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GENERAL ABSTRACT

This thesis was undertaken to provide quantitative scientific information for decision-making
and conservation planning for the previously scarcely studied rocky intertidal habitats in
KwaZulu-Natal on the east coast of South Africa. Biogeographic pattems were resolved and
abiotic determinants and harvesting impacts were identified at three different scales. A
biotope classification system was developed as a new tool for assessing the conservation
status of intertidal communities, evaluating conservation priorities and monitoring change in
intertidal habitats. The implications of the findings of this thesis for management and
conservation planning were examinad.

The biogeographic analysis was undertaken using quantitative data from 39 intertidal rocky
shores along the 580-km long KwaZulu-Natal coast. Two biogeographic regions, Maputaland
and Natal, were recognised with a distinct biogeographic break evident at Cape Vidal. More
than 65% difference in low and mid-shore community structure was evident between these
regions. There was no biogeographic break evident for the high and top shore where
communities converged. There was also no evidence of a previously suggested
biogeographic break near Durban. Sand inundation and wave exposure did not differ
significantly between the two regions and there were no abrupt changes in sea-water
temperature that comesponded with the observed biogeographic break. The most shiking
abiotic difference between Maputaland and Natal was the difference in riverine input, with
more than 88% of KwaZulu-Natal's mean annual simulated runoff entering the sea south of
Cape Vidal. There was also a significant difference in the intensity of human exploitation
between regions, which was more than eighteen times greater in Maputaland than Natal,
suggesting that harvesting contributed to the observed biogeographic pattemns.

Within Maputaland and Natal, two-way crossed ANOSIM tests were used to identify abiotic
determinants underlying between-site differences in community structure at a scale of
kilometres to tens of kilometres. Within both regions, wave exposure was identified as an
important determinant and its influence was greatest in the low shore. Filler feeders and
grazers were generally more abundant at exposed sites with primary producers (including
zoanthids) more abundant at wave-shellered sites. The effect of sand inundation and rock
type could only be examined within Natal because these factors were too uniform in
Maputaland to allow comparisons. in Natal, a close association between the intensity of
sanding and community structure was apparent, particularly in the mid and high shore |
Heavily sand-inundated shores had higher cover of turf-forming algae, reduced numbers of
pateliid limpets and bamacles and had more pulmonate limpets (Siphonaria spp.) than lightly
inundated shores. Rock type generally had a weak influence on community structure with
communities differing significantly only between dolerite and Quatemary sandstone and then
only in the mid shore. In Maputaland, subsistence-harvested and unexploited sites had large
sianificant differences in low-shore communitv structure. Harvesting resulted in direct affacts



on target species (the brown mussel Pema pema and the ascidian Pyura stolonifera) but
indirect cascade effects were also apparent. At exploited sites, cover of non-target
invertebrates and upright algae increased due to competitive release, and appeared to resuit
in decreased cover of crustose algae because of overgrowth. In Natal, no differences in
community structure were evident between sites subject to different degrees of recreational
harvesting although the absence of unexploited sites prevented proper assessment of
harvesting impacts.

Using 1630 samples from 38 sites spanning 560 km, 69 intertidal biotopes were described
and defined for rocky shores in KwaZulu-Natal. Biotopes were defined objectively using a
50% Bray Curtis similarity cut-off value to separate samples. Biotopes coukd be recognised in
the field and independent tests revealed that the biotope classification was robust, capturing
significant differences in community structure between and within zones on the shore. Several
biotopes failed to differ significantly in terms of species richness, diversity, dominance and
evenness, indicating that univariate indices have limited application in biodiversity
assessments. Biotopes proved effective in assessing the conservation status of existing
marine protected areas and their value in conservation planning was demonstrated by
comparing proposed protected areas. The proposed Pondolend Marine Park could improve
the conservation status of intertidal biotopes by at least 24% whereas the proposed extension
of the 8t Lucia Marine Reserve could improve biotope protection by 31%. Pattems in biotope
abundance aiso reflected harvesting impacts showing that biotopes can be used to monitor
anthropogenic or other changes in community structure. Biotopes can be employed {0 assess
conservation status and monitor changes in community structure more efficiently and cost-
effectively than species inventories. Furthermore, destructive sampling is not necessary and
biotope surveys can be conducted by people with less expertise than that required for
species-based approaches.

For a subset of biotopes, the use of the term "biotope” to describe different biological
communities was justified by the identification of unique abiotic habitat characteristics.
Nested ANOVA showed that the local habitat of different biotopes, between and within zones
on the shore, had coresponding differences In rock tempersture, wave exposure and sand
inundation but not topography (aspect and siope). Bictope distribution between zones was
best explained by differences in rock temperature with significantly greater temperatures in all
mid-shore biotopes than all low-shore biotopes. The within-zone distribution of biotopes was
best explained by differences in wave forces and two biotopes were only distinguishable in
terms of the relative degree of sand inundation. Small-scale differences in community
structure were associated with differences in wave exposure and sand inundation in a manner
that mirrored patterns at larger scales. Only two biotopes failed to differ in terms of local
habitat characteristics and the distribution of these biotopes was predicted to be determined
by competitive interactions that are modified by human exploitation.



The impact of harvesting on intertidal community structure was investigated at multiple scales
using hierarchical cluster analysis, muiti-dimensional scaling, SIMPER and two-way crossed
ANOSIM analyses. Temporal changes in mussel abundance and the cover of articulated
coralline algae at Black Rock (the most important subsistence mussel-harvesting site in
Maputaland) suggest that sustained subsistence harvesting may have changed community
structure over the last 21 years.Theobservedchangesweraconsistentvdmmanguat
experimentally harvesting plots and comparisons of subsistence-exploited versus unexploited
or recreationally-exploited site-pairs in Maputaland and Natal respectively. Temporal changes
in community structure were Insignificant or minor at recreationally-harvested sites.
Experimental harvesting at intensities simulating recreational and subsistence harvesting
revealed that both types of exploitation can modify community structure. Harvesting was
found to exaggerate biogeographic patterns and accounted for 10% of the dissimilarity
between the Maputaland and Natal biogeographic regions. At all scales, direct and indirect
effects of exploitation were evident Target species (and species that depend on their
prescence) were reduced by harvesting while non-target species increased due to
competitive release. The impact of subsistence intensities of harvesting was greater than that
of recreational harvesting intensities. This was attributed to the greater quantities of resources
removed by subsistence users and to the wide-bladed tools used for harvesting. These create
large patches of bare space where competitive algae can invade, and which may cause
recrultment faillure for resource species.

Management recommendations and implications for biodiversity conservation were drawn
from all chapters of this thesis. The Natal biogeographic region is inadequately provisioned
with marine protected areas. Furthermore, fully protected closed areas are urgently required
in the Maputaland Marine Reserve. in both regions marine protected areas must incorporate
wave-exposed and sheltered sites and should cover a range of intensities of sand inundation.
This will achieve conservation of the full spectrum of intertidal biodiversity, protect stocks of
different target species (which require different abiotic conditions), and provide benchmark
sites against which human impacts can de assessed.



Glossary

To clarify how | have used certain terminology in this thesis, | have provided my definition of a
few important terms: ' ‘
Blotope - Connor et al. (1997) use the word biotope to describe a physical habitat together
with an associated community of species. In my study, the word biotope refers to a
community type defined on a biological basis (Chapter 4) but distinct habitat characteristics
were established for a subset of biotopes (Chapter 5).

Blodiversity - | use this term to describe the variety and relative abundance of species or
biotopes although | recognise that there are several levels of organisation incorporated into
the concept of biodiversity, from the genetic variability within a population or species to the
diversity of ecosystems encompassed within a biogeographical province (Gray 2000).

Characteristic species - those species contributing most to the overall similarity of a group
of samples. The dominant characteristic species was that which had greatest cover.

Community structure - Although several components of community structure can be
identified (including species composition, relative abundance, diversity, trophic complexity
and spatial structure (Menge and Farell 1688)), in my study, | use the term in a narrower
sense, to embrace species composition and abundance.

Distinguishing specles - species that contributed most to the overall dissimilarity between
any two groups of samples

Locality - A stretch of rocky shore that incorporates two or more sites.

Recreational harvesting - The collection of inveriebrates by individual collectors in
possession of a recreational license. The harvest is not for commercial gain nor is it required
to meet basic food needs.

Region - A large geographic area encompassing scales of a hundred kilometres or more is
termed a region. Where biogeographic analyses show a biogeographic break between two
regions then those areas are considerad as biogeographic regions.

Site - A single stretch of rocky shore, less than 100 metres wide and spanning between the
low and high tide marks.

Subsistence harvesting - the collection of large quantities of intertidal invertebrates by
harvesters who were not in possession of a recreational permit (this sector was informal at
the time of data collection — see p 183) and who depend on their catch to meet basic food
requirements.
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Chaglter 1: Introduction o

Hiscock (1985) lists five principal areas of information that are critical for the management
and conservation of marine ecosystems, namely “resource data, knowledge of the physical . -
and chemical environment, information on the structure of marine communities and on the
key elements in their funcﬁonind, data on natural variability and information on the effects of .
human activities”. To varying degrees, all five of these elements are addressed in this thesis, .

which focuses on rocky shores in the province of KwaZulu-Natal on the east coast of South
Africa.

Detecting pattems in communities and relating these patterns to ecosystem function is one of
the cument challenges in marine ecology. This I8 necessary for rational resource use, for

detection of changes in community composition and maintenance .of biodiversity and for

conservation planning. An understandiﬁg of how abiotic factors shape intertidal communities

ismlevaMbmanagemeMbecauseheassmMofknpaotsofmsoumu&edependsm .

the comprehension of how natural environmental factors affect community structure. Without
such an understanding, the influences of natural and anthropogenic factors are inseparable
{Clarke 1983). The nature and scales of natural spatial and temporal variability need to be
identified and quantified, and harvesting impacts should be evaluated concurrently.
Conservation planning relies on adequate description of species composition and abundance
at different scelss so that prospective protected areas can be assesssd In terms of
representativeness. Onlymencanmarimpmtemdmsbemﬁonaﬂysehctedtoeﬁsure
that biogeographic and habitat heterogeneity is conserved.

The starting point for understanding the functioning of rocky shore ecosystems is quantitative
descriptions of natural paiterns (Whittaker 1975). Intertidal communities are considerably
more heterogeneous than suggested by some cleims of ecological generality and broad
spatial extrapolations based on studies at one or few sites may be unfounded (Foster 1990).
CQuantitative, comparative studies at saveral siles are required to develop and evaluale
general models of community structure and regulation (Foster et al. 1988, Underwood 18886).

Factors that shape marine communities can be classified into three groups: namsly ablotic,
biotic and anthropogenic. Firstly, community structure varies with changes in the physical
environment. Abiotic determinants within intertidal habitats include elevation and associated
changes in rock temperature and desiccation (Coiman 1933, Lewis 1964, Stephenson and
Stephenson 1972), rock type (Barry 1988, Raimondi 1988, Lohse 1893), topography (Menge
et al. 1885, Barry and Dayton 1881, Fuji and Nomura 1881) and wave exposure (Lewis 1964,
Dayton 1871, Menge 1976, Seapy and Littler 1878, Foster et al. 1888, Menge and Farrel
1989, Bustamante and Branch 1996a). Evidence suggests that physical disturbances can
strongly affect community structure (Sousa 1884, Keough and Connell 1984, McGuiness
1887a.b). Examples include sand inundation (Daly and Mathieson 1877 Taylor and Litter
1982, D’'Antonio 1886) and scouring by logs or ice (Paine. and Levin 1881).

Caae %
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The second group of factors that influence community structure are biological determinants.
Recruitment (Roughgarden et al. 1885, Underwood and Fairweather 1889, Raimondi 19690,
Eckman 1886, Menge 2000a), competition (Connell 1961, reviews by Branch 1084,
Underwood 1988, 1982), and the activities of grazers and predators (Paine 1988, 1974,
Lubchenco 1887, Underwood and Jemakoff 1984, Steneck and Dethier 1991) exert a
powerful influence on intertidal assemblages.

There is great debate in the ecological literature as to the relative importance of biological
versus environmental factors in regulating intertidal communities, and whether regulation is
“top-down” (with predators controlling the abundance of herbivores) or “botlom-up” (with
nutrients and productivity determining community structure and dynamics) (see reviews by
Underwood 2000c, Menge and Branch 2001). An extensive literature shows that abiotic and
biotic determinants and both top-down and bottom-up control influence intertidal communities
(Menge 1976, Menge et al. 1885, Menge and Olson 1880, Menge 1981, Menge et al. 1883,
Bustamante et al. 1895b, Power et al. 1906, Menge et al. 1887a,b, Menge 2000b). The
challenge lies in understanding why factors influence communities differently under varying
conditions. To progress in this regard, studies at a greater number of localities over larger
spatial scales, involving more species, and with quantitative links between communities and
determinants are required (Schoch and Dethier 1888, Underwood 2000, Menge and Branch
2001). The experimental approach is a critical component of the methodology that wili prove
crucial for furthering our understanding of community regulation.

Finally, the third group of factors that influence marine communities are anthropogenic.
Human impact can modify intertidal community structure (Moreno et al. 1884, Duran and
Castilla 1089, Slegfried 1888, Kingsford et al. 1881, Brosnan and Cumrine 1892, Brosnan
1993, Underwood 19983, Adessi 1984, Keough and Quinn 1988, Brown and Taylor 1898,
Schiel and Taylor 1888). As top predators in intertidal communities, human exploitation can
exert direct effects on target species as well as indirect and often subtie cascade effects on
the structure and funclioning of nearshore communities (Castilia 1883). A cument issue in
marine ecology is whether harvesting can cause trophic cascades (Steneck 1868, Babcock et
al. 1868). One of the problems in resolving this question is that other human impacis and
effects of natural events can mask the signals of trophic cascades (Sala et al. 1898). Castilla
(1999) calls for more studies focusing on the role of humans in coastal ecosystem and
advocates an experimental approach to detect trophic-cascade effects. Marine protected
areas are vital as reference sites (Hockey and Branch 1994), where the often-complex effects
of human expiloftation can be elucidated.

Scale is also emerging as a critical aspect of ecological research and the need to evaluate
determinants of community structure at multiple scales is recognised (Dayton and Tegner
1984, Foster et al. 1990, Menge and Olson 1880, Allen and Hoekstra 1981, Archambault and
Borget 1996, Connell et al. 1987, Underwood 2000). Different factors are relevant at different
scales and can only be detected at the appropriate sampling scale (Hewitt et al. 1998).
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Comparative studies that investigate variations of communily pattemns over spatial scales
ranging from metres to hundreds of kilometres are necessary to develop a conceptual
framework that deals with community regulation (Menge and Farrel 1889, Mann and Lazier
1991). Underwood (2000) has described the shift in the focus of ecologists from broad scale
pattarns to those that vary at a hierarchy of spatial scales (which also vary from place to
place). Hockey and Branch (1984) emphasise the importance of scale in biodiversity
conservation. They advocate a hierarchical approach for selecting marine protected areas;
biogeographic heterogeneity should be protected, and then, within biogeographic regions,
habitat diversity should be conserved.

The United Nations Convention on Biological Diversity has been signed by more than 70
countries, including South Africa. This reflects a worldwide commitment to conserve and
sustainably utilise blodiversity for the benefit of present and future generatione (Rio 19682).
Gray (2000) calls for a broader approach in studying marine diversity rather than simply
calculating diversity indices. At the forefront of conservation planning is the question of how to
prioritise conservation efforts (Myers et al. 2000). Opposing strategies (Myers 1888, Hockey
and Branch 1897) are the subject of active ecological debate. New tools and approaches are
needed for assessing conservation status and planning and the management of resources
(Zacharias et al. 1998).

Rocky shores on the west and south coasts of South Africa have been extensively studied
during the past 20 years (e.g., Field and Robb 1870, Branch GM 1871, 1974, 1875a, 1975b,
1976, 1878, 1981, McQuaid 1681, 1882, Hockey and Branch 1884, McQuaid and Branch

1984, 1985, Bolton 1986, Bosman and Hockey 1986, Hockey and Bosman 1986, Bosman et

al. 1987, Griffiths and Hockey 1987, Bosman and Hockey 1888, Branch and Griffiths 1988,
Dower 1688, Bolton and Stegenga 1880, Field and Griffithe 1691, Marshali and McQuaid
1993, Bolton and Stegenga 1994, Bustamante 1994, Bustamante et al. 1997). There have
also been biogeographic studies at a nation-wide scale (Stephenson and Stephenson 1872,
Brown and Jarman 1978, Bolton and Anderson 1680, Emanuel et al. 1982, Bustamante et
al. 1995, Bustamante and Branch 1996, Haris et al. 1898) recognising the principal South
African biogeographic provinces and some sub-provinces. However, biogeographic breaks on
the east coast including KwaZulu-Natal have not been clearly resoived. Furthermore, last year
the National Research Foundation reported that the state of knowledge of intertidal resources
and diversity along the KwaZulu-Natal coast was inadequate, as was the understanding of the
principles of rocky shore ecosystem functioning (Griffiths et al. 2000).

In South Africa, upwelling on the west coast and its virtual absence on the east coast has
resulted in a gradient of declining productivity and nutrient supply from west to east
(Bustamante et al. 1895b). Consequently, mussel biomass is much lower on the east coast
than the wesat coast but harvesting ls far more intensive on the east coast (Van Erkom
- Schurink and Griffithe 1990, Griffiths and Branch 1887). The absence of modem quantitative
analyses of intertidal communities in KwaZulu-Natal is therefore particularly problematic
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because of the substantial pressure on intertidal resources in this region (Fielding et al.
1991, Tomalin 1995, Kyle et al. 1897a,b, Tomalin and Kyle 19898). However, in KwaZulu-Natal,
there is a strong management agency in the form of KwaZulu-Natal Wildlife. The iincreasing
pressure on musse! resources is considerad a sarious managemesnt problem and the need to
determine sustainable harvesting practices is compelling (Van Erkom Schurink and Griffiths
1990, Tomalin 1995, Anderson and Griffiths 1997). Management calls for quantitative
scientific information for decision-making and conservation planning.

Research conducted by Berry (1878, 1882, Berry and Schieyer 1983) contributed significantly
to the understanding of the ecology of two important resource species in KwaZulu-Natal, the
mussel Pema pema and the solitary ascidian Pyura sfolonifera. Tomalin (1995) examined
growth and mortality of Pema pema at five sites in KwaZulu-Natal and identified significant
regional variability. Quantitative data detailing mussel abundance have also been collected at
a few localities in KwaZulu-Natal (Fielding et al. 1991, Tomalin 1995). Fielding et al. (1994)
described macroinvertebrate communities associated with intertidal beds of Pyura, but only at
one site.

In KwaZulu-Natal, there is therafore a need for comparative quantitative studias of entire
communities at several localities. Apart from early work by Stephenson (1939, 1944), there
has been only one study that focused on a range of intertidal rocky sites along the KwaZulu-
Natal coastiine (Jackson 1876) and a few studies concentrating on single sites (eg. Lambert
1976, Lambert and Steinke 1986a,b). The most comprehensive work on intertidal rocky
shores in KwaZulu-Natal was done by Jackson (1976). She provided semi-quantitative
estimates (abundance ratings) for 53 species in 10 sections of the KwaZulu-Natal coast, and
more detailed quantitative information for three sites. While Jackson's study provided some
information on the principal species and community structure of east coast rocky shores, she
noted that there was “a general lack of knowledge and understanding of the system”.

In my thesls, a hierarchical approach was used to identify patterns and potential key abiotic
determinants of community structure in KwaZulu-Natal. Several components of community
structure can be identified, including species composition, relative abundance, diversity,
trophic complexity and spatial structure (Menge and Farrell 1989). In my study, | use the term
community structure in a narrowsr m, to embrace species composition and sbundance,
Using a standardised sampling technique, based on results from a pilot study, | examined the
biological composition and some of the abiotic factors relevant to the structuring of rocky
intertidal communities in KwaZulu-Natal, Three scales are covered In my study: (1) a reglonal
scale incorporating hundreds of kilometres, (2) inter-site comparisons at a scale of tens of
kilometres, and (3) intra-site comparisons at a scale of metres. My approach was
comparative, designed to detect large and small-scale abiotic factors that appear to influence
the structure of intertidal communities. In addition, a blotope classification system was
deveioped to describe intertidal communities in KwaZulu-Netal and the application of this
system was demonstrated by using biotopes to assess conservation efforts in KwaZulu-Natal
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and examine human impacts. | then concentrated more particularly on the role of human
exploitation and evaluated the influence of harvesting on community structure at all three
scales using a variety of approaches including experimental manipulation.

in Chapter 2, using quantitative analyses, | established large-scale biogeographic pattems of
intertidal community structure on rocky shores in KwaZulu-Natal. To discern blogeographic
regions, | used quantitative percentage cover data from 38 localities between Kosi Bay and
Port Edward, covering approximately 5680km. This resulted in the recognition of a
biogeographic break at Cape Vidal, separating two provinces — Maputaland in the north and
Natal in the south. | compared community structure between the thus recognised provinces
and identified characteristic and distinguishing species. To elucidate potential physical factors
underlying the blogeographic break, | compared the biogeographic patterns with pattemns in
abiofic data, specifically sea temperature, riverine input, sand inundation and wave exposurs.
in addition, differences in human expioitation of intertidal invertebrates between regions were
investigated. '

in Chapter 3, between-site comparigons within regions were conducted at a scale of 10-100
km to identify potential determinants of community structure. Pairs of sites with contrasting
abiotic conditions were compared to determine whether there were corresponding differences
in community structure. Specifically, comparisons were made between siies of different rock
types or those subject to different intensities of sand inundation or wave exposure. For the
northemn biogeographic region (Maputaland), exploited and protected sites were compared to
determine whether harvesting influences rocky intertidal community structure. Due to the
scarcity of unexploited sites in Natal, & comparable comparison could not be conducted for
that region.

in Chapter 4, intra-site variability in community structure was examined at a scale of meters
but spanning the entire KwaZulu-Natal coastiine. An arbltrary 50% Bray Curtis similarity was
used to objectively classify 1630 samples from 38 sites resulting in the recognition of 69
bictopes. Then, at two independent sites, | quantitatively tested whether different bictopes
from within and betwesn different zones on the shore difiersd significantly in terms of
community structure. | also compared diversity estimates for a range of diversity indices to
assess whether different biotopes were significantly different in terms of diversity. in the last
part of this chapter, | assessed how well the full spectrum of rocky intertidal biotopes is
conserved within the marine protected area network of this province. | then use the biotope
classification to compare two proposed additional protected areas to demonstrate the value of
biotopes as a tool for conservation planning.

in Chapter 5, | established significant differences in the physical habitats of a subset of the
biotopes recognised in Chapter 4. Using quantitative abiotic data for replicate samples of
each biotope, | tested whether biotopes from within and between different zones on the shore
experience differed significantly in rock temperature, wave forces, aspect or siope. As in
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Chapter 4, this study was aiso conducted at small scales of metres to tens of metres.
Nevertheless, three disjunct localities, more than 130 km apart, were examined o assess the
generality of the results.

in Chapter 6, | more specifically investigated the effect of human exploitation on intertidal
community structure on rocky shores in Kwadulu-Natal. | employed four approaches and
examined the impact of harvesting at three scales. In the first approach, | establish local-scale
temporal changes in community structure at one site. Then, in the second approach, |
experimentally determined the effect of recreational and subsistence harvesting on
communily structure and blotope abundance. This aspect of the study examined small-ecale
changes in communily structure within two sites at a single locality, Dinginl, in northem
KwaZulu-Natal. in the third approach, | compared community structure at recreationally and
subsistence-exploited sites in the Natal biogeographic region. The fourth approach was
conducted at a regional scale. The biogeographic analyses undertaken in Chapter 2 were
repeated after including data from the subsistence harvesting treatments at Dingini and
additional subsistence-harvested sites examined during approach 3. On the basis of all four
approaches, the role of harvesting in determining large and small-scale pattems in community
structure could be assessed.

Chapter 7 concludes the thesis with a synthesis of the results from Chapters 2-6. For each
chapter of the thesis, the aim and key results are reviewed and | evaiuated how my findings
furthered the respective fisids of study. in the final section of the synthesis, | drew from all
aspects of the thesis to evaluate how the information presented can be used for management
and conservation planning.
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Chapter 2

Biogeographic patterns on rocky intertidal shores in KwaZulu-Natal
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ABSTRACT

The principle aims of this chapter were to identify and characterise large-scale patterns in
community structure of rocky intertidal shores along the whole of the KwaZulu-Natal coast
and then to identify potential underlying determinants. Hierarchical cluster ahalysos and
multidimensional scaling were used to determine biogeographic breaks. ANOSIM tests
indicated that rocky shores in Maputaland, the northemmost region, were significantly
different from those in three other pre-defined regions lying to the south (Zululand, Central
KwaZuiu-Natal and South Coast). These three regions constiiuted a single blogeographic
region that | term Natal. A clear biogeographic break was identified at Cape Vidal Point on
the north coast with more than 65% Bray Curils dissimilarity in community structure between
Maputaland and Natal, which was detectable in both the low and mid shore. In the high and
top shore, communities converged and there were no regional differences in community
structure for these zones. There was no evidence of a previously suggested biogeographic
break near Durban. The major species distinguishing between Maputaland and Natal were
identified using SIMPER analyses. These distinguishing species correspond with previously
described differences between Mozambique and Natal. Species characteristic of Maputaland
reflect tropical affinities and this region is proposed to form part of the tropical Indo-West
Pacific Province. The Natal region is sufficiently distinctive 1o be recognised as a discrete

subtropical biogeographic province.

Quantitative estimates of sea-water temperaturs, riverine input, sand inundation, wave
exposure and human exploitatiori were compared between Maputaland and Matal. There
were no abrupt changes in seawater temperature that coresponded with the observed
biogeographic break although it was recognised that the offshore temperatures used for that
purpose do not always accurately reflect inshore sea temperatures. Sand inundation and
mean wave forces did not differ significantly between Maputaland and Natal. Regional
differences in riverine input constituted the most striking ablotic difference between
Maputsland and Natal with more than 88% of KwaZulu-Natal's mean annual simulated runoff
entering the ocean south of Cape Vidal and therefore only influencing Natal. The intensity of
human harvesting also differed significantly between the two regions. The mean mass of
invertebrates harvested per site per low tide was approximately eighteen times greater in
Maputaland than in Natal. A scarcity of protected areas in Natal and intensive intertidal
harvesting throughout the Maputsiand Marine Reserve constitute serious flaws in the marine
protected areas program in KwaZulu-Natal. Fully protected benchmark areas in both

biogeographic regions are urgently required.
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introduction

Biogeography is defined as the study of biological life in a spatial and temporal context and is
concerned with the analysis and explanation of patterns of distribution (Cox and Moore 1998).
Although this definition incorporates all scales, traditional biogeographic studies have dealt
with large spatial scales and biotic variability in relation to changes in geography. Most
biogeographic analyses examine the distribution of species without incorporating abundance
estimates. in my study, large-scale patterns in community structure (species composition and
abundance) were sought along the approximately 560 km comprising the province of
KwaZulu-Natal on the east coast of South Africa (Figure 2.1). Such biogeographical analyses
are critical for the establishment of sensible strategies for the conservation and management
of biodiversity and have important ecological applications.

The Convention on Biological Diversity (Rio de Janeiro 1862) demands the conservation of all
biogeographic regions in a network of protected areas. Major functions of marine protectsd
areas include conservation of diversity (habitats, species and genetic diversity), maintenance
of ecosystem function, contribution towards management of fisheries and the control of
anthropogenic activities in sensitive habitats (Atiwood et al. 1997a). Marine protecied areas
also serve tourism, education and science. These objectives can only be met with the
establishment of a network of appropriate protectad areas that should be selected by
comparison of potential sites in terms of a broad set of criteria (Agardy 1887, Hockey and
Branch 1887, Roberis et al. in press a and b).

Establishment of effective marine protected areas is dependent on biogeographic information
(Hockey and Branch 1994, 1887, Attwood et al. 1897b). Representative marine protected
areas should be established in the core of each principal biogeographic zone if a substantial
proportion of any region’s marine biodiversity is to be conserved (Hockey and Buxton 1888,
Hockey and Branch 1997). Marine protected areas should not only represent each
biogeographic region but should also cover the physical heterogeneity within a region and the
variety of biological communities (Emanuel et al. 1882). Pinpointing blogeographic breaks is
important in selecting sites for marine protected areas because boundaries of biogeographic
regions are often areas with high species diversity, and provide important sites where range
shifts in response to environmental change could be detected (Hockey and Branch 1984,
Barry et al. 1995).

in South Africa, concemn has been expressed that not all biogeographic zones are protected
(Hockey and Buwdon 1888). in particular, the southern section of the east coast (including
southem KwaZulu-Natal) has no marine protected area in which representative habitats are
protected (Atiwood et al. 1897b). Pinpointing biogeographic breaks along the east coast is
difficult, because the entire KwaZulu-Natal coastliine has not previously been well represented
in biogeographic studies. Stephenson (1939, 1844, 1048) did not survey north of Cape Vidal
in northem KwaZulu-Natal (Figure 2.1) and the most recent biogeographic survey covering
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invertebrates included only two KwaZulu-Natal sites, Ballito and Cape Vidal (Bustamants and
Branch 1896a). In response to these needs, the present study provides detailed information
about species distribution and abundance based on equal sampling effort at several KwaZulu-
Natal rocky shores spread over approximately 560 km.

An understanding of the nature and magnitude of variability in community structure and the
relationship with the physical environment is important for managers with jurisdiction over
coastal habitats. Differences in species composition and abundance withiri a stretch of coast
under the custody of a management agency (in this case KwaZulu-Natal Wildiife) may
demand different management and conservation strategies. Regional biological differencas
may necessitate different approaches in the management of exploitad species. For exampile,
mussels (Pema pema) are viewed as having a higher productivity in KwaZulu-Natal than in
the former Transkei on the south eastem coast of South Africa (Kyle et al. 1887a, Tomalin
and Kyle 1998) as they grow faster and reproduce eardier in KwaZulu-Natal (van Erkom
Schurink and Griffithe 1960, Tomalin 1985). Lasiak (1991) and Dye (1882) considered P.
perna to have low resilience to exploitation in the Transkei whereas Kyle et al. (1897) claim
that P. pema is very resilient further north. This indicates that geographic location may
impose differences in growth and productivity of harvested organisms and therefore affect
resilience to exploltation.

Descriptions of large-scale patterns of community structure also provide an important
database to test applicability of models of community regulation. For example, Ricciardi and
Borget (1988) examined global pattems of macroinvertebrate blomase in intertidal
communities to test the generality of underlying mechanisms structuring biological
communitiss. Tropical and subtropical shores are lese well studied then their temperate
counterparts (Sauer Machado et al. 1996) and many of the hypotheses and supporting
evidence for models of community structure on rocky shores have besn basad on northem or
temperate southem shores (Williams 1884). The relative importance of ecological processes
is predicted to vary between temperate and iropical shores (Menge and Olson 1880, Brosnan
1892). in South Africa, studies examining community regulation have mostly been conducted
on the west and south coast with few examining community structure on the east coast (Field
and Griffiths 1881).
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Figure 2.1. Southern Africa, showing the previously proposed marine biogeographic provincss and
biogeographic breaks by (A) Stephenson (1848) and (B) by subsequent biogeographic studies based on
intertidal work.
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Previous blogeographic research relevant to the east» coast

Biogeographic regions of the world are principally defined by thermal tolerances and five
global biogeographic regions have been demarcated: polar, sub-polar, cold temperate, warm-
temperate and tropical (Lining 1980). The pioneering intertidal research of Stephenson
(1938, 1944, 1848) indicated that the South African coast comprised three biogeographic
provinces: (a) the cool-temperate west coast, (b) the warm-temperate south coast and (c) the
subtropical east coast, with boundaries at Cape Point and Port St Johns (Figure 2.1A).

Subsequent intertidal work in South Africa concumred with that of Stephenson (Brown and
Jarman 1978, Emanuel et al. 1882, Bustamante and Branch 1996a), confirming the presence
of the three provinces (Figure 2.1B). Turpie et al. (2000) showed that coastal fishes also
reflect three biogeographic provinces: the West, South and East Coast Provinces. An analysis
of seaweed distributions in South Africa (Bolton 1986) suggestad only two provinces, a warm
temperate (with west and south coast components) and a subtropical east coast province.
However, recent analyses have consistently defined the south coast as an independent
province (Stegenga and Bolton 1892, Emanuel et al. 1882, Bustamante 1884). Emanuel et al.
(1882) also divided the west coast of southem Africa into two separate provinces, the
Namaqua and Namib Provinces, with a division near Luderitz (Figure 2.1B). Both these
provinces are considered cool temperate. On the basis of seaweed flora, a third division is
even recognised on the southem portion of the Cape west coast (Engledow et al. 1682,
Bolton and Anderson 1887, Figure 2.1B). This sub-province is termed the Southwestern Cape
sub-province and is more species-rich in terms of seaweeds than the Namib Province and the
northem part of the Namaqua Province (Engledow et al. 1892, Bolton and Anderson 1987).
This division is also reflected in the invertebrate fauna (Emanuel et al. 1862). Subtropical
West Coast and Tropical East Coast Provinces have been identified north of southem Angoia
and north of central Mozambique (Pervith and Kensley 1970a, b, Kensley and Penrith 1973,
Bolton and Anderson 19887).

Betwesn the cool temperate west coast and the warm femperate south coast is an area of
overlap (Stephenson and Stephenson 1872, Figure 2.1A). The Westermn overlap extends from
Cape Point to Cape Aguthas with a rapid reduction of west coast species between Hermanus
and Amiston (Stephenson 1848, Jackelman et al. 1881, Emanuel et al. 1892, Stegenga and
Bolton 1682) (Figure 2.1A). The east coast is less well studied and there is no consensus
regarding the position of an overiap region or the eastern limit of the Agulhas Province
(Emanuel et al. 1882, Boilton and Anderson 1897). Stephenson (1948) claimed that the
eastern overiap comprised the area between East London and Durban on the KwaZuly-Natal
coast, with an important break near Port St Johns. The zoogeographic analysis of Emanuel et
al. (1892) proposed that the division betwgenﬂweeastooastandsouthooﬂwassouﬁof
Port St Johns. Turpie et al. (2000) reported that coastal fishes do not reflect a clear
biogeographic break between the East and South Coast Provinces, with gradual species
turnover east of Cape Point. The Transkei region In the eastem Cape was however more
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similar to the south coast section than the east coast, and the east Coast Province was
considered to extend northwards from the KwaZulu-Natal-Transkei border. Hommersand
(1986) noted that the KwaZulu-Natal fiora is poorly studied but reported that the East coast
flora reflects an eastwardly decreasing number of Agulhas species, replaced largely by
tropical Indo West Pacific species. Bolton and Anderson (1987) did not recognise a
subtropical province as such but considered the eastern overiap to extend from around East
London to Durban. The area north of Durban is considered part of the tropical indo-West
Pacific Marine Province (Bolton and Anderson 1887).

Within KwaZulu-Natal, two main biogeographic breaks have been proposed (Figure 2.1B). A
marine zoogeographic analysis based on intertidal and nearshore species (Emanuel et al.
1992) described a distinct biogeographic break just north of Durban. Jackson (1876) identified
differences in intertidal fauna and fliora between Maputasland (Mozambigue - Leven Point),
southem Zululand (Leven Point - Dumford Point) and Natal (Dumford Point - Port Edward).
The positions of these boundaries are shown in Figure 2.2. Jackson considered a distinct
break between Cape Vidal and Mabibi and some change in the vicinity of Port Dumford.
Communities in Maputaland were the most distinct, with communities in southem Zulutand
more similar to thoss in Natal than Maputaland. in Jackson's opinion the subtropical province
extended from a southemn boundary between Port St Johns and Quolora in the Transkel, and
she proposed that the northem boundary lay between Cape Vidal and Mabilbi. Stephenson
(Stephanson and Stephenson 1872) considered the East Coast Province to extend all the
way from Mozambique to Port St. Johns, Emanuei et al. (1892) found no further breaks north
of Durban to Ponta da Bamra Falsa in Mozambique. There is thus confusion about the precise
position, or even existence, of the break between tropical and subtropical provinces on the
, KwaZulu-Natal coast. '

Potential ablotic determinants of biogeographic patterns

~ Most studies in the marine environment examine community structure at small scales, and
large-scale patterns are poorly understood (Sanvicente-anorve et al. 1988). Biogeographic
analyses tend to be based on presence/absence data and do not explore pattems in
community structure. Rex et al. (1983) commented that If large-scale pattems in community
atiributes exist, they are probably linked to natural processes that are different from those
acting at small scales. Evidence derived from benthic communities that supports this idea is
given by Sanvicente-anorve et al. (1998). Both bhysical factors and biological interactions
influence community structure, although abiotic factors, especially oceanographic currenis
and temperature, are generally deemed more important at larger scales (Foster et al. 1988,
Menge and Branch 2001). However, species interactions have been proposed to vary
latitudinally (Dethier and Duggins 1968) and small differences in physical factors can be
important in goveming species interactions over scales covering metres to hundreds of
kilometres (Bustamante and Branch 1996a, Leonard 2000).
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Oceanographic influences

One reason that physical oceanographic processes exert important influences on benthic
communities is that most benthic invertebrates have a planktonic larval phase (Connolly and
Roughgarden 1968). The distribution and abundance of species on the largest geographic
scales is generally thought to be controlled by large-scale dispersal govermed by
oceanographic conditions (Druehl 1881). Differences in community composition of mussel
communities at different geographic locations have been related to patierns of planktonic
larval dispersal by prevalling currents (Kanter 1680, McQuaid and Phillips 2000). Other
oceanographic features that may influence community structure over large spatial scales
include upwelling and sea-water temperature (Raffeelli and Hawkins 1898). Large-scale
differences in structure and abundance of intertidal communities on the Oregon coast are
associated with nearshore oceanographic conditions, including phytoplankton concentration
and productivity and water temperature during upwelling (Menge et al. 1987a.b). Differences
in community structure and dynamics also vary with large-scale oceanographic conditions in
New Zealand (Menge et al. 1988). In rocky intertidal communities in the northeast Pacific, a
latitudinal gradient in upwelling produces a gradient in intensity of species interactions
(Connolly and Roughgarden 1868).

The boundaries of the biogeographic provinces in South Africa comrespond closely with
oceanographic conditions (Brown and Jarman 1978, Branch and Griffithe 1888). Coastal
waters in southemn Africa are dominated by the contrasting Agulhas and Benguela currents.
The west coast is influenced by the cold, relatively slow Benguela current that drifts
northwards, and upwelling is characteristic along this coast (Brown 1978, Branch and Griffithe
1888). On the east coast, the warm Agulhas cument is a well defined intense jet
approximately 100 km wide and more than a kilometer deep that moves rapldly down the
south east coast (Shannon 1985, Schumann 1998). Upwelling on the west coast and its
virtual absence on the east coast has resulted in a productivity gradient around southem
Africa (Shannon 1885, Brown and Cochrane 1981, Brown et al. 1891). Large-scale variations
in biomass and community composition along the South African coast have been linked to
these gradients of primary production and nutrient concentrations (Bustamants et al. 1895b).

Sea-water temperature

Temperature has long been recognised as an important goveming factor in determining
species distributions for littoral habitats (Isaac 1838, Stephenson 1638, 1644, Southward
1658, Lewis 1964, Stephenson and Stephenson 1872). Several authors have demonstrated
comelation between seaweed distributions and temperature pattems (van den Hoek and
Donze 1967, van den Hoek 1082, Searles 1684, Bolton 1886, South 1987, Bolton and
Stegenga 1687, Bolton and Anderson 1990).'1hesehavobeensupponodwim rasulte from
laboratory studies linking physiological temperature limits to geographic distribution limits
(Branch ML 1874, van den Hoek 1882, Bolton and Anderson 1887, Anderson and Bolton
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1889, and see review by Breeman 1988). Temperature has also been demonstrated to
influence growth of intertidal invertebrates including mussels in southem Africa (Van Erkom
Schurink and Griffiths 1963). Latitudinal variation in temperature has also been linked to
variability in survival of urchins from southemn California to Alaska in the USA (Ebert et al.
1989).

In South Africa, effects of sea temperature regime on communily structure have been
assessed on shores on the Cape of Good Hope where the eastern shores experience warmer
temperatures than the westem shores, which are cooled by upweliing. McQuald and Branch
{1984, 1985) found that temperature determined species oomposmm on rocky shores whils
biomass and trophic structure were attributed to other abiotic determinants, particularly wave
action. In the same region, a study of seaweed communities along approximately 800 km of
coastline indicated that community composition was correlated with a gradient of sea-water
temperature change around the southem tip of Africa (Bolton and Anderson 1890). In
KwaZulu-Natal, there has been no work examining the influence of tempersture changes
along the coastline on intertidal biota. Athough detalled temperature investigations have not
been undertaken, Jackson (1976) commented that it was unlikely that any sharp temperature
breaks exist along the KwaZulu-Natal coast, except possibly at Dumford Point where the
coast changes direction, the continental shelf widens and the Agulhas current moves offshore
{Schumann 1688).

Riverine input

Menge et al. (1987b) wrote that the effects of rivers on nearshore communities merit
investigation. Riverine input could affect intertidal biota through increased productivity due to
input of particulate organic matter, reduced salinity or increased siltation and turbidity. Rivers,
especially those with agriculturally developed catchment areas, could affect nutrient status of
nearby inshore systems (Bosman et al. 1887). The east coast of South Africa has many
rivers, and there are 74 estuaries on the KwaZulu-Natal coast (Begg 1978). Jackson (1878)
claimed that the effect of the rivers on inshore salinity in KwaZulu-Natal were minimal due to
the rapid mixing of fresh and salt water by the heavy and continual wave action. Intermitient
floods can, however, cause mass mortality of intertidal organisms close to river mouths as
seen at the Orange River on the west coast of South Africa (Branch et al. 1990). These
mortalities are probably related to hypo-salinity with evidence suggesting that wave exposure
compounds the effects of reduced salinity (Branch et al. 1980). Jackson (1876) reported that
turbidity was uniikely to influence intertidal biota in KwaZulu-Natal, with the possible exception
of the perpetually turbid water at Point Dumford. However, high loads of suspended solids are
known to adversely affect certain types of benthos and high siit loads have been implicated in
reducing coral growth south of St Lucia (McClurg 1988, Riegl and Branch 1885).
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Sand Inundation

Lewis (1968) proposed that intolerance to siltation on less wave-exposed shores may underlie
patterns of spatial variation created by differences in wave exposure. No published reports
implicating sand inundation in determining large-scale biogeographic patterns in intertidal
community structure were found during the present study. Sand-impacied rocky shores have
been investigated on the Californian and Oregon coast (Taylor and Litther 1982, Littler et al.
1683), in Namibla (Engledow and Bolton 1884) and on the south coast of South Africa (Dower
1988, McQuaid and Dower 1980). In Kwaulu-Natal, sand Inundation 8 a common
phenomenon and has been identified as a potential factor influencing variability in community
structure (Berry 1978, Jackson 1876, Tomalin and Kyle 1998) although the scale of influence
is not known.

Wave exposure

Latitudinal variation in wave climate has been implicated in large-acale variability in intertidal
habitats (Raffaelli and Hawkins 1986). Biological responses to variation in wave exposure
have been well documented (Lewis 19684, Dayton 1871, Menge 1976, Seapy and Littler 1978,
Menge and Farrel 1989, Palumbi 1884, Denny et al. 1885, Leigh et al. 1887, Carrington and
Denny 1964). Analysis of giobal patterns of macroinvertebrate biomass in intertidal
communities revealed that wave exposure is 8 universally important factor in structuring
communities on rocky shores (Ricciardi and Borget 1886).

Wave action has been identified as an important factor that governs community structure on
South African shores (MclL.achlan et al. 1981, McQuaid and Branch 1984, Bustamante and
Branch 1906, Bustamante et al. 1907). Until now, intertidal wave forces have not been
measured in KwaZulu-Natal. Jackson (1978) wrote "Wave action is difficult to measure, but
certainly northem Zululand is afforded some protection from Madagascar”. McClurg (1988)
cited increased wave energy south of St Lucia as a potential cause of reduced coral growth.

Human exploitation

Human activities have been demonstrated to modify biological communily structure (Moreno
et al. 1984, Castilla and Duran 1885, Oliva and Castilla 1988, Duran and Castilla 1889,
Fairweather 1680, Underwood 1983, van Tamelen et al. 1897, Sharpe and Keough 1888,
Keough and Quinn 1998, Lasiak 1899, Schiel and Taylor 1898). In the marine environment,
most changes attributable to human activity are restricted to small spatial scales although
large-acale modifications of rocky-shore communities have been attributed to human
exploitation of intertidal organisms In Chile (Moreno et al. 1884, Castilla and Duran 1885,
Oliva and Castilla 1888, Ortega 1887, Duran and Castilla 1888). In Mozambique, studies
comparing recent and abandoned shell middens found that Pema pema has disappeared and
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this local extinction may be related to overexploitation (de Boer 2000a). This indicates that
harvesting effects could influence community structure at a regional scale.

in South Africa, studies in the former Transkei on the south-east coast indicated that
harvesting of intertidal invertebrates by subsistence collectors has modified community
structure (Siegfried et al. 1985, Hockey and Bosman 1988, Dye et al. 1994, Lasiak and Field
1985, Lasiak 1989). In KwaZulu-Natal, subsistence collectors harvest intertidal invertebrates,
principally the brown mussel P. pema and the ascidian Pyura sfolonifera in the Maputaland
Marine Reserve (Kyle et al. 1907a). South of Maputaland, licensed recreational harvesters
gather mussels and bait organisms from all shores except one (Trafalgar). Concems of
overexploitation and unsustainable harvesting have been expressed for both subsistence and
recreational fisheries in KwaZulu-Natal (Heydom and Hughes 1868, Jackson 1876, Tomalin
and Kyle 1088). The effect of harvesting on biological community structure has not been
examined in KwaZulu-Natal and this factor warrants investigation at multiple scales.

Objectives

The 'principle aim of this study was to identify and characterise differences in intertidal
community structure at large scales (hundreds of kilometres) along the KwaZulu-Natal coast
and to identify potential underlying environmental factors. Pattemns in biological community
composition were first identified and then related to sea temperatures, riverine input, sand
inundstion, wave exposure and human exploltstion. Rock type was not considered in this
biogeographic aspect of my work because all Maputaland shores are composed of a single
rock type whereas further south, several different rock types are found within regions (see
Chapter 3). implications for conservation, resource management and ecological theory are
discussed.

The following specific objsctives were addressed:

1. To compare biological community structure on rocky shores along the KwaZulu-Natal
coast.

2. To determine whether there are significant differences in community structure between
four pre-defined regions.

3. To identify biogeographic breaks along the Kwalulu-Natal coast and examine whether
observed patterns conform to previously proposed biogeographic provinces or sub-
provinces. _

4. To identify characteristic and distinguishing species that account for similarities within and
differences between regions. |

5. To explore potential abiotic factors that may underlie observed differences between
regions.

This chapter thus explores blogeographic pattemns in a quantitative manner for the entire
KwaZulu-Natal coast and relates these paftterns to abiotic factors at similarly large spatial
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scales. This is the first set of data to provide broad-area quantification of species abundance
and environmental parameters for this region. Differences in community structure and abiotic
factors between sites within biogeographic regions are the subject of the following chapter. -
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Methods

1. Pllot study

A pilot study was undertaken to determine appropriate sample numbers (j.e., replication) for
four spatially defined zones on the shore: the low, mid, high and top shore. Eight different
community types were defined and named after their dominant organisms (>50% cover):
foliose algae, mussel, corraline turf, barnacle, zoanthid, oyster, littorina and Enteromorpha. In
the low shore, “foliose algae” refers to mixed algal assemblages including Hypnea spicifera,
and the mussel community was that dominated by the brown mussel, Pema pema. in the mid
shore, coralline turf was dominated by Jania verrucosa, the bamacie community was
characterised by bamacles of the genera Tefraciita or Octomeris and zoanthid communities
were dominated by Palythoa and Zoanthus species. In the high shore, the oyster community
comprised mainly Saccostrea cuccullata, and moss-like expanses of unidentified green
ephemeral algee were referred to as the Enferomorpha community. In the top shors, the
highest zone examined, littorina community consisted of several species of littorinid snalils,
notably Nodilittorina africana and N. natalensis.

Percentage cover of all sessile species and counts of all mobile species were recorded within
30 replicate 1m x 0.5m quadrats for each community at one site each. Surveys were
conducted at four sites in Zululand, Cape Vidal Point, Cape Vidal Ledge, Crayfish Point and
Railway Ledge with different community types examined at different sites. The relationship
between sampling intensity and species richneas (sessile and mobile speqies) and Shannon
diversity (H' = -I; p, (fog: p)) (sessile species only) was examined using cumulative diversity
curves basad on randomised samples. Mobile species were excluded from sstimates of
Shannon diversity (H') because of the difference in enumeration methods.

Quantification of spacies richness was dependent on sampling effort and the most species-
rich communities had the higheet rate of species sccumulation (Figure 2.34). Communities in
the low and mid shore had higher species richness than those in the high and top shore. The
algal community in the lowest part of the shore had the most species (S=35) and the high
shore Enteromorpha community had the least (S=2). In the low and mid shore, most epecies
were recorded after 20 samples whereas all high- and top-shore communities had no further
increases in species richness after 4 samples.

Cumulative diversity curves indicated that increased sampling effort did not necessarily
increase the estimais of diversity (Figure 2.3B). The Shannon index increasad with increasing
effort only within the foliose algae communily. In the other communities, which had high
dominance (indices of dominance were caicuisted although not shown here), Shannon
diversity oscillated with increasing effort. The relationship between the abundance of the
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dominant species and Shannon diversity was investigated for two community types. In
mussel, Shamondiversitywasnegaﬁvetyoonelatedwihﬁeooveroqumapem(R&
0.854, P<0.0001, n=180) and similarly in coralline turf, higher cover of Jania verrucosa
reduced Shannon diversity (R=-0.914, p<0.0001, n=50).

The pilot study was undertaken to determine appropriate replication within sites. Because of
the fluctuating diversity estimates due to changes in dominance, only species richness curves
were used to determine sampling sizes. Sample sizes were chosen to include at least 85% of
the species recordad. On these grounds, twenty quadratls were selectad as an appropriate
sample size for the low and mid shore, and ten quadrats for the high and top shores.
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Species richness

0 L) ¥ L} 1 ¥ L L L 1 L) L) L] L] L) Al L} L4 ¥ L} L] L3 1 1) v L L ¥ L] L]
A 1 2 3 4 58 6 7 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25 26 27 28 20 30
No. of quadrats
4 Shannon Diversity
35 W
25 W/
2
T
1.8
4
0-
B. 1 2 3 4 6 8 7 B8 9 10 11 12 13 44 15 18 17 18 19 20 21 22 23 24 25 28 27 28 28 30
No. of quadrats
Zone Key
Low shore  .—e— Algas el SUBEO

Mid shore  ——Corsfline uff .o Bomecle —u— Zoanthid
High shore  —@— Oyster ~o— Enteromoipha

Figure 2.3 Pilot study : (A) Cumulative species richness (sessile and mobile species) and (B)
Shannon diversity (sessile species only) for each community type based for each community
type based on (A) 30 samples from one site.



Chagher 2. Biogeography 31

2. Biological sampling design

The KwaZulu-Natal coast is approximately 560km long. The coast was divided into four pre-
defined geographic regions, each approximately 140km long, and several sites per region
were sampled to make up 39 sites in all (see Figure 2.2 for location of sites).

Maputaland : Mozambique border to Leven Point
Zululand : Leven Point to Dumford Point
Central KwaZulu-Natal : Dumford Polint to Amanzimtoti
South coast » Amanzimtoti to Port Edward

The boundaries of these regions were selected to test for significant differences in community
structure between previously described biogeographic regions or sub-regions, as proposed by
Jackson (1976) and Emanuel et al. (1882).

Large-scale patterns in community structure were investigated in four zones (Figure 2.4).
Analyses for these zones were kept separate. The low shore was surveyed at 39 sites, the
mid shore at 27 sites and 22 and 13 surveys were conductad in the high and top shore
respectively. Effort was greater lower on the shore, where diversity is greatest (Figure 2.3)
and where human harvesting is concentrated (Laslak 1888). Ohly 13 sites were surveyed in
the top shore due to the continual presence of deep sand (>20cm) in this zone at many sites.
Sites were surveyed during the summer of 1686/1897 (low and mid shore) and autumn 1987
(high and top shores) only during spring low tides (South African Navy 1998,1897).

At sach site, 20 random replicate quadrats per site were scored in each of the low and mid
shore, and 10 per site in each of the high and top shore, as prescribed by the pilot study
(Figure 2.3). Percent cover of all sessile species and counts of visible mobile species and
mean size per mobile species was recorded in the field. For the low, mid and high shore,
counts of mobile organisms were converted to percentage cover estimates using mean size.
in the top shore, counts of mobile organisms were not converted, partly to allow mobile
species to dominatq observed patterns but also because few sessile species were recorded
in this zone.
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Figure 2.4. Schematic diagram Hlustrating (A) cross-section of a rocky intertidal shore, divided into four
spatially defined zones. LWS=Low Water Slack and HWS=High Water Slack and (B) the sampling strategy
within a zone. Twenly (low and mid shore) or ten (high and top shore) random replicate quadrats were
sampled within the middie region of each zone. Percentage cover of all visible sessile species and counts
and mean size of all mobile species was estimated within each quadrat.
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3. Potential abiotic determinants of blogeographic patterns

3a. Sea-water temperature

Existing sea temperature data were coliated (Center for Scientific and lndustﬁal Research
{CSIR), South African Weather Bureau, pers. comm.). There are only three inshore sites in
KwaZulu-Natal at which surf temperatures are recorded, l.e., Zinkwazi and Durban in central
KwaZulu-Natal and Southbroom on the South coast (L. Apps, South African Weather Bureau,
pers. comm.). Mean summer and winter temperatures beiwesn 1974 and 1062 were
calculated for these three sites. More extensive measurements of seawater temperature are
collected by voluntary observing ships (V.0.5.) and mean summer and winter temperatures
for half degrees of latitude and longitude were used to examine temperature changes along
the KwaZulu-Natal coast (data from M. Grundiingh, CSIR, pers. comm.). These data are
biased towards warmer offshore temperatures as most of the V.0.8. travel within the warm
Agulthas current. In reality, inshore water is approximately 1.4 °C cooler that at the shelf break
(Pearce 1978). However, in the absence of comparative inshore data along the entire coast,
the assumption was made that the discrepancy between inghore and offshore temperatures is
relatively constant along the coast. To test this assumption, the average summer and winter
V.0.8. temperatures for appropriate half degrees of latitude were compared to the inshore
temperature at Zinkwazi, Durban and Southbroom.

3b. Riverine input

The simulated mean annual runoff was caiculated for each catchment along the KwaZuilu-
Natal coast from rainfall records and catchment size (Midgely et al. 1994) excluding
abstraction of freshwater. These values may not accurately reflect absolute runoff but do
indicate relative freshwater inputs from different catchment areas in KwaZulu-Natal. To
compare riverine input in each predefined region, the total runoff within the boundaries of
each region was summed. In Maputaland, riverine runoff was calculated based on an
estimated 5% of total runoff (precipitation x catchment area) as no more than 5% of the
precipitation enters the streams and rivers (Begg 1878, Pliman et al. 1881). |

3c. Sand Inundation

Fixed 20-m long transects were simultaneously monitored at 27 sites to estimate relative sand
inundation in the low, mid and high shore. The top shores were not monitored bacause there
was littie variability in community structure in this zone. On each transect, the cover and depth
of sand within ten 1 m x 0.5 m quadrats was scored for each zone on the shore. The data
were converted to volumes of sand per m®. This monitoring was undertaken by staff of
KwaZulu-Natal Wildiife and volunteers from coastal conservancies under my supervision and
was initiated in June 1987.
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The data were collected simultaneously once a month for all sites from September 1997 until
April 1899.There were occasions when sites were not monitored due to poor conditions or
lack of manpower. Because of missing data, measurements were grouped into two-month
intervals as opposed to monthly measurements. Due to staff changes at Mapelane,
monitoring ceased in February 1888 and data for Crayfish point, Railway Ledge and Sandy
Point were obtained from other researchers working in the area (JM Harris, KwaZulu-Natal
Wiidlife, pers. comm.).

3d. Wave sxposure

To measure wave exposure, simultansous maximum wave forces were recorded with 10-15
wave drogues (Palumbi 1884) at each of 30 sites on five occasions. This was conducied with
assistance from staff of KwaZulu-Natal Wildlife and volunteers from coastal conservancies.
These drogues have been criticised as subject to non-negligible intemal friction and may
record a variety of non-hydrodynamic forces (Bell and Denny 1994). They have, however,
effectively been used to quantify relative wave forces on the south and west coast of southem
Africa (Bustamante et al. 1897, N. Steffani, University of Cape Town, pars comm.). Only data
from days with similar weather and sea conditions along the entire coast were used to
compare wave exposure between regions (4 and 5 November 1888, 5 December 1898, and
18 March 1888). Data from another occasion (June 1998) were discarded as a cold front in
the south resulted in disproportionately large swells in southem KwaZulu-Natal. Only one set
of readings was made at Isiand Rock and three sets at Seula Point and Reunion.

3. Human exploitation

Differences in human exploitation were monitored at 34 study sites simultaneously on the
same days, and when weather and sea conditions wers the same along the coast Ten
simultaneous counts were conducted between March 1897 and July 1898 including a range
of high and low-use periods (weekdays, weekends, school holidays, public holidays) and a
range of weather conditions. Patrolling KwaZulu-Natal Wildlife staff conducted these counts
under my co-ordination. As replicate counts were not conductad over different days of the
week and weather conditions, the effect of these factors on human activities could not be
investigated. That was not, however, the purpose of the monitoring, which served only to
quantify the relative intensity of use at different sites so that its relationship with differences in
community structure could be determined.

Subsistence and recreational collectors were tallied separately because they gather different
amounts of intertidal invertebrates. Subsistence harvesters each collect approximately 11.2
kg (total wet mass) of Pema pema per outing at Black Rock and Dog Point and 10.9 kg of
Pyura stolonifera at Kosi Mouth (Kyle et al. 1997a). Licensed recreational harvesters sach
collect approximately 2.4 kg of P. pema per outing (Tomalin and Kyle 1688). To render the
effect of both groups comparable, mean mass of inveriebrates harvested per collector were
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used in conjunction with the counts of harvesters to estimate mean total mass of organisms
harvested at each site. '

Data anslysis
Biological data

Each zone on the shore was analysed separately. PRIMER (Plymouth Routines in
Multivariate Ecological Research, version 4.0 1894) was used for analysis of species
composition and sbundance (Clarke and Wamick 1884). Biological data were root
transformed to weight the contribution of less abundant species. Hierarchical clustering
analysis using Bray-Curtis co-efﬁoiem and multidimensional scaling (MDS) {Kruskal and
Wish 1978) were used to compare community structure between sites and regions. The
triangular similarity matrix generated by the cluster analysis was used to perform the MDS.
Groups of samples identified by clustering were superimposed on the MDS plots. Within sach
zone, the average Bray-Curtis similarity between sites was used as a measure of community
convergence. As the number of sites sampled differed between the zones, this was done in
two ways: first by using the data for all sites sampled, and then by standardizing the number
of sites analysed per zons (n=13) to ensure that differences in sample size did not bias the
result. For the latter approach, analyses were restricted to sites at which all four zones were

sampled.

To test for significant differences in community structure between pre-defined regions, one-
way ANOSIM analyses were conducted (Clarke and Green 1988, Clarke 1993). Mean covers
of all species from replicate sites within each region were compared. For those regions that
did differ significantly, characteristic and distinguishing species between regions were
identified using similarity percentage breakdown analyses (SIMPER). Species were only
considered if they contributed more than 2% fo the overall similarity or dissimilarity, or
cumulatively accounted for at least 80% of the overall similarity or dissimilarity within and
betwesn regions.
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4. Relating blogeographic patterns to abiotic data

Temperature changes and relative riverine input were compared to observed differences in
community structure along the coast. Differences in wave exposure, sand inundation and
human exploitation between observed biogeographic regions were tested with hierarchically
nested ANOVA conducted with STATISTICA (1888). For wave force data, times were nested
within sites and sites nested within regions, because 4-15 estimates of wave forces were
made at each site each time. For sand inundation and harvesting data, sites were nested
within regions but only the mean volume of sand per transect or total harvesting offtake was
used in the ANOVA (i.e., there were no replicate values for each time). The assumption of
normality was tested visually by examination of probability plots of residuals and statistically
with the Koimogorov-Smimoff test. Variance was evaluated by visual examination of plots of
means versus standard deviation and homogeneity of variances was chacked by Cochran's
test (Winer et al. 1891). For the wave exposure data and the estimates of relative sand
inundation, log transformations were necessary to satisfy these assumptions and estimates of
harvesting offtake were root transformed (Sokal and Rohif 1895).
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Resuits

1. Blogeographic breaks and regional differences In community
structure

Abundance estimates for 220 species (91 invertebrates and 1290 algae) were used to
compare community structure on rocky intertidal shores along the KwaZulu-Natal coast.
ANOSIM tests between the four pre-defined regions indicated that there were significant
differences in community structure between regions in the low and mid shore (Global
R=0.478, p<0.01, n=39 and R=0.55, p<0.01, n=27 respectively). No significant differences in
community structure were found between any of the regions in the high and top shore
(R=0.027 p=0.33, n=22 and R=0.197, p=0.13, n=13 respectively).

Table 2.1 shows that the low-shore community structure in Maputaland was significantly
different from that of Zululand (R= 0.783 p<0.01), Central KwaZulu-Natal (R=0.727 p<0.01)
and the South Coast (R=0.810 p=0.01). There were no significant differences in low shore
community structure between Zululand, Central KwaZulu-Natal and the South Coast. In the
mid shore, community structure in Maputaland was similarly significantly different from that of
Zululand (R=0.888 p<0.01), Central KwaZulu-Natal (R=0.764 p<0.01) and South coast
(R=0.760 p=0.01). Mid shores in Zululand were also significantly different to Central KwaZulu-
Natal (R=0.487 p=0.01) and the South Coast (R=0.402 p<0.02). There were no differences in
mid-shore communify structure between central and southern KwaZulu-Natal (R=0.041,

p=0.86).

Table 2.1. Results of one-way ANOSIM tests for differences between regions in low and mid-
shore community structure In KwaZulu-Natal. Tests based on Bray-Curtls similarily measures
derived from root transformed estimates of mean percentage cover of all visible species from
replicate sites within each pre-defined region. "= significant difference (p<0.05).

"REGION Zuhdand Central KwaZulu-Natal South Coast
Maputaland Low-Rw 0.783 (p<0.01%) Low - Rm 0.727 (p<0.01%) Low - R= 0.810 (p<0.01%)
Mid-R= 0,889 (p<0.01") Mid - R= 0.754 (p<0.01*) Mid - R= 0.760 (p=0.01")
| Zululand Low- R= 0.248 (p=0.10) Low- Re= 0.368 (p=0.07) |
Mid - R= 0.487 (p=0.008") Mid - R= 0.402 (p=0.013%)
Contral  KwaZuiu- Low - B= 0.081 (p=0.20)
Nl : Mid - R= 0.041 (p=0.68)

Figures 2.5 to 2.8 show the results of the hierarchical cluster analyses and the two-
dimensional MDS ordination plots for all four zones on the shome. The dendrogram for the
low-shore sites (Figure 2.5A) showed that two sites (one from Central KwaZulu-Natal and one
from the south coast) were outliers more than 75% dissimilar (<25 % similarity) to all other
sites. All the Maputaland sites, along with one Zululand site (Cape Vidal Point) and one site
from the south coast (Umfazazana) formed a discrete cluster, more than 70% dissimiar to the
rest of KwaZulu-Natal. Sites from Zululand, central KwaZulu-Natal and the South coast did
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not separate out into regional groups, with sites from different regions often more similar than
sites from the same region. The MDS plot (Figure 2.5B) also indicated that Maputaland low
shores were different to the rest of KwaZulu-Natal. Cape Vidal Point again grouped with the
Maputaland sites, and Umfazazana, a south coast site where subsistence harvesting is
undertaken, was alsc more similar fo the Maputaland sites than other South coast or central
KwaZulu-Natal sites.

The dendrogram for the mid shore (Figure 2.6A) showed that three sites (two from Zululand
and one from central KwaZulu-Natal), were outliers more than 80% dissimilar to all other
sites. All the Maputaland sites were again grouped together in a cluster, more than 70%
dissimilar to the remaining sites. As in the low shore, sites from the three other regions did not
separate out into regional groups. Cape Vidal Point grouped with the sites from central and
southern KwaZulu-Natal. The MDS plot (Figure 2.6B) also indicated that the Maputaland sites
were distinct.

in the high shore, there was no distinct clustering of sites into their respective regions (Figure
2.7). Two of the Maputaland sites were more than 75% dissimilar to all other sites. The
remaining sites were a mix from all four regions. Sites from central KwaZulu-Natal and the
south coast were the most similar with more variability between sites from Maputaiand and
Zululand.

In the top shore, hierarchical cluster analysis and MDS (Figure 2.8) showed that there was no
separation between regions. Of all the zones on the shore, the top shore samples had the
least variabllity between sites, with all sites more than 80% similar.

The differences between Maputaland and the three other regions (Zululand, Central KwaZulu-
Natal and South Coast) indicate that there are only two distinct biogeographic regions evident
in the low and mid shore in KwaZulu-Natal. Sites south of Cape Vidal can be considered as a
single region, previously termed Natal (Jackson 1978).
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Differences between zones: divergence and convergence

There was greater between-site variability in the low and mid shore than in the top and high
shore. This was also reflected in the average Bray-Curtis similarity for each zone on the shore
(Table 2.2). Along the entire KwaZulu-Natal coast, the mid shore had the greatest variability in
community structure between sites (5=40.51%, n=13 and $=33.28%, n=27). There was also
substantial between-site variability in the low shore ($=51.48 %, n=13 and S=41.82%, n=39),
but less in the high shore (S=54.85%, n=13 and $=48.23%, n=22). High similarity (5=72.79%,
n=13) in the top shore indicated convergence of community structure. These differences were
evident using a standard sample size in KwaZulu-Matal as 2 whole and when comparing all
sites betwesn zones.

Table 2.2. Average similarity (S%) between sites for each zone on the shore as determined
by Simper analysis. Comparable estimates between zones in KwaZulu-Natal are indicated for
a standardised sample size (n=13 sites). The average similarity for all surveyed sites is also
shown, with the sample size indicated in parentheses. The average similarities within the two
biogeographic regions were determined for the low and mid shore only, as no biogeographic
differences in community structure were avident in the high and top shore.

ZONE Entire KwaZulu- Entire Kwaulu- Maputaland Matal
Natal Natal S % (All sites) S % (All sites)
8 % (n=13) S % (All sites)
Low 51.46 41.82 (n=38) 47.38 (n=10) 51.14 (n=28)
Mid . 40.51 33.29 (n=27) 48.73 (n=8) 38.00 (n=21)
High 54.85 48.23 (n=22) - -
Top 72.78 72.79 (n=13) - -
Characteristic species
Low shore

The low shores in Maputaland were on average 47.36% similar (Table 2.3). Of this similarity,
80% was accounted for by 19 taxa (including bare rock) (Table 2.3). The four most
characteristic species were algae: Sargassum elegans, Chellosporum sagittatum, encrusting
coralline algae and Caulerpa racemosa, cumulatively accounting for 31.82% of the variation.
The ascldian, Pyura stolonifera, and the brown mussel, Pema pema, were the two next most
important species, explaining an additional 11.28 % of the group similarily. The most
characteristic moblle species was the fimpet Sculellasfra pica. Caulerpa racemosa, Pyura
stolonifera and the bamacle Tefraclita squamosa rufotincta were the most consistently
characteristic species, as reflected by their high ratios of S/SD(S)).

The average similarity for low shores in Natal was 51.14%, with 80% of the group similarity
explained by 14 taxa (Table 2.3). Pema pema, accounted for 30.13% of the group similarity.
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Other important characteristic species were the ailgae Hypnea spicifera, Cheilosporum
sagitiatum, encrusting algae (corallines and Ralfsia expansa.) and Jania vemucosa.
Scutellastra aphanes was the most characteristic mobile species. There was high variability in
abundance between sites as reflected by the low ratio of Si / 8D (Si). Encrusting coralline
algae and P. pema were the two most consistent characteristic taxa.

Mid shore

Within Maputaland, the average similarity between mid shores was 48.73% (Tabie 2.3B). Ten
taxa accounted for 80% of the group similarity. The bamacle, Telraclita squamosa rufotincta,
was the principal characteristic species accounting for 22.52% of the group similarity. Bare
rock accounted for a further 18.05% and, together with the sponge Hymeniacedon sp.,
explained 50% of the group similarity. Ralfsia expansa, Ulva and T. squamosa nufotincta were
the most consistently typical species for mid shores in Maputaland and the limpet Cellana
capensis was consistently the most characteristic mobile species.

in the Natal region, there was substantial variability between shores with the average group
similarity less than 40% (Table 2.3B). Eleven species accounted for 80% of the overall group
similarity, with 4 taxa explaining 50% (Table 2.3B). The principal characteristic species were
Octomen's anguioss, Jenia verrucosa and Ralfsia expanss. Peme pemna was the most
consistently characteristic species in Natal. The most important characteristic moblle species
was Sculellastra nalalensis.
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Table 2.3. Characteristic species for the (A) low, (B) mid, (C) high and (D) top shore in KwaZulu-Natsl ss determined
by SIMPER snsiyses based on rool ransformed perceniage cover estimstes end the Bray-Curtis messwe of
similarity. Meputaland and Natal were analysed saparatsly for the low and mid shore for which significant differences
in communily structure were revesled betwesn reglons. The ranking is delermined by 8, the sverage contribution of
sach spacies to the overall similarity of the zone In sach region. Av¥% indicates the average percentage cover of each
species from il sites a8 based on 20 quadrats in the low and mid shore aend 10 In the high end top shore of each
site. Figures in parentheses for the top shore are densities.m®, not % cover. Sy SIS, is the ratio between S; and
SD(S), the standard devistion of S, This retio refiecis how consistently the speciss sbundance veried within esch
region. 5% ls the cumulstive percentage contribution of each species to the oversll similarity, 8. Only texa
accounting for 80% of the cumulative similarity are shown,

A LOWSHORE . . 5

MAPUTALAND (n=10 sites) 8=47.90% B=B1.14% ‘
Charscteriatic Species | %Av | 8 |SVED(SH] M;(s >
Sarpassum elegens 13.08 8689 @ 140 188 13013
Chellosporum segittatum | 17.84 | 8.8 | 088 R ki 1.28 | 37.0¢
Encrusting coralings 533 1 684 | 2.0 eliosporum sagits 1.38 | 43.31
Caulsrpa racemosa 487 | 860 | 26 » 1.88 | 46.53
Pema pema 11.68 | 6.44 | 1.16 tealii 6. 1.79 | 54,62 |
Byairs lolonins 470 | 485 | 218 X 181 | 89.35 |
216 | 420 | 2.1 ) i 129 | 63.74
Feedini up. 183 | 400 | 1.76 . 1.01 [ 67.92
Chamaedoris delphin 95 | 308 | 137 |56 1.37 | 70.65

apessum crassliolum | 3.27 | 3.88 | 1.20 | 50.14 |Bare rock _ 130 249 | 167 | 73.14
Lsurencie glomerst 623 | 3.32 | 0.74_ | 62.48 |Oclomeris anguloss 1.000 224 | 0.89 | 76.38
dantiyrsus penna 7.19 | 3.47 | 087 | 6583 ' 068 1.90 | 1.08 [ 77.27 |
Hare rock 081 | 262 | 124 |68.25 2.10| 1.69 | 0.62 | 78.08
Valonis mecropiy 129 | 241 | 1.00 | 70.88 |Arthrocardia sp. 0.09] 1.50 | 1.00 | 80.48
Unidentified gresn ascidian| 2.068 | 2.40 | 1.00 | 73.08
Jania sdhserens 166 | 227 | 086 175634

" 108 | 216 | 168 |77.60
Unidentified sandy sscidien] 1.03 | 1.9 | 1.30 | 79.48
Scutellastra pica _Jo72 1171 ] 198 |81.20
B. MID SHORE _

WMAPUTALAND (n=8 sites) B=40.73% NATAL (n=29 sltes) 8539.00%
Characteriohc Bpecies | Thv | Bl | SUBOEH| Lh% [Charscienstc Bpecion | by sa"TvsnoM B% |
Tetracita squamosa 77.35 | 22.62 | 2.33 | 22.62 |Oclomeris anguiosa 2378 | 160 | 0.73 | 169
Bars rock 1543 | 18.06| 4.10 | 40.57 [Jania crasea 20.10 | 14.86 | 0.76 | 30.76
Hymeniacedon ep. 749 | 8671 | 143 | 49.28 |Bare rook 13.30 | 14.71] 1.4 | 46.47 |
Encrusting coraiings 11.03 | 845 | 1.18 | 57.73 |Ralsia sp. 501 | 7.58 | 0.68 | 53.03
 Bakyihon nelies 10.16 | 7.58 | 1.16 | 65.20 |Palythoa neliae 1263 | 528 | 043 | 56.31
Dendropomea e 567 | 3.74 | 0.0 |60.03 | Tetaciia serata 270 | 6.16 | 0.84 | 63.48
Fialfels 89, 079 | 37 | 35 |72.72 |Pema pema 088 | 39 | 1.62 |67.37
Idantiyrsus pennatus 484 | 3.01 | 087 | 75.74 |Encrusting corsiings 232 | 338 | 098 | 70.78
Callans capsiss 067 | 202 | 2.23 | 78.85 |Pomeloleios kraussi 240 | 201 | 081 | 7364
Pema pema 0.73 | 23 | 1.32 |80.96 {Zoanthus netalensis 272 | 2.8 | 048 | 76.40
Ulva sp 0.31 | 207 | 264 | 83.01 |Saccostrea cucculiata 078 | 275 | 0.79 | 79.25

Oniluss folisces 141 | 248 | 0.73 | 817
Golicium replans 088 | 242 | 0.78 | 84.01
Scuteliasira natalencls | 0.40 | 2.44 | 0.7 | 86.16
C. HIGH SHORE (n=22 sites) $=48.23% D. TOP SHORE (nm=13 sites) 8072.78% ‘
Characteristic Bpecies | %Av | Bi |S/S0{S)| L8% | |Characteristic Av% | & [sleD@| Te% |
__I (Avno)] 1 ©
Bare rock 3760 | 193 | 181 | 40.07 | Yook 5132 | 373 | 463 151.32
Saccostrea cucculiatn 34471 161 | 1.27 | 73.46 | Nodiifiorine africans | (32.02) | 23.3 | 2.51 | 83.34
Chihaiamius dernists 3051 3271 002 [80.08 nafalenais | (14.13) T 103 | 122 | 67.47
Brown ephemersl sige 11.02] 19 | 031 | 83.95 | |Liforare (200) | 1.6 | 000 | 90.48
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High shore

High-shore sites were treated as an entity covering the whole KwaZulu-Natal coast because
no biogeographic breaks were identified within this zone. Four taxa accounted for 80% of the
average similarity (5=54.95%) in the high shore (Table 2.3C). The most consistent and most
characteristic species was the sun oyster, Saccostrea cuccullata, accounting for more than
70% of the overall similarity together with bare rock. The high-shore bamacle, Chthalamus
dentatus, and an unidentified ephemeral brown alga were also characteristic species. The
limpet, Cellana capensis was also relatively consistently characteristic of the high shore
(S'SD(Si) =1.4) and other characteristic species were Siphonaria spp., although varability of
these species between sltes was high (S. capensis, S. concinna, S. semata; SUSD(SI) =0.48,
0.48, 0.29 respectively).

Top shore

Top-shore sies were similarly treated as a unit covering the entire KwaZulu-Natal coast,
since no biogeographic breaks were identified in the top shore. Bare rock and three littorinid
snails accounted for 99% of the overall similarity (S=77.78%) (Table 2.3D). Nodilittorina
africana was the most consistently characteristic species and was also the most abundant
species (average density = 33.03.m™). Lower densities of the other characteristic species N.
" natalensis (14.13.m™) and Littoraria glabrata (2.m™) were recorded.

Specles distinguishing between regions
Low shore

Maputaland low shores were on average 70.04% dissimilar to those in Natal. The key
distinguishing species are shown in Table 2.4A. Psma pema was the top-ranking
distinguishing species, accounting for 8.36% of this difference. The average cover of this
species was far less in Maputaland (11.58%) than Natal (51.24%). The variability in species
abundance between Maputaland sites and those further south was high. Tetraclifa squamosa
rufotincta and P. pema constituted the most consistent distinguishing species.
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dissimilarity between regions (D). Species are ranked In order of imporiance in contributing to the oversll dissimilarity
between regions. Av. % indicates the average percentage cover of each species from sliss within each region.
D/SD(D) Is the retio betwesn D (the average contribution of each species to the overall dissimilarily) and SD(D), the
standard deviation of D, This ratio reflects how consistently the species abundance varies within each region. TD%
is the cumulative percentage contribution of esch species to the overall dissimilarity, D. Only texa accounting for 80%

determined by SIMPER anslyses besed on root transformed percentage cover estimsfes and the Bray-Curtis
of the cumuletive dissimilarity ere shown.

Table 2.4. Major distinguishing species In (A) the low and (B) the mid shore for slites in Meputaland and Natel 2
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Only 13 species contributed more than two percent each to the average dissimilarity between
Maputaland and Natal. After P. pema, most of these were algal species that were more
common in Maputaland e.g., Sargassum elegans, S. crassifolium and Caulerpa racemosa.
The alga, Hypnea spicifera, was almost absent in Maputaland but was characteristic in Natal.
Three other invertebrate species were characteristic of Maputaland low shores: the ascidian
Pyura stolonifera, the polychaete ldanthyrsus pennatus and the bamacle, T. squamossa
rufotincta.

Mid shore

The key distinguishing species between Maputaland mid shores and the rest of KwaZulu-
Natal are shown in Table 2.4B. There were greater differences between regions in the mid
shore (D=74%) than the low shore (D=70%). Twelve spacies individually accountsd for more
than 2% of the overall dissimilarity and, cumulatively, thirty species explained 80% of the total
dissimilarity betwesn groupe. Bamacies were important distinguishing spacles. 7. squamosa
rufotincta was dominant in Maputaland and Octomeris angulosa and Tetraclita serrata were
prevalent in Natal. 7. squamosa rufotincta and Diclyosphaeria versiuysii (both characteristic
of mid shores in Maputaland) were the most consistent distinguishing species. The srticutatod
coralline alga, Jania venucosa, was more abundant in Natal and was the most important
distinguishing alga.

2. Potentlal ablotic determinants of blogeographic patterns

2a. Sea-water temperature

Data coliected by voluntary observing ships (V.0.S.) provided an indication of mean
maximum and minimum sea-water temperatures for half-degres blocks of latitude along the
KwaZulu-Natal coast (Figure 2.8). Temperatures ranged from a mean (is.d.) winter (June-
August) temperature of 21.08°C (+1.68) in the far south to a mean summer (December-
February) temperature of 26.18°C (11.35) in the far north. There was approximately four
degrees difference between summer and winter for most localities. The range of mean
summer temperatures was 2.43°C and the mean winter temperature ranged from 22.38°C in
the far north to 21.08°C on the South coast, a range of 1.31°C.

Offshore temperatures did not change abruptly at any point along the coast (Figure 2.8). In
particular, there was no indication of rapid change between Sodwana and Cape Vidal at the
juncture of the Maputaland and Natal biogeographic provinces. The differences in both mean
summer and mean winter temperatures between the half degrees of latitude including Cape
Vidal and Sodwana respectively were less than 0.1°C. The half degree of latitude spanning
sites from Cape Vidal Point to Railway Ledge and the adjaoam half degree (including Sandy
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Point and Dingini), differed in mean summer and winter temperatures by 0.48°C and 0.56°C
respectively.

Along the KwaZulu-Natal north coast, the mean summer temperatures changed most in the
~ vicinity of Dumnford Point, 0.6°C difference between 28°30'-29°00'S and 28°00'-30°00'S. The
largest difference in temperatures between half degrees of latitude in KwaZulu-Natal were
evident in the vicinity of Umfazazana on the south coast with 0.84°C difference between
30°00'-30°30°'S and 30°30-31°00'S. Lowest summer temperatures in KwaZulu-Natal were
evident within the iatter section of coast with slightly higher summer temperatures recorded
further south. Overall, temperatures declined from north to south and there was no indication
of any abrupt temperature change coincident with the biogeographic break identified at Cape
Vidal Point.

Comparison of offshore temperature V.0.8. data with inshore temperatures did reveal
differences between localities. While the mean inshore and offshore winter temperatures
differed relatively consistently (1.08, 1.05 and 1.13°C cooler inshore at Zinkwazi, Durban and
Southbroom respectively), there were larger differences between offshore and inshore
summer temperatureé batween sites. The difference at Zinkwazi was 1.36°C cooler, at
Durban only 0.74°C cooler, and at Southbroom a larger difference of 2.4°C was identified,
with cooler water inshore,

2.b Riverine Input

The simulated total mean annual volume of riverine input was calculated per catchment and
per region (Figure 2.10). Estimated river input in Maputaland was less than 100 m® x 10°,
approximately 5% of that of the Zululand and South coast region and less than 2% of that in
Central KwaZulu-Natal. Central KwaZulu-Natal had the highest riverine input, 5 8068 m® x 10°,
dominated by the contribution from the Thukela River, 3 888 m® x 10°, which comprised
approximately 40% of the simulated total river input in KwaZulu-Natal. The St. Lucia, Mfoloz
and Mhlatuze catchments in Zululand had relatively large simulated riverine outputs and the
combined volume (1 891 m® x 10%) was similar to that of the South coast (2 023 m® x 10°).
Southem KwaZulu-Natal has the greatest number of estuaries (51) although many are
relatively small (Begg 1878), with the Mkomazi catchment dominating the riverine input. The
simulated total inputs of river water in the Zululand and South Coast regions were less than
that of the Thukela River. The input in Maputaland was 0.001% of that of the Natal region.




















































































































































































































































































































































































































































































































































































































































































































