
BIODIVERSITY OF SOFT SEDIMENT MACROBENTHIC 

FAUNA OF THE KWAZULU-NATAL BIGHT 

MIDSHELF 

 

by 

 

LIESEL HEIN 

 
 

Submitted in fulfilment of the academic 

requirements for the degree of 

Master of Science in the 

School of Life Sciences, 

University of  KwaZulu-Natal 

Durban 

 

4 December 2013 

 

 

 

As the candidate’s supervisor I have/have not approved this thesis/dissertation for 

submission. 

 

 

 

Signed: _____________      Name: _____________  Date: ____ 

 

  



ii 

 

ABSTRACT 
 

 
The KwaZulu-Natal Bight is influenced by various nutrient inputs from the Thukela River and 

particular oceanographic features of the shelf such as the St Lucia upwelling cell and the 

Durban lee eddy that are in turn associated with Agulhas Current behaviour. Little is known 

about KZN Bight community dynamics of most faunal groups and so knowledge about the 

ecological functioning of this system as a whole is lacking. To address this, a large 

multidisciplinary project on the Bight was conducted through the African Coelacanth 

Ecosystem Programme. One aim of the programme was to establish whether nutrient inputs 

have significant impacts on this oligotrophic shelf and if so, how? This study looked at the 

macrobenthic compartment to examine variations in diversity across the KZN Bight in the 

midshelf habitat only. Changes in diversity were explained in relation to important habitat 

and/or process drivers. Replicated biological and sediment samples were collected in and 

between the three focus areas of high nutrient input along the Bight spanning an area from 

Durban to just south of the St Lucia Estuary mouth. Samples were collected twice at the same 

stations, once during a wet period (February 2010) and once during a dry period (August 2010). 

These periods were selected to represent high and low outflow and thus potentially higher and 

lower nutrient inputs to the Bight, respectively. Macrobenthos collected by 0.2m
2
 Van Veen 

grab were identified to the lowest possible taxonomic level and resulting data were analysed 

using combinations of univariate and multivariate statistical procedures. Diversity was 

described using well-published techniques that related to community Alpha () and Beta (β) 

diversity and including several newer methods such as Taxonomic Diversity indices 

(Taxonomic Distinctness (∆*), Average Taxonomic Distinctness (∆+), Variation in Taxonomic 

Distinctness (Λ+)) to determine the taxonomic relatedness of macrobenthic communities within 

the study area. Midshelf macrobenthic community  and β diversity was highly variable across 

the shelf with no distinct patterns related to focus area. Diversity values were however similar to 

values obtained in what are considered highly diverse tropical and high latitude shelves. 
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Diversity was then related to hydrographic parameters measured on the Bight to understand the 

possible indirect or direct roles the Agulhas Current and Thukela River have in maintaining the 

macrobenthos. Findings were that diversity was only weakly related to measured environmental 

variables suggesting far more complex interactions in the biophysical environment of the Bight. 

This was highlighted by the finding that alpha and beta diversity measures had complimentary 

relationships as an inverse trend was found between these measures along the KZN Bight. Thus, 

more detailed systematic studies on the Bight are needed to fully understand the role and supply 

of nutrients on specific communities and how these pertain to the ecological function of the 

whole shelf ecosystem. 
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CHAPTER 1 

 

GENERAL INTRODUCTION 

 

1.1 THE KZN BIGHT AND THE AGULHAS CURRENT 

 

Along the east coast of South Africa, exceptional biologically interesting habitats can be 

found, related to the great variety of environmental conditions as a result of the passing 

Agulhas Current circulation and wind systems (Heydorn et al. 1978). The Agulhas Current 

contributes to important oceanographic features that are key to the ecology of the Bight 

(Schumann 1988, Meyer et al. 2002). Compared with other western boundary currents, the 

Agulhas Current is relatively narrow at approximately 100 km wide (Lutjeharms 2006b), 

forming the western part of the South-West Indian Ocean anti-cyclonic circulation system 

that consists of tropical and subtropical water moving in a southerly direction (Lutjeharms 

2006b).  

 

The continental slope adjacent to the Agulhas Current can be divided into two sections 

according to topographical and current characteristics. The first is a narrow southern part 

approximately 15 km wide just upstream of Port Elizabeth to just downstream of Durban 

(Lutjeharms 2006b). Here all circulation is parallel with the narrow shelf slope (Lutjeharms 

2006b). The KwaZulu-Natal Bight (KZN Bight) is the northern part of the shelf and 

constitutes the remaining section of the Agulhas Current, where the shelf is much wider 

(about 50 km wide) (McClurg 1988, Lutjeharms 2006b). Here circulation has a cyclonic 

upper current, with an opposing undercurrent (Lutjeharms 2006b). The KZN Bight shelf 

water has a clear seasonal variability in temperature and salinity (Schumann 1988). The 

Agulhas Current has a seasonally dependent surface temperature range of 20° C to 28°C, 

usually differing approximately 6 ºC from its surrounding marine environment (Lutjeharms 

2006b, Griffiths et al. 2010). Topography of the adjacent shelf and its interaction with the 

Agulhas Current seems to be the main driver of the characteristic oceanographic features 

along the KZN Bight (Pearce 1977, Gill and Schumann 1979, Lutjeharms et al. 1989, Meyer 

et al. 2002, Speich et al. 2006).  

 

Four prominent circulation features are found in the KZN Bight, namely the St Lucia 

upwelling cell, Durban lee-eddy, a general cyclonic circulation in the KZN Bight (lateral 

circulation) and the shear edge features (Gründlingh 1986, Lutjeharms et al. 2000, Lutjeharms 
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2006b). The northern KZN Bight section of the current exhibits great stability with very low 

seasonal variability in surface speeds as well as high pathway stability (Gründlingh 1986). 

 

It is suspected that these circulation features play an important role in the nutrient 

replenishment of shelf communities, along with affecting the composition and distribution of 

endemic species over space and time (Lutjeharms 2006b, Cawthra et al. 2012). The passing 

Agulhas Current with its high temperatures combined with the shelf topography of the KZN 

Bight, drives the upwelling of cold, nutrient rich water from the depths onto the shelf, 

enhancing primary productivity and chlorophyll-a production in and around these circulation 

features, distributing along a gradient, and decreasing with distance from the centre of origin 

along the shelf (Lutjeharms et al. 2000, Lutjeharms 2006b). 

 

The most persistent features of the KZN Bight include an eddy off Durban and a upwelling 

cell between Richards Bay and St. Lucia (Gründlingh (1974), Schumann 1988, Lutjeharms et 

al. 1989, Lutjeharms 2006b). These two features, together with the largest KZN River, the 

Thukela River, were defined as the locations on the shelf for three main focus areas of 

oceanographic influence within this study. In the north, the persistent St Lucia upwelling cell 

brings cool nutrient-rich South Indian Subtropical water from a depth of± 100 m onto the 

shelf bottom where it spreads southwards (Meyer et al. 2002). It consists of cooler water and 

lower salinities than elsewhere on the Bight (Lutjeharms et al. 2000, Lutjeharms 2006b). As 

the current moves south, chlorophyll-a values decrease on the shelf, reaching lowest levels 

just before reaching the Thukela River mouth (Meyer et al. 2002). Biological assimilation and 

lateral mixing within the shelf and ocean waters cause a patchy high nutrient pattern along 

this southward path of the upwelled nutrients (Meyer et al. 2002). In the Richards Bay area 

there exist distinctive vertical and horizontal nutrient gradients, such as a high near-shore to 

low off-shore nutrient gradient (Meyer et al. 2002). 

 

Sedimentary processes of the south-eastern African outer shelf are also dominated by the 

Agulhas Current, which facilitates large-scale sediment movement along the coast 

(Lutjeharms 2006b). The northern part of the current has a characteristic high mean kinetic 

energy value (500cm
2
/s

2
), resulting in high speeds (Lutjeharms 2006b). The highest flow 

velocity of the current lies close to the continental shelf edge and can sometimes lie above the 

outer part of the shelf (Lutjeharms 2006b). Consequently, the sediment bed forms found on 

the shelf are characterised by dune fields at depths of > 50 m with heights up to 8 m, 

extending over a surface area of up to 20 km, while slowly migrating southwards (Lutjeharms 

2006b). These dune fields are the primary source of sand for sediment fans along the 

continental slope (Lutjeharms 2006b).  
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In the southern part of the Bight, south-west off Durban a semi-permanent cyclonic eddy 

forms a dome of cold, less saline, nutrient rich water from shelf slope depths of 250 m up 

onto the bottom of the shelf table at depths of sometimes up to 30 m (Churchill et al. 1986, 

Carter and Schleyer 1988, Schumann 1988, Meyer et al. 2002, Lutjeharms 2006b). Strong 

coastal counter currents are present here, as seen by the presence of sand dunes in the bottom 

sediments (Lutjeharms 2006b, Cawthra et al. 2012). In the upper water column, warm Indian 

Tropical nutrient poor water intrudes onto the shelf moving along the coast in a north-western 

direction (Meyer et al. 2002). Thus in the upper water column off Durban there exists a 

gradient of low nutrients found near shore to higher nutrients found offshore (Meyer et al. 

2002). However this part of the shelf water column is well mixed in lower layers, where weak 

horizontal and vertical gradients are found (Meyer et al. 2002). The southern section of the 

Bight allows for more intrusion of adjacent oceanic water, and the trapping of nutrients 

flowing along the bottom of the shelf because of its depth (Meyer et al. 2002). Closer to 

Durban due to “conveyer-belt” circulation caused by the current, the water is swept away off 

the shelf (Heydorn 1976, Meyer et al. 2002). It is in the southern shelf region that the Agulhas 

Current can intrude distances of up to 25 km from the coast (Meyer et al. 2002).  

 

The Thukela River, has an annual sediment output of about 6.79 × 10
3
 m

3
 and runoff of 3865 

× 10
6
 m

3
 (Birch 1996, Hutchings et al. 2010). In the central shelf region, most of the Thukela 

outflow occurs at a 30 m depth (Meyer et al. 2002). This is also an area with well mixed water 

as this outflow creates a turbid area in the central Bight region (Fennessy and Groeneveld 

1997, Meyer et al. 2002). The shelf water closest to the Thukela River mouth has the highest 

nutrient concentrations of the central shelf, and this decreases gradually towards the shelf 

edge (Meyer et al. 2002). If nutrients transported from St. Lucia in a southerly direction, reach 

the Thukela River mouth region, movement will certainly be halted, as from there, the 

nutrients will be reflected off the shelf into deeper waters (Heydorn 1976).  The Thukela 

River contributes a lot of detritus and inorganic nutrients towards the continental shelf system 

(Fromme 1970). However no detailed study on the effects that these riverine nutrients on the 

larger ecosystem has been undertaken (Cooper et al. 1995, Griffiths et al. 2010).  

 

These three sources (also known as focus areas) provide large amounts of nutrient input and 

detritus via rivers or from lower depths via upwelling (Lutjeharms 2006b). How big a role 

each plays still needs to be understood. Macrobenthic studies did not in the past receive 

attention, as studies tended to be more biased toward more economically important demersal 

species, thus still much is left to be learnt, more so from benthos in continental shelf and deep 

sea regions of the ocean (Roberts 1997, Grassle and Stocks 1999). A dynamic variety of 
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pelagic-benthic interactions are formed on the KZN Bight, as the pelagic and benthic is 

influenced by many oceanographic processes across the shelf (McClurg 1988, Lutjeharms 

2006b). These interactions are important for ecosystem functioning.  

 

Many short-term smaller scale oceanographic features occur on the KZN Bight as the current 

follows its path along the shelf, leading to the formation of localised eddies, upwelling, and 

wind-induced currents inshore (Schumann 1988, Lutjeharms et al. 1989). In the more shallow 

depths of the shelf, many of these smaller short term features in the water column are often 

controlled by climatic factors such as the regular alteration of the north-easterly and south-

westerly winds (Heydorn et al. 1978, Schumann 1988). From the structural and 

morphological information of the continental shelf, it is clear this system along with its 

complexities should not be considered as one entity, but as several separate smaller systems 

(Heydorn 1976). 

 

1.2 MACROBENTHIC BIODIVERSITY 

 

Marine diversity research has not been given sufficient weight in the past. Wright et al (1993) 

reviewed 53 studies done on the important factors structuring diversity (Williamson 1997). Of 

these, only three were marine-based (Williamson 1997). Global marine biodiversity is being 

threatened by a variety of factors, including overexploitation that alters food webs, physical 

alterations that have direct homogenising effects on habitats, and indirect effects including for 

example the effects of re-suspension of sediments and toxins and change in trophic 

dominance (Norse 1993). Due to the perceived fast changes in community structure and 

abundances of the most common and well known species, certain urgency has arisen to put 

more importance on the measurement of the present composition and limits of all marine life 

(Grassle and Stocks 1999). Many studies have been done on the influence of other factors on 

biodiversity but not enough has been done on the influence of biodiversity on other factors 

(Snelgrove 1998), although this has started to receive much deserved attention (Chapin et al. 

1997, Loreau et al. 2001). Biological diversity as the modulator to ecosystem processes has 

been the basis of many ecosystem functioning studies (Loreau et al. 2001), but the focus has 

been on the use of species richness exclusively (Chapin et al. 1997, Bengtsson 1998).  

 

Diversity can be divided into genetic diversity, species diversity and ecosystem diversity, as 

well as further separate categories found in genetic and ecological diversity (Norse et al 1986, 

Soulé 1991, Norse 1993, Williamson 1997). Bengtsson (1998) emphasised that there is a need 

to move away from the singular view of diversity as a term encompassing all in the 
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importance of diversity in the ecosystem, to a greater focus on understanding the mechanistic 

workings of the most significant facets of diversity. Most work on macrobenthic marine 

diversity has been done on near-shore, hard substrate communities and less on the soft-

sediment macrobenthic biodiversity. Considering that soft-sediment macrobenthos are 

important for amongst other reasons, the survival of commercially important fish and other 

sediment-living organisms, much more effort has to be focused here (Pinnegar et al. 2000, 

Gillanders et al. 2003, Hoey et al. 2004). Recent technology involving breakthrough 

pharmaceutical and medical advances has been because of the biochemical diversity of 

animals (Norse 1993).  

 

Most phyla in the marine environment are thought to inhabit the bottom sediments (Snelgrove 

1998). Considering that the ocean takes up around ~ 70% of the earth’s surface and sediment 

covers the entire bottom, it is logical to assume that macrobenthic fauna would have a 

significant impact on the world’s marine ecosystems (Snelgrove 1998). Estimates are that 

only 1% of all macrobenthos have been described, making these biodiversity studies crucial 

in future understanding of our world’s oceans (Snelgrove 1998).  

 

Macrobenthos are invertebrates that spend most of their lives in close association with the 

ocean floor (McClurg 1988). The marine benthic fauna can be categorised into microfauna, 

meiofauna and macrofauna (McClurg 1988). Although they are categorised separately for 

convenience of study techniques, they are a continuum (McClurg 1988). Due to their size, 

differences in environmental pressures even within the same location may still be experienced 

because of different small-scale niches (McClurg 1996, Levin et al. 2010). Still they occur in 

the same habitat and interact with each other, forming largely discrete and sedentary 

communities (McClurg 1996). Macrofauna are those organisms that are larger and can be 

retained in a 1mm mesh sieve (McClurg 1996). Because of the large diversity of these 

animals, with an estimated 10
7
 species believed to exist, they are able to inhabit almost every 

single inch of the sediment habitat of the ocean bottom (Snelgrove et al. 1997, Snelgrove 

1998, Ormond et al. 2005, Appeltans et al. 2012a).  

 

Macrobenthos in marine sediments are known to play an important role in biological material 

cycles, making them an important component in marine food webs and structural diversity, 

but little is known about their role in shelf ecosystems (Gray 1981, Steimle 1985, Melake 

1993, Thrush et al. 2002, Stal et al. 2007, Chandrasekar et al. 2012). Nutrient cycles are 

influenced as macrobenthic fauna influence microbial activity and survival, which in turn 

influences the nitrogen, sulphate and carbon cycle and indirectly influences primary 

production (Snelgrove 1998, Darnis et al. 2012). Macrobenthos play a role in decreasing the 
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amount of pollutants in the water and sediments, in the distribution and re-suspension or 

burial of nutrients thus changing geology and nutrient availability through their feeding 

behaviours (Snelgrove 1998). They serve as prey for other higher trophic levels such as fish 

and through their activities they provide higher trophic levels with more digestible secondary 

produced nutrients (Snelgrove 1998). Lastly macrobenthos can influence sediment stability 

and water flow over sediments, in return influencing oxygen supply and other nutrient 

reactions (Snelgrove 1998).  

 

1.3 MEASUREMENT OF BIODIVERSITY 

 

Diversity studies have been mostly focused on species counts, but because of the new 

emphasis on the different definitions and components of diversity, there is no single and easy 

way of measuring diversity (Williamson 1997, Magurran 2010). The measurements used to 

determine biodiversity can have great effects on results as each uses certain components that 

carry different scales of weight (Magurran 2010). It is now realised how important it is to 

consider diversity patterns in terms of ambient environmental factors (Williamson 1997). 

Also, biodiversity patterns and bio-geographical patterns stem from complex interactions 

between regionally unique and interchanging ecological factors that maintain certain 

origination and extinction rates (Williamson 1997). Thus taxonomic diversity, ecological 

diversity and morphological diversity may be of higher importance than the species count. 

General factors influencing diversity are not always globally relevant, as groups of fauna do 

not all necessarily conform to general patterns in diversity, for example, north to south or east 

to west patterns in diversity can be different for different groups (Williamson 1997, Magurran 

2010) 

 

1.4 AGHULAS CURRENT AND KZN BIGHT MACROBENTHIC DIVERSITY 

 

The Agulhas Current can have considerable influence on the benthic ecology of the shelf 

(Lutjeharms 2006b). The current transports tropical and subtropical species southwards, being 

important in the distribution of, and potential settlement and survival of larvae (Kensley 1981, 

McClurg 1988). Thus the KZN fauna’s basic character originates from the tropical Indo-West 

Pacific (Kensley 1981, McClurg 1988). Some studies indicate that periodic hydrodynamic 

forces such as the kinetic energy of eddies in basin areas, would be very important ecological 

indicators for the understanding of macrobenthic community diversity and evenness (Gage 

1997). This is because bed flow is important for the transportation of food and larvae and for 

sediment disturbance (Gage 1997). Even small consistent changes in current energy caused by 
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something like biogenic activities, can affect macrobenthic communities abundance and 

composition if persistent (Gage 1997). Still little is known about the life cycles of the animals 

that live in these circumstances and the effect the Agulhas Current has on the ecology of the 

KZN Bight (Lutjeharms 2006b). There is a need to fill the knowledge gap of benthic 

communities over a wide range of habitats and geographic ranges, to recognise possible 

patterns and gradients related to for example sediment, depth, organic content, temperature, 

salinity, current speeds, nutrients across the entire Indian Ocean (Mackie et al. 2005), 

 

Along the KZN coast, the distributions of intertidal fauna in relation to physical and 

hydrographical factors have been well documented over many years (McClurg 1988, 

Bustamante et al. 1997, Hutchings et al. 2002). In contrast, little has been done on the effects 

of the Agulhas Current on the coastal and deep water ecology and the distributions of shelf 

fauna (Lutjeharms 2006b, McClurg 1988). Although Heydorn et al. (1978) highlighted this 

knowledge gap many years ago little has been done since to address this since then.  

 

An idea of the composition of the marine macrobenthos of the KZN Bight was gained from 

baseline information from pollution monitoring surveys (McClurg 1988). Here it was noted 

that the macrofauna was dominated mostly by Annelida (mainly Polychaeta) and Arthropoda 

(mainly Crustacea), while Echinodermata and Mollusca were among the minority (McClurg 

1988). Most of the data collected on macrobenthic groups are limited, and out-dated. Due to 

this lack of knowledge, few inferences can be made on species zoogeography and 

macrobenthic ecology (McClurg 1988). Examples of earlier studies done on the taxonomy of 

some soft sediment benthic groups along the east coast of South Africa include a focus on the 

Amphipoda (Barnard 1940, Griffiths 1976, 1977), Branchiopoda (Hiller 1986), Brachyura 

(Barnard 1950, Kensley 1977,1981), Echiurida (Wesenberg-Lund 1963, Biseswar 1985), 

Hydroid (Millard 1958, 1977, 1980), Macrura (Barnard 1950), Mollusca (Kilburn and Rippey 

1982), nemertean (Wheeler 1940), Polychaeta (Day 1967), Sipuncula (Stephen 1942, 

Wesenberg-Lund 1963), Tanaidacea (Brown 1956, 1957), Decapoda (Kensley 1977, 1981), 

Isopoda (Kensley 1978b, 1984), Echinodemata (Clarke 1977), Bryozoa (Hayward and Cook 

1979, 1983). More recent examples from the Annals of the Natal Museum include – 

Pectindae (Bivalvia) (Dijkstra and Kilburn 2001), Limidae (Kilburn 1998), Burnupena 

(Gastropoda) (Dempster and Branch 1999), and South Africa Mollusca (Herbert and Warén 

1999). 

 

The information on marine life of especially the deeper waters of the east coast has been 

scarce, possibly because of the geographic isolation and lack of a large commercial fishery 

(McClurg 1988, Fennessy and Groeneveld 1997, Olbers and Fennessy 2007). Aside from the 
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biological surveys of the South African Museum most other shelf work was focussed on 

physical aspects of KwaZulu-Natal, including physical structure and geology (Martin and 

Flemming 1988), sediment dynamics (Flemming and Hay 1988), physical oceanography 

(Shumann 1988), inorganic nutrients (Carter  and d’Aubrey 1988) and plankton (Carter and 

Schleyer 1988) and the Agulhas Current (Lutjeharms 2006a). Until the ACEP Natal Bight 

study, data on biotic and abiotic components of the KZN Bight have been sparse (Ayers and 

Scharler 2011), in particular inter- and multidisciplinary studies to better understand 

ecosystem functioning (Ayers and Scharler 2011).  

 

Most of the macrobenthic collections on the South African marine environment were focused 

in the Cape region, except for a few collectors like Krauss, Wahlberg, Delegorgue who 

travelled towards the north-eastern coast (McClurg 1988). From 1980 the KwaZulu-Natal 

museum has been taking annual cruises collecting biological samples, still with the emphasis 

on Mollusca (McClurg 1988).  

 

1.5 ENVIRONMENTAL INFLUENCES ON MACROBENTHIC BIODIVERSITY  

 

The biological entities found within an ecosystem cannot be considered separate from the 

physical environment in which they occur. As diversity is measured on different levels and 

scales, it does not just consist of the biological aspect, but also diversity of environmental 

factors. One of the most important factors governing macrobenthos structure, function and 

diversity is the concentration of nutrients in the surrounding environment. The diversity of 

nutrients affects the composition of communities over space and changes that may occur over 

time, as different macrobenthic fauna are adapted for survival in different ways and thus 

utilise these nutrients (detritus) differently (Chapin and Shaver 1985, Gooday et al. 1990, 

Chapin et al. 1996, 1997, Smith et al. 1999, Tselepides et al. 2000, Levin et al. 2001, 

Mittlebach et al. 2001, Diaz et al. 2003, Worm et al. 2006). Thus nutrient diversity has played 

its role in the regulation and resulting changes of different aspects of macrobenthic 

community diversity in marine ecosystems (such as food webs) (Chapin and Shaver 1985, 

Mittlebach et al. 2001, Worm et al. 2002, 2006, Diaz et al. 2003, Moore et al. 2004, Hooper et 

al. 2005, De Juan and Cartes 2011).  

 

The east African coastal surface waters are characterised as oligotrophic, making any large 

amount of nutrient input and circulation a very important driving force behind the structure 

and function of the biological marine food webs (Fennessy et al. 2007). In oligotrophic 

environments, although increased phytoplankton production is possible in areas of upwelling 
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and terrestrial input, and communities there are characterised by organisms that tend to be 

slow-growing, have low rates of population turnover, have predictable food sources and have 

specialist diets (Taylor 1997). Taylor (1997) suggested the basis of oligotrophic food webs to 

be benthic algae and detritus, and food webs of eutrophic environments to be based on 

phytoplankton.  

 

The waters of upwelling cells are usually characterised by lower temperatures and salinity 

than the surrounding ocean (Lutjeharms et al. 2000). Nutrient concentrations decrease from 

the centre to the outer edges of an upwelled cell (Lutjeharms 2006b). For example it has been 

found that temperature/nutrient (silicate and nitrate) concentrations have highest values close 

to the far north-eastern Agulhas Bank upwelling cell core, of the Port Alfred region, and are 

lowest further away from the core (Lutjeharms et al. 2000). Measurements of chlorophyll-a 

content over the KZN Bight upwelling regions show higher values as compared with other 

areas of the Bight that are not upwelled (Lutjeharms 2006b), supporting the fact that these 

upwelling’s contribute a considerable nutrient load to a large area of the shelf.  

 

The Agulhas Current and the many rivers entering the sea are important factors contributing 

to the survival and distribution of the benthic organisms across the KZN Bight (McClurg 

1988, Carter and Scheyer 1988, Sumida et al. 2005, Dos Reis Melo et al. 2013). Each year 

there is a nutrient influx and large quantities of sediment discharged into the ocean from the 

rivers containing mainly silt and clay (Heydorn et al. 1978, McClurg 1988). The seasonal 

variation of sediment input is derived from natural and agricultural activities, which increases 

annually due to the fast growth of the human population (McClurg 1988, Lehohla 2011). 

These large inputs can potentially affect primary productivity and increase the amount of 

suspended solid particles off the shore of KZN, affecting benthic communities in different 

ways (Carter and Schleyer 1988, McClurg 1988, Boon et al. 1998, Sumida et al. 2005, 

Sivadas et al. 2013).  

 

The Thukela River supplies large amounts of nutrient and detritus to the continental shelf 

(Bosman et al. 2007, Lamberth et al. 2009, Ayers and Scharler 2011, De Lecea et al. 2013). 

The large amounts of suspended particles and silt may inhibits primary production (Carter and 

Schleyer 1988), thus making nutrients derived from upwelling relatively more important for 

local community dynamics especially in certain sections and around certain times on the 

Bight. For example, the seasonal upwelling on the South Brazilian Bight governs biological 

productivity, via the sinking of particular organic carbon (Sumida et al. 2005).  
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It is certain that the mean input of nutrients would not be the only factor that plays a role in 

the variability experience by the macrobenthic communities, other factors also need 

consideration. In this light, it is postulated that the KZN Bight might largely be detritus driven 

(dissolved and particulate), as the area has a small primary production potential (Carter and 

Schleyer 1988), and thus the Thukela River could also contribute considerably along with 

local upwelling in maintaining biodiversity. In turn, the river mediated turbidity could 

influence (lower) the amount of zooplankton available as food by reducing potential primary 

production. The detritus and nutrients derived from the Thukela River could play a vital role 

as a food source for macrobenthic invertebrates such as deposit feeders, suspension feeders, 

and other trophic groups, each in a different way, as was demonstrated in along the west coast 

of India by Sivadas et al. (2013).  

 

A study done on the diversity of the marine molluscs and polychaetes of the Seychelles 

Plateau, where shallow coastal sediments were predominantly calcareous and the waters 

oligothrophic, still found higher diversity and species richness values for assemblages as 

compared to mesotrophic waters of the Irish Sea and the eutrophic waters of Hong Kong 

(Mackie et al. 2005). In fact, the oligotrophic waters of the Seychelles plateau support a 

benthic fauna as diverse as other nutrient rich tropical areas studied (Mackie et al. 2005). 

Another example is southern Moreton Bay in east Australia which also has a diverse 

macrobenthic community adapted to an oligotrophic environment, and influenced by riverine 

organic inputs (Eyre et al. 2011). Thus terrestrial input can play an important determining role 

on macrobenthic community diversity and survival; however there may be a limit to the 

amount of terrestrial influence in promoting diversity.  

 

Sediment characteristics (grain size, level of sorting) and depth are also important in 

determining the structure and distribution of benthic assemblages found (Melake 1993, 

McClurg 1988, Teske and Wooldridge 2003, Otani et al. 2008). McClurg (1988) recognised 

an interesting relationship between the benthos distribution and the three sediment zones 

described by Flemming and Hay (1988) of the continental shelf of the KZN Bight. There is a 

question as to how the role of sediment will change with the influx of nutrients by 

recirculation, upwelling and outwelling over non-uniform substrates across different depths 

(Pearson and Rosenberg 1978, Fennessy et al. 2007). Benthic communities are ecological 

units separated by physical and biological interactions (Jones 1950). Small-scale variation of 

sediment grain sizes, organic matter content, and sorting, are among others important 

determinants of the non-random distributions of benthic macrofauna (Parsons et al. 1977). 

Sediment substrates that appear homogeneous may in reality includes various microhabitats 

of varying sizes making it heterogeneous (Parsons et al. 1977). Consequently, environmental 
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gradients can occur within a few cm, each with different effects on different organisms 

(Parsons et al. 1977). 

 

1.6 AIMS, OBJECTIVES AND HYPOTHESES OF THE STUDY 

 

The KZN Bight programme, of the African Coelacanth Ecosystem Programme (ACEP) set 

about to understand the ecological functioning of the KZN Bight through a multidisciplinary 

project investigating physical oceanographic and geological processes and the relative 

importance of fluvial versus oceanic inputs on biodiversity patterns and ecosystem 

functioning. This particular study focussed on the subject of biodiversity patterns and 

components of macrobenthic community structure relative to the surrounding physical 

oceanographic processes of the KwaZulu-Natal Bight (KZN Bight) across one depth zone on 

the midshelf. Nutrients were not directly measured, but were addressed indirectly. However 

total organic content (TOC) was measured as a particulate form of nutrients. The defined 

three focus areas of the study (Durban focus area, Thukela focus area and St. Lucia focus 

area) were used as a proxy for nutrients. The study addressed the following aims: 

 

1) To produce baseline data on which future studies can build 

 

2) To describe and better understand the nature and biodiversity of the soft-sediment 

macrobenthic communities along the KZN Bight midshelf depth range 

 

3) To investigate how this biodiversity is related to, and driven by, measurable and indirect 

habitat processes derived from the characteristics of the Agulhas Current 

 

The objective was to enumerate and identify patterns of macrobenthic biodiversity across the 

KZN Bight within and between focus areas of oceanographic interest, through the use of 

replicated samples of biotic and abiotic features, laboratory work and statistical analysis. 

 

The overall ACEP Program assumption was that the nutrient influx from the Thukela River, 

the St. Lucia upwelling and the Durban lee eddy change together with factors such as local 

circulations patterns and nature of the substrate as determined by the Agulhas Current, and 

may have driven patterns in macrobenthic fauna communities. In accordance, the following 

null hypotheses were posed: 
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H01 was: There is no difference in biodiversity of soft sediment macrobenthic communities 

across the KZN Bight, including between the three study focus areas of Durban eddy, 

Thukela River and St. Lucia upwelling.  

 

The H02 was: There was no difference in macrobenthic community taxonomic diversity across 

the KZN Bight, including between the three focus areas and stations studied.  

 

H03 was: There is no relationship between the biodiversity across the KZN Bight and the local 

measurable, indirect habitat process drivers in the three study focus areas. 

 

The thesis is laid out in seven chapters commencing with a general introduction (Chapter 1) 

followed by the general methods and materials followed in this present study (Chapter 2). The 

third chapter focuses on the diversity measures used to describe the macrobenthos of the 

Bight along the midshelf. Chapter 4 explores the relationship between these diversity 

measures and the measured environmental variables as proxies of habitat process drivers. An 

in depth exploration of some less commonly used diversity measures is presented in Chapter 

5 and how these are influenced by environmental drivers. The final chapters (6 and 7) include 

a general discussion of each of the chapter foci (3-5) and general conclusions of the study and 

all literature cited.  
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CHAPTER 2  

 

GENERAL METHODS AND MATERIALS 

 

2.1. THE KWAZULU-NATAL PROVINCE 

 

South Africa’s east coast forms the southern part of the South Western Indian Ocean (SWIO). It 

extends 3650 km (Heydorn et al. 1978, Griffiths et al. 2010). A quarter of the seafloor extends 

to depths of <1000 m (Griffiths et al. 2010). KwaZulu-Natal province is characterised by its 

dense sub-tropical vegetation, warm coastal temperatures (due to the influence of the warm 

Agulhas current) and has the highest mean annual rainfall (± 845mm per year) of all of South 

Africa’s provinces (Breedlove and Fraser 2000). The highest rainfall occurs in the summer 

months of January until March (Heydorn 1976, Bolstad 2013).  

 

The province has a complex topography ranging from the lowland subtropical coast, further 

inland to the undulating hilly plateau of the Natal Midlands and towards the west lay the 

basaltic Drakensberg mountains (3000m above sea level) and on the north, the granite Lebombo 

Mountains (Anon 2006). Due to its topography KwaZulu-Natal experiences large amounts of 

terrestrial erosion each year, because within this small space (the province being 130-200 km 

wide) the topography is steeply tilted and terrace-like, to an altitude of up to 3000m above sea 

level thus providing a large catchment area and contributing to high levels of runoff (Heydorn 

1976, Alcock 1999, Anon 1999, Lynchs 2001, Wilson 2001). From the west to the east through 

KwaZulu-Natal, runs the Thukela River (Anon 2006). The Thukela contributes the largest 

amount of runoff to the adjacent continental shelf (KZN Bight) each year and thus is an 

important provider of detritus and nutrients for the marine ecosystem (Forbes and Cyrus 1991, 

Cooper et al. 1995, Groeneveld and Mellville-Smith 1995, Fennessy and Groeneveld 1997, 

Alcock 1999, Anon 1999, Meyer et al. 2002, Cawthra et al. 2012, De Lecea et al. 2013).  

 

KwaZulu-Natal’s coastline is relatively smooth and straight, stretching 570 km south-southwest 

(Heydorn et al. 1978, Cooper et al. 1995, Griffiths et al. 2010). Along the KwaZulu-Natal coast 

there are 75 estuaries (mainly temporarily open/closed) (Heydorn et al. 1978, Cooper et al. 

1995, Anon 2013). Most of these estuaries (62) are found south of the Thukela River 

(representing 1.6% of Natal estuarine surface area), while the rest, including the largest of the 

estuaries found in KwaZulu-Natal, namely the Greater St. Lucia estuary (largest of the estuaries 
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in Natal, covering 80% of estuarine surface area) is found north of the Thukela River (Begg 

1978, Begg 1984, Cooper et al. 1995). The coastline is characterised as having high wave 

energy and turbidity (Cooper et al. 1995), with turbidity being further intensified by varying 

input of silt, mud and agricultural erosion from rivers, especially during the summer months of 

high rainfall (Heydorn et al. 1978). North of St. Lucia, coastal waters are clear, with fewer 

rivers along that stretch of coast (Wallace 1975, Cooper et al. 1995).  

 

2.2. KZN BIGHT WATERS AND THE AGULHAS CURRENT 

 

The Agulhas current has a seasonally dependent surface temperature and the KZN Bight water 

temperature has been known to reach 25ºC in February and for the upper layers of the offshore 

region > 26ºC (Schumann 1988). Summer water temperatures tend to be high due to summer 

insolation, and salinities are lowered by the seasonal inflow of freshwater from rivers 

(Schumann 1988). According to Pearce (1978), the annual temperature range of the coastal 

water is 4.8ºC, with a mean seasonal variation of 5ºC. However variations of up to 8º- 9ºC have 

been found, as short term (day to day) variations in the Bight can be much greater, and 

sometimes overshadow patterns of seasonal current behavioural variation (Pearce 1977, 

Schumann 1988). 

 

Water surface temperatures are approximately 1.4 ºC cooler and salinity values (ranges of 35.0 

– 35.5) lower inshore than offshore (Heydorn 1976, Pearce 1978, Schumann 1988). This is 

partially the result of a permanent inshore counter-recirculation current moving northeast along 

the coast (Schumann 1988). However water of a lower salinity may appear in the surface layers 

offshore during late summer as a far reaching effect of the Thukela River as silt laden flood 

water penetrates several kilometres into the sea as visible plumes/fans (Schumann 1988). Thus 

generally in terms of surface temperature and salinity there exists a increasing gradient in 

temperature and salinity as one move more offshore (Pearce 1978, Schumann 1988). The 

inshore region (± 50 m depth) has a well-mixed vertical system and thus has no defined vertical 

thermocline, whereas offshore has a more layered structure (Schumann 1988). However the 

offshore, deeper water layers (> 100 m) seem to show no significant seasonal variation as 

indicated by the lack of a definite thermocline (Schumann 1988). 

 

The salinity of the Agulhas current surface water ranges from 35.2 to 35.4 ‰ (Heydorn 1976). 

This is because the surface water is a mixture of Tropical Surface Water (TSW) (salinity = 35.0 

‰) and Subtropical Surface Water (STSW) (salinity = 35.5 ‰) (Heydorn 1976, Schumann 



    Chapter 2: General Methods and Materials 

15 

 

1988). The high salinity can partially be attributed to the intense rate of evaporation (mean 

annual evaporation range of < 1200 – 1400 mm) in the area (Heydorn 1976, Schumann 1988, 

DWAF 2013). Subsurface water salinity and temperature gradually decreases with depth 

(Heydorn 1976). 

 

2.3. SEDIMENT HABITAT OF THE KZN BIGHT 

 

The continental shelf off KwaZulu-Natal, has many complex structural features and displays a 

unique regional sediment pattern (Flemming 1981). The sediment system is mostly current and 

wave dominated (Flemming 1981), with the Agulhas Current steering the dynamic sediment 

distribution and pattern formations of the KZN Bight. In turn the faunal patterns and distribution 

are influenced (Heydorn 1976, Schumann 1988). Mass sediment transport of the entire Agulhas 

Current was estimated by Duncan (1970) to be at 80 M tons/s in summer and 100 M tons/s in 

winter relative to a distance of 2500m in the year 1970 and this amount has most certainly 

increased since then (Heydorn 1976). These waters have low productivity compared to that of 

the very high biologically productive waters of South Africa’s west coast associated with 

intense upwelling and the cold Benguela Current (Griffiths et al. 2010). 

 

During heavy rains, silt and mud enter the continental shelf from large rivers (annual sediment 

yield of the east coast catchment area as calculated by Flemming (1981)), involved the 

suspended load: 94.850 × 10
6 
m

3
 and the bed load: 4.951 × 10

6 
m

3
 (see Figure 9 from Flemming 

1981). The inshore sediment system is wave dominated and is characterised as having reached a 

state of balance with the reigning current regime and consists mostly of a fine filament of 

terrestrial sediment (veins of terrigenous quartz sediments) (Heydorn 1976). According to 

Heydorn (1976) little shell material is usually found in the inshore section and sediment is 

thickened in areas in front of river mouths, like the Thukela. The inshore zone is separated from 

the central shelf current by a seaward sediment-bank boundary (Flemming 1981). An inshore 

wedge boundary of five km thickness is found off Durban and is one km thick on the Northern 

Bight narrow shelf region (Flemming 1981). 

 

The central shelf sediment regime is current-dominated and allows for the suspension and 

transport of modern sediment along the shelf (Flemming 1981). Sediment deposition from the 

central shelf onto the shelf slope only occurs in a few locations along the shelf break (Flemming 

1981). Areas of sediment deposition on the shelf break are associated with bedload partings, 

indicating the occurrence of a southerly current and the formation of a northerly return-flow 
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eddy (Gründlingh 1974, Flemming 1981). These bedload partings zones are not stationary and 

move in accordance to the long term behaviour of the Agulhas Current, as indicated by the 

occurrence of crest reversals (Flemming 1981). There are only a few other structural offsets like 

submarine canyons in which sediment can also be deposited (Flemming 1981). 

 

The Thukela River runoff enters the KZN Bight, creating the broad Tugela Delta (Heydorn 

1976). This part of the shelf has a generally smooth seabed, poorly defined shelf break, low 

gradient shelf slope and a rise and fall topography of broad and shallow ridges, oriented in a 

north-south direction (Heydorn 1976). And it is here, east of Durban, that the sediment differs 

from the normal trend of inshore terrigenous and outer shelf gravel in that there is a terrigenous 

streak stretching all across the whole shelf up to the shelf break (Heydorn 1976, Bosman et al. 

2007). In the center of this deposit is a meandering section of mud that also stretches across the 

shelf from the Tugela mouth up to the Tugela canyon (Heydorn 1976). Likewise the sediments 

found on the continental shelf slope are mostly muddy foraminifera types (Heydorn 1976). 

 

2.4. COLLECTION, PREPERATION AND ENUMERATION 

2.4.1. IN THE FIELD 

2.4.1.1. General Field Work Layout 

 

Sampling was done during two ACEP cruises on the F.R.S. Algoa (a research vessel owned by 

DEA). Sampling took place during a “wet” and a “dry” season (wet = 2
nd 

to 21
st
 February 2010, 

dry = 1
st
 to 27

th
 August 2010), in association with three main focus regions (Durban eddy, 

Thukela mouth, St. Lucia upwelling) between the area just south of Durban (-29.86998, 

31.13833) to south of St. Lucia (-28.67963, 32.32222). The sampling area consisted of a single 

transect that contained a number of sampling stations (Fig. 2.1). These stations were distributed 

across the shelf within and between these three focus areas. 

 

Spatial reference (latitude and longitude) data and weather conditions were recorded on site and 

a Conductivity, Temperature and Depth sensor (CTD) was deployed with the use of a 

hydrographical winch, at each station, to a depth of five meters from the bottom, to obtain 

information on depth [m], temperature [°C], salinity [PSU] and dissolved oxygen [ml/L], prior 

to sediment grab samples being taken. Sediment samples were obtained at every station.  

 

Sample sites represented a subsample of a greater set covering the whole KZN Bight from in- to 

offshore. In this study, samples and data were collected from nine stations, namely A, B, C, D, 
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E, F, G, H and I for each of the wet and dry seasons for along shelf biodiversity study. Study 

scales were defined according to relative distance from three main focus areas (nutrient sources) 

(Fig. 2.1 and 2.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: KZN Bight macrobenthos biodiversity study area and stations from a single transect along the 

midshelf. The study area stretched from off Durban in the south up to just south of St. Lucia in the north. Stations 

were numbered stations A (south) to I (north). (Map by Denis Rouillard, Oceanographic Research Institute (ORI), 

Durban, South Africa)  
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2.4.1.2. Sediment Sampling Methods 

 

Three replicate samples were taken at each station at a minimum depth of 41 m, a maximum 

depth of 81 m, by using a 2000 cm
3
 Van Veen grab. These kinds of sample sizes are considered 

adequate for the quantification of more common species, abundance and biomass (Eleftheriou 

and Moore 2005). 

 

Each grab sample was taken as close as possible to the pre-determined spatial location (GPS 

location) of each station. If the ship drifted > 10 m from this location between grabs, the ship 

was returned to its original location before another grab sample was attempted. The sediment 

depth of each successful sample in the grab was measured to the nearest mm before proceeding 

with sieving, for volume calculation purposes. Each grab sample was required to have a 

minimum sediment depth of 5 cm to be an adequate representation of the station. 

 

Figure 2.2: Diagram illustrating acronyms and the method in which stations were categorised and 

factorised for further analysis. 
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From each successful replicate grab sample an additional two sub-samples (75g each) were 

collected before release into washing sieves. These sediment samples were obtained at every 

station for each of three replicates per station. One sediment sub-sample was fixed in a 4% 

formaldehyde saline solution (5ml per 175g sample jar) for later analysis of total combustible 

organic content (TOC) and the other subsample was kept to determine sediment distribution 

characteristics.  

 

Sediment particles are generally classified according to size as: gravel (> 2 mm), sand (0.063 - 

2.0 mm), mud/silts (< 0.063 mm). Sands can be further categorised as coarse to very coarse (0.5 

- 2.0 mm), medium sand (0.25 - 0.5 mm), fine sand (0.125 - 0.25 mm) and very fine sand (0.063 

- 0.125 mm) (Buchanan 1971, Flemming and Hay 1988). 

  

The remainder of the samples sediments were released into a 1000 µm mesh sieve for washing 

and separation of fauna from sediment using deck hoses. 

 

2.4.1.3. Fauna Preparation 

 

From successful grab samples, any visible fauna were handpicked from the sieves and placed in 

appropriately labelled jars containing 4% formaldehyde saline solution. The rest of the sample 

remaining on the sieve was carefully washed until all fine sediments were rinsed through the 

1000 µm. Retained fauna were carefully transferred into the jars for sorting in the laboratory. 

 

Sediment samples > 50L and thus too large to be processed adequately in the field, were 

elutriated on deck (Aasen 2008). This was done using the whole grab sample and dividing it 

into portions no greater than 1/10
th
 of a 20L bucket. The rest of the bucket volume was filled, 

with sea water, agitated for a minute and the suspended fauna decanted into a 1000µm sieve. 

The coarse material was sorted by hand to remove any larger fauna (such as Mollusca) that 

would not have been in the elutriate. This process was repeated seven times per portion. After 

an audit check the remaining sediment was discarded (Aasen 2008).  

 

Thus each station comprised the following samples: 3x sediment samples, 3x TOC samples and 

3x macrobenthic faunal samples. 
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2.4.2. LABORATORY 

2.4.2.1 Sediment Grain and Organic Matter Analysis 

 

Sediment and organic content samples were analysed by Environmental Mapping and 

Surveying (EMS) located in Durban. The methods employed are those of Gray (1981):  

 

In determining grain size and sorting of sediment, usually the silt and clay are firstly separated 

from the rest of the sediment using a 0.062 mm screen. Different methods are applied to the 

measurement of silt and clay (< 0.062 mm sieve) and coarse sediment (> 0.062 mm). After this, 

sediments are dried through a range of screens, according to the Wentworth Scale, arranged in 

decreasing geometric scale. Particle size determined by each screen size is expressed on a phi 

(ø) scale. Phi is equal to - log
2 

of the particle size in mm and can range from phi = -8 (cobble 

size) to phi = 14 (clay size). Percentage dry weight of each screen is determined and expressed 

as cumulative percentage opposite the phi scale on plots. From the S-shaped plot (if the data 

follows a normal distribution) median particle size was determined from the 50% point. 

 

To determine sorting coefficients, the curve was transformed to a straight line by plotting on a 

probability scale. After which the phi values for the 84% and 16% points were determined. 

After this either the Graphic Standard Deviation (σg) expressed as ø84 – ø16/2; or the Inclusive 

Graphic Standard Deviation (σI) expressed as {((ø84 – ø16)/4)) + ((ø95 – ø5)/6.6))} was used to 

determine the sorting coefficient . Sorting coefficients classes range from < 0.35 (very well 

sorted) up to > 4.00 (extremely poorly sorted).  

 

Organic content was determined using the Hydrogen Peroxide digestion method (Schumacher 

2002). This method uses a known weight of sediment, to which hydrogen peroxide (HO) was 

added and heated, as to increase the digestion of the organic matter by the peroxide. After 

digestion was complete, the sample was dried and weighed and the amount of organic matter 

removed calculated from the difference between the initial and the final sediment weight. 

Expressed as the percentage of the entire sample weight, the samples were then also classified 

according to ranges suggested by DWA (2010). These ranges were as follow: <0.5% as very 

low; 0.5-2% as low; 1-2% as moderately low; 2-4% as medium and >4% as high (DWA 2010). 

 

2.4.2.2 Macrobenthic Fauna Preparation  

 

Samples were rinsed to remove any excess sediment using a stainless steel soil analysis 1000µm 

sieve and the remaining fauna washed into large dishes filled with tap water. Separation of 
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fauna from sediment was done manually by picking out individuals and parts thereof. All whole 

and parts of fauna were sorted into groups, namely: Annelida, Crustacea, Mollusca, 

Echinodermata, Cnidaria and miscellaneous phyla in urine jars and polytops, then labelled and 

fixed in a 4% formaldehyde/seawater solution until further processing. Any interesting articles 

of observations were noted to support later analysis. After samples sorting, a Zeiss Stemi DV4 

Stereo microscope was used for identification of only the individuals (unstained) that were 

judged to have been alive. Identification was done to the lowest possible taxonomic level and 

species enumerations as well as allocated names were recorded in a working log sheet along 

with descriptive notes of each specimen identified.  

 

2.4.2.3 Macrobenthic Fauna Identification and Enumeration 

 

During identification, an extensive reference material collection was made of the species found 

in each sample and a separate log sheet used for noting names and enumeration (counts as 

number of individuals per species per sample) of species in the reference collection. Various 

identification keys were used and photos taken of specimens for later reference (Barnard 1950, 

Barnard 1961, 1970, 1971, Day 1967, 1974, Imbach 1967, Kensley 1972, 1978a, Griffiths 1976, 

Day 1978, 1980, Barnard and Drummond 1979, Lincoln 1979, Mauchline 1980, Kilbum and 

Rippey 1982, Richards 1984, Uebelacker and Johnson 1984, Barnard and Karaman 1991a, 

1991b, Branch 1994, Branch et al. 1994, Warren et al. 1994, Steyn and Lussi 1998, 2005, 

Gibbons 1999, Lowry 1999, Beesley et al. 2000, Dean 2001,  LeCroy 2002, Heard et al. 2003, 

Beadman et al. 2004, Poore 2004, Petrescu 2006, Chapman 2007, Galil 2009, Lowry and Myers 

2009, Ng et al. 2009, Aiken et al. 2010, Shalla 2011, Appeltans et al. 2012b, Cohen 2012, 

Markhaseva et al. 2012, Poppe and Poppe 2012). All names were verified afterwards using the 

World Register of Marine Species as up to date reference. For analysis purposes all Bryozoa and 

Foraminifera were not included as it was unsure if individuals were alive or dead. Also because 

of a lack of expertise and resources, all Sipunculids were aggregated to Family and most 

Asterozoa could only be identified to Order level. 

  

2.5. STATISTICAL ANALYSIS 

 

Combinations of parametric, non-parametric, univariate and multivariate statistical analysis 

were used. Abundance data per sample (station) were expressed as number of individuals per 

taxon per m
-2

 by multiplying observed abundances by a factor of five. All non-parametric 

multivariate techniques used in the statistical analysis of this present study have been shown to 
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be effective in outlining and recognising central tendencies within fine scale community 

differences (McRae et al. 1998). More detailed accounts of specific statistical analysis which 

elucidated macrobenthic diversity and which explored relationships with the ambient 

environmental parameters have been included in the chapters to follow. 
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CHAPTER 3 

 

BIODIVERSITY OF SOFT SEDIMENT MACROBENTHIC 

COMMUNITIES ALONG THE KZN BIGHT MIDSHELF 

 

3.1.  INTRODUCTION 

3.1.1. Biodiversity of continental shelf substrates 

  

Continental shelves only cover a small area of the world’s surface, yet they play a large role in 

carbon fixation for their relative size (Karakassis and Eleftheriou 1997) and can be up to five 

times more productive than the open ocean (Walsh and Dieterle 1988,  Bauer and Druffel 1998). 

The continental shelf, being regulated by benthic and pelagic components, creates a productive 

transition for essential ecological services, from the benthic-dominated coast to the 

predominantly pelagic-regulated deep sea off the shelf (Steimle 1985, Ott 1992, Levin and 

Dayton 2009). Spatial and temporal variability in the marine environment mean that patterns of 

diversity are considered to be different; in terms of community dynamics adapted to varying and 

continually changing environmental situations; on continental shelves compared to those of the 

deep sea benthos (Clarke and Crame 1997). Differences have been found to exist across 

continental shelves (Flach and De Bruin 1999), with highest diversities generally being found 

midshelf (Gray 2001, Ellingsen et al. 2005) and lowest diversity values occurring closest to the 

coast and shelf edge (Gray 2001, Ellingsen et al. 2005, Cusson et al. 2007, Levin and Dayton 

2009).  

 

Diversity and functional diversity are important focus points for ecosystem studies (Covich et 

al. 2004, Stachowicz et al. 2007). Each species plays a role, big or small, in maintaining 

ecosystem functioning, with different species being affected by different processes and indeed 

functional groups may too fit a different pattern, with the ecology affecting processes (Tilman et 

al. 1997). Any factor causing a change in the composition of a community would have a 

dramatic effect on ecosystem functioning and those indirectly affected (Elmgren and Hill 1997, 

Tilman et al. 1997). Not many studies have tested the relationship between ecosystem 

functioning and biodiversity, but marine benthic biodiversity is known to play a significant role 

in maintaining soft sediment ecosystem functioning. For example, in a replacement series 

experiment assessing the effects of benthic invertebrates on the flux of nutrients between the 
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sediment and the water column it was found that declining functional diversity results in a net 

loss of ecosystem function (Emmerson and Raffaelli 2000).  

 

Macrozoobenthos play direct and indirect roles (Emmerson and Raffaelli 2000) in ecosystem 

functioning, thus making the description of benthic habitat and the species that occupy these 

habitats very important (Karakassis and Eleftheriou 1997). Unfortunately many macrobenthic 

species are yet to be described or discovered making our current knowledge of marine benthic 

diversity somewhat deficient (Snelgrove 1999, Terlizzi et al. 2003, Guzmán-Alvis and Carrasco 

2005, Azrina et al. 2006, Butler et al. 2010, Kelly et al. 2010, Radziejewska et al. 2010, 

Griffiths et al. 2011, Koperski 2011, Nanajkar et al. 2011, Riehl and Kaiser 2012, Arman et al. 

2013, Boets et al. 2013). Although more than a million species have been described, this is 

thought to only represent approximately a tenth of what is still to be discovered (Clarke and 

Crame 1997, Williamson 1997, Snelgrove 1999, Butler et al. 2010).  

 

Although the role of diversity in ecology is understood, there is still some discussion as how 

exactly to estimate the true biodiversity of an area (Ellingsen 2001). Until now, the study of 

biodiversity was focused more on terrestrial habitats (Ellingsen 2001), and when in 

marine/coastal ecosystems, mostly on rocky shores  and coral reefs of temperate, nutrient-rich 

areas (Melake 1993, Arango and Solano 1999, Flach and De Bruin 1999). The studies of 

Mackie et al. (2005) and Shin and Ellingsen (2004) are examples of some of the more 

comprehensive studies done on subtropical/tropical soft sediment macrobenthic ecology. Even 

basic studies of diversity still need a satisfactory methodology to be developed (Williamson 

1997, Ellingsen 2001). Studies use different sampling methods, measures of diversity and 

different taxonomic resolutions, making it hard to draw comparisons (Clarke 1992, Gee and 

Warwick 1996, Clarke and Crame 1997, Shin and Ellingsen 2004). 

 

Diversity studies results also vary tremendously for example depth gradients. Results vary 

according to taxa studied and the area of study (Clarke 1992, Kendall and Aschan 1993, Roy et 

al. 1994, Flach and De Bruin 1999, Gaston 2000, Shin and Ellingsen 2004, Munari and Mistri 

2008). Due to the lack of biodiversity and distribution studies on especially soft sediment 

infauna (Gray 1997b), the need for biodiversity studies of macrobenthos in shelf habitats is 

great. 
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3.1.2. Measuring biodiversity 

 

It is suggested that there is no single definition of biodiversity (Norse 1993, Maclaurin and 

Sterelny 2008) as the definition depends entirely on the purpose of study. Loreau (2000) 

proposes further that each differing level of biodiversity is its own entity with its own 

complexities and variables to consider. At present hierarchical levels of defining biodiversity 

are adopted globally (Norse 1993, Magurran 2009) and include, species diversity, genetic 

diversity, ecosystem diversity, phenotype diversity, phylogenetic diversity, developmental and 

life history diversity, functional diversity and diversity at different taxonomic levels, depending 

on resolution of the study and the question asked (Norse 1993, Shin and Ellingsen 2004, Reiss 

and Kröncke 2005, Maclaurin and Sterelny 2008).  

 

Measures used for species diversity should ideally be non-parametric and statistically accurate, 

with small bias towards sampling variance and must be relevant for any community (Lande 

1996). Also, a good diversity measure has the property that the total diversity in a combined set 

of communities, must either equal or exceed the mean diversity of the pooled communities 

diversity value (Lewontin 1972). Different diversity measures, put different emphasis on certain 

components of a community , and measurements that are applicable to one ecosystem may not 

be as effective or relevant for another (Loreau 2000, Magurran 2009). Thus a combination of 

different measurements and indices are needed to make up as much as possible for what is 

lacking in the other to get a more comprehensive view of true diversity values (Gray et al. 1990, 

Downes 2002, Cusson et al. 2007, Magurran 2009). Many diversity indices combine the 

properties of species richness and evenness to varying degrees (Clarke and Warwick 1994, 

Magurran 2004). 

 

3.1.2.1. Measures of Species Richness 

 

Species richness (the total number of species present) is the simplest way of measuring diversity 

(Lande 1996). As it makes no distinction between species that are very abundant or very rare 

(Magurran 2009), and a disproportionate contribution to community abundance is not 

considered (Maclaurin and Sterelny 2008). Generally, Margalef ‘s Species Richness (Clifford 

and Stephenson 1975) (D), which is the distribution of individuals among species, is used 

together with a measure of evenness of distribution such as Pielou‘s index (Pielou 1969, 1975) 

(J) (Clarke and Warwick 1994, Warwick and Clarke 1995, Maclaurin and Sterelny 2008). Both 

indices are highly dependent on sample size and again, should not be the only measures 
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considered (Warwick and Clarke 1995). The Shannon-Wiener (Peet 1974, Magurran 2009) 

measure (H’) of diversity, considered a Type I heterogeneity index, which is most sensitive to 

changes in the importance of rare species, also affected by sample size (Lande 1996). Sample 

size influences biodiversity since dominance values are affected (Gage and May 1993, 

Magurran 2009). The Simpson Diversity (Simpson 1949, Peet 1974) (1-λ) measure, is defined 

as: the probability that two randomly chosen individuals within a community are different 

species (Lande 1996). It is considered a Type II heterogeneity index, which is the most sensitive 

to changes that occur for the most common species (Peet 1974). The Shannon-Wiener index 

determines the mean degree of uncertainty as to which species a randomly chosen individual, 

from a group, belong to (Ludwig and Reynolds 1988). Simpsons index determines the 

probability that two individuals drawn from a population, are from the same species (Ludwig 

and Reynolds 1988). The heterogeneity indices like Shannon-Weiner and Simpsons are not 

diversities themselves and transformation of these values to effective number of species greatly 

increases unity, assessment and interpretation between diversity measures of different 

communities (Jost 2006). Such diversity indices result in what is termed by Hill (1973) as the 

“effective number of species” measured in units of number of species (Ludwig and Reynolds 

1988, Jost 2006). 

 

Many ecologists prefer the use of Hill’s diversity numbers, because they are easily interpretable 

and comparable (Peet 1974, Ludwig and Reynolds 1988). Hills diversity numbers series have 

the same units (species) allowing results to be compared in the form of ratios, the ratios are 

independent of samples and varying ratio values carry the contributions made by rare and 

common species to the heterogeneity (Peet 1974). Thus it is a measure of the number of species 

in a sample and the degree of spread of the proportional abundances among species, as each 

species is weighed by its abundance (Ludwig and Reynolds 1988).  

 

In this present study only N1 and N2 of Hill’s diversity numbers were considered. N1 is related 

to the Shannon diversity index and N2 equals the reciprocal of the Simpsons index (Ludwig and 

Reynolds 1988). The latter is preferred above the usual form by many ecologists as it is a more 

unbiased measure for sampling from countless populations (Ludwig and Reynolds 1988). If 

abundance was equally distributed among species , N1 expresses Shannon diversity in units of 

the number of species present that would produce a given H’ value (Ludwig and Reynolds 

1988). It is also low in bias when estimating diversity in samples whose species accumulation 

curve has reached a asymptote or not (Beck and Schwanghart 2010). Thus, Hill’s ratios indicate 

the shape of the underlying diversity-dominance relationship and the relative contribution of 
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richness and equitability to the community heterogeneity that can easily be compared (Peet 

1974). By also including Hill’s diversity numbers, it is possible to understand the index-

independent macrobenthic community diversity, that has mathematical properties that more 

accurately capture the diversity concept (Jost 2006). By only measuring species richness, even 

for large sample sizes, the estimation of expected similarity of random samples from the same 

community will be low, because the different samples will represent parts of a community and 

not ever fully represent the entire community (Lande 1996). 

 

3.1.2.2. Spatial Scales of Diversity Measures 

 

Spatial scale is critical to consider when making comparisons and drawing conclusions around 

the relationships between diversity and the biotic and abiotic influencing factors (Loreau 2000, 

Ellingsen and Gray 2002). Many marine macrobenthic diversity studies have been done on 

small spatial scale and a few have focused on large community spatial scales in the marine 

environment (Shin and Ellingsen 2004). Faunal patterns and variability can change with scale in 

marine ecosystems despite uniform habitats (Gaston 2000, Loreau 2000, Ellingsen 2001). 

Traditional comparison of a few sites between areas is generally insufficient for diversity 

studies (Ellingsen 2001, Shin and Ellingsen 2004).  

 

Measuring biodiversity at different scales can deliver very different results (Levin 1992, Ward 

et al. 1998). For example, it may be better to determine the community diversity and variability 

within a single habitat before comparisons can be made between habitats (Ellingsen 2001). The 

choice of the smallest and largest scale in the diversity measurement is important for the 

interpretation of results and making comparisons (Loreau 2000, Shine and Ellingsen 2004). 

Correlations of local and regional diversity and the insufficient merging of communities from 

similar habitats in many studies up to now have indicated that community patterns cannot only 

be explained by local processes and local scale alone (Crame and Clarke 1997, Gaston 2000). 

Community patterns, even within the same habitat and site can never really be explained by a 

single mechanism (Gaston 2000). Within different spatial scales, regional processes influence 

local patterns, however various possible relative combinations of processes and mechanisms at 

all scales will always be responsible for some kind of variation in patterns observed (Gaston 

2000). In the long term there is a need for interpretation combined with a historical, regional, 

geological, and ecological point of views, and what their relationships are with local processes 

(Crame and Clarke 1997). 

 



     Chapter 3: Macrobenthic Biodiversity 

28 

 

3.1.2.2.1 Alpha , Beta (β) and Gamma (γ) diversity 

 

When measuring biodiversity of macrobenthic animals occurring within the same habitat 

(sample) and location, where they are presumably competing for all the same limiting resources, 

diversity is called within-habitat or Alpha Diversity () (Fisher et al. 1943, Whittaker 1960). A 

larger scale that measures diversity among different habitats and different communities is Beta 

Diversity (β) also known as turnover diversity or between-habitat diversity (Whittaker 1960) 

and the largest scale of measuring biodiversity within a whole region is called Gamma Diversity 

(γ). It is at the latter scale that evolutionary processes may carry more weight than ecological 

processes per se (Whittaker 1960). 

 

Alpha Diversity () is maintained by an influence of a combination of complex local and 

regional factors (Munari and Mistri 2008, Magurran 2009). There is a dependence/relationship 

between local and regional diversity. According to Loreau (2000) the diversity at any scale is 

dependent on the diversity of the lower scale, like for Gamma diversity that would include the 

alpha and the beta (inter-scale) diversity, which is maintained by the heterogeneity and niche 

differences within the habitat at that specific scale (Flach and De Bruin 1999, Loreau 2000, 

Munari and Mistri 2008, Levin and Dayton 2009). Cornell and Lawton (1992) assert that there 

are two relationships between local and regional diversity. The first is a linear increase of local 

species’ richness with the increase of the regional species’ pool. The second is that local species 

richness reaches a limit in the number of species the environment can maintain, while the 

regional species’ diversity species pool continues to increase (Cornell and Lawton 1992, Loreau 

2000). 

 

It is important look at the same study site on different scales, to understand the correlation and 

relationship between the alpha, beta and gamma diversity values of that area, which can give 

further information of types of processes that play a role in maintaining these diversity values 

(Shin  and Ellingsen 2004, Munari and Mistri 2008). The proportion and distribution of rare 

species, and also conclusions drawn concerning influential processes, are influenced by 

different sampling intensities and the scales of the study area and the geographic location of the 

study area (Shin and Ellingsen 2004). In nine transitional waters sites of the Italian temperate 

coast studied, even those communities that were closely located to each other and has similar 

environmental unpredictability, had few species in common and many sites were characterised 

by having rare species only associated with that particular site (Munari and Mistri 2008). These 

sites were so different that classification to only Family or Order level was needed to detect rare 
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taxa in their analysis (Munari and Mistri 2008). This could be because of sampling intensity and 

scale of the study (Shin and Ellingsen 2004). Species that appear to have a restricted 

distribution, might in fact  be more widely distributed if the scale of the study is increased (Shin 

and Ellingsen 2004). Thus this s study of Shin and Ellingsen (2004) could have been further 

interpreted and insight gained through the study of the relationships that existed between the 

alpha, beta and gamma diversity of the region. 

 

Many diversity studies have been based on alpha diversity (point diversity or sample species 

richness) and less have been based on the distribution of species and communities composition 

on other spatial scales (Ellingsen and Gray 2002, Shin and Ellingsen 2004). Few studies have 

looked at the relationships between alpha, beta and gamma diversity at both small and very 

large spatial scales (Shin and Ellingsen 2004). The relationships between alpha, beta and 

gamma diversity are not always set and constant (Loreau 2000, Ellingsen and Gray 2002, 

Munari and Mistri 2008), which encourages the use of a combination of measurements to come 

to comprehensive conclusions (Gaston 2000). Previous studies have concluded that local 

diversity is generally dependent on regional diversity (alpha diversity being correlated with 

gamma diversity) (Cornell and Lawton 1992, Griffiths 1997, Loreau 2000). Gamma and beta 

diversity seem often to be correlated, and an increase in beta diversity would lead to an increase 

in gamma diversity regardless of whether alpha diversity increases or not (Ellingsen and Gray 

2002). 

 

Munari and Mistri (2008) highlighted in their study that there exists a latitudinal variation in the 

extent to which regional factors play a role in local species diversity. And by considering alpha, 

beta and gamma diversity together, the proportionate role of each of local and regional factor 

may be determined. In their study, local species composition depended on the regional supply 

(Munari and Mistri 2008). Beta diversity, which is a component of the mutual dependence 

between local and regional diversity, and its position in this relationship within a study area as a 

whole, gives important insight into the internal structure and processes maintaining the study 

areas diversity (Cornell and Lawton 1992, Munari and Mistri 2008). 

 

The relationship between alpha and beta diversity is scale dependent (Loreau 2000, Magurran 

2009). The expected similarity of samples from the same community will tend to decrease as 

the number of samples increases, because more distinct communities are being included, 

increasing resemblance to the actual larger community (Lande 1996). 
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The study of beta diversity has been lacking compared to alpha diversity studies (Gray 2000). 

While alpha diversity is measured by species richness in a sample, beta diversity can be 

measured using combinations of univariate and multivariate statistics and the most frequently 

used statistic is Whittaker’s (1960, 1972) βw (Wilson and Shmida 1984). However the use of 

multivariate statistics, for example, Bray-Curtis similarity between sites, has shown to be much 

more sensitive to small changes in the faunal composition of communities  and robust for the 

detection of transformations in species dynamics (Gray et al. 1990, Warwick and Clarke 1991, 

Ellingsen and Gray 2002, Shin and Ellingsen 2004, Cusson et al. 2007). Beta diversity has been 

found to be highest in taxonomic groups that have species with a restricted range (Ellingsen 

2001, Shin and Ellingsen 2004). 

 

Even within the same study area, diversity measures like alpha diversity (α) or beta diversity 

(β), and their relationship to various environmental variables can differ significantly among 

taxonomic groups (Harrison et al. 1992, Flach and De Bruin 1999, Bianchi and Morri 2000, 

Ellingsen 2001, Munari and Mistri 2008). Little success has been achieved in trying to use one 

taxon as a surrogate for another for extrapolation of diversity in different areas (Ricketts et al. 

2002). Thus it is very important to study more than one taxonomic group per area (Ellingsen 

2001, Ellingsen et al. 2005). 

 

Even though there are generally acknowledged  important factors to consider when measuring 

biodiversity, other unknown/hidden factors may play a relatively stronger role in maintaining 

diversity (Shin and Ellingsen 2004). The combination of diversity indices at different spatial 

scales helps in identifying underlying hidden processes that are important. With the range of 

biodiversity measures now available a combination of techniques were employed in this study 

to describe the macrobenthic infaunal diversity of the KwaZulu-Natal Bight midshelf. The 

principal aims were to use a combination of univariate statistics, diversity indices and 

multivariate statistics to calculate diversity values, similarities/dissimilarities and other 

community variables of the macrobenthic communities. Thus describing current macrobenthic 

communities through alpha and beta diversity measures such as species richness, heterogeneity 

indices, Whittaker’s beta diversity and similarity indices and matrixes, along the midshelf of the 

KZN Bight, at different scales, namely within stations (alpha), and between stations and focus 

areas (beta). The main hypothesis tested was that soft sediment macrobenthic biodiversity 

changed along the KZN Bight midshelf and also with different measurements of different 

scales. 
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3.2.  METHODS AND MATERIALS 

3.2.1. DATA ANALYSIS 

 

Macrobenthic community data were abundance (number of individuals per m
-2

) per species per 

replicate at each site. Original factors of analysis ranged from smallest, station (nine in total), to 

transect focus area (FA – six in total) and large focus area (LFA – three in total) (Refer to 

Chapter 2, Figure 2.2, for acronyms). Factors for analysis as mentioned in the general methods 

and materials section, was further extended from just stations and focus areas to include pairs of 

adjacent stations as (AB,BC,CD,DE,EF,GH,HI), paired  transect focus areas as (DF/DT, 

DT/TT, TT/TF, TF/RT, RT/RBF) and paired large focus areas as (DF/TF,TF/RBF) for use in 

Whittaker’s (βw) beta diversity analysis.  

 

3.2.1.1. General Community Analysis 

 

The distribution of abundance data and number of species sampled were tested for normality 

using the Anderson-Darling test and were visually evaluated by normal probability plots with 

95% confidence intervals (Beadman et al. 2004). The Anderson-Darling test is deemed more 

sensitive than the Kolmogorov-Smirnov test, as it’s critical values are based on the specific 

distribution in question and it is seen as one of the more powerful empirical distribution tests 

(NIST/SEMATECH 2012). 

 

No overall significant difference in abundance and number of species per sample was found 

between data collected in the two different periods (February 2010 and August 2010) (p values 

> 0.05). Consequently data were pooled from both periods and each sampling station (A-I) 

presented as six replicates (3x2) (Refer to Chapter 2, Figure 2.1). Abundance data (indiv.m
-2

) 

did not meet the assumptions required for further parametric testing and were accordingly 

transformed using an overall log (x+1) transformation to reduce the influence of very dominant 

taxonomic groups. Data on the counts of different individual species per station were normally 

distributed and therefore no transformation of the data was required.  

 

To test for differences among the total number of species per station, transect focus area and 

large focus area, a ANOSIM with pairwise comparisons based on Bray-Curtis similarity in 

PRIMER v.6 (Clarke 1993, Clarke and Gorley 2006) was used, as well as a one-way ANOVA 

test, with post hoc Tukey pairwise comparison. Tukey was chosen for pairwise comparisons, 

because it has an intermediate power as it is not as conservative as Scheffé test but more 
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conservative than Fisher’s LSD test (Anon 2012). When abundance data were transformed, and 

a Kruskall-Wallis test and a General Linear Model ANOVA test used (95% confidence 

interval). 

 

Non-parametric multivariate community analysis was performed using the PRIMER v.6 

software package (Clarke 1993). All log (x+1) transformed abundance (m
-2

) data were used to 

produce a Bray-Curtis similarity matrix for replicates, stations, transect focus areas and large 

focus areas, on which a hierarchical group mean cluster analysis and non-metric 

multidimensional scaling ordination (MDS) with a minimal stress of 0.01, was performed. A 

species accumulation curve with 10 000 random sampling was produced using Chao 1 

(abundance based and sensitive to the frequencies of rare species), Chao 2 (presence-absence 

based) and second order Jackknife non-parametric estimates of asymptotic true species richness, 

along with the observed number of species, to determine the adequacy of the study sampling 

effort to measure all occurring species in the area, (Witman et al. 2004, Chao et al. 2009). The 

second order Jackknife estimator is considered a good estimator for sparse collections and is 

less affected by sample bias (Chazdon et al. 1998, Hortal et al. 2006, Vavrek 2011).  

 

The Chao 1 estimate is most dependent upon the distribution of individuals among species and 

Chao 2 is most dependent upon the distribution of species among samples (Colwell and 

Coddington 1994) as it is based on presence-absence data. As the species accumulation curve is 

strongly negatively bias and underestimates species richness, these estimators aim to reduce 

such bias, in different degrees, to give a more accurate estimate of true species richness of a 

study area (Colwell and Coddington 1994). According to Colwell and Coddington (1994) Chao 

2 and second order Jackknife estimates are good estimators that provided the least biased 

estimate of true species richness in small samples, and have been found to be very accurate. The 

Chao 1 is a good estimator to consider as it does very well in databases that consist of many rare 

species and species with a small frequency range (Chao 1984, Colwell and Coddington 1994). 

The use of a combination of estimators is deemed useful for comparison (Vavrek 2011). 

 

3.2.1.2. Alpha Diversity 

 

Analysis of alpha diversity used untransformed abundance data (per m
-2

) of all replicates to 

calculate the following diversity indices: Margalef species richness (d); Pielou evenness (J’); 

Shannon-Wiener diversity index (Hloge); Simpson diversity index (1-Lambda’) and Hill’s 

diversity indices (N1 = Exp (H’) and N2 = 1/SI). The indices do not require conditions of 
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normality therefore untransformed data could be used, thus all comparisons of variance could be 

made using parametric techniques. Where results of indices met normality assumptions, a one-

way ANOVA followed by a post hoc Tukey pairwise comparison test (95% confidence interval) 

was conducted. 

 

3.2.1.3. Beta Diversity 

 

Abundances (per m
-2

) were pooled to factors of individual stations; transect focus areas and 

large focus area scales respectively, for beta diversity analysis of paired adjacent stations 

arranged in a south to north direction. Beta diversity is the extent of species compositional 

change from one sample to the next or along a gradient and is not based on a spatial scale of 

measurement of diversity like that of alpha diversity (Whittaker 1975, Ellingsen 2001, Ellingsen 

and Gray 2002). According toWhittaker (1960, 1972) and Legendre et al. (2005) beta diversity 

(turnover) can be measured with the use of either presence-absence data or quantitative species 

abundance data. Wilson and Shmida (1984), Ellingsen (2001), Vellend (2001), Ellingsen and 

Gray (2002), Legendre et al. (2005) argued that variation in community composition among 

sites or turnover can be calculated using raw quantitative abundance data and expressed through 

Whittaker’s beta diversity (βw), a single number such as total sum of squares, percentage 

complementarity and also by the pairwise permutations from a similarity matrix among sites. 

The Bray-Curtis coefficient of similarity, used for this purpose, was deemed adequate for the 

description of community composition relationships between studied sites (Legendre et al. 

2005). In contrast to βw, this similarity measure takes the identities of the species into account as 

well (Shin and Ellingsen 2004). 

 

Pairwise Whittaker’s beta diversity of adjacent sites arranged in a south to north KZN Bight 

direction was measured using the equation βw = (γ/ā)-1, where γ is the total number of species 

in the two combined sites and ā is the mean number of species per site (Whittaker 1972, 

Ellingsen 2001, Vellend 2001). For this purpose pooled replicate presence-absence data from 

each station was used. 

 

Complementarity, also known as biotic distinctness, varies from zero (identical) to a 100 per 

cent (completely dissimilar) (Colwell and Coddington 1994, Ellingsen 2001). EstimateS 

software assisted in the calculation of percentage complementarity. Log (x+1) transformed 

abundance (m
-2

) data was used for the calculation of Bray–Curtis pairwise similarity 

comparisons between adjacent sites as an additional estimate of Beta Diversity as it has been 
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found that multivariate analysis are much more sensitive than univariate analysis in detecting 

small changes in macrobenthic communities (Warwick and Clarke 1991, Vellend 2001, 

Ellingsen and Gray 2002). 

 

3.2.1.4. Taxonomic Composition  

 

Untransformed abundance (m
-2

) data were used to investigate taxonomic composition except in 

SIMPER analysis where log (x+1) transformed abundance (m
-2

) data was used. Replicates were 

pooled to taxonomic levels for the three large focus areas studied and the number of groups 

representing each taxonomic level per replicate within each large focus area was determined. 

Pooled replicate abundance (m
-2

) data were also used to determine the dominant phyla, Classes 

and Orders present in the entire study area, using pooled replicates to phylum level and then 

averaged over the entire study area. Pie charts were used as a visual aid indicating the 

proportional abundance (m
-2

) of the four most abundant phyla present in the entire study area, 

using pooled replicates and averaged over stations; the six defined transect focus areas; and 

focus areas. The distribution of the identified phyla along the KZN Bight midshelf was 

represented as the number of replicates occupied by each phylum using bar charts. 

 

To evaluate which species most consistently contributed to and were possibly responsible for 

resulting significant differences between studied sites tested, a similarity percentage analysis 

(SIMPER) on transformed (log (x+1)) abundance (m
-2

) data was conducted. Only species 

contributing up to sixty per cent to differences were considered in the analysis.  

 

Beta diversity of each of the four dominant phyla was calculated and compared between the six 

defined transect focus areas along the KZN Bight midshelf. Mean beta diversity between the 

four dominant taxonomic groups was compared to determine which was the most diverse in 

terms of turnover. 

 

All analysis was done using a combination of the following statistical software: 

EstimateSWin752 (Cowell 2006), Microsoft Excel 2010, Minitab 16, PRIMER v6 (Clarke 

1993, Clarke and Gorley 2006) and Sigmaplot11.0.  
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3.3. RESULTS 

3.3.1 DESCRIPTIVE DISTRIBUTION STATISTICS 

 

From both periods a total of 1177 taxa (mean per replicate ± SD, 51 ± 31) and total abundance 

of 37165 (per m
-2

) (total mean ± SD, 688 ± 573, range: 5 - 3150) were found in the entire KZN 

Bight midshelf sampled area. In order of highest to lowest, mean abundance (per m
-2

) across 

stations was distributed as follows: stations B (1126 ± 909), C (1117 ± 401), I (1044 ± 498), E 

(1017 ± 442), A (737 ± 518), D (613 ± 297), F (211 ± 128), G (165 ± 61) and H (165 ± 70). 

Data variability (taken as standard deviation) was highest at stations A, B, E and I, while 

stations G and H had the lowest standard deviation values. Confidence levels were the highest 

for stations A, B and I, while stations F, G and H had the lowest confidence levels. 

 

Transect focus areas such as DT (1121 ± 670), RBF (1044 ± 498) and TF (1017 ± 442) had the 

highest total mean abundance (per m
-2

) values of all the transect focus areas studied along the 

KZN Bight midshelf. DF (737 ± 518) and TT (412 ± 303) had the second highest total mean 

abundances and RT (165 ± 62) had the lowest total mean abundance of all the transect focus 

areas studied. However, of the large focus areas considered DF (993 ± 636) had the highest total 

mean abundance and RBF (458 ± 507) the lowest in total mean abundance. Degree of change 

represented between large focus areas was R
2
 = 0.9448 (DF to TF), R

2
 = 0.9674 (TF to DF). 

 

3.3.2. COMMUNITY ANALYSIS 

 

The hierarchical group mean cluster analysis using all replicates sampled, indicates that the 

KZN Bight midshelf macrobenthic fauna were divided into ten different compositional groups 

at a low Bray-Curtis similarity (12%) (Fig. 3.1). Analysis of similarity (ANOSIM) resulted in a 

high global R 0.783, also showing that all stations were highly dissimilar (Table. 3.1). High 

dissimilarity between station was found and most adjacent stations had high dissimilarity, for 

example station E and F (R 0.985), and stations B and C (R 0.961). Stations north and south of 

Thukela tended to cluster together (Fig. 3.1). Stations G and H were found to be the least 

dissimilar (ANOSIM, R 0.254, P: 0.043) and of all the stations these were considered as a single 

cluster at four per cent similarity, although 4 % was still extremely low in similarity (Table. 3.1, 

Fig. 3.1). Thus six different macrobenthic communities were identified along the KZN Bight 

midshelf as some stations were aggregated into groups (G and H; A and B, C and D) (Fig. 3.1) 

and other stations (F, I and E) remained distinct. This is also supported in the analysis of 

similarity as station E and I (R 1.00), B and I (R 1.00) and B and E (R 1.00) were 100% 
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dissimilar from each other while station F had an mean dissimilarity of R 0.893 to all other 

stations, except for station D that was slightly more similar to station F with an R of 0.661. 

 

ANOSIM indicated high dissimilarity between most factors. Similarity was highest between 

stations G and H (R 0.254) followed by C and D (R 0.335), A and D (R 0.446) and A and B (R 

0.544). Commonly grouped stations included A with B, C with D, G with H and I with E. This 

was supported by group mean cluster analysis. The ANOSIM of transect focus areas (Global R 

0.611) contrasted with ANOSIM results for stations, as defined transect focus areas RBF 

(containing station I) and TF (containing station E) were 100% dissimilar (R 1.00), while DF 

(containing station A) and TF (R 0.794), and DF and RBF (R 0.822) were also highly 

dissimilar. There were very high dissimilarities between transect focus areas DF and RT (R 

0.875), DT and RT (R 0.887), DT and RBF (R 0.829), as well as RT and RBF (R 0.748). 

Dissimilarity was lowest between DF and DT (R 0.216), DF and TT (R 0.375), DT and TT (R 

0.404) and TF and TT (R 0.458). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Hierarchical group average cluster analysis of log (x+1) transformed macrobenthos abundance 

(m
-2

) data from the KZN Bight midshelf, based on Bray-Curtis similarity. Stations arranged from North, (St. 

Lucia, left) to South (Durban, right). (1) refers to February 2010 sampling period and (2) to August 2010 

sampling period. 
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Table 3.1: ANOSIM results, comparing the similarity of macrobenthic community composition 

and abundance (m
-2

) within stations, transect focus areas and large focus areas. 

However, ANOSIM results of defined large focus areas (Global R 0.433, Table. 3.1), indicates 

that DF and RBF were now the most dissimilar of all the large focus areas (R 0.645) and TF and 

RBF now the least dissimilar (R 0.312). Species composition and/or abundance (m
-2

) changed 

with increasing spatial scale of factors used in this present study followed by similarity with 

increasing scale (Table. 3.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The 3D non-metric multidimensional scaling ordination at a stress of 0.15 was chosen to 

represent multivariate analysis of similarity in space, as this was a more detailed representation 

of community assemblages (Fig. 3.2). Here it was also evident that from all stations at twelve 

per cent similarity, ten macrobenthic communities were identified. Station F was the most 

dissimilar and distinct station and most similar to station I. Station I seemed to be characterised 

as having some similarity with most of the other stations. Demonstrated by a decrease in 

similarity from stations in the South (from station A) to stations in the North (to station I), 

forming a similarity/dissimilarity gradient of AB, CD, E to GH. Stations F and I did not fit into 

this gradient based on spatial location, but the gradient from left to right followed as A/B to 

C/D, E, I, G, H, with station F not fitting into the overall pattern.  

 



     Chapter 3: Macrobenthic Biodiversity 

38 

 

Figure 3.2: Multi-dimensional scaling (MDS) ordination of stations based on Bray-Curtis similarity. 

Boundaries represent 12 per cent similarity. 3D Stress (0.15). (*) outliers. 

* 

* 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Similarity between stations south of the Thukela River mouth seemed to have had a more 

gradual decrease in similarity from Durban up to the Thukela River. Dissimilarity steeply 

increased in stations south of the Thukela to that north of the Thukela, with station I as the 

exception. All stations north of the Thukela River were highly dissimilar to each other. Defined 

stations, transect focus areas, and large focus areas all had significantly different macrobenthic 

communities at a Bray-Curtis similarity level of thirty-one per cent. Thus the KZN Bight 

midshelf, accommodated highly diverse and distinct macrobenthic communities within relative 

short distances along its length, from south to north. A gradient of similarity exists from a north 

to south and/or south to north direction. All three major regions of oceanographic influence had 

unique macrobenthic communities. 

 

The species accumulation curve did not reach it’s asymptote which  indicates that the number of 

samples analysed fell short of being fully representative of the entire macrobenthic community 

of the KZN Bight midshelf (Fig. 3.3). The Chao 1 projection of the estimated species richness 

of the entire KZN Bight followed the same trend as species observed (Sobs) (Fig. 3.3). However 

according to Chao 2 estimates species richness for the KZN Bight was projected to be much 

higher and the minimum started at a much higher level than Chao 1 and species observed (Fig. 

3.3). Since the Chao 1 and Sobs converged from an early stage, it was concluded that all species 

did consist at least of two or more individuals in abundance (Colwell and Coddington 1994). 

However as the Chao 2 estimate and the Sobs did not converge, it was concluded that not all 
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species were represented in a minimum of two sites, and that species estimation was still largely 

dependent on sample size (Colwell and Coddington 1994). The second order Jackknife estimate 

did also not reach an asymptote, nor did it converge with observed number of species, but did 

however have a more gradual increase in species richness than the Chao 2 estimator. Chao2 and 

second order Jackknife estimates did however converge between 2000 and 2500 species counts 

and approximately 57 samples, supporting that an asymptote had not been reached and that each 

was in agreement with the other. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.3. ALPHA DIVERSITY (SAMPLE DIVERSITY) 

 

As different diversity indices and measurement techniques measure different components of 

diversity to different degrees, it was necessary to include other means of diversity and similarity 

measurement as to achieve coherence of patterns and conclusions made about the macrobenthic 

communities of the KZN Bight midshelf (Clarke and Lidgard 2000, Ellingsen 2001, Willig et al. 

2003, Magurran 2004, Shin and Ellingsen 2004). 

 

Macrobenthic alpha diversity results show that the mean number of observed species found was 

highest for stations A, B, C, D (South Bight) and E (middle Bight region) (Table. 3.2). Stations 

Figure 3.3: Species-accumulation curve representing observed number of species and estimated number of 

total species present in the entire study area. Chao 2 estimator (blue squares), Chao 1 estimator (blue 

triangles), Second order Jackknife estimator (red squares), Sobs (Bottom line converging with blue 

triangles). 



     Chapter 3: Macrobenthic Biodiversity 

40 

 

Table 3.2: Macrobenthic alpha diversity results of replicates pooled to stations levels, along the KZN Bight 

midshelf. Top values are single station total diversity index values, bottom values are index mean ± standard 

deviation values. (S) number of species observed, (N) untransformed abundance (m
-2

), (d) Margalef species 

richness, (J’) Pielou evenness, (Hloge) Shannon-Wiener diversity index, (1-Lambda’) Simpson diversity index, 

(N1) Hill’s diversity number, (N2) Hill’s diversity number. 

F, G H and I had a fewer mean number of species (Table. 3.2). The same trend was followed in 

mean abundance (m
-2

) and mean species richness measures. Mean evenness for all stations was 

very high and close to a value of one, except for station I, which had the lowest evenness of all 

the stations (Table. 3.2). Similar results were found for Simpson’s diversity index as for 

Pielou’s evenness, as stations D and I had the lowest mean diversity (highest dominance) values 

(Table. 3.2).  

 

Mean Shannon diversity was highest at stations A, B, C and E, with station D being more 

similar to station F, and stations G, H and I, having the lowest mean Shannon diversity values 

(Table. 3.2). Mean Hill (N1) diversity shows a similar trend to that of Shannon diversity, as 

stations from the South Bight region tended to have higher alpha diversity than those of the 

North Bight. Station C had the highest N1 diversity and D had the lowest N1 diversity values of 

the South Bight and stations F and I had the lowest N1 diversity values of the North Bight 

(Table. 3.2). Hill’s (N2) diversity values were quite different from the Simpson’s diversity 

values obtained, yet similar to the N1 diversity patterns across the KZN Bight midshelf. The 

difference between the mean N1 and N2 diversities was that N1 was always higher than N2. 
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Table 3.3: Macrobenthic alpha diversity measures of replicates pooled in large focus area levels, occurring 

along the KZN Bight midshelf. Top values are single large focus area diversity index values, bottom values 

are index mean ± standard deviation values. (S) number of species observed, (N) untransformed abundance 

(m
-2

), (d) Margalef species richness, (J’) Pielou evenness, (Hloge) Shannon-Wiener diversity index, (1-

Lambda’) Simpson diversity index, (N1) Hill’s diversity number, (N2) Hill’s diversity number. (Acronyms 

defined in methods and materials). 

The general alpha diversity trend in large focus areas was a decrease from the South towards the 

North (Fig. 3.4 a-f, Table. 3.3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diversity indices were highly significantly different between stations, transect focus areas and 

large focus areas with the exception of evenness within the latter (Table. 3.4). One-way 

ANOVA and Tukey pairwise comparison tests  of stations indicates that there were significant 

differences between the means of all diversity indices of certain stations along the KZN Bight 

midshelf (P < 0.001). In terms of Pielou’s evenness (J’), (two groups recognised), station I 

(0.6698 ± 0.1435) was the only significantly different station (P = 0.001) from all the other 

South stations, had a uniform spread of individuals among species. As an indicator of 

dominance, Simpsons diversity (1-Lambda’) (two groups recognised), followed the same trend, 

with station I (0.7572 ± 0.1197) being the only significantly different station in terms of 

dominance/diversity from other stations sampled.  

 

In terms of the number of species (S) (five groups recognised)  found within stations; station A 

(62.50 ± 36.83) was only significantly different from station F (19.83 ± 9.02); station B (73 ± 

30.64) was significantly different from stations F (19.83 ± 9.02), G (26.50 ± 7.23) and H (23.67 

± 7.23); station C (89.67 ± 27.83) was different from stations F, G, H and I (47 ± 12.95); station 

E (67.67 ± 19.39) was different from stations F and H; whereas station D (53.33 ± 26.94) was 

not different from any of the other stations and stations F, G, H and I were not significantly 

different from one another. Station I as the northern-most station was not significantly different 

from most of the South Bight stations except for station C. 
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Table 3.4: Results of comparison of variance of macrobenthos alpha diversity indices, using One-way 

ANOVA, the Kruskall-Wallis tests of medians and General Linear ANOVA between stations, transect focus 

areas and large focus areas. (*)  Kruskall-Wallis rank test; (ˮ) General linear model ANOVA. 

One-way analysis of variance to compare communities between transect focus areas, followed 

by a post hoc Tukey pairwise comparison test concluded that there was a significant difference 

between the means of all diversity indices of certain defined transect focus areas (Table. 3.4, P < 

0.001). 

  

One-way ANOVA and a post hoc Tukey pairwise comparison of diversity indices from large 

focus areas were significantly different (Table. 3.4, P < 0.001). However Pielou’s evenness (J’) 

was not significantly different between large focus areas (Table. 3.4, P > 0.05). Between the 

three large focus areas recognised, most diversity indices results indicates that DF was 

significantly different from TF and RBF, while TF and RBF were not significantly different 

from each other. Change in scale from station to transect focus area, did not result in a drastic 

change in similarity between stations, however when large focus area was considered, DF was 

generally the most dissimilar from TF and RBF. 
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Figure 3.4: Community diversity attributes of a) species richness, b) evenness, c) Shannon diversity, d) 

Simpson diversity, e) Hill’s diversity N1 and f) Hill’s diversity N2, along the KZN Bight midshelf, 

representing change along the Bight from a South (DF) towards a North (RBF) direction. DF (Durban 

Focus area), TF (Thukela Focus area), RBF (Richards Bay Focus area); Error bars represent standard 

deviations. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.4. BETA DIVERSITY (BETWEEN HABITAT DIVERSITY) 

 

Stations F/G and H/I had the highest beta diversity (turnover diversity), percentage 

complementarity and the lowest percentage Bray Curtis (% BC) similarity (Fig. 3.5a and b). 
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Stations B/C, D/E and E/F also had very high beta diversity values, high percentage 

complementary and low percentage Bray-Curtis similarity (Fig. 3.5a and b). The smallest 

changes in turnover and the lowest values of percentage complementarity and high similarity, 

was found between stations A/B, C/D and G/H (Fig. 3.5a and b). Even though these pairs of 

stations had the highest similarity, they still had very high biotic distinctness. The largest 

change in diversity/turnover was found in the central and the North KZN Bight midshelf (Fig. 

3.5). The degree of change between stations was βw R
2 

= 0.3144, of Bray-Curtis similarity was 

R
2
 = 0.2945 and of % Complementarity was R

2
 = 0.3077. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.5: a) Whittaker’s beta diversity and percentage Bray-Curtis percentage 

similarity between adjacent stations along the KZN Bight midshelf, b) Percentage 

Complementarity between adjacent stations along the KZN Bight midshelf.  
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Figure 3.6: a) Whittaker’s beta diversity and percentage Bray-Curtis similarity between adjacent 

transect focus areas along the KZN Bight midshelf. b) Percentage Complementarity between 

adjacent transect focus areas along the KZN Bight midshelf.  

  

 

When beta diversity, percentage complementarity and similarity were compared between 

transect focus areas there was much more of a clear trend of increased beta diversity and 

complementarity and decreasing similarity when samples were considered from the South to 

North midshelf on the KZN Bight (Fig. 3.6a and b).  
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When adjacent large focus area pairs were considered, there was a clear divide in the KZN 

Bight, between the lower turnover, higher similarity South Bight region and the higher turnover, 

lower similarity North Bight region (Fig. 3.7a and b). The strength of the result is increased by 

this high R
2
 values (for stations R

2
 = 0.3144, for transect focus areas R

2
 = 0.8938, for large focus 

areas R
2
 = 1). The degree of change between large focus areas was R

2
 = 1, for βw, Bray-Curtis 

similarity and % complementarity.  

 

From results it was clear that although the alpha diversity indices used indicates a general 

pattern of decline in diversity from the South Bight towards the North Bight, beta diversity 

(turnover), Bray-Curtis similarity and complementarity indicate the opposite (Fig. 3.5, Fig. 3.6 

and Fig. 3.7). Thus at all scales measured, beta diversity reflected the same pattern along the 

KZN Bight midshelf. 
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Figure 3.7: a) Whittaker’s beta diversity and percentage Bray-Curtis similarity between adjacent large 

focus areas along the KZN Bight midshelf. b) Percentage Complementarity between adjacent large focus 

areas along the KZN Bight midshelf.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This made the North Bight potentially more diverse than the South Bight in terms of turnover in 

contrast to that initially indicated by the more commonly used alpha diversity indices (eg. 

Shannon-Wiener and Simpson’s index) that incorporate species richness and abundance (Fig. 

3.4, Fig. 3.5, Fig. 3.6 and Fig. 3.7). This could have been because alpha diversity indices are 

based on the relative importance of species richness and abundance, whereas beta diversity 

involves the change in species composition from one region to another.  

 

3.3.5. TAXONOMIC COMPOSITION 

 

Figure 3.8 shows the mean number of different taxonomic groups found within large focus areas 

per replicate (considering that it was not possible to identify all individuals to lowest taxonomic 

levels), which followed the same general trend as the results found from alpha diversity index 

values along the KZN Bight midshelf (Table. 3.3, Fig. 3.4). That is, highest diversity was found 

in the South region at DF and steadily decreased to the north (Fig. 3.8).  

 

 

 
 

Phyla  
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Figure 3.9: Graph showing the overall taxonomic composition along the entire KZN Bight midshelf 

study area. Percentages based on abundance (m
-2

) per taxonomic group. 

 

Figure 3.8: Mean number of taxonomic groups per replicate found in each large focus 

area along the KZN Bight midshelf. 

 

 

 

The four most abundant taxonomic groups present in the KZN Bight midshelf were; in order of 

decreasing dominance Annelida, Arthropoda, Cnidaria and Mollusca (Fig. 3.9).  
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The most distinct differences in compositions of the transect focus areas, was that in DF, DT 

and TT, relative abundance (m
-2

) was the highest, particularly in TT (Fig. 3.10a-f). For 

Arthropoda there was a sharp decrease in relative abundance in focus areas TT and RBF where 

Sipuncula and Cnidaria were at their most abundant (Fig. 3.10c and f). In focus area RT, the 

relative abundance of Mollusca was sharply decreased, while the relative abundance of 

Echinodermata was greatly increased and RT was thus the focus area where Echinodermata 

were most prevalent (Fig. 3.10e). Transect focus area RBF stands out as the focus area with the 

highest Cnidarian abundance and lowest Annelida abundance (Fig. 3.10f). Mollusca seem to 

maintain a relative constant abundance across all transect focus areas (Fig. 3.10a-f). 
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Figure 3.10: Taxonomic composition per transect focus area along the KZN Bight midshelf. a) 

Durban focus area, b) Durban transition focus area (stations B and C), c) Thukela transition focus area 

(stations D and F), d) Thukela focus area, e) Richards Bay transition focus area (stations G and H), f) 

Richards Bay focus area. 

c) d) 

e) 

a) b) 

 

 f) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Taxonomic groups were distributed along most of the KZN Bight midshelf study area. Of the 54 

replicates, most were occupied by Annelida, Arthropoda, Mollusca and Echinodermata (Fig. 

3.11). Of the four most abundant taxa, Cnidaria occupied the smallest spatial range (Fig. 3.11) 

and although of higher abundance than Mollusca, they had a significantly smaller range of 

species than Mollusca (Fig. 3.14). But this could have been affected by the lack of expertise in 
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Figure 3.11: Number of replicates occupied by each taxonomic group found along the KZN Bight midshelf. 

taxonomic identification. Nemertea and Cnidaria both occupied a total of 37 replicates each 

(Fig. 3.11). Taxonomic groups that occupied the least number of replicates were, Chordata, 

Echiura, Nematoda and Brachiopoda (Fig. 3.11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 3.12 and 3.13 show which of the taxonomic Classes or Orders were dominant. The 

phylum Annelida (three Classes) consisted almost completely of the Class Polychaeta (mean 

abundance per replicate of 283 individuals). The second most dominant phyla, namely 

Arthropoda (14 Orders), consisted predominantly, in order of highest abundance to less 

abundant, of the Order Amphipoda, Decapoda and also Isopoda (Fig. 3.12).  
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Figure 3.12: Dominant taxonomic Orders found in the phylum Arthropoda 

along the KZN Bight midshelf. 

 

Figure 3.13: Dominant taxonomic Classes found in the phylum Mollusca 

along the KZN Bight midshelf. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mollusca (three classes) as the fourth most dominant phyla, consisted mostly of the Class, 

Bivalvia, secondly of Gastropoda and least of Scaphopoda (Fig. 3.13). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phylum Cnidaria had to be retained at this level due to difficulties in identification and the lack 

of taxonomic resources. 

 

From SIMPER results (Table. 3.5), 60 % of dissimilarity between DF and TF was contributed 

by 218 species, between DF and RBF 217 species contributed and between TF and RBF 165 

species accounted for 60 % dissimilarity. Large focus areas DF and RBF had the highest 
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Table 3.5: Species predominantly responsible for contributing to the dissimilarity between defined large focus 

areas along the KZN Bight midshelf. Species arranged in order of high to lower importance of contribution 

towards dissimilarity. Second row percentage dissimilarity represents total mean dissimilarity between samples.  

dissimilarity (95.31 %) between them and DF and TF (91.84 %) had the lowest dissimilarity of 

the three defined large focus areas studied (Table. 3.5). The commonly  and consistently 

contributing species to the mean dissimilarity among all three large focus areas was, 

Notomastus aberans, having had the strongest contribution between DF and RBF (Diss/SD: 

1.66) and the second strongest  and consistent contribution between DF and TF (Diss/SD: 1.1)  

(Table. 3.5).  

 

The species that commonly and consistently contributed the most to the mean dissimilarity 

between DF from TF and RBF, but at different strengths, were, Nemertea sp., Euclymene cf. 

luderitziana, Arcturinoides cf. sexpes, Ophiuroidea sp. 22 and Mediomastus sp. 1 between DF 

from TF and RBF (Table. 3.5). Similarly Golfingiidae sp., Onuphis eremita and Amphiuridae 

sp. 9 were the species that commonly and consistently contributed the most to the mean 

dissimilarity between RBF and DF and TF respectively (Table. 3.5). Notomastus aberans was 

the only species in TF that consistently contributed to its dissimilarity from DF and RBF (Table. 

3.5). Unique species, that consistently contributed to the mean dissimilarity between only two of 

the three defined large focus areas were, Poecilochaetus serpens between DF and TF (Diss/SD: 

1.1), Heterospionidae sp.1 between DF and RBF (Diss/SD: 1.08), and Nuculana sp.1 between 

TF and RBF (Diss/SD: 1.06) (Table. 3.5).  
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Figure 3.14: Mean Whittaker’s beta diversity of dominant taxonomic groups between transect focus 

areas along the KZN Bight midshelf. Bottom numbers indicate total number of species found in each 

phylum; () mean number of species in each phylum. 

For the four most abundant phyla found, beta diversity changed between adjacent transect focus 

areas across the KZN Bight, with an increase in turnover from the South DF focus area to the 

North RBF focus area. Of the four phyla, Cnidaria had the steepest increase of turnover across 

the KZN Bight from the South DF to the North RBF. Arthropoda had the most even and less 

drastic change in degree of turnover across the KZN Bight midshelf. These two phyla did 

however show the highest level of mean turnover among the four dominant groups as well (Fig. 

3.14). Annelida and Mollusca had the lowest level of turnover among the dominant groups, yet 

also increased from DF to RBF. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4. DISCUSSION 

3.4.1. KZN BIGHT DIVERSITY  

 

It is possible that the KZN Bight ecosystem, in spite of its oligotrophic nature, has high 

macrobenthic diversity comparable to some tropical high diversity ecosystems. A similar 

contrast was found in a study by Poore and Wilson (1993) on benthos of the Australian coastal 

soft sediment in temperate Bass Straight, where 800 species were counted in an area of 10 m
-2

. 
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This is in line with some of the highest benthos soft sediment species richness found (Gray 

1997a).  

 

Similar to other large areas in the Indo-Pacific, which are oligotrophic and low in productivity, 

the KZN Bight midshelf macrobenthic biodiversity was high (Brewer et al. 2007, Sanciangco et 

al. 2013), with a total of 1177 species counted (mean of 51 species per 1 m
-2

) and 37165 

individuals (mean of 688 individuals per 1 m
-2

) distributed highly evenly among species (mean 

evenness of 0.884 per m
-2

). For individual replicates, Shannon diversity ranged from 1.154 – 

4.47 and N1 from 3 - 87, Simpson diversity from 0.6303 – 0.9822 and N2 from 2 - 54, Pielou 

evenness from 0.8322 – 0.9098, number of species observed from 4 – 136, and abundance from 

35 -1635 individuals per m
-2

. According to the mean estimates of Hill’s N1 and N2 diversity the 

effective number of species/diversity per 1 m
-2

 found on the KZN Bight midshelf was actually 

much lower at values of 32 species for N1 and a lower 21 for N2. 

This was however not comparable to the diversity of Polychaetes and Mollusc of the soft 

sediment continental shelf of the oligotrophic tropical, river-influenced waters of the Seychelles 

(Mahé), as much higher diversity was uncovered, that rivalled equivalent data from the 

temperate Irish Sea by Mackie et al. (2005). Tropical Seychelles macrobenthic diversity is very 

high for an oligotrophic environment, since the Irish Sea gravel is known as one of the richest 

shelf habitats, with an mean count of 145 species per 0.2 m
-2

 and a high Shannon diversity value 

of 5.8 (Mackie et al. 2005). 

The KZN Bight midshelf macrobenthic community shows much higher mean species density 

per m
-2

 than found by Gray (2002), who in his comparison of undisturbed areas found a much 

lower constant species density overall within coastal habitats of between 7.9 to 16 species. For 

an oligotrophic environment, this present study, though not an extreme exception seemed to 

have exceptionally high species richness. Longhurst and Pauly (1989) and Longhurst (2007) 

found that some tropical benthic diversities were found to be lower in diversity than this present 

study and those studies were more comparable to temperate continental shelves (Shin and 

Ellingsen 2004). The lower species richness of our study compared to off the Seychelles for 

example (Mackie et al. 2005), could be the influence of anthropogenic activities such as coastal 

pollution, trawling and dredging that occurs along the coast of KZN (Morton 1996, Griffiths et 

al. 2010).  

Compared to the continental shelf of Crete located within oligotrophic Mediterranean waters, 

which is according to some not heavily affected by large rivers or major anthropogenic activities 
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(Karakassis and Eleftheriou 1997), our study had a higher species richness and abundance. 

Karakassis and Eleftheriou (1997) found a total of 547 species and 18858 individuals in a total 

of 99 quantitative macrobenthic samples at depth between 40 and 190m. However the total 

KZN mean abundance (m
-2

) was equal to the lowest mean abundance (663 individuals per m
-2

) 

in the deepest stations of the Crete continental shelf. The KZN Bight was however much more 

diverse than Crete; as more species and a higher abundance were found within a smaller depth 

range.  

 

In this present study no species were represented by only one or two individuals. However, 72 

% of the species were found in at least one site and 18 % were found in only two sites, showing 

that high diversity in terms of species counts could be very localised. Within the sampling area 

of Shin and Ellingsen (2004), 38 % of species were represented by one or two individuals and 

45 % of species were only found in one or two sites. Rare species are either species that have 

low abundances and/or have small range sizes (Gaston 1994). This is typical of marine benthic 

data as species richness is mostly influenced by rare species (Gray 2002, Shin and Ellingsen 

2004, Fontana et al. 2008). Ecological data generally have many species represented by few 

individuals, or many individuals represented by a few species, as most of the species having 

restricted ranges (Gaston 1994, Shin and Ellingsen 2004). Caution should be taken as the 

number of rare species present in a study could be the result of sampling effort that is also 

linked to the scale and geographical areas measured, as some species whose range may seem 

restricted may in actual fact be more widespread if the total area sampled was increased and also 

because of different methodology in studies, of which not many are easily comparable (Gaston 

and Blackburn 2000, Ellingsen 2001, Shin and Ellingsen 2004, Fontana et al. 2008). 

The species accumulation curves of the KZN Bight did not reach an asymptote. This is because 

large areas are generally always sampled in small fractions and as the area of sampling 

increases, so does the number of species found, thus where assemblages are not fully sampled, 

an asymptote is never reached (Gray 2002). The slopes of the species accumulation curves are 

likely related to levels of environmental heterogeneity over space and time (Gray 2002, Shin 

and Ellingsen 2004). Subtidal habitats within the marine environment grade into each other 

gradually, thus as the species accumulation estimates attempt to estimate the species within a 

large area, new patches of habitat are continuously added and the species accumulation curve 

does not reach an asymptote (Ellingsen 2001). Even though Chao 2 is a very reliable estimate to 

some, estimates are generally underestimates  (Ellingsen and Gray 2002).  
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3.4.2. SPATIAL HETEROGENEITY 

The analysis of similarity, cluster analysis and analysis of variance, indicates that all pairwise 

stations, transect focus areas and large focus areas were significantly different and had 

significant low levels of similarity ranges (P < 0.005). Karakassis and Eleftheriou (1997) found 

similar results, and concluded that this is most likely a reflection that varying environmental 

attributes, other than depth, are important. Low but highly variable species richness found 

between samples in past studies and by Shin and Ellingsen (2004) in subtropical Hong Kong, 

concluded that although there seemed to be an exceptional number of species present in the 

tropics and subtropics, there was considerable variation over large scales within these regions. 

According to Mistri (2002), and Munari and Mistri (2008) change and inter-site differences in 

diversity cannot only be attribute to one single factor, but there are always combinations of local 

and regional factors varying in their degree of influence between scales and locations. Processes 

such as confinement, demographic unpredictability, biological interactions and habitat 

heterogeneity  are some of the factors important on local scales (Munari and Mistri 2008). 

Confinement is dependent upon biotic and hydrodynamic determinants, which in turn directly 

determine changes in oxygen, temperature, grain size and organic contents of a habitat (Munari 

and Mistri 2008). The relative importance of certain local and regional aspects of an 

environment vary across the globe, depending on the varying types of complex habitats that 

species inhabit, making different diversities among localities within the same geographical 

regions possible and it may not be the same for all localities that have very similar 

environmental circumstances (Kiflawi et al. 2003, Cole and McQuaid 2010). 

High variability in species richness and diversity is possible within small spatial scales and is a 

general occurrence within marine environments, making more extensive sampling important 

(Shin and Ellingsen 2004). Patchy distribution of species is a general feature in nature, as most 

habitat features are patchy in distribution on different scales and over time (Levin 1992, 

Ellingsen 2001). Macrobenthic communities generally have very patchy distributions and this is 

regularly determined by environmental factors like sediment grain size and sorting, depth, food 

sources and temperature (Rabalais 1990, Glover et al. 2002, Hewitt et al. 2005, Guzmán-Alvis 

et al. 2006). The number of species found within replicates from the KZN Bight midshelf 

macrofauna sampled varied greatly and ranged from 4 to 136. These values are similar to these 

of Ellingsen and Gray (2002) who found sample species richness were varied between 32 to 148 

species. Species richness in the study by Shin and Ellingsen (2004) varied between 10 and 78 
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species per sample and alpha diversity from the macrobenthos of Italian transitional waters 

varied between 5 to 87 species per sample (Munari and Mistri 2008). 

The high species diversity of the KZN Bight could be further enhanced by microhabitats 

generated by other species, which are able to provide good quality regenerated nutrient and 

further structural heterogeneity within an oligotrophic habitat (Karakassis and Eleftheriou 1997, 

Williams et al. 2010). This then promotes the creation of a mosaic of different assemblages 

formed according to the degree of complementarity between each species tolerances and 

abilities, and prevailing determining factors such as temperature, oxygen, depth, sediment 

characteristics, hydrodynamics (Nowell et al. 1981, Brown 1984, Hutchings 1998, Levin et al. 

2000, Clarke et al. 2004). Because fauna differ in their degree of tolerance, adaptation and needs 

to confounding factors, this likely plays a more important role in determining spatial 

distribution and association within and between assemblages (Brown 1984). 

 

The dissimilarity between sites could in part have been because of the distance between 

stations/transect focus areas sampled. Although Ellingsen (2001) found no correlation between 

species richness and distance between adjacent sites, it was found that significant differences 

and similarities between communities do not necessarily have to always be inversely related to 

the distance between adjacent sites. In our study of the KZN Bight, many macrobenthic 

communities in stations closely located were significantly different in various aspects of 

diversity, while there were stations with large distances between them and yet they were more 

similar than those closely located to each other. Similar result were found by Ellingsen (2001) 

on the Norwegian continental shelf, with their northern sites, that had large distances between 

them, had more similar communities than southern sites, that were much more closely located to 

each other, but had the most dissimilar communities according to ordination analysis. 

3.4.3. SCALE AND THE GENERAL SHELF DIVERSITY TREND 

3.4.3.1. Alpha Diversity 

On the KZN Bight, spatial scale considered did have an effect on similarities (ANOSIM, 

hierarchical cluster analysis, pairwise comparisons)and dissimilarities between factors 

considered, however not all different tests corresponded. As ecological processes differ between 

scales, so will the patterns and variability of faunal assemblages also differ on local and regional 

scales across a region (Gray 2000). Whittaker (1960) stated that the richness and diversity of 

any region is dependent on the richness of the smaller areas within it and the turnover in species 

composition among them. In this present study faunal patterns did change with spatial scale, as 
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similarity of macrobenthic assemblages of large focus areas was higher than that of smaller 

scales, and according to the cluster analysis of the mean abundance (m
-2

) per large focus area, 

TF and DF was grouped together, while RBF was separate from them. However, on the transect 

focus area scale the mean TF assemblage was more similar to RBF than to DF.  

 

There was a constant pattern of decrease in diversity and abundance, along the KZN Bight 

midshelf from the South stations to the North stations. This was the consistent pattern observed 

among the scales of transect focus area to large focus areas as well. Although this pattern was 

present at station scale, it was less strongly apparent on larger scale. The stronger directional 

trend of species richness patterns along the KZN Bight at a station scale could have a variety of 

explanations, including the energy hypothesis by Wright (1983) and Levin et al. (2001). In this 

present study, alpha diversity, especially at the transect focus area and large focus area scale 

maintained a trend of decrease from the South of the KZN Bight towards the North region. Food 

supply may be the most important determinant on the KZN Bight on all scales due to the 

carrying capacity of an area, but it is the spatial and temporal heterogeneity of sediment 

environments that determine variability and differences in diversity and species richness 

between habitats (Glover et al. 2002, Gray 2002, Longhurst 2007). These sediment habitat 

heterogeneities are caused by a combination of biological activities, hydrodynamics and 

geomorphological attributes, each varying in importance within different scales (Snelgrove 

1997, Hutchings 1998, Gray 2002, Hewitt et al. 2005, Longhurst 2007). 

 

3.4.3.2. Beta Diversity 

 

Numbers of shared species and complementarity (biotic distinctness) is not necessarily linked to 

distance between all stations (Ellingsen 2001). This agrees with the findings of this present 

study as adjacent station and transect focus areas exhibited different levels of shared species and 

complementarity. The Bray-Curtis similarity is spatially dependent and is a very sensitive 

measure of beta diversity between sites (Ellingsen 2001). Thus sites closest to each other should 

on mean have higher similarity than those further away. Multivariate measures of diversity, 

such as Bray-Curtis similarity, are much more sensitive to small changes in faunal composition 

than simple species richness or other diversity indices (Warwick and Clarke 1991, Ellingsen et 

al. 2005). Partially in contrast to what Ellingsen (2001) found, Bray-Curtis similarity between 

adjacent sites of the KZN Bight were more similar to each other in the sites south of the 

Thukela, than the adjacent sites north of the Thukela. However it could be said that similarity 

did decrease from a high between sites in the South to a low between sites in the North.  
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In the KZN Bight, there was a clear general gradient of increase in beta diversity between 

adjacent transect focus areas to large focus areas from a South to a North Bight direction, and 

this was accompanied by complementarity that followed the inverse pattern. Beta diversity 

studies have been utilised to determine faunal compositional change along an environmental 

gradient (Wilson and Shmida 1984, Ellingsen 2001). These diversity measures could indicate 

that there are a few, but very influential environmental gradients playing a large role in 

community composition of the KZN Bight in varying ways. This is because alpha diversity 

indices and beta diversity measurements have inverse relationships (Karakassis and Eleftheriou 

1997, Ellingsen 2001). There also exist gradients in beta diversity between adjacent sampled 

areas on a latitudinal scale, for example, on the Norwegian continental shelf, beta diversity 

decreased between sites from a south to a northern direction (Ellingsen 2001). The distance 

between stations may not be the actual main contributing factor to the difference between 

stations of North and South Bight regions in KZN, but the potential change and variation in 

habitat may confound the interpretation of the distance effect (Harrison et al. 1992). Other 

studies have also found low similarity between pairwise sites that did not correlate with distance 

(Schlacher et al. 1998). 

Here, beta diversity was a very strong component on a station and regional scale, but followed 

the opposite trend to alpha diversity. Thus the study areas south of the Thukela and that north of 

the Thukela are both highly diverse, albeit on different levels. This could be attributed to the 

difference in properties measured by alpha diversity indices and beta diversity. Diversity indices 

combine the attributes of species richness with evenness of a community and related to spatial 

scale, whilst beta diversity, based on ratios and differences,  refers to the extent of change of 

species composition of communities among samples or along a gradient and is not related to 

scale (Whittaker 1975, Ellingsen 2001, Shin and Ellingsen 2004). Whittaker beta diversity was 

also found to contrast (be higher than) alpha and gamma diversity results on the subtropical 

Hong Kong continental shelf, as supported by Bray-Curtis similarity results (Shin and Ellingsen 

2004).  

Even with a much lower alpha diversity (species richness) than the larger sampled area of 

temperate Norwegian continental shelf, the subtropical Hong Kong shelf benthos had a higher 

beta diversity than exhibited by the former shelf (Ellingsen and Gray 2002, Shin and Ellingsen 

2004). Shin and Ellingsen (2004) concluded that other hidden factors/gradients, other than 

habitat heterogeneity in terms of depth, sediment grain size and sorting and spatial scale could 

have played a role in this contrasting pattern between alpha and beta diversity trends along some 

subtropical continental shelves. Beta diversity measures can be used to test the degree of faunal 
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heterogeneity between sites when a unknown gradient is in play and when it is hard to compare 

environmental gradient between sites (Vellend 2001). Beta diversity is thus an important means 

to compare faunal heterogeneity and thus environmental heterogeneity between sites that would 

not have been necessarily noticed by conventional measures (Vellend 2001). 

 

Beta diversity also changes with spatial scale and considering only a single scale is not enough 

to accurately understand the entire ecological aspects of biodiversity (Shin and Ellingsen 2004). 

Beta faunal diversity was high at all scales within the subtropical Hong Kong macrobenthic 

communities (Shin and Ellingsen 2004). Similar results were found by Munari and Mistri 

(2008) from the soft sediment macrobenthos of Italian transitional waters, Mediterranean Sea. In 

that study beta diversity increased with spatial scale and potential habitat heterogeneity (Munari 

and Mistri 2008). In the KZN Bight study, beta diversity was highest between stations and 

transect focus areas, but then decreased and was lowest between large focus areas.  

The pattern of beta diversity found could have been a reflection of the different relative 

contributions of local and regional species contributions. According to Loreau (2000) local 

diversity determines regional diversity and that local diversity is in turn determined by habitat 

heterogeneity. The change in local diversity with habitat diversity increases beta diversity, 

which then increases regional diversity (Loreau 2000, Munari and Mistri 2008). Regional 

enrichment of local diversity is, however, to varying degrees increased from high to low 

latitudes (Willig et al. 2003, Munari and Mistri 2008). Thus beta diversity is not a measure of 

scale, but indirectly forms the intermediate median in the relationship dynamics between alpha 

and gamma diversity on varying scales (Cornell and Lawton 1992, Munari and Mistri 2008). 

 

3.4.4. TAXONOMIC GROUP COMPOSITION 

 

The top four most dominant phyla present in terms of abundance (m
-2

), were Annelida 

Arthopoda, Cnidaria and Mollusca. This is a general phenomenon amongst many similar studies 

(Ansari et al. 2012, Martins et al. 2013a). Annelida and in particular Polychaetes, found on the 

continental shelf of Crete, made up a similar proportion of the total abundance to this present 

study (48% of macrobenthic abundance in Crete and 41% for the KZN Bight midshelf; 

Karakassis and Eleftheriou 1997). 

Polychaeta, Mollusca and Crustacea comprised 98 % of individuals and species collected from 

the East Gippsland continental shelf, Australia (Coleman et al. 1997, Munari and Mistri 2008). 

Ellingsen (2001) found similar results as Polychaeta, Crustacea, Mollusca and Echinodermata 
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were the most abundant phyla found on the Norwegian continental shelf. In this present study 

common species were the most widely distributed and those that were less common had more 

restricted distributions, also agreeing with results found by Ellingsen (2001) on the Norwegian 

continental shelf. Only 10 % of species found were distributed across the entire sampling region 

of the Norwegian continental shelf. These widespread species were among the most common 

species found (Ellingsen 2001). 

 

Whittaker’s beta diversity (extent of change in species composition among sites) differed 

between dominant taxa, with Crustaceans having the highest mean turnover along the KZN 

Bight and Cnidaria the second highest mean turnover. The measure of beta diversity needs to be 

focused on different phyla , as beta diversity is not the same for all phyla and varies 

considerably as environmental factors would have different effects on different phyla (Harrison 

et al. 1992, Ellingsen 2001, Ellingsen et al. 2005). Mollusca in our study exhibited the lowest 

mean beta diversity among dominant phyla, but beta diversity was highest for Mollusca 

followed by Crustacea and Annelida (Polychaeta) in studies by Ellingsen (2001), Shin and 

Ellingsen (2004), Munari and Mistri (2008).  

 

Such high beta diversity patterns seemed to be strongly associated with communities with many 

species that were highly restricted in distributions. However Harrison et al. (1992) found no 

correlation between beta diversity and species range, as they found that habitat heterogeneity 

and overall spread of species over a larger scale was more important, and that on a smaller scale 

the beta diversity was overwhelmed by results of alpha diversity. According to Gibbons et al. 

(2010), life cycle could be an important determinant in beta turnover rate between different taxa, 

and this can have important implications for the dispersal and diversity of assemblages over 

time and space.  

 

3.5 CONCLUSION 

 

The biodiversity of the macrobenthic community from all study sites along the KZN Bight 

midshelf was very high, changing along the length of the KZN Bight midshelf. The KZN Bight 

had a higher alpha diversity than some tropical eutrophic and subtropical oligotrophic 

continental shelves across the world. KZN Bight alpha diversity was equal to many tropical 

areas and temperate regions that were equal and even higher than some deep sea benthic 

diversities found. However the KZN Bight did not have as high species density and low 

species/abundance per species ratio as some of the most diverse tropical continental shelves. All 
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sites measured on different scales, had very high dissimilarities in composition, variability and 

alpha diversity on all different scales. No distinguishable pattern could be found on small scale 

along the Bight. Bight macrobenthic communities were constantly changing along the midshelf, 

forming clearly divided dissimilar patches of diverse macrobenthic communities. On all scales, 

even in the comparison of large focus areas, there remained high levels of dissimilarity, even 

though there was all together a decrease in dissimilarity from small to large scale. On large scale 

the Bight macrobenthic communities could essentially be divided into a South region including 

the Thukela study area, and the North region, stretching north from the Thukela River, as these 

environments seem to possibly provide complementary habitats for communities.  

 

Between the North and South Bight, composition, species richness and evenness had different 

strengths of influence. There was a general decreased alpha diversity from the South towards 

the North Bight region. This acted as a complimentary measure to the inverse relationship of 

beta diversity observed as it increased from South to North between adjacent sites. Thus 

taxonomical diversity may be higher in macrobenthic communities located north of the Thukela 

River. The macrobenthic communities phyletic composition and each phylum’s life history 

found in the different sections of the Bight, could have contributed to the inverse pattern of 

alpha and beta diversity found. This inverse trend of alpha and Whittaker’s beta diversity will 

be further explored in chapter 5, using taxonomic distinctness as a measure of beta diversity to 

further assess, support and possibly confirm results found in chapter 3.  

 

Most of the species found could only effectively be identified to family level and some are 

probably new to science. A similar study by Williams et al. (2010) on the south-east continental 

margin of Australia, found that 57% of the macrobenthic fauna found were possible new 

species. Although the KZN Bight had a highly abundant macrobenthic stock, there was no 

minority species dominance and evenness was very equal along the Bight. However Polychaeta 

and Amphipoda were the dominant taxa present. Diversity could have increased further if better 

and effective taxonomical identification of other major phyla such as Cnidaria, Nemertea and 

Sipuncula was possible. There is a lack of recent and complete taxonomic description of 

macrobenthic fauna within the Indo-Pacific and many scientists working in this field and area 

have had to rely on old monographs from other regions (Hutchings 1998, Kendall et al. 2000). 

Much more work is needed to understand what environmental factors (anthropogenic, biotic and 

abiotic) play a role in the formation of these community patterns and which combinations have 

the strongest influence. These environmental influences on diversity findings are investigated in 
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the next chapter concerning environmental factors that could play a role in the observed 

diversity patterns along the KZN Bight midshelf. 
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CHAPTER 4  

 

MACROBENTHIC DIVERSITY AND THE PHYSICAL 

ENVIRONMENT OF THE KZN BIGHT MIDSHELF 

 

4.1. INTRODUCTION 

4.1.1 CONTINENTAL SHELF ENVIRONMENT 

 

It has been suggested that because the continental shelf is a heterogeneous environment, 

macrobenthic fauna that live there have a more complicated environment to adapt to than those 

located in regions in the deeper part of the ocean (Gray et al. 1997, Levin et al. 2010). The 

reason for such heterogeneity is due to influences from environmental processes from a variety 

of sources elsewhere, and a mosaic of localised processes occurring on the surface and/or 

bottom and influencing the entire shelf community. These influences could be from a pelagic 

open ocean origin, shallow benthic, shallow pelagic or terrestrial origins. It is at continental 

shelves that all these forces work in concert creating an unique environment for community 

adaptations that sets each continental shelf ecosystem apart from the other (Graf 1992, 

Karakassis and Eleftheriou 1997, Mann and Lazier 2006, Quintana et al. 2010, Akoumianaki et 

al. 2012).  

 

On the continental shelf horizontal and vertical water movement facilitates the spread of 

temperature, salinity, nutrients and oxygen across the shelf (Mann and Lazier 2006). Rivers 

have a significant spatial and temporal impact on the macrobenthic community composition of 

continental shelves (Akoumianaki et al. 2012). Freshwater run-off, in addition to temperature, 

salinity and oxygen, promotes the formation of a pycnocline that intensifies stratification that 

may negatively or positively affect production and sedimentation to the bottom (Mann and 

Lazier 2006). While tidal and wind driven currents are responsible for turbidity, they also mix 

nutrients through the entire water column from the surface to the bottom and back (Jenness and 

Duineveld 1985, Mann and Lazier 2006). 

 

Every continental shelf is a different and unique habitat, from the distinct environmental 

influences associated with that habitat. For example, macrobenthic community diversity and 

structure was found to be significantly controlled by the seasonal discharge of the Paraiba do 

Sul River in Brazil (Zalmon et al. 2013) and likewise on the Indian continental shelf of the 



Chapter 4: Biodiversity and the Physical Environment 

 

66 

 

Arabian Sea a unique suite of environmental influences the diversity of that macrobenthic 

community (Jayaraj et al. 2007). The Arabian Sea as a low latitude sea is landlocked in the 

north and thus has significant influences from the land, such as strong land-ocean thermal 

gradients with seasonal reversals causing the upper pelagic layers to exhibit different 

oceanographic characteristics each season (Bhattathiri et al. 1996, Jayaraj et al. 2007). The 

continental shelf of Crete in the eastern Mediterranean basin is a highly oligotrophic region and 

is a shelf not influenced by large rivers or major anthropogenic perturbations (Karakassis and 

Eleftheriou 1997). The south-west Australian continental margin is an environment where 

sedimentation does not play a strong influence, yet the complex geology and continental rifting 

contributes to its varying forms and it is the prevailing water masses and current characteristics 

together with the seabed that play a large role in the macrobenthic community structuring 

(Williams et al. 2010). The oligotrophic waters of the Seychelles relatively similar to the North 

KZN Bight, has high temperatures, salinities and sediment carbonate content and in spite of its 

oligotrophic nature has a relatively higher macrobenthic diversity (Mackie et al. 2005). 

 

4.1.2 MACROBENTHIC BIODIVERSITY AND THE CONTINENTAL SHELF ENVIRONMENT 

 

Interactions between the environment and macrobenthic biodiversity and the resulting effects on 

the rest of the ecosystem are of great importance. The shallow water fauna of the Indo-Pacific 

are characterised by high species diversity and broad geographical ranges of species (Taylor 

1997). The Indo-Pacific shows a longitudinal gradient in marine species diversity (Mackie et al. 

2005) and within this large bioregion, there are considerable environmental difference between 

the continental margins. The most defining and important variation found within this region is 

that of nutrient supply on local and regional scales (Taylor 1997). Nutrients apply important 

controlling powers on the distribution, structure and organisation of benthic communities 

(Vermeij 1987, Taylor 1997) . The open ocean of the Indo-Pacific is generally nutrient poor and 

nutrition is usually provided in localised locations from river and upwelling (Taylor 1997). 

There have been large differences found between the macrobenthic diversity on the continental 

margins in this region and according to (Birkeland 1987), many of the regional differences in 

macrobenthic species diversity are due to nutrient supply rate differences. 

 

Many environmental elements are important for the continued existence of macrobenthic fauna 

and the distribution and relative importance of these elements are paralleled by the distribution 

of macrobenthos that are reliant on many different elements (Vizakat et al. 1991, Gooday et al. 

2001, Iriarte et al. 2012, Zalmon et al. 2013). On the continental shelf, these elements are very 
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variable over space and time because of the relatively more unstable environmental conditions 

of these habitats on the continental shelf (Gooday et al. 1990). Coastal systems, including 

upwelling systems and estuarine systems, display large changes in hydrographical regimes on 

varying temporal scales, and these changes may lead to equally drastic changes in the 

distribution and composition of phytoplankton communities, and as a result possibly 

macrobenthic communities (Iriarte et al. 2012).  

 

The temporal and spatial availability of nutrients have significant effects on the distribution and 

diversity of macrobenthic fauna, as has been highlighted by studies of the continental slope, and 

abyssal zones (Copeland 1970, Boesch 1972). Tropical continental margins are of particular 

interest because they receive most of the global river sediment inputs (Jennerjahn et al. 2010, 

Zalmon et al. 2013). Continental margins receive significant inputs from rivers as floodwater, 

macrophytic detritus, suspended organic matter and all sort of debris (Levin et al. 2010). Rivers 

are an important source of nutrient and sedimentation to continental shelf ecosystems, and are in 

return associated with high productivity and variability of communities inhabiting these areas 

(Darnaude et al. 2004, De Juan and Cartes 2011, Jurgensone and Aigars 2012). Due to the 

combined input of nutrients from rivers and upwelling cells, the shallow nature of the shelf and 

the general potential availability of necessary light penetration for phytoplankton growth, river-

influenced continental shelves have been found to be generally more productive than the 

surrounding waters (Wollast 1998, Snelgrove 1999, Tang and Kristensen 2007, Quintana et al. 

2010). Even though factors like salinity, temperature and oxygen are important factors for the 

completion of important osmotic and metabolic processes, these elements do not mean much 

unless nutrients are supplied  

 

(Boesch 1972, Gooday et al. 1990, Karakassis and Eleftheriou 1997, Taylor 1997, Hagberg and 

Tunberg 2000, Akoumianaki et al. 2012). Due to the current regimes, topography, terrestrial 

influences and sediment characteristics across continental shelves, there is great variety in the 

distribution and the availability of nutrients. 

 

According to Witman and Smith (2003) there have not been many published studies on the 

influence of upwelling on macrobenthic diversity. The value of upwelled nutrients to 

macrobenthos is also determined by their source, quality and quantity, as different macrobenthic 

fauna are adapted to different types of nutrient sources (Gooday et al. 1990, Cowie and Hedges 

1994, Levin et al. 2001, Moore et al. 2004, Quintana et al. 2010). According to Gooday et al. 

(1990) and Quintana et al. (2010), quality and abundance of organic matter deposited on the 
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seabed is the primary factor regulating macrobenthic communities diversity. The impact of 

organic matter on macrobenthic community structure has been found to be more complex 

because the interactions between micro-, meio- and macrobenthic fauna are more complex 

(Quintana et al. 2010). Although organic matter supply is abundant in especially the near shore 

marine sediments, the relationship with macrobenthic fauna is more complex, and it is organic 

forms like labile phytodetritus that are preferentially consumed, while more refractory forms are 

accumulated and over time mineralized by microorganisms increasing nutrient potential for 

higher trophic levels (Jumars and Nowell 1984, Graf 1987, Mann 1988, Gooday et al. 1990, 

Fernanda et al. 1999). Varying species distribution and structure on continental shelves over 

space and time are due to the adaptation to an ever changing heterogeneous environment (Mistri 

et al. 2000, Guzman-Alvis et al. 2006). 

 

Macrobenthic fauna have limited mobility and thus are forced to deal with and adapt to 

sedimentary environments that form many patchy microhabitats. These habitats are constantly 

modified temporally by other large scale and small scale influences and from adjacent 

environments changing the sediment-water boundary layer (Graf 1992). Macrobenthic fauna are 

such a diverse group and have such a diverse variety of strategies to utilise and take advantage 

of these prevailing and changing circumstances that they form mosaics of diverse communities 

mirroring the prevailing physical and biological interacting environmental circumstances of 

different regions on many scales (Dauvin et al. 1994). Polychaetes have been found to be the 

most common macrobenthic phylum found on shelf sediments, and are adapted through a wide 

variety of feeding strategies to utilise a wide range of forms of organic matter from different 

sources, as well as a great variety of reproductive strategies including sexual an asexual 

reproduction (Wilson 1991, Dauvin et al. 1994, Hutchings 1998).  

 

The combined effect of different life history strategies and organic supplies is thought to reflect 

the different macrobenthic diversity patterns and community structures along a depth gradient 

(Flach and de Bruin 1999). Thus different groups of marine organisms are affected differently 

by different environmental processes (Snelgrove 1999, Jayaraj et al. 2007). The response of 

macrobenthic fauna to environmental gradients, including the direct response to organic matter 

inputs, is of high importance since macrobenthos play important roles in ecosystem processes 

such as the nutrient cycle and ultimately secondary production on continental shelves (Costello 

1998, Snelgrove 1998, Van Hoey et al. 2004, De Juan and Cartes 2011, Sivadas et al. 2013). 

Many macrobenthic species are important bio-engineers that promote the survival, expanding 
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niches and diversity of other species and provide important ecological maintenance and 

structural heterogeneity of a habitat (Gray 1981, Rabaut et al. 2007). 

 

Different phyla have different distributions on different scales (Williams et al. 2010), thus it is 

important to measure diversity from different spatial and temporal scales as different species 

and processes function on different scales (Jumars and Nowell 1984, Levin 1992, Williams et 

al. 2010). Williams et al. (2010) importantly found that the provincial scale of macrobenthic 

distribution was in alignment with the distribution of economically important marine fish from 

the western Australian continental shelf margin. This has important implications in terms of the 

management of diversity and economically important resources. According to Mann (1988) 

bottom feeding fish that are dependent upon the detritus food web, constitute 30 - 50% of 

commercially important species. Thus understanding the benthic environment and processes 

governing them is highly important for economical consideration too (Ayers and Scharler 

2011).  

 

Orders such as Cumacea have a close relationship with substrata and reflect changes in the 

bottom environment in addition to playing an important role as frequent food source for many 

fish species (Melake 1993, Fennessy and Groeneveld 1997, Fernanda et al. 1999). Before the 

greater ecological web of an ecosystem can be understood and conserved, the mechanisms 

maintaining and setting the foundations need to be understood. Snelgrove (1999) stated that for 

an understanding of how the patterns of individual species are maintained, the mechanisms were 

firstly important in order to describe and understand biodiversity patterns. Central to the 

understanding of evolutionary processes and ecological processes that influence the 

development and persistence of a community, is firstly the understanding and description of 

patterns, their causes and consequencesLevin (1992).  

 

The principal aim of this chapter was to provide a baseline understanding of the physical 

environmental factors characterising the different sections of the KZN Bight midshelf, and their 

possible effects on macrobenthic biodiversity. 

 

We hypothesised that macrobenthic community biodiversity patterns of the KZN Bight midshelf 

were related to the main environmental parameters measured in the study. Also, that these 

environmental influences were scale-dependent, at the highest factor level of ‘focus area’. 
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4.2. METHODS AND MATERIALS 

 

The following environmental variables were measured in the study and used further within these 

analysis: depth (m), temperature (°C), salinity (PSU), dissolved oxygen (ml/l), % gravel, % very 

coarse sand (%vcs), % coarse sand (%cs), % medium sand (%ms), % fine sand (%fs), % very 

fine sand (%vfs), % mud, % sediment organic matter and sediment statistic parameters of mean 

grain size (mm) and sediment sorting (See Chapter 2 for more in depth explanation of sediment 

distribution characteristics – Section 2.4). Although nutrients of the shelf were important, it was 

not looked at them per se, but rather used total particulate organic content (TOC) as an indicator 

of bottom enrichment, given that we were looking at macrozoobenthos, with the theory that 

many more were theoretically deposit feeders.  

 

The focus areas represented different nutrient inputs thus we addressed nutrients indirectly by 

factorising data according to focus area. Biological variables used in this present study were, 

abundance (m
-2

), observed number of taxa, Margalef species richness (d), Shannon diversity 

index (Hloge), Simpson diversity index (1-Lambda’), Hill’s diversity number (N1), and Hill’s 

diversity number (N2). Diversity measure of evenness, Pielou’s evenness (J) was not included 

in this analysis as it was similar to the results of Simpson’s diversity/dominance index. Further 

analyses were done only on abundance (m
-2

), observed number of species and diversities of the 

four most dominant taxonomic groups found (based on abundance (m
-2

)). All less abundant 

phyla found were classified as “other”. 

 

All measured environmental characteristics were described for each station (for station numbers 

and locations refer to Chapter 2, Figure 2.1 and 2.2). Abundance (m
-2

) and most environmental 

variables did not meet the assumption of normality according to the Shapiro-Wilk test. 

Exceptions were number of taxa (S), depth and sediment sorting. To address this, log (x+1) 

transformation was used on all abundance (m
-2

) and environmental data. Environmental 

variables were in addition, normalised to account for different sampling units. Using a One-way 

design for Analysis of Variance testing (ANOVA), seasonal differences between environmental 

variables were tested. A Kruskal-Wallis test determined which stations showed a temporal 

difference in environmental variables. All tests were done with an alpha value of 0.05. 

 

Principal Component Analysis (PCA) was used as an ordination method on transformed, 

normalised environmental data, to visually determine the associations and similarities between 

stations sampled and thus the environmental components that best describe each study site. A 
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minimum of three principle components were used. Comparisons between multidimensional 

scaling ordination (MDS) of macrobenthic communities and PCA were visually assessed. 

Hierarchical group average cluster analysis based on Euclidean distance was used on 

environmental variables of stations. Biological clusters were based on Bray-Curtis similarity 

measures and identified by the group average cluster method. Analysis of similarity (ANOSIM) 

determined the degree of dissimilarity and/or similarity between environmental parameters of 

stations, transect focus areas and large focus areas (See model design in Chapter 2, Figure 2.2), 

as well as grouped environmental clusters identified by group average cluster analysis. 

 

Multivariate correlation and similarity analyses were used to determine if environmental 

variables were related to macrobenthic community attributes. Draftsman plots were used to 

identify any collinearity between environmental variables. Variables used for further analysis 

were thus reduced to include only non-collinear variables. Spearman rank correlation analysis 

was used to test for the associations between biological characteristics (whole community and 

separate phylum group community abundance and diversity) and environmental variables and 

amongst environmental variables themselves. Pearson product moment correlation was applied 

between Whittaker’s beta diversity and % complementarity (Refer to Chapter 3) and 

environmental variables from adjacent pairs of stations along the KZN Bight midshelf study 

area. A regression trend line was applied to beta diversity found across the KZN Bight midshelf 

between adjacent stations; transect focus areas and large focus area, to determine the degree of 

increase along the KZN Bight. 

 

CONPLOT analysis found in the statistical software program Primer version 6 (Clarke and 

Warwick 2001) was used to visually asses differences between environmental characteristic of 

stations and to determine which environmental variables of biological communities were 

associated with designated stations. 

 

Using a weighted Spearman rank correlation in the RELATE program of the PRIMER v6 

package (Clarke and Warwick 2001), a resemblance matrix based on Bray-Curtis similarity 

measures of biological data and a resemblance matrix based on Euclidean distance of 

environmental data were combined to relate the degree of association between macrobenthic 

communities and the environment. The same correlation method was used again in the 

biological/environmental ‘matching’ program BIOENV, on transformed, normalised 

environmental data and log (x+1) transformed abundance (m
-2

) data using a Bray-Curtis 

similarity matrix, and untransformed diversity data using the Bray-Curtis similarity index, from 
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which the combination of variables best explaining the complexities of the macrobenthic 

communities overall and amongst phylum groups were identified overall, at all different scales 

and locations of measurement. 

 

Quadratic non-linear regression on ranks was applied to significantly correlated variables to 

determine the degree of the relationship between them. Regression graphs were created to 

determine how much biotic variation every individual significant BIOENV-identified 

environmental variable described for each of the community indices. 

 

Assessments of the change in biological properties with environmental properties along 

biologically identified station clusters were attempted using basic plots of line and column 

charts. All analyses where done with the aid of Microsoft Excel 2010, Minitab 16, Sigmaplot 

11, EstimateSWin752 (Cowell 2006) and PRIMER package version 6 (Clarke and Gorley 

2006).  

 

4.3. RESULTS 

4.3.1 PHYSICAL ENVIRONMENT 

 

The KZN Bight midshelf study area had a mean depth of 63 m, ranging between 41 m and 84 m 

(Table 4.1). Mean water temperature was 19°C, and reached a maximum of 22°C and a 

minimum of 17°C. The physical environment of the KZN Bight midshelf sediment was 

dominated by a mean percentage of 29% fine sand, 24% medium sand, 15% coarse sand and 

12% mud content. In comparison, there was a low mean percentage of very coarse sand, gravel 

and very fine sand. Overall sediments were moderately sorted (σᶲ 0.988), and positively coarse-

skewed (skᶲ 0.200) (Anderson 2013). In comparison to the USEPA (United States 

Environmental Protection Agency) standard value measurements of temperature and DO, the 

KZN Bight midshelf had a very low maximum dissolved oxygen concentration (4.57 ml/l at 

22°C, compared to 8.72 ml/l at 22°C) (Agency USEP 2012). Salinity across the Bight was very 

constant throughout and fitted within the range of mean ocean salinity (33 - 37 PSU) (Team 

2010). Organic matter was low at a mean percentage of 0.751, but showed large variation 

between locations (SD 0.839, range 4.988).  
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Table 4.1: Physical environment characteristics of the KZN Bight midshelf, % 

very coarse sand (% vcs), % coarse sand (% cs), % medium sand (% ms), % fine 

sand (% fs), % very fine sand (% vfs). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The three main focus areas around identified oceanographic features, determined by the ACEP 

program and around which this entire study was built, did have very distinct environmental and 

biological properties. Stations A, B, F and I represent the locations where there were substantial 

contrasts to the adjacent stations, which divided the KZN Bight midshelf environmentally. 

Station clusters A, B, F and I represented stations that had the most extreme amount of fine 

sand, organic content, mud and sediments having a higher degree of sorting.  

 

ANOSIM analysis indicates that there was no overall significant difference in environmental 

variables between trips (P > 0.05). However, a simple sign rank test confirmed that there was a 

significant difference in salinity and measured dissolved oxygen between trips. Using ANOVA 

on ranks, no significant difference was found between variables at sampled stations from the 

two trips, however, on transect focus area scale, salinity differed significantly between trips 

within RT (P < 0.05) and dissolved oxygen within DT (P < 0.05) and TT (P < 0.05). On the 

scale of large focus areas there was a significant difference in salinity between trips within RBF 

(P < 0.01) and of dissolved oxygen within DF (P < 0.01) and TF (P < 0.01). Thus on a small 

spatial scale, environmental variables seemed to have been more stable over time than within 
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larger spatial scales, which indicates temporal changes of salinity and dissolved oxygen on the 

KZN Bight. Sediment influences are very pronounced on a local scale, and set the stage in 

facilitating the establishment of very different habitats over short distances.  

 

ANOSIM results comparing environmental variables at different spatial scales indicate that the 

degree of dissimilarity was very high for all areas (stations, transect focus areas and large focus 

areas), but this seem to steadily have decreased in intensity as larger spatial scales were 

considered, though still significant. 

 

From the hierarchical group mean cluster analysis on environmental variables, stations were 

separated into two large clusters at a Euclidean distance of 5.4 (Fig. 4.1). These two clusters 

separated stations C, D, E, G and H from stations A, B, F and I, as representing different 

habitats. At a Euclidean distance of 3.9, the habitats were separated into five different clusters, 

which were more similar within than between clusters. Generally, focus area stations and 

between-focus areas stations clustered together, with stations E and F as exceptions.  

 

Figure 4.1: Group average hierarchical cluster analysis of physical environmental data from 

along the KZN Bight midshelf. (To view the location of stations refer to Chapter 2, Figure 2.1) 
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Table 4.2: Variance explained by principle components identified by Principle 

Component Analysis of environmental data.  

PC 1, PC 2 and PC 3 combined explained 80% of the variance found within environmental 

variables characterising stations (Table. 4.2). PC1 indicates the high importance of sediments 

for distinguishing habitats, and PC2 the importance of depth and temperature (Fig. 4.2). The top 

three eigenvalues suggests that PC1 represents median grain size (positive value), proportion of 

very fine sand (negative value), and proportions of coarse sand (positive value) together 

explained the highest variance (48%), while for PC2 the three highest eigenvalues were 

represented by depth (positive value), temperature (negative value) and salinity (positive value).  

The top PC3 eigenvalues represented the proportion of organic matter (negative value), 

proportion of fine sand (positive value) and proportion of mud (negative value) as the variables 

explaining the highest variance. Principal Component scores confirmed many of the previously 

mentioned physical habitat results. According to top PC scores, stations C, F and I were most 

affected by the environmental variables represented by PC1. Station I was also significantly 

affected by variables represented by PC2 (Fig. 4.2). Stations A and F were most affected by 

variables represented by PC3. 

 

There was a clear division of stations into two main groups, with stations A, B, F and I located 

to the left of the PCA ordination plot and stations C, D, E, G and H located to the right of the 

PCA plot (Fig. 4.2). Stations C, D, G and H especially lay outside the circle of explained 

variance (Fig. 4.2) and thus were highly different from all other stations, indicating that the 

source of their variance may have been caused by some other unmeasured factor.  
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Figure 4.2: Principle component ordination of environmental characteristic in stations along 

the KZN Bight midshelf. (To view the location of stations refer to Chapter 2, Figure 2.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3.2 LINKING THE PHYSICAL ENVIRONMENT TO THE MACROBENTHIC COMMUNITY 

DIVERSITY DYNAMICS 

 

Spearman Rank correlation showed many of the environmental variable combinations identified 

as explaining most of the macrobenthic community variance were in essence highly correlated 

(depth/temperature (R -0.594, P < 0.0001), temperature/salinity (R -0.515, P < 0.0001), % 

medium sand/% fine sand (R -0.482, P < 0.001), % fine sand/% very fine sand (R 0.642, P < 

0.0001), % very fine sand/% medium sand (R -0.816, P < 0.0001), % organic matter/% mud (R 

0.621, P < 0.0001), % organic matter/% very fine sand (R 0.695, P < 0.0001), % organic matter/ 

% medium sand (R -0.716, P < 0.0001), % mud/% very fine sand (R 0.805, P < 0.0001), % mud/ 

% medium sand (R -0.739, P < 0.0001), % mud/% fine sand(R 0.363, P < 0.01), and some may 

have been redundant as there was a possible high degree of collinearity present. However, the 

reduction of the number of variables used in a multiple regression, did not significantly improve 

the amount of variance described by remaining variables.  

 

When the environmental clusters were compared to those of the previously discussed biological 

macrobenthic community clusters found, the environmental and biological cluster analysis 

results showed very similar trends and patterns. Environmental characteristics were a good 
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reflection of biological similarity and dissimilarities found, as macrobenthic community 

similarities could be associated with most environmental similarities. However, the habitat 

variables of all stations do not successfully explain the full extent of the biological community’s 

differences and relatedness across the KZN Bight midshelf. It was clear that most stations 

represented very different habitats and likewise all stations represented very different 

macrobenthic communities. There were different environmental and biological dynamics at 

work. Thus indicating that there were different macrobenthic communities established in similar 

habitats and that other influential unmeasured variables may have played an important role in 

determining the differences. From this it could have been inferred that different small-scale 

environmental differences play a larger role in determining the structure of communities. Even 

though environmental variables clearly had an important role to play, biological interactions 

within communities and unmeasured variables could play an additionally important role in 

shaping the macrobenthic communities. 

 

Environmentally and biologically, sites in close proximity were not necessarily the most similar 

to each other, similarly transect focus areas RT and RBF differed biologically with an R
2
 of 

0.784 (P < 0.05) and environmentally with an R
2 

of 1(P < 0.05). Furthermore sites further from 

each other were not necessarily more dissimilar, nor for example, were transect focus areas DF 

and TT with a biological R
2
 of 0.375 (P < 0.05) and an environmental R

2
 of 0.138 (P < 0.05). 

This implied significant changes in habitat over short distances across the Bight. The distance 

between sites could not have played a significant role in causing similarities or dissimilarities 

between communities as ANOSIM results had very high R-values between all sites, whether 

close or far from each other, and many stations far from each other had higher biological and 

environmental similarity than those closely located. 

 

In spite of the lack of distinctness in habitat at these large scales, biologically there was still 

higher significant differences between communities within small and large scales, than 

environmentally on similar scales. Overall macrobenthic KZN Bight midshelf community 

abundance (m
-2

) was significantly related to environmental variables measured (Rho 0.355, P < 

0.05) and overall variability in abundance (m
-2

) was best explained by measured environmental 

variables, while variation in diversity was explained to a much lesser extent (Table. 4.3). 

Sediment characteristics seemed to have been the dominating factor controlling community 

abundances (m
-2

) and diversity across the entire study area on the KZN Bight. Single linear 

regression based on ranks of variables indicates that the environmental variables who overall, 
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explained the highest amount of variance within the whole macrobenthic community diversity, 

was temperature, followed by coarse sediments (tables not included).  

 

A combination of five environmental variables, namely temperature, salinity, organic matter, % 

fine sand and % very fine sand effectively explained 40 % of variability in whole macrobenthic 

community abundance (m
-2

) (Table. 4.3). These combinations of variables explained the highest 

amount of variance in abundance, while any other combinations of variables could only explain 

similar levels of variability, having had significant R
2
 values ranging between 0.397 - 0.401. 

Even though the Bight had a low value of organic matter available, this variable could have 

been very important as within an oligotrophic environment all sources of possible nutrition are 

important (Darnaude et al. 2004). The amount of variability explaining diversity was, always 

much lower than that explaining abundances (Table. 4.3). Skewness, depth, temperature, 

salinity, mud and organic matter were the only environmental variables that seemed to explain 

diversity in the macrobenthic communities. Whole community diversity was significantly best 

explained by sediment skewness (degree of asymmetry), which was also related to the sediment 

grain size and sorting. Much of the variance in individual diversity indices (observed number of 

species, species richness and Simpson’s diversity) were significantly explained by skewness 

(Table. 4.3).  
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Table 4.3: BIOENV and quadratic regression results for macrobenthic community’s abundances and 

diversities association with measured environmental variables. Variables in bold significantly 

explained a proportion of variation. (*) no variables, (ns) not significant. 
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Averages of community diversity attributes per site, at scales of stations, transect focus areas 

and large focus areas, were not as a whole, significantly related to mean environmental variables 

values at certain scales of measurement. However, of the scales used, stations were the only 

scale at which any mean environmental variable significantly explained mean whole community 

and phyla abundance (Table.4.4). 

 

Some environmental variables best explained community attributes only within specific 

locations (eg. Station E, transect areas DT and TT). Thus community variability was not so 

much effectively explained by environmental variables based on different scales, but was rather 

dependent on location, which decreased the importance of scale (Table. 4.4). 

 

All the environmental variables measured played varying significant roles on large scales within 

different locations in shaping the macrobenthic community. Within individual sites, on scales 

larger than station, measured environmental variables could explain more community variability 

(abundance and diversity) than those within individual stations. Thus there was an intricate 

relationship between environmental variables functioning on certain scale of study and location 

within the Bight, determining biological attributes of the macrobenthic communities. The 

environmental variables used in this present study were more successful in explaining 

variability of macrobenthic communities on a larger scale, while within small scales (individual 

stations) that contained the most biological variation, these variables were unsuccessful and 

other factors could be in play.  However on small scale, variability that was explained was much 

higher than an individual site on a larger scale (Table. 4.4). 
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Table 4.4: BIOENV and quadratic regression results of the association between environmental variables and 

biological abundance and diversity in individual study sites on stations, transect focus area and large focus area 

scale. Variables in bold individually significantly explain variability. (*) no variables, (ns) not significant. (For 

factors refer to Chapter 2, Figure 2.2)  
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Table 4.5: BIOENV and quadratic regression results of the association between environmental variables and 

biological abundance and diversity in stations A to E (South Bight) and stations F-I (North Bight). Variables in 

bold individually significantly explain variability. (*) no variables, (ns) not significant. (For factors refer to 

Chapter 2, Figure 2.2) 

 

South Bight (Rho 0.448, P < 0.05, stations A to E) and North Bight (Rho 0.571, P < 0.05, 

stations F to I) macrobenthic communities were significantly related to environmental variables 

measured within these separate locations (Table. 4.5). Within the South Bight stations, 

abundance (m
-2

) was significantly explained (Rho 0.54, P < 0.05) by depth, temperature, % 

coarse sand, % medium sand and % very fine sand, while none of the diversity within this 

region could be explained by environmental variables. In the North Bight, abundance (m
-2

) was 

significantly (Rho 0.64, P < 0.05) explained by % fine sand, % mud, mean grain size and 

skewness. Macrobenthic community abundances (m
-2

) within these two regions were 

maintained by very different environmental variable combinations. The North region was more 

dependent on sediment characteristics, particularly fine, and the South region on a combination 

of coarse and fine sediment characteristics as well as water column characteristics. Community 

diversity was not significantly explained for the South Bight region, although for the North 

Bight region, depth explained 55 % of variability. This was of particular interest as Whittaker’s 

beta diversity was very strongly negatively correlated with depth. 
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Different combinations of environmental variables explaining abundance (m
-2

) and diversity 

were found to be important at different locations and scales. 

 

Whole community diversity changed with the important environmental variables identified by 

BIOENV analysis, and it was clear that all diversity variables of the entire KZN Bight midshelf 

macrobenthic community were influenced similarly by sediment skewness. The quadratic 

regression line indicates that within the whole macrobenthic community, with a decrease in 

skewness, there was a general decrease in diversity (observed number of species, species 

richness, Shannon diversity, Simpson diversity, Hill’s N1 and Hill’s N2 diversity). This was not 

a linear relationship and there was an initial slight increase in diversity with the decrease in 

skewness, then a faster decrease in diversity with a further decrease in skewness. 

 

Certain separate phylum groups were slightly more effectively explained by combinations of 

measured environmental variables within certain locations. A higher amount of variation within 

abundance (m
-2

) and diversity could be explained for some individual phyla than from the 

combined community as a whole within certain locations. Within large focus areas, abundance 

(m
-2

) of individual phylum groups was more effectively explained by measured environmental 

variables than was diversity (Table. 4.6). Overall abundance (m
-2

) and diversity were explained 

within all scales and within certain locations along the KZN Bight by measured environmental 

variables. Annelida was the phylum group whose variance was most regularly explained and for 

which the highest proportion of variance could be explained. None of Annelida diversity was 

explained within transect focus areas, but Cnidaria diversity in transect TF and RT areas was 

explained. The lowest proportion of abundance (m
-2

) and diversity was overall explained for 

other phyla groups.  
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Table 4.6: BIOENV results of the association between environmental variables and biological abundance and 

diversity of separate phylum communities located within individual study sites on stations, transect focus area 

and large focus area scale. (*) no variables, (ns) not significant. (For factors refer to Chapter 2, Figure 2) 
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Depth and temperature seemed to play an important role in explaining abundance (m
-2

) over all 

the phyla groups. For Annelida and Arthropoda, additional sediment variables like % coarse 

sand, % medium sand, % very fine sand, and % fine sand played a further important role.  

 

In the North Bight, mean grain size played a role in determining abundance (m
-2

) in all phyla 

groups, while skewness was also a prominent environmental factor for all phyla, except 

Cnidaria. Here Annelida variance in abundance (m
-2

) was not the most effectively explained 

among the phyla groups found, such as in the South region. A much higher proportion of the 

other phyla group variance of abundance (m
-2

) was explained within the North Bight, while 

36% of abundance variance of Mollusca was explained here as well (Table. 4.7). 

 

Diversity of phyla groups was not significantly explained by any measured environmental 

variables of the South Bight, however, in the North Bight the variance in diversity was best 

explained for Cnidaria (R
2
: 0.61, P < 0.05), followed by Arthropoda (R

2
: 0.44, P < 0.05) and 

Mollusca (R
2
: 0.4, P < 0.05) (Table. 4.12). Variation in diversity explained was lowest for 

Annelida (R
2
: 0.27, P < 0.05) within the North Bight and none of the other phyla groups 

diversity could be explained by measured environmental variables from this region (Table. 4.7).  
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Table 4.7: BIOENV results of the association between environmental variables and biological abundance 

and diversity of separate phylum communities located within North and South Bight regions. (*) no 

variables, (ns) not significant. (South Bight from stations A to E; North Bight from stations F to I). (For 

factors refer to Chapter 2, Figure 2.2) 
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CONPLOT from the PRIMER v6 package was used to overlay the most important 

environmental variables identified by the BIOENV analysis, to determine with what type of 

habitats the communities in each station were associated with (Fig. 4.3 and 4.4). 

 

Stations such as A, B, C, D and E macrobenthic communities that had the highest abundances 

(m
-2

), species richness, Shannon diversity, Simpson diversity, and Hill’s N1 and N2 diversity, 

were associated with lower temperatures, high relative salinity, and low percentages of organic 

matter, fine sand and very fine sand in sediment, except for stations A and B, that were among 

the stations with the higher levels of organic matter, fine sand and very fine sand (Fig. 4.3 and 

4.4). Communities from G and H were among those that had low abundance (m
-2

) and species 

richness, though high Shannon and Simpson diversity and relatively high Hill’s N1 and N2 

diversities, were associated with relatively high temperatures and salinities, and a low 

percentages of organic matter, fine sand and very fine sand in sediments.  

 

Station F that had the lowest abundances (m
-2

), species richness, high Shannon and Simpson 

diversity, and low Hill’s N1 and N2 diversity, was associated with high temperatures, salinities, 

high levels of fine sand and the highest levels of organic matter and very fine sand. Station I 

macrobenthic communities had high abundance (m
-2

), Shannon and Simpson diversity, and 

were similar in species richness to stations G and H, while having had low Hill’s N1 and N2 

diversities. Station I was associated with high temperatures, low salinities, similarly high 

organic matter levels, fine sand and very fine sand levels in sediment as stations A and B. 

Stations A, B and I had higher levels of fine sand than any of the other stations. Most 

community variability seemed to derive from sediment properties (Fig. 4.4). 
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Figure 4.3: CONPLOT results of whole macrobenthic community diversity values from stations 

along the KZN Bight midshelf. (Definition of diversity symbols found in Chapter 3, Section 

3.2.2.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As was seen before, temperature and salinity stayed at a fairly constant level throughout the 

length of the KZN Bight. Communities in stations F and I were associated with the highest 

temperatures and station A, B, C and E were occupied by communities associated with lowest 

temperatures measured (Fig. 4.4). Communities in station I were associated with the lowest 

measured salinity and communities in stations A, B, C, D, E, F, G and H, the highest salinities. 

The most variability seemed to have linked to sediment properties. Macrobenthic communities 

in stations A, B, F and I were associated with high proportions of very fine sand and fine sand, 

with station F having the lowest amount of fine sand out of the three stations. 
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Temperature (°C)  Salinity (PSU) 

% Organic matter  %fine sand 

% very fine sand 

 
Figure 4.4: CONPLOT results for BIO-ENV important identified environmental variable values that 

macrobenthic community’s abundance were associated with from stations along the KZN Bight midshelf. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The community distributions in terms of sediment skewness, as the main environmental variable 

affecting diversity of the community, indicates that macrobenthic communities within stations 

A, B, C, D, E and I were associated with environments of coarse positively skewed sediments 

and communities in stations F, G and H were associated with environments of fine negatively 

skewed sediment (Fig. 4.5, refer to Boggs 1995 for the definitions of negative and positively 

skewed). Proportion of coarse sand within sediments seemed to have been important in terms of 
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Figure 4.5: BIO-ENV identified sediment skewness values of stations along the 

KZN Bight midshelf as an important factor in explaining community diversity. 

the diversity of the macrobenthic community, and this could have been linked to the degree of 

sorting of the sediment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3.3 BETA DIVERSITY AND THE ENVIRONMENT 

 

There was no real trend apparent between depth, salinity, temperature, sediment variables and 

beta diversity along the KZN Bight midshelf. The North KZN Bight midshelf (from station F to 

I), even though predicted to be low in diversity suggested by commonly used alpha diversity 

indices and abundance (m
-2

), was in fact not, because of possible greater turnover (taxonomic 

diversity) in this section of the Bight compared to the section south of station E. 

 

Pearson product moment correlations between Whittaker’s beta diversity and % 

complementarity between adjacent stations and their associated environmental characteristics 

indicates that neither beta diversity and % complementarity had a significant correlation with 

any other environmental variables, except for a high negative relationship with depth, and 

bordered on significance with dissolved oxygen (Table. 4.8). 

 

Whittaker’s beta diversity had a very strong negative correlation with depth (R -0.849, P < 0.01) 

and depth explained a very large proportion of variation within beta diversity measured (R
2
 72 

%, P < 0.01) (Table. 4.8). The same results were observed for % complementarity as this was a 

complement measure of beta diversity (Table. 4.8). A quadratic regression analysis indicates 

that depth explained 72 % (R
2
 0.72, P < 0.05) of variance in beta diversity across the entire 
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Table 4.8: The relationship (R and R
2
) between Whittaker’s beta diversity 

and % complementarity to depth and dissolved oxygen concentration. 

study area, and 100% of the variance between stations F to I. Although the correlation and 

regression of beta diversity and % complementarity with dissolved oxygen was not significant, 

it was included as it was bordering on significant and still had a high R
2 

value (Table. 4.8). 

There was a strong positive correlation (R 0.707, P < 0.05; R 0.703, P = 0.052) between beta 

diversity, % complementarity and dissolved oxygen respectively (Table. 4.13). Likewise a large 

proportion of variability present in beta diversity and % complementarity was explained by 

dissolved oxygen (R
2
 50%, P = 0.05 and R

2
 49%, P = 0.052). 

 

 

 

 

 

 

 

 

 

 

 

 

What was interesting was that beta diversity and complementarity was strongly correlated with, 

and a high proportion of their variance explained by, the narrow range of depths (depth range of 

41m to 84m). With increasing scale observed, the degree of turnover rate increased (Fig. 4.6).  
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Figure 4.6 again highlighted the large differences between study area environments and 

macrobenthic communities. Biological diversity was maintained and even increased, possibly 

taxonomically, along the KZN Bight midshelf. The dissimilarities between macrobenthic 

communities of large focus areas was lower than between stations, and this was supported by 

the decrease in beta diversity from stations to large focus areas. Close proximity between 

stations did not increase their biological similarity. The environment was very different between 

all adjacent stations, though stations in the South Bight had a tendency to have closer biological 

similarity with each other than with and between stations located in the North Bight.  

 

There was a large degree of change in turnover between larger focus areas, in spite of the 

general decrease in beta diversity with increasing scale. Even though according to the alpha 

diversity indices there was a decline in alpha diversity from Durban to Richards Bay, a possible 

high level of taxonomic dissimilarity was maintained between stations, transect focus areas and 

Figure 4.6: Percentage degree of increase in beta diversity along the KZN Bight midshelf from between 

adjacent stations, to between adjacent transect focus areas, and large focus areas. (For factors refer to 

Chapter 2, Figure 2.2, and Chapter 3, Section 3.2.1.3) 
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large focus areas which indicated increased beta diversity between adjacent sites from Durban 

towards Richards Bay. Higher habitat heterogeneity in stations north of station E, compared to 

stations south of station E could not have been the reason, as ANOSIM indicated that the South 

and North Bight environments were not highly dissimilar (R
2
 0.248, P < 0.001). Other important 

unmeasured factors causing great differences in survival needed to be considered. 

 

4.4 DISCUSSION 

4.4.1 THE ENVIRONMENT OF THE KZN BIGHT AND MACROBENTHIC COMMUNITY 

DIVERSITY 

 

Combinations of the measured environmental variables only partly effectively explained 

macrobenthic diversity across the KZN Bight according to BIOENV analysis using Weighted 

Spearman’s Correlation Analyses. Overall it was found that there were different habitats along 

the midshelf, despite a constant depth range, as different combinations of environmental 

variables were important and sections were occupied by different macrobenthic communities. 

However, at the individual station level, although the abiotic elements of the habitats were 

comparable some stations were characterised by a community incomparable to elsewhere along 

the midshelf. Further, stations which had similar habitats or biological communities were not 

necessarily located close to each other on the Bight. This has recently been found elsewhere in a 

northern temperate community where Dutertre et al. (2013) also noted that stations, near or far 

from each other, in the South Brittany continental shelf with similar environmental 

characteristics overall, had very dissimilar macrobenthic assemblages. Within a constant depth 

range in this study, sediment type was the most important determining factor of diversity. 

Principal components analysis divided stations according to their communities on the basis of 

differing sediment grain sizes. In particular, those ranging from medium to very fine size 

sediments. 

 

A small degree of community variation explained by measured environmental variables  was 

not an uncommon situation as, only 39% of the macrobenthic communities variation on the 

southern part of the Norwegian continental shelf were related to the measured environmental 

variables (Ellingsen 2001). Jayaraj et al. (2007) also found that no single environmental factor 

that they measured could efficiently explain variation in the macrobenthic communities or was 

even significantly correlated to macrobenthic attributes of the northwest Indian shelf, and only 

combinations of large numbers of environmental variables were successful drivers of 

macrobenthic distribution. Also, this was found too on a global scale in a study on the regional 
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and local relationship between species diversity, where site diversities differed significantly 

within regions, but  specific physical and biological determinant of these high inter-site 

differences could not be adequately determined Witman et al. (2004). 

Of the 18 variables considered in this study, variation in taxa and abundance of bottom 

communities was best explained by five, although this was attributable only at a low level of 

40%. Temperature (
o
C), salinity (PSU), organic matter (%TOC) and fine to very fine sand were 

important in determining the abundance of the macrobenthic community on the Bight. Overall 

the macrobenthic community abundance (whole community and phyla groups) of the KZN 

Bight midshelf was more efficiently explained by measured environmental variables than 

metrics of diversity. Different environmental variables were important for abundance and 

diversity of the same community. Only 15 % of the entire midshelf community diversity could 

be explained by sediment skewness. In addition, many of the measured environmental variables 

did not have linear relationships with the measured macrobenthic community attributes. 

Different environmental variables were important in explaining abundance and diversity 

between the South and North parts of the KZN Bight.   

 

4.4.2 ALPHA DIVERSITY AND INDIVIDUAL EFFECTS OF IDENTIFIED ENVIRONMENTAL 

VARIABLES OF THE KZN BIGHT 

4.4.2.1 Sediment characteristics 

 

The KZN Bight midshelf community diversity was only tenuously explained, according to 

BIOENV analysis, by sediment skewness (15% explanation of the variability in community 

diversity). More important was the fine to very fine sand gradient along the midshelf.  

 

Sediment characteristics of the immediate environment play an important role in most of the 

distribution and composition of macrobenthic communities (Ellingsen 2002, Gray 2002, Otani 

et al. 2008). Macrobenthic species distributions has been found to be significantly correlated 

with the spatial arrangement of sediment characteristics (Otani et al. 2008). In this present study 

PCA (PC1) was most indicative of sediment attributes that explained 48% of variability in all 

stations, with characteristics like median grain size, fine sand and coarse sand being the most 

important environmental factors distinguishing stations along the KZN Bight midshelf.  

 

Animal sediment relationships are complex, but a single variable like sediment grain size alone 

cannot determine the distribution of species (Snelgrove and Butman 1994). The importance of 

understanding environmental interrelationships such as between sediment and hydrodynamic 
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characteristics are realised (Snelgrove and Butman 1994). Boundary layer flow influences 

sediment sorting, distribution and grain size, that in turn is also correlated with organic matter 

content, microbial activity, sediment chemistry, trophic interactions, larval supply and food 

supply (Snelgrove and Butman 1994). Hydrography and sedimentation, among others, influence 

resulting food availability and the physiochemical characteristics of the sediment and water 

column (salinity, temperature, oxygen) that play determining roles in macrobenthic community 

characteristics (Gray 1981, Sellanes et al. 2007, Zalmon et al. 2013). Hydrodynamics play a 

very determining role in the distribution, composition and change in sediment characteristics 

and the physical-chemical attributes of the water column, while hydrodynamics are in turn 

influenced by topography of the sea bed (Dutertre et al. 2013).  

 

High KZN Bight midshelf macrobenthic diversity was to a greater extent associated with 

medium sand, moderately sorted, with a fair amount of organic matter and low percentage mud 

content. Ingole et al. (2002) reported that medium grain-sized sediment supported larger 

amounts of benthos. These coarser grained sediment stations were more often situated in 

between the three oceanographically defined focus areas off Durban, Thukela River and St. 

Lucia, which had more fine sediment in contrast. The amount of coarse sand increased and the 

proportion of fine sand decreased from Durban towards St. Lucia. Similarly Jayaraj et al. (2007) 

found that macrobenthic communities preferred medium grain-sized textures with a 

medium/low organic matter content and some clay, as a too high level of organic matter 

negatively affected especially filter feeders (Harkantra et al. 1982, Jayaraj et al. 2007). 

 

According to Snelgrove (1999), fine sediment affects macrobenthic fauna feeding capacity as 

this type of sediment is very easily re-suspended and organic content tends to increase with the 

fineness of sediment. Generally this was supposed to enhance food supply and increase carrying 

capacity of macrobenthic communities (Fernanda et al. 1999). However, on the KZN Bight 

midshelf lowest diversity and abundance was found in station F, associated with the highest 

mud content and very fine sand content. Similarly in the study by Dutertre et al. (2013), 

homogenous habitats consisting mostly of fine sediment were found to have very low species 

richness. A very high level of very fine sand and/or silt/clay can cause a state of hypoxia, and 

only fauna adapted to such anaerobic condition can thrive (Weston 1988).  

 

High Annelida abundance was associated with low (< 3%) organic matter content in sediments 

of the northwest Indian shelf and low abundance in those locations with high organic matter 

content, fine sand and mud (Jayaraj et al. 2007). Thus it could be said that observed diversity 
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(alpha and beta respectively), determined by the adaptive abilities of the macrobenthic 

community, depended on what kind of organic matter was found where and the latter was also 

partly dependent on sediment characteristics, and what effects it had on potential oxygen 

concentrations and other vital elements.  

 

In the northern Rio de Janeiro continental shelf, higher diversity was found in sediments of a 

smaller mean particle size, together with a low level of sorting, as a greater diversity of 

granulometric composition of sediment would support a greater diversity and richness of 

communities, because of an increase in potential niches, promoted further by the interactions of 

physical and biological factors (Gray 1981, Levinton 1995, Zalmon et al. 2013). Similarly 

crustacean community structure on the Ebro Delta continental shelf, associated with high river 

run-off, was found to be largely determined by the sediment characteristic indirectly facilitating 

the organic matter content available to the macrobenthic fauna (De Juan and Cartes 2011). 

These communities were also strongly correlated with sediment characteristics, however 

correlation between crustacean abundance and organic matter was lacking (De Juan and Cartes 

2011). This did not mean that organic matter was not potentially vital in the structuring of this 

community as hydrography did also have a significant part to play (Cartes et al. 2007).  

Albeit that sediment type is the most important factor in affecting variance, Seiderer and Newell 

(1999) found that sediments had very little correlation with the benthic community structures in 

coastal deposits off the south-east England, suggesting that factors other than sediment played 

an important role in the macrobenthic community structure of the seabed, through a complicated 

interaction between various physical and biological factors at the sediment-water interface. A 

combination of sediment, bathymetry and hydrodynamic characteristics of the South Brittany 

continental shelf contributed to explaining 26% of the variation found in the overall 

macrobenthic community on this shelf (Dutertre et al. 2013). Dutertre et al. (2013) found that 

even though much of the community variation was explained by these physical environmental 

factors, others could not be excluded, as the physical-chemical explained 25% of variance and 

thus was essential in the explanation of environmental and community dynamics. In our study 

the separation of stations in the PCA, according to the environmental variables best describing 

them, followed a similar sequence as the environmental variables that best described the 

macrobenthic community of South Brittany. Physical sediment characteristics were firstly 

responsible for most of the variation between environments of stations, followed by physical-

chemical water column attributes and then the association with mud, organic matter and very 

fine sand. 
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According to Otani et al. (2008), chemical characteristics of sediment like the amount of organic 

matter and sulphide content are very qualitatively changeable, hence physical sedimentary 

characteristics are a more steady indicator of macrofauna distribution. Thus sediments could 

indirectly play the most stable role in variation between study sites as the sediment 

characteristics of a station lay down the foundation from which the rest of the environmental 

variables associated within that location can interact and build up from, creating sections of 

different habitats with different associated macrobenthic communities. 

 

4.4.2.2 Sediment Organic Content 

 

Macrobenthic abundance and biomass reflect the rate of nutrient inputs into the system (Levin et 

al. 2001) and from the identified important environmental variables such as temperature, 

salinity, organic matter, fine sand and very fine sand (Martins et al. 2013b), it could be 

concluded that the community variability was highly dependent on dynamics providing different 

nutrients (Levin and Gage 1998, Ayers and Scharler 2011, De Lecea et al. 2013). Environmental 

variables identified as important for the entire macrobenthic community of the KZN Bight 

midshelf, could be seen as closely linked to the reigning circulation dynamics of the KZN Bight, 

largely brought on by the Agulhas Current. In many cases, the role of, for example, sediment in 

maintaining diversity is masked by depth-related variables (Weston 1988). Gooday et al. (1990) 

stated that the persistence of life on the ocean floor could be viewed as a response to organic 

inputs, and the existence of communities are directly related to the presence and distribution of 

food that reaches the sediment surface and how this is utilised (Dayton and Hessler 1972, 

Tseytlin 1987). The understanding of the distribution and abundance of species in a community 

can only be achieved when detrital and phytoplankton pathways are both considered and 

integrated (Moore et al.2004). Tselepides et al. (2000) also concluded that food availability was 

the limiting factor in a habitat such as the oligotrophic continental shelf of Crete and that the 

macrobenthic community reflects prevailing environmental conditions. 

 

According to Taylor (1997) the major regional and local differences of Indo-Pacific marine 

provinces macrobenthic community composition and structure, was due to the differences in 

nutrient availability. He said that there was evidence that rates of evolutionary diversification 

were related to nutrient regimes, as this could then be contributing to differential rates of 

speciation and evolution in different nutrient regimes (Taylor 1997). Because primary 

consumers and prey differ between different nutrient regimes, the predators associated with 

them are also different, thus different communities with different life histories and adaptations 
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occupy eutrophic (South Bight) and oligotrophic (North Bight) habitats,  as these two sections 

of the Bight were expected to be associated with different hydrographic regimes and 

complementary habitats (Taylor 1997). The Bight has a low primary production level, where 

nitrate concentrations can range between 1 to 2 µmol l
-1

 in the south and central bight to 9µmol 

l
-1

 in the north where there is an upwelling cell (Schleyer 1981, Meyer et al. 2002). These 

speciation and extinction rates are believed to be environmentally controlled and how high the 

diversity will be varies between different fauna, that do not react similarly to the different 

nutrient pressures (Vrba 1987, Taylor 1997).  

 

Many studies have contradicting results when it comes to productivity as in some studies 

diversity increases, and in others decreases with productivity, while others have a unimodal 

relationship with productivity (Levin et al. 2001). Similarly in our study as productivity was not 

measured, diversity did not have a direct relationship with productivity; however the positive 

correlation with sediment skewness could have indirectly been attributed to productivity and 

oxygen consumption of the region. According to Akoumianaki et al. (2012) the high 

explanatory power of skewness and sorting of sediments indicated that macrofauna community 

structure was significantly influenced by sediment re-suspension and the current driven 

transport of species, differentially resulting in the increase of the number of species, promoted 

by the terrigenous and phytodetrital food input also interacting with other environmental 

variables, that supports higher diversity. Nutrient supply would not have been exclusively 

determined by the supply of detrital runoff, but also dependent on other associated 

environmental factors that macrobenthos were adapted to. According to Levin et al. (2001) 

diversity and sediment relationships are related to a hypothesis that more species coexist in 

sediments that vary more in size as species partition sediment with respect to size. 

 

Macrobenthic fauna are able to utilize any form of available food on the seabed (Steimle 1985, 

Melake 1993). According to Mann (1988), more energy, materials and phytoplankton carbon of 

primary production of a system was transferred through the food chain from dead decomposing 

detrital plant tissue pathways than by grazers pathways. Graf (1992) found that benthic 

metabolism was split according to the origin of food supply and that old, decomposing stored 

material use, follows the annual temperature cycle and oxygen supply. Detritus, through its 

influence on food webs, can increase a system’s community and individual species stability, 

persistence and resilience, having a significant effect on macrobenthic community biodiversity 

spatially (Moore et al. 2004). A slow steady input of energy has a significant effect on an 

ecosystem in spite of the presence of a large temporary variable input of energy from another 
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source (Moore et al. 2004). Thus detritus potentially sets the stage for the spatial variation in 

macrobenthic community diversity and abundance. 

 

Detritus is not homogenous and as a result of its ontogeny, variability in quality, quantity, form 

and distribution, it has an interdependent relationship with diversity and abundance of 

macrobenthic communities (Graf 1992, Moore et al. 2004, Ayers and Scharler 2011, De Lecea 

et al. 2013). As the ontogeny of detritus progresses and because it has many system entry points, 

there are changes in the composition and functioning of communities as a result (Graf 1992, 

Moore et al. 2004, Ayers and Scharler 2011, De Lecea et al. 2013). Available organic matter 

occurs in the form of a dissolved organic matter or particulate organic matter (Mann 1988). 

According to Graf (1992) detritus with a higher supply of nitrogen is of higher quality. Detritus 

promotes a complexity within habitats as it changes the moisture, light penetration, temperature 

and flow velocity at locations (Moore et al. 2004). Some of these combined effects causes 

alteration of the thermocline depth that can have changing effects on the habitats sedimentation 

rate, oxygen and temperatures and thus on community diversities and structure (Williamson et 

al. 1999, Moore et al. 2004).  

 

According to Hairston and Hairston (1993) on an immediate time scale, detritus can support a 

greater species diversity or abundance in a community than would be possible for communities 

that were solely dependent on autotrophs. The diversity of decomposers and detrivores in turn 

affect the efficiency of energy conversion that feed back to accentuate producer and consumer 

diversity (Cardinale and Palmer 2002, Moore et al. 2003, Moore et al. 2004). Lohrenz et al. 

(1997) found that as the primary production resources induced by the riverine input to the shelf 

decline, there is an increase in the relative importance of other nutrient sources, while the 

remaining phytodetritus provide nutrients on longer term to the system, through the biological 

and chemical regeneration of river detritus and phytodetritus (De Lecea et al. 2013).  

 

Macrobenthos adapt feeding behaviour within environments of changing food availability, for 

example in a amphipod Corophium volutator, studied by Stuart et al. (1985), there was a change 

of diet from benthic diatoms in spring-summer to Spartina detritus in fall-winter. This also 

indicated that as algal cells are the more easily utilised and a rich nutrient source, detritus 

remains an important source of nutrition in the times when as usual algal cells are seasonally not 

available, to carry them through (Mann 1988). Within shallow waters, diatoms can still reach 

the seabed as intact cells that are of a high quality food source that can directly be utilised by 

benthic organisms (Graf 1992, Tang and Kristensen 2007). This hints to possible 



Chapter 4: Biodiversity and the Physical Environment 

 

100 

 

mechanisms/adaptations possibly utilised by communities of the KZN Bight, especially perhaps 

the North Bight communities, where beta diversity can be promoted through the efficient 

utilisation of variable and/or scare food sources..  

 

Ayers and Scharler (2011) theoretically concluded that the ecosystem of the KZN Bight was 

detritus-based, and that there could have occurred a high degree of cycling and in particular 

detritus recycling, which has been associated with increased resilience of the ecosystem 

(Vasconcellos et al. 1997). According to Gooday et al. (1990) the types of organic material 

often associated with terrestrial runoff, such as twigs, branches, fruits, provide additionally 

food, substrate for attachment or shelter for benthic organisms. This terrestrial debris in 

combination with local disturbance creates a mosaic of patched microhabitats that helps to 

maintain diversity and habitat heterogeneity on a high level on the seabed over long term 

(Gooday et al. 1990). 

 

Microbial populations play a central role in detrital and phytoplankton nutrient cycles, through 

components of the energy and carbon flow within the soft bottom ecosystems (Jumars and 

Nowell 1984). Microbes make otherwise unusable detrital material available to other fauna by 

renewing and increasing nutrient value (Jumars and Nowell 1984, Fernanda et al. 1999). Graf 

(1987, 1992) found that bacteria had a 50 – 60 % conversion efficiency of refractory and 

phytodetrital sources, and a large amount of nutrition could thus be transferred to higher trophic 

levels. Bacterial colonies have also been found to influence habitat selection of faunal recruits 

of soft substrata (Kirchman et al. 1982). In oligotrophic habitats plant detrital matter are 

important and an extensive amount of time of reworking is necessary for microbacteria to 

condition these sources, to make the nutrients more easily available, nutritious and usable for 

higher trophic levels (Mann 1988). Goldman (1984) with the aggregate spinning-wheel concept 

and Azam and Ammerman (1984) with the cluster hypothesis, suggested that rapid nutrient 

cycles occur in discrete communities attached to a detritus particle (Mann 1988). In the South 

and North Bight, these microbial activities could have played different roles to various degrees 

through similar and different nutrient sources provided. The mineralised nutrients produced 

from detritus are the sources reused in primary production of the euphotic zone (Graf 1992). 

The spatial and temporal difference in phytoplankton, as well as their use and re-use, is 

determined by the changes in the relative importance of river and upwelling nutrient supply, 

over small spatial scales and in the process its sustains and/or enhance the microbial food web 

over the shelf (Iriarte et al. 2012). 
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These types of relationships with sediments may be expressing rather other important proximal 

factors (Levin et al. 2001). Marine benthic communities are controlled by basic mechanisms 

like energy availability, biological interactions, disturbance and heterogeneity (Levin et al. 

2001). The size, shape and type of organic matter entering the system determines the type of 

phyla present,  the way they respond; and through these responses to the pulsed nature of 

phytodetritus input; regulate also the reproductive cycles and population dynamics of these 

phyla across areas (Gooday et al. 1990). There are for example a wide range of ecological 

strategies and trophic requirements displayed by benthic Metazoans and thus a variety of 

responses (Gooday et al. 1990). The interaction between benthic organism and incoming fresh 

organic material is highly modified by physical stress, coupled with ecological interactions like 

competition in highly hydrodynamic areas (Quintana et al. 2010).  

 

In shallow water communities, species have been found to interspecifically differ in particle size 

preferences (Whitlatch 1980, Levin et al. 2001). Quintana et al. (2010) found that the benthic 

response to organic matter input on the Brazilian coast depended on the interaction between 

micro-, meio- and macrofauna as within this area there was no lack in TOC, but the competition 

for the labile available content was important. On large scale they found that resource driven 

aggregation and distribution was density-dependent and influenced by bottom currents and local 

upwelling, as they are responsible for the distribution of the heterogeneous deposition of 

particulate organic matter as well as the re-suspension and redistribution of food and fauna, 

creating additional microhabitats promoting diversity (Cosson et al. 1997). 

 

4.4.2.3 Salinity and Temperature 

 

In this study, lower alpha diversity and abundance was associated with marginally lower salinity 

and higher temperatures (see Section 4.3.1), Vizakat et al. (1991), also found a positive 

relationship between benthic production and salinity, and Jayaraj et al. (2007) found a decrease 

in the commonly used measure of macrobenthic species richness with lower salinities (Dos Reis 

Melo et al. 2013). Brown and Jarman (1978) suggested that temperature greatly influences the 

distribution of biota, that is in turn dependent upon prevailing currents, along the southern 

African coastline. Boesch (1972) also observed that macrobenthic diversity was highest in the 

polyhaline zone of the Virginia continental shelf and that the diversity decreased further at meso 

– to oligohaline zones. A similar trend found on the KZN Bight midshelf in terms of alpha 

diversity. 
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In the Baltic sea, macrobenthic communities were significantly affected by salinity these waters 

were highly saline-stratified, which affected the oxygen conditions at sediment level, by 

preconditioning hypoxic conditions and thus the breakdown of organic matter content, by 

slowing down mineralisation as oxygen decreased (Laine 2003, Witman et al. 2004). On the 

northwest Indian continental shelf, macrobenthic communities were similarly influenced by a 

combination of temperature, salinity, dissolved oxygen, sand and organic matter (Jayaraj et al. 

2007). Cusson et al. (2007) found that the change in temperature and salinity caused by the 

inflow from local rivers significantly attributed to the difference in macrobenthic communities 

and similar findings were also found in other studies (Danisenko et al. 2003, Dutertre et al. 

2013, Dos Reis Melo et al. 2013).  

 

A multicellular organisms somatic growth is slower at lower temperatures, but this does not 

mean that they do not receive significant nutrition from the sedimentation of nutrient sources 

(Graf 1992). Graf (1992) indicated that temperature influence metabolic activity of microbial 

fauna (particularly also influencing oxygen and nutrient availability and use), and that on the 

Kiel Bight there were good correlations between seasonal oxygen consumption and annual 

temperature. However the food supply dominates temperature effects on metabolism (Graf 

1992). Jayaraj et al. (2007) explained that the decrease in community production in the southern 

region of the northwest Indian shelf study areas was due to lower temperatures and low salinity. 

Similarly, in the KZN Bight a trend of decrease was also found within the whole community 

abundance with decreasing in salinity. However as temperature did not play the role in this 

study as it did in the southern region of northwest Indian shelf (Jayaraj et al. 2007), intricate 

dynamics with nutrient availability, use, as well as hydrodynamics could have been more 

important. 

 

4.4.3 BETA DIVERSITY AND INDIVIDUAL EFFECTS OF IDENTIFIED ENVIRONMENTAL 

VARIABLES OF THE KZN BIGHT 

4.4.3.1 Depth 

 

According to Gage (1997), Levin and Gage (1998) and Levin et al. (2001) there are many 

unsuspected oceanographic conditions arising along changing depths that are important in 

interrupting and modifying patterns of bathymetric horizontal and vertical macrobenthic 

diversity. Depth is generally correlated with other important environmental factors, and the 

change in beta diversity from the South to the North could thus be associated with the difference 

in the temperature, salinity, dissolved oxygen and organic matter resources between the two 
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regions (Ayers and Schaler 2011, De Lecea et al. 2013). Beta diversity has previously been 

found to be correlated with differences in depth and not distance (Rex and Etter 2010). On the 

south Texas continental shelf,  macrobenthic community distribution was best explained by 

depth and depth-related factors, such as chlorophyll-a content, hydrodynamics, sediments, 

temperature, salinity (Rabalais 1990, Mutlu and Ergev 2013). Species richness can change over 

small spatial scales and small changes in depth (Gray 2002). Species relatedness in communities 

may possibly have the same ability to change over small depth ranges. Dauvin et al. (1994) 

found that Polychaete community alpha diversity in warmer latitudes, increased with depth. 

Depth is an especially important factor creating gradients, which are especially important within 

oligotrophic habitats, as they could have strong impacts in an area with limited food supply 

(Karakassis and Eleftheriou 1997, Sivadas et al. 2013). These gradients could be associated with 

an increase in habitat heterogeneity and beta diversity changes and increases with increasing 

habitat variability (Clarke and Lidgard 2000). Beta diversity has also been found to be high on 

the very deep to middle deep depths of continental slopes, highlighting the importance of strong 

environmental gradients and great habitat heterogeneity that may occur across depths (Rex and 

Etter 2010, Leduc et al. 2012). According to Gray (2002), gradients in species richness of soft 

sediment fauna were primarily related to depth and latitude. 

Jayaraj et al. (2007) found a similar trend of inverse patterns of diversity on the northwest 

Indian shelf, as community alpha diversity decreased from deeper to shallower depths, but 

Polychaete diversity and richness increased from deeper to shallower depths. Thus composition 

of a community is important to consider. They attributed the lower richness (beta diversity) of 

Polychaetes at deeper depths to lower temperatures and dissolved oxygen, and the higher 

richness in the shallower depths to lower amounts of organic matter, more coarse sand and 

higher temperatures (Jayaraj et al. 2007). In Hong Kong subtropical waters, macrobenthic alpha 

diversity was found to be relatively low even at the large spatial scale of study, however, similar 

to our study, beta diversity was high (Shin and Ellingsen 2004).  

 

The depth of the water column usually has a large influence on the sedimentation and reigning 

water dynamics of the region (Zalmon et al. 2013). Depth is in general a strong determinant of 

community structure and has strong correlations with most environmental and biological 

parameters, however in shallow regions, factors like sediment and biological interactions, may 

play a stronger role than depth per se (Gray 1981, Tsutsumi et al. 1990, Tselepides et al. 2000, 

Mutlu and Ergev 2013). On a continental slope off Scotland, Gage et al. (2000) found that depth 

related factors are important in maintaining macrobenthic diversity, for in shallow shelf regions, 
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a low abundance, biomass and diversity was found, and this was related to coarser sediments 

and a high level of hydrological phenomena found there (Mutlu and Ergev 2013). On the south-

east Australian continental shelf, species richness and diversity also increased with depth and 

with lower levels of sediment sorting (Coleman et al. 1997).  

 

Quintana et al. (2010) found that organic matter quality and quantity were the main 

determinants of benthic assemblage structures on the Brazilian coast and that hydrodynamics 

played a limited role in determining diversity through available labile organic matter. Here 

benthic diversity increased with increasing organic matter load in spite of physical exposure, 

and it was found that biological interrelationships can play a prevailing role in structuring 

benthic community diversity, as similar diversities and communities were found in different 

habitats (Quintana et al. 2010). Thus gradients formed along depths provided for high beta or 

alpha diversity through the provision of various environmental pressures and fauna 

differentially adapted to them. Similarly, depth limits determined the settlement and species 

composition of different communities (Arango and Solano 1999). Factors like temperature, 

salinity, depth and pressure are easily understood because of the physiological constraints on 

species within ranges to complete certain enzymatic and osmotic functions (Snelgrove 1999).  

4.4.4 SCALE AND LOCATION NOMINAL EFFECTS 

 

The effectiveness of explaining variance in the abundance and diversity of the KZN Bight 

midshelf macrobenthic community changed with scale of measurement and location. Variation 

was more effectively explained when larger scales were considered. Studies show that 

macrobenthic community diversities vary over varying spatial scales because of physical 

environmental covariates acting over various spatial and temporal scales (Williams et al. 2010). 

Van Hoey et al. (2004) found a strong correlation between the physical environmental 

characteristics of the Belgian continental shelf, such as sediment mud and median grain size, 

and concluded that it was these small scale factors that explained the largest proportion of 

variation seen in the macrobenthic communities and that on the large scale, communities were 

determine largely by currents. 

 

Regional-scale diversity gradients are governed by regional ecological processes governing 

rates of local processes, and these regional processes are determined by global oceanographic 

and climatic processes (Levin et al. 2001). Regional environmental phenomena create gradients 

of ecological opportunity on local scales that affect population dynamics on a small scale and 
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thus community diversity (Levin et al. 2001, Sivadas et al. 2013). Local and regional processes 

work together to maintain species coexistence in a community (Witman et al. 2004). The 

composition of local coexisting species is regulated by the regional processes, such as larval 

dispersal, meta population dynamics, landscape ecology and evolution of the species pool 

interacting with smaller scale biological and non-biological processes (Witman et al. 2004). The 

question is can local diversity be explained by local processes alone without considering the 

impact of a matrix of other processes on larger scales? (Ricklefs 1987, Witman et al. 2004).  

 

Environmental variables will have different importance depending on scale and location as well 

as the entities studied. Although temperature, fine sand and very fine sand content were shown 

to contribute individually to community dynamics, it was the combined direct and indirect 

influences they had on salinity and the available organic content that played an important role. 

Temperature and salinity may have more influence on a large scale than currents for example, 

that influence these physical attributes, that also occur on a large scale (Ysebaert and Herman 

2002, Williams et al. 2010, Dutertre et al. 2013) 

 

Combinations of environmental variables best explaining community abundance and diversity 

changed more significantly from one location to the next than one scale to another. As larger 

scales were considered, the explained proportion of community diversity and abundance 

decreased, but variability in locations was increasingly explained. Thus there is a trade-off 

between variability explained on small scale and on large scale or from one location to the next. 

Overall the South Bight communities were less efficiently explained than those of the North 

Bight. Thus the localised importance of measured environmental parameters could have been 

the result of the differential dependence/adaptability of local communities on differentially 

important environmental parameters at different locations. Species and individuals respond 

individually to variability, and these responses are different for different scales and from one 

location to the next, and no description of the environment makes sense unless a variety of 

scales are considered and those scales are relevant for the individuals and processes being 

examined (Levin 1992). Depending on the units that are studied, some species may only have 

evolutionary responses to a narrow and/or broad range of environmental influences and 

evolutionary forces may also act on different scales (Levin 1992). 
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4.4.5 INTERACTION OF VARIABLE COMBINATIONS AND EFFECTS ON ALPHA AND 

BETA DIVERSITY GRADIENTS ON THE KZN BIGHT 

 

Fernanda et al. (1999) also stated that many factors simultaneously affect species richness and 

distribution, reflecting environmental complexity, as the marine environment consists of many 

integrated gradients (Seiderer and Newell 1999). Combinations of other external or internal 

pressures most certainly played more important roles in the KZN Bight. It has not been possible 

to single out mechanisms responsible for the influence of productivity on diversity (Waide et al. 

1999, Levin et al. 2001). The way in which temperature, salinity, organic matter and sediments 

determine diversity depends on the aspect of the community being measured (Jayaraj et al. 

2007). Different groups react to different environmental factors differently (Levin et al. 2001). 

 

Life in the ocean is to a varying and large extents dependent on the complex benthic-pelagic 

coupling process (Graf 1992, Gooday 2002). Levin et al. (2001) concluded, in a study on the 

environmental influences on regional species diversity, that diversity was related to 

environmental gradients and habitat shifts that are brought on by multiple forces that are very 

interdependent. On large scales species diversity is determined by a combination of sediment 

characteristics, nutrient input, productivity, oxygen concentrations, and hydrology, while 

processes such as disturbance and facilitation acts as mediating factors between environmental 

forcing and diversity (Levin et al. 2001). In many previous studies, sedimentation, determines 

grain size, organic matter content and carbonate content; which in turn are determined by a 

wider set of environmental conditions from prevailing local and regional hydrographical 

influences, like bottom currents (Sternberg 1984, Chavez and Brusca 1991, Snelgrove and 

Butman 1994, Zalmon et al. 2013). Sedimentation rate, re-suspension and distribution within 

shallow regions; have been found to be highly influential in determining benthic communities 

composition and distributional characteristics (Sternberg 1984, Chavez and Brusca 1991, 

Snelgrove and Butman 1994, Zalmon et al. 2013). 

 

The difference in environmental variables that play important roles in determining alpha and 

beta macrobenthic community diversity on the KZN Bight midshelf was as Leduc et al. (2012), 

found, that because alpha and beta diversity measure different things, they are influenced by 

different environmental factors. Leduc et al. (2012) concluded that there is a unimodal 

relationship between nutrient supply and alpha diversity in contrast to the relationship with beta 

diversity found on the New Zealand continental slope.  
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The environmental variables identified on the Bight as the most important influencing the 

distribution and overall composition and diversity of the macrobenthic community, highlight the 

presence of a community that was highly dependent upon available food resources (Dauvin et 

al. 1994, Ayers and Scharler 2011, De Lecea et al. 2013). This was because these variables 

work in concert providing and determining variation in food availability and type (Weston 

1988). Of the macrobenthic communities from oligotrophic seas of Crete, Tselepides et al. 

(2000) concluded that except for depth, the correlation between the macrobenthic fauna and 

sediment parameters, suggested that food availability was the main regulatory factor in such a 

system. On the continental shelf off Cape Hatteras, North Carolina, it was concluded that the 

environmental factors best controlling the macrobenthic community structure were those that 

inferred an area-related control on the type and amount of food resources (Weston 1988). These 

included sorting, that indicates sediment mobility, very fine sand and proportion silt/clay 

(Weston 1988). 

 

Pearson and Rosenberg (1978) and Wieking and Kroncke (2005) indicated that infaunal 

communities are distributed and structured according to gradients of resource availability, for 

example the food particle distribution determined by current distribution and re-suspension of 

sediments, that are in turn modified by interactions with other environmental factors, like 

sediment stability, hardness, temperature, oxygen, and salinity (Warwick and Clarke 1993, 

Guzman-Alvis et al. 2006). Not forgetting other factors like predation and other biological 

interactions that also influence community structuring (Pearson and Rosenberg 1978, 

Karakassis and Eleftheriou 1997, Guzman-Alvis et al. 2006). 

 

Gray et al. (1997) said that species richness on large scale using small scale ecological known 

determinants of diversity was untestable, as factors responsible for creating assemblages of 

species were different from those maintaining diversity and thus many combinations of 

variables needs to be considered relative to questions asked. Cosson et al. (1997) explained the 

patchy aggregated distribution of deep sea macrobenthic communities and the heterogeneity of 

the habitat is the result of a combination of physical and biological interactions that work on 

different scales. Cole and McQuaid (2010) found that, regional biogeography factors such as 

temperature and salinity, and upwelling, differentially were important influences in determining 

Mussels abundance and their associated fauna abundance and diversity.  
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4.5. CONCLUSION 

 

The KZN Bight midshelf macrobenthic community was a diverse community adapted to the 

physical and chemical changes brought on by the Thukela River and the Agulhas Current. 

Oceanographic features divided and created different habitats along the KZN Bight, which were 

characterised by environmental processes that are differentially important for community 

dynamics in different locations along the Bight, contributing to the highly dissimilar and diverse 

habitats and macrobenthic diversity. Some measured environmental variables weakly explained 

variability in alpha (temperature, salinity, fine sand and very fine sand) and beta diversity 

(depth). Because of the oligotrophic nature of the waters; food type, distribution and availability 

was inferred to indirectly be the main drivers that maintains the macrobenthic community 

patterns and diversities. According to results from Ayers and Scharler (2011) and De Lecea et 

al. (2013), the KZN Bight was indeed largely detritus driven, while phytodetritus potentially 

had a role; possibly especially in the North Bight region; even though low levels of primary 

production has been found. In spite of the above, the measured environmental variables did not 

explain most of the community variability observed and thus other important unmeasured 

environmental, abiotic and biotic variables are responsible for the observed and unobserved 

macrobenthic community diversity patterns of the KZN Bight midshelf. This was also 

highlighted by the fact that none could effectively explain overall diversity and variability in 

abundance at any specific spatial scale measured as well as at most of the locations. Also 

depending on the question being asked, the units and variables measured; the relative 

importance of environmental variables differs. 

 

This present study forms a valuable baseline study on which should be built on in future, 

although there is still much variability that we did not include, that remains unexplained and 

unaccounted for, thus taking a structured step by step approach in the study of ecosystems like 

the KZN Bight is important for a complete overall idea of the inner ecosystem workings. 
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CHAPTER 5 

 

A COMPARISON OF MACROBENTHIC COMMUNITY 

TAXONOMIC DISTINCTNESS AND SPECIES RICHNESS 

GRADIENTS ALONG THE KZN BIGHT MIDSHELF 

 

5.1 INTRODUCTION 

 

Biodiversity changes found along environmental gradients have been described in many marine 

ecosystem studies (Zintzen et al. 2011, Sivadas et al. 2013). Patterns of diversity found along 

gradients depend on the aspect of diversity measured (Clarke and Lidgard 2000, Shin and 

Ellingsen 2004). Many studies have focused mainly on the use of commonly used species 

richness and other alpha diversity heterogeneity indices and have mainly been concerned with 

species identity and relative abundances; to assess community changes driven by environmental 

impact (Gray 2000, Arvanitidis et al. 2002). According to the number of species found within 

an area, the number of individuals, habitats and or biogeographic provinces per unit area present 

can be predicted (Rosenzweig 1995, Gray et al. 1997). However, criticisms are that commonly 

used diversity indices (e.g. Shannon-Wiener, Species richness indices) are insensitive to 

detecting community change compared to multivariate statistics (Gray 2000).  

 

Species richness only measures the numbers of different units within a habitat, while indices 

that add additional information on species relatedness and functional position can add value for 

instance in conservation planning (Heino et al. 2005). Biodiversity measures need to incorporate 

the total of taxonomic or numerical, ecological, genetic, historical and phylogenetic diversity, 

and a measure of ‘taxonomic distinctness’ as a diversity index incorporating more of these 

attributes than commonly used species richness measures, has greater relevance (Van der Spoel 

1994, Warwick and Clarke 1995, Clarke and Warwick 1999). Simply, average taxonomic 

distinctness is the mean number of steps along a hierarchy that must be taken to reach a 

taxonomic rank common to two species, using combinations of all possible pairs (Clarke and 

Warwick 1994, 1998, 1999, Mouillot et al. 2005). No real generalisation in patterns of 

biodiversity and processes influencing biodiversity has been made (Harrison et al. 1992). It has 

been highlighted that beta diversity is important to understand the extent to which habitats have 

been partitioned by species and, combined, beta and alpha diversity contribute to understanding 



 Chapter 5: Taxonomic Distinctness and Alpha diversity 

110 

 

habitat diversity and an entire region’s biotic heterogeneity (Wilson and Shmida 1984, Izsak 

and Price 2001). Macarthur (1967) recognised that alpha and beta diversity results together 

indicated species habitat and niche diversification, which are biologically more interesting than 

just species richness or heterogeneity diversity results alone (Gray 2000).  

 

In comparison with alpha diversity, beta diversity has been applied much less especially in the 

marine context (Gaston and Williams 1996, Gray 2000, Merckx et al. 2009, Bevilacqua et al. 

2012, Leduc et al. 2012). The continental shelf consists of habitats influenced by benthic and 

pelagic processes simultaneously (Karakassis and Eleftherious 1997) and benthic habitats area 

function of the integration of environmental conditions and the processes occurring in the water 

column above (Cusson et al. 2007). The important role beta diversity can play in understanding 

population connectivity, resilience, and conservation planning has been recognised (Thrush et 

al. 2009, Thrush et al. 2010). The consideration of a sites relative taxonomic diversity to the 

expected regional taxonomic diversity is useful for determining the environmental state and 

state of degradation (Warwick and Clarke 1998, Heino et al. 2005). Taxonomic distinctness as a 

measure of beta diversity can generally be seen as the mean taxonomic relatedness between 

species in a community (Heino et al. 2005).  

 

Taxonomic distinctness is more ecologically relevant than alpha diversity measures of species 

richness, since it is related to changes in functional diversity (Warwick and Clarke 1998). 

Conventional diversity indices use only the relative abundance of species present and do not 

describe the taxonomic relatedness within communities. Thus communities with the same 

species richness could be completely different in terms of relatedness (Warwick and Clarke 

1995, Rogers et al. 1999). Taxonomic distinctness indices are beneficial as they are robust, 

independent of sampling size and effort, and not significantly affected by habitats (Warwick and 

Clarke 1995, Rogers et al. 1999, Heino et al. 2005). A further index based on this is the 

variation in taxonomic distinctness, which represents the complexity of the hierarchy by the 

variance of the pairwise path lengths (Mouillot et al. 2005). 

 

Knowledge of the mechanisms of environmental drivers of beta diversity has been limited 

primarily to that gained from terrestrial and freshwater studies (Rex and Etter 2010). The 

relationship between taxonomic distinctness and environmental variables such as depth and 

sediment characteristics have rarely been tested (Ellingsen et al. 2005) and even less frequently 

in the marine environment. Alpha or beta biodiversity dynamics are linked to environmental 

surroundings and the types and strength of pressures exerted on species adaptation and 
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evolutionary rates (Kiessling and Aberhan 2007). A combination of processes can play a role in 

facilitating biodiversity. Some include habitat heterogeneity (Levin et al. 2010), and stable or 

unstable habitats that “produce” more specialized fauna that don’t need to compete for resources 

(Gray 1997a). A clear example of biogeographical differences related to alpha or beta diversity 

measures comes from the avian world. Avian alpha diversity in tropical and temperate regions 

was not different, but beta diversity was much higher in the tropics, because beta diversity 

highlighted that evolution in the tropical regions tended to increase habitat diversification and 

niche specialisation and utility (Macarthur 1967).  

 

Taking into consideration this relativity underused method of determining beta diversity, the 

aim of this chapter was to determine the taxonomic diversity index values for stations along the 

KZN Bight, in order to determine if there were any differences between stations and larger 

regions (North and South Bight); and if, through a comparison of alpha (observed number of 

species) and taxonomic relatedness (taxonomic distinctness (∆*), average taxonomic 

distinctness (∆
+
) and variation in taxonomic distinctness (Λ

+
)) as an alternative/supplementary 

measure of beta diversity, support and confirmation could be gained for the general alpha and 

Whittaker’s beta diversity patterns results found in chapter 3. Further aims included to 

determine which stations differed from expected values of taxonomic diversity; as well as 

determining the environmental variables that explained the observed taxonomic diversity in the 

different regions of the Bight and if these could have been related to results of the alpha and 

beta diversity and environmental variables in chapter 3 and 4 respectively.  

 

Here one hypothesis is expanded from Chapter 3 which focused on Whittaker’s beta diversity, 

in that it was postulated that the taxonomic diversity along the KZN Bight midshelf was not 

equally distributed. In particular, the taxonomic distinctness in the North section of the Bight 

(stations F to I) would show higher diversity than the South section (stations A to E). 

 

The second hypothesis was that these taxonomic distinctness patterns were been related to 

environmental variables different from those determining alpha diversity and in particular that 

the taxonomic diversity of the North and South section of the Bight was explained by different 

sets of measured environmental variables than those that described alpha diversity.  
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5.2 METHODS AND MATERIALS 

 

Whittaker’s beta diversity is a measure of the variation of species identities from one location to 

the next and thus the compositional change of a community over a landscape and environmental 

gradients (Whittaker 1960). Whittaker’s beta diversity is divided into turnover diversity 

(between two communities) and variation diversity (within communities) (Bevilacqua et al. 

2012). Taxonomic diversity indices such as taxonomic distinctness (∆*), average taxonomic 

distinctness (Delta+ or ∆
+
) and variation in taxonomic distinctness (Lambda+ or Λ

+
) index 

values were measured using the PRIMER v6 package, to determine the taxonomic relatedness 

of macrobenthic communities as an supporting measure of beta diversity within the entire study 

area, within stations, as well as within the North (stations F to I) and South (stations A to E) 

sections of the KZN Bight midshelf (refer to Chapter 2, Figure 2.1 and 2.2 and indices 

definitions in Section 5.1). The combination of ∆
+
 and Ʌ

+
 is thought to be a robust statistical 

summary of a community’s taxonomic relatedness and will thus be the two taxonomic 

distinctness indices focused on (Clarke and Warwick 2001).  

 

Taxonomic levels used included Species, Genus, Family, Order, Class and phylum and weights 

of these taxonomic levels were determined and standardized by taxonomic richness so that the 

distinctness of two species connected at the highest taxonomic level was equal to 100, based on 

the master species richness list for the KZN Bight midshelf (Clarke and Warwick 1999). 

Taxonomic diversity indices were tested for normality using the Shapiro-Wilk test of normality 

and the relationships between average taxonomic distinctness, variation in taxonomic 

distinctness and species richness were determined by using a Spearman rank correlation (ρ). 

Average taxonomic distinctness and variation in taxonomic distinctness are independent from 

each other and each can provide important different information concerning community 

diversity and the factors that influence it (Arvanitidis et al. 2002).  

 

One possible problem with measures using taxonomic path lengths is that different phyla groups 

have received different degrees of attention and thus taxonomy is not always complete and 

consistent (Ellingsen et al. 2005). However this does not pose a problem for average taxonomic 

distinctness, as it is always relative as long as it has been treated consistently (Clarke and 

Warwick 1994,1999). Also, assuming species misidentification is random across the species 

pool, this problem is considered irrelevant to the calculation of average taxonomic distinctness 

and is a thus further motivation for using this robust measure of beta diversity (Clarke and 

Warwick 1998). 
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Taxonomic diversity was compared with alpha diversity observed number of species results 

from the South and North Bight, found in chapter 3. To determine any differences between 

taxonomic distinctness and species richness values, a One-way ANOVA (alpha = 0.05) was 

performed using Tukey pairwise comparisons test between stations and a two-sample t-test 

(alpha = 0.05) was done on index values and observed number of species between the South and 

North Bight sections.  

 

To determine if communities along the Bight were significantly different from the expected 

taxonomic distinctness found in the KZN Bight midshelf, funnel and ellipse graphs (average 

taxonomic distinctness and variation in taxonomic distinctness pairs) were produced based on 

summed macrobenthic abundances (m
-2

) per station, with 1000 maximum numbers of randomly 

chosen Species/phyla selections (sublists) for each M value (number of phyla) drawn from the 

master list of 1177 species when calculating statistics. This indicated the expected average 

taxonomic distinctness and variation in taxonomic distinctness at 95% confidence intervals, by 

superimposing the observed values relative to confidence intervals and expected values.  

 

Boxplots, column charts and line charts using averages, standard deviations and standard errors 

of the generated taxonomic diversity indices and observed species richness factored as ‘station’ 

and ‘section’(South and North) were used to explore data pertaining to the macrobenthos of the 

KZN Bight midshelf. 

 

A Bray-Curtis resemblance matrix (Clarke 1993) was created from untransformed taxonomic 

diversity index data for the entire Bight and the North and South Bight sections for use in the 

BIOENV analysis found in the PRIMER v6 software package. By using a Draftsman plot it was 

determined which environmental variables were collinear and these were removed before 

further analysis. By using the procedure BIOENV (see Chapter 4, Section 4.2), environmental 

variables were correlated with the taxonomic diversity of the entire KZN Bight midshelf and 

North and South sections separately, by using Euclidean distance on log (x+1) transformed 

normalized non-collinear environmental variables in a weighted Spearman rank correlation (ρ). 

These were compared to environmental variables (see Tables. 4.3–4.7) identified as important to 

alpha and Whittaker’s beta diversity from chapter 4. The strength and description of the 

relationship between important environmental variables and taxonomic diversity indices were 

ranked and used in polynomial quadratic, cubic and linear regressions analysis depending on 
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Table 5.1: Descriptive averages ± standard deviations of the macrobenthic communities 

taxonomic distinctness (Δ*), average taxonomic distinctness (Δ
+
), variation in taxonomic 

distinctness (Ʌ
+
) and observed number of species (S) of the KZN Bight midshelf. 

 

 

best fit. All analysis was done with the use of PRIMER-E version 6 (Clarke and Gorley 2006), 

Brodgar version 2.7.1, Sigmaplot 11.0, Excel 2010 and Minitab 16.  

 

5.3 RESULTS 

5.3.1 TAXONOMIC DISTINCTNESS ALONG SECTIONS OF THE KZN BIGHT 

 

The KZN Bight midshelf macrobenthic community had taxonomic distinctness (Δ*) value that 

averaged at 86.76  5.02 (Table. 5.1). An average taxonomic distinctness (Δ
+
) of 85.10  4.67 

was found, with the variation in taxonomic distinctness (Ʌ
+
) of447.27  126.26 (Table. 5.1). 

Taxonomic distinctness and average taxonomic distinctness averages were much higher than the 

diversity measured by species richness alone for the entire KZN Bight midshelf (S 51.46  

31.05). 

 

 

 

 

 

 

 

 

 

 

 

In terms of taxonomic distinctness at the level of ‘station’, the mean values were highest for 

station I, followed by stations F and A. In terms of the average taxonomic distinctness, average 

values of the macrobenthic communities found in stations, station I had the highest value, 

followed by stations F and H, E and G. Mean values for the variation in taxonomic distinctness 

were highest in stations D and C. Mean species richness was highest in station C, B, E and A 

(Table. 5.2). 

 

Averages and standard deviation values for taxonomic distinctness and average taxonomic 

distinctness was higher within the North section of the KZN Bight midshelf than the South 

section, while for the mean and standard deviation values of variation in taxonomic distinctness 

and species richness, the highest values were found within the South section of the KZN Bight 

(Table. 5.3).  
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Table 5.4: Results of One-way ANOVA testing for significant differences between macrobenthic 

taxonomic distinctness, average taxonomic distinctness and variation in taxonomic distinctness of 

station (A-I) along the KZN Bight midshelf. (95% CI, Alpha = 0.05). 

Table 5.3: Descriptive averages ± standard deviations of the macrobenthic communities taxonomic 

distinctness (Δ*), average taxonomic distinctness (Δ
+
), variation in taxonomic distinctness (Ʌ

+
), and 

observed number of species of the South and North section of the KZN Bight midshelf. (Refer to 

Chapter 2, Figure 2.2) 

Table 5.2: Descriptive averages ± standard deviations of the macrobenthic communities taxonomic 

distinctness (Δ*), average taxonomic distinctness (Δ
+
), variation in taxonomic distinctness (Ʌ

+
), and observed 

number of species (S) of stations along the KZN Bight midshelf. (For locations of stations refer to Chapter 2, 

Figure 2.1,) 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

One-way ANOVA with pairwise Tukey’s comparison tests indicates significant differences (< 

0.01) between stations values of taxonomic distinctness, average taxonomic distinctness and 

variation in taxonomic distinctness means (Tables. 5.4 and 5.5). (For significant differences 

between observed numbers of species (S) refer to Chapter 3).  
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Table 5.6: Two sample t-test results for significant differences in macrobenthic taxonomic distinctness, 

average taxonomic distinctness and variation in taxonomic distinctness between the South and North sections 

of the KZN Bight midshelf. (95% CI, Alpha = 0.05). 

 

Table 5.5: Results of One-way ANOVA and Tukey 95% simultaneous confidence interval results of stations 

that significantly differ from each other, according to their taxonomic distinctness, average taxonomic 

distinctness and variation in taxonomic distinctness values. (95% CI, Alpha = 0.05)  

 

Significant difference testing of taxonomic distinctness of stations with a pooled standard 

deviation of 4.230 indicates a significant difference between the means of stations B, D, E and 

G from station I (Table. 5.5). For average taxonomic distinctness of stations, with a pooled 

standard deviation of 4.009, the only significant difference was found between stations D and I 

(Table. 5.5).  

 

One-way ANOVA significance test with Tukey’s pairwise comparison test of variation in 

taxonomic distinctness with a pooled standard deviation of 110.2, indicates that station D was 

significantly different from station F and I (Table. 5.5). 

 

 

 

 

 

 

 

 

 

According to a two sample t-test there was a significant difference between the South and North 

means of taxonomic distinctness, average taxonomic distinctness and variation in taxonomic 

distinctness (Table. 5.6). These tests supported results displayed in Figures 5.4, 5.5, 5.6, 5.7 and 

5.8. 

 

 

 

 

 

 

 

 

 

 

Figure 5.1 displays the expected variation of overall average taxonomic distinctness around the 

mean, and if station values of distinctness indices fell within those limits. The expected average 
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Table 5.7: Taxonomic path weights determined by taxonomic richness from the master taxonomy list of 

the entire KZN Bight midshelf macrobenthos.  

Figure 5.1: The 95% probability funnel for the macrobenthic average taxonomic distinctness values of stations 

along the KZN Bight midshelf. Expected mean indicated by the straight line in the middle of the funnel. 

taxonomic distinctness of the KZN Bight midshelf was high, constant and the variation around 

it was generally very small, with the highest variation found at small numbers of species (Table. 

5.7, Fig. 5.1). The average taxonomic distinctness of macrobenthic communities from stations 

fell mostly within the expected range of average taxonomic distinctness found within the entire 

Bight studied. However station I average taxonomic distinctness was significantly higher, and 

stations A and C average taxonomic distinctness were significantly lower than the expected 

range. All other stations remained within the expected average taxonomic distinctness range 

found within the KZN Bight midshelf study area (Fig. 5.1).  
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Figure 5.2: The 95% probability funnel for the macrobenthic variation in taxonomic distinctness 

values for stations along the KZN Bight midshelf. Expected mean indicated by the straight line in the 

middle of the funnel. 

Figure 5.2 displays the expected variation of variation in taxonomic distinctness around the 

mean, and if station values fell within those limits. The expected theoretical mean of the 

variation in taxonomic distinctness was not constant as there was a steep decline with very small 

values of number of species (Fig. 5.2). The expected mean variation in taxonomic distinctness 

increased up to a certain level with the increase in the number of species present. Also, the 

variation around the mean was generally small especially at higher numbers of species. Again, 

stations I, A and C were significantly different from the expected range of variation in 

taxonomic distinctness found within the KZN Bight midshelf. In contrast to average taxonomic 

distinctness, station I was significantly lower and stations A and C were now significantly 

higher than the expected range (Fig. 5.2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Combined expected average taxonomic distinctness and variation in distinctness indicates that 

all stations fell well within these ranges, close to the theoretical mean and none were 

significantly separated from expected ranges of the entire KZN Bight population (Fig. 5.3).  
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Figure 5.3: The 95% probability ellipse scatter plot indicating the region of expected average 

taxonomic distinctness and variation in taxonomic distinctness pairs from random selections of  

(m = 1000) species from the master list of the entire KZN Bight and the observed average taxonomic 

distinctness combined with variation in taxonomic distinctness of stations along the KZN Bight 

midshelf. Average taxonomic distinctness (Delta+), Variation in taxonomic distinctness (Lambda+) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From Figure 5.4 (refer to Chapter 3, Section 3.3.4, Figures 3.5, 3.6 and 3.7), it is apparent that 

taxonomic distinctness (Δ*) and average taxonomic distinctness (Δ
+
) were significantly higher 

within the North section of the KZN Bight than in the South section. Taxonomic distinctness 

and average taxonomic distinctness had a larger standard deviation within the North Bight than 

in the South Bight sections.  
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Figure 5.5: Averages and standard deviations of the variation in macrobenthic taxonomic 

distinctness in the South and North sections of the KZN Bight midshelf (Ʌ
+
). 

Figure 5.4: Averages and standard deviations of the South and North KZN Bight midshelf 

sections macrobenthic taxonomic distinctness (Δ*) and average taxonomic distinctness (Δ
+
) 

indices.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The variation in taxonomic distinctness (Ʌ
+
) was significantly higher within the South Bight 

section (see Table. 5.6 and Fig. 5.5, also refer to Chapter 3, Section 3.3.4, Figures 3.5, 3.6 and 

3.7), however variability was comparable  
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Figure 5.6: Change in macrobenthic fauna taxonomic distinctness and species richness along the 

KZN Bight midshelf. Taxonomic Distinctness (Δ*) 

 

There existed significant correlations between average taxonomic distinctness and species 

richness (R -0.344, P < 0.05), between average taxonomic distinctness and variation in 

taxonomic distinctness (R -0.879, P < 0.0001) and between species richness and variation in 

taxonomic distinctness (R 0.330, P < 0.05), according to Spearman rank correlation testing (ρ). 

Where there was high species richness there were lower values of taxonomic distinctness and 

vice versa (Fig. 5.6, also refer to Chapter 3, Section 3.3.3 and 3.3.4, Figures 3.3, 3.5, 3.6 and 

3.7). These areas of high species richness and low taxonomic distinctness were approximately 

located from stations A to E. Species richness was low but taxonomic distinctness was high 

especially from station s F to I. At station A, taxonomic distinctness and species richness were 

comparable at ~88.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compared to taxonomic distinctness, average taxonomic distinctness along the KZN Bight 

midshelf study area, followed the same trend (Fig. 5.7, also refer to Chapter 3, Section 3.3.3 and 

3.3.4, Figures 3.3, 3.5, 3.6 and 3.7). In stations A and I average taxonomic distinctness and 

species richness were also comparable to the trend found in Figure 5.6. Average taxonomic 

distinctness was highest in station I. Generally there was a lower average taxonomic distinctness 

in areas (south of the Thukela) with higher species richness, and a higher average taxonomic 

distinctness than species richness in areas north of the Thukela river mouth.  
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Figure 5.7: Change in macrobenthic fauna average taxonomic distinctness and species richness along the 

KZN Bight midshelf. Average Taxonomic Distinctness (Δ
+
). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variation in taxonomic distinctness along the KZN Bight followed the same general pattern as 

that of species richness, decreasing from stations A to I (Fig. 5.8, also refer to Chapter 3, 

Section 3.3.3 and 3.3.4, Figures 3.3, 3.5, 3.6 and 3.7). Stations in the South region of the KZN 

Bight midshelf had a significantly (see Table. 5.6) higher variation in taxonomic distinctness 

than the stations located in the North section of the Bight. Variation in taxonomic distinctness in 

the South Bight was approximately comparable in trend with species richness until station D. 

Here variation in taxonomic distinctness was higher than the species richness. From station F to 

H variation in taxonomic distinctness was higher than species richness, with comparative values 

being found at stations E and I, but lower that that found within the South section of the KZN 

Bight midshelf. Thus in spite of the higher species richness found in the South Bight, the high 

level of variation in taxonomic distinctness in this region supports other results, that this region 

is less taxonomically diverse. The converse was true of the North Bight. Also, in support of 

previous results on beta diversity in Chapter 3, this section of the KZN Bight supported 

communities that were taxonomically more rich and unrelated to the South section of the Bight.  
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Figure 5.8: Change in macrobenthic fauna variation in taxonomic distinctness and species richness 

along the KZN Bight midshelf. Variation in Taxonomic Distinctness (Λ
+
) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3.2 TAXONOMIC DISTINCTNESS AND ENVIRONMENTAL PARAMETERS 

 

The KZN Bight midshelf macrobenthic community taxonomic distinctness indices were most 

significantly explained (Rho = 0.281, P < 0.05) by temperature [°C], salinity [PSU] and % 

coarse sediment content (Table. 5.8, also refer to Chapter 4, Section 4.3.2, Tables 4.3 and 4.5). 

These important environmental variables were similar to those that best explained patterns of 

abundance (m
-2

) namely temperature [°C], salinity [PSU], % organic matter, % fine sand and % 

very fine sand (see Chapter 4, Section 4.3.2). However % coarse sand was more important than 

fine sand in explaining beta diversity (taxonomic diversity) than for abundance (m
-2

) of the 

Bight. These sediment attributes are related to sediment skewness. Sediment skewness played 

the most important role in explaining alpha diversity of the KZN Bight midshelf macrobenthic 

communities (see Chapter 4, Section 4.3.2). Alpha diversity of the North section of the Bight 

was best explained by depth (m) differences, despite trying to account for this confounding 

effect by sampling along a relatively constant depth gradient. Depth (m) showed the highest 

correlation with Whittaker’s beta diversity (R -0.849, P < 0.01). Here taxonomic distinctness 

indices calculated from the North section of the Bight were best explained by % fine sediment 

content (Rho = 0.306, P < 0.05). Comparable to results of correlations with alpha diversity 

measurements (Chapter 4), no measured environmental variables could explain the patterns of 

taxonomic diversity found within the South Bight.  
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Table 5.8: BIOENV identified environmental variables correlated to taxonomic distinctness measures of 

the KZN Bight midshelf and sections thereof. 

 

 

 

 

 

 

 

 

 

 

 

 

The strength of the relationships between significant environmental variables and taxonomic 

diversity indices was confirmed by regression analysis of ranked values (Fig. 5.9). Even with 

regression models that best fit these relationships, the strength with which these environmental 

variables explained observed taxonomic diversity was low, though significant. Water 

temperature [°C] significantly explained 27% of the variation in taxonomic distinctness, 

generally having a positive relationship that is as temperature increased so too did taxonomic 

distinctness. The relationship taxonomic distinctness had with salinity was a little more complex 

and less linear. Salinity significantly explained 27% of variability in taxonomic distinctness. 

Percentage coarse sediment distribution best explained taxonomic distinctness of the Bight (R
2
 

0.342, F-value: 8.472, P < 0.001). Taxonomic distinctness generally followed a negative 

relationship with coarse sand as there was a decrease in taxonomic distinctness with an increase 

in the amount of coarse sand present.  
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c) 

a) b) 

Figure 5.9: Regressions of a ranked taxonomic distinctness index and ranked important environmental 

variables. a) Quadratic regression with temperature (R
2
 0.269, F-value: 9.206, P < 0.001), b) Quadratic 

regression with salinity (R
2
 0.272, F-value: 9.321, P < 0.001), c) Cubic regression with coarse sediment 

(R
2
 0.342, F-value: 8.472, P < 0.001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As for average taxonomic distinctness, salinity [PSU] (59%) followed by temperature [°C] 

(41%) significantly explained most of the variation found within the Bight (Fig. 5.10). Ranked 

average taxonomic distinctness seemed to have a simple linear positive relationship with ranked 

temperature [°C] (Fig. 5.10). Ranked average taxonomic distinctness had a combination of 

positive and negative relationships with changing salinity values, as there was an initial 

decrease in average taxonomic distinctness with the decrease in salinity followed by an increase 

with the further decrease in salinity levels (starting at approximately 35.446 PSU). Ranked 

percentage coarse sediment values explained 30% of variation found in the average taxonomic 

distinctness. Similar to the relationship seen with taxonomic distinctness, there was a general 

negative relationship of average taxonomic distinctness to the proportion of percentage coarse 

sand present, with a decrease in average taxonomic distinctness with the decrease in the amount 

of coarse sand, and then increasing as the amount of coarse sand decreased further.  
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c) 

a) b) 

Figure 5.10: Regressions of ranked average taxonomic distinctness index and ranked important 

environmental variables. a) Linear regression with temperature (R
2
 0.413, F-value: 34.529, P < 0.001), 

b) Quadratic regression with salinity (R
2
 0.589, F-value: 35.151, P < 0.001), c) Quadratic regression 

with coarse sediment (R
2
 0.299, F-value: 10.676, P < 0.001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In contrast to both taxonomic distinctness and average taxonomic distinctness, ranked variation 

in taxonomic distinctness followed opposite relationships to ranked important environmental 

variables found (Fig. 5.11). Here salinity explained most of the variation found (46%). Ranked 

variation in taxonomic distinctness followed a negative relationship with temperature [°C]. 

Variation in taxonomic distinctness initially increased with the decrease in salinity. The highest 

level of variation in taxonomic distinctness was found at a salinity of around 35.446 PSU. 

Variation in taxonomic distinctness generally had a positive relationship with the percentage 

coarse sand. Variation in taxonomic distinctness seemed to be constant at certain higher levels 

of coarse sand and decreased with further decreases in the percentage coarse sediment present.  
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c) 

a) b) 

Figure 5.11: Regressions of ranked variation in taxonomic distinctness index values and ranked 

important environmental variables. a) Quadratic regression with temperature (R
2
: 0.308, F-value: 

10.667, P < 0.001), b) Quadratic regression with salinity (R
2
: 0.461, F-value: 20.493, P < 0.001), c) 

Quadratic regression with coarse sediment (R
2
: 0.342, F-value: 13.230, P < 0.001).  

 

These results agree with the general environmental patterns found within the KZN Bight 

midshelf as areas of higher temperatures, fine sand with greater proportion coarse sediment, 

lower organic content, and lower salinity tended to have higher taxonomic distinctness, average 

taxonomic distinctness values and low variation in taxonomic distinctness values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regarding the findings that taxonomic distinctness and average taxonomic distinctness increase 

with the decreasing amount of coarse sand and that the variation in taxonomic distinctness 

increased with increasing amounts of coarse sand, the higher taxonomic diversity in the North 

Bight is best explained with the proportions of fine and coarse sand present (Fig. 5.12). Ranked 

taxonomic distinctness had inconstant and a varying relationship with ranked percentage fine 

sand values, in some instances increasing with the decrease in fine sand and in others decreasing 
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a) b) 

c) 

Figure 5.12: Regressions of ranked taxonomic distinctness indices with ranked important environmental 

variables found in the North Bight. a) Cubic regression of taxonomic distinctness with fine sediment (R
2
 

0.502, F-value: 6.059, P < 0.01), b) Quadratic regression of average taxonomic distinctness with fine 

sediment (R
2
 0.482, F-value: 8.825, P < 0.01), c) Cubic regression of variation in taxonomic distinctness (R

2
 

0.521, F-value: 6.8854, P < 0.01).  

with the decrease in fine sand. Ranked average taxonomic distinctness and variation in 

taxonomic distinctness shows approximately linear and constant relationships with ranked 

percentage fine sand content. Average taxonomic distinctness had a positive relationship with 

percentage fine sand, while variation in taxonomic distinctness had a negative relationship with 

fine sand.  
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5.4 DISCUSSION 

5.4.1 TAXONOMIC RELATEDNESS VS. SPECIES RICHNESS 

 

Shallow water habitats support rich and diverse communities (Clarke et al. 2004) and within 

these habitats, the relative role that local factors and regional diversity play vary greatly and this 

is why one may find considerable varying habitats and communities within the same geographic 

region (Kiflawi et al. 2003). Diversity values will depend on the element of diversity measured 

within different regions (Ellingsen and Gray 2002). As species richness and taxonomic 

distinctness are not related to the same environmental gradients, they describe diversity 

differently, as both are context-dependent as well (Heino et al. 2005). Along the KZN Bight, 

alpha diversity (as species richness) and beta diversity (as taxonomic distinctness (average and 

variation) and Whittaker’s diversity (βw)) followed opposite trends from south (from Durban) to 

north (to St. Lucia). These opposite and directional gradients results were not at all unique as 

many other studies have found similar patterns. Rogers et al. (1999), Ellingsen et al. (2005) 

suggested that it is not clear if all communities with a small number of species necessarily 

would have lower taxonomic distinctness values compared to communities with large numbers 

of species present, and this has apparently not been tested at a range of spatial scales. 

 

Some studies however did not find these relationships between alpha and beta diversity, 

highlighting the unknown complexity of important role players, differing from location to 

location and between different phyla. In Britain it was found that community turnover was a 

small component of the regional community patterns as it was predominated by a strong 

gradient in alpha diversity (Harrison et al. 1992). Rogers et al. (1999) on the other hand found 

that there could also be positive correlations between taxonomic distinctness and species 

richness, such as for bottom-dwelling fish communities from the North-east Atlantic. However 

these results seem to be related to the spatial scale used in the study, because at local scale the 

same trend was not followed (Rogers et al. 1999).  

 

The relationship between habitat heterogeneity and beta diversity is dependent on the spatial 

scale observed, and beta diversity seems to be higher at small spatial scales than at large scales 

(Izsak and Price 2001, Ellingsen 2002, Hewitt et al. 2005). For Ellingsen (2002), location rather 

than scale was the more important factor for the observation of beta diversity of macrobenthic 

fauna communities. In a study on the relationship between species richness and taxonomic 

distinctness of macrobenthic invertebrates from Finland’s freshwater streams and lakes, Heino 

et al. (2005) found that there was much variation in the relationship between these diversity 
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measures, which at times ranged from significantly negative, positive or non-significant 

relationships. The increase of species richness with the decrease in average taxonomic 

distinctness is usually a scenario associated with the increase in highly related species and not 

species from highly different taxonomic levels (Heino et al. 2005).  

 

According to Heino et al. (2005) a positive relationship between average taxonomic distinctness 

and species richness could also be associated with high ecological and habitat heterogeneity as 

this promotes taxonomic diversity as fauna were adapted to different conditions and thus species 

richness would increase, however with a negative relationship between these indices, habitat 

heterogeneity also can play a significant role, as species richness increases as a result of largely 

similar congeneric species either adapting to slightly different niches or avoid direct competition 

in heterogeneous conditions (Heino et al. 2005). On the other hand, within the North Bight 

region, higher taxonomic diversity could have been promoted because of the relatively lower 

amount, higher quality, and different type of, sporadic nutrient supply, and greater habitat 

heterogeneity compared to the South Bight.  

 

As was found in Thayer (1986), and Kiessling and Aberhan (2007), Brachiopods that generally 

had a higher rate of speciation than Bivalves were commonly located within nutrient-deficient, 

low-turbidity, carbonate environments, as they are more resistant to starvation. Also, Hoffmann 

and Hercus (2000) and Nevo (2001) found that stressed environments with small temporal scale 

environmental disturbances and heterogeneity support greater speciation rates by creating and 

maintaining genetic diversity variability while also decreasing gene flow. Within environments 

that have many fluctuations, species richness tends to be lower as fewer species are adapted to 

these conditions especially over a short evolutionary time (Gray 2002). As communities from 

disturbed and undisturbed regions could have the same species diversity and yet different 

taxonomic distinctness values, it is speculated that any biome may have consistent genetic 

complements while there are differences in the division of species among hierarchical 

taxonomic units, that are related to the age of succession (Warwick and Clarke 1995). So the 

answer remains unclear if there was a difference between the environmental stability between 

the South and North KZN Bight regions and if this played an important role in the taxonomic 

distinctness and alpha diversity values observed.  

 

However our study result could not exactly fall within any one of the categories described by 

Warwick and Clarke (1995). In future, it is important to determine the types (anthropogenic or 

natural) and strengths of disturbance found within the South and North KZN Bight midshelf. 
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Could it possibly happen that a more stable environment would have more related phyla with 

highly diversified species and in more unstable environments more unrelated phyla with fewer 

diversified species? 

  

Beta diversity index values are strongly influenced by the relative values of common and rare 

species present, and were found to be higher in areas with more rare species that have restricted 

ranges (Clarke and Lidgard 2000, Ellingsen 2001, Munari and Mistri 2008). Hong Kong waters 

had high beta diversity in contrast to the low alpha diversity of macrobenthic fauna observed 

(Shin and Ellingsen 2004). Also here, the high proportion of rare species found with limited 

distribution had contributed to the high beta diversity and low local alpha diversity (Shin and 

Ellingsen 2004). This may have also played a role in the differences observed between the 

South and North Bight.  

 

According to Shmida and Wilson (1985) beta diversity has two components namely habitat 

differentiation and ecological equivalency. These are related to the variety within habitats and 

species that are similar enough to functionally replace each other within the specific habitat 

(Shmida and Wilson 1985). The diversity of a macrobenthic community at any scale is 

maintained by the diversity at a lower level determined by habitat heterogeneity and niche 

differences (Loreau 2000). Beta diversity reflects different habitats found and the degree to 

which the species utilise it (Wilson and Shmida 1984). The trend in taxonomic distinctness 

could be related to a positive correlation with trophic diversity, independent of species richness 

of the area, as Warwick and Clarke (1998) found in their study on marine Nematodes, where a 

reduction in trophic diversity led to a reduction in taxonomic distinctness and not necessarily 

species richness. Thus in the North section of the KZN Bight with a higher average taxonomic 

distinctness a more diverse trophic structure could in theory be found and this indicates a highly 

variable specialised community adapted to a variety of niches and conditions. This can support 

the notion that there was a higher taxonomic distinctness within the North area of the KZN 

Bight as there was more variable environmental factors present, contributing to more specialised 

species and resilient communities, within this section of the Bight.  

 

If taxonomic diversity equals ecological diversity, supporting more non-related species through 

for example mutualistic relationships, then the relative macrobenthic taxonomic range and 

specialisation may be important in maintaining the stability of the ecosystem during natural or 

anthropogenic disturbances (Tilman 1996, Rogers et al. 1999). Warwick and Clarke (1998) 

postulated that taxonomic distinctness and taxonomic composition reflect the pressures imposed 
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by ecological and evolutionary mechanisms and thus a limited amount of species would be 

capable of tolerating a physiologically stressful environment. 

 

Generally habitat type seemed to be the major role player in the establishment of taxonomic 

distinctness and trophic group diversity (Ellingsen et al. 2005). Ellingsen and Gray (2002), 

Munari and Mistri (2008), found that on the Norwegian continental shelf habitat heterogeneity 

was a more prominent driver in macrobenthic fauna beta diversity than distance between sites. It 

was argued that with distance, there was an increase in habitat dissimilarity, and beta diversity is 

expected to increase with increasing habitat heterogeneity, while this was not necessarily the 

case with alpha diversity (Harrison et al 1992, Ellingsen and Gray 2002). Ellingsen and Gray 

(2002) speculated that the mean alpha diversity could be similar in heterogeneous and 

homogenous environments. Diversity can have a large rate of species turnover even within 

apparent homogenous habitats (Ellingsen 2001, Levin et al. 2010). According to Clarke and 

Lidgard (2000), the similar alpha diversity of Bryozoan fauna across all latitudes in the North 

Atlantic and the contrasting increase of beta diversity towards the lower latitudes was an 

indication of greater habitat heterogeneity contributing to greater beta diversity and greater 

habitat heterogeneity found in the warmer water environments.  

 

Communities with high beta diversity have species with narrow and not highly overlapping 

niche tolerance for immediate factors such as temperature, rainfall, salinity and the associated 

large scale habitat changes (Harrison et al. 1992). The relative relatedness of habitat 

heterogeneity to diversity could be very context determined; as it depends on what part of the 

environment diversity is measured against. According to Heino et al. (2005), because of the 

great varieties of possible environmental variables that are important in determining biodiversity 

patterns, and the different relationship of these biodiversity patterns with environmental 

gradients, it is important to consider that communities will consist of fauna well adapted to that 

specific environment, such as was found in the lakes and streams in Finland. Contingency and 

context dependence hinders the generation and understanding of generalised and set patterns in 

biodiversity (Heino et al. 2005).  

 

Much shell debris was found along the North part of the KZN Bight. Hewitt et al. (2005) 

highlighted the importance of especially small scale habitat heterogeneity in maintaining and 

creating a fruitful habitat for high species alpha and beta diversity. It is emphasised that 

temporary or persistent biogenic features, such as shell patches, even though small in scale, can 

contribute and drive an appreciable amount to the structural, functional and biological 
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heterogeneity (turnover rate) within the shelf environment (Hewitt et al. 2005). The influence of 

these biogenic shell patches depended on the patch size, density and debris particle size (Hewitt 

et al. 2005).  

 

5.4.2 ENVIRONMENTAL INFLUENCES 

 

As depth was the only significant environmental variable negatively correlated with the KZN 

Bight Whittaker’s beta diversity and also explained most variability in alpha diversity in the 

North, depth associated variables like high temperature and lower salinity seemed to favour 

higher Whittaker’s beta diversity and taxonomic distinctness. While coarse sand was one of the 

variables best explaining the overall macrobenthic taxonomic distinctness, and fine sand best 

explained taxonomic distinctness in the North Bight section, it could be inferred that coarse 

sand actually affected taxonomic distinctness negatively, but the association with small amounts 

of fine sand increased taxonomic distinctness. The absence of an excessively large amount of 

fine sand could have promoted taxonomic distinctness in the North Bight. Thus different 

macrobenthic assemblages were found within the South and North KZN Bight midshelf 

sections, and these assemblages differed in taxonomic distinctness because of internal 

taxonomic hierarchy and different responses to the environment between phyla.  

  

The correlation between the macrobenthic community structure and the physical environmental 

variables was weak. Cusson et al. (2007) attributes this to community structure being better 

influence by the complex interaction between these abiotic variables and the macrobenthic 

communities. According to Leduc et. al. (2012), it is a combination of different environmental 

factors such as organic matter, terrestrial detritus, currents, temperature, oxygen concentrations 

and macro-habitat heterogeneity that determine beta diversity of a community within habitats. 

According to Gray (2002), evidence suggested that temperature, sediment grain size and 

production were the main determinants responsible for species turnover over local and regional 

scales. The patterns of species richness and taxonomic relatedness measures found along the 

midshelf of the KZN Bight were thought to be the result of two different ecological systems 

functioning in the South and North half of the Bight. This could have been due to potentially 

different nutrient regimes found in the two sections (see also Ayers and Scharler 2011, De 

Lecea et al. 2013). Low available food resources support smaller populations and according to 

Levin et al. (2001), larger food resource supply would support larger communities, however 

species richness and/or taxonomic diversity would fall (Gray 2002). This is because of a greater 

increase in competition for available resources or because of a more homogenous habitat (Gray 
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2002). Thus communities could be dominated by a few species or phyla (Gray 2002), such as 

was speculated to be the situation in the South Bight and the opposite in the North Bight 

section. Bremner et al. (2006) concluded that dominating functional traits in macrobenthic 

assemblages were associated with the complexities and changes in physic-chemical factors such 

as temperature, salinity and shell content, biotic factors such as fish species richness, and 

anthropogenic factors such as fishing effort, within the Irish Sea and the eastern Channel 

regions. Diversity of macrobenthic fauna communities depends on a combination of local and 

regional abiotic habitat heterogeneity, biological interactions and demographic uncertainties 

(Munari and Mistri 2008).  

 

In line with this it was found that in the entire macrobenthic community sampled from the 

Norwegian shelf overall taxonomic distinctness of the macrobenthic community, also had a 

negative relationship with depth (Ellingsen et al. 2005), similar to our results found for 

Whittaker’s beta diversity overall. Because phyla are differently influenced, Polychaetes and 

Crustacean groups alpha diversity and beta diversity on the Norwegian continental shelf had a 

positive relationship with depth, and depth also explained the highest amount of variance for 

these groups, while latitude explained the highest amount of variance in the entire macrobenthic 

community taxonomic distinctness (Ellingsen et al. 2005).  

 

Also in our study, factors associated with depth and location, like temperature, salinity and 

coarse sand best explained beta diversity and taxonomic distinctness of the entire macrobenthic 

community. The environmental factors most significantly explaining our KZN Bight midshelf 

macrobenthic community best were variables associated with the change in depth and thus 

correlated with results previously mentioned. According to Gray et al. (1997), macro-

invertebrate and fish communities species richness increase with moderate increases in 

moderate depth, and thereafter decrease again with further increases in depth. This was seen in 

our study as species richness increased with increasing depth in the South region. Sanders 

(1968) found that in tropical regions, shallow areas had the highest species diversity; however 

Grassle and Maciolek (1992) found results that indicated that in shallow regions outside the 

tropics marine communities tended to have a much lower species richness compared to deeper 

regions. The number of species found per unit area in the deep seas has been found to be higher 

than in shallow regions (Gray 2002).  

 

The Norwegian shelf total community variability was best explained by latitude, however this 

has been shown not to be latitude directly but also environmental variables that change with 
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latitude like temperature, salinity, organic matter and so forth (Rohde 1992, Ellingsen et al. 

2005). Heip et al. (1992) also found that longitude and depth had an effect on diversity on the 

North Sea macrofauna. In the KZN Bight, salinity was marginally higher in the South than in 

the North. This could have been the contribution of the close inshore north flowing current 

reversals. Thus possibly in the North Bight, sudden and periodic increase in low salinity could 

be responsible for decreased species richness as not many species are adapted to sudden changes 

in environments (Gray 2002, Warwick et al. 2002, Munari and Mistri 2008).  

 

The relationship between sediment physical and chemical characteristics and their gradual 

change in space and time, and macrobenthic species composition, is well known for shallow 

habitats (Fonseca and Soltwedel 2009, Vanaverbeke et al. 2011, Leduc et al 2012). Sediment 

grain size at the Bay of Biscay decrease from the coast towards the slope of the continental 

shelf, thus from shallow to deep (Louzao et al. 2010). On the slope of the continental shelf of 

Spain, Louzao et al. (2010) found that this area represented unique key habitats , where reef-

forming phyla were found maintaining a high level of diversity. This could have been possible 

in the North section of the KZN Bight as evidence of reef building fauna (Cnidaria and 

Polychaetes: Serpulidae) was found. Although sediment characteristics, as well as water mass 

characteristics, strength of pelagic-benthic coupling, and organic content, are important and 

significantly correlated to community composition, it is a fact that sediment characteristics are 

proxies for the underlying physical forces driving sediment and fauna characteristics, such as 

physical dynamics of currents, sources of disturbance, and the delivery of food (Thistle 1981, 

Snelgrove and Butman 1994, Grebmeier et al. 2006).  

 

Chandrasekar et al. (2012) found that benthic macrofauna diversity was highly inter-correlated 

with coarse sand and this was also correlated with the supply of organic matter as a source for 

the food webs found along the Indian coast between Poompukar and Nagoor. In essence 

sediment conditions providing optimal niche heterogeneity and amounts and types of nutrients 

played a significant role in determining alpha and beta diversity along the Bight. Many other 

paleo studies have found a strong link between macrobenthic biodiversity and lithological 

(substrate) affinities (Miller and Connolly 2001, Foote 2006). According to Parry et al. (1999), 

which did a study on macrobenthic assemblages in and around Plymouth Sound, the type of 

species present and turnover in composition will change according to sediment granulometry, 

however these patterns may not have been caused by sediment granulometry directly but by 

factors associated with the granulometry, such as long term hydrography effects, short term 

disturbances, suspension, and organic flux variability (Buller and McManus 1979, Snelgrove 
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and Butman 1994). Therefore a measure of sorting variability as a measure of habitat 

heterogeneity, rather than just coarseness or fineness, may be a better measure to use when 

trying to link the environment to the macrobenthic community biodiversity (Parry et al. 1999). 

Gray (1981) said that wave action and current velocity are the two most important factors 

determining grain size distribution and sorting of sediment. In the subtropical Hong Kong water, 

Shin and Ellingsen (2004) found that the environmental variables best explaining beta diversity 

were, among others, depth, longitude and median grain size. It was speculated that other factors, 

in a biological or non-biological form, to have contributed to the level of beta diversity found 

(Shin and Ellingsen 2004).  

 

According to Jayaraj et al. (2007), and Long and Lewis (1987), increased richness and alpha 

diversity of macrobenthic communities were attributed to the increased proportion of coarse 

sediment (and sand), even independent of bathymetry, and the increase in temperature. Coarse 

sediment has been found in other studies to harbour higher diversity than fine sediment, 

possibly mainly due to the very high organic content associated with the fine sediment, however 

medium sediment with moderate sorting have been known to have the highest diversity of 

macrobenthos (Rodrigues et al. 1982, Ingole et al. 2002). For example around the Plymouth 

Sound area, macrobenthic assemblage’s beta diversity and species richness was found to be 

significantly positively determined by coarser more heterogeneous sediment and thus habitat 

complexity, than found in the finer more homogenous sediment of the study areas (Parry et al. 

1999). The increased habitat complexity produced by the coarser sediment increases living 

space, providing for the occurrence of species with different life histories and life styles, as well 

as protection from predators (Morse et al. 1985, Gibbons 1988, Parry et al. 1999).  

 

As the sediment characteristic have been found to be highly correlated with the taxonomic 

distinctness and thus diversity of possible trophic levels present (Warwick and Clarke 1998), a 

higher taxonomic distinctness and trophic diversity in the North part of the Bight and a lower 

value in the South may indicate a change in taxonomic distinctness along a possible nutrition 

gradient from South to North facilitated by the presence of different proportions of coarse and 

fine sediment. River discharge combined with currents could have had an effect on the type of 

nutrients reaching different parts of the KZN Bight. Heip et al. (1992) highlighted the possible 

importance current flow plays in the structuring of benthic communities with changing 

longitudes. Rabalais et al. (1996) found that changes in the Mississippi River discharge 

chemistry led to a phytoplankton species shift in the adjacent continental shelf and a further 

increase in primary production in an already hypoxic region. Thus a possible difference in the 
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water column characteristics expected in the river-impacted regions, could result in a difference 

in phytoplankton species composition between the North and South region that might also have 

had an impact of the difference in taxonomic diversity found. Species richness can be 

determined by the differing sediment structures maintained by hydrodynamic and 

geomorphological factors, depending on the amount and type of available food resources 

present (Gray 2002). Fenchel (2002) found that the small scale distribution of certain species of 

bacteria was linked to the distribution of certain species of macrobenthic fauna.  

 

Overall the taxonomic distinctness of the entire community of macrobenthic fauna along the 

KZN Bight midshelf was accounted for by coarse sediment, however the taxonomic distinctness 

in communities located within the North Bight was best explained by fine sand, and none of the 

variance found in the South section could be explained by measured environmental variables. 

As alpha diversity and taxonomic distinctness were related to different environmental gradients, 

the important environmental variables that played a role could thus have differed even between 

data sets and fauna within the same data sets (Heino et al. 2005, Sivadas et al. 2013). A high 

amount of fine sediment has been known to have a negative influence, especially on certain 

macrobenthic fauna like filter feeders, by affecting their feeding and respiratory success, by 

causing increased drift due to re-suspension, by decreasing oxygen supply in sediment and so on 

(Rodrigues et al. 1982, Wood and Armitage 1997, Ingole et al. 2002). Thus the type of fine 

sediment regime determines and favours or disfavours the type of organisms found there, as 

only certain species are adapted and able to thrive within the type of environment that fine sand 

creates (Richards and Bacon 1994). Wood and Armitage (1997) emphasised the need to better 

understand fauna habitat requirements and responses to fine sand deposition.  

 

Fine sand seemed to have a positive influence on the North Bight macrobenthic community’s 

taxonomic distinctness. This could be due to the possible difference in community assemblage 

types associated with the different environment of this section (Ellingsen et al. 2005). Also 

because of the reigning nutrient system in this part of the Bight, the presence of small amounts 

of fine sand could be advantageous as, in the shallow shelf environments near the coast, organic 

content of the sediment increases with the amount of fine sand present (Gray 1981). Off the 

southern Bay of Biscay, NE Atlantic, Spain, sediment characteristics were very important in 

playing a role in the diversity of the macrobenthic communities (Louzao et al. 2010).  

 

It is thought that communities containing a few species that fulfil key functional roles could be 

most sensitive to environmental changes and thus taxonomic distinctness indices play a valuable 
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role in helping to determine which communities will be able to withstand changes (Jennings and 

Kaiser 1998, Rogers et al. 1999). There are no real general guidelines to follow when it comes 

to the understanding variability of measures of diversity along environmental gradients as there 

are many contingencies and context-dependencies (Heino et al. 2005). The most important 

factor in changes and the maintenance of high macrobenthic heterogeneity, is the variability and 

heterogeneity of the habitat structure (Hewitt et al. 2005,Veech and Crist 2007, Bevilacqua et al. 

2012). Also the same phyla can have drastically different patterns of heterogeneity in different 

habitats and within the same habitat different phyla can exhibit completely different patterns of 

beta diversity, even while displaying the same patterns of assemblage variation along an 

environmental gradients in an ecosystem (Bevilacqua et al. 2012). Thus the processes involved 

in the creation of heterogeneity for each phylum needs to be considered in conservation 

planning (Bevilacqua et al. 2012).  

 

 5.5 CONCLUSION 

 

Macrobenthic communities found along the KZN Bight midshelf consisted of many patches of 

differentially taxonomically diverse communities, and thus taxonomic diversity along the KZN 

Bight was very variable. However most of the stations remained within the limits of the entire 

Bight communities average taxonomic distinctness and variation in taxonomic distinctness 

found. Average taxonomic distinctness and variation in taxonomic distinctness values along the 

KZN Bight midshelf concurred with the previous patterns in the results of Whittaker’s beta 

diversity and alpha diversity found along the Bight midshelf (see Chapter 3). Similar patterns 

have been observed in previous studies of macrobenthic and other fauna in varying settings.  

 

Species richness was highest in the South section of the Bight, while decreasing towards the 

North section, however because variation in taxonomic distinctness values follow the same 

trend as species richness, and average taxonomic distinctness and beta diversity followed the 

opposite trend, the North section of the Bight had a greater diversity level than previously 

thought. This was because the high values of variation in taxonomic distinctness and low 

average taxonomic distinctness in the South indicated that there was a community of many 

closely-related diverse species divided among a few higher phyla, with the opposite situation in 

the North section. The possible mechanisms for this involved the possible division of the 

environmental by interdependent complex interactions between different hydrodynamic, 

topographic, geological, nutrient diversity, and macrobenthic community’s biological 
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characteristics and even possibly evolutionary history found in the different sections across the 

Bight.  

 

Community taxonomic distinctness was significantly related to measured environmental 

variables, though weakly, thus other unmeasured important variables played more significant 

roles. Macrobenthic taxonomic diversity and Whittaker’s beta diversity were explained by 

different measured environmental variables to those that explained alpha diversity. This was 

expected as these indices measure different aspects of diversity. The variation found in the 

taxonomic diversity of macrobenthic communities in the South and North Bight sections were 

not explained by the same measured environmental variables. No environmental variables could 

explain taxonomic diversity variation in the South Bight section and percentage fine sand was 

the only variable explaining taxonomic diversity; this included depth, which explained beta 

diversity in the North Bight section. All taxonomic diversity indices followed very non-linear 

relationships with identified important environmental variables.  

 

Since more in-depth investigations need to be done on the state of the physical environment 

between these two regions, as well as on the biological dynamics (including larval, migration, 

assemblage types, genetics, trophic groups) involved, it can only be hypothesised that the KZN 

Bight midshelf could be divided in to two section, according to macrobenthic biological and 

taxonomical diversity, assemblage type attributes, nutrient regimes (see also Ayers and Scharler 

2011, De Lecea et al. 2013), sediment combination type and chemistry, stability, type and 

intensity of disturbances, and water column characteristics; and all of which could be governed 

by regional reigning hydrodynamic systems. Hochard et al. (2012) using a modelling approach, 

found that through enhanced physical forcing, the release of nutrients and organic matter is 

increased and this stimulated the bacterio-plankton and phytoplankton sections of sediment and 

water column interactions, and possibly through such mechanisms, spares nutrient availability 

could have supported high taxonomic diversity in the North Bight.  

 

There are still many unknowns surrounding the KZN Bight ecosystem, (see also Ayers and 

Scharler 2011), however this present study provides important baseline information in 

understanding the complex KZN Bight ecosystem for future conservation and it is hoped that 

this will be further built on in future. 
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CHAPTER 6  

 

CONCLUDING DISCUSSION 

 

6.1 MAIN FINDINGS 

 

In chapter three, it was found that the macrobenthic communities were more diverse than 

expected for an oligotrophic environment. The biodiversity of the macrobenthic community 

from the KZN Bight midshelf, was very high, and this diversity varied along the length of the 

KZN Bight midshelf. The KZN Bight had a higher alpha diversity than many tropical eutrophic 

and subtropical oligotrophic continental shelves elsewhere. It’s alpha diversity was equal to 

many tropical areas and temperate regions that had a diversity equal to and even higher than 

some deep sea benthic diversities, however, it did not have as high a species density per m
-2

 and 

species/abundance ratio as some of the most diverse tropical continental shelves, for example 

from Australia. All sites measured at different spatial scales, had very high dissimilarities in 

composition, variability and alpha diversity. Along the KZN Bight, macobenthic communities 

were constantly changing from section to section, forming clearly divided dissimilar patches of 

diverse macrobenthic communities.  

 

On all scales, even in the comparison of large focus areas, there remained high levels of 

dissimilarity, even though there was an overall decrease in dissimilarity from small to large 

scale. On large scale the Bight could essentially have been divided into a South region including 

the Thukela focus area, and the North Bight, stretching north from the Thukela River, as these 

environments possibly provide complementary habitats for communities; community attributes 

(alpha, beta diversity and taxonomic diversity) started to change drastically from north of the 

Thukela River. Between the North and South Bight, composition, species richness and evenness 

were different. There was a general decreased alpha diversity from the South towards the North. 

This diversity measure however acted in a complimentary measure to the inverse relationship of 

Whittaker’s beta diversity observed as it increased from south to north between adjacent sites. 

These gradients in diversity were maintained on all scales of study along the Bight. Annelida 

and Arthropoda were the most abundant and species rich phyla found on the KZN Bight 

midshelf. Cnidaria and Arthropoda had the highest mean beta diversity across the KZN Bight. 

The macrobenthic communities phyletic composition and each phylums life history found in the 
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different sections of the Bight, could have contributed to the inverse pattern of alpha and beta 

diversity found. 

 

In chapter four, the KZN Bight midshelf macrobenthic community was found to be a diverse 

community adapted to physical and chemical changes in habitat brought on by the three focus 

areas (Thukela River, St, Lucia upwelling cell and Durban eddy). These oceanographic features 

divided and created different habitats along the KZN Bight. Because of the oligotrophic nature 

of the waters, food type, distribution and availability were speculated to be the main indirect 

driver that maintained the macrobenthic community abundance patterns and diversities (see also 

Ayers and Scharler 2011, De Lecea et al. 2013). Depth-related factors including the generally 

poor sorting and variety of sediment environments found on the Bight may have contributed to 

its high macrobenthic diversity.  

 

The presence of these hydrological regimes, that differ spatially as they occupied different 

sections along the Bight, must have certainly contributed to the maintenance of distinct 

communities, adapted to different types of nutrients associated within deeper stable or shallower 

unstable environments, which provided for unique environments for the development of high 

alpha and low beta diversity communities in the South, and low alpha and high beta diversity 

communities in the North, maintained by different environmental dynamics. The measured 

environmental variables did not explain a large percentage of the community variability 

observed and thus other important unmeasured gradients of inter-correlated environmental, 

abiotic and biotic variables could have had a greater contribution to the observed and 

unobserved macrobenthic community diversity patterns of the KZN Bight midshelf. This was 

also highlighted by the fact that none of the environmental variables could effectively explain 

overall diversity and variability of abundance at any spatial scale or even at most locations. 

Also, the relative importance of environmental variables differed from one location to the next. 

 

In chapter five, average taxonomic distinctness and variation in taxonomic distinctness values 

along the KZN Bight midhshelf concurred with the previous results of Whittaker’s beta 

diversity found along the Bight midshelf. Similar patterns have been observed in previous 

studies of macrobenthic and other fauna in varying settings. Species richness was highest in the 

South Bight, and decreased towards the North, however, because variation in taxonomic 

distinctness values follow the same trend as species richness and average taxonomic distinctness 

and beta diversity followed the opposite trend, the North Bight had a greater taxonomic 

diversity than the South section. This was because the high values of variation in taxonomic 
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distinctness and low average taxonomic distinctness in the South indicated that there were many 

closely related species divided among a few higher phyla, with the opposite situation in the 

North section. The possible mechanisms for this involved the environmental division by 

interdependent complex interactions between different hydrodynamic, topographic, geologic, 

nutrient diversity and biological characteristics found across the Bight. Macrobenthic taxonomic 

diversity was explained by different measured environmental variables from those that 

explained alpha diversity. The variation found in the taxonomic diversity of macrobenthic 

communities found in the South and North Bight sections were not explained by the same 

measured environmental variables.  

 

It was further speculated that the KZN Bight midshelf could have been cautiously overall 

divided into two section, according to macrobenthic biological diversity, assemblage type 

attributes, nutrient regimes, sediment combination type and chemistry, environmental stability, 

type and intensity of disturbances, and water column characteristics, all of which were 

postulated to be governed by different reigning hydrodynamic systems. It was speculated that 

the South Bight consisted of assemblages adapted to a more stable harsh environment with a 

high consistent source of detrital nutrients that supported a large population density.  

 

This could possibly be linked to the homogenising effect large quantities of river runoff had on 

communities on continental shelves. The North section macrobenthic assemblages could have 

been adapted to more unstable, constraining, heterogeneous habitats, characterised by possible 

periodic pulses of fresh pelagic nutrient inputs, high temperatures, low salinity and a variety of 

sediment organisation and structure characteristics. Thus possibly, the communities in the South 

Bight region were characterised by communities adapted to and coming from a eutrophic 

environment, while the North Bight community was characterised as communities specialised 

and adapted to and living in an oligotrophic habitat. Overall the ecosystem was detritus-based 

(Ayers and Scharler 2011, De Lecea et al. 2013).  

 

6.2 THE WAY FORWARD 

 

This present study has left more questions than answers, although these questions were more 

directional and hopefully will lead in the right direction. Diversity could never be encapsulated 

with a single number (Mouillot et al. 2005). Therefore in future it would be wise to include and 

use improved ways of measuring beta diversity and to continue with the contributions of 

interdisciplinary studies with the KZN Bight ecosystem in mind. According to Vellend (2001), 
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beta diversity and species turnover should not be used interchangeably and that different 

measures of beta diversity measure different properties of beta diversity. Vellend (2001) 

recommends that βW be used not as a measure of species turnover but to be used when 

underlying gradients are unknown, to test for the degree that species composition heterogeneity 

differs between different functional groups and regions, as well as to test for the relationship 

between environmental and compositional heterogeneity between regions, as beta diversity is 

more of an abstract concept.  

 

According to Vellend (2001), and Anderson et al. (2011), for the measure of species turnover 

along a gradient, the use of a similarity-distance curve is recommended as a visual and 

quantitative measure of the magnitude and rate of changing species composition per unit 

distance. In future it would be useful to also incorporate the use of non-directional beta diversity 

as variation, along with the directional measure of beta diversity as turnover, since in the past it 

has been noted that this measure was able to show the significant effects of sources of 

variability, even when there is no seeming effect on alpha diversity (Bevilacqua et al. 2012). A 

problem with beta diversity is that it is not able to let the researcher know to what extent it 

reflects the ongoing population processes (Soininen et al. 2007). Thus additional analysis 

accompanying beta and alpha diversity needs to be done. These include determining genetic, 

phylogenic and functional diversity of the macrobenthic communities, as well as determining 

the trends in beta diversity in the opposite direction, namely from Richards Bay to Durban 

(Mouillot el al. 2005, Bevilacqua et al. 2011).  

 

Patterns of taxonomic distinctness were suspected to be found due to the combined influence of 

natural and anthropogenic factors and it is hard to separate which plays the most important role 

in some regions (Ellingsen et al. 2005). Because the environment has a great influence on 

taxonomic relatedness and these reactions have great variation, it has been found that taxonomic 

distinctness indices are not successfully able to discriminate between natural or anthropogenic 

disturbances (Bevilacqua et al. 2011). As this study’s measured environmental variables were 

not able to explain most of the macrobenthic communities variability, it was concluded that 

other unknown environmental variables and interactions played more important roles. Many 

more measurements detailing characteristics of the different aspects of the environment need to 

be undertaken, including the types and strength of pressures experienced within the different 

sections of the KZN Bight. These include studies on the littoral chemistry of the different 

section of the Bight, such as the carbonate and siliciclastic content. Also as upwelling cells and 

river sourced nutrient could have different effects on communities, the types, quality and 
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abundance of these and other nutrient sources need to be determined and how these separate 

nutrient sources influence community alpha and beta diversity. There should be determined if 

there might be other types and sources of nutrients available to the macrobenthic community in 

the different sections of the Bight. There needs to be a greater interest in what the role of 

microorganisms such as bacteria play in the sustainability of these ecosystem communities (De 

Lecea et al. 2013). It would also be interesting to see how the species taxonomic distinctness 

differs within similar habitats, and from this identify which of the differences in environmental 

variability within these habitats have an impact and how big a role they play (Bevilacqua et al. 

2011). 

 

Measured diversity indices did characterise macrobenthic biodiversity within the KZN Bight 

midshelf well. Through this, a general alpha and beta diversity pattern was recognised across the 

Bight, as well as changes in similarity and dissimilarity across scales. In order to measure 

macrobenthic diversity on the KZN Bight, a combination of older, well-established, diversity 

methods and modern improved methods needs to be used. More focused studies on separate 

entities, systems or habitats of the KZN Bight should be undertaken and their relationships 

established. Identifying habitat diversity would be important in this regard. Much needs to be 

done in terms of more detailed biotic and abiotic community studies, for example on the 

existence of the type of functional groups, specific species and individual families present, the 

number of endemics present, biomass and body size characteristics, species/abundance ratios 

and predator top-down regulation, that are characterised within/from sections of the Bight. It is 

also recommended that alpha and beta diversity be measured for all different groups separately 

along the Bight (Marquet et al. 2004).  

 

The correlation between possible changing reproductive- and life history diversity to the 

temporal and spatially changing nutrient conditions would also contribute to a better 

understanding of the ecosystem. The exchange and distribution of different taxonomic groups, 

either via an understanding of their larval or suspension movement, within and between the 

Bight regions or from outside (supported by genetic analysis), would serve a useful purpose to 

understanding the apparent division of the Bight into two separate taxonomically different 

sections. As the subtropical waters of Hong Kong have also been found to be low in alpha but 

high in beta diversity, it would be interesting to know how the environmental pressures from 

that region differs to those found on the KZN Bight in determining alpha and beta diversity and 

how these habitats are unique (Shin and Ellingsen 2004).  
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Also important is to be able to determine the types and extent of human-induced changes and 

impacts on the environment and thus on the macrobenthic fauna of the KZN Bight. Human 

impacts on rivers change the chemistry and suspended particle content of water that play a 

significant role in changes found in macrobenthic communities (Wood and Armitage 1997, 

Lamberth et al. 2009, Ayers and Scharler 2011). Thus the construction of a barrier within a river 

would definitely cause changes in the macrobenthic communities in the river and the adjacent 

continental shelf, as shown in a study by Warwick and Somerfield (2010). Many continental 

shelf ecosystems and estuaries are dependent on the natural flow of rivers for healthy 

functioning and fauna that occupy them are adapted to the natural provisions and changes 

brought about by rivers (Norse 1993).  

 

Disruption of the natural flow of rivers has significant effects, as rivers within a natural spatial-

temporal rhythm, bring familiar changes to current flows, temperatures, input of sediments and 

freshwater to the adjacent shelfs (Norse 1993). It is not only the amount but also the timing of 

river input that could have significant effects on the continental shelf ecology (Norse 1993). 

Examples of some of the effects caused by disturbance of the natural flow of river could be seen 

in the Murry River (Rozengurt 1991) and the Nile River (Norse 1993). After the completion of 

the Aswan dam in the Nile River, fisheries from the adjacent continental shelf dropped by 80%, 

and erosion of the continental shelf increased due to a substantial decrease in sediment 

provision to the shelf from the river after the building of the dam (Norse 1993). According to 

Ayers and Scharler (2011), the impoundment of the Thukela River discharge could lead to the 

decrease of primary and secondary detritus feeders that are commercially important for the 

region. 

 

This study provided useful and important initial insight into the macrobenthic community 

diversity of the KZN Bight marine ecosystem. Some questions concerning the importance of 

measured environmental variables and their relative influence on macrobenthos were addressed. 

However, the study also revealed yet more questions around how this complex ecosystem 

functions. The answers to which are still unknown. The study will provide a good platform to 

base more indepth study of the shelf and its contribution to the diversity of South African and 

even regional shallow marine diversity. 



146 

 

CHAPTER 7 

REFERENCES 

Aasen S. 2008. Standard Operating Procedures for Macrobenthic Sample Analysis. In: Ecology. 

Washington State Department of Ecology Environmental Assessment Program. Written 

November 27, 2007. Approved March 10, 2008. 

Agency USEP. 2012. Dissolved Oxygen and Biochemical Oxygen Demand. Available at 

http://www.epa.gov/ [Accessed 20-03-2013]. 

Aiken R, Fraussen K, Houart R, Kilburn RN, Marais AP. 2010. Identification guide to the 

seashells of South Africa, vol 1. Centre for Molluscan Studies: Groenkloof, South Africa 

Akoumianaki I, Papaspyrou S, Kormas KA, Nicolaidou A. 2012. Environmental variation and 

macrofauna response in a coastal area influenced by land runoff. Estuarine, Coastal and 

Shelf Science 3:1-11. 

Alcock PG. 1999. A water resources and sanitation systems source book with special reference 

to KwaZulu-Natal, Part 3. PhD thesis, University of Zululand, South Africa.  

Anderson JR. 2013. Sand Sieve Analysis. Available at 

http://facstaff.gpc.edu/~janderso/historic/labman/sievean.htm [Accessed 02-04-2013]. 

Anderson MJ, Crist TO, Chase JM, Vellend M, Inouye BD, Freestone AL, Sanders NJ, Cornell 

HV, Comita LS, Davies KF. 2011. Navigating the multiple meanings of β-diversity: a 

roadmap for the practicing ecologist. Ecology Letters 14: 19-28. 

Anon. 1999. State of freshwater systems and resources: #2. National State of the Environment 

Report – South Africa. Department of Environmental Affairs and Tourism. Available at 

http://www.ngo.grida.no/soesa/nsoer/issues/water/state2.htm [Accessed 21/08/2013].  

Anon. 2006.  KwaZulu-Natal fact file. Available at http://www.kwazulu-natal.co.za/1.KZN-

Fact-File.htm [Accessed 2012]. 

Anon. 2012. Available at http://www.gigawiz.com [Accessed 06, 2012]. 

Anon. 2013. Basic overview of KZN estuaries. Available at 

http://www.seaworld.org.za/research/entry/basic-overview-of-kzn-estuaries [Accessed 

22/08/2013]. 

Ansari ZA, Furtado R, Badesab S, Mehta P, Thwin S. 2012. Benthic macroinvertebrate 

community structure and distribution in the Ayeyarwady continental shelf, Andaman Sea. 

Indian Journal of Geo Marine Sciences 41(3):  272-278. 

Appeltans W, Ahyong ST, Anderson G, Angel MV, Artois T, Bailly N, Bamber RN, Barber A, 

Bartsch I, Berta A, Blazewicz-Paszkowycz  M, Bock P, Boxshall G, Boyko CB, Nunes 

http://facstaff.gpc.edu/~janderso/historic/labman/sievean.htm
http://www.ngo.grida.no/soesa/nsoer/issues/water/state2.htm
http://www.seaworld.org.za/research/entry/basic-overview-of-kzn-estuaries


147 
 

Brandão S, Bray RA, Bruce NL, Cairns SD, Chan TY, Cheng L, Collins AG, Cribb TH, 

Curini-Galletti M, Dahdouh-Guebas F, Davie PJF, Dawson MN, De Clerck O, Decock 

W, De Grave S, de Voogd NJ, Domning DP, Emig CC, Erséus CH, Eschmeyer W, 

Fauchald K, Fautin DG, Feist SW, Fransen CHJM, Furuya H, García-Alvarez O, Gerken 

S, Gibson D, Gittenberger A, Gofas S, Gómez-Daglio L, Gordon DP, Guiry MD, 

Hernandez F, Hoeksema BW, Hopcroft RR, Jaume D, Kirk P, Koedam N, Koenemann S, 

Kolb JB, Kristensen RM, Kroh A, Lambert G, Lazarus DB, Lemaitre R, Longshaw M, 

Lowry J, MacPherson E, Madin LP, Mah C, Mapstone G, McLaughlin PA, Mees J, 

Meland K, Messing CG, Mills CE, Molodtsova TN, Mooi R, Neuhaus B, Ng PKL, 

Nielsen C, Norenburg J, Opresko DM, Osawa M, Paulay G, Perrin W, Pilger JF, Poore 

GCB, Pugh PhR, Read GB, Reimer JD, Rius M, Rocha RM, Sáiz Salinas JI, Scarabino V, 

Schierwater B, Schmidt-Rhaesa A, Schnabel KE, Schotte M, Schuchert P, Schwabe E, 

Segers H, Self-Sullivan C, Shenkar N, Siegel V, Sterrer W, Stöhr S, Swalla B, Tasker 

ML, Thuesen EV, Timm T, Todaro MA, Turon X, Tyler S, Uetz P, van der Land J, 

Vanhoorne B, van Ofwegen LP, Van Soest RWM, Vanaverbeke J, Walker-Smith GK, 

Walter TC, Warren A, Williams GC, Wilson SP, Costello MJ. 2012a. The magnitude of 

global marine species diversity. Current Biology 22(23): pp 14.  

Appeltans W, Bouchet P, Boxshall GA, De Broyer C, de Voogd NJ, Gordon DP, Hoeksema 

BW, Horton T, Kennedy M, Mees J, Poore GCB, Read G, Stöhr S, Walter TC, Costello 

MJ. 2012b. World Register of Marine Species. VLIZ. 

Arango PA, Solano OD. 1999. A community analysis of the soft bottom megafauna (crustacea, 

mollusca) from the south-western region of Santa Marta, Colombian Caribbean. Boletín 

de Investigaciones Marinas y Costeras - INVEMAR 28: 155-180. 

Arman NZ, Salmiati, Said MIM, Azman S. 2013. Anthropogenic influences on aquatic life 

community and water quality status in Mengkibol River, Kluang, Johar, Malaysia. 

Journal of Applied Sciences in Environmental Sanitation 8(3): 151-160. 

Arvanitidis C, Bellan G, Drakopoulos P, Valavanis V, Dounas C, Koukouras A, Eleftheriou A. 

2002. Seascape biodiversity patterns along the Mediterranean and the Black Sea: lessons 

from the biogeography of benthic polychaetes. Marine Ecology Progress Series 244: 139-

152. 

Ayers MJ, Scharler UM. 2011. Use of sensitivity and comparative analyses in constructing 

plausible trophic mass-balance models of a data-limited marine ecosystem – The 

KwaZulu-Natal Bight, South Africa. Journal of Marine Systems 88: 298-311.  



148 
 

Azam F, Ammerman JW. 1984. Cycling of organic matter by bacterioplankton in pelagic 

marine ecosystems: microenvironmental considerations.  In: Flows of energy and 

materials in marine ecosystems. Plenum Press. 

Azrina MZ, Yap CK, Ismail AR, Tan SG. 2006. Anthropogenic impacts on the distribution and 

biodiversity of benthic macroinvertebrates and water quality of the Langat River, 

Peninsular Malaysia. Ecotoxicologyy and Environmental Safety 64: 337-347. 

Barnard JL, Drummond MM. 1979. Gammaridean Amphipoda of Australia, Part IV. Vol 269. 

Washington: Smithsonian Institution Press. 

Barnard JL, Karaman GS. 1991a. The families and genera of marine gammaridean Amphipoda 

(except marine gammaroids), Part 1. Vol 1. Sydney, Australian Museum. 

Barnard JL, Karaman GS. 1991b. The families and genera of marine gammaridean Amphipoda 

(except marine gammaroids), Part 2. Vol 2. Sydney: Australian Museum. 

Barnard JL. 1961. Gammaridean Amphipoda from depths of 400 to 6000 meters.  Galathea 

Report 5: 24-126. 

Barnard JL. 1970. Sublittoral Gammaridea (Amphipoda) of the Hawaiian Islands. Vol 34. 

Washington: Smithsonian Institution Press. 

Barnard JL. 1971. Keys to the Hawaiian Marine Gammaridea, 0-30 meters. Vol 58. 

Washington: Smithsonian Institution Press. 

Barnard KH. 1940. Contributions to the crustacean fauna of South Africa. XII. Further additions 

to the Tanaidacea, isopoda and Amphipoda, together with keys for the identification of 

hitherto recorded marine freshwater species. Annals of the South African Museum 32(5): 

293-543. 

Barnard KH. 1950. Descriptive catalogue of South African decapod crustacea (crabs and 

shrimps). Annals of the South African Museum 38: 1-837. 

Bauer JE, Druffel ERM. 1998. Ocean margins as a significant source of organic matter to the 

deep open ocean. Nature 392: 482-485. 

Beadman HA, Kaiser MJ, Galanidi M, Shucksmith R, Willows RI. 2004. Changes in species 

richness with stocking density of marine bivalves. Journal of Applied Ecology 41: 464-

475. 

Beck J, Schwanghart W. 2010. Comparing measures of species diversity from incomplete 

inventories: an update. Methods in Ecology and Evolution 1(1): 38-44. 

Beesley PL, Ross GJB, Glasby CJ (eds). 2000. Polychaetes & Allies: The Southern 

Synthesis.Vol 4 A Polychaeta, Myzostomida, Pogonophora, Echiura, Sipuncula. 

Melbourne: CSIRO.  

Begg GW. 1978. The estuaries of Natal. 



149 
 

Begg GW. 1984. The Comparative ecology of Natal's smaller estuaries. Natal Town and 

Regional Planning Report, vol. 62: 1-182. 

Bengtsson J. 1998. Which species? What kind of diversity? Which ecosystem function? Some 

problems in studies of relations between biodiversity and ecosystem function. Applied 

Soil Ecology 10: 191-199. 

Bevilacqua S, Fraschetti S, Musco L, Guarnieri G, Terlizzi A. 2011. Low sensitiveness of 

taxonomic distinctness indices to human impacts: Evidence across marine benthic 

organisms and habitat type. Ecological Indicators 11: 448-455. 

Bevilacqua S, Plicanti A, Sandulli R, Terlizzi A. 2012. Measuring more of β-diversity: 

Quantifying patterns of variation in assemblage heterogeneity. An insight from marine 

benthic assemblages. Ecological Indicators 18: 140-148. 

Bhattathiri PMA, Pant A, Sawant S, Gauns M, Matondkar SGP, Mohanraju R. 1996. 

Phytoplankton production and chlorophyll distribution in the eastern and central Arabian 

Sea in 1994-1995. Current Science 71: 857-862. 

Bustamante RH, Branch GM, Eekhout S. 1997. The influence of physical factors on the 

distribution and zonation patterns of South African rocky-shore communities. South 

African Journal of Marine Science 18(1): 199-136. 

Bianchi CN, Morri C. 2000. Marine Biodiversity of the Mediterranean Sea: Situation, Problems 

and Prospects for Future Research. Marine Pollution Bulletin 40: 367-376. 

Birch GF. 1996. Quaternary sedimentation off the East coast of Southern Africa (Cape Padrone 

to Cape Vidal). Bull. 18. Pretoria: Council for Geoscience.  

Birkeland C. 1987. Nutrient availability as a major determinant of differences among coastal 

hard-substratum communities in different regions of the tropics. UNESCO Report in 

Marine Science 46: 45-97. 

Biseswar R. 1985. The geographic distribution of Echiura from southern Africa. South African 

Journal of Marine Science 3: 11-21. 

Boesch DF. 1972. Species diversity of marine macrobenthos in the Virginia area. Chesapeake 

Science 13: 206-211. 

Boets P, Thas O, Van De Vijver E, Lock K, Töpke K, De Cooman W, Janssen CR, Goethals 

PLM. 2013. Relating taxonomy-based traits of macroinvertebrates with river sediment 

quality based on basic and zero-inflated Poisson models. Ecological Informatics 18: 49-

60. 

Boggs S Jr. 1995. Principles of Sedimentology and Stratigraphy (2
nd

 edn). New York: Prentice 

Hall. pp 774. 



150 
 

Bolstad E (ed.). 2013. Weather statistics for Durban, KwaZulu-Natal (South Africa). Available 

at http://www.yr.no/place/South_Africa/KwaZulu-Natal/Durban/statistics.html [Accessed 

20/08/2013]. 

Boon AR, Duinveld CA, Berghuis EM, Van Der Weele JA.  1998.  Relationships between 

benthic activity and the annual phytopigment cycle in near-bottom water and sediments in 

the Southern North Sea. Estuarine, Coastal and Shelf Science 46: 1-13. 

Bosman C, Uken R, Leuci R, Smith AM, Sinclair D. 2007. Shelf sediments off the Thukela 

River mouth: complex interaction between fluvial and oceanographic processes. South 

African Journal of Science 103(11-12): 490-492. 

Branch GM, Griffiths CL, Branch ML, Beckley LE. 1994. Two Oceans: A guide to the marine 

life of Southern Africa. Claremont, South Africa: David Philip Publishers.  

Branch ML.1994. The polychaeta of subantarctic Marion and Prince Edward Islands: Illustrated 

keys to the species and results of the 1982 - 1989 University of Cape Town surveys. 

South African Journal of Antarctic Research 24: 3-52. 

Breedlove G, Fraser F. 2000. Department of Environmental Affairs & Tourism, University of 

Pretoria, GIS Business Solutions. Available at http://www.environment.gov.za/enviro-

info/prov/rain.htm [Accessed 2012]. 

Bremner J, Rogers SI, Frid CLJ. 2006. Matching biological traits to environmental conditions in 

marine benthic ecosystems. Journal of Marine Systems 60: 302–316.  

Brewer D, Lyne V, Skewes T, Rothlisberg P. 2007. Trophic Systems of the North West Marine 

Region. A report to the Department of Environment, Water, Heritage and the Arts. 

CSIRO Cleveland 156 pp. 

Brodgar version 2.7.1 

Brown AC, Jarman NG. 1978. Coastal marine habitats. In: Werger MJA, Van Bruggen AC 

(eds), Biogeography and ecology of southern Africa. The Netherlands: W. Junk. 

Brown AC. 1956. Additions to the genus Apseudes (Crustacea: Tanaidacea) from South Africa. 

Annals and Magazine of Natural History (ser. 12)9: 705. 

Brown AC. 1957.  A revision of the genus Leptochelia (Crustacea: Tanaidacea) in the southern 

African waters. Annals and Magazine of Natural History (ser. 12)10: 401. 

Brown JH. 1984. On the relationship between abundance and distribution of species. The 

American Naturalist 124: 255-279. 

Buchanan JB. 1971. Measurement of the physical and chemical environment. In: Holme NA, 

McIntyre AD (eds), Methods for the study of marine benthos (1st edn). Oxford: Blackwell 

Scientific Publications. pp 334. 

http://www.yr.no/place/South_Africa/KwaZulu-Natal/Durban/statistics.html


151 
 

Buller AT, McManus J. 1979. Sediment sampling and analysis. In: Dyer KR (ed.), Estuarine 

hydrography and sedimentation. Cambridge: Cambridge University Press.  

Butler AJ, Rees T, Beesley P, Bax NJ. 2010. Marine biodiversity in the Australian region. PLOS 

ONE 5(8): 1-15. 

Cardinale BJ, Palmer MA. 2002. Disturbance moderates biodiversity-ecosystem function 

relationships: Experimental evidence from caddisflies in stream mesocosms. Ecology 83: 

1915-1927. 

Carter R, d'Aubrey J. 1988. Inorganic nutrients in Natal continental shelf waters. In: Schumann 

EH (ed.), Coastal Ocean Studies off Natal, South Africa Lecture Notes on Coastal and 

Estuarine Studies 26. Berlin: Springer-Verlag. 

Carter R, Schleyer MH. 1988. Plankton distribution in Natal coastal waters. In: Schumann EH 

(ed.), Coastal Ocean Studies off Natal, South Africa  Lecture Notes on Coastal and 

Estuarine Studies 26. Berlin: Springer-Verlag. 

Cartes J, Papiol V, Palanques A, Guillen J, Demestre M. 2007. Dynamics of suprabenthos off 

the Ebro Delta (Catalan Sea: western Mediterranean): Spatial 13 and temporal patterns 

and relationships with environmental factors. Estuarine, Coastal and Shelf Science 75: 

501-515. 

Cawthra HC, Neumann FH, Uken R, Smith AM, Guastella LA, Yates A. 2012. Sedimentation 

on the narrow (8km wide) oceanic current-influenced continental shelf off Durban, 

KwaZulu-Natal, South Africa. Marine Geology, doi: 

http://dx.doi.org/10.1016/j.margeo.2012.08.001. 

Chandrasekar N, Saravanan S, Joevivek V, Sivaperumal M. 2012. Macrobenthic diversity in 

black sand enrichment area along the coast between Poompukar to Nagoor, India. Journal 

of Marine Science Research & Development 2(4): 1-8. 

Chao A, Colwell RK, Lin CW, Gotelli NJ. 2009. Sufficient sampling for asymptotic minimum 

species richness estimators. Ecology 90: 1125-1133. 

Chao A. 1984. Nonparametric Estimation of the Number of Classes in a Population. 

Scandinavian Journal of Statistics 11: 265-270. 

Chapin FS (III), Shaver GR. 1985. Individualistic growth response of tundra plant species to 

environmental manipulation in the field. Ecology 66: 564-576.  

Chapin FS (III), Torn MS, Tateno M. 1996. Principles of ecosystem sustainability. The 

American Naturalist 148: 1016-1037. 

Chapin FS (III), Walker BH, Hobbs RJ, Hooper DU, Lawton JH, Sala OE, Tilman D. 1997. 

Biotic control over the functioning of ecosystems. Science 277: 500-504. 

http://dx.doi.org/10.1016/j.margeo.2012.08.001


152 
 

Chapman JW. 2007. Amphipoda. In: The Light and Smith Manual: Intertidal Invertebrates from 

Central California to Oregon Completely Revised and Expanded. Oregon.  

Chavez FP, Brusca RC (eds). 1991. The Galapagos Island and their relation to the 

oceanographic processes in the topical Pacific. New York: Plenum Press. 

Chazdon R, Colwell R, Denslow J, Guariguata M. 1998. Statistical methods for estimating 

species richness of woody regeneration in primary and secondary rain forests of NE Costa 

Rica. In: Dallmeier F, Comiskey J (eds), Forest Biodiversity Research, Monitoring and 

Modelling: Conceptual Background and Old World Case Studies. Paris: Parthenon 

Publishing. 

Churchill JH, Cornillon PC, Milkowski GW. 1986. A cyclonic eddy and shelf-slope water 

exchange associated with a Gulf Stream warm-core ring. Journal of Geophysical 

Research: Oceans (1978-2012) 91(C8): 9615-9623. 

Clarke A, Aronson RB, Crame JA, Gili JM, Blake DB. 2004. Evolution and diversity of the 

benthic fauna of the Southern Ocean continental shelf. Antarctic Science 16: 559-568. 

Clarke A, Crame JA. 1997. Diversity, latitude and time: patterns in the shallow sea. In: Ormond 

RFG, Gage JD, Angel MV (eds), Marine Biodiversity: patterns and processes. 

Cambridge: Cambridge University Press. 

Clarke A, Lidgard S. 2000. Spatial patterns of diversity in the sea: bryozoan species richness in 

the North Atlantic. Journal of Animal Ecology 69 (5): 799–814.  

Clarke A. 1992. Is there a latitudinal diversity cline in the sea? Trends in Ecology & Evolution 

7: 286-287. 

Clarke AM. 1977. The South African Museum’s R.V. Meiring Naudé cruises, Part 4: 

Echinoderms. Annals of the South African Museum 73(6): 133-147. 

Clarke KR, Gorley RN. 2006. PRIMER v6: User Manual/Tutorial. PRIMER-E, Plymouth. 

Clarke KR, Warwick RM. 1994. Change in marine communities: an approach to statistical 

analysis and interpretation. Plymouth: Plymouth Marine Laboratory, Natural 

Environment Research Council, UK. 

Clarke KR, Warwick RM. 1998. A taxonomic distinctness index and its statistical properties.  

Journal of Applied Ecology 35: 523-531. 

Clarke KR, Warwick RM. 1999. The taxonomic distinctness measure of biodiversity: weighting 

of step lengths between hierarchical levels. Marine Ecology Progress Series 184: 21-29. 

Clarke KR, Warwick RM. 2001. A further biodiversity index applicable to species lists: 

variation in taxonomic distinctness. Marine Ecology Progress Series 216: 265–278.  

Clarke KR. 1993. Non-parametric multivariate analyses of changes in community structure. 

Australian Journal of Ecology 18: 117-143. 



153 
 

Clifford HT, Stephenson W. 1975. An Introduction to numerical classification. London: 

Academic Press.  

Cohen AC. 2012. Tabular Key to the Subclasses of Ostracoda and Families of Myodocopa. 

Available at http://home.comcast.net/~fireflea2/OstracodeKeyindex.html [Accessed 

2012-09-21].  

Cole VJ, McQuaid CD. 2010. Bioengineers and their associated fauna respond differently to the 

effects of biogeography and upwelling. Ecology 91: 3549-3562. 

Coleman N, Gason ASH, Poore GCB. 1997. High species richness in the shallow marine waters 

of south-east Australia. Marine Ecology Progress Series 154: 17-26. 

Colwell RK, Coddington JA. 1994. Estimating terrestrial biodiversity through extrapolation. 

Philosophical Transactions of the Royal Society of London 345: 101-118. 

Cooper JAG, Harrison TD, Ramm AEL. 1995. The role of estuaries in large marine ecosystems: 

examples from the Natal Coast, South Africa. In: Okemwa E, Ntiba MJ, Sherman K 

(eds),  Status and future of Large Marine Ecosystems of the Indian Ocean: a report of the 

International Symposium and Workshop. A Marine Conservation and Development 

Report.  Gland, Switzerland : International Union for Conservation of Nature and Natural 

Resources. pp 201. 

Copeland BJ. 1970. Estuarine classification and responses to disturbances. Transactions of the 

American Fisheries Society 99: 826-835. 

Cornell HV, Lawton JH. 1992. Species interactions, local and regional processes, and limits to 

the richness of ecological communities: a theoretical perspective. Journal of Animal 

Ecology 61: 1-12. 

Cosson N, Sibuet M, Galeron J. 1997. Community structure and spatial heterogeneity of the 

deep-sea macrofauna at three contrasting stations in the tropical northeast Atlantic. Deep 

Sea Research 44: 247-269. 

Costello MJ. 1998. To know, research, manage and conserve marine biodiversity. Oceanis 

24:25-49. 

Covich AP, Austen MC, Bärlocher F, Chauvet E, Cardinale BJ, Biles C, Inchausti P, Dangles O, 

Solan M, Gessner MO, Statzner B, Moss B. 2004. The role of biodiversity in the 

functioning of freshwater and marine benthic ecosystems. BioScience 54: 767-775. 

Cowell RK. 2006. EstimateS: Biodiversity Estimation Software. Available at 

http://purl.oclc.org/estimates. 

Cowie GL, Hedges JI. 1994. Biochemical indicators of diagenetic alterations in natural organic 

matter mixtures. Nature 369: 304-307. 



154 
 

Crame JA, Clarke A. 1997. The historical component of marine taxonomic diversity gradients. 

In: Ormond RFG, Gage JD, Angel MV (eds), Marine Biodiversity: patterns and 

processes. Cambridge: Cambridge University Press. 

Cusson M, Archambault P, Aitken A. 2007. Biodiversity of benthic assemblages on the Arctic 

continental shelf: historical data from Canada. Marine Ecology Progress Series 331: 291-

304. 

Danisenko SG, Denisenko NV, Lehtonen KK, Andersin AB, Laine AO. 2003. 

Macrozoobenthos of the Pechora Sea (SE Barents Sea): community structure and spatial 

distribution in relation to environmental conditions. Marine Ecology Progress Series 258: 

109-123. 

Darnaude AM, Salen-Picard C, Harmelin-Vivien ML. 2004. Depth variation in terrestrial 

particulate organic matter exploitation by marine coastal benthic communities of the 

Rhone River delta (NW Mediterranean). Marine Ecology Progress Series 275: 47-57. 

Darnis G, Robert D, Pomerleau C, Link H, Archambault P, Nelson RJ, Geoffroy M, Tremblay 

JE, Lovejoy C, Ferguson SH, Hunt BPV, Fortier L. 2012. Current state and trends in 

Canadian Arctic marine ecosystems: II. Heterotrophic food web, pelagic-benthic 

coupling, and biodiversity. Climatic Change [DOI 10.1007/s10584-012-0483-8]. 

Dauvin JC, Kendall MA, Paterson G, Gentil F, Jirkov I, Sheader M, De Lange M. 1994. An 

initial assessment of polychaete diversity in the north-eastern Atlantic Ocean. Biodiversity 

Letters 2: 171-181. 

Day J. 1978. Southern African Cumacea Part 2, Family Bodotriidae, Subfamily Bodotriinae. 

Annals of the South African Museum 75: 159-290. 

Day J. 1980. Southern African Cumacea Part 4, Families Gynodiastylidae and Diastylidae. 

Annals of the South African Museum 82: 187-292. 

Day JH. 1967. A monograph on the polychaeta of Southern Africa, vol 1. London: Trustees of 

the British Museum (Natural History). pp 878.  

Day JH. 1974. A guide to marine life on South African shores. Cape Town, South Africa: A.A. 

Balkema. 

Dayton PK, Hessler RR. 1972. Role of biological disturbance in maintaining diversity in the 

deep sea. Deep Sea Research 19: 199-208. 

De Juan S, Cartes JE. 2011. Influence of environmental factors on the dynamics of 

macrobenthic crustaceans on soft-bottoms of the Ebro Delta continental shelf (north-

western Mediterranean). Scientia Marina 75: 691-700. 



155 
 

De Lecea AM, Fennessy ST, Smit AJ. 2013. Processes controlling the benthic food web of a 

mesotrophic bight (KwaZulu-Natal, South Africa) revealed by stable isotope analysis. 

Marine Ecology Progress Series 484: 97-114.  

Dean HK. 2001. Capitellidae (Annelida: Polychaeta) from the Pacific Coast of Costa Rica. 

Revista de biologia tropical 49: 69-84. 

Dempster Y, Branch GM. 1999. A review of the genus Burnupena Iredale, 1918 (Gastropoda: 

Buccinidae), with descriptions of two new species. Annals of the Natal Museum 40: 173-

204. 

Department of Water Affairs and Forestry (DWAF). The Durban Brochure. Available at 

http://www.dwaf.gov.za/Groundwater/maps/durbanbrochure.pdf [Accessed 20/08/2013]. 

Diaz S, Symstad AJ, Chapin FS (III), Wardle DA, Huenneke LF. 2003. Functional diversity 

revealed by removal experiments. Trends in Ecology and Evolution 18: 140-146. 

Dijkstra HH, Kilburn RN. 2001. The Family Pectinidae in South Africa and Mozambique 

(Mollusca: Bivalvia: Pectinoidea). Annals of the Natal Museum 42: 263-321. 

Dos Reis Melo K, Tagliaro CH, Beasley CR. 2013. Seasonal changes in the subtidal benthic 

macrofauna of a mangrove coast in northern Brazil. Journal of Coastal Research 65: 87-

92. 

Downes BJ. 2002. Monitoring ecological impacts concepts and practice in flowing waters. 

Available at http://site.ebrary.com/id/10006820. 

Duncan CP. 1970. The Agulhas Current. PhD thesis, University of Hawaii, Michigan. 

Dutertre M, Hamon D, Chevalier C, Ehrhold A. 2013. The use of the relationships between 

environmental factors and benthic macrofauna distribution in the establishment of a 

baseline for coastal management. ICES Journal of Marine Science 70: 294-308. 

DWA (Department of water affairs). 2010. Resource Directed Measures for the Protection of 

water resources: Methods for the Determination of the Ecological Water Requirements 

for Estuaries. Water Resource Protection and Assessment Policy Implementation Process. 

Draft 3. Pretoria, Water Research Commission. 

Eleftheriou A, Moore DC. 2005. Macrofauna techniques. In: Eleftheriou A, Mcintyre A (eds), 

Methods for the study of marine benthos (3rd edn). John Wiley & Sons. pp 440. 

Ellingsen K, Gray JS. 2002. Spatial patterns of benthic diversity: is there a latitudinal gradient 

along the Norwegian continental shelf? Journal of Animal Ecology 71: 373-389. 

Ellingsen KE, Clarke KR, Somerfield PJ, Warwick RM. 2005. Taxonomic distinctness as a 

measure of diversity applied over a large scale: the benthos of the Norwegian continental 

shelf. Journal of Animal Ecology 74: 1069-1079. 

http://www.dwaf.gov.za/Groundwater/maps/durbanbrochure.pdf


156 
 

Ellingsen KE. 2001. Biodiversity of a continental shelf soft-sediment macrobenthos community. 

Marine Ecology Progress Series 218: 1-15. 

Ellingsen KE. 2002. Soft sediment benthic biodiversity on the continental shelf in relation to 

environmental variability. Marine Ecology Progress Series 232: 15-27. 

Elmgren R, Hill C. 1997. Ecosystem function at low biodiversity - the Baltic example. In: 

Ormond RFG, Gage JD, Angel MV (eds), Marine Biodiversity: patterns and processes. 

Cambridge: Cambridge University Press. 

Emmerson MC, Raffaelli DG. 2000. Detecting the effects of diversity on measures of 

ecosystem function: experimental design, null models and empirical observations. Oikos 

91: 195-203. 

Eyre BD, Ferguson AJP, Webb A, Maher D, Oakes JM. 2011. Dentrification, N-fixation and 

nitrogen and phosphorus fluxes in different benthic habitats and their contribution to the 

nitrogen and phosphorus budgets of a shallow oligotrophic sub-tropical coastal system 

(southern Moreton Bay, Australia). Biogeocehmistry 102: 111-133. 

Fenchel T. 2002. Microbial behaviour in a heterogeneous world.  Science 296: 1068–1071.  

Fennessy S, Mackay CF, Roberts M. 2007. Ecosystem processes in the KZN Bight: linking 

geological, biological and physical processes to understand ecosystem functioning. ORI 

(Oceanographic Research Institute) Project proposal.  University of KwaZulu-Natal, 

Durban. South Africa.  

Fennessy ST, Groeneveld JC. 1997. A review of the offshore trawl fishery for crustaceans on 

the east coast of South Africa. Fisheries Management and Ecology 4(2): 135-147. 

Fernanda M, Santos LS, Pires-Vanin AMS. 1999. The cumacea community of the south-eastern 

Brazilian continental shelf: structure and dynamics. Scientia Marina 63: 15-25. 

Fisher RA, Corbet AS, Williams CB. 1943. The Relation between the number of species and the 

number of individuals in a random sample of an animal population. Journal of Animal 

Ecology 12: 42-58. 

Flach E, de Bruin W. 1999. Diversity patterns in macrobenthos across a continental slope in the 

NE Atlantic. Journal of Sea Research 42: 303-323. 

Flemming B, Hay R. 1988. Sediment distribution and dynamics on the Natal continental shelf. 

In: Schumann EH (ed.), Lecture notes on coastal and estuarine studies. New York: 

Springer-Verlag. 

Flemming BW. 1981. Factors controlling shelf sediment dispersal along the south-eastern 

African continental margin. National Research Institute for Oceanology International. pp 

259-277. 



157 
 

Fonseca G, Soltwedel T. 2009. Regional patterns of nematode assemblages in the Arctic deep 

seas. Polar Biology 32: 1345-1357. 

Fontana G, Ugland KI, Gray JS, Willis TJ, Abbiati M. 2008. Influence of rare species on beta 

diversity estimates in marine benthic assemblages. Journal of Experimental Marine 

Biology and Ecology 366: 104-108. 

Foote M. 2006. Substrate affinity and diversity dynamics of the Paleozoic marine animals 

Paleobiology 32: 345-366. 

Forbes AT, Cyrus DP. 1991. Recruitment and origin of panaeid prawn postlarvae in two south-

east African estuaries. Estuarine, Coastal and Shelf Science 33(3): 281-289. 

Fromme GAW. 1970. The movement of suspended river solids along the Natal coast.  

Oceanography in South Africa Symposium, Book E1. CSIR Stellenbosch. 

Gage J, Lamont P, Kroeger K, Paterson GJ, Gonzalez Vecino J. 2000. Patterns in deep-sea 

macrobenthos at the continental margin: standing crop, diversity and faunal change on the 

continental slope off Scotland.  Hydrobiologia 440: 261-271. 

Gage JD, May RM. 1993. A dip into the deep seas. Nature 365: 609-610. 

Gage JD. 1997. High benthic species diversity in deep-sea sediments: the importance of 

hydrodynamics In: Ormond RFG, Gage JD, Angel MV (eds), Marine Biodiversity: 

patterns and processes. Cambridge: Cambridge University Press. 

Galil BS. 2009. An examination of the genus Philyra Leach, 1817 (Crustacea, Decapoda, 

Leucosiidae) with descriptions of seven new genera and six new species. ZOOSYSTEMA 

31: 279-320. 

Gaston KJ, Blackburn TM. 2000. Patterns and Processes in macroecology. Oxford: Blackwell 

Science. 

Gaston KJ, Williams PH. 1996. Spatial patterns in taxonomic diversity. In: Gaston, K.J. (ed.), 

Biodiversity: a biology of numbers and differences. Oxford: Blackwell Scientific. pp 202–

229.  

Gaston KJ. 1994. Rarity. London: Chapman & Hall. 

Gaston KJ. 2000. Global patterns in biodiversity. Nature 405: 220-226. 

Gee JM, Warwick RM. 1996. A Study of Global Biodiversity Patterns in the Marine Motile 

Fauna of Hard Substrata. Journal of the Marine Biological Association of the United 

Kingdom 76: 177-184. 

Gibbons MJ, Buecher E, Thibault-Botha D, Helm RR. 2010. Patterns in marine hydrozoan 

richness and biogeography around southern Africa: implications of life cycle strategy. 

Journal of Biogeography 37: 606-616. 



158 
 

Gibbons MJ. 1988. Impact of predation by juvenile Clinus superciliosus on phytal meiofauna: 

are fish important as predators? Marine Ecology Progress Series 26: 161-173. 

Gibbons MJ. 1999. An introduction to the zooplankton of the Benguela Current region. 

Republic of Namibia: Ministry of fisheries and marine resources. 

Gill AE, Schumann EH. 1979. Topographically induced changes in the structure of an inertial 

coastal jet: application to the Agulhas Current. Journal of Physical Oceanography 9: 975-

991. 

Gillanders BM, Able KW, Brown JA, Eggleston DB, Sheridan PF. 2003. Evidence of 

connectivity between juvenile and adult habitats for mobile marine fauna: an important 

component of nurseries. Marine Ecology Progress Series 247: 281-295. 

Glover AG, Smith CR, Paterson GLJ, Woilson GDF, Hawkins L, Sheader M. 2002. Polychaete 

species diversity in the central Pacific abyss: local and regional patterns, and relationships 

with productivity. Marine Ecology Progress Series 240: 157-170. 

Goldman JC. 1984. Ocean Nutrient Cycles. In: Fasham JR, Division NATOSA (eds), Flows of 

energy and materials in marine ecosystems: theory and practice, Book 13. Published in 

cooperation with NATO Scientific Affairs Division [by] Plenum Press. 

Gooday AJ, Hughes JA, Levin LA. 2001. The foraminifera macrofauna from three North 

Carolina (U.S.A.) slope sites with contrasting carbon flux: a comparison with the 

metazoan and macrofauna. Deep Sea Research I.  48: 1709-1739. 

Gooday AJ, Turley CM, Allen JA. 1990. Response by benthic organisms to inputs of organic 

material to the ocean floor: a review [and discussion]. Philosophical Transactions of the 

Royal Society of London Series A, Mathematical and Physical Sciences 331: 119-138. 

Gooday AJ. 2002. Biological responses to seasonally varying fluxes of organic matter to the 

ocean floor: a review. Journal of Oceanography 58: 305-332. 

Graf G. 1987. Benthic energy flow during a simulated autumn bloom sedimentation. Marine 

Ecology Progress Series. 33: 231-235. 

Graf G. 1992. Benthic-pelagic coupling: a benthic view. Oceanography and Marine Biology: 

An Annual Review 30: 149-190. 

Grassle JF, Maciolek NJ. 1992. Deep-sea species richness: regional and local diversity estimates 

from quantitative bottom samples. The American Naturalist 139: 313–341.  

Grassle JF, Stocks KI. 1999. A global ocean biogeographic information system (OBIS) for the 

census of marine life. Oceanography 12:12-14. 

Gray JS, Clarke KR, Warwick RM, Hobbs G. 1990. Detection of initial effects of pollution on 

marine benthos- an example from the Ekofisk and Eldfisk oilfields, North Sea. Marine 

Ecology Progress Series 66: 285-299. 



159 
 

Gray JS, Poore GCB, Ugland KI, Wilson RS, Olsgard F, Johannessen Q. 1997. Coastal and 

deep-sea benthic diversities compared. Marine Ecology Progress Series 159: 97-103. 

Gray JS.  1981.  The ecology of marine sediments an introduction to the structure and function 

of benthic communities. Cambridge University Press, Cambridge. pp.185. 

Gray JS. 1997a. Gradients in marine biodiversity In: Ormond RFG, Gage JD, Angel MV (eds), 

Marine Biodiversity: patterns and processes. Cambridge: Cambridge University Press. 

Gray JS. 1997b. Marine biodiversity: patterns, threats and conservation needs. Biodiversity and 

Conservation 6: 153-175. 

Gray JS. 2000. The measurement of marine species diversity, with an application to the benthic 

fauna of the Norwegian continental shelf. Journal of Experimental Marine Biology and 

Ecology 250: 23-49. 

Gray JS. 2001. Marine diversity: the paradigms in patterns of species richness examined. 

Scientia Marina 65: 41-56. 

Gray JS. 2002. Species richness in marine soft sediments. Marine Ecology Progress Series 244: 

285-297. 

Grebmeier JM, Cooper LW, Feder HM, Sirenko BI. 2006. Ecosystem dynamics of the Pacific-

influenced Northern Bering and Chukchi seas in the Amerasian Arctic. Progress in 

Oceanography 71: 331–361.  

Griffiths C, Robinson T, Lange L. 2011. Assessing the state of knowledge of marine 

biodiversity in South Africa. Paper presented at Proceedings of the Congress of the 

Southern African Society for Systematic Biology, Grahamstown, 19-21 January 2011. 

Griffiths CL, Robinson TB, Lange L, Mead A. 2010. Marine biodiversity in South Africa: an 

evaluation of current state of knowledge. PLOS ONE 5(8): 1-12.  

Griffiths CL. 1976. Guide to the benthic marine amphipods of Southern Africa. Cape Town, 

South Africa: Trustees of the South African Museum. pp 106. 

Griffiths CL. 1977. The South African Museum’s Meiring Naudé cruises, Part 6: Amphipoda. 

Annals of the South African Museum 74(4): 105-123. 

Griffiths D. 1997. Local and regional species richness in North American Lacustrine fish. 

Journal of Animal Ecology 66: 49-56. 

Groeneveld JC, Mellville-Smith R. 1995. Spatial and temporal availability in the multispecies 

crustacean trawl fishery along the east coast of South Africa and south Mozambique, 

1988-1993. South African journal of Marine Science 15(1): 123-136. 

Gründlingh ML. 1974. A description of inshore current reversal of Richards Bay based on 

airborne radiation thermometry. Deep-Sea Research 21: 47-55. 

Gründlingh ML. 1986. Features of the northern Agulhas Current in spring, 1983. South African 

Journal of Science 82(1): 18-20. 



160 
 

Guzmán-Alvis AI, Carrasco FD. 2005. Taxonomic aggregation and redundancy in a tropical 

macroinfaunal assemblage of the southern Caribbean in the detection of temporal 

patterns. Scientia Marina 69: 133-141. 

Guzmán-Alvis AI, Lattig P, Ruiz JA. 2006. Spatial and temporal characterization of soft bottom 

polychaetes in a shallow tropical bay (Colombian Caribbean). Boletín de Investigaciones 

Marinas y Costeras - INVEMAR 35: 19-36. 

Hagberg J, Tunberg BG. 2000. Studies on the covariation between physical factors and the 

long-term variation of the marine soft bottom macrofauna in Western Sweden. Estuarine, 

Coastal and Shelf Science 50: 373-385. 

Hairston NGJ, Hairston NGS. 1993. Cause effect relationship in energy flow, trophic structure, 

and interspecific interactions. The American Naturalist 142: 379-411. 

Harkantra SN, Rodrigues CL, Parulekar AH. 1982. Macrobenthos off the shelf of North Eastern 

Bay of Bengal. Indian Journal of Marine Science 11: 115-121 

Harrison S, Ross SJ, Lawton JH. 1992. Beta diversity on geographic gradients in Britain. 

Journal of Animal Ecology 61: 151-158. 

Hayward PJ, Cook PL. 1979. The South African Museum’s Meiring Naudé cruises, Part 9: 

Bryozoa. Annals of the South African Museum 79(4): 43-130. 

Hayward PJ, Cook PL. 1983. The South African Museum’s Meiring Naudé cruises, Part 13, 

Bryozoa II. Annals of the South African Museum 91(1): 1-161. 

Heard RW, Hansknecht T, Larsen K. 2003. An illustrated identification guide to Florida 

Tanaidacea (Crustacea: Peracarida) occurring in depths of less than 200m. In: O'Neal A 

(ed). Tallahassee: Florida Department of Environmental Protection. 

Heino J, Soininen J, Lappalainen J, Virtanen R. 2005. The relationship between species richness 

and taxonomic distinctness in freshwater organisms. Limnology and Oceanography 50: 

978-986. 

Heip C, Basford D, Craeymeersch JA, Dewarumez JM, Dörjes J, de Wilde P, Duineveld G, 

Eleftheriou A, Herman PMJ, Niermann U, Kingston P, Künitzer A, Rachor E, Rumohr H, 

Soetaert K, Soltwedel T. 1992. Trends in biomass, density and diversity of Nort Sea 

macrofauna. ICES Journal of Marine Science 49: 13-22. 

Herbert DG, Warén A. 1999. South-African Mollusca described by Ferdinand Krauss: their 

current status and notes on type material housed in the Naturhistoriska Riksmuseret, 

Stockholm. Annals of the Natal Museum 40: 205-243.  

Hewitt JE, Thrush SF, Halliday, J, Duffy C. 2005. The Importance of small-scale habitat 

structure for maintaining beta diversity. Ecology 86: 1619-1626. 



161 
 

Heydorn AEF, Bang ND, Pearce AF, Flemming BW, Carter RA, Schleyer MH, Berry PF, 

Hughes GR, Bass AJ, Wallace JH, van der Elst RP, Crawford RJM, Shelton PA. 1978. 

Ecology of the Agulhas current region: an assessment of biological responses to 

environmental parameters in the South-Western Indian Ocean. Transactions of the Royal 

Society of South Africa 43(2): 151-190. 

Heydorn AEF. 1976. Ecology of the Agulhas Current region- an assessment of biological 

responses to environmental parameters in the south-west Indian Ocean. South African 

Network for Coastal and Oceanic Research 1-56. 

Hill MO. 1973. Diversity and evenness: a unifying notation and its consequences. Ecology 54: 

427-432. 

Hiller N. 1986. The South African Museum’s Meiring Naudé cruises, Branchiopoda from the 

1975-1979 cruises. Annals of the South African Museum. 

Hochard S, Pinazo C, Rochelle-Newall E, Pringault O. 2012. Benthic pelagic coupling in a 

shallow oligotrophic ecosystem: importance of microphytobenthos and physical forcing. 

Ecological Modelling 247: 307-318. 

Hoey G, Degraer S, Vincx, M.  2004. Macrobenthic community structure of soft-bottom 

sediments at the Belgian continental shelf. Estuarine, Coastal and Shelf Science 59: 599-

613. 

Hoffmann AA, Hercus MJ. 2000. Environmental stress as an evolutionary force. BioScience 50: 

217-226. 

Hooper DU, Chapin FS (III), Ewel JJ, Hector A, Inchausti P, Lavorel S, Lawton JH, Lodge DM, 

Loreau M, Naeem S, Schmid B, Setala H, Symstad AJ, Vandermeer J, Wardle DA. 2005. 

Effects of biodiversity on ecosystem functioning: a consensus of current knowledge. 

Ecological Monographs 75(1): 3-35. 

Hortal J, Borges P, Gaspar C. 2006. Evaluating the performance of species richness estimators: 

sensitivity to sample grain size. Journal of Animal Ecology 75: 274-287. 

Hutchings L, Morris T, van der Lingen CD, Lamberth SJ, Connell AD, Taljaard S, Van Niekerk 

L. 2010. Ecosystem considerations of the KwaZulu-Natal sardine run. African Journal of 

Marine Science 32: 413-421. 

Hutchings L, Beckley LE, Griffiths MH, Roberts MJ, Sundby S, Van Der Lingen C. 2002. 

Spawning on the edge: spawning grounds and nursery around the southern African 

coastline. Marine Freshwater Research 53: 307-318. 

Hutchings P. 1998. Biodiversity and functioning of polychaetes in benthic sediments. 

Biodiversity and Conservation 7: 1133-1145. 



162 
 

Imbach MC. 1967. Gammaridean Amphipoda from the South China Sea. In: Brinton E, 

Schaefer MB, Wooster WS, Wyllie VA (eds), NAGA Report, Book 4. San Diego: Scripps 

Institution of Oceanography. 

Ingole B, Rodrigues N, Ansari ZA. 2002. Macrobenthic communities of the Coastal waters of 

Dabhol, west coast of India. Indian Journal of Marine Science 31 (2): 93–99.   

Iriarte JL, Vargas CA, Tapia FJ, Bermudez R, Urrutia RE. 2012. Primary production and 

plankton carbon biomass in a river-influenced upwelling area off Concepcion , Chile. 

Progress in Oceanography 92-95: 97-109. 

Izsak C, Price ARG. 2001. Measuring β-diversity using a taxonomic similarity index, and its 

relation to spatial scale. Marine Ecology Progress Series 215: 69-77. 

Jayaraj KA, Jayalakshmi KV, Saraladevi K. 2007. Influence of environmental properties on 

macrobenthos in the northwest Indian shelf. Environmental Monitoring and Assessment 

127: 459-475. 

Jennerjahn TC, Knoppers BA, Souza WFl, Carvalho CEV, Mollenhauer G, Hubner M, Ittekkot 

V. 2010. The tropical Brazilian continental margins. In: Liu KK, Atkinson L, Quinones 

R, Talaue-McManus L (eds), Carbon and Nutrient Fluxes in Continental Margins: A 

Global Synthesis. Springer. 

Jenness MI, Duineveld GCA. 1985. Effects of tidal currents on chlorophyl-a content of sandy 

sediments in the southern North Sea. Marine Ecology Progress Series 21: 283-287. 

Jennings S, Kaiser MJ. 1998. The effects of fishing on marine ecosystems. Advances in Marine 

Biology 34: 201-352. 

Jones NS.  1950.  Marine bottom communities. Biological Reviews 25: 283-313. 

Jost L. 2006. Entropy and diversity. Oikos 113: 363-375. 

Jumars PA, Nowell ARM. 1984. Fluid and sediment dynamic effects on marine benthic 

community structure. American Zoologist 24: 45-55. 

Jurgensone I, Aigars J. 2012. Bioavailability of riverine dissolved organic matter to 

phytoplankton in the marine coastal waters. Estuarine, Coastal and Shelf Science 107: 

97-104. 

Karakassis I, Eleftheriou A. 1997. The continental shelf of Crete: structure of macrobenthic 

communities. Marine Ecology Progress Series 160: 185-196. 

Kelly NE, Shea EK, Metaxas A, Haedrich RL, Auster PJ. 2010. Biodiversity of the deep-sea 

continental margin bordering the Gulf of Maine (NW Atlantic): relationships among sub-

regions and the shelf systems. PLOS ONE 5(11): 1-23. 



163 
 

Kendall MA, Aschan M. 1993. Latitudinal gradients in the structure of macrobenthic 

communities: a comparison of Arctic, temperate and tropical sites. Journal of 

Experimental Marine Biology and Ecology 172: 157-169. 

Kendall MA, Paterson GLJ, Aryuthaka C. 2000. On-line exchange of polychaete taxonomic 

information. Bulletin of Marine Science 67: 411-420. 

Kensley B.  1981.  On the Zoogeography of Southern African Decapod Crustacea, with a 

distributional checklist of the species. In: The Smithsonian contributions to zoology. 

Washington: Smithsonian Institution Press 338: 1-51. 

Kensley B. 1972. Shrimps & prawns of Southern Africa. Cape Town, South Africa: Trustees of 

the South African Museum. 

Kensley B. 1978b. Guide to the marine isopods of Southern Africa. Cape Town, South Africa: 

Trustees of the South African Museum. 

Kensley BF. 1977. The South African Museum’s Meiring Naudé cruises, Part 2: Crustacea, 

Decapoda, Anomura and Brachyura.  Annals of the South African Museum 72(9): 161-

188. 

Kensley BF. 1978a. The South African Museum’s Meiring Naudé cruises, Part 7: Marine 

Isopoda. Annals of the South African Museum 74(5): 125-157. 

Kensley BF. 1981. On the zoogeography of southern African decapod crustacea, with a 

distributional checklist of the species. In: Smithsonian Contributions to Zoology, Number 

338. Washington: Smithsonian Institution Press. pp 64.  

Kensley BF. 1984. The South African Museum’s Meiring Naudé cruises, Part 15: Marine 

Isopoda of  the 1977, 1978, 1979 cruises. Annals of the South African Museum 93(4): 

213-301. 

Kiessling W, Aberhan M. 2007. Environmental determinants of marine benthic biodiversity 

dynamics through Triassic-Jurassic time. Paleobiology 33: 414-434. 

Kiflawi M, Eitam A, Blaustein L. 2003. The relative impact of local and regional processes on 

macro-invertebrate species richness in temporary pools. Journal of Animal Ecology 72: 

447-452. 

Kilburn RJ, Rippey E. 1982. Sea shells of Southern Africa. Johannesburg: Macmillan South 

Africa (Publishers) Pty Ltd. 

Kilburn RN. 1998. The Limidae of South Africa and Mozambique (Mollusca: Bivalvia): genera 

Limaria, Limatula, Divarilima, Ctenoides and Fukama. Annals of the Natal Museum 39: 

203-247. 



164 
 

Kirchman D, Graham S, Reish D, Mitchelle R. 1982. Bacteria induce settlement and 

metamorphosis of Janua (Dexiospira) brasiliensis Grube (Polychaeta: Spirorbidae). 

Journal of Experimental Marine Biology and Ecology 56: 153-163. 

Koperski P. 2011. Diversity of freshwater macrobenthos and its use in biological assessment: a 

critical review of current applications. Environmental Reviews 19: 16-31. 

Laine AO. 2003. Disturbance of soft-bottom macrofauna in the deep open Baltic Sea in relation 

to environmental variability. Estuarine, Coastal and Shelf Science 57: 87-97. 

Lamberth SJ, Drapeau L, Branch GM. 2009. The effects of altered freshwater inflows on catch 

rates of non-estuarine-dependent fish in a multispecies near shore linefishery. Estuarine, 

Coastal and Shelf Science 84(4): 527-538. 

Lande R. 1996. Statistics and partitioning of species diversity, and similarity among multiple 

communities. Oikos 76: 5-13. 

LeCroy SE. 2002. An illustrated identification guide to the nearshore marine and estuarine 

Gammaridean Amphipoda of Florida In: Protection FDoE (ed), Families Ampeliscidae, 

Amphilochidae, Ampithoidae, Aoridae, Argissidae and Haustoriidae, Book 2. 

Tallahassee, Florida. 

Leduc D, Rowden AA, Bowden DA, Nodder SD, Probert PK, Pilditch CA, Duineveld GCA, 

Witbaard R. 2012. Nematode beta diversity on the continental slope of New Zealand: 

spatial patterns and environmental drivers. Marine Ecology Progress Series 454: 37-52. 

Legendre P, Borcard D, Peres-Neto PR. 2005. Analysing Beta Diversity: partitioning the spatial 

variation of community composition data. Ecological Monographs 75: 435-450. 

Levin LA, Dayton PK. 2009. Ecological theory and continental margins: where shallow meets 

deep. Trends in Ecology & Evolution 24(11): 606-617. 

Levin LA, Etter RJ, Rex MA, Gooday AJ, Smith CR, Pineda J, Stuart CT, Hessler RR, Pawson 

D. 2001. Environmental influences on regional deep-sea species diversity. Annual Review 

of Ecology and Systematics 32: 51–93.   

Levin LA, Gage JD, Martin C, Lamont PA. 2000. Macrobenthic community structure within 

and beneath the oxygen minimum zone, NW Arabian Sea. Deep-Sea Research II 47(1): 

189-226. 

Levin LA, Gage JD. 1998. The relationship between oxygen, organic matter and the diversity of 

bathyal macrofauna. Deep-Sea Research Part II 45(1-3): 129-163. 

Levin LA, Sibuet M, Gooday AJ, Smith CR, Vanreusel A. 2010. The role of habitat 

heterogeneity in generating and maintaining biodiversity on continental margins: a 

introduction. Marine Ecology 31(1): 1-5. 



165 
 

Levin SA. 1992. The problem of pattern and scale in ecology: The Robert H. MacArthur Award 

Lecture. Ecology 73: 1943-1967. 

Levinton JS. 1995. Marine Biology: Function, Biodiversity, Ecology. Oxford University Press. 

Lewontin RC. 1972. The apportionment of human diversity. Evolutionary Biology 6: 381-398. 

Lincoln RJ. 1979. British Marine Amphipoda: Gammaridea. Cromwell, London: Trustees of the 

British Museum (Natural History). 

Lohrenz SE, Fahnenstiel GL, Redalje DG, Lang GA, Chen X, Dagg MJ. 1997. Variations in 

primary production of northern Gulf of Mexico continental shelf waters linked to nutrient 

inputs from the Mississippi River. Marine Ecology Progress Series 155: 45-54. 

Long B, Lewis JB. 1987. Distribution and community structure of the benthic fauna of the north 

shore of the Gulf of St. Lawrence described by numerical methods of classification and 

ordination. Marine Biology 95: 93-101. 

Longhurst AR, Pauly D. 1989. Ecology of tropical oceans. San Diego: Academic Press. 

Longhurst AR. 2007. Ecological geography of the sea. San Diego: Elsevier Academic Press. 

Loreau M, Naeem S, Inchausti P, Bengtsson J, Grime JP, Hector A, Hooper DU, Huston MA, 

Raffaelli D, Schmid B, Tilman D, Wardle DA. 2001. Biodiversity and ecosystem 

functioning: current knowledge and future challenges. Science 294: 804-808. 

Loreau M. 2000. Are communities saturated? On the relationship between α, ß and γ diversity. 

Ecology Letters 3: 73–76.  

Louzao M, Anadon N, Arrontes J, Alvarez-Claudio C, Fuente DM, Ocharan F, Anadon A, 

Acuna JL. 2010. Historical macrobenthic community assemblages in the Aviles Canyon, 

N Iberian Shelf: baseline biodiversity information for a marine protected area.  Journal of 

Marine Systems 80: 47-56. 

Lowry JK, Myers AA (eds). 2009. Benthic Amphipoda (Crustacea: Peracarida) of the Great 

Barrier Reef (Zootaxa 2260). Vol 1,2,3. Auckland: Magnolia Press. 

Lowry JK. 1999 onwards. Crustacea, the Higher Taxa: Descriptions, Illustrations, Identification, 

and Information Retrieval Version: 2 October 1999. In: Museum A (ed), Crustaceanet: 

An information retrieval system for crustaceans of the world. © Australian Museum. 

Ludwig JA, Reynolds JF. 1988. Statistical ecology: a primer in methods and computing. John 

Wiley & Sons. 

Lutjeharms JRE, Catzel R, Valentine HR. 1989. Eddies and other boundary phenomena of the 

Agulhas Current. Continental Shelf Research 9: 597-616. 

Lutjeharms JRE, Cooper J, Roberts M.  2000. Upwelling at the inshore edge of the Agulhas 

Current. Continental Shelf Research 20: 737-761. 

Lutjeharms JRE. 2006a. The Agulhas Current. Berlin: Springer-Verlag. pp 329. 



166 
 

Lutjeharms JRE. 2006b. The northern Agulhas Current. In: Lutjeharms JRE (ed.), The Agulhas 

Current. Berlin: Springer-Verlag. 

Lynchs. 2001. Median annual simulated runoff. Available at 

http://planet.uwc.ac.za/NISL/Invasives/Assignments/GARP/atlas/atlas_266t.htm 

[Accessed 21/08/2013].  

MacArthur RH. 1967. The Theory of Island Biogeography. Princeton: Princeton University 

Press. p 203.  

Mackie ASY, Oliver PG, Darbyshire T, Mortimer K. 2005. Shallow marine benthic 

Invertebrates of the Seychelles Plateau: high diversity in a tropical oligotrophic 

environment. Philosophical Transactions: Mathematical, Physical and Engineering 

Sciences 363: 203-228. 

Maclaurin J, Sterelny K. 2008. What is Biodiversity? Chicago: The University of Chicago Press. 

Magurran AE. 2004. Measuring Biological Diversity. Oxford: Blackwell Pub. 

Magurran AE. 2009. Measuring Biological Diversity. Oxford: Wiley-Blackwell. 

Magurran AE. 2010. Measuring biological diversity. Blackwell Publishing.   

Mann KH, Lazier JRN. 2006. Vertical structure in coastal waters: freshwater run-off and tidal 

mixing Dynamics of marine ecosystems: biological-physical interactions in the oceans. 

John Wiley & Sons. 

Mann KH. 1988. Production and use of detritus in various freshwater, estuarine, and coastal 

marine ecosystems. Limnology and Oceanography 33(4): 910-930. 

Markhaseva EL, de Kluijver MJ, Ingalsuo SS, de Bruyne RH, Pierrot-Bults A, Sakai K, Brinton 

E, Ohman MD, Townsend AW, Knight MD, Bridgeman AL, Hureau JC, Faust MA, 

Gulledge RA, De Kluijver M, Gijswijt G, de Leon R, da Cunda I, van Nieuwenhuijzen 

AJL, Veldhuijzen van Zanten HH, Holthuis LB, Jefferson TA, Leatherwood S, Webber 

MA, Sluys R, Angel MV, van der Spoel S, Newman LJ, Estep KW, Hoeksema B, van 

Ofwegen L, Compagno LJV, van Soest R, Cannon LRG, van Couwelaar M, Boltovskoy 

D. 2012. Marine Species Identification Portal. In: Hureau JC, Boltovskoy D (eds), Key to 

Nature. ETI BioInformatics. 

Marquet PA, Fernández S, Navarrete A, Valdovinos C. 2004. Diversity emerging: towards a 

deconstruction of biodiversity patterns. In: Lomolino M and Heaney L (eds), Frontiers of 

Biogeography: New directions in the Geography of Nature. Cambridge University Press. 

Martin AK, Flemming BW. 1988.  Physiography, structure and geological evolution of the 

Natal continental shelf. In: Schumann EH (ed), Lecture notes on coastal and estuarine 

studies. New York: Springer-Verlag. pp 271. 

http://planet.uwc.ac.za/NISL/Invasives/Assignments/GARP/atlas/atlas_266t.htm


167 
 

Martins R, Quintino V, Rodriques AM. 2013a. Diversity and spatial distribution patterns of the 

soft-bottom macrofauna communities on the Portuguese continental shelf. Journal of Sea 

Research. Available at http://dx.doi.org/10.1016/j.seares.2013.03.001. 

Martins R, Sampaio L, Rodrigues AM, Quitino V. 2013b. Soft-bottom Portuguese continental 

shelf polychaetes: diversity and distribution. Journal of Marine Systems 123-124:  41-54. 

Mauchline J. 1980. The species of Mysids. Advances in Marine Biology 18: 16-38. 

McClurg TP.  1988.  Benthos of the Natal continental shelf.  In: Schumann EH (ed), Lecture 

notes on coastal and estuarine studies. New York: Springer-Verlag. pp 271. 

McClurg TP.  1996. A study of benthic macrofauna near the SAPPI SAICCOR marine outfall in 

May 1996. In: Studies on the environmental impact of SAPPI SAICCOR effluent on the 

Natal south coast, CSIR Report. 

McRae G, Camp DK, Lyons WG, Dix TL. 1998. Relating benthic infaunal community structure 

to environmental variables in estuaries using nonmetric multidimensional scaling and 

similarity analysis. Environmental Monitoring and Assessment 51: 233-246. 

Melake K. 1993. Ecology of macrobenthos in the shallow coastal areas of Tewalit (Massawa), 

Ethiopia. Journal of Marine Systems 4: 31-44. 

Merckx B, Goethals P, Steyaert M, Vanreusel A. 2009. Predictability in marine nematode 

biodiversity. Ecological Modelling 220: 1449–1458.  

Meyer AA, Lutjeharms JRE, De Villiers S. 2002. The nutrient characteristics of the Natal Bight, 

South Africa. Journal of Marine Systems 35: 11-37. 

Microsoft. 2010. Microsoft Excel [computer software]. Redmond, Washington: Microsoft. 

Millard NAH. 1958. Hydrozoa from the coasts of Natal and Portuguese East Africa. Part I. 

Calyptoblastea.  Annals of the South African Museum 44: 165-226. 

Millard NAH. 1977. The South African Museum’s Meiring Naudé cruises, Part 3: Hydroida. 

Annals of the South African Museum 73(5): 105-131. 

Millard NAH. 1978. The geographical distribution of southern African hydroids.  Annals of the 

South African Museum 82(4): 129-153. 

Miller AI, Connolly SR. 2001. Substrate affinities of higher taxa and the Ordovician Radiation. 

Paleobiology 27: 768-778. 

Minitab 16 Statistical Software. 2010. [Computer software]. State College, PA: Minitab, Inc. 

(www.minitab.com) 

Mistri M, Fano EA, Rossi G, Caselli K, Ross R. 2000. Variability in macrobenthos communities 

in the Velli di Comacchio, Northern Italy, a Hypereutrophized Lagoonal Ecosystem. 

Estuarine, Coastal and Shelf Science 51: 599-611. 

http://dx.doi.org/10.1016/j.seares.2013.03.001


168 
 

Mistri M. 2002. Persistence of benthic communities: a case study from the Valli di Comacchio, 

a Northern Adriatic lagoonal ecosystem (Italy). ICES Journal of Marine Science: Journal 

du Conseil 59: 314-322. 

Mittlebach GG, Steiner CF, Scheiner SM, Gross KL, Reynolds HL, Waide RB, Willig MR, 

Dodson SI, Gough L. 2001. What is the observed relationship between species richness 

and productivity? Ecology 82: 2381-2396. 

Moore JC, McCann K, Setala H, De Ruiter PC. 2003. Top-down is Bottom-up: Does predation 

in the rhizosphere regulate above ground dynamics? Ecology 84: 846-857. 

Moore JC, others. 2004. Detritus, trophic dynamics and biodiversity. Ecology Letters 7: 584-

600. 

Morse DR, Lawton JH, Dodson MM, Williamson MH. 1985. Fractal dimension of vegetation 

and the distribution of arthropod body length. Nature 314: 731-733. 

Morton B. 1996. The subsidiary impacts of dredging (and trawling) on a subtidal benthic 

molluscan community in the southern waters of Hong Kong. Marine Pollution Bulletin 

32: 701-710. 

Mouillot D, Gaillard S, Aliaume C, Verlaque M, Belsher T, Troussellier M, Do CT. 2005. 

Ability of taxonomic diversity indices to discriminate coastal lagoon environments based 

on macrophyte communities. Ecological Indicators 5: 1-17. 

Munari C, Mistri M. 2008. Biodiversity of soft-sediment benthic communities from Italian 

transitional waters. Journal of Biogeography 35: 1622–1637.  

Mutlu E, Ergev MB. 2013. Depth-related gradient of soft-bottom crustacean distribution along 

the Cilician shelf. Turkish Journal of Zoology 37: 262-276.  

Nanajkar M, Ingole B, Chatterjee T. 2011. Spatial distribution of the nematodes in the subtidal 

community of the Central West Coast of India with emphasis on Tershellingia 

longicaudata (Nematoda: Linhomoeidae). Italian Journal of Zoology 78(2): 222-230. 

Nevo E. 2001. Evolution of genome-phenome diversity under environmental stress. 

Proceedings of the National Academy of Sciences of the United States of America 98: 

6233-6240. 

Ng PKL, Shih HT, Tan SH, Ahyong ST, Ho PH, Naruse T. 2009. Crustacean fauna of Taiwan: 

Brachyuran crabs, vol 1. Keelung, Taiwan: National Taiwan Ocean University. 

NIST/SEMATECH. 2012. Anderson-Darling Test. e-Handbook of Statistical Methods. NIST 

Norse EA (ed). 1993. Global Marine Biological Diversity: A strategy for building conservation 

into decision making. Washington D.C.: Island Press. 



169 
 

Norse EA, Rosenbaum KL, Wilcove DS, Wilcox BA, Romme WH, Johnston DW, Stout ML. 

1986. Conserving biological diversity in our national forests. Washington D.C.: The 

Wilderness Society.  

Nowell ARM, Jumars PA, Eckman JE. 1981. Effects of biological activity on the entrainment of 

marine sediments. Marine Geology 42: 133-153. 

Olbers JM, Fennessy ST. 2007. A retrospective assessment of the stock status of Otolithes ruber 

(Pisces: Sciaenidae) as bycatch on prawn trawlers from KwaZulu-Natal, South Africa. 

African Journal of Marine Science 29: 247-252.  

Ormond RFG, Gage JD, Angel MV (eds). 2005. Marine Biodiversity: Patterns and Processes. 

Cambridge: Cambridge University Press. pp 449. 

Otani S, Kozuki Y, Kurata K, Ueda K, Nakai S, Murakami H. 2008. Relationship between 

macrobenthos and physical habitat characters in tidal flat in eastern Seto Inland Sea, 

Japan. Marine Pollution Bulletin 57: 142-148. 

Ott JA. 1992. The Adriatic benthos: problems and perspectives. In: Colombo G, Ferrari I, 

Ceccherelli VU, Rossi R (eds), Marine eutrophication and population dynamics. 

Fredensborg: Olsen & Olsen. 

Lehohla P. 2011. Census 2011Municipar Report. Report no. 03-0153. Statistics South Africa. 

Parry DM, Kendall MA, Rowden AA, Widdicombe S. 1999. Species body size distribution 

patterns of marine benthic macrofauna assemblages from contrasting sediment types. 

Journal of the Marine Biological Association of the UK 79: 793-801. 

Parsons TR, Takahashi M, Hargrave B.  1977. Biological Oceanographic Processes, (2
nd

 edn). 

Oxford, England: Pergamon Press Inc. pp 325.  

Pearce AF. 1977. Some features of the upper 500m of the Agulhas Current. Journal of Marine 

Research 35: 731-751. 

Pearce AF. 1978. Seasonal variation of temperature and salinity on the northern Natal 

continental shelf. South African Geographical Journal 60: 135-143. 

Pearson TH, Rosenberg R. 1978. Macrobenthic succession in relation to organic enrichment and 

pollution of the marine environment. Oceanography and Marine Biology: an annual 

review 16: 229-311. 

Peet RK. 1974. The Measurement of Species Diversity. Annual Review of Ecology and 

Systematics 5: 285-307. 

Petrescu I. 2006. Nannastacidae (Crustacea: Cumacea) from eastern Bass Strait, the south-

eastern Australian slope, and Antarctica in the collections of Museum Victoria. Memoirs 

of Museum Victoria 63: 129-173. 

Pielou EC. 1969. An introduction to mathematical ecology. New York: Wiley.  



170 
 

Pielou EC. 1975. Ecological diversity. New York: Wiley InterScience. 

Pinnegar JK, Polunin NVC, Francour P, Badalamenti F, Chemello R, Harmelin-vivien ML, 

Hereu B, Milazzo M, Zabala M, ’Anna GD, Pipitone C. 2000. Trophic cascades in 

benthic marine ecosystems: lessons for fisheries and protected-area management. 

Environmental Conservation 27(2): 179–200. 

Poore GCB, Wilson GDF. 1993. Marine species richness. Nature 361: 597-598. 

Poore GCB. 2004. Marine Decapod Crustacea of Southern Australia: A guide to identification. 

Collingwood, Australia: CSIRO Publishing. 

Poppe GT, Poppe P. 2012. Conchology, Inc. Available at www.conchology.be   

Quintana CO, Yoshinaga MY, Sumida PYG. 2010. Benthic response to organic matter variation 

in a subtropical coastal area off SE Brazil. Marine Ecology 31: 457-472. 

Rabalais NN, Turner RE, Justic D, Dortch Q, Wiseman WJ Jr, Gupta BKS. 1996. Nutrient 

changes in the Mississippi River and system responses on the adjacent continental shelf. 

Coastal and Estuarine Research Federation 19(2): 386–407.  

Rabalais NN. 1990. Biological communities of the South Texas Continental Shelf. American 

Zoologist 30: 77-87. 

Rabaut M, Guilini K, Van Hoey G, Vincx M, Degraer S. 2007. A bio-engineered soft-bottom 

environment: the impact of Lanice conchilega on benthic species-specific densities and 

community structure. Estuarine, Coastal and Shelf Science 75: 525-536. 

Radziejewska T, Rokicka-Praxmajer J, Ojaveer H. 2010. Meiobenthic component of the Baltic 

biological diversity. Paper presented at the 14th International Meiofauna Conference, 

Gent, Belgium, 11-16 July 2010. 

Reiss H, Kröncke I. 2005. Seasonal variability of benthic indices: an approach to test the 

applicability of different indices for ecosystem quality assessment. Marine Pollution 

Bulletin 50: 1490-1499. 

Rex MA, Etter RJ. 2010. Deep Sea Biodiversity: Patterns and Scale. MA: Harvard University 

Press. pp 354. 

Richards C, Bacon KL. 1994. Influence of fine sediment on macroinvertebrate colonization of 

surface and hyporheic stream substrates. Great Basin Naturalist 54: 106–113. 

Richards D. 1984. South African shells: A collector's guide. Cape Town, South Africa: Struik 

House (Pty) Ltd. 

Ricketts TH, Daily GC, Ehrlich PR. 2002. Does butterfly diversity predict moth diversity? 

Testing a popular indicator taxon at local scales. Biological Conservation 103: 361-370. 

Ricklefs RE. 1987. Community diversity: relative roles of local and regional processes. Science 

235:167-171. 



171 
 

Riehl T, Kaiser S. 2012. Conquered from the deep sea? A new deep-sea isopod species from the 

Antarctic shelf shows patterns of recent colonization. PLOS ONE 7(11). 

Roberts CM. 1997. Marine Biodiversity. Conservation Biology 11(3): 823-825. 

Rodrigues CL, Harkantra SN, Parulekar AH. 1982. Sub-littoral meiobenthos of the northeastern 

Bay of Bengal. Indian Journal of Marine Science 11(3): 239-242. 

Rogers SI, Clarke KR, Reynolds JD. 1999. The taxonomic distinctness of coastal bottom-

dwelling fish communities of the North-East Atlantic. Journal of Animal Ecology 68: 

769-782. 

Rohde K. 1992. Latitudinal gradients in species diversity: the search for the primary cause. 

Oikos 65: 514-527. 

Rosenzweig ML. 1995. Species diversity in space and time. Cambridge: Cambridge University. 

pp 436.  

Roy K, Jablonski D, Valentine JW. 1994. Eastern Pacific molluscan provinces and latitudinal 

diversity gradient: no evidence for "Rapoport's Rule". Proceedings of the National 

Academy of Sciences of the United States of America 91: 8871-8874. 

Rozengurt MA. 1991. Alteration of freshwater inflows. Marine Recreational fisheries 14: 73-

80.  

Sanders HL. 1968. Marine benthic diversity: a comparative study. The American Naturalist 

102(925): 243-282. 

Sanciangco JC, Carpenter KE, Etnoyer PJ, Moretzsohn F. 2013. Habitat availability and 

heterogeneity and the Indo-Pacific Warm Pool as predictors of marine species richness in 

the tropical Indo-Pacific. PlosOne DOI: 10.1371/journal.pone.0056245. 

Schlacher TA, Newell P, Clavier J, Schlacher-Hoenlinger MA, Chevillon C, Britton J. 1998. 

Soft sediment benthic community structure in a coral reef lagoon - the prominence of 

spatial heterogeneity and spot endemism. Marine Ecology Progress Series 174: 159-174. 

Schleyer MH. 1981. Microorganisms and detritus in the water column of a subtidal reef of 

Natal. Marine Ecology Progress Series 4: 307-320. 

Schumacher BA. 2002. Methods for the determination of total organic carbon (TOC) in soils 

and sediments. Technical Document, USEPA. 

Schumann EH. 1988. Physical oceanography off Natal. In: Schumann EH (ed), Lecture notes on 

coastal and estuarine studies. New York: Springer-Verlag. 

Seiderer LJ, Newell RC. 1999. Analysis of the relationship between sediment composition and 

benthic community structure in coastal deposits: implications for marine aggregate 

dredging. ICES Journal of Marine Science 56: 757-765. 



172 
 

Sellanes J, Quiroga E, Neira C, Gutierrez D. 2007. Changes of macrobenthos composition under 

different ENSO cycle conditions on the continental shelf off central Chile. Continental 

Shelf Research 27: 1002-1016. 

Shalla S. 2011. Cumacea: Identification guide to British cumaceans. NMBAQC workshop 

2010: 46 

Shin PKS, Ellingsen KE. 2004. Spatial patterns of soft-sediment benthic diversity in subtropical 

Hong Kong waters. Marine Ecology Progress Series 276: 25-35. 

Shmida A, Wilson M. 1985. Biological determinants of species diversity. Journal of 

Biogeography 12: 1-20. 

SigmaPlot 11(Systat Software, San Jose, CA). 

Simpson EH. 1949. Measurement of diversity. Nature 163: 688. 

Sivadas SK, Ingole BS, Fernandes CEG. 2013. Environmental gradient favours functionally 

diverse macrobenthic community in a Placer rich tropical bay. The Scientific World 

Journal Article ID 750580, 12 pages. Available at http://dx.doi.org/1155/2013/750580.  

Smith VH, Tilman GD, Nekola JC. 1999. Eutrophication: impacts of excess nutrient inputs on 

freshwater, marine and terrestrial ecosystems. Environmental pollution 100: 179-196. 

Snelgrove PVR, Blackburn TH, Hutchings PA, Alongi DM, Grassle JF, Hummel H, King G, 

Koike I, Lambshead PJD, Ramsing NB, Solis-Weiss V, Freckman D. 1997. The 

importance of marine sediment biodiversity in ecosystem processes. Ambio 26: 578-583. 

Snelgrove PVR, Butman CA. 1994. Animal-sediment relationships revisited: causes versus 

effects. Oceanography and Marine Biology Annual Review 32: 111-177. 

Snelgrove PVR. 1997. The Importance of Marine Sediment Biodiversity in Ecosystem 

Processes. Ambio 26: 578-583. 

Snelgrove PVR. 1998. The biodiversity of macrofaunal organisms in marine sediments. 

Biodiversity and Conservation 7(9): 1123-1132. 

Snelgrove PVR. 1999. Getting to the bottom of marine biodiversity: sedimentary habitats – 

ocean bottoms are the most widespread habitat on Earth and support high biodiversity and 

key ecosystem services. BioScience 49: 129–138. Soininen J, Lennon JJ, Hillebrand H. 

2007. A multivariate analysis of beta diversity across organism and environments. 

Ecology 88: 2830-2838. 

Soulé ME. 1991. Conservation: tactics for a constant crisis. Science 253(5021): 744-750.  

Speich S, Lutjeharms JRE, Penven P, Blanke B. 2006. Role of bathymetry in Agulhas Current 

configuration and behaviour. Geophysical Research Letters 33: L23611. 

http://dx.doi.org/1155/2013/750580


173 
 

Stachowicz JJ, Bruno JF, Duffy JE. 2007. Understanding the effects of marine biodiversity on 

communities and ecosystems. The Annual Review of Ecology, Evolution, and Systematics 

38: 739-766. 

Stal J, Pihl L, Wennhage H.  2007.  Food utilization by coastal fish assemblages in rocky and 

soft bottoms on the Swedish west coast: inference for identification of essential fish 

habitats.  Estuarine, Coastal and Shelf Science 71: 593-607. 

Steimle Jr FW. 1985. Biomass and estimated productivity of the benthic macrofauna in the New 

York Bight: A stressed coastal area. Estuarine, Coastal and Shelf Science 21: 539-554. 

Stephen AC. 1942. The South African intertidal zone and its relation to ocean currents. Notes 

on the intertidal sipunculids of Cape Province and Natal. Annals of the Natal Museum 

10(2): 245-256. 

Sternberg RW. 1984. Sedimentation processes on continental shelves. In: Haq BU, Milliman JD 

(eds), Marine Geology and Oceanography of Arabian Sea and Coastal Pakistan. 

University of California: Van Nostrand & Reinhold. 

Steyn DG, Lussi M. 1998. Marine shells of South Africa: An illustrated collector's guide to 

beached shells. Hartebeespoort, South Africa: Ekogilde Publishers. 

Steyn DG, Lussi M. 2005. Offshore shells of Southern Africa: A pictorial guide to more than 

750 Gastropods. Douw, G. Steyn & Markus Lussi. 

Stuart V, Head EJ, Mann KH. 1985. Seasonal changes in the digestive enzyme levels of the 

amphipod Corophium volutator (Pallas) in relation to diet. Journal of Experimental 

Marine Biology and Ecology 88: 243-256. 

Sumida PYG, Yoshinaga MY, Ciotti AM, Gaeta SA.  2005.  Benthic response to upwelling 

events off the SE Brazilian coast. Marine Ecology Progress Series 291: 35-42. 

Tang M, Kristensen E. 2007. Impact of microphytobenthos and macroinfauna on temporal 

variation of benthic metabolism in shallow coastal sediments. Journal of Experimental 

Marine Biology and Ecology 349: 99-112. 

Taylor JD. 1997. Diversity and structure of tropical Indo-Pacific benthic communities: relation 

to the regimes of nutrient input. In: Ormond RPG, Gage JD and Angel MV (eds), Marine 

Biodiversity: Patterns and Processes. Cambridge: Cambridge University Press. pp 178 – 

200.  

Team WttU. 2010. Windows to the Universe. Available at http://windows2universe.org/ 

[Accessed 26-03-2013]. 

Terlizzi A, Bevilacqua S, Fraschetti S, Boero F. 2003. Taxonomic sufficiency and the 

increasing insufficiency of taxonomic expertise. Marine Pollution Bulletin 46: 556-561. 

http://windows2universe.org/


174 
 

Teske PR, Wooldridge TH.  2003.  What limits the distribution of subtidal macrobenthos in 

permanently open and temporarily open/closed South African estuaries? Salinity vs. 

sediment particle size. Estuarine, Coastal and Shelf Science 57: 225-238. 

Thayer CW. 1986. Are brachiopods better than bivalves? Mechanisms of turbidity tolerance and 

their interactions with feeding in articulates. Paleobiology 12: 161-174. 

Thistle D. 1981. Natural physical disturbances and communities of marine soft bottoms. Marine 

Ecology Progress Series 6: 223–228.  

Thrush SF, Hewitt JE, Cummings VJ, Norkko A, Chiantore M. 2010. β-diversity and species 

accumulation in Antarctic coastal benthos: Influence of habitat, distance and productivity 

on ecological connectivity. PLOS ONE  5: e11899. 

Thrush SF, Hewitt JE, Dayton PK, Coco G, others. 2009. Forecasting the limits of resilience: 

integrating empirical research with theory. Proceedings of the Royal Society B: 

Biological Sciences 276: 3209–3217.  

Thrush SF, Schultz D, Hewitt JE, Talley, D. 2002. Habitat structure in soft-sediment 

environments and abundance of juvenile snapper Pagrus auratus. Marine Ecology 

Progress Series 245: 273-280. 

Tilman D, Knops J, Wedin D, Reich P, Ritchie M, Siemann E. 1997. The influence of 

functional diversity and composition on ecosystem processes.  Science 277(5330): 1300-

1302. 

Tilman D. 1996. Biodiversity: population vs. ecosystem stability. Ecology 77: 50-363. 

Tselepides A, Papadopoulou KN, Podaras D, Plaiti W, Koutsoubas D. 2000. Macrobenthic 

community structure over the continental margin of Crete (South Aegean Sea, NE 

Mediterranean). Progress in Oceanography 46: 401-428. 

Tseytlin VB. 1987. Detritus flux to the ocean bed and benthic biomass. Oceanologia 27: 98-

101. 

Tsutsumi H, Fukunaga S, Fujita N, Sumida M. 1990. Relationship between growth of Capitella 

sp. and organic enrichment of the sediment. Marine Ecology Progress Series 63: 157-

162. 

Uebelacker JM, Johnson PG. 1984. Taxonomic guide to the Polychaetes of the Northern Gulf of 

Mexico. In: Uebelacker JM, Johnson PG (eds), Final Report to the Minerals Management 

Service, contract 14-12-001-29091, Book 7 Vols. Mobile: Alabama. 

Van der Spoel S. 1994. A biosystematic basis for pelagic biodiversity. Bijdragen tot de 

dierkunde 64: 3-31. 



175 
 

Van Hoey G, Degraer S, Vincx M. 2004. Macrobenthic community structure of soft-bottom 

sediments at the Belgian Continental Shelf. Estuarine, Coastal and Shelf Science 59: 599-

613. 

Vanaverbeke J, Merckx B, Degraer S, Vincx M. 2011. Sediment-related distribution patterns of 

nematodes and macrofauna: two sides of the benthic coin?  Marine Environmental 

Research 71: 31–40.  

Vasconcellos M, Mackinson S, Sloman K, Pauly D. 1997. The stability of trophic mass-balance 

models of marine ecosystems: a comparative analysis. Ecological Modelling 100: 125-

134. 

Vavrek MJ. 2011. fossil: Palaeoecological and palaeogeographical analysis tools. 

Palaeontologia Electronica 14(1) 1T: P16. 

Veech JA, Crist TO. 2007. Habitat and climate heterogeneity maintain beta-diversity of birds 

among landscapes within ecoregions. Global Ecology and Biogeography 16: 650-656. 

Vellend M. 2001. Do commonly used indices of β-diversity measure species turnover? Journal 

of Vegetation Science 12: 545-552. 

Vermeij GJ. 1987. Tropical Pacific pelecypods and productivity: a hypothesis. Bulletin of 

Marine Science 47: 62-67. 

Vizakat L, Harkantra SN, Parulekar AH. 1991. Population ecology and community structure of 

subtidal soft sediment dwelling macro-invertebrates of Konkan, West coats of India. 

Indian Journal of Marine Science 20: 40-42. 

Vrba ES. 1987. Ecology in relation to speciation rates: some case histories of Miocene - recent 

mammal clades. Evolutionary Biology 1: 293-300. 

Waide RB, Willig MR, Steiner CF, Mittelbach G, Gough L. 1999. The relationship between 

productivity and species richness. Annual Review of Ecological Systems 30: 257-300. 

Wallace JH. 1975. The estuarine fishes of the East Coast of South Africa. I. Species 

composition and length distribution in the estuarine and marine environments. II. 

Seasonal abundance and migration. Investigational Report No. 41. Durban, South Africa: 

The Oceanographic Research Institute. 

Walsh JJ, Dieterle DA. 1988. Use of satellite ocean colour observations to refine understanding 

of global geochemical cycles. In: Rosswall T, Woodmansee RG, Risser PG (eds), Scales 

and global change. New York: John Wiley & Sons. 

Ward TJ, Kenchington RA, Faith DP, Margules CR. 1998. Marine BioRap guidlines: rapid 

assessment of marine biological diversity CSIRO, Perth. 

Warren LM, Hutchings PA, Doyle S. 1994. The revision of the Genus Mediomastus Hartman, 

1944 (Polychaeta: Capitellidae). Records of the Australian Museum 46: 227-256. 



176 
 

Warwick RM, Ashman CM, Brown AR, Clarke KR, Dowell B, Hart B, Lewis RE, Shillabeer N, 

Somerfield PJ, Tapp JF. 2002. Inter-annual changes in the biodiversity and community 

structure of the macrobenthos in Tees Bay and the Tees estuary, UK, associated with 

local and regional environmental events. Marine Ecology Progress Series 234: 1–13.  

Warwick RM, Clarke KR. 1991. A comparison of some methods for analysing changes in 

benthic community structure. Journal of the Marine Biological Association of the United 

Kingdom 71: 225-244. 

Warwick RM, Clarke KR. 1993. Comparing the severity of disturbance: a meta-analysis of 

marine macrobenthic community data. Marine Ecology Progress Series 92: 221-231. 

Warwick RM, Clarke KR. 1995. New 'biodiversity' measures reveal a decrease in taxonomic 

distinctness with increasing stress. Marine Ecology Progress Series 129: 301-305. 

Warwick RM, Clarke KR. 1998. Taxonomic distinctness and environmental assessment. 

Journal of Applied Ecology 35: 532-543. 

Warwick RM, Somerfield PJ. 2010. The structure and functioning of the benthic macrofauna of 

the Bristol Channel and Severn Estuary, with predicted effects of a tidal barrage. Marine 

Pollution Bulletin 61(1-3): 92–99.  

Wesenberg-Lund E. 1963. South African sipunculids and echiuroids from coastal waters. 

Videnskabelige Meddelelser fra Dansk naturhistorisk Forening I Kjobenhaun 126: 101-

146. 

Weston DP. 1988. Macrobenthos-sediment relationships on the continental shelf off Cape 

Hatteras, North Carolina. Continental Shelf Research 8: 267-286. 

Wheeler JF. 1940. Some nemerteans from South Africa and a note on Lineus corrugatus 

McIntosh. Journal of the Linnean Society (Zoology) 42: 20-49. 

Whitlatch RB. 1980. Patterns of resource utilization and coexistence in marine intertidal 

deposit-feeding communities. Journal of Marine Research 38: 743-765. 

Whittaker RH. 1960. Vegetation of the Siskiyou Mountains, Oregon and California. Ecological 

Monographs 30: 279-338. 

Whittaker RH. 1972. Evolution and Measurement of Species Diversity. Taxon 21: 213-251. 

Whittaker RH. 1975. Communities and ecosystems. New York: Macmillan. 

Wieking G, Kroncke I. 2005. Is benthic trophic structure affected by food quality? The Dogger 

Bank example. Marine Biology 146: 387-400. 

Williams A, Althaus F, Dunstan PK, Poore GCB, Bax NJ, Kloser TJ, McEnnulty FR. 2010. 

Scales of habitat heterogeneity and megabenthos biodiversity on an extensive Australian 

continental margin (100 - 1100 m depth). Marine Ecology 31: 222-236. 



177 
 

Williamson CE, Morris DP, Pace ML, Olson AG. 1999. Dissolved organic carbon and nutrients 

as regulators of lake ecosystems: Resurrection of a more integrated paradigm. Limnology 

and Oceanography 44: 795-803. 

Williamson M. 1997. Marine biodiversity in its global context. In: Ormond RPG, Gage JD and 

Angel MV (eds), Marine Biodiversity: Patterns and Processes. Cambridge: Cambridge 

University Press. pp 1-17 

Willig MR, Kaufman DM, Stevens RD. 2003. Latitudinal gradients of biodiversity: patterns, 

process, scale and synthesis. Annual Review of Ecology, Evolution and Systematics 34: 

273-309. 

Wilson AJ. 2001. Mvoti to Mzimkulu water management area: situation assessment. Appendix 

A. KwaZulu-Natal Regional Office: AJ Wilson and Associates International cc 

Management Consultants.  

Wilson MV, Shmida A. 1984. Measuring β-diversity with presence-absence data. Journal of 

Ecology 72: 1055-1064. 

Wilson WH. 1991. Sexual reproductive modes in polychaetes: classification and diversity. 

Bulletin of Marine Science 48: 500-516. 

Witman JD, Etter RJ, Smith F, Paine RT. 2004. The relationship between regional and local 

species diversity in marine benthic communities: A global perspective. Proceedings of 

the National Academy of Science of the United States of America 101: 15664-15669. 

Witman JD, Smith F. 2003. Rapid community change at a tropical upwelling site in the 

Galapagos Marine Reserve. Biodiversity and Conservation 12: 25-45. 

Wollast R. 1998. Evaluation and comparison of the global carbon cycle in the coastal zone and 

in the open ocean. In: Brink KH, Robinson AR (eds), The Sea. New York: Wiley. pp 213-

252. 

Wood PW, Armitage PD. 1997. Biological effects of fine sediment in the Lotic environment. 

Environmental Management 21(2): 209–217.  

Worm B, Barbier EB, Beaumont N, Duffy JE, Folke C, Halpern BS, Jackson JBC, Lotze HK, 

Micheli F, Palumbi SR, Sala E, Selkoe K, Stachowicz JJ, Watson R. 2006. Impacts of 

biodiversity loss on ocean ecosystem services. Science 314: 787-790. 

Worm B, Lotze HK, Hillebrand H, Sommer U. 2002. Consumer versus resource control of 

species diversity and ecosystem functioning. Nature 417: 848-850. 

Wright DH, Currie DJ, Maurer BA. 1993. Energy supply and patterns of species richness on 

local and regional scale? In: Ricklefs RE, Schluter D (eds), Species Diversity in 

Ecological Communities. Chicago: Chicago University Press. pp 66-74.   



178 
 

Wright DH. 1983. Species-energy theory: an extension of species-area theory. Oikos 41: 496-

506. 

Ysebaert T, Herman PMJ. 2002. Spatial and temporal variation in benthic macrofauna and 

relationships with environmental variables in an estuarine, intertidal soft-sediment 

environment. Marine Ecology Progress Series 244: 105-124. 

Zalmon IR, Macedo IM, Rezende CE, Falcao APC, Almeida TC. 2013. The distribution of 

macrofauna on the inner continental shelf of south-eastern Brazil: the major influence of 

an estuarine system. Estuarine, Coastal and Shelf Science: 1-10. 

Zintzen V, Anderson MJ, Roberts CD, Diebel CE. 2011. Increasing variation in taxonomic 

distinctness reveals clusters of specialists in the deep sea. Ecography 34: 306-317. 


