of molluscs were affected by the species of macroalgae. Abundances of intertidal 

organisms associated with biogenic habitats have been shown to vary in a number of studies, 

both between habitats on the same shore and between different shores. For example Kelaher et 

al. (2001) considered the effects of several environmental variables (e.g. epiphytes, length and 

density of fronds) and spatial sampling scale on the abundance of infaunal assemblages 

associated with coralline algal turfs, abundances of gastropods were shown to vary among the 

four shores and habitats depending on different environmental variables. Kelaher (2003) further 

consider the effect of frond lengths on gastropod abundances, showing that coralline turfs with 
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short fronds support higher gastropod abundances. Vásquez et al. (2009) found that abundances 

of amphipods differed among different species of macroalgae in Mediterranean shallow water 

habitats. Leite et al. (2007) investigated the effect of structural variation and its effects on 

amphipods and conclude that differences are due to algal size and morphological complexity. 

Cole and Chapman (2007) investigated spatial variation of polychaetes associated with biogenic 

reefs and found evidence of variation between over both 5-10s metres and 10s kilometres in 

Wales and Portugal and variations at a higher taxonomic resolution. Small scale microhabitats 

within the algae may have been different enough to produce variation in the numbers of 

individual molluscs among the different algal species. This points towards small-scale variation 

and processes being important in the structuring of assemblages (Archambault and Bourget 

1996, Underwood and Chapman 1996, Anderson et al. 2005). Other mechanisms such as 

behavioural aggregation (Chapman 1998), settlement cues (LeTourneux and Bourget 1988) offer 

possible explanations for the observed differences.  

 

When grouping all taxa together, both species of macroalgae, and shore had an effect on the 

infaunal assemblages associated with them. Although it was not possible to distinguish how the 

assemblages differed at these scales as post-hoc tests gave inconsistent results, the overall 

differences in numbers of individuals and species across all taxa found associated with 

macroalgae and on different shores may have produced this significant effect. Studies such as 

that of Hull (1997) have shown that the species of alga has effects on species richness, diversity 

and abundance of ostracods, although the species of algae were markedly different in terms of 

structural complexity. Bates (2009) surveyed an impressive number of species of macroalgae in 

search of taxonomic relatedness between macroalgae and infaunal assemblages, finding that 

assemblages differed as much on the same species as with species from another kingdom. Bates 

(2009) also concluded that a quarter of the functional groups of macroalgae had different taxon 
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richness. Seed and O‟Connor (1981), and Taylor and Cole (1994) also describe variations in 

associated infaunal assemblages in terms of composition richness and abundance. C. lumbricalis 

and B. brassicaeformis were relatively similar in terms of biomass and surface area, however H. 

spicifera was different, showing that in terms of entire assemblages, species of algae has an 

effect regardless of how structurally similar the algae are. Macroalgae biogenic habitats provide 

protective structures guarding from physical factors such as temperature change, ultraviolet 

radiation, desiccation, hydrodynamic stresses (Bates 2009) and biological factors such as 

predation (Martin-Smith 1993, Norderhaug et al. 2005).   

 

Sampling scale would affect assemblages and would be a likely explanation for the differences 

in entire assemblages between species of algae and shore observed in this study. Underwood and 

Chapman (1996) and Anderson et al. (2005) found that assemblages are likely to vary on a scale 

of a few centimetres to meters within the same shore and that shores separated by a hundreds of 

meters are also likely to exhibit variation in assemblages. This is supported by several authors 

(e.g. Chapman et al. 1995, Archambault and Bourget 1996, Blanchard and Bourget 1999, 

Anderson et al. 2005).  

 

Algae may act as a refuge by eliminating food value, predation, competition and physical 

disruption in laboratory experiments (Hacker and Steneck 1990). Studies by Attrill et al. (2000) 

concluded that there was no evidence that structural complexity influenced the composition of 

associated macroinvertebrates but rather biomass and therefore increasing surface area of 

seagrass affected the composition of the associated faunal community. This has been observed in 

other instances in both terrestrial and marine habitats (e.g. Rey 1981, Russo 1987, Koukouras et 

al. 1992, MacDonald and Johnson 1995, Kelaher 2003a ,b, Leite et al. 2007), while other authors 
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(e.g. Crisp & Mwaiseje, 1989, Chemello and Milazzo, 2002) suggest that architecture does play 

a part in epifaunal diversity and abundance. In the case of this study the three species of algae 

could provide similar amounts of protection from predation, shelter from other physical factors 

such as wave exposure and desiccation (e.g. Dommasnes 1968, Gibbons 1988, Downes et al. 

2000, Monteiro et al. 2002). With a difference among H. spicifera and C. lumbricalis, B. 

brassicaeformis in terms of biomass and surface area and no significant differences in univariate 

analysis of the number of species and individuals per taxa, with the exception of Mollusca, it can 

be concluded that the macrofauna associated with H. spicifera, C. lumbricalis and B. 

brassicaeformis use the algae as habitat despite differences or similarities in surface area and 

biomass.  
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Chapter 5  

General Discussion 

 

The Southern African coastline stretches over two biogeographic provinces on the east and south 

coasts (Natal and Agulhas) and two on the west coast (Namib and Namaqua) (Emanuel et al. 

1992). Each coastline is affected by two distinct boundary currents, the Benguela on the west 

coast and the Agulhas on the east coast, each with their own suite of hydrodynamic processes 

that are shared by other eastern and western boundary currents worldwide (e.g. Nagata 1970, 

Hsueh and O'Brien 1971, Gill and Schumann 1979, Blanton et al. 1981, Small and Menzies 

1981, Huyer 1983, Tranter et al. 1986, McClean-Padman and Padman 1991, Ware 1992, 

Lutjeharms et al. 1993, Lutjeharms and Machu 2000, Lutjeharms et al. 2000a, b, 2007, Patti et 

al. 2008). This system provided an ideal opportunity to investigate how intertidal organisms are 

affected by large scale effects on two adjacent coasts that are influenced by distinctly different 

oceanographic environments (Chapter 2). The hydrodynamic processes observed along these two 

coastlines operate, however, act over meso-scale distances, and of particular interest to this study 

was the influence the meso-scale process of upwelling (as described by Lutjeharms et al. 2000a, 

b, 2007 for the east coast and Ware 1992 and Patti et al. 2008 for the west coast)(Chapter 3). 

Upwelling has been described as being extremely important in affecting single species and 

structuring intertidal assemblages (e.g. Huyer 1983, Roughgarden et al. 1988, Connolly and 

Roughgarden 1998, Blanchette et al. 2002, Menge et al. 2003, Xavier et al. 2007, Blanchette et 

al. 2009, Morgan et al. 2009a, b, c, Morgan and Fisher 2010). Species forming biogenic habitats 

can be strongly influenced by upwelling (e.g. Small and Menzies 1981, Huyer 1983, Weiters 

2005, Xavier et al. 2007). Biogenic habitats are an important part of intertidal systems as they 

support a substantial biodiversity (e.g. Fielding et al. 1994, Seed and Suchanek 1992, Porras et 
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al. 1996, Kelaher et al. 2001). It was therefore important to consider if biogenic habitats of 

similar sizes support similar species assemblages so that general conclusions could be drawn 

(Chapter 4).   

 

5.1 The role of biogenic habitats: 

Habitats play an integral part in the distribution of organisms, yet they are threatened by habitat 

destruction and therefore it is important to clarify the role played by habitats if the consequences 

of habitat loss and modification are to be fully understood (Fahrig and Merriam 1994). 

Heterogeneity in phytal habitats has been recognised to affect both the density and abundance of 

infaunal species (e.g. Hicks 1980, 1986, Gee and Warwick 1994, Jarvis and Seed 1996). 

Variations in size, shape and texture of algal species are suggested as the basic components 

contributing to the complexity of the habitat (Gee and Warwick 1994). Associated infauna 

densities have been related to the complexity of the algal structure as habitable space varies with 

complexity (e.g. Hicks 1985, Hacker and Steneck 1990, Beck 1998, Beck 2000, Attrill et al. 

2000) as does protection from biological factors (e.g. predation and competition) (Coull and 

Wells 1983, Russo 1987) and physical factors (e.g. wave action and desiccation) (Whatley and 

Wall 1975, Seed 1996, Thompson et al. 1996). Plant size (Gunnill 1982, Kelaher et al. 2001, 

Kelaher 2003a) and plant physiology (Hagerman 1966) also affect associated infaunal 

assemblages. A large amount of work has been done on correlations between physical 

characteristics and densities of associated infauna (e.g. Edgar 1983a, b, Dean and Connell 1987a, 

b, c, Hacker and Steneck 1990).  

 

Different biogenic engineer species are suggested to host different infaunal assemblages (e.g. 

Bruno and Bertness 2001), indicating that the loss of one habitat forming species may alter entire 
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intertidal assemblages. This has important implications for generalisations made about 

assemblages associated with biogenic habitats. Similarly sized and structured biogenic habitats 

provided by different species may not always host similar assemblages due to a multitude of 

external factors as discussed in Chapter 4. The assessment of infaunal assemblages associated 

with biogenic habitats within shores must therefore take into account each different species of 

biogenic engineer to provide an accurate survey.   

 

When the physical variables of the three algae were analysed, H. spicifera differed from C. 

lumbricalis and B. brassicaeformis suggesting that H. spicifera had a potentially different 

structure compared with the other two macroalgae. Following the theories proposed in the 

biodiversity ecosystem functioning debate (Ehrlich and Ehrlich 1981, Lawton and Brown 1993, 

Vitousek and Hooper 1993, Naeem et al. 1995) loss of a structurally different habitat, such as H. 

spicifera, may lead to changes to intertidal ecosystems. Kuhn (1962) initially expressed that 

ecosystem functioning is in part governed by biodiversity. Abiotic (physical and chemical) and 

biotic (e.g. parasitism, predation, facilitation and competition) factors create patterns in the 

distribution and abundance of species (Naeem 2002). Abiotic factors were deemed to set large-

scale patterns while biotic factors work over smaller scales modifying large-scale patterns (e.g. 

McQuaid and Branch 1984, Diamond and Case 1986, Kikkawa and Anderson 1986, Gee and 

Giller 1987, Weiher et al. 1998). Ecosystems respond to declining biodiversity in four possible 

ways, hypotheses summarising these responses include the Redundant Species hypothesis which 

suggests that minimum diversity facilitates ecosystem functioning, and that remaining species 

are, however, otherwise superfluous (Lawton and Brown 1993). Due to the habitat-forming 

nature and high biodiversity associated with the macroalgae in this study (Appendix C), it is 

unlikely that these species are redundant to ecosystem functioning. The Rivet hypothesis 

proposes that all species play a unique integral role in ecosystem functioning (Ehrlich and 
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Ehrlich 1981). The Idiosyncratic Response hypothesis suggests that as diversity changes 

ecosystems processes change, the change, however, is unpredictable (Naeem et al. 1995). A Null 

hypothesis is also proposed where ecosystem functioning is unaffected by changes in 

biodiversity (Vitousek and Hooper 1993). It is unlikely that loss of the species of macroalgae to 

intertidal ecosystems would not lead to any changes in ecosystem functioning or associated 

biodiversity. It may, however, be possible that loss of intertidal macroalgae may lead to dramatic 

changes to the ecosystem (sensu the rivet hypothesis) or unpredictable and idiosyncratic 

responses. An understanding of the biodiversity associated with these macroalgae and the role 

that they play in providing habitat, as investigated in this study, make it easier to predict 

ecosystem responses to biodiversity loss. Recent studies (e.g. O‟Connor and Crowe 2005, Maggi 

2009) suggest that species identity plays an important role in structuring ecosystems which in 

turn influence the biogeochemical processes (Schulze and Mooney 1993, Hulot et al. 2000) 

making up the biodiversity ecosystem functioning theory. Consequently, the identity of the 

macroalgae in this study is important such that loss of habitat-forming taxa with high associated 

diversity would lead to extensive ecosystem responses.   

 

5.2 Biogeographic patterns: 

The size, shape and structure of biogeographic ranges are of great interest, as these features are 

affected by environmental factors and ecological processes (Brown et al. 1996). As a result the 

boundaries of these ranges are changeable over space and time (Brown et al. 1996). Distributions 

of organisms within biogeographic regions are due to a multitude of underlying historical events 

and processes (Myres and Giller 1988, Brown et al. 1996). Current processes also play an 

integral role in the makeup of biogeographic regions, for example nutrient gradients in oceans 

(Carter and D‟Aubrey 1988, Carter and Scheyer 1988, Lutjeharms et al. 2000a). The area 
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sampled on the west coast is encompassed by one biogeographic region for both flora and fauna 

(Bolton et al. 1986, Emanuel et al. 1992, Bustamante and Branch 1996, Bolton and Anderson 

1997, Stegenga et al. 1997). Flora and fauna on the east and south coasts adhered to different 

biogeographic provinces. The subtropical Natal and warm temperate Agulhas provinces are 

proposed for fauna (Emanuel et al. 1992, Bustamante and Branch 1996), while a single warm 

temperate province is proposed for the flora (Bolton et al. 1986, Bolton and Anderson 1997, 

Stegenga et al. 1997). The Western Overlap encompasses the area where species found in the 

subtropical Natal province and the Namaqua province overlap between the Cape Peninsula and 

Cape Agulhas (Jackelman et al. 1991, Bolton and Anderson 1997, Stegenga et al. 1997). Fauna 

in this study conformed to the two biogeographic provinces on the east and south coasts (Chapter 

3). Macroalgae did not vary among the sites sampled, complying with the single proposed 

province, large scale trends were, however, observed from low latitudes to high latitudes 

(Chapter 2).  

 

The boundaries for biogeographic provinces can be considerably altered by climatic variables 

(Brown et al. 1996, Rutherford et al. 2000, Erasmus et al. 2002), changing climatic variables as 

seen with current climate change often shifts positions of these boundaries (Brown et al. 1996 

Rutherford et al. 2000, Erasmus et al. 2002). The shifting of biogeographic boundaries in 

relation to climate change has profound effects on habitat forming biogenic species (e.g. Berke et 

al. 2010), altering their home ranges and affecting their latitudinal limits. This in turn will have 

effects on associated infaunal assemblages greatly changing the biodiversity and composition of 

intertidal assemblages.     
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5.3 Integration of factors acting at different spatial scales: 

Scale has an important effect when considering intertidal assemblages as oceanographic 

processes act over different scales from small scale factors of centimetres to metres (Underwood 

and Chapman 1996) to meso-scale factors, 10s km to 100s km (Carter and Scheyer 1988, 

Lutjeharms et al. 2000a, b). These processes all contribute to forming large-scale patterns (1000s 

km) (Brown et al. 1996). The meso-scale process upwelling has previously been considered to 

be highly important in the structuring of intertidal assemblages (e.g. Huyer 1983, Roughgarden 

et al. 1988, Connolly and Roughgarden 1998, Blanchette et al. 2002, Menge et al. 2003, Weiters 

2005, Xavier et al. 2007, Blanchette et al. 2009, Morgan et al. 2009a, b, c, Morgan and Fisher 

2010). This study however points to meso-scale upwelling being marginalised in the large-scale 

structuring of assemblages, while large scale biogeography has more of an influence in this 

respect. Small-scale variations within shores and variation between shores indicated that 

processes acting over these scales play an important role in structuring these assemblages. This 

study therefore highlights the importance of investigating patterns across a range of spatial 

scales. This study indicates that a comprehensive understanding of intertidal bioveristy requires 

the integration of multiple factors from a range of spatial scales. 
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Appendix C: List of identified infaunal species associated with Hypnea spicifera along the east 

and south coasts and Champia lumbricalis along the west coast  

 Hypnea spicifera Champia lumbricalis  

Crustacea   

Amphipoda Atylus swammerdamei Aristias symbiotica 

 Caprella danilevski Atylus swammerdamei 

 Caprella longicollis Caprella danilevski 

 Caprella penantsis Caprella penantsis 

 Caprella scaura Corophium acherusieum 

 Corophium acherusicum Engidotea cobata 

 Guernea rhomba Jassa falcata 

 Ischyroceridae parajassa Laetmatophilus purus 

 Jassa falcata Podocerus inconspicious 

 Laetmatophilus purus Podocerus multispinis 

 Parametopa grandimana Stenothoe adhaerens 

 Podocerus multispinis  

 Polycheria atolli   

 Stenothoe adhaerens  

 Stenothoe proboloides rotunda   

 Stenothoe valida  

 Stenothoe gallensis  

   

Cirripedia  Balanus variegatus Balanus variegatus 

 Chthamalus dentatus Notomegabalanus algicola 

 Octomeris angulosa  

   

Branchyura Actaea sp.  Megalope 

 Dehaanius quattuordentatus  

 Cyclograpsus punctatus  

 Hymenosoma orbiculare  

 Megalope  

 Plagusia chabrus  

   

Isopoda  Cirolana venusticauda Cirolana undulata 

 Dynamanella huttoni Dynamanella huttoni 

 Dynamanella ovalis Dynamenella macrocephala 

 Dynamenella macrocephala Dynamanella ovalis 

 Exosphaeroma pallidum Dynamenella scabricula 

 Isocladus tristensis Exanthura macrura 
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Appendix C continued 

 Jaeropsis beurosi Exosphaeroma pallidum 

 Mesanthura catenula Exosphaeroma truncatitelson 

 Paridotea fucicola  Guernea rhomba 

 Sphaeramene micotylotos Gnathia africana 

 Tanais philetaerus Idarcturus platysoma 

  Jaeropsis beurosi 

  Mesanthura catenula 

  Paridotea ungulata 

  Sphaeramene polytylotus 

  Tanais philetaerus  

Mollusca Acanthochiton garnoti Acanthochiton garnoti 

 Anachis kraussi Aulacomya ater 

 Burnupena lagenaria Burnupena lagenaria 

 Cardita variegata Cymbula occulus 

 Dendrofissurella scutella Eatonina sp. 

 Eatonina sp. Fissurella mutablis 

 Fissurella mutablis Fissurella natalensis 

 Fissurella natalensis Gregariella petagnae 

 Gibbula multicolor Helicon dunkeri 

 Helcion concolor Ischnochiton bergoti 

 Helicon dunkeri Lasea adansoni turtoni 

 Ischnochiton textilis Littorina africana 

 Lasea adansoni turtoni Modiolus auriculatus 

 Modiolus auriculatus Mytilus galloprovincialis 

 Mytilus galloprovincialis Nassarius capensis 

 Nassarius capensis Natica tecta 

 Natica tecta Nucella dubia 

 Nucella dubia Oxystele variegata 

 Oxystele tabularis Scutellastra granularis 

 Patella amphanes Turritella carnifera 

 Perna perna  

 Scutellastra granularis  

 Septifer bilocularis  

 Tricolia capensis  

 Turritella carnifera  

Other taxa Amphipholis squamata Amphipholis squamata 

 Aulactinia reynaudi Anurida maritima 

 Golfingia capensis Aulactinia reynaudi 

 Insect larvae Golfingia capensis 
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Appendix C continued  

 Mite Mite 

 Nematode Nematode 

 Nemertea Nemertea 

 Ophionereis dubia Parechinus angulosus 

 Parechinus angulosus Platyhelminth  

 Patiriella exigua Porcellidium sp. 

 Pentacta doliolum  

 Platyhelminth   

 Tanystylum brevipes  

Polychaeta Cirriformia punctata Exogone clavator 

 Exogone clavator Dodecacaria sp. 

 Fabriciinae Fabriciinae 

 Gunnarea capensis Lepidontus clava 

 Lepidonotus durbanensis Lumbrineris papillifera 

 Lumbrineris papillifera Marphysa posterobranchia 

 Marphysa corallina Myrianida pulchella  

 Marphysa posterobranchia Naineris laevigata 

 Myrianida pulchella  Platynereis dumerilii 

 Naineris laevigata Protomystids capensis 

 Neanthes willeyi Pseudonereis variegata 

 Phyllodoce castanea Syllis prolifera 

 Platynereis dumerilii Syllis variegata 

 Pseudonereis variegata  

 Streblosoma hesslei  

 Syllis prolifera  

 Syllis variegata  

 


