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Abstrac

ABSTRACT

Southern African biogeographic boundaries delih& phylogeographic distribution of some
coastal and estuarine invertebrates. This studgsiiyated the impact of these boundaries on the
phylogeographic distribution of two intertidal resgaweedsGelidium pristoidesand Hypnea
spicifera using the mitochondriaCox2-3 spacer and the nucle#ifS1 regions.G. pristoides
spores have short distance-dispersal, while lostadce-dispersal is more likely It spicifera

via spores and drifting fertile thallus fragmenBoth markers revealed a south-western and
south-eastern lineage with@. pristoidesbut the breaks between lineages do not coincide wi

any recognised biogeographic limits.

The Cox2-3 spacer revealed a boundary between the two liseagehe Alexandria Coastal
Dunefield (ACD) andITS1 at the Gamtoos-Van Stadens Dunefields (GVD) whish i
approximately 80km west of the ACD. The minor diflece between the two markers regarding
location of the phylogeographic boundary is propahle to the dating differences between the
two dunefields. The ACD as developed currently upesimposed on the ancient dunefields
which formed during the Pleistocene, coincidinghwtihe Cox2-3spacer sequences divergence
which dates back 500,000 - 580,000 years. The Gféd during the Holocene (6,500 - 4,000
years ago), coinciding with tH&S1 sequences divergence which dates 4,224 - 4,928 gga.
Thus, these phylogeographic boundaries probablyeapp without the influence of
biogeographic boundaries, but rather due to thedésuitable habitat in the dunefields, coupled
with short dispersal-distances of the spores. Asslpf thelTS1andCox2-3spacer regions in
H. spiciferarevealed that the species is characterized byoumifgenetic structure along the

coastline. This reflects the species’s potentialdiog range expansion as it inhabits both the
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intertidal and subtidal zones; and this presum#sygls to high gene flow among populations.
The ITS1 sequences showed minimal genetic variation of ewobstitution between the
gametophyte and tetrasporophyte generations witHin spicifera This suggests the
predominance of asexual reproduction, which redupsse flow and fixes alleles between

generations.

ANOSIM and Bray-Curtis cluster analyses showedesdapendant variation in the abundances
of epifauna (mainly amphipod, isopod, mollusc amdlyghaete species) 0B. pristoides At
small local (within site) and large (among sitesalss, there were weak and no structure in
epifaunal abundances respectively. However, akefatgogeographic scales, samples from the
same biogeographic region tended to be clustemgether. Thus, there was a group containing
predominantly south coast samples and a group icomjaeast coast samples mixed with the
remaining south coast samples. Such scale-dependaiation in epifaunal abundances is
probably due to the effects of factors driving seecichness at small local (within site) scales
(e.g. wave exposure, seaweed biomass) and at ldiggreographic scales (e.g. surface sea

temperature).

Moreover, at very small (individual samples) scatesre was no correlation between epifauna
composition and genotype of the seaweed. Seawerples characterized by distindS1 or
Cox2-3 spacer sequences did not show any significaneréifices in epifaunal composition.
Although the distributional pattern of the epifabnammunity observed at large biogeographic
scale is not clear, it seems to be associated téh biogeographic regions. However,

phylogeographic distribution @elidium pristoidess not connected to biogeographic regions.

Thus, at larger, biogeographic scales, there iscooelation between phylogeographic

distribution ofG. pristoidesand distribution of the associated fauna.
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Chapter On General Introductic

CHAPTER ONE: GENERAL INTRODUCTION

1.1. Southern African bioregions and Oceanographicurrents

The pioneering intertidal research by Stephens@®39,11944 and 1948) divided the South
African coastline into three distinct biogeographegions (Figure 1.1a): (1) the cold-temperate
Benguela region which stretches from Oranjemun@dpe Peninsula, (2) the warm-temperate
Agulhas region which stretches from Cape Agulha®oot Elizabeth and (3) the subtropical

Natal region which stretches from Port Edward east® up to the vicinity of Cape St. Lucia.

The region between Cape Peninsula and Cape Agatimprises the western overlap while the
region between Port Elizabeth and Port Edward cm®prthe eastern overlap. The largest

Tropical Indo-West Pacific region stretches froma ticinity of Cape St. Lucia eastwards.

Subsequent to Stephenson’s studies, many authees ihaestigated marine and estuarine
biogeographic patterns along the South Africa dmes{Stephenson & Stephenson 1972; Brown
& Jarman 1978; Emanuet al. 1992; Stegenga & Bolton 1992; Bustamante & Brang@6l

Bolton & Anderson 1997; Turpiet al. 2000; Boltonet al. 2004; Sinket al. 2005). In all of the

above-mentioned studies, at least three main bgrgebic regions were identified based on the
analysis of the distribution of different taxa. Wdugh those studies were mostly zoological,
there appears to be a broad agreement that thé 3dutan coastline includes at least three

main biogeographic regions.
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Keys: 3
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Figure 1.1 Map of South Africa showing biogeographic regioasognised by a) Stephenson

(1948) and b) Bolton & Anderson (1997). TIWP = pical Indo-West Pacific region.
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However, local phycologists argue that the distidou of South African seaweeds does not
exactly follow the pattern described by Stephengb®d4, 1948). Bolton (1986) analysed
seaweed distributions along the South African d¢mesand suggested only two biogeographic
regions: the warm-temperate Agulhas region compgighe west and south coasts and the
subtropical Natal region on the east coast. Busagbent studies had consistently defined the
south coast as an independent biogeographic ré§i@yenga & Bolton 1992, Emanusl al.

1992, Bustamante & Branch 1996, Setkal. 2005).

Bolton & Anderson (1997) in their review of marisegetation in South Africa argued that the
subtropical Natal region does not deserve recagnids a distinct biogeographic region for
seaweeds. They argued that the seaweed flora shiwwsastwardly decrease in the number of
temperate south coast Agulhas region speciesegsatie replaced largely by Indo-West Pacific
species. As a result, they suggested that theam isxtended eastern overlap region from the
coastline around East London to northern Kwazultasouthern Mozambique (Figure 1.1b).
The extended eastern overlap region comprises turinf species from the Agulhas and Indo-

West Pacific marine bioregions (Bolton & Anders®91T).

Therefore, from the seaweed perspective, the suibioNatal region is not recognized as a
distinct biogeographic region. It is rather regards an extended eastern overlap region between
the warm temperate Agulhas flora and the florahefttopical Indo-West Pacific region (Bolton

& Anderson 1997; Boltort al. 2004). This extended eastern overlap region hashaemicity

and similar numbers of seaweeds with affinitieshi® temperate Agulhas flora and the tropical
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flora of the Indo-West Pacific region (Bolton & Aaion 1997). The tropical Indo-West Pacific

region is the largest coastal biogeographic regioearth (Briggs 1974).

Thus, in this study only two biogeographic regigpisis the two overlap regions) are considered
in reference to seaweed biogeography (Figure 1.@)the cold-temperate Benguela region
comprising the western coastline from Oranjemunatissards up to the Cape of Good Hope
and (2) the warm-temperate Agulhas region from Gegpahas eastwards to the vicinity of East
London. The boundary between these two regionslased either at the tip of the Cape
Peninsula, where a portion of the Agulhas curree¢tsithe current from the Southern Ocean, or

at Cape Agulhas, the southernmost tip of the centifrica (Hommersand 1986).

The waters along the southern African coastlineiiteenced by two major current systems
(Figure 1.2), the Agulhas current on the east caadtthe Benguela current on the west coast
(Payne & Crawford 1989). The south-flowing Agulltasrent lies at latitude of 390 south of
Africa, increasing slowly downstream to a latitumfe44” 30'S at 60°E (Lutjeharms & Ansorge
2001). The current is about 60 to 100 km wide asuhlly lies 14 to 38 km offshore (Goschen &
Schumann 1990; Lutjeharms 1998). The current iplgag with tropical waters of the Indian
Ocean; as a result the waters of the Agulhas cuemenrelatively warm and become cooler as

the current moves southwards.

The warm Agulhas current follows the edge of thaticental shelf. The continental shelf is
narrow off the coastline of northern Kwazulu-Naad the current flows close to the shore. The

continental shelf widens to 50 km just south of €&i. Lucia and the current flows closer
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inshore, forming an elongated system of eddies @&twCape St. Lucia and Durban, called the
Natal Bight (Lutjeharmst al 2000). South of Durban the continental shelfasrow and the
current flows close to the shore. The continentalfsincreases in width as the current move
southward toward Port Elizabeth, pushing the waratewaway from the coast, resulting in
cooler water temperatures (Lutjeharms & Ansorgel200he Agulhas Current turns backward

and then flows eastwards and northwards as thehaguReturn Current when it reaches the

southern limit of the Agulhas Bank (Shannon 1989).

Figure 1.2 Satellite image of mean sea-surface temperatimewisg the two major current
systems influencing the coastal waters of southdrita (adapted from Payne & Crawford

1989). Note the temperate Agulhas current (yellamg the cool Benguela current (green).
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The west coast is influenced by the cold, northvity Benguela Current. The Benguela Current
flows from Cape Point northward to Lideritz in Némi (Peterson & Stramma 1991). The
average surface water temperature of the Benguaiee@ is between 13 and 15 °C (Shannon
1989). Off the Luderitz coast in southern Namil@acell of intense and consistent upwelling
separates the Northern Benguela from the Southemg@:la and creates a semi-permanent
environmental barrier (Boyd & Cruickshank 1983; Agag & Shannon 1988). According to
Shannon (1985) the Benguela upwelling system igeWwed to have been in existence at its
present intensity for 2 to 3 million years. Thus|tBn & Levitt (1987) suggested that the distinct

seaweed flora of the west coast evolved in theR&teene, 2 - 3 millions years ago.

1.2. Distribution of seaweeds along the South Afran coastline

Factors affecting the geographical distributionsebiweeds differ in relation to the scale of
investigation (Bolton & Anderson 1990). At smatlates, on any bay or short stretch of coast,
factors such as wave exposure, substratum, exptsaig salinity and competition were shown
to be influential in different areas. For exampM¢Quaid & Branch (1984), from detailed

investigations of biomass and species compositfomtertidal communities around the Cape
Peninsula, showed that wave exposure is the midgemial factor for seaweed distribution. At

larger, biogeographic scales, seawater temperatureonsistently highlighted as the most
important factor regulating the distribution of sesd floras (Van de Hoek 1982; Breeman
1988; Lining 1984, 1990). Gaines & Lubchenco (198#)gested that biological factors may

influence large scale distribution, although thisreo evidence supporting this.
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The evidence for seawater temperature as a reggléictor for seaweed distribution is both
correlative and experimental. Correlatively, thetabution of the South African seaweed flora
shows discontinuities associated with changes awater temperature patterns (Isaac 1938;
Bolton 1986; Bolton & Stegenga 1987; Bolton & Anslem 1990). Experimentally, laboratory
studies on South African seaweeds have shown hiea¢ s a correlation between a seaweed's
physiological temperature tolerance and seawatapeeature in its native habitat (Bolton &

Anderson 1987; Anderson & Bolton 1989).

Therefore, like intertidal invertebrates, Southiédn seaweed floras are distributed around the
coastline in patterns that closely follow patteoisthe prevailing seawater temperature. As a
result, the three biogeographic regions show diffees in species diversity patterns and richness
(Bolton & Stegenga 2002). The distribution pattefrRhodophyte species in terms of species

richness along the South African coastline is showfFigure 1.3 below.

300

250

200

No. lilf 150
species

100

S0

0

West South East

coast coast coast

Figure 1.3 Graphical representation of red seaweed speciesass along a 50km section of

the West coast, South coast and East coast (mbdiben Bolton & Stegenga 2002).
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The west coast or Benguela Region is species-guodar,high in endemism. According to
Stegengeet al. (1997), of the almost 400 species they descrilbeah the west coast, 58% of
Rhodophyceae, 33% of Phaeophyceae and 28% of @hlgreae were endemic to temperate
southern Africa. However, with a record of 130 OZpecies per 50km section, the west coast is
poor in species relative to the south and eastts@Bslton & Stegenga 2002). The west coast
shows a considerable drop-off in seaweed specams the Cape Peninsula northwards. The
reduction in species diversity along the west camsttributed to the stretches of unfavourable
habitat and extreme upwelling on the west coast¢Bd 996). The west coast is also less rich in
intertidal invertebrate species than either thettsamr east coasts (Branch & Griffiths 1988;

Bustamantet al 1997).

The south coast or Agulhas Region, although netedsstudied as the west coast, is species-rich
and again high in endemism (Bolton 1999). A 50knastal section on the south coast can
contain up to 300 species, of which around 125ispeare endemic to southern Africa (Bolton

& Stegenga 2002). Thus, both the west and soutstebave high levels of seaweeds endemism.
Approximately 38.5 % (327 seaweed species) of Saditican seaweeds are endemic to these

regions, but most species are endemic to the reagh coast flora (Bolton & Stegenga 2002).

The south coast has long been found to be richanna invertebrates (Stephenson 1948). The
level of species endemism for intertidal invertéésais higher on the south coast than on the
west and east coasts (Griffiths & Prochazka 1998 numbers of endemic species are high
between Cape Point and Port Elizabeth and decrapgdly eastwards from Plettenberg Bay to

Port Alfred (Griffiths & Prochazka 1999). The higichness and endemism of the south coast
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flora and fauna represents a clear indication & ihfluence of temperature on species
distributions. The south coast flora and faunamsixure of warm- and cold- water species that
has come about as a result of the mixing of thenwanater of Agulhas current and the cold-

water of the Benguela current (Stephenson & Stegret©972).

The east coast or extended Eastern Overlap witi220Gspecies per 50km section is also rich in
species compared to the west coast. Whether the®ast is poor in species per coastal section
compared to south coast is open to debate. Alth&adton & Stegenga (2002) reported a higher
number of species per 50km section on the soutktdban on the east coast. Studies on the
Kwazulu-Natal (KZN) coast described more than twesgecies of Rhodophyceae that had not
previously been recorded in South Africa (NorrisA&en 1985; Norris 1992 Bolton et al
2001). Moving eastwards along the KZN coast, thenlmers of species decrease and the
coastline is progressively dominated by the trdplodo-West Pacific species (Hommersand

1986; Bolton 1999; Bolton & Stegenga 2002).

There is a high level of species diversity in oapging regions between the three major
biogeographic regions (Bolton & Stegenga 2002)s&day on the eastern side of the Cape
Peninsula represents a classical example; overs@ébies of seaweeds have been recorded in
False Bay alone (Boltoet al. 1991). The seaweed richness in False Bay is atiiibto the
variety of habitats in the bay and the biogeogragusition of the bay, as an overlap region
between the seaweed floras of the warm-temperaig@hAg region and the cool-temperate

Benguela region (Boltoat al. 1991).
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The geographical distribution of seaweeds is ndy arreflection of each species’ temperature
tolerance, but also a result of dispersal and doae (Van de Hoek 1984). Therefore, the
present distribution of seaweeds along the Soutiic#f coastline is also the result of their
dispersal, introduction or displacement over gecklg time periods (Luning 1990).
Interestingly, various authors have independentbcalered that the majority of the South
African seaweed flora originated in Australasia 1Mo & Aken 1985; Lining 1990;

Hommersand & Fredericq 2001; Boltehal. 2004).

1.3. Phylogeography of seaweeds and community ofeih associated fauna

It is well known that the southern African biogeagiic regions can be characterized by species
composition which each region comprising distin@inenunity. However, the subtropical Natal
region on the eastern coast (generally acceptadasegion for invertebrates) is not recognised
as a distinct biogeographic region with regardsdaweed flora. Bolton & Anderson (1997)
indicated that the seaweed flora along this regmmprises a mixture of species from both the
Agulhas region and the Indo-West Pacific regionisT$tudy will use in particular the south-
eastern coast of South African to address a getfgogeographic problem that still trouble
marine ecologists and phycologists in South Afrisaudies that investigated the distribution of
the coastal invertebrates along this coastline wased either on the community distribution or
phylogeographic distribution. There has been neipus study that investigated in particular the
phylogeographic patterns of seaweeds along thistlaoa This is one of the first studies (if not
the first one) to integrate both the phylogeogreghanalysis and epifaunal community analysis
to determine the correlation between the phyloggugc distribution of seaweeds and their

associated fauna.

10
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CHAPTER TWO: PHYLOGEOGRAPHY OF TWO RED SEAWEEPFECIES

2.1 INTRODUCTION
2.1.1 Phylogeography

It is common in the natural sciences for a new warghrase coined to explain a particular
concept to become part of the working terminolagthie discipline. The term “phylogeography”
was introduced just more than two decades agoaltleetneed to explain striking phylogenetic
patterns (Aviseet al. 1987). The analyses of mitochondrial DNA (mtDNAgvealed

phylogenetic trees which displayed remarkable gggaigc patterns (Aviset al. 1987).

Following the coining of the term, any study comsst with within-species variation in mtDNA
and the geographical distribution of phylogeneticoupings was termed intraspecific
phylogeography (Aviset al. 1987). More precisely, phylogeography can be @efias a sub-
discipline of biogeography that applies phylogenaéchniques to achieve a comprehensive
understanding of how biological (i.e. evolutionaay)d physical (i.e. ecological) processes in the
past have shaped the current spatial distributiogemealogical lineages within species and
among closely related taxa (Avise 2000; Avise 2004us, phylogeographic patterns simply

refer to relationships between genealogical lineayel geographical locations.

The analysis and interpretation of genealogicatibistion usually requires extensive knowledge
from various disciplines such as molecular gengpecgulation genetics, phylogenetic biology,

ecology, geology, paleontology and historical gap@y (Avise 2000). Thus, phylogeography is
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an integrated field that involves various microeni@nary and macroevolutionary disciplines
(Avise 2000). Phylogeographical analysis coversraditive historical scenarios to account for
the spatial distribution of genealogical lineag&sspersal and vicariance are two often-
competing historical scenarios invoked to accounmt fthe origins of spatially disjunct
genealogical lineages (Ronquist 1997). Under trepaisal interpretation, lineages came to
occupy their present ranges through active or pasgispersal from one or more ancestral
centers of origin (Briggs 1974). Under the vicacarscenario, lineages became separated when
the more-or-less continuous ranges of ancestraidavere split apart by natural events such as
mountain formation (Croizadt al. 1974). Thus, phylogeographical analysis weighdrnfieence

of both dispersal and vicariance phenomena in shaphe geographical distribution of

genealogical lineages.

There are many studies that have investigated phglgraphical patterns of seaweeds from
various coastlines around the world (e.g. van Opgteal 1994; Fredericq & Ramirez 1996;
Strate van deet al. 2002; Zucarrello & West 2002; Leskinet al. 2004; Provaret al. 2005;
Verbruggenet al. 2005; Huet al. 200D). This is the first study to investigate intrasfiec
phylogeographical patterns of seaweeds from thehSAfrican coastline. Previous studies on
the geographical distributions of South African weads were exclusively focused on
phytogeographical patterns (e.g. Stephenson 19dkoiB1986; Hommersand 1986; Bolton &

Stegenga 1987; Bolton & Anderson 1990; Bol&bral. 2004).

Several studies have investigated the phylogeogralppatterns of some of the coastal and

estuarine invertebrates of South Africa. Theselistufound that some coastal and estuarine
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invertebrates exhibit phylogeographical disjunctighat often coincide with the boundaries
between the three main biogeographic regions @idgway et al. 1998; Evanset al. 2004;
Teskeet al. 2006; Edkinset al. 2007; Teskeet al. 2007; Teskeet al 200b; Zardiet al 2007).
However, some studies have refuted the long-heli@évegethat the genetic structure of marine
organisms is dependent on the period the larvasdsipeplanktonic stage, whereby species with
long-lived larvae should show limited phylogeograpBtructure (Aviseet al 1987). For
example, Teskeet al. (2006; 200d@) and Zardiet al. (2007) found that some of coastal

invertebrates with long-lived planktonic larvae aharacterized by phylogroups.

As a result, in an effort to understand the biatagprocesses that shape such phylogeographical
structures, Tesket al. (2007%) analysed the implications of life history for gic structure and
migration rates of five southern African coastalaniebrate species. Based on mtDNA CO1
analyses of these species, they concluded thatethed the larvae spend in the planktonic stage
has no or little effect on genetic structure. Tlesgerted the genetic structure within marine

biogeographic regions strongly depends on the poeser absence of a free-swimming larva.

2.1.2. Study species

2.1.2.1 Gelidium pristoideg§Turner) Kutzing 1843

Gelidium pristoideqTurner) Kiitzing 1843 was once the subject of texoic problems in the
order Gelidiales. Akatsuka (1986) erected the nemugOnikusafor two species formerly
included in the genuselidium (Gelidium pristoidesand Gelidium japonick As a result

Gelidium pristoidesvas changed t@nikusa pristoidegandG. japonicachanged t®. japonica.
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Following this, Norris (19989) describedOnikusafoliacea from samples in Japan and South
Africa. However, Tronchiret al. (2002) reassessed the classification of the spétithe newly
formed genunikusa From their findings, based on both morphologi@atl molecular data
(rbcL spacer region), all the species described in #rmugOnikusawere re-placed into the
genusGelidium As a resultOnikusa pristoidesvas renamed &Selidium pristoides.Therefore,
the species referred to herein @spristoideswas once known a®. pristoides.Carter (1986)

provides a comprehensive description of the likdry of this species.

G. pristoidegTurner) Kitzing 1843 (Figure 2.1) is a FlorideRihodophytan species endemic to
South Africa.lt is characterised by flattened narrow fronds ve@irated margins and its blades
are pale and branch irregularly, with small expanhti¢eral leaflets (Brancht al 1994). It is
found in the littoral zone on the high shore, dt&tto various substrata such as rocks, tube-
worms, limpet and barnacle shells (Andersanal 1991). The species distribution range is
shown in Figure 2.1 following Andersoet al. (1991). However, Day (1969) reported the

western limit of the species to be little bit fiatinorth of Kommetjie at Sea Point.

Studies ofG. pristoidescontributed to the successful long term commercalesting of the

species. One of the reasons for more studies ensffecies was the public concern for how
harvesting might affect the species and other plantl animals in symbiosis with it. Anderson
et al.(1991) investigated the extent to whiGh pristoidesmight be affected by harvesting on the
east coast. They found that harvesting has no feigni biological effect on the species as
harvested seaweeds recover their biomass withirtdwioree months in summer and four to five

months in winter period (Andersat al. 1991).
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B Distributional range of Hyprea spicifera B Distributional range of Gelidium pristoides

Cape 5t Lucia

Buffels River

SOUTH AFRICA

' Port Eclward

Kummetjie

g 100km
]

Figure 2.1 Map of South Africa showing distributional rangdddypnea spicifergblack line) and
Gelidium pristoideggreen line) along the coast following Hewitt (59%and Andersoet al. (1991).

Pictures of the species by Anderson RJ (2001).
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Additionally, Andersonet al (1991) also investigated wheth@elidium pristoidesharvesting
affects animals serving as an attachment substrawech as limpets and barnacles. They showed
that harvesting has no significant effect through accidental removal of limpets and barnacles.
According to their findings, the accidental remoghlimpets and barnacles is negligible for two
reasons. Firstly, most of the limpets and barnasesoved with the seaweeds are dead and if
alive, they are very small and would be reprodwtyivnactive. SecondlyGelidium harvesters
are instructed to tap limpet shells before picki&g pristoides,allowing the limpet to cling

tightly onto the substratum.

2.1.2.2 Hypnea spiciferdSuhr.) Harvey 1847

Hypnea spicifergdSuhr.) Harvey 1847 (Figure 2.1) is a red seavikatlis often green and may
be often thought to be a green alga. This spesiese of the most widely distributed seaweeds
along the South African coastline; its range isvai@n the map in Figure 2.1 following Hewitt
(1955). UnlikeG. pristoides H. spiciferais not endemic to the South African coastlineglgo
occurs in Namibia and Borgesen (1934) also recotdedspecies at Karachi on the north-west
coast of India. This species has been known toroouoly in tidal estuaries and in the lower
intertidal zone (Hewitt 1955); however it has reberbeen observed in the subtidal zone
(Anderson RJ, pers. comm.). In the lower intertidahe,H. spiciferais much more common
than any of the othddypneaspecies (Hewitt 1955). Details of the life hist@yd ecology of
this species are provided by Hewitt (1955) as plhter M.Sc. project at Rhodes University. It is
well established that. spiciferahas the potential for commercial harvesting ofragaSouth
Africa (Hewitt 1955; Andersoet al. 1989; Branctet al. 1994). However, to my knowledge this

species is not yet harvested commercially in Séditica.
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2.1.3 Life histories of the two study species

G. pristoidesand H. spiciferaare Floridean red seaweeds, and this implies ttieyt have a
Polysiphoniatype life history. Species with such life histariexhibit two morphologically
similar but separate, free-living, isomorphic plsatet differ in ploidy levels (Thornber 2006).
The two isomorphic phases (the diploid sporophyte the dioecious haploid gametophyte) are
morphologically similar yet distinguishable by thegproductive structures, provided they are

fertile (Hewitt 1955, Carter 1985).

In G. pristoides the fertile male gametophyte is distinguishedttanslucent patches on the
surface of determinate branches, while fertile flengametophytes can be distinguished by the
presence of the bilocular cystocarp (Carter 198H)e bisporophyte generation can be
distinguished from the gametophyte generation mspiwuous sporangia on the fertile branches
(Carter 1985). IrH. spiciferg fertile male gametophytes are distinguishablé thie naked eye
by the pale fertile branchlets termed antheridieenghs fertile female gametophyte plants
produce prominent cystocarps which, when mature, distinguishable by the naked eye as
minute red globules on the fertile branchlets (HEW®55). The tetrasporophyte generation is
distinguished from the gametophytes by the prontinetrasporangia swollen in fertile

branchlets termed stichidia (Hewitt 1955).

Like seaweeds in general, members of the Floridgonghe have a highly complicated, variable
life history (Dixon 1973; Maggs 1988). Diagrammaiiiastrations of the life histories d&.
pristoidesand H. spiciferaare shown in Figure 2.2. The mature, multicellutzale haploid

gametophytes release haploid non-flagellated spgexnmao the water column (Thornber 2006).
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The spermatium is non-motile, unable to swim freahd relies on random water motion to
fertilize the carpogonium (egg cell) attached otite haploid female gametophyte (Maggs
1988). Each carpogonium has a trichogyne, a Heer#eceptive structure involved in receiving

the spermatium (Dixon 1973).

RN

1N
Carpogonia
(Egg cell)

1IN Gametophytes

2N Tetrasporophytes 2N Bisporophytes

a) Hypneu spicifer h) Gelidium pristoides

A
r !
(=} .
=] o 1M Spermatia
@@ S8 0
(=] o 0 00 -
11 Tetraspores Fer/tm
Cystocarp
i <
M Carpospores
AL
0,

2N Carposporophytes

Figure 2.2 Diagrammatic illustration of the life history éfypnea spiciferga) andGelidium

pristoides(b) (After Maggs 1988 and Thornber 2006).
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The trichogyne receives the spermatium which feed the carpogonium to form an
intermediate, short-lived diploid stage called apoaporophyte (Thornber 2006). The tiny
carposporophyte lives attached to the female ggrhgte in a cystocarp (Dixon 1973). The
carposporophyte acquires nourishment from the cgspountil it becomes a mass of diploid
spores (Kamiya & Kawai 2002). The carposporophytdsase diploid carpospores into the
water column; carpospores settle and grow into ee-fiving diploid phase called a
tetrasporophyte (spores packaged in groups of fiMaggs 1988). However, iG. pristoides
bisporophytes (spores packaged in groups of twe)paoduced rather than tetrasporophytes
(Carter 1986). Mature diploid tetrasporophytes épiciferg or bisporophytesQ. pristoide$
under go meiosis to release haploid tetraspordsismores respectively (Hewitt 1955, Carter
1985). In the Florideophycidae, tetraspores anpdoes may either be zonately, tetrahedrally or
cruciately divided (Dixon 1973). . spiciferathe tetraspores are zonately divided (Hewitt
1955). It is uncertain how bispores@ pristoidesare divided; however Carter (1986) suggested
that they are cruciately divide@. pristoidesproduces three types of bispores (mononucleate,
binucleate and tetranucleate) and binucleate lbespare the most common and abundant in
natural populations (Carter 1986; Maggs 1988). i&eloid tetraspores or bispores are released
into the water column, settle, and grow into anaqumber of haploid male and female
gametophytes (Dixon 1973). Therefore, Hin spicifera each tetraspore will give rise to two
haploid male gametophytes and two haploid femateegaphytes. While if5. pristoideseach

bispore will give rise to one haploid male gametgpland one haploid female gametophyte.

Seaweed species characterized BPplysiphoniatype life history often show an unequal ratio of

gametophyte to tetrasporophyte generations in ttaural populations (Kong & Ang 2004). For
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example, the gametophyte generation was found taldminant in natural populations of
Gigartina skottsbergiiSetchellet Gardner (Piriz 1996; Zamorano & Westermeier 1998)e
dominance of tetrasporophyte over gametophyte génas has been reported for a range of
Rhodophyceae species, including species of thali@kds (Johnstone & Feeney 1944, Montalva
& Santelices 1981). The dominance of the tetraggort® generation has been commonly
reported within populations dflypneaspecies (Mshigeni 1976; Rama Rao 1977; Mshigeni &

Lorri 1977; Mathieson 1989; Reis & Yoneshigue-Viler2000).

Isaac & Hewitt (1953) in detailed studies Bif spicifera at Port Alfred showed that the
gametophyte generation always constituted a vellggroportion of the population. However,
no quantitative data were given. It is believed thhase dominance is part of the life history
strategy of these seaweeds (Kong & Ang 2004) amdrakhypotheses have been suggested to
explain such a strategy. It is thought that sifeediploid phase usually dominates, there might
be inherent advantages of diploidy over haploidysufting in a greater success rate of

sporophyte populations (Mshigeni 1976; Kain 1982).

Mshigeni (1976) found that the tetrasporophyte gaien is always more abundant than the
gametophyte generation within populations Hf cervicornis and H. chordaceafrom Oahu
Island (Hawaii). The author suggested that theasppres of these species have more vigorous
germling success than tetraspores, leading to egre&cruitment into the tetrasporophyte
generation. Rama Rao (1977) and Mathieson (1988 dattributed the dominance of
tetrasporophytes withitd. musciformispopulations from India to poor germling success of

tetraspores, leading to a failure to recruit irite gametophyte generation. Reis & Yoneshinge-

20



Chaptr Two Phylogeography of two Red Seaweed sp

Valentin (2000), however, suggested that the raftyetrasporophytes withifl. musciformis
populations from the Rio de Janeiro coast is pribalue to the replacement of sexual

reproduction by asexual reproduction via apomixigegetative reproduction.

Bispores are the product of meiosis from the bigpbyte inG. pristoides(Carter 1993). As a
result, it was expected that bisporophyte and gaphste generations should be present in the
same proportions in natural populations@f pristoides(Hoyle 1978; Kain 1982). However,
Carter (1986) found that in natural populationg=ofpristoides this is not so. He found that in
populations from Sharks Bay, Kenton-On-Sea anda8te3, the bisporophyte generation was
dominant over the gametophyte generation, in @ rati3:1. The same degree of imbalance
between the two generations was believed to petisiughout the coast, suggesting that

bisporophyte dominance is biologically determinei pristoidegCarter 1985).

Carter (1985) suggested two main reasons for tsirmhnce. Firstly, irG. pristoides bispores
are produced rather than tetraspores. So, one negpect a disproportionate ratio of
bisporophytes to gametophytes. Secondly, theredifference in germling success between the
bispores and carpospores. Carter suggested thhaaged vigor of carpospores germlings might
be advantageous in the intertidal habitaGofpristoides resulting in more recruitment into the

bisporophyte generation.

Although it is well known tha6. pristoidesproduces bispores rather than tetraspores, tsenmea
behind this is still not clearly understood. Vam Neeer (1977) suggested that larger bispores are
better able to survive under certain conditiongntismaller tetraspores. Okuda & Neushul

(1981) agreed that larger spores may be able taveupetter in habitats that are only suitable for
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germling growth during certain times, but believestneed not lead to phase dominance.
Nevertheless, Carter (1985) accepts Van der Mseggestion that larger bispores are produced
in G. pristoidesbecause bisporophytes can achieve greater succdiss intertidal zone than

tetrasporophytes.

2.1.4. Dispersal potential of the spores

The only known evidence for long-distance dispec$aeaweeds is circumstantial. Two classic
examples of such circumstantial evidence are:h@)stmilarity of the seaweed floras of Islands
of the West Wind Drift (i.e. Gough, Crozet, Kergerel Bouvet and Marion Islands.) and (2) the
mid-oceanic Islands of volcanic origin (i.e. Tristda Cunha and the Faeroes) are inhabited by
well-developed seaweed flora which could reachdhsknds only by long distance dispersal
from continental areas (Hommersand 1986 & Van deekH1987). The central question one
may ask is whether such long-distance dispersakaiveeds occurs via propagules or not? Do
the propagules of seaweeds remain suspended ambte Miang enough for long-distance

dispersal?

Outstanding empirical phycological studies were edém elucidate the mechanisms of spore
dispersal, lifespan of the floating spores, ranfjspmre dispersal and the probability of spores
colonizing a new area (Santelices 1990; Norton 199aylord et al. 2002). These studies

provide several convincing reasons that long-distadispersal of seaweeds via propagules

(spore or zygote) is unlikely.
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Firstly, most seaweed propagules have a brief pifgtdtonic stage and settle within days after
being released (Santelices 1990). Secondly, thbiltyaof free-floating spores (bispores,
tetraspores and carpospores) is very low (Sanseli®80; Lobban & Harrison 1994). Thirdly, if
the propagules have to travel far, they need stameergy during the journey. However,
seaweeds propagules lack the larva's bloated yaik (&aylordet al. 2002). Fourthly, the
reproductive cells of the red seaweeds are devbithgella and thus cannot swim (Thornber
2006). Overall, the implication is that most seaivapores have a relatively short-dispersal

distance and long-distance dispersal via propagsikesry unlikely.

However, Gaylordet al. (2002) found that the propagules of four nearstsmaweed species
(Macrocystis pyrifera, Sargassum muticum; Ectocarpsificulosus and Sarcodiotheca
gaudichaudi) have a greater potential for long-distance disgleThese authors used the sinking
speed of the propagules to determine the potediBpkersal distance of the propagules for each
of the four species. They found that the propagaofeke four species have a slow sinking speed
and concluded that the propagules are likely taarerauspended in the water column longer and
have a greater potential for long-distance dispetisan those of other species. However,
Gaylord et al.'s (2002) findings are species-specific. The sigkspeed of a propagule is
determined by its density and size, and propaguke is seaweeds is highly variable among

species (Cooet al 1972; Clayton 1992).

In fact, long distance-dispersal in seaweeds igewedl to occur via drifting plant fragments
containing viable or developing spores rather ttaectly via propagules (Hommersand 1986,

Chapman 1986, Van den Hoek 1987, Santelices 1988y distance-dispersal of seaweeds via
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drifting fertile plant fragments is like long distze-dispersal of larvae in marine invertebrates
because both are largely controlled by the prewvaiturrents (Chapman 1986, Van de Hoek
1987, Gaylorcet al. 2002).Hypneatufts are easily swept away by strong waves aud thift in

the water column (Hewitt 1955; Reis & Yoneshigudevitin 2000; Kong & Ang 2004).

The spores ofselidium species do not disperse over long distances ane their strongest
capacity for attachment immediately after beingaskd; it is believed they settle and grow into
the next phase within days (Santelices 1990). Adbet al. (1999) also suggested poor long-
distance dispersal of spores@Gelidiumspecies. They further suggested that dispersatkgies

of Gelidiumspecies rely more on the transport and re-attachofdaose fronds than on spores.
However, G. pristoideshas a strong thallus and also the rhizoid attactesgly onto the
substratum (Carter 1985). This hinders the dislaglgnof the tufts by waves. For example,
complex of seaweeds species were found washed-aythe swell at Cape Hangklip, Masbaai

(Western Cape) but 8. pristoideswvas observed (personal observation).

Additionally, it has been shown that free-floatiinggments ofGelidiumspp. do not seem to be
very successful in establishing new populationsofG al. 1972; Amsler & Searles 1980; Okud
& Neushul 1981; Santelices 1990). Therefore, bbéhlispores or carpospores and free-floating

fertile fragments o6. pristoidesdo not seem to be effective for long-distance disgle

Apparently less is known concerning the dispersdémtial of spores iH. spicifera Hewitt
(1955) showed that the tetrasporedHinspiciferaare denser than water and tend to sink after
being released. However, it is not known at whatespthe tetraspores sink and thus, it is not

certain if the spores remain suspended in the wadkrmn long enough for long distance-

24



Chapter Twi Phylogeography of two Red Seaweed spr

dispersal. However, Mshigeni & Lorri (1977) fourttht the spores dfl. musciformisan remain
viable and healthy in laboratory cultures for aigeof 3 months. This suggests thhatsitu, the
spores of this species can remain planktonic lomgugh to be dispersed long distances via
currents. As a result, we can neither support aefute the suggestion of long distance-dispersal
of H. spiciferavia spores, but it may be more likely thanGn pristoides Furthermore H.
spiciferahas the potential for asexual reproduction bysiireading of the holdfast (Mshigeni &

Lorri 1977).

2.1.5. Molecular markers

The accuracy and reliability of any phylogenetiodst depends on the DNA marker/s used to
reconstruct the evolutionary history of the specideere is a wide variety of DNA markers that
can be utilized, depending on the depth of evohatig level to be resolved. The lack of
appropriate DNA markers has been particularly protatic for studies concerned with within-

species genetic variation (Zuccarebtd al. 1999; Provanet al 2004). In the past, studies

concerned with within-species genetic variation red seaweeds mainly used allozyme
electrophoresis, randomly amplified polymorphic DNRAPDSs), restriction fragment length

polymorphism (RFLPs) and microsatellite DNA (Sosa&rcia-Riena 1992; van Oppen al.

1994; Albertoet al 1999; Provart al 1999).

Specific molecular markers have proved useful &tednining within-species genetic variation
in both the Chlorophyceae and the Rhodophyceaeh $uwarkers include: (1) the internal
transcribed spacer regionff$1 and ITS2 regions) in the ribosomal cistron of the nuclear

genome; (2) the large and small subunits of theulBge-1,5-bisphosphate carboxylase —
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RuBisCogenes RbcLandRbcS encoding regions on the chloroplast and (3) thieN# control

region for the Cytochrome oxidase encoding g&ex(2-3spacer region).

2.1.5.1. Nuclear ribosomal markers (rfRNA, ITS1 and 1TS2

The ribosomal RNA rRNA) genes are highly conserved and can thereforeessfdly
differentiate organisms at the family level to getewvel (lyeret al. 2005). The most commonly
usedrRNA genes include the highly conservati&S rRNAand5.8S rRNAgene sequences (Yeh
& Chen 2004; Provaset al. 2005; lyer et al. 2005; Verbruggert al. 2007). As a result of the
highly conservative nature of the genes and tlgwr resolution power at the intraspecific level,
the regions located between the ribosomal gdi&d, andITS2 (Figure 2.3) are often preferred

for intraspecific genetic studies (Bakladral. 1995; Coleman & Mai 1997; Het al.2007).

Eph-F ITS-1F 5.85-F
— — —t
18S rRINA ITS1 5.85rRINA ITS2 285 rRINA |
Lk -— -
ITS-1R 5.85-R Eph-R

Figure 2.3.Diagrammatic illustration of the ribosomatRNA genes and thE'S spacer regions

(adapted from Bakkeat al. 1995). Note the ITS-1F and ITS-1R primers withia T S1region.

The utilization of thelTS regions in intraspecific genetic studies can Wdebated to their
relatively high rate of nucleotide substitution,rpéting comparison of relatively recently
diverged taxa (Leskineat al. 2004; Provaret al. 200%). Additionally, thelTS regions can be
readily PCR-amplified and sequenced with consepreders positioned in the cistronic regions

(Provanet al.2004). Furthermore, tH&Sregions are non-coding and thus evolve freely auith
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functional constraints (Bakkeat al. 1995). ThelTS regions have so far proved to be the most
appropriate markers for determining intraspecifiengtic variation in the Chlorophyceae,
Phaeophyceae and Rhodophyceae (Bakkexl. 1995; Coleman & Mai 1997; Pillmaret al.
1997; Coyeret al. 2002; Strate van deat al. 2002; Leskineret al. 2004; Yeh & Chen 2004;

Provanet al. 2005%; Hu et al. 200D).

2.1.5.2. Plastid markers (i,@bcLandCox2-3spacer regions)

The most commonly used plastid marker in the mdéecaystematics of seaweeds is the
Ribulose-1,5-bisphopate carboxylase RuBisCogene. In red seaweeds, the large and small
subunits of the RuBisCo enzyme are encoded bRrbed gene. TheRbcLspacer region, a non-
coding control region downstream of thRbcL gene, has so far proved to be useful in
determining within- or among-species genetic vanmin the Rhodophyta (Freshwatet al.
1994; Fredericg & Ramirez 1996; Yamagishi & Masul200, Zuccarello & West 2002;

Zuccarelloet al.2002; lyeret al. 2005).

Mitochondrial markers have been useful in phylogengnd population studies of animals due
to their haploid nature, uniparental inheritanced dack of recombination. The animal
mitochondrial cytochrome oxidase 1 ge@(Q) has been used frequently and very successfully
in systematic, phylogeographic and population ssidiecause of its high mutation rate (Avise
1994). But there is no gene encoding region innmkieNA of higher plants or seaweeds that has

been found to have the same level of variatioma&€01 gene in animals (Maggg al 2007).
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Due to a lack of appropriate mtDNA markers for tesmy within-species genetic variation in
seaweeds, Zuccarellet al. (1999) designed a set of primers that can spanntdmecoding
intergenic region within the mtDNA. The primers deged can successfully span the non-coding
intergenic region located between the mitochondnj@chrome oxidase subunit €dx2 and

the cytochrome oxidase subunit Gok3 genes in various red seaweed orders including the
Bonnemaisoniales, Ceramiales and Gracilariales.Ode-3spacer region has so far proved to
be useful for determining intraspecific geneticiaon in red seaweeds (Zuccarello & West

2002; Zuccarell@t al. 2002).

Although these various markers have proved to fuernmative in particular cases, often they do
not provide enough resolution when used solely.réfioee, phylogenetic and phylogeographic
studies usually apply two or more sets of markaisjed at resolving different depths of
evolutionary relationship. Likewise, most studiefsphylogeographical patterns of seaweeds
utilise a combination of nuclear rDNA control reggoorI TS regions;Cox2-3spacer region and
RbcLor RbcSspacer regions (Sherwood & Sheath 1999; ZuccageMdest 2002; Yen & Chen

2004; lyeret al. 2005; Verbruggeet al. 2005; Provaret al. 200%).
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2.1.6. The aim of the study

One central tenet of phylogeography is that phybggaphic boundaries discovered across a
species range often co-incide with known biogedgi@apoundaries (Avise 1994). The most
recent phylogeographical studies on coastal ancagse South African invertebrates (Teske

al. 2006; Teskeet al. 2007@); Teskeet al 2007p); Edkinset al. 2007 and Zardet al. 2007)

support this concept.

The aim of this study was to test whether the piptgraphical patterns of two South African
intertidal red seaweed$élidium pristoidesand Hypnea spiciferp are also characterized by

phylogeographic boundaries that co-incide withkhewn biogeographic boundaries.
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2.2 MATERIALS AND METHODS

2.2.1 Sampling and preservation
One to five samples of each species were colleattéde sampling sites shown on Figures 2.4.

The samples were immediately preserved in 70% ethgron collection.

2.2.2 DNA extraction

Total genomic DNA was extracted following a modifieot CTAB DNA extraction protocol
from Doyle & Doyle (1987) (Appendix 1). To make suhat each sample corresponded to a
different individual, only one erect thallus fragmevas used for DNA extraction from each tuft.
Each selected thallus fragment was cleaned with ®Panol before DNA extraction to remove

any contaminants such as epiphytes.

2.2.3 Primers
A nuclear ribosomal gene control regiol'§1) and mitochondrial control regionCéx2-3
spacer) were amplified through the polymerase cteastion (PCR) using the primer sequences

presented in Table 2.1 below.

Table 2.1 The details about th&S1andCox2-3spacer regions

Primer | Length(bp) Sequence References
ITS-1F 19 5-TCC GTA GGT GAA CCT GCG G- 3’ Bakket
al. (1995)
ITS-1R 20 5-GCT GCG TTC TTC ATC GAT GC- 3 Baklet
al. (1995)
Cox-2F 29 5-GTA CCW TCT TTD RGR RKD AAA TGT GAGC- 3" | Zuccarello
et al. (1999)
Cox-3R 25 5-GGA TCT ACW AGA TGR AAW GGA TGT G Zuccarello
et al. (1999)
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2.2.4 Amplification — PCR

PCR amplifications were conducted using a Thermaiitytl?CR Sprint Temperature Cycling

System under the following cycling parameters:iahitlenaturation at 95°C for three minutes,
followed by 30 cycles of denaturation at 95°C f& geconds, annealing at 54-56°C for 45
seconds and extension at 72°C for 3 minutes. Al Exéension of 10 minutes at 72°C was
included at the end of the PCR run. Annealing teaipee was manipulated to obtain optimal
PCR products. The PCR reagents and their volumes pagsented in Appendix 2 for

amplification of botHTS1andCox2-3spacer regions.

2.2.5 Visualization of PCR products

The PCR products were run on 1% agarose gels i@wugiven in appendices). Before loading,
5ul of each PCR product was mixed withl ®f loading buffer (Bromophenol blue and xylene
cyanol in glycerol). Then, the mixtures were loadeto a gel and left to run in a gel rig for at
least five minutes at 150 volts. PCR products wasealized using a UV transilluminator. A
clean bright band was taken as a positive resoieding indicated a negative result and in these
cases PCR conditions were manipulated (changingadimg temperature or number of PCR

cycles) to obtain optimal bands.
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Keys: B Agulhas Region O Western Overlap
O Benguela Region ® Eastern Overlap
Sampling Sites

1. Buffels Bay 15, MoordHoek '(_'M\
2. Muizenberg 16, Melson Mandela Bay
3. Pringles Bay 17. Hougham Park

4, Cape Agulhas 18, Kenton-on-5ea

5 Still Bay 19, Port Alfred

6. Mossel Bay 20, East London

7. Glentana 21, Gonubie

8. Brenton-on-Sea 22, Haga-Haga

9, Beacon Island 23, Port 5t. Johns

10, Keeurboomstrand 24, Southbroom

11. Cape 5t. Francis 25, Shaka's Rock

12, leffreys Bay 26, Coffee Bay

13. Sardinia Bay 27. Camps Bay

14, Skoenmakerskop 28, Cape Hangklip

South Africa

0 100km
4 [

Figure 2.4.Map of South Africa showing the sampling sitesHigpnea spiciferga) andGelidium

pristoides(b).
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2.2.6 Purification of PCR products

PCR products were purified using the Promega MBGR Preps TM, QIAGEN® QIAquick’

or Promega Wizard ® kits following the manufactairenstructions. The purified PCR product
was finally eluted with 10 nuclease free water or ll0of elution buffer. The eluted purified
PCR-product was checked for brightness (i.e. prodoacentration) by runningu® of the
product, with .l water and bl of a loading buffer on a 1% agarose gel. Puriff&€R products
were visualised by UV transilluminator. Clear btighands were taken as positive results

indicating purified PCR products.

2.2.7 Cycle sequencing

Purified PCR products were used for cycle sequenaactions prepared for both forward and
reverse primers. The amounts of the DNA templaté water were manipulated depending on
the quality of the DNA template (i.e. brightnesstloid PCR product under UV light). The final
reaction volume was always 40 The reagents and their volumes used for segngneiactions
are presented in Appendix 3 for both markers. Segjng reactions were conducted on a
ThermoHybaid PCR Sprint Temperature Cycling Systemder the following cycling
parameters: 95°C for 45 seconds, 50°C for 45 secand 60°C for 3 minutes repeated for 30
cycles. Cycle sequencing products were precipitagag an EDTA/Sodium Acetate procedure
(Appendix 4). Sequences were then generated framdicections on an automated ABI Prism
BigDye Terminator v3.0 or v3.1 Ready Reaction Cyc&equencing Kit (Applied

Biosystematics) at Rhodes University’s Sequencing.U

33



Chapter Tw Phylogeography of two Red Seaweed sp

2.2.8 Sequence editing and alignment

Both forward and reverse sequences were assemtledked and edited using Sequenther
version 3.1.1 and version 4.2.2. (Gene Codes Catipo). Consensus sequences were exported
into MacClade version 4.06 (Maddison & Maddison @00n phylogenetic analyses, sequence
alignment is crucial because sequences that aoer@utly aligned will give misleading results.
Non-gene encoding DNA regions such as@wx2-3spacer region are known to have a higher
mutation rate than gene encoding DNA regions (Zwgtlcaet al 1999). Such non-gene
encoding DNA regions experience a high frequencynsértion/deletion mutations (indels) of
varying lengths, making sequence alignment probiien{&mall et al 1998). Therefore, it is
important that the indel mutations which cause tlengriation, are recognized and used during
the alignment of length-variable sequences (Asmugs€hase 2001). Findlf'S1 and Cox2-3

sequence alignments are shown in Appendix 8 fdr GofpristoidesandH. spicifera

2.2.9 Phylogenetic reconstruction

The aligned sequence matrices were used to reachgthylogenetic trees. Converting the
information in nucleotide sequences into an evohary tree is the most important step in
phylogenetics. Inferring an evolutionary relatioipsis an estimation procedure in which the best
estimate of the evolutionary history is made onldasis of incomplete information (i.8:S1and
Cox2-3spacer region data). Therefore, it is importardrtgphasize that an inferred tree is only as
good as the assumptions on which the method ofogkyletic reconstruction is based (Smith

1998).
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The Neighbor Joining (NJ) method (Saitou & Nei 1P8&Was used for phylogenetic
reconstruction. The NJ analyses were conductedguia program PAUP* version 4.0b10
(Swofford 2002). NJ is a distance method that cdsvihe aligned sequences into a distance
matrix of pairwise differences/distances betweandbquences (Swoffort al 1996). Then it
uses the pairwise distances between the sequemgesup the sequences that are most similar
(Langdale & Harrison 2006). NJ analyses can halalge data sets in less computational time
than can parsimony methods (Page & Holmes 1998)veder, the NJ method does not give
information on which characters contribute to manir groupings (Langdale & Harrison 2006).
NJ trees were generated based on the Jukes-Caoti®l of DNA sequence evolution (Jukes &
Cantor 1969). This model assumes that all basstitutiions are equally likely and that all
characters have equal rates of substitution (Hobksek & Kirkpatrick 1996). The missing data

were ignored for pairwise comparisons.

The trees were rooted using the midpoint rootingabee this study was concerned with the
grouping of specimens from geographical locatiorether than observing the ancestor-
descendant relationship. The robustness of thddgpwf the trees was tested through bootstrap
analyses with 1,000 replicates. The bootstrap galndicate the percentage of times that a
particular branch appears when characters fromotiginal character matrix are sampled

randomly to create a new character matrix (Grauli &000).
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2.3 RESULTS

Phylogeographic analyses of Gelidium pristoides

The Cox2-3 spacer region data analyses included a total oingdoup taxa. The marker
produced an aligned data set of 399 characterhmfw262 were constant, 38 were variable but
parsimony uninformative and 99 were parsimony imfative. The data set had unequal
frequency of bases (A = 29%; C = 12%; G = 28%; B6%06). ThelTS1region data analyses
included a total of 70 ingroup taxa. The markerdpied an aligned data set of 291 characters of
which 263 were constant, 27 were variable but pasly uninformative and only 1 was
parsimony informative. The data set had unequajuitacy of bases (A = 29%; C = 16%; G =

15%; T = 40%).

The Neighbor Joining analyses of both &1 andCox2-3spacer region data sets revealed two
lineages withinG. pristoideson the south coast: south-eastern and south-welgteages. The

Neighbor Joining trees for tH€S1region andCox2-3spacer are presented in Figures 2.5a and
2.5b respectively. The Neighbor Joining tree getreerrom theCox2-3spacer region resolved

two samples from Still Bay separately from all #aemples comprising the south-western lineage
(Figure 2.5b). However, the bootstrap value of 54%jgests that too much reliance should not
be placed on that branching node. Neverthelesse sdithe observed branching nodes were not

strongly supported by the bootstrap values (68%6&%d) (Figure 2.5).
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The two markers showed minor differences in thelgdgsographic boundaries between their
south-eastern and south-western lineages. [M&l region revealed the phylogeographic
boundary between the two lineages at the GamtoosStadens Dunefields (Figure 2.6a) while
the Cox2-3spacer revealed a phylogeographic boundary aAbxeandria Coastal Dunefields
(Figure 2.6b). The sequence divergence betweersdbth-eastern and south-western lineages
was 0.358% and 0.00352% for tili®x2-3 spacer region antlfS1 region respectively. The
evolutionary divergence between the south-eastednsauth-western lineages was substantial
for Cox2-3spacer (52 nucleotide difference) and very slightthe ITS1region (1 nucleotide

difference).
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Figure 2.5.The Neighbor Joining trees Gfelidium pristoidegienerated from thd S1data (a) and the

Cox2-3spacer data (b). The bootstrap values (1000 edpb¢ are shown above the branches.
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South-eastern lineage
B South-western lineage

a. ITSi region

South Africa

: Park
Jeffreys Bay

Kenton-On-Sea
Skoenmakerskop
Buffels
Bay
Gamtoos-Van Stadens Dunefields

b. Cox2-3 spacer region

South Africa O

Port St. Johns

Hougham

Skoenmakers kO[l_E!) ark
Kenton-On-Sea
Buffels Jetfreys 'i
Bay Bay

Alexandria Coastal Dunefield

Figure 2.6.Phylogeographic disjunctions with{d. pristoidesevealed by: (a) thE'S1at the

Gamtoo-Van Stadens Dunefields and Coxz-3 spacer at the Alexandria Coastal Dunefie
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Phylogeographic analyses of Hypnea spicifera

The ITS1 region data analyses included a total of 80 ingrtaxa. The marker produced an
aligned data set of 238 characters of which 15@wenstant, 87 were variable but parsimony
uninformative and only 1 was parsimony informatiféie data set had unequal frequency of
bases (A = 32%; C = 20%; G = 18%; T = 30%). ThegNkor Joining tree generated from the
ITS1 data resolved thirteen samples (from six sitesa @gparate lineage from the remaining
samples (Figure 2.7a). These thirteen samples wWerale gametophytes dfl. spiciferg
identified by the presence of cystocarps which vedgarly visible on the branchlets. Samples on
the main clade had no cystocarps (Sixty-five samgeamined). The tetrasporophyte plants
from the same localities as those thirteen samplegstocarpic generations were resolved in the
main clade (Figure 2.7a). Thus, thES1 region shows genetic differences only between the
tetrasporophyte and cystocarpic generations whhigpicifera(Figure 2.7a). Th€ox2-3spacer
region did not resolve the samples in cystocarpitegations separately from the tetrasporophyte

generations.

The Cox2-3 spacer region data analyses included a total oin§foup taxa. The marker
produced an aligned data set of 354 characterhmfwB03 were constant, 50 were variable but
parsimony uninformative and only 1 was parsimonfprimative. The data set had unequal
frequency of bases (A = 35%; C = 10%; G = 12%; 43%0). The Neighbor Joining analyses of
the Cox2-3 spacer region resolved most samples on the sase except two samples from
Haga-Haga and one from Port St. Johns (Figure 2Thgse samples differed from the other

samples by one substitution, probably accumuldtexligh random mutation.
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The Neighbor Joining analysis from both thES1 and Cox2-3 spacer data sets showed
insignificant genetic variation withitd. spicifera samples collected from Camps Bay (west
coast) to Shaka's Rock (East coast). Both markelisdted thaH. spiciferacomprise a single
genetic lineage distributed along the coast admsf the biogeographic regions recognized by
Bolton & Anderson (1997). However, it must be notiedt the Benguela region was represented

by only one locality (Camps Bay) from which fivengales were analysed.
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Figure 2.7.The Neighbor Joining trees Blypnea spicifergenerated from thd S1data (a) and

Coxz-3 spacer data (b). The bootstrap values (1000 reépsiyare shown above the branc
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2.4 DISCUSSION

2.4.1 Phylogeographic pattern of>elidium pristoides

Phylogeographic boundaries

The South African coastline comprises approximaB&§6 coastal dunefields and sandy beaches
distributed intermittently along the coastline (Eyn 1985). This study suggests that the
Alexandria Coastal Dunefield and the Gamtoos-Vad&ts Dunefields (Figure 2.8) act as a
barrier to gene flow 5. pristoides The former dunefield was also found to act &amier to
gene flow for the estuarine cumacedhinoe truncata(Teskeet al. 2006). The Alexandria
Coastal Dunefields, as currently located, datesk 800 years and is the largest coastal
dunefield in South Africa (lllenberger & Rust 198Bybke & Moore 1998). The dunefield
stretches approximately 50km eastwards from Sunddier mouth to Cape Padrone

(lenberger & Rust 1988).

The two lineages revealed by tBex2-3spacer diverged 0.50 - 0.58 Ma using the percentag
divergence of 1.8% per 3 - 3.5 Ma for red seawesstisnated by Zuccarello & West (2002)
using the closing of the Isthmus of Panama as iraéibn point. Although this implies the
lineages diverged hundreds of thousands of yedosebthe formation of the present Alexandria
Coastal Dunefields, it is probable that there wreefields in the same area during past glacial

periods (Tinley 1985).

Coastal dunefields in this region were formed durthe Mio-Pliocene when strong wind

systems blasted across massive deposits of expsiselfl sediment (Tinley 1985). These
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dunefields, however, were subsequently destroyesibmerged by rising sea levels during the
warm interglacial periods (Tinley 1985), and subhssdly new dunefields were formed over the

old ones during the Holocene (lllenberger & Verha890).

[ Dunefields

Sundays River

oy . Cape Padrone

Hougharn Park

Jeffrays i
Seaview

INDIAN OCEAN

Figure 2.8.Map of South Africa showing location of the AlexaiadCoastal Dunefield and the

Gamtoos-Van Stadens Dunefields which act as bartaegene flow foGelidium pristoides.
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Thus, the Alexandria Coastal Dunefield as developadently is superimposed on the ancient
dunefields which may have acted as a dispersaiebdaa gene flow forG. pristoides This is
supported by th€€ox2-3spacer sequence divergence which dates back 500+ @80, 000
years, a period when the ancient dunefields wabkaghly still in existence. Tesket al (2006)
also found that sequence divergence between tveades of the cumacedphinoe truncata
dates back millions of years before the existeridbeAlexandria Coastal Dunefield. Similarly,
they suggested a possible dispersal barrier to baga the existence of the coastal dunefields in

the same area during the last interglacial periods.

The Gamtoos-Van Stadens Dunefield (Figure 2.83letively small compared to the Alexandria
Coastal Dunefield, it covers approximately 30kmstii@e between Seaview and Jeffreys Bay
(Lubke & Moor 1998). This dunefield started formidgring the Holocene (6,500 — 4,000 years
ago) based on the dating of the carbonate compafetite sands (lllenberger & Verhagen
1990). The two lineages revealed by th81 diverged 4,224 — 4,928 years ago usinglfr&l

percentage divergence of 2.5% per 3 - 3.5 Ma fdr seaweeds (Zuccarello & West 2002),
indicating the barrier is of Holocene origins. Thtise dispersal barrier at the Gamtoos-Van
Stadens Dunefield was formed relatively recentlynpared to the barrier at the Alexandria

Coastal Dunefield.

The minor difference regarding the location of giglogeographic boundary between thi&1
and Cox2-3spacer regions is probably due to the dating idiffees between the two dispersal

barriers. The dispersal barrier at the AlexandrasZal Dunefield has been in existence much
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longer (more than a million years ago) than theelisal barrier at the Gamtoos-Van Stadens

Dunefield which appeared just less than 6,500 yagos

Furthermore, the evolutionary divergence of onlg @haracter in thér'S1sequences strongly
supports the suggestion that the boundary at thmaté@s-Van Stadens Dunefield appeared
relatively recently. Such a close range in th&1 sequences divergence has been observed
before in recently diverged seaweed species (Chaipmh 1996; Lecleret al 1998, Shimadat

al. 1999; Shimada & Masuda 2003). Additionally, itwell known that thdTS1is the most
appropriate marker for revealing relatively recertiverged taxa due to its rapid evolutionary

rate (Yeh & Chen 2004; Provat al. 2005; Hu et al. 2007).

The appearance of the two phylogeographic bourslar@® be strongly associated with two
factors: the coastal topography and poor habitatlitions in the dunefields. The former factor
possibly limits the chances of fertile thallus frants crossing the two dunefields. The flow of
the Agulhas Current is directed by the coastal gogohy (Lutjeharms & Ansorge 2001). The

continental shelf increases in width around the twaefields, as a result the Agulhas Current
shifts gradually offshore when it approaches thaefields (Lutjeharms & Ansorge 2001)

(Figure 2.9). This limits the chances of fertilealtbs fragment crossing the dunefields
successfully and remaining viable, as there isggestion of water retention within the large

bays where these dunefields lie (Rougbktal 2005).

Furthermore, the west-southwest wind that supplies dunefields with sands moves
perpendicular to the boundaries (lllenberger & Rig88), counter-acting southward dispersal of

fertile thallus fragments across the boundariesoAG. pristoideshas a strong thallus and
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attaches tightly onto its substrata (Carter 1988)s, it is not easy for the tufts to be dislodged
by strong waves. Overall, the chances are very dlimot nil that drifting fertile thallus
fragments ofG. pristoidescan cross the Alexandria Coastal Dunefield or @amtoos-Van

Stadens Dunefields.
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{ 5t Francis Bay

¥

South Africa i:

v Agulhas Current

. Algoa Bay
Fort Elizabeth v

"4
v INDIAN OCEAN

{ 1] 30 km
I———|

Figure 2.9.Map showing direction of the Agulhas Current aldimg two dunefields.

ACD = Alexandria Coastal Dunefield, GVD = Gamto¥sn Stadens Dunefields.
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It has been well documented that continuously itisted species with low dispersal-distances
can show phylogeographic boundaries that appelpoutitany historical biogeographic barrier to
gene flow (Saunderst al 1986; Neigel & Avise 1993; Avise 2000; Irwin 200Rou & Avise
2004). This idea was extensively analysed and eeaahoroughly by Irwin (2002) and Kou &

Avise (2004) using computer simulations.

Irwin (2002) indicated that the probability of obgeg phylogeographic boundaries in the
absence of historical biogeographic barriers teegaw is high under the following conditions:
(1) the species has a very low dispersal-distag®)ethere is slight habitat variation across the
species linear distributional range, (3) the spebis very low population size or (4) the species

has experienced local extinction.

Thus, it is probable that the observed phylogedgcapoundaries withiits. pristoidesappeared
without any historical biogeographic barrier to geftow because: (1) the spores Gélidium
species do not disperse over long distances and tlev strongest capacity for attachment
immediately after being released (Santelices 199@).believed the spores settle and grow into
the next phase within days (Santelices 1990). Ihby chance the spores are dispersed, it can
only be for few meters after which they become wiatle (Albertoet al. 1999). Presumably the

spores ofs. pristoidesdbehave in the same way as in the genus in general.

(2) the Alexandria Coastal Dunefield and the Gamsidan Stadens Dunefield do not provide
suitable habitats fo&. pristoides These dunefields stretches for approximately 5@kish 30km
respectively ands. pristoidesspores can only disperse for a few meters. Thexefowould be

difficult for the species to maintain gene flow @&s the two dunefields. For example, in order to
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maintain gene flow across the Alexandria Coastalddield, the spores @&. pristoidesmust be
dispersed for a distance of at least 50km to fim&l most immediate available suitable habitat

which is at Hougham Park.

(3) the effective population size for mtDNA is alygalow within G. pristoidespopulations due

to the relatively low number of gametophytes (Qat@85).

(4) thelTS1 and Cox2-3 spacer regions revealed no intermediate lineageshort-distance
dispersal species characterized by phylogeogrameizks, mtDNA will tend to evolve through
bifurcating lineages due to its non-recombiningeirtance (Irwin 2002). As a result, molecular
analyses of the marker will show no intermediatediges and individual samples can belong to
either of the two deepest lineages (Irwin 2002}his study, the€Cox2-3spacer analyses showed
no intermediate samples/individuals witl@n pristoides all samples analysed through Neighbor
Joining were resolved either as south-western othseastern lineages. Even the Neighbor
Joining analyses of th@S1data resolved samples into either the south-westesouth-eastern

lineage, with no intermediate lineages.

Generally both théTS1and Cox2-3spacer resolved two genetic lineages witBinpristoides

the south-eastern and south-western genetic liseddee phylogeographic boundary between
the two lineages is in the vicinity of Port Eliz#foeThe map in Figure 2.10 shows that the south-
eastern lineage revealed WyS1 and the south-western lineage revealedQmx2-3 spacer
overlap/co-occur in the vicinity of Port Elizabetmdividual samples collected within the
overlapping region were resolved differently byteatarker. TheCox2-3spacer region resolved

15 samples collected from five sites within the nteygping region in the south-western lineage.
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However, thelTS1 resolved the very same 15 samples in the soutkreaBneage. This is

probably because the two lineages evolved at difteevolutionary time scales.

Sampling Sites
13. Sardinia Bay
14, Skoenmakerskop
15, MoordHoek

16, Melson Mandela Bay
17. Hougham Park

South Africa :

Keys:

B Lincages revealed by Cox2-3 spacer region
I Lineages revealed by 1751 region

\ _ Dunefields

R . Cape Padrone

INDIAN OCEAN

Figure 2.10.Map showing the overlapping region betweenlfft&l south-eastern lineage and the
Cox2-3 spacer region south-western lineage. The two liegagyerlap in the vicinity of Port

Elizabeth. SW lineage = south-western lineage,iis¢aye = south-eastern lineage.
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The Cox2-3spacer south-western lineage evolved during teestecene (500, 000 — 580, 000
years ago) whereas thES1 south-eastern lineage evolved during the Holocdriz24 — 4,928
years ago). The time interval since the evolutibthe Cox2-3spacer south-western lineage until
the evolution of thdTS1 south-eastern lineage is very long, more thanOf@years. As a
result, the lineages are so evolutionarily divetgdat within an individual sample the south-
eastern lineage is represented by Ifh®@1 and the south-western lineage is represented oy th

Cox2-3spacer where the two lineages overlap (Figure)2.10

Phylogeographic boundaries incongruent with Biogepgic boundaries

The two phylogeographic boundaries do not co-ineitth the known biogeographic boundaries
of seaweeds described by Bolton & Anderson (199d)iais suggested the identified lineages

appeared in the absence of historical biogeogramrgers to gene flow.

The interpretation of phylogeographic structurersestraightforward when the phylogeographic
boundaries co-incide with the known biogeographiwrzaries. In such cases, researchers
usually assume that the phylogeographic boundareslue to historical biogeographic barrier to
gene flow, boundaries between cryptic species gions of contact between historically
allopatric populations (Irwin 2002). As a resultetretical analyses of gene trees have generally
focused on how phylogeographic breaks can appearrasult of biogeographic barrier to gene
flow (Nei & Takahata 1993; Wakeley & Hey 1997). Hower, it has been shown that sometimes
phylogeographic boundaries do not co-incide witlowin biogeographic boundaries (Burton

1998; Irwin 2002; Teskeet al 2006). Burton (1998) further indicated that diffet
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biogeographic boundaries may have less or gre#fiect®n the phylogeographic patterns of

different species.

It has long been known that phylogeographic bree&s appear even in the absence of
longstanding biogeographic barriers to gene floveigel & Avise 1993; Burton 1998; Avise

2000). However, most phylogeographic studies tismioder genetic disjunctions assume that the
disjunction appeared due to longstanding histormageographic barrier to gene flow (lrwin

2002). Furthermore, Irwin (2002) emphasized thahetomes genealogical distributions can be
influenced by chance, such as in the case of gedeift. Thus it should be considered that
sometimes genealogical breaks in a continuousliriloiged species can arise as a result of

stochastic causes rather than historical biogetggdarriers to gene flow (Irwin 2002).

It seems th€ox2-3spacer phylogeographic break at the Alexandriss@b®unefield reflects a
historical biogeographic barrier to gene flow besmay(1l) the phylogeographic boundary at the
Alexandria Coastal Dunefield co-incides with thed#ographic boundary for seaweeds between
the warm-temperate Agulhas Region and the subtmbplatal Region described by Stephenson
(1948). According to Stephenson (1948) the biogmagc boundary between the two
biogeographic regions is within the transitionahedetween Port Elizabeth and Port Alfred. (2)
the Cox2-3 spacer is inherited maternally without recombmrati(Zuccarelloet al 1999;
Zuccarello & West 2002) and thus gives the evohdry history of the haploid female
gametophytes withinG. pristoides The marker revealed two distinct lineages of fiema

gametophyte withiG. pristoides
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However, it is also possible that the phylogeogi@adioundary at the Alexandria Coastal
Dunefield does not reflect a historical biogeogiaegiarrier to gene flow because: (1) currently
the subtropical Natal Region is not recognizedras af the biogeographic regions for seaweeds
(Bolton & Anderson 1997); so the Alexandria Coaflahefield does not co-incide with any of

the biogeographic boundaries recognized by Boltohnglerson (1997).

(2) maternally inherited and non-recombining masKéee the mitochondriaCox2-3spacer are

more likely to show deep phylogeographic boundarileat appeared without historical

biogeographic barriers to gene flow (Avise 2000he3e markers have one-fourth effective
population of the nuclear genes, do not go undeymbination and lineage sorting is completed
rapidly (Irwin 2002). The probability of observimpylogeographic boundaries that appeared in
the absence of biogeographic barriers increasels décreasing population size, and thus
maternally inherited markers are more likely tharclear markers to show such boundaries
(Irwin 2002). Furthermore, there are generallyféawer individuals of the female gametophyte

generation withirG. pristoidegpopulations (Carter 1985).

The idea that the two phylogeographic boundariggeafed without a historical biogeographic
barrier to gene flow is further supported by Aspiédf genealogical concordance. Aspect Il is
one of the four distinct aspects of genealogicalcoodance (Avise 2000; Kou & Avise 2004).

The latter authors indicated that according to Asfleof genealogical concordance ...

“there must be agreement across independent Iticirespect to the geographic positions of

salient genealogical breaks within a species” @)1
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Furthermore, Kou & Avise (2004) concluded that hylpgeographic inference Aspect Il should
be a key consideration when inferring the existasfckistorical biogeographic barriers to gene
flow. Two independently evolving markeld §1andCox2-3spacer regions) were not congruent
regarding the location of a phylogeographic boupde@tween the two lineages. This implies the
results are not in accordance to Aspect Il of glerggeal concordance. Thus, it is suggested that
the two phylogeographic boundaries discovered withi pristoidesappeared due to lack of
suitable habitat coupled with short dispersal-tisés of the spores rather than a biogeographic

boundary to gene flow.

Therefore, the biogeographic boundary discovere&tephenson (1948) in the vicinity of Port
Elizabeth between the warm temperate Agulhas aadstibtropical Natal Regions does not
influence phylogeographic patterns @. pristoides and H. spiciferaThis is probable

considering that Bolton & Anderson (1997) in a esvion marine vegetation of Southern Africa

did not recognize any biogeographic boundary ofveea in the vicinity of Port Elizabeth.

In fact, there is a combination of biological fastqi.e. very short dispersal-distance, low
gametophyte generations) and physical factorsgoer habitat conditions, the west south-west
wind and the Agulhas current) that together led the appearance of the observed
phylogeographic boundaries at the Alexandria Co&ztaefield and the Gamtoos-Van Stadens

Dunefield.
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2.4.2 Phylogeographic pattern oHypnea spicifera

Both theITS1 and Cox2-3 spacer region results indicate tht spicifera populations from
Camps Bay to Shaka's Rock have a fairly uniformegjerstructure. It is very probable that the
observed uniform genetic structure withith spicifera populations is due to the species’s
potential for long range expansidf. spiciferawas thought to inhabit only the intertidal zones
(Hewitt 1955). But the species has recently beesenied from the subtidal (Anderson RJ,
pers.comm). This makes even more sense considéanl. spiciferais one of the most widely
distributed seaweed species along the coastlin@itHE 955) also indicated that the spores of
this species are denser than water and sink oatsuhbtidal after being released. Thus, by virtue
of inhabiting both the intertidal and subtidal zenthe level of gene flow amortd. spicifera
populations is probably higher than that®f pristoides Such a persistent level of gene flow

ultimately resulted in a fairly uniform geneticigtture among the populations.

It is plausible that long range expansion of thecggs might be due to the species” potential for
long distance-dispersal via spores and driftingléethallus fragments. Apparently it is not clear
whetherH. spiciferaspores have the potential for long distance-dggebut studies from other
Hypneaspecies have shown that their spores can remabievn vitro for 3 months (Mshigeni

& Lorri 1977). ProbablyH. spiciferaspores could be dispersed for long distances ¥f tlaa also
remain viablan situ for such long periods. The spores could be diggefsr long distances via
oceanic currents if their sinking velocity is rélaty slow as indicated by Gayloet al. (2002)

for several nearshore seaweed species.
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Long distance-dispersal ¢i. spiciferavia fertile thallus fragment is more probable hesa
Hypneatufts are easily dislodged by strong waves (Het®55; Reis & Yoneshigue-Valentin
2000; Kong & Ang 2004). For example, tufts ldf spiciferawere observed washed-up by the
swell at Cape Hangklip (Personal observation)s Ilhot known how far they were dispersed to

end up there.

ThelTS1data analyses showed genetic variation betweecystecarpic and the tetrasporophyte
individuals (Figure 2.11). ThdTS1 sequences of the two generations were very similar
differentiated by only one character. Genetic \tema between sporophyte and gametophyte
individuals has been reported before within seaweaapulations, mainly through isozyme
electrophoresis (Fujiet al 1985; Sosa & Garcia-Reina 1992; Sesal 1998). These studies
found that the predominance of asexual reproduct@nbined with genetic drift (due to lower
numbers of gametophytes than tetrasporophytesgesdyene flow and fixes alleles between the
two generations, resulting in genetic variationg®s& Garcia-Reina 1992; Sosaal 1998). The
observed genetic variation between the cystocapit tetrasporophyte individuals withk.
spicifera might also be due to predominance of asexual degton, reducing gene flow

between the two generations.

The fact that only théTS1 marker showed sequence variation between the swmergtions
might suggests the variation is due to the diffeesnn ploidy level between the two generations.
The nuclealdTS1is inherited biparentally and the cystocarpic gatiens are haploid while the
tetrasporophytes generations are diploid. As aftrebe ITS1sequence is different between the

haploid cystocarpic and diploid tetrasporophyteegations withinH. spicifera Though, this

57



Chapter Tw: Phylogeography of two Red Seaweed sp

defies the random mixture of genotypes betweernwoegenerations during meiosis. However,
Sosa & Garcia-Reina (1992) indicated that seawesmlilptions that reproduce asexually for

several years can show non-random mixture of g@eotipe to reduced gene flow and fixation

of alleles between the haploid and diploid genereti

Feys:

@ Single lineage within Hyprea spicifera

@ Localities for Cystocarpic individuals

Sampling Sites
10. Sardinia Bay
12. Hougham Park
14, Haga-Haga
16. Port 5t lohns

17, Southbroom

South Africa

1] A0km
=

Figure 2.11. Map showing the genealogical distribution wittH. spicifere from theITS1 data. The

numbers on the map shows the localities where ystocarpic individuals were found, only east of

Sardinia Bay.
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Nevertheless, the possibility exists that natuedction might be acting in both generations, thus
selecting a specific copy of th@S1 for each generation. Natural selection has alsenbe
suggested as possible factors driving differennoeallelic frequency between the gametophyte

and sporophyte generations in sev&alidiumspp (Sos&t al 1998).

The separate resolution of only thirteen cystocanpidividuals can be attributed to the
imbalance ratio between the gametophyte and tetraghyte generations. In natural populations
of H. spiciferg the gametophyte generation always occurs at lommmdances than the
tetrasporophyte generation (Hewitt 1955). Due te tmbalanced ratio between the two
generations, only thirteen samples in cystocarpieegation were collected from all the sampling
sites. The samples from each of the five sites shiowFigure 2.11 were collected at the same

time, raising a possibility of temporal dominanegiation in abundance of one generation.

Only the cystocarpic generation was observed; nke mametophytes were observed. Reis &
Yoneshigue-Valentin (2000) also did not find anylengametophytes dfi. musciformign three
populations from the Rio de Janeiro coast (BraZihe absence of male gametophyte and the
rare occurrence of cystocarpic individuals has beemmonly reported withinHypnea
populations (Mshigeni 1976; Rama Rao 1977; Schenk@f89). Several explanations have
been suggested for this. Rama Rao (1977) and Matmi€l989) attributed this to the fact that
tetraspores have low viability and do not germirstecessfully, leading to a failure of recruit
into the gametophyte generation. Reis & Yoneshigakentin (2000) suggested that male
gametophytes are elusive in natural populationsumse they manifest themselves for only a

short period of time.
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It is interesting to note that, the cystocarpicividlials came from Sardinia Bay eastwards up to
Southbroom (Figure 2.11). Also, the south-easter@abe ofG. pristoidesrevealed from the
ITS1ldata starts to appear at Sardinia Bay. The infpdicdnere is that the same factors may have
led to the appearance of the south-eastern linea@e pristoidesand separate resolution idf
spicifera cystocarpic generations. But more cystocarpic iddials will have to be sampled
(especially west of Sardinia Bay) to confirm thigobthesis because the sampling in this study
was limited by the availability of the cystocarmidlividuals in the field. Interestingly, according
to the results there were no cystocarpic individisgmpled west of Sardinia Bay. Presumably
because they are very elusive in the field (Mshig&Y6; Rama Rao 1977; Mathieson 1989;

Reis & Yoneshigue-Valentin 2000).

ThelTS1data showed genetic variation of one substitudimong generations (gametophyte and
tetrasporophyte) withiil. spiciferaand among two lineages withid. pristoides The variation
observed among. pristoideslineages is ambiguous because the lineages wergorted into
generations. Thus this might reflect either genedication among the generations or within one

generation.

However, it is probable that the obsenf&81variation inG. pristoidess mainly or exclusively

within the bisporophyte generation, owing to itsraieance in natural populations. The low level
of genetic diversity within red seaweed can bedative of the lack of gene flow between the
haploid and diploid generations (Sos& al 1998). Thus, the possibility exists of genetic
variation between the two generations wit@inpristoidesconsidering the observed low level of

genetic diversity (two haplotypes).
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2.5 CONCLUSION AND FUTURE RESEARCH

The Alexandria Coastal Dunefields and the Gamtoas-$tadens Dunefields act as dispersal
barriers to gene flow fo6. pristoides The phylogeographic boundary at the latter dehddi

appeared relatively recently compared to the boynalathe Alexandria Coastal Dunefields.

The mitochondrialCox2-3 spacer region did not reveal a relatively recemylggeographic
boundary revealed by tH&S1at the Gamtoos-Van Stadens Dunefields. Thus, basdtis it
can be deduced th@bx2-3spacer is not the appropriate marker for investigghe most recent

evolutionary history within red seaweeds.

The study found that. spiciferahas almost uniform genetic composition along tbastine;
however revealed genetic variation between the ggyhgte and tetrasporophyte generations.
Thus this study was in consistent with previoudlistsl which found genetic variation between
the gametophyte and tetrasporophyte generatiorsgveralGelidium spp. (Fujioet al 1985;
Sosa & Garcia-Reina 1992; Soshal 1996; Sosat al. 1998). The lack of genetic variation
within H. spiciferapopulations from Camps Bay to Shaka's Rock isymably due to long

range expansion of the species as it inhabits thetintertidal and the subtidal zones.

In conclusion, the phylogeographical patterns Gf pristoides and H. spicifera are not

characterized by phylogeographical structuring eissed with the known biogeographic regions
or phylogeographic boundaries coinciding with theown biogeographic boundaries of
seaweeds. Thus, the accepted southern African dgogphic boundaries seem to have no

impact on the phylogeographic structure of the teamseaweed species examined; in contrast to
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what has been found in some coastal invertebrBiggon (1998) indicated that biogeographic

boundaries may have strong or weak effects onhigewgeographic patterns of different species.

G. pristoides(short-distance disperser) ahtl spicifera (long-distance dispersal seems to be
more likely than inG. pristoide$ show different phylogeographic patterns; presugyndbe to
their different modes of dispersal. It is recommahduture phylogeographical studies of
seaweeds focus on species with relatively longadis# dispersal to establish if seaweeds are
characterized by different phylogeographic pattelesending on the species” mode of dispersal.
In invertebrates, it is known that southern Africanogeographic boundaries delimit
phylogeographic distribution of the species diffgle depending on their modes of dispersal

(Teskeet al 2006, Tesket al. 200%).
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CHAPTER THREE: DISTRIBUTION OF THE EPIFAUNAL COMMUNY
ON Gelidiurr pristoides

3.1. Introduction

The biological and physical factors regulating tistribution and community structure of
seaweeds and intertidal invertebrates on Southc@drirocky shores are well understood
(Stephenson 1948; Brown & Jarman 1978; Emaatial. 1992; Bolton & Anderson 1997). As a
result, it is well known that there are differenaespecies composition between the three main

southern African biogeographic regions.

The warm-temperate Agulhas region has a high lefelspecies richness, diversity and

endemism (Griffiths & Prochazka 1999, Bolton & Staga 2002). The region has high species
diversity of amphipods and isopods, and high endenaf mollusc species between Cape Point
and Port Elizabeth (Griffiths & Prochazka 1999)eTgopulations o6elidium pristoidesstretch

for approximately 1000km covering the entire Agulh@gion and partially the eastern and

western coasts.

It is very important in ecology that factors afiagt species richness and diversity of animals
living in symbiosis with others are well understo@kreiraet al. 2006). The factors affecting
the epifaunal species richness and diversity omweeds differ in relation to the scale of
investigation. At large scales of investigatiom;téas such as geographical changes in seaweed
composition and seasonal cycles have been fouaffdct the epifaunal community structure on

seaweeds (Arrontes & Anadon 1990; Hull 1997; RU$S®y; Pereirat al 2006).
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At small scales, factors such as seaweed biomaigace area and branching patterns have been
found to influence epifaunal community structureigBo 1990; Knowles & Bell 1998; Christie

et al. 2003).

For example, Arrontes & Anaddn (1990) found that tthree dominant isopod species associated
with three seaweed specidsu€us vesiculosysGelidium latifolium and Cystoseira baccada
show seasonal variation in abundances on the morteastline of Spain. Russo (1997) found
differences in the relative abundances of thredaepa taxa (amphipods, molluscs and
polychaetes) on four sublittoral seaweed spedsstpseira barbataJania rubensLaurencia
obtusa and Padina pavonica among different regions in the eastern Meditezaam The
differences in hydrodynamic and physical condititbetween the regions were thought to be
influential in determining relative abundances be tepifauna (Russo 1997). Furthermore,
Pereiraet al (2006) found differences in abundance and diteisi the major epifauna taxa
(amphipods, isopods and tanaids) on several domgeaweed species between the northern and
southern coastlines of Portugal. Sea temperatusgerwcurrents and wave exposure were
suggested as the main factors driving the disiobubf the epifauna along the Portuguese coast

(Pereiraet al 2006).

Marine invertebrates associated with seaweeds aftapt to the locally dominant seaweed hosts
across their distributional range (Sotka 2005).r.Socal adaptation can result in the evolution of
genetic variation among populations due to seladto the locally abundant seaweed host (Fox
& Morrow 1981). Thus, the distribution of the epifeal community can be genetically mediated

due to preferences for locally abundant host spd@8etka 2005).
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Gelidium pristoidess one of the dominant seaweed species on shtmeg the South African
coastline (Andersoet. al 1991). The biomass @. pristoidesin natural populations changes
from season to season (Anderstral 1991), being high in late summer, January to Maand
low in late winter, July to August (Carter & Anders1986). This species is densely tufted and
thus its fronds and holdfast provide favourableltshdor the associated fauna (Beckley &
McLachlan 1980). The epifaunal communities tha¢ lim symbiosis with the species comprise
mainly amphipods, annelids, acari, copepods, gastis, foraminiferans, harpacticoids, isopods,
nematodes, nemerteans, pelecypods, ostracodsgrtatds and nauplian larvae (Beckley &

McLachlan 1980; Beckley 1982; Andersenal. 1991; Lubke & Moor 1998).

Beckley (1982) indicated that harvesting @f pristoidesholdfasts can detrimentally affect
recruitment of the associated fauna. As a resh#, suggested legislation be implemented to
allow the harvesting of the fronds only as this Wddeave the holdfast intact, providing shelter
for the associated fauna. However, a decade lateowt such legislation being implemented,
Andersonet al. (1991) indicated thaG. pristoidesharvesting poses no habitat threat to the

epifaunal community living in symbiosis with theegjpes.

Approximately 2.8% of the total seaweed epifauacges on this coast live da. pristoides
and none are specific to this seaweed (Andemsal 1991; Lubke & Moor 1998). The
remaining epifaunal species live on other seaweedthe lower eulittoral zone, including
Hypnea spicifergLubke & Moor 1998). During harvesting, an avera§®5% ofG. pristoides

biomass is removed from a particular shore (Andeetoal. 1991). This implies that only a
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negligible fraction of the total percentage of #mfaunal community is removed simultaneously

(Lubke & Moor 1998).

Globally, most studies have investigated distrimei relationships between epifaunal
community structure and different seaweed spesEmyeed architecture, seaweed biomass and
different geographic regions (Russo 1997; Chen#&lIMilazo 2002; Christiest al 2003; Pereira

et al 2006). Such studies are part of an all importamiltidisciplinary approach to
biogeography, since they investigate factors dgvhme distribution of animals in symbiosis with

seaweed.

However, apparently there are no local studiesthae investigated distributional relationships
between the seaweed epifaunal community structuedéferent locations along the coastline.
The first study to investigate the epifaunal conmpms and abundances o6G. pristoides
thoroughly was on the south coast on St Croix tsl@figure 3.1) by Beckley & McLachlan
(1980). These authors found that different littosabweed species on St Croix Island show
variation in epifaunal composition and abundancae tb their differences in architecture.
Subsequent epifaunal studies @h pristoidesfocused on local scales (sites) rather than

biogeographic scales.

For example, Beckley (1982) analysed abundancéiseoépifauna orG. pristoidesat St Croix
Island. She found that amphipods, annelids, isspathrine mites, molluscs and nematodes

were the most abundant epifauna taxa per gram dsg ofG. pristoides

Gibbons (1988) investigated the impact of wave syp® on the meiofauna associated v@th

pristoidesbetween exposed and sheltered shores in Falsemdye eastern side of the Cape

66



Chapter Thre Distribution of the epifaunal community G. pristoide

Peninsula (Figure 3.1). He found that copepodsastidhicods were abundant on sheltered shores

while amphipods and bivalves were abundant on e¢pebores.

On the eastern coast, Anderseh al. (1991) analysed the abundances of the epifaunal
community withinG. pristoidessamples collected from Glengariff (Figure 3.1March 1986, a
time when seaweed biomass was high. They foundathphipods, gastropods and isopods were
the most abundant epifauna taxa per gram dry nfaGs pristoides However, Andersoet al.

(1991) did not identify the epifauna to the spete@®l but rather grouped the animals into those

higher taxa.

3.2. The aims of the study

The main aims of this study were to:

0] Compare the epifaunal species richness and diyensiG. pristoidesamong different

localities along the coastline.

(i)  Describe distribution patterns of the epifaunal oamities onG. pristoidesalong the

coastline.

(i)  Determine if there is a relationship between distion patterns of the epifaunal

community and phylogeographic patterng&inpristoides
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3.3. Materials and Methods

3.3.1 Study area

The study area comprised 10 sites along the SofrtbaA coastline (Figure 3.1). The localities
sampled were also sampled for the study of phylgggahy onGelidium pristoidesSites were

not characterized by similar levels of wave actidnfortunately there were samples missing in
the vicinity of Port Elizabeth where two phylogeaghic boundaries were subsequently

discovered withirG. pristoides

3.3.2 Sampling procedure

Most samples were collected between June and 0@y @niddle winter) except samples from
Haga-Haga and Port St. Johns, which were collectedecember 2007 (early summer) and
samples from Port Alfred which were collected inrbta 2007 (late summer). At least two
samples ofG. pristoidestufts were collected at each site. Selected twHse covered with a
plastic bag before collection during low tide tdaaie as many epifaunal taxa as possible. The
entire tufts (including the holdfast) were presenia 70% ethanol upon collection. In the
laboratory, the epifaunal species were isolateavaghing the seaweed tufts with tap water in a
1368mni container. The fraction of the epifaunal specietained within the seaweed was
checked under a binocular dissecting microscopetha&lepifaunal species were identified to the
lowest possible taxonomic level (using identifioatikeys in Day 1967; Day 1969; Griffiths
1976; Kensley 1978) and counted. After isolatiod afentification of the epifauna, the seaweed

tufts were hand-dried with a cloth and the wet \Wergcorded in grams (Appendix 6). The same
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seaweed samples analysed for epifauna were alsmrseed forlTS1 and theCox2-3 spacer

regions.

B Sampling Sites

Muizenherg

MZB
Pringles Bay = PGB
Cape Agulhas = CPA

Still Bay = STR
Glentana = GLT
Brenton-On-5Sea = BOS
Keeurboomstrand = KBS
Port Alfred = PAF
Haga-Haga = HaG
10. Port St. Johns = PSJ

L B S R~ S

Glengariff

=St Craix Island

*
False Bay 0 1ookm

Figure 3.1.: Map of South Africa showing the sampling siteshaf epifauna oelidium pristoides
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3.3.3 Data analyses

The final epifaunal data set used for analysis rss@gnted in Appendix 7. The multivariate
analyses of the samples were done using the PRINE®nouth Routines In Multivariate
Ecological Research) software package of the Plym#arine Laboratory (Clarke & Gorley
2006) to check differences in epifaunal abundaramesngst different localities. The routine
ANOSIM (analysis of similarity) which carries outséandard univariate 1-way ANOVA was
used to check any grouping in epifaunal abundaacesg the samples (Clarke & Gorley 2006).
Two analyses of the epifaunal data were perfornfiest, with the epifaunal abundance data
transformed into presence/absence data and seceittllyhe epifaunal abundance corrected to
the biomass of the samples (i.e. species abundpecggram wet mass). Non-parametric
multidimensional scaling (nMDS) ordination of thengples was performed based on the Bray-
Curtis similarity index (Bray & Curtis 1957). Theiteoff values for Bray-Curtis similarity were
obtained by identifying the Bray-Curtis similarityalue at which the greatest similarity among
the groups (on the dendrogram) was observed. Samy#ee clustered using the hierarchical
agglomerative clustering technique (Single-linkageuping), which uses the similarity matrix
to fuse samples into groups and the groups intetaclusters. The species that contributed
significantly to dissimilarities between the obssivgroups were identified using the program
SIMPER. The program creates a factor (SprofGp®faatto which the main groups identified
from cluster analysis are entered. Then it givesraye dissimilarity percentages of species

discriminating among the groups based on a cutaltfe of 80% Bray-Curtis similarity.
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3.4. Results

A total of 9 major taxa and 51 species were idedti{Table 3.1). Of the nine taxa identified, the
species diversity was highest for the following rfonajor taxa: Mollusca, Polychaeta, Isopoda
and Amphipoda. The most common groups were the grogés Atylus swammerdamei
(recorded at all localities but Port St. JohnGlernea rhombaand Stenothoe adhaerens
(recorded at all localities); the isopddynamenella huttonfrecorded at all localities) and the
polychaetesNereis caudatand Syllis prolifera(recorded in seven localities). The amphipods
and isopods had the greatest abundances of epiédumast sites. These taxa were also found to
be most abundant per gram dry mas$ofpristoideson St Croix Island and at Glengariff by
Beckely (1982) and Andersaat al (1991) respectively. A total of 132 individual§ Atylus
swammerdamewere recorded in one sample from Brenton-on-SeéaS@®. A total of 563
individuals of Guernea rhomband 134 individuals oStenothoe adhaerengere recorded in
one sample from Haga-Haga (HAG1). At total of 8dividuals of Dynamenella huttonivere
recorded in one sample from Cape Agulhas (CPA3g. ddlychaetes and molluscs were mostly
recorded in samples from the south coast. The d®pmd amphipods were recorded in most

samples from most localities, but in different atbances.

The results of ANOSIM and Bray-Curtis cluster asayof epifauna abundance with data
transformed into presence/absence, showed that there significant differences in epifaunal
community structure amongst localitieR € 0.45, P = 0.001 The Dendrogram in Figure 3.2
shows that the analysis clustered most samples tihensouth and east coasts separately, based
on a cut-off Bray-Curtis similarity value of 38%. dgt importantly, there was no clear

distributional pattern among the observed groups.example, the samples from the east coast
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were clustered together with several south coastpls in group B. Group A comprised
samples from the south coast plus one sample frorh Afred (PAF4). Four samples from
Glentana (GLT1, GLT2, GLT3, and GLT5) and one fradeeurboomstrand (KBS2) were
clustered together (group C) but separately froenatiner south coast samples. One sample from
Haga-Haga (HAG1) and one from Muizenberg (MZB2) diot cluster with any samples.
However, the nMDS ordination in Figure 3.3 hasrasst value of 0.24, which suggests that not
too much confidence should be placed on the digtdbal pattern in the plot (Clarke & Gorley

2006).

Table 3.1.An overview of epifaunal species diversity @elidium pristoidegpooled from all

samples from all localities. ? = Identificationtb& animals to the species level was not possible.

Epifaunaxa Total No. of species
Acarina ?
Amphipoda 6
Echinodaitan 1
Isopoda 11
Mollusca 16
Nematoda ?
Ostracoda 3
Polychaeta 12
Tanaidacea 2
Total No. of 51

identified species
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Figure 3.2. Dendrogram showing the percentage similarity efepifauna samples from different

localities along the coast, based on presence/ebskata.
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Figure 3.3 Multidimensional scaling ordination of the sampletata transformed into
presence/absence. The localities are indicated ifigreht grades, empty and shaded grades

indicate eastern and southern localities respdygtiVée letters A, B and C correspond to groups

identified in Figure 3.2.
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The results of ANOSIM and Bray-Curtis cluster as@yof epifauna abundance corrected to
biomass ofGelidium pristoidesalso showed significant differences in epifaunammunity
structure between the eastern and southern l@safRi= 0.43, P = 0.00L The analysis showed
considerable stringing of the samples, further dubtering them into 7 groups based on a cut-
off Bray-Curtis similarity value of 35% (Figure 3.4However, there was no clear distributional
pattern among the observed groups. Groups 1, 4 aodtained samples mainly from the south
coast, which included one sample from Haga-HagaGBE)Aand one from Port Alfred (PAF2).
Groups 4 and 5 comprised samples from Glentanagolassample from Cape Agulhas (CPAbD).
Groups 2, 3, 6 and 7 comprised samples from thieceast, clustered with a few samples from
the south coast. Groups 2 and 3 contained samm@esgynirom Port St. Johns, whereas group 7
contained three samples from Haga-Haga. Group @aiced two samples from Port Alfred
(PAF1 and PAF3) and one from Muizenberg (MZB1). Gaeple from Haga-Haga (HAG5)
and one from Muizenberg (MZB2) were not clusterathwany samples. The samples from the
three sites on the east coast (Port Alfred, Haggatsnd Port St. Johns) were clustered almost
separately from each other. The nMDS ordinatiogyfé 3.5) also showed less resolution of the

samples, though the stress level was lower (0.18).

Interestingly, the results show a striking patterrepifaunal abundances as a function of scale.
At small local (within site) scales, samples frdme same sites, collected at least 5m from each
other, were in some instances clustered togetbereXample, samples from Glentana, Haga-
Haga and Port St Johns (Figure 3.2 and 3.4). Howélvis was not the case for most samples
which were scattered across the dendrogram (Figgieesnd 3.4). At large physical (among

sites) scales, sites were not similar to their nadgicent neighbor.
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Figure 3.4. Dendrogram showing the percentage similarity ef¢hifauna samples from different

localities along the coast. The epifaunal abundavaecorrected to the biomass of the samples.
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However, at larger, biogeographic scales, the sasmgiiowed spatial structuring in that samples
from the same coastal region tended (with many pai@es) to be clustered together. Thus there
was group A and group 1 in Figures 3.2 and 3.4edsgely, which contained predominantly

south coast samples, while the east coast sanguided to be clustered together (mixed with the

remaining south coast samples) in group B (Figu2¢ &d groups 2, 3, 6 and 7 ( Figure 3.5).
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Figure 3.5 Multidimensional scaling ordination of the sampli¢h epifaunal abundance corrected

25% Bray-Curtis similarity

to the biomass of the samples. The localitiesratieated by different grades, empty and shaded

grades indicate the eastern and southern localéggsectively. The numbers 1 — 7 correspond to

the groups identified in Figure 3.4.
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The SIMPER analysis showing the species discrinmgaietween groups A and B is presented
in Table 3.2 and between groups A and C in Tal8e& fairly large number of species (19 and
15 in Tables 3.2 and 3.3 respectively) contribusaghificantly to the observed differences
among and between these groups. These speciepree@minantly in the four major epifaunal

taxa identified (molluscs, polychaetes, isopodsam@hipods) and the nematodes.

The SIMPER analysis showing the species discrinmgdietween groups 1 and 2 is presented in
Table 3.4 and between group 1 and groups 4 plasTable 3.5. Interestingly, far fewer species
were involved (5 and 6 in Tables 3.4 and 3.5 reppay), and they included only the
amphipods and isopods. Previous studies have alsodfthe amphipods and isopods to be
abundant epifauna o6. pristoidesat small local (within site) scale investigatiof®eckley
1982; Gibbons 1988; Andersehal 1991). The distributional range of most of thasghipods
and isopods species covers the study area inttidy.sThus, the differences between groups are
primarily due to different levels of epifauna abandes on both coasts. However, one
Exosphaeromapecies, identified aB. truncatitelson was found on the east coast though its
recorded distributional limit is from Hermanus (Wespast) to Liuderitz in NamibiaE.

truncatitelsonwas abundant on the east coast (Tables 3.3 and 3.4)

Several species were only found on either the @agte south coast and in some cases these
species were represented by a single individuahdoim one sample from one locality. Such
species did not contribute to the differences ifaepal abundances between the two regions.
For example, a total of 17 marine mites (Acarinayavonly found in samples from Haga-Haga.

Three species of ostracods were only found in angpge from Haga-Haga (Hagl). Two tanaids
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species Aspeudomorpha aviculariandTanais philetaeryswere only found in one sample from
Haga-Haga (Hagl). One individual eachGiforomytilus meridionali@nd Barnacle sp. where
found only in one sample from Glentana (GLT3). Gm#ividual of Scutellastra barbaravas
found in one sample from Glentana (GLT5), one irilial of Marphysa corallinan one sample
from Glentana (GLT2), one individual each Bissurella mutabillisand Bivalve sp. in one
sample from Pringles Bay (PGB3), one individuaCafolana hirtipesin one sample from Cape
Agulhas (CPA1) and one individual @ymodocella sublevisn one sample from Haga-Haga
(HAG1). Thus Glentana and Haga-Haga had relatilaelye numbers of species that were unique

to these sites, resulting in tight clustering ahpées from these sites (Figure 3.2 and 3.4).
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Table 3.2. Average abundance of species which contributedifgigntly (P = 0.00) to the
dissimilarity between groups A and B (Figure 3.Phe average dissimilarity between the two

groups was 61.55% (SIMPER, cut-off 80%).

Species Taxon Average Abundance  Average Dissimilarity
Group B Group A

Syllis prolifera Polychaeta 140 0.67 4.56
Exosphaeroma pallidum Isopoda 0.67 0.07 4.56
Nereis caudata Polychaeta 0.62 0.07 4.33
Atylus swammerdamei Amphipoda 0.43 0.73 4.20
Guernea rhomba Amphipoda 0.76 0.47 4.20
Exosphaeroma truncatitelsosopoda 0.48 0.33 3.61
Nematodes Nematoda 0.14 0.40 3.19
Dynamenella huttoni Isopoda 0.71 1.00 2.49
Platynereis dumerilii Polychaeta 0.00 0.33 2.15
Mytilus galloprovincialis Mollusca 0.00 0.27 2.06
Parisocladus stimpsoni Isopoda 0.33 0.00 2.0
Caprella natalensis Amphipoda 0.24 0.07 1.96
Phyllodoce castanea Polychaeta 0.10 0.20 1.74
Naineris laevigata Polychaeta 0.10 0.20 1.68
Eatoniella nigra Mollusca 0.14 0.13 1.65
Pseudonereis variegata Polychaeta 0.05 0.20 1.63
Janira extans Isopoda 0.19 0.00 1.45
Lumbrineris cavifrons Polychaeta 0.10 0.13 1.3
Parisocladus perforatus Isopoda 0.19 0.00 1.11
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Table 3.3. Average abundance of species which contributedifgigntly (P = 0.00) to the
dissimilarity between groups A and C (Figure 3®)e average dissimilarity between the two

groups was 66.44% (SIMPER, cut-off 80%).

Species ‘dax Average Abundance Average Dissimilarity
Group A Group C

Stenothoe adhaerens Amphipoda 0.93 0.00 7.03
Caprella natalensis Amphipoda 0.07 0.80 5.54
Perna perna Mollusca 0.13 0.80 5.45
Syllis prolifera Polychaeta 0.67 0.00 4.83
Mytilus galloprovincialis Mollusca 0.27 80. 4.81
Hemiaegina minuta Amphipoda 0.00 0.60 4.39
Guernea rhomba Amphipoda 0.47 0.60 3.91
Nematodes Nematoda 0.40 0.00 3.00
Atylus swammerdamei Amphipoda 0.73 0.80 2.87
Exosphaeroma truncatitelson Isopoda 0.33 .0 2.57
Platynereis dumerilii Polychaeta 0.33 0.00 2.16
Phyllodoce castanea Polychaeta 0.20 0.20 2.15
Exosphaeroma pallidum Isopoda 0.07 2@ 1.66
Pseudonereis variegata Polychaeta 0.20 00.0 1.42
Choromytilus meridionalis ~ Mollusca 0.00 20. 1.37
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Table 3.4. Average abundance of species which contributedifgigntly (P = 0.00) to the
dissimilarity between groups 1 and 2 (Figure 3H)e average dissimilarity between the two

groups was 76.63% (SIMPER, cut-off 80%).

Species Taxon Average Abundance Average Dissimilarity

Group 1 Group 2

Dynamenella huttoni Isopoda 4.55 8.7 25.85
Stenothoe adhaerens Amphipoda 21.55 9.25 16.00
Atylus swammerdamei Amphipoda 1.64 17.80 12.15
Exosphaeroma truncatitelson Isopoda 3.84 7.65 7.06
Guernea rhomba Amphipoda 3.64 3.85 4.44

Table 3.5. Average abundance of species which contributedifgigntly (P = 0.00) to the
dissimilarity between group 1 and groups 4 and ufle 3.4). The average dissimilarity

between the three groups was 79.32% (SIMPER, ¢#0856).

Species Taxon Average Abundance Average Dissimilarity
Groupl Group4and5

Dynamenella huttoni Isopoda 4.55 13.50 22.17
Caprella natalensis Amphipoda 0.30 7.50 13.52
Atylus swammerdamei  Amphipoda 1.64 1D. 2.37
Stenothoe adhaerens Amphipoda 21.55 2.00 6.77
Hemiaegina minuta Amphipoda 0.15 5.67 6.38
Guernea rhomba Amphipoda 3.64 .82 4.80
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3.5. Discussion and conclusion

The results revealed no clear distributional patter epifauna abundances, however they did
show variation in epifauna abundances as a fundi@tale. At small local (within site) scales,

samples from some sites were clustered togethgr gamples from Glentana, Haga-Haga and
Port St Johns). However, in some cases samples tliensame site were scattered across the

dendrogram (Figures 2.3 and 3.4).

At large physical (among sites) scales; there veastructure in epifauna abundances among the
most adjacent sites. For example, adjacent sitehemrast coast (Port Alfred, Haga-Haga and
Port St. Johns) clustered separately (Figure 3tblevon the south coast Glentana was distinct

from its neighbouring sites (Figures 3.3 and 3.5).

However, at larger, biogeographic scales (bioggugcaregions); samples from the same coastal
region tended to be clustered together. Thus, the® one group containing predominantly
south coast samples and another group containirsj oidhe east coast samples mixed with the

remaining south coast samples (Figure 3.2 and 3.4).

The lack of or weak structure observed at smakll@within site) scales is probably due to the
effects of different factors (i.e. wave exposurgwgeed biomass, interspecific interactions and
chance effects) operating within each site. Lo¢adlgveral studies have shown the effects of
wave exposure and seaweed biomass on the epifAundances of. pristoidesat small local
(within sites) scales (Beckley 1982; Gibbons 1988dersonet al. 1991). At such local (within
site) scales, wave exposure can indirectly infleetiee epifauna abundances by affecting the

seaweed biomass and structural complexity (Gibbd®88). Samples in this study were
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collected at least 5m apart from each other withanh site. While samples from the same site
may have been exposed to differences in wave acsooh effects would have been on
extremely small scales. Nevertheless, such smalésffects have been shown to affect mussel
growth rates (McQuaid unpublished data) and couwdehbeen responsible for weak or
inconsistent structure within sites. Beckley (198#)nd that sheltered shores on St Croix Island
are characterized by significantly higher abundanct epifauna per gram dry mass @f
pristoidesthan exposed shores. Gibbons (1988) also founthtiaar between sheltered and

exposed shores in epifauna abundances per gramady ofG. pristoidesn False Bay.

At large biogeographic scales there was weak dle lispatial structuring in epifaunal
abundances, resulting in two groups which compr@edominantly south coast and east coast
samples. This suggests that the epifaunal speaspomnd differently to a variety of
environmental factors prevailing within each geptiia region. It is probable that physical
factors (i.e. surface sea temperature) and inteifspénteractions (i.e. predation, competition)
might be driving the observed variation in epifawimndances between the two coasts. Many
studies have dwelt on abundance and diversity has in symbiosis with seaweeds, but how
these animals interact biologically is still uncl¢Russo 1997). Thus, it is possible that regional
abundance of other taxa (i.e. predators) can lthret abundance of some taxa (i.e. prey) or
interspecific competition for food and space casultein variation in abundance among different

taxa (Broitmaret al. 2001).

Though it remains unclear how strong the corretatsobetween the distribution of the epifauna
and these biogeographic regions owing to the ldckpdfauna samples in the vicinity of Port

Elizabeth. Epifaunal species that showed variatiorgbundances over large biogeographic scale
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were primarily in the four major epifaunal taxa ntided (amphipods, isopods, molluscs and
polychaetes). At small local (within site) scaldsere is no consistent distributional structuring
in epifauna abundance due to different factors évexposure, seaweed biomass, interspecific
interactions and chance effects) operating witlaichesite. These factors also can affect epifauna
abundance differently from site to site (Gibbon88;9Andersoret al 1991) and thus, there was

no structure observed at large physical (among)ssizales.

The fact that the distribution patterns in epifaabandance varied as a function of scale makes
it difficult to correlate the observed patternsth@ phylogeographic pattern exhibited Gy
pristoides Rahbek (2005) indicated that studies that show tesults vary as a function of scale
should also search for consistent patterns in tleesde effects. The distributional pattern
observed at small local (within site) scales irs tsiudy was inconsistent while at large physical
(among sites) scales, there was no structure. These patterns cannot be accurately correlated
to phylogeographic patterns . pristoides The distributional pattern of the epifauna obsdrv

at large biogeographic scales do not corresport ptiylogeographic pattern of the seaweed.

In conclusion, there was no clear pattern in tistrithution of the epifauna withiG. pristoides
This suggests that the fauna associated with fhesiss are not host-specific and thus, their
distribution is not linked to the phylogeographistdbution of the seaweed host. Anderstral
(1991) also indicated that of all the epifaunalatar symbiosis withG. pristoides none is
specific to this seaweed. At a larger, biogeogmaicale, the epifauna distribution is probably
regulated by physical factors operating at thesdes¢c such as temperature, rather than being

associated with particular host species.
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CHAPTER FOUR: SYNTHESIS

Gelidium pristoidesand Hypnea spiciferapopulations showed very low genetic diversity
compared to coastal and estuarine invertebratagisnregion. Phylogeographical studies on
coastal and estuarine invertebrates’ species fauhdyh level of genetic diversity with some
species characterized by more than five haplotygesdi et al. 2007, Teskeet al 200D).
However, only two haplotypes were discovered wit@in pristoidespopulations, whereald.
spiciferapopulations showed a fairly uniform genetic conitims. Low genetic diversity within
red seaweeds has been reported before using isozigeieophoresis (Cheney & Babbel 1978;
Sosa & Garcia-Reina 1992; Sostaal 1996; Sosat al 1998). InGelidiumspecies such a low
level of genetic diversity has been attributed etf ertilization (Sosa & Garcia-Reina 1992;

Soseet al. 1996).

Gelidium spp. are slow-growing perennial seaweeds thabdejwe new generations from an
established holdfast (Sosa & Garcia-Reina 1992 )tlamsl the genetic composition of a particular
year would remain relatively uniform (Innes 198¥his, combined with predominantly asexual
reproduction, has been suggested as the main réasdow genetic diversity among various
Gelidiumspp. (Sosa & Garcia-Reina 1992; Sesal 1998). Therefore, the observed low level
of genetic diversity might indirectly suggest thpatpulations ofG. pristoidesandH. spicifera

reproduce predominantly asexually.

The lack of gene flow combined with predominancesdxual reproduction can result in a fairly

low level of genetic diversity within seaweeds (&es$ al 1998). Gene flow is very limited
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amongG. pristoidespopulations due to short dispersal-distances efsgpores (Alberteet al
1999). Thus, the lack of gene flow, combined witk bbserved low level of genetic diversity,

again supports the suggestion that the speciesdepes mainly asexually.

In H. spiciferg predominance of asexual reproduction is more giyl@bconsidering the genetic
differentiation detected between the gametophyt tetrasporophyte generations. In species
characterized by haplo-diploid generations, predamte of asexual reproduction can
significantly reduce the effective population si@de), resulting in genetic drift between
asexually and sexually reproducing populations #®bsl 1998). Ultimately, genetic variation
can develop between haploid and diploid generatibribe N. of the sexually reproducing
populations is lower than that of asexually repeidg populations (Soset al. 1998). Thus,
based on significant genetic variation detectedvbeh gametophyte and sporophyte generations
within H. spiciferapopulations, it can be deduced that the spec@®sdaces mainly asexually.
Additionally, studies on the reproductive biology ldypnea species have shown that they

maintain their populations through asexual reprtidnqRama Rao 1977).

The relationship between distribution of the epif@u community and phylogeographic
distribution ofGelidium pristoidewvaried as a function of scale. At small, localtfin localities)
scales, there was no correlation between the epfabundance and the genetics of the samples.
For example, samples from Haga-Haga, Glentana amdeMberg have a significantly higher
numbers of epifauna species that were unique teetkées but the samples themselves were
genetically identical to other samples in the sdimeage. Also, samples from Still Bay were

characterized b ox2-3spacer sequence variation of one character cochparthe rest of the
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samples on the south-western lineage. Howevet,B2tjt samples did not show any significant
difference in epifauna abundance from the othethsooast samples. Thus, it can be concluded

that the abundance of the epifauna is not genbticediated by the genotype Gf pristoides

However, at larger physical (among localities) esalthere was a correlation between the
distribution of the epifaunal community and the lplggographic distribution o&. pristoides
For example, all the localities that comprised #astern and southern epifaunal communities
also comprised the south-eastern and south-wesgfenetic lineages respectively. This is
ambiguous owing to the lack of epifaunal samplesthe vicinity of phylogeographic
disjunctions. It might imply that the distributioof the epifauna is associated with either
distribution of genetic lineages or biogeograpleigions. The latter possibility is favoured given
the lack of correlation between epifauna abundaartd genotype of the seaweed. Thus, the
boundary between the eastern and southern epifaonahunities is more likely to fall within
the transitional zone (Eastern overlap) betweent Bdizabeth and Port Alfred; but not
necessarily coincide with the phylogeographic bauied discovered within this transitional

zZone.

The fauna associated with seaweeds can evolutioadapt to the abundant host and such
adaptations can result in genetic variation amamgufations (Sotka 2005). It is recommended
future studies investigate phylogeographic patteshsthe fauna associated witBelidium
pristoides and Hypnea spiciferato determine if they show correlation to the obedr

phylogeographic distribution.
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This study integrated both intraspecific phylogamg current epifaunal community distribution
to help understand species distribution much bettan studies centered on single approach
(phylogeographical analysis or epifaunal commuartglysis). The study has been innovative by
combining both phylogeography of seaweeds and aisabf their epifaunal community to help

understand better biological and physical processdsrlying species distribution.

The phylogeographic pattern discovered with@ pristoides did not conform to the
biogeographic regions described by Stephenson [1948le the distribution of the epifauna
does seem to be associated with these biogeograppions. Thus, seemingly, at larger,
biogeographic scales, there is no association etwghylogeographic distribution oB.
pristoidesand distribution of the associated fauna. Thiggests that community distribution of
the fauna associated wit pristoidesis not mediated by distribution of genetic lineagéthin

G. pristoides The epifaunal community associated w@hpristoidescan be found in symbiosis
with a variety of seaweed host. Presumably, distidm of this epifaunal community is not
associated with phylogeographic distribution of @edfic seaweed host. Furthermore, the
temperature gradients along the coast appear ®lalogical consequences that range from the

level of the community to the level of intraspecifihylogenetics.
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Appendice

APPENDICES

Appendix 1: DNA Extraction Protocol

1. Grind 5-6 pencil-tip sizes of thallus into fine pder using pestle and mortar in the
presence of 1ml CTAB extraction buffer (check sols) and a drop of 0.2 %( v/v)

B- Mercaptoethanol.

2. Decant the ground material into 1.5ml Eppendorétabd incubate at 60°C water bath

for 10-30 minutes.

3. Add 500ul CIA (check solutions) and vortex.

4. Centrifuge at 13, 000 rpm for 1 minute.

5. Remove 600ul of clear aqueous phase and transéeclegan 1.5ml Eppendorf tube.

6. Add 400ul of Isopropanol; shake gently and leawettine on ice for 10 minutes.

7. Centrifuge at 13,000 rpm for 10 minutes.

8. Pour off the supernatant and leave off the DNAgtddehind.

9. Add 750ul of 70% Ethanol.

10. Pour off Ethanol and air-dry the pellet in the gihpod.

11.Resuspend the DNA in 300p ! distilled water.
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Appendice

Appendix 2: Solutions

CIA

Chloroform: isoamyl alcohol (24:1)

CTAB extraction buffer

For 100ml:

< 10ml 1M Tris [ Tris(Hydroxymethyl) aminomethane]

s 28ml 5M NaCl

< 4ml 0.5M EDTA [Ethylene Diamine Tetra-acetic aciddodium salt]
« 29 CTAB powder [Cetyltrimethylammonium bromide]

< 1g PVP [Polyvinyl pyrrolidine]

% 57ml water

[pH = 8]

Agarose gel
For 1%:
+ 0.5g agarose
< 50ml TBE buffer
» 10.8g Tris(Hydroxymethyl) aminomethane
» 5.5g Boric Acid
> 0.93g EDTA
» Made up to 1L distilled water

¢ 10pl ethidium bromide
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Appendice:

Appendix 3: PCR reagents and their volumes for amplifying I TS1 and Cox2-3 spacer regions

I TS1 amplification Cox2-3 spacer amplification

PCR reagents Volumes(ul) PCR reagents Volumes(ul
H.0 31 H,O 29

10x PCR buffer 5 10x PCR buffer 5
ITS-1F(Forward primer) 2 Cox-2F (Forward primer) 2
ITS-1R(Reverse primer 2 Cox-3R(Reverse primer) 2
dNTPs 2 dNTPs 2
MgCl; 3 MgCl, >

Bio Tag 0.1 Bio Taq 0.1
DNA template S DNA template 5

10 = distilled PCR-quality water

10x PCR buffer = 1Bioline NH, Dilution Buffer (MgCh free) with enzyme
dNTPs = deoxynuclgtosphates

Mgek 50mM of MgC} provided with enzyme

Bio Taq = Bioline TRgplymerase
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Appendix Reagents and volumes used for sequencing reaction

Sequencing reagents Volumes(ul
H>O 12.5
Sequencing Mix 2

5x Sequencing buffer 3
Primers 0.5
DNA template 2

Primers = ITS-1F/ITS1-1R or Cox-2F/Cox-3

DNA template = purified PCR-product

Appends: Reagents and volumes used for precipitation

Precipitation reagents | Volumes(ul)
100% Ethanol 50
125mM EDTA 2

3M Na Acetic Acid 2

DNA template 20
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Appendix 6: The wet weight (grams) of the epifauna samples measured after isolating the

epifaunal species.
Sites Samples
PSJ 1 2 3 4 5
Weight (g): 6.54 7.89 8.65 8.02 6.55
HAG 1 2 3 4 5
Weight (g): 28.56 .8 2324 2283 23.56
PAF 1 2 3 4 -
Weight (g): 12.60 183 17.19  14.32
KBS 1 2 3 4 -
Weight (g): 17.21 199 11.28 1458
BOS 1 2 3 4 5
Weight (g): 13.83 18.89 14.82 15.03 14.82
GLT 1 2 3 4 5
Weight (g): 20.60 2.4 1897 19.98 27.12
STB 1 2 - - -
Weight (g): 10.38 8.06
CPA 1 2 3 4 5
Weight (g): 10.22 4.5 16.95 19.91 21.06
PGB 1 2 3 4 5
Weight (g): 14.79 0.2 19.32 8.79 24.11
MZB 1 2 3 - -
Weight (g): 16.01 18.3 13.78
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Appendix 7: Final epifauna data set

Epifauna Sample:
taxa PSJ1 PSJ2 PSJ3 PSJ4 PSJ5 HAG1 HAG2 HAG34HABGS
ACARINA - - - - . 4 1 5 5 2
AMPHIPODS
Atylus swammerdamei - - - - - 20 - 2 23 6
Caprella natalensis - - 2 - - - - - - -
Hemiaegina minuta - - - - - - - - - -
Guernea rhomba 13 3 - 1 5 563 5 191321 15
Proboloides rotunda - - - - - - - - - -
Stenothoe adhaerens 20 21 50 8 5 134 10 101 57 12

ECHINODERMATA
Patiriella exigua - - - - - - - - -1

ISOPODS

Cirolona hirtipes - - - - - - - - - -
Cymodocella sublevis - - - - - - 5 - 1 10
Dynamenella huttoni - 1 6 -1 18 35 7 14 11
Dynamenella macrocephala - - - - - - 3 - - -
Dynamenalla ovalis - - 1 - - - - - - -
Exosphaeroma pallidum 1 - - - - - 11 5 1 38
Exosphaeroma truncatitelson - - - - - 15 3 - 1 1
Janira extans 1 1 - - - - - - 1 -
Paranthura punctata - - - - - - - - - -
Parisocladus perforatus - - - - - - 2 - - 25
Parisocladus stimpsoni - - - - - - 1 - - 18

MOLLUSCA

Arcidae - - - - - - - - -
Barnacle sp. - - - - - - - - . .
Gastropod sp.1 - - - - - 3 - - - -
Gastropod sp.2 - - - - - 11 - - - -
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Appendix 7 continued

Epifauna Samples
taxa PSJ1 PSJ2 PSJ3 PSJ4 PSJ5 HAG1l HAG2 HAG®4H HAGS
Acanthochitona garnoti ) - - - - - - - 2 -
Choromytilus meridionalis - - - - - - - - - -
Eatonidla nigra - - - - - 9 - - 1 2

Fissurella mutabillis - - - - - - - - -

Helcion dunkiri - - - - - - . . ; }
Littorina natalensis - - - - - - - - - -
Mytilus galloprovincialis - - - - - - - - - -
Perna perna - - - - - - - - - .
Siphonaria concinna - - - - - - - - - -
Scutellastra barbara - - - - - - - - - -
Tricolia neritina - - - - - - - - - -
Tricolia capensis - - - - - - - - - .

NEMATODA - - 2 - - - - - - 1
OSTRACODA

Ostracod sp.1 - - - - - 1 - - - -
Ostracod sp.2 - - - - - 1 - - - -
Ostracod sp.3 - - - - - 7 - - - -
POLYCHAETA

Lumbrineris cavifrons } } : - - - - - - -
Marphysa corallina - - - - - - - - - -
Naineris laevigata - - - - 2 - 1 - -
Nereis caudata 2 -2 - 1 - 1 4 1 1
Odontosyllis polycera - - - - - - - - - -
Phyllodoce castanea - - - - - - - - - -
Platynereis dumerilii - - - - - 2 - - - -
Pomatoleios kraussii - - - - - - - - - -
Pseudonereis variegata - - 1 - - - - - - -
Syllis prolifera - - - - . 2 i} i}
Frubricinae

Polynoidae - -

TANAIDACEA

Apseudomorpha avicularia - - - - -1 - - - -
Tanais philetaerus - - - - -1 - - - -
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Appendix 7 continued

Epifauna Sample:
taxa PAF1 PAF2 PAF3 PAF4 KBS1 KBS2 KBS3 KBS4 BCE1S2

ACARINA . - - - - - - - - -

AMPHIPODS

Atylus swammerdamei - - 7 5 - 39 3 -
Caprella natalensis - - - - - 2 - 3 1 -
Hemiaegina minuta - - - - - 3 - - -
Guernea rhomba 4 - 6 4 - 14 3 6 6
Proboloides rotunda - - - - 7 - - - .
Stenothoe adhaerens

o N

a1
SN
SN
w
D
=
N
1
oo
1
(o))
N

ECHINODERMATA
Patiriella exigua - - - - - - - - - -

ISOPODS

Cirolona hirtipes - - - - - - - - - -
Cymodocella sublevis - - - - - - - - - -
Dynamenella huttoni 9 - - 19 11 34 47 16 21 18
Dynamenella macrocephala - - - - - - - - - -
Dynamenalla ovalis - - - - - - - - - -
Exosphaeroma pallidum 2 3 5 - 1 - - - - -
Exosphaeroma truncatitelsot
Janira extans - - - - - - - - - -
Paranthura punctata
Parisocladus perforatus
Parisocladus stimpsoni

1
[
(&)
w
o

1
N

1

1

1

1

1

1
1
1
1
N
1
1
1
1
1

MOLLUSCA

Arcidae
Barnacle sp. - - - - - - - - - -
Gastropod sp.1 - - - 1 - - - - - 3
Gastropod sp.2 - - - - .. . ; .o
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Appendix 7 continued

Epifauna Sample:
taxa PAF1 PAF2 PAF3 PAF4 KBS1 KBS2 KBS3 KBS4 BOEQS?2

Acanthochitona garnoti - - - - - - - - - -
Choromytilus meridionalis - - - - - - - - - -
Eatonidla nigra - -1 3 - - - - - -
Fissurella mutabillis - - - - - - - - - -
Helcion dunkiri - - - - - - - - - -
Littorina natalensis - - - - - - - - - -
Mytilus galloprovincialis - - - - - - - - - 4
Perna perna - - - 1 - - - - - -
Siphonaria concinna - - - - - - - - - -
Scutellastra barbara - - - - - - - - - -
Tricolia neritina - - 6 - - - - - - -
Tricolia capensis

NEMATODA - - - - 1 - - - 2 1
OSTRACODA

Ostracod sp.1 - - - - - - - - - -
Ostracod sp.2 - - - - - - - - - -
Ostracod sp.3 - - - - - - - - - -

POLYCHAETA

Lumbrineris cavifrons - - - - - - - - - -
Marphysa corallina - - - - - - - - - -
Naineris laevigata - - - - - - - - - 3
Nereis caudata - - - - 1 - 1 1 - -
Odontosyllis polycera - - - - - - - - - -
Phyllodoce castanea - - - - - - - - 1 1
Platynereis dumerilii - - - 4 - - - - 3 3
Pomatoleios kraussii - - - - - - - - - -
Pseudonereis variegata - - - - - - - - - -
Syllis prolifera - - - - - - - - 4 1
Frubricinae

Polynoidae - - - -

TANAIDACEA

Apseudomorpha avicularia - - - - - - - - - -
Tanais philetaerus - - - - - - - - - -
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Appendix 7 continued

Epifauna Samples

taxa BOS3 BOS4 BOS5 GLT1 GLT2 GLT3 GLT4 GLT5 STBIB2
ACARINA . 3 } . - - - - - -
AMPHIPODS
Atylus swammerdamei 132 3 2 1 7 - - 5 - -
Caprella natalensis - - - - 69 7 13 3 - -
Hemiaegina minuta - - - - 37 4 - - - -
Guernea rhomba 12 - - - 32 1 2 - - -
Proboloides rotunda - - - - - - - - - -
Stenothoe adhaerens 11 3 2 - - - 6 - 3 8

ECHINODERMATA

Patiriella exigua - - - - - - - - - -
ISOPODS

Cirolona hirtipes - - - - - - - - - -
Cymodocella sublevis - - - - - - - - -
Dynamenella huttoni 23 31 40 6 8 7 - 6 18 8
Dynamenella macrocephala - - - - - - - - - -
Dynamenalla ovalis - - - - - - - - - -
Exosphaeroma pallidum - - - - - - - 1 - -
Exosphaeroma truncatitelson - 2 1 - - - - - - -
Janira extans - - - - - - - - -
Paranthura punctata - - - - - - - - -1
Parisocladus perforatus - - - - - - - - -
Parisocladus stimpsoni

MOLLUSCA

Arcidae - - - - - - - - - -
Barnacle sp. - - - - - 1 - - - -
Gastropod sp.1 - - - - - - - - - -
Gastropod sp.2 - - - - - - - - - -

121



Appendice

Appendix 7 continued

Epifauna Samples
taxa BOS3 BOS4 BOS5 GLT1 GLT2 GLT3 GLT4 GLT5 BISTB2

Acanthochitona garnoti . . . ) ) ) 2 ) ) )
Choromytilus meridionalis ) ) } } } 1 } } - -
Eatonidla nigra - 1 - - - - - - - -
Fissurella mutabillis - - - - - - - - - -
Helcion dunkiri 1 - - - - - - - - -
Littorina natalensis - - - - -
Mytilus galloprovincialis - - - 1 2
Perna perna - - - 27 7
Siphonaria concinna - - - - - - - -
Scutellastra barbara - - - - - - - 1
Tricolia neritina

Tricolia capensis - - -

NEMATODA - - - - - - - - -1

OSTRACODA

Ostracod sp.1 - - - - - - - - - -
Ostracod sp.2 - - - - - -
Ostracod sp.3 - - - -

POLYCHAETA

Lumbrineris cavifrons
Marphysa cordina - - - -1 - - - - -
Naineris laevigata - - - - - - -
Nereis caudata - - - - - - 2 - - -
Odontosyllis polycera - - - - - - - - - -
Phyllodoce castanea 1 - - - 1 - 3 - - -
Platynereis dumerilii - - - - - - - - - -
Pomatoleios kraussii - - - - - - - - -
Pseudonereis variegata - - - - - - -
Syllis prolifera 3 - - - - - 2 - 4 -
Frubricinae - -
Polynoidae

TANAIDACEA

Apseudomorpha avicularia
Tanais philetaerus - -
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Appendix 7 continued

Epifauna
taxa

CPA1 CPA2 CPA3

Samples

CPA4 CPA5 PGB1

PGB2 PGB3 PBBBt

ACARINA

AMPHIPODS

Atylus swammerdamei
Caprella natalensis
Hemiaegina minuta
Guernea rhomba
Proboloides rotunda
Stenothoe adhaerens

ECHINODERMATA

Patiriella exigua

ISOPODS

Cirolona hirtipes
Cymodocella sublevis
Dynamenella huttoni

Dynamenella macrocephala

Dynamenalla ovalis
Exosphaeroma pallidum

Exospaheroma truncatitelson

Janira extans
Paranthura punctata
Parisocladus perforatus
Parisocladus stimpsoni

MOLLUSCA

Arcidae
Barnacle sp.
Gastropod sp.1
Gastropod s2

11

11
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Appendix 7 continued

Epifauna
taxa

Samples

CPA1l CPA2 CPA3 CPA4

CPA5 PGB1 PGB2 PGB3 PBBB5

Acanthochitona garnoti
Choromytilus meridionalis
Eatonidla nigra
Fissurella mutabillis
Helcion dunkiri

Littorina natalensis
Mytilus galloprovincialis
Perna perna
Siphonaria concinna
Scutellastra barbara
Tricolia neritina

Tricolia capensis

NEMATODA

OSTRACODA

Ostracod sp.1
Ostracod sp.2
Ostracod sp.3

POLYCHAETA

Lumbrineris cavifrons
Marphysa corallina
Naineris laevigata
Nereis caudata
Odontosyllis polycera
Phyllodoce castanea
Platynereis dumerilii
Pomatoleios kraussii
Pseudonereis variegata
Syllis prolifera
Frubricinae
Polynoidae

TANAIDACEA

Apseudomorpha avicularia
Tanais philetaerus

- 1 - -
- - 1 -
- - 1 1
- 1 - -
- 2 - -
2 - - -
- 1 - -
- 3 - -
- - 1 -
- 1 2 2

- - - 1 - -
- 1 - 1 - -
- - - - -2
1 - 1 - - -
- - - -1 1
- - - 1 : -
- - - 2 - 1
- - - 2 - -
- 5 -2
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Appendix 7 continued

Epifauna

taxa MZB1

Sample:
MZB2

MZB:

ACARINA -

AMPHIPODS

Atylus swammerdamei

Caprella natalensis 2
Hemiaegina minuta -

Guernea rhomba -

Proboloides rotunda -

Stenothoe adhaerens 15

ECHINODERMATA
Patiriella exigua -
ISOPODS

Cirolona hirtipes -
Cymodocella sublevis -
Dynamenella huttoni -
Dynamenella macrocephala 2
Dynamenalla ovalis -
Exosphaeroma pallidum 17
Exospaheroma truncatitelson 21
Janira extans -
Paranthura punctata -
Parisocladus perforatus 2
Parisocladus stimpsoni 3

MOLLUSCA

Arcidae -
Barnacle sp. -
Gastropod sp.1 -
Gastropod sp.2 -
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Appendix 7 continued

Epifauna
taxa

MZB1

Samples
MZB2

MZB3

Acanthochitona garnoti
Choromytilus meridionalis
Eatonidla nigra
Fissurella mutabillis
Helcion dunkiri

Littorina natalensis
Mytilus galloprovincialis
Perna perna
Siphonaria concinna
Scutellastra barbara
Tricolia neiitina

Tricolia capensis

NEMATODA

OSTRACODA

Ostracod sp.1
Ostracod sp.2
Ostracod sp.3

POLYCHAETA

Lumbrineris cavifrons
Marphysa corallina
Naineris laevigata
Nereis caudata
Odontosyllis polycera
Phyllodoce castanea
Platynereis dumerilii
Pomatoleios kraussii
Pseudonereis variegata
Syllis prolifera
Frubricinae
Polynoidae

TANAIDACEA

Apseudomorpha avicularia
Tanais philetaerus

1 H 1

o
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Appendix 8: Final sequence alignments
Gelidium pristoidesTS1

[ 10 20

[

CCTTCCGTAG GTGAACCTGC GGA
East London CCTTCCGTAG GTGAACCTGC GGA
Haga-Haga x 3 CCTTCCGTAG GTGAACCTGC GGA
Nelson Mandela Bay x5 CCTTCCGTAG GTGAACCTGC GGA
Skoenmakerskop x 2 CCTTCCGTAG GTGAACCTGC GGA
Sardinia Bay x 5 CCTTCCGTAG GTGAACCTGc GGA
NoordHoek x 2 CCTTCCGTAG GTGAACCTGC GGA
Port Alfred x 5 CCTTCCGTAG GTGaACCTGC GGA
Kenton-On-Sea x 2 CCTTCCGTAG GTGAACCTGC GGA
Port St. Johns x 5 CCTTCCGTAG GTGAACCTGC GGA
Keeurboomstrand x 5 CCTTCCGTAG GTGAaCCTGC GGA
Still Bay x 5 CCTTCCGTAG GTGAACCTGC GGA
Cape St. Francisx4  CcTTCCGTAG GTGAACCTGC GGA
Brenton-On-Sea x 4 CCittccgtag gtgaacCtGC GGA

Mossel Bay x 4 CCITCCGTAG GTGAACCTGC GGA
Muizenberg x 4 CCtTCCGTAG GTGAACCTGC GGA
Pringles Bay x 2 CCTTCCGTAG GTGAACCTGC GGA
Jeffreys Bay x 2 CCTtCcGtaG GtGAaCctgc GGA
Glentana x 4 CCTTCCGTAG GTGAACCIGC GGA
Buffels Bay x 2 CCTTCCGTAG GTGAACCTGC GGA
Beacon Island x3 CCTtCcGtaG GtGAaCctgc GGA

Hougham Park

[ 70 80
[ . .

Hougham Park AAA-CATCTT AGTATT-GAG CCG
East London AAA-CATCTT AGTATT-GAG CCG
Haga-Haga x 3 AAA-CATCTT AGTATT-GAG CCG
Nelson Mandela Bay x5 AAA-CATCTT AGTATT-GAG CCG
Skoenmakerskop x 2 AAA-CATCTT AGTATT-GAG CCG

Sardinia Bay x 5 AAA-CATCTT AGTATT-GAG CCG

30 40 50 60]

AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCaT TTTGATTTAA
AGGATCa TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA

[60]
[60]
[60]
[60]
(60]
[60]
[60]
[60]
[60]
[60]
[60]

AGGATCA TTCAAAGAAA AAACTATCAT TTTGAITTAA [60]

aGGAtCA TTCAAAGAAA AAACTAICAT TTTGATTTAA

[60]

AGGaTCA TTCaAAGaAA AAACTaTCaT TTTGATTTAA [60]

AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA

aGGatCA TtCAAagAAA AAACIATCAT TTTGATTTAA [60]

AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA
AGGATCA TTCAAAGAAA AAACTATCAT TTTGATTTAA

aGGatCA TtCAAagAAA AAACIATCAT TTTGATTTAA [60]

90 100 110

]

AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A

120]
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NoordHoek x 2
Port Alfred x 5
Kenton-On-Sea x 2

AAA-CATCTT AGTATT-GAG CCG

AAA-CATCTT AGTATT-GAG CCG
AAA-CATCTT AGTATT-GAG CCG

Port St. Johns x 5 AAA-CATCTT AGTATT-GAG CCG
Keeurboomstrand x 5 AAA-CATCTT AGTTTT-GAG CCG
Still Bay x 5 AAA-CATCTt AGTTtt-GAG CCG
Cape St. Francis x4  AAAACATCTT AGTTTT-GAG CCG
Brenton-On-Sea x 4 AAAACATCTT AGTTTT-GAG CCG
Mossel Bay x 4 AAAACATCTT AGTTTT-GAG CCG
Muizenberg x 4 AAA-CATCTT AGTTTT-GAG CCG
Pringles Bay x 2 AAA-CATCTT AGTTTT-GAG CCG
Jeffreys Bay x 2 AAA-CATCTT AGTTTT-GAG CCG
Glentana x 4 AAAACATCTT AGTTTT-GAG CCG
Buffels Bay x 2 AAA-CATCTT AGTTTT-GAG CCG
Beacon Island x 3 AAA-CATCTT AGTTTT-GAG CCG

[ 130 140

[
Hougham Park

AATCATATGA TATTGTTTTT AAT
East London AATCATATGA TATTGTTTTT AAT
Haga-Haga x 3 AATCATATGA TATTGTTTTT AAT
Nelson Mandela Bay x5 AATCATATGA TATTGTTTTT AAT
Skoenmakerskop x 2 AATCATATGA TATTGTTTTT AAT
Sardinia Bay x 5 AATCATATGA TATTGTTTTT AAT
NoordHoek x 2 AATCATATGA TATTGTTTTT AAT
Port Alfred x 5 AATCATATGA TATTGTTTTT AAT
Kenton-On-Sea x 2 AATCATATGA TATTGTTTTT AAT
Port St. Johns x 5 AATCATATGA TATTGTTTTT AAT
Keeurboomstrand x 5 AATCATATGA TATTGTTTTT AAT
Still Bay x 5 AATCATATGA TATTGTTTTt AAT
Cape St. Francis x4  AATCATATGA TATTGTTTTT AAT
Brenton-On-Sea x 4 AATCATATGA TATTGTTTTT AAT
Mossel Bay x 4 AATCATATGA TATTGTTTTT AAT
Muizenberg x 4 AATCATATGA TATTGTTTTT AAT
Pringles Bay x 2 AATCATATGA TATTGTTTTT AAT
Jeffreys Bay x 2 AATCATATGA TATTGTTTTT AAT
Glentana x 4 AATCATATGA TATTGTTTTT AAT
Buffels Bay x 2 AATCATATGA TATTGTTTTT AAT
Beacon Island x 3 AATCATATGA TATTGTTTTT AAT

AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
AAAA-TT CTGTTTTCTG TGCTCCTATT TTGTTTTT-A
150 160 170  180]
. . ]
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
THTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
TTTTCGT GCTCGAATTC AATCCACTTT TATTGTTTTT
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[ 190

[
Hougham Park

200

ACTATTAAAT ACTTTATTTT TTT
East London ACTATTAAAT ACTTTATTTT TTT
Haga Haga x 3 ACTATTAAAT ACTTTATTTT TTT
Nelson Mandela Bay x5 ACTATTAAAT ACTTTATTTT TTT
Skoenmakerskopx 2 ACTATTAAAT ACTTTATTTT TTT
Sardinia Bay x 5 ACTA{TAAAt ACTTTATTTT TTT
NoordHoek x 2 ACTATTAAAT ACTTTATTTT TTT
Port Alfred x 5 ACTATTAAAT ACTTTATTTT TTT
Kenton-On-Seax2  ACTATTAAAT ACTTTATTTT TTT
Port St. Johns x5~ ACTATTAAAT ACTTTATTTT TTT
Keeurboomstrand x5 ~ ACTATTAAAT ACTTTATTTT TTT
Still Bay x 5 ACTATTAAAT ACTTTATTTT TTT
Cape St. Francis x4 ~ ACTATTAAAT ACTTTATTTT TTT
Brenton-On-Seax4  ACTATTAAAT ACTTTATTTT TTT
Mossel Bay x 4 ACTATTAAAT ACTTTATTTT TTT
Muizenberg x 4 ACTATTAAAT ACTTTATTTT TTT
Pringles Bay x 2 ACTATTAAAT ACTTTATTTT TTT
Jeffreys Bay x 2 ACTATTAAAT ACTTTATTTT TTT
Glentana x 4 ACTATTAAAT ACTTTATTTT TTT
Buffels Bay x 2 ACTATTAAAT ACTTTATTTT TTT
Beacon Island x3 ~ ACTATTAAAT ACTTTATTTT TTT

[ 250

[
Hougham Park

260

AACTCGTAAC GGTGGATGTC TTG
East London AACTCGTAAC GGTGGATGTC TTG
Haga-Haga x 3 AACTCGTAAC GGTGGATGTC TTG
Nelson Mandela Bay x5 AACTCGTAAC GGTGGATGTC TTG
Skoenmakerskop x 2 AACTCGTAAC GGtGGATGTC TTG
Sardinia Bay x 5 AACTCGTAAC GGtGGATGTC TTG
NoordHoek x 2 AACTCGTAAC GGTGGATGTC TTG
Port Alfred x 5 AACTCGTAAC GGTGGATGTC TTG
Ki - 2 AACTCGTAAC GGTGGATGTC TTG
p, Appendice AACTCGTAAC GGTGGATGTC TTG
Keeurboomstrand x 5 AACTCGTAAC GGTGGATGTC TTG
Still Bay x 5 AACTCGTAAC GGTGGATGTC TTG
Cape St. Francis x4  AACTcGTAAC GgtgGatgtC ttG
Brenton-On-Sea x 4 AACtCGtAac GGtGGALGtC TtG

210 220 230  240]
. . . ]
TTATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
TTATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
TTATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
TTATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
TTATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
TTATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
TTATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
TTATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
TTATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
TTATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA

T-ATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA

[234]

T-ATATG TTTTTCTTGA CAATTT-AAC CAAGATAIAA [234]
T-AtATG tTTTTCTTGA CaATTT-AAC CaAGAIATAA [235]
T-ATATG TTTTtCTTGA CAATTT-AaC CAAgAIATAA [235]

T-ATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
T-ATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
T-ATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
T-ATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
T-ATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
T-ATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
T-ATATG TTTTTCTTGA CAATTT-AAC CAAGATATAA
270 280  290]
. . N

GCTCCCG CATCGATGAA GAACGCAGCA A [286]
GCTCCCG CATCgaTGAA GAACGCAGCA a [286]
GCTCCCG CATCGATGAA GAACGCAGCA A [286]
GCTCCCG CATCGAtgAA GAACGCAGCA A [286]
GCTCCCG CATCGATGAA GAACGCAGCA A [286]
GCTCCCG CATCgATgAA gAACGCAgCA A [286]
GCTCCCG CATCGATGAA GAACGCAGCA A [286]
GCTCCCG CATCGAIGAA GAACGCAGCA A [286]
GCTCCCG CATCGATGAA GAACGCAGCA A [286]
GCTCCCG CATCGATGAA GAACGCAGCA A [286]
GCTCCCG CATCGATGAA GAACGCAGCA A [285]
GCTCCCG CATCGATGAA GAACGCAGCA A [285]
GCtCCCg CATCgatGAA GAACGCaGCA A [286]
GCtCCCG CatcgaTGAA GAACGCAGCA A [286]
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AACTCGTAAC GGTGGATGTC TTG
AACTCGTAAC GGTGGATGTC TTG
AACTCGTAAC GGTGGATGTC TTG
AACTCGTAAC GGTGGATGTC TTG
AACTCGTAAC GGTGGATGTC TTG
AACTCGTAAC GGTGGATGTC TTG
AACTCGTAAC GGTGGATGTC TTG

Mossel Bay x 4
Muizenberg x 4
Pringles Bay x 2
Jeffreys Bay x 2
Glentana x 4
Buffels Bay x 2
Beacon Island x 3

END;

Gelidium pristoides Cox2-8pacer region

[ 10 20
[

Gonubie

East London

Port Alfred x 5
Kenton-On-Sea x 3
Port St. Johns x 5
Haga Haga x 5
Sardinia Bay x 4
Hougham Park
Cape St. Francis x 3
NoordHoek x 2

Still Bay x 4
Pringles Bay x 4
Muizenberg x 4
Glentana x 4

Cape Agulhas x 3
Buffels Bay x 2
Brenton-On-Sea x 3
Mossel Bay x 5

Ke ;
I Appendice

GGGGAAATGTGATGCCATTCCAGGT
GGGGAAATGTGATGCCATTCCAGGT
GGGGAAATGTGATGCCATTCCAGGT
GGGGAAATGTGATGCCATTCCAGGT
GGGGAAATGTGATGCCATTCCAGGT
GGGGAAATGTGATGCCATTCCAGGT
GGGGAAATGTGATGCAATTCCaGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGIGATGCAATTCCaGGa
GGGGAAATGIGATGCAATtCCaGGa
GGGGAAAGtGatGCaAtTCCaGGA
099GaAATGIGATGCaAtTCCaGGa
GGGGAAATGtGAtGCAATTCCaGGA
GGGGAAATGTGAtGCAATTCCaGGA
GGGGAAATGTGATGCAATTCCaGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCaATTCCaGGA
GGGGAAATGIGATGCaATTCCaGGA
ggggaaatgtgatGCaAtTCCaGGa
i i GGGGAAATGTGATGCAATTCCaGGA
Beacon Island x 3 GGGGAAATGTGATGCaATTCCaGGA
Skoenmakerskop x 2 GGgGAAATgtGATGCAALTCCaGGa
Nelson Mandela Bay x 3 GGGGAAATGTGATGCAATTCCaGGA

X3

GCTCCCG CATCgatGAA GAACGCAGCa a [286]
GCTCCCG CATCgatGAA GAACGCAGCA A [285]
GCTCCCg CATCGATGAA GAACGCAGCA A [285]
GCTCCCG CATCGATGAA GAACGCAGCA A [285]
GCTCCCG CATCGatGAA GAACGCAGCA A [286]
GCTCCCG CATCGATGAA GAACGCAGCA A [285]
GCTCCCG CATCGATGAA GAACGCAGCA A [285]

30 40 50
. : . ]
CGTTTAaaCCAAACTTCTC-HtATAAAAAGAGA [59]
CGTTTAaACCAAACTTCTC-TTTTATAAAAAGAGA [59]
CGTTTAAACCAAACTTCTCTTTTTATAAAAAGAGA [60]
CGTTTAAACCAAACTTCTCTTTTTATAAAAAGAGA [60]
CGTTTAAACCAAACTTCTCTTTTTATAAAAAGAGA [60]
CGTTTAAACCAAACTTCTCTTTTTATAAAAAGAGA [60]
AGATTAAATCaAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGA{TAAATCaAACTTCTTTATTTaTTaAACGTGA [60]
AGATtaAATCaAACTTCITIATTTATTAAACGTGA [60]
AGatTAAATCaAACTTCTTTaTTTaTTaAACGTGA [60]
AGATTAAATCaAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCaAACTTCTTTATTTATTAAACGTGA [60]
AGatTaAATCaAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCaAACTTCTTTaTTTaTTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCaAACTTCTTTATTTATTaAACGTGA [60]
AGATTAAaTCaAACTTCTTTATTTATTAAACGTGA [60]
AGatTAAATCaAACITCtTTaTTTaTTaAACgtGa  [60]
AGATTAAATCaAACTTCTTTATTTATTaAACGTGA  [60]
AGaTTAAATCaAACTTCTTTATTTATTAAACGTGA [60]
AGA(TaAATCaAACTTCHHAUTAAGACGTGA [60]
AGATTAAATCaAACTTCTTTATTTaTTaAACGTGA [60]

60]
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[ 70 80

[

Gonubie

East London

Port Alfred x 5
Kenton-On-Sea x 4
Port St. Johns x 5
Haga Haga x 5
Glentana x 4
Sardinia Bay x 4
Hougham Park
Cape St. Francis x 3
NoordHoek x 2

Still Bay x 4
Pringles Bay x 4
Muizenbergl x 4
Glentana x 3

Cape Agulhas x 3
Buffels Bay x 2
Brenton-On-Sea x 3
Mossel Bay x 5
Keeurboomstrand x 3
Jeffreys Bay x 2

AGGTGTtTACTACGGGCAATGCAGT
AGGTGTITACTACGGGCAATGCAGT
AGGTGTTTACTACGGGCAATGCAGT
AGGTGTTTACTACGGGCAATGCAGT
AGGTGTTTACTACGGGCAATGCAGT
AGGTGTTTACTACGGGCAATGCAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCaAtGtAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATAtTatGGCCAATGTAGT
GGGTTTATATTATGGCCaATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCaATGTAGT
GGGTTTATATTATGGCCaATGTAGT
GGGTTTATATTATGGCCaATGtAGT
GGGTTTATATTATGGCCaATGTAGT
Beacon Island x 3 GGGTTTATATTAtGGCCaATGtAGT
Skoenmakerskop x 2 GGGttTaTaTTATGGCCaATGtAGT
Nelson Mandela Bay x 3 GGGTTTATATTATGGCCaATGTAGT

[ 130 140

[ . .

Gonubie TGTTGTGGAAGCCGTTTCCTTACCG
East London TGTTGTGGAAGCCGTTTCCTTACCG
Port Alfred x 5 TGTTGTGGAAGCCGTTTCCTTACCG

TGTTGTGGAAGCCGTTTCCTTACCG
TGTTGTGGAAGCCGTTTCCTTACCG
TGTTGTGGAAGCCGTTTCCTTACCG

AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA

Kenton-On-Sea x 4
Port St. Johns x 5
Haga Haga x 5
Glentana x 4
Sardinia Bay x 4
Hougham Park
Cape St. Francis x 3
NoordHoek x 2

90 100 110  120]
. . . ]
GAAATTTGTGGTATAAATCATGGGTTTATGCCTAT
GAAATTTGTGGTATAAATCATGGGTTTATGCCTAT
GAAATTTGTGGTATAAATCATGGGTTTATGCCTAT
GAAATTTGTGGTATAAATCATGGGTTTATGCCTAT
GAAATTTGTGGTATAAATCATGGGTTTATGCCTAT
GAAATTTGTGGTATAAATCATGGGTTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
150 160 170  180]

. . . ]
CAATATATTTCTTGGGTTTCAAATAAATTGAGTGA
CAATATATTTCTTGGGTTTCAAATAAATTGAGTGA
CAATATATTTCTTGGGTTTCAAATAAATTGAGTGA
CAATATATTTCTTGGGTTTCAAATAAATTGAGTGA
CAATATATTTCTTGGGTTTCAAATAAATTGAGTGA
CAATATATTTCTTGGGTTTCAAATAAATTGAGTGA
AATTATATACATTGGATTTTTAATAAAATTAATGA
AATTATATACATTGGATTTTTAATAAAATTAATGA
AATTATATACATTGGATTTTTAATAAAATTAATGA
AATTATATACaTTGGATTTTTAATAAAATTAATGA
AATTATATACaTTGGATTTTTAATAAAATTAATGA
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Still Bay x 4
Pringles Bay x 4
Muizenberg x 4
Cape Agulhas x 3
Buffels Bay x 2
Brenton-On-Sea x 3
Mossel Bay x 5
Keeurboomstrand x 3
Jeffreys Bay x 2

AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA

AGTAGTTGAAGCAGTTACTTTACCA

AGTAGTTGAAGCAGTTACTTTACCA

AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCa

AGTAGTTGAAGCAGTTACTTTACCA

Beacon Island x 3 AGTAGTTGAAGCAGTTACTTTACCA

Skoenmakerskop x 2 AGTAGTTGAAGCAGTTACTTTACCA

Nelson Mandela Bay x 2 AGTAGTTGAAGCAGTTACTTTACCA

[ 190 200
[

Gonubie

East London

Port Alfred x 5
Kenton-On-Sea x 4
Port St. Johns x 5
Haga Haga x 5
Glentana x 4
Sardinia Bay x 4
Brenton-On-Sea x 3
Sardinia Bay x 3
Hougham Park
Cape St. Francis x 3
NoordHoek x 2
Still Bay x 4
Pringles Bay x 4
Muizenberg x 4
Glentana x 3
Cape Agulhas x 3
Buffels Bay x 2
Mossel Bay x 5
Keeurboomstrand x 2
Jeffreys Bay x 2

ATAATTTATATGAGATTATCAATCT
ATAATTTATATGAGATTATCAATCT
ATAATTTATATGAGATTATCAATCT
ATAATTTATATGAGATTATCAATCT
ATAATTTATATGAGATTATCAATCT
ATAATTTATATGAGATTATCAATCT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
ATAA---A-ATGAAATTATCTTTAT
Beacon Island x 3 ATAA---A-ATGAAATTATCTTTAT
Skoenmakerskop x 2 ATAA---A-ATGAAATTATCTTTAT
Nelson Mandela Bay x 3 ATAA---A-ATGAAATTATCTTTAT

AATTATATACATTGGATTTTTAATAAAATTAATGA [180]
AATTATATACATTGGATTTTTAATAAAATTAATGA [180]
AATTATATACATTGGATTTTTAATAAAATTAATGA [180]
AATTATATACATTGGATTTTTAATAAAATTAATGA [180]
AATTATATACATTGGATTTTTAATAAAATTAATGA [180]
AATTATATACATTGGATTTTTAATAAAATTAATGA
AATTATATACATTGGATTTTTAATAAAATTAATGA
AATTATATACATTGGATTTTTAATAAAATTAATGA [180]
AATTATATACATTGGATTTTTAATAAAATTAATGA
AATTATATACATTGGATTTTTAATAAAATTAATGA [180]
AATTATATACatTGGATTTTTAATAAAATTAATGA [180]
AATTATATACATTGGATTTTTAATAAAATTAATGA [180]

210 220 230  240]

]
CCCAAATCATATTTCIAGGATTTATCTTTTTTATA [230]
CCCAAATCATATTTCTAGGATTTATCTTT(TTATA [230]
CCCAAATCATATTTCTAGGATTTATCTTTTTTATA [230]
CCCAAATCATATTTCTAGGATTTATCTTTTTTATA [230]
CCCAAATCATATTTCTAGGATTTATCTTTTTTATA [230]
CCCAAATCATATTTCTAGGATTTATCTTTTTTATA [230]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTIG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTATTAAAGIAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAALTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAALAGTAATTTTTTTTTTG [226]
TTCAATTTTTTTTATTAATAGTAATTTTTTTTTTG [226]
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[ 250 260
[

Gonubie

East London

Port Alfred x 5
Kenton-On-Sea x 4
Port St. Johns x 5
Haga Haga x 5
Glentana x 4
Sardinia Bay x 4
Brenton-On-Sea x 3
Hougham Park
Cape St. Francis x 3
NoordHoek x 2
Still Bay x 4
Pringles Bay x 4
Muizenberg x 4
Cape Agulhas x 3
Buffels Bay x 2
Mossel Bay x 5
Keeurboomstrand x 3
Jeffreys Bay x 2

CTGATTTACCCTAATAAAATTTTTC
CTGATTTACCCTAATAAAATTTTTC
CTGATTTACCCTAATAAAATTTTTC
CTGATTTACCCTAATAAAATTTTTC
CTGATTTACCCTAATAAAATTTTTC
CTGATTTACCCTAATAAAATTTTTC
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGITTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTa
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATIC-AAAGGTTTTTTTa
TTTTTTTATTCTAAAGGTTTTTTTA
Beacon Island x 3 TTTTTTTATTCTAAAGGTTTTTTTA
Skoenmakerskop x 2 TTTTTTTATTCTAAAGGITTTTTTA
Nelson Mandela Bay x3 TTTTTTTATTCTAAAGGTTTTTTTA

[ 310 320
[

Gonubie

East London

Port Alfred x 5
Kenton-On-Sea x 4
Port St. Johns x 5
Haga-Haga x 5
Glentana x 4
Sardinia Bay x 4
Brenton-On-Sea x 3
Hougham Park
Cape St. Francis x 3
NoordHoek x 2

AAAT----GGTTTTTAAAATCAA-T
AAAT----GGTTTTTAaAATCAA-T
AAAT----GGTTTTTAAAATCAA-T
AAAT----GGTTTTTAAAATCAA-T
AAAT----GGTTTTTAAAATCAA-T
AAAT----GGTTTTTAAAATCAA-T
AAATAATCAIGTCTTTATCaCAAGT
AAATAATCATGTCTTTATCACAAGT
AAATAATCAIGTCTTTATCACAAGT
AAATAATCATGTCTTTATCACAAGT
AAATAATCAtGTCTTTATCACAAGT
AAATAaTCAIGICTTTATCaCAAGT

270 280 290 300]

. : . ]
CCGCAAAGATATCAAAATCTTTGCGGGGTCTTATC [290]
CCGCAAAGATATCaaAATCTTTGCGGGGTCTTATC [290]
CCGCAAAGATATCAAAATCTTTGCGGGGTCTTATC [290]
CCGCAAAGATATCAAAATCTTTGCGGGGTCTTATC [290]
CCGCAAAGATATCAAAATCTTTGCGGGGTCTTATC [290]
CCGCAAAGATATCAAAATCTTTGCGGGGTCTTATC [290]

TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT [290]
TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT [290]
TTCGAACTATTTIAAAATTTTTTAAAAAAATATAT [290]
TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT [290]
TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT [290]
TTCGAACTATTTTAAAATTTTTTAAaAAAATaTat [290]

TTCGAaCTATTTTAAAATTTTTTAAAAAAATATaAT [290]
TTCGAACTATTTTAAAATTTTTTAAAAAAATATaAT [290]
TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT [290]
TTCGAACTATTTIAAAAITTTTTAAAAAAATATAL [290]

TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT [290]
TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT [290]

TTCGAaCTATTTIAAAATTTTTIAAAAAAATATaT [290]
TTCGAaCTATTTIAAAATTTTTTAAAAAAAtATat [290]
TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT [290]
TICGAACTATTTtAAAATTTITTAAAAAAATaTat [290]
TTCGAaCTATTTIAAAATTTTTTAAAAAAATATat [290]

330 340 350 360]

]
TTCTAAAAATTCGAAATAAACTTAATATGACTCTT [350]
TTCTAAAAATTCGAAATAAACTTAATATGACTCTT [350]
TTCTAAAAATTCGAAATAAACTTAATATGACTCTT [350]
TTCTAAAAATTCGAAATAAACTTAATATGACTCTT [350]
TTCTAAAAATTCGAAATAAACTTAATATGACTCTT [350]
TTCTAAAAATTCGAAATAAACTTAATATGACTCTT [350]

TTCTAAAAAT [325]
TTCTAAAAAT [325]
TTCTAAAAAT [325]
TTCTAAAAAT [325]
TTCTAAAAAT [325]
TTCTAAAAAL [325]
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AAATAALCaTGTCTTTATCaCAATT
AAATAATCAIGTCTTTATCaCAAGT
AAATAATCATGTCTTTATCACAAGT

AAATAAICAtGTCTTTATCaCAAGT

AAATAATCATGTCTTTATCACAAGT

AAATAATCATGTCTTTATCaCAAGT
AAATAALCatGtCTTTAtCaCAAGT

AAATAATCaTGTCTTTATCACAAGT

Beacon Island x 3 AAATAATCATGTCTTTATCACAAGT

Skoenmakerskop x 2 AAAtAaTCATGTCTTTATCaCAAgT

Nelson Mandela Bay x 3 AAATAAtCaTGTCTTTATCACAAGT

Still Bay x 4
Pringles Bay x 4
Muizenberg x 4
Cape Agulhas x 3
Buffels Bay x 2
Mossel Bay x 5
Keeurboomstrand x 3
Jeffreys Bay x 2

[ 370 380
[

Gonubie

East London

Port Alfred x 5
Kenton-On-Sea x 3
Port St. Johns x 5
Haga-Haga x 5
Kenton-On-seab

TTATCTCAAaTTTCTAAATCTGTAC
TTATCTCAAATTTCTAAATCIGTAC
TTATCTCAAATTTCTAAATCTGTAC
TTATCTCAAATTTCTAAATCTGTAC
TTATCTCAAATTTCTAAATCTGTAC
TTATCTCAAATTTCTAAATCTGTAC
TTATCTCAAATTTCTAAATCTGTAC

Glentanax 4 = -eeeecmecmemeeeeee- ATAC
SardiniaBay x4 =~ --m--meemeeeeeeeeee- ATAC
Brenton-On-Sea x 3 -----------mm--momme- ATAC
Hougham Park ~ —=--emmemmmemmeeee ATAC
Cape St. Francis X 3 -----==-=-mmmcmmmeeee ATAC
NoordHoek X 2 ==mmmmmmmmmmeeoenes ATAC
Still Bay x4~ mmeeemeeeeeeeeeeee ATaC
Pringles Bay X 4 ~ --------mmeemememeeen ATAC
Muizenberg X 4~ seeemmmeemmeeeen ATAC
Cape Agulhas x 3~ =----mmmmmmmmeeeeee ATAC
Buffels Bay X 2 =~ ----mem-mememeeeeeen ATAC
Mossel Bay X5~ mmeeemeemeeeeeeee- ATaC
Keeurboomstrand X 3~ ----------------mmmo- ATaC
Jeffreys Bay X 2 —---mmmemmmmeeeeeee- ATAC
Beacon Island x 3~ --------meememeeee o ATaC
Skoenmakerskop X 2 ----memmmeeeeeeeen ATAC
Nelson Mandela Bay X 3 ----------=--------—- ATAC

END;

TTCTAAAAAT [325]
TTCTAAAAAT [325]
TTCTAAAAAT [325]
TTCTAAAAAT [325]
TTCTAAAAAT [325]
TTCTAAAAAT [325]
TtCtAAAAAL [325]

TTCTAAAAAT [325]
TTCTAAAAAL [325]
TTCTAAAAAT [325]
TTCTAAAAAT [325]

390 ]

- ]
AGCGACATCCATTC [389]
AGCGACATCCATtc [389]
AGCGACATCCATTC [389]
AGCGACATCCATTC [389]
AGCGACATCCATTC [389]
AGCGACATCCATTC [389]
AGCGACATCCATTC [389]
AACGACaTCCATTC [368]
AACGACATCCATTC [368]
AACGACaTCCATTC [368]
AACGACaTCCATTC [368]
AACGACaTCCATTC [368]
aACGaCaTCCATTC [368]
AaCgaCatCCaTTC [368]
AACGACaTCCATtC [368]
AACGACATCCATTC [368]
AACGACaTCCATTC [368]
AACGACATCCATTC [368]
AaCGaCAtCCaTtC [368]
AaCGaCaTccattc [368]
AACGACaTCCATTC [368]
AACGaCatCCaTtC [368]
aACGaCatCCATtC [368]
AACGACaTCCATTC [368]
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Hypnea spicifera ITS1

[ 10 20
[ . .
Buffels Bay x 2 CCTTCCGTAG GTGAACCtGc GGA
Haga-Haga x 4 CCTTCCGTAG GTGAACCTGc GGA
Nelson Mandela Bay x 2 CCTTCCGTAG GTGAACCTGC GGA
Sardinia Bay x 5 CCTTCCGTAG GTGAACCTGC GGA
Ngazana x 4 CCITCCGTAG GtGAACCTGc GGA
Hougham Park x 4 CCTTCCGTAG GTGAACCTGC GGA
Keeurboomstrand x 5 CCTTCCGTAG GTGAACCTGC GGA
Camps Bay x 5 CCTTCCGTAG GTGAACCIGC GGA
Glentana x 5 CCTTCCGTAG GTGAACCTGC GGA
Brenton-On-Sea x 5 CCTTCCGTAG GTGAACCTGC GGA
Cape Agulhas x 5 CCTTcCGtAG GTGAACCtGC GGA
Muizenberg x 5 CCTTCCGTAG GTGAACCTGC GGA
Cape Hangklip x 5 CCTTCCGTAG GTGAACCTGC GGA
Kenton-On-Sea x 4 CCTTCCGTAG GTGAACCTGC GGa
Shaka’s Rock x 4 CCTTCCGTAG GTGAACCTGC GGA
Coffee Bay x 5 CCTTCCGTAG GTGAACCTGC GGA
Port St. Johns x 5 CCTTCCGTAG GTGAACCTGC GGA
Southbroom x 4 CCTTCCGTAG GTGAACCTGC GGA

[ 70 80
[ . .
Buffels Bay x 2 TTTCGGGAGT CGCATACTTG CAA
Haga-Haga x 4 TTTCGGGAGT CGCATACTTG CAA
Nelson Mandela Bay x 2 TTTCGGGAGT CGCATACTTG CAA
Sardinia Bay x 5 TTTCGGGAGT CGCATACTTG CAA
Ngazana x 4 TTTCGGGAGT CGCATACTTG CAA
Hougham Park x 4 TTTCGGGAGT CGCATACTTG CAA
Keeurboomstrand x 5 TTTCGGGAGT CGCATACTTG CAA
Camps Bay x 5 TTTCGGGAGT CGCATACTTG CAA
Glentana x 5 TTTCGGGAGT CGCATACTTG CAA
Brenton-On-Sea x 5 TTTCGGGAGT CGCATACTTG CAA
Cape Agulhas x 5 TTTCGGGAGT CGCATACTTG CAA
Muizenberg x 5 TTTCGGGAGT CGCATACTTG CAA
Cape Hangklip x 5 TTTCGGGAGT CGCATACTTG CAA
Kenton-On-Sea x 4 TTTCGGGAGT CGCATACTTG CAA

30 40 50  60]
. . ]
aGGatCA TTCataGtGt GtGaGCGAGC GTGTTGATTC [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC  [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC  [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC  [60]
AGGATCA TTCATAGIGT GTGAGCGAGC GTGTTGATTC [60]
AGGATCA TTCAIAGTGT GTGAGCGAGC GTGTTGATTC [60]
AGGaTCcA tTcaTAGTGT GTGAGCGAGC GTGTTGATTC [60]
AGGALCA tTCATAGTGT GTGAGCGAGC GTGTTGATTC  [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC [60]
aGgaTCA TTCATAGIGt GTGAGCGAGC GTGTTGATTC [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC  [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC  [60]
AGGATCA TTCATAGTGT GTGAGCGAGC GTGTTGATTC [60]

90 100 110 120]

. . ]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTCt [119]

ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTC- [118]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTC- [118]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTC- [118]

ATACTTT TTTATTTCCG tGAACIATTt ATaCAACTCT [120]

ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTC- [118]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTCT [119]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTC- [118]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTCT [119]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTCT [119]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTCT [119]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTCT [119]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTCT [119]
aTACTTT TT-ATTTCCG TGAACTATTT ATACAACTCT [119]
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Shaka’'s Rock x 4
Coffee Bay x 5
Port St. Johns x 3
Port St. Johns x 2
Southbroom x 4

TTTCGGGAGT CGCATACTTG CAA
TTTCGGGAGT CGCATACTTG CAA
TTTCGGGAGT CGCATACTTG CAA
TTTCGGGAGT CGCATACTTG CAA

TTTCGGGAGT CGCATACTTG CAA

[ 130 140

[

Buffels Bay x 2 TTTTTTTT-- ATTACAA-CC ATT
Haga-Haga x 2 TTTTTTTA-- ATTACAA-CC ATT
Haga-Haga x 2 TTTTTTTT-- ATTACAA-CC ATT
Nelson MandelaBay x2 TTTTTTTT-- ATTACAA-CC ATT

Sardinia Bay x 4 TTTTTTTT-- ATTACAA-CC ATT

Sardinia Bay -TTTTTTA-- ATTACAA-CC ATT
Ngazana x 2 TTTTTTTt-- ATTaCAa-CC aTt
Ngazana x 2 TTTTTTTT-- ATTACAA-CC ATT

TTTTTTTA-- ATTACAA-CC ATT
TTTTTTTT-- ATTACAA-CC ATT
TTTTTTTT-- ATTACAA-CC ATT
TTTTTTTT-- ATTACAA-CC ATT
TTTTTTTT- ATtACAa-CC aTt
TTTTTTTT-- ATTACAA-CC ATT
TTTTTTTT-- ATTACAa-CC aTt
TTTTTTTT-- ATTACAA-CC ATT
TTTTTTTT-- ATTACAa-CC ATt
TTTTTTTT-- ATTACAA-CC ATT
TTTTTTTT-- ATTACAA-CC ATT
TTTTTTTT-- ATTACaA-CC aTT
TTTTTTTT-- ATTACAA-CC ATT
TTTTTTTT-- ATTACAA-CC ATT
-TTTTTTT-- ATTACAA-CC ATT
TTTTTTTT-- ATTACAA-CC ATT
TTTTTTTT-- ATTACAA-CC ATT
TTTTTTTT-- ATTACAA-CC ATT
-TTTTTTT-- ATTACAA-CC ATT
TTTTTTTA-- ATTACAA-CC ATT

Hougham Park x 3
Hougham Park
Keeurboomstrand x 5
Camps Bay x 5
Glentana x 4
Glentana
Brenton-On-Sea x 5
Cape Agulhas x 5
Muizenberg x 4
Muizenberg

Cape Hangklip x 5
Kenton-On-Sea x 2
Kenton-On-Sea x 2
Shaka’s Rock x 2
Shaka’s Rock x 2
Coffee Bay x 5

Port St. Johns x 3
Port St. Johns x 2
Southbroom x 2
Southbroom x 2

ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTC- [118]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTC- [118]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTC- [118]
ATACTTT TTTATTTCCG TGAACTATTT ATACAACTCT [120]
ATACTTT TT-ATTTCCG TGAACTATTT ATACAACTC- [118]

150 160 170  180]

. . . ]

GAACCCA AAAAAAA--- CATACaACAC ACAAATAATT [173]
GAACCCA AAAAAAAA-- CATACAACAC ACAAATAATT [173]
GAACCCA AAAAAAA--- CATACAACAC ACAAATAATT [174]
GAACCCA AAAAAAA--- CATACAACAC ACAAATAATT [172]
GAACCCA AAAAAAA--- CATACAACAC ACAAATAATT [172]
GAACCCA AAAAAAAA-- CATACAACAC ACAAATAATT [172]
GAaCCCA AAAAAAA--- CATACAACAC ACAAATAATT [174]
GAACCCA AAAAAAAA-- CATACAACAC ACAAATAATT [174]
GAACCCA AAAAAAAA-- CATACAACAC ACAAATAATT [173]
GAACCCA AAAAAAA--- CATACAACAC ACAAATAATT [174]
GAACCCA AAAAAAA--- CATACAACAC ACAAATAATT [173]
GAACCCA AAAAAAA--- CATACAACAC ACAAATAATT [173]
GAACCCA AAAAAAAA-- CATACAACAC ACAAATAATT [174]
GAACCCA AAAAAAAAAA CATACAACAC ACAAATAATT [176]
GAaCCCA AAAAAAAa-- CATACAACAC ACAAATAATT [174]
GAACCCA AAAAAAA--- CATACAACAC ACAAATAATT [173]
GAACCCA AAAAAAA--- CATACAACAC ACAAATAATT [173]
GAACCCA AAAAAA-—-- CATACAACAC ACAAATAATT [172]
GAACCCA AAAAAAA--- CATACAACAC ACAAATAATT [173]
GaACCCA AAAAAAa--- CaTaCAaCAc aCAAATaATt [173]
GAACCCA AAAAAAAA-- CATACAACAC ACAAATAATT [174]
GAACCCA AAAAAAAA-- CATACAACAC ACAAATAATT [173]
GAACCCA AAAAAAAAAA CATACAACAC ACAAATAATT [174]
GAACCCA AAAAAAAA-- CATACAACAC ACAAATAATT [173]
GAACCCA AAAAAAAAA- CATACAACAC ACAAATAATT [174]
GAACCCA AAAAAAAA-- CATACAACAC ACAAATAATT [175]
GAACCCA AAAAAAAA-- CATACAACAC ACAAATAATT [172]
GAACCCA AAAAAAAAA- CATACAACAC ACAAATAATT [174]
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[ 190 200
[ . .
Buffels Bay x 2 ATTATACaAC CCGtGaCGGt Gga
Haga-Haga x 5 ATTATACAAC CCGtGACGGt GGA
Nelson Mandela Bay x 2 ATTATACAAC CCGTGACGGT GGA
Sardinia Bay x 5 ATTATACAAC CCGTGACGGT GGA
Ngazana x 4 ATTATACAAC CCGTGACGGT GGA
Hougham Park x 4 ATTATACAAC CCGtGACGGt GGA
Keeurboomstrand x 5 ATTATACAAC CCGTGACGGT GGA
Camps Bay x 5 ATTATACAAC CCGTGACGGT GGA
Glentana x 5 ATTATACAAC CCGTGACGGT GGA
Brenton-On-Sea x 5 attaTACAaC CCgTGACGGT GGA
Cape Agulhas x 5 ATTATACAAC CCGtGaCGGt GGa
Muizenberg x 5 ATTATACAAC CCGtGACGGT GGA
Cape Hangklip x 5 ATTATACAAC CCGTGACGGT GGA
Kenton-On-Sea x 4 ATTatACAac ccGtgAcGGt GGa
Shaka’s Rock x 4 ATTATACAAC CCGTGACGGT GGA
Coffee Bay x 5 ATTATACAAC CCGTGACGGT GGA
Port St. Johns x 5 ATTATACAAC CCGTGACGGT GGA
Southbroom x 4 ATTATACAAC CCGTGACGGT GGA

END;

Hypnea spicifera Cox2-8pacer region

[ 10 20
[

Haga-Haga x 5
Brenton-On-Sea x 3
Buffels Bay x 2
Camps Bay x 4
Hougham Park x 4
Cape Agulhas x 4
Glentana x 4

Cape Hangklip x 4
Muizenberg x 4
Kenton-On-Sea x 3
Sardinia Bay x 4

GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCaGGA
0999aaaTGTGATGCaATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA

210 220 230]

. . ]
taActaG GtTTCaGCaT CgaTGaAgAA CgCaGCAA [231]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [231]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [230]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [230]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGcAa [232]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [231]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [231]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [231]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [232]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [232]
TAaCTaG GTTtCaGCat CGatGAAGAA CGCAGCAA [231]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [231]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [231]
tAactaG GTttcagcaT CgatGAAGAA cGcaGCAA [231]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [231]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [231]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [232]
TAACTAG GTTTCAGCAT CGATGAAGAA CGCAGCAA [230]

30 40 50  60]

. : . ]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA [60]
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GGGGAAATGIGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA
GGGGAAATGTGATGCAATTCCAGGA

Ngazana x 4

Coffee Bay x 4
Southbroom x 4

Port St. Johns x 5
Keeurboomstrand x 4
Shaka’'s Rock x 5

[ 70 80
[

Haga-Haga x 5
Brenton-On-Sea x 3
Buffels Bay x 3
Camps Bay x 4
Hougham Park x 4
Cape Agulhas x 4
Glentana x 4

Cape Hangklip x 4
Muizenberg x 4
Kenton-On-Sea x 3
Sardinia Bay x 4
Ngazana x 4

Coffee Bay x 4
Southbroom x 5

Port St. Johns x 5
Keeurboomstrand x 4
Shaka’s Rock x 5

GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT
GGGTTTATATTATGGCCAATGTAGT

[ 130
[

Haga-Haga x 5
Brenton-On-Sea x 3
Buffels Bay x 2
Camps Bay x 4
Hougham Park x 4
Cape Agulhas x 4
Glentana x 4

Cape Hangklip x 4
Muizenberg x 4
Kenton-On-Sea x 3
Sardinia Bay x 4

140

AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA

AGATTAAATCAAACTTCTTTATTTATTAAACGTGA
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA
AGATTAAATCAAACTTCTTTATTTATTAAACGTGA
90 100 110  120]
]

GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
GAAATTTGTGGTATTAATCATGGATTTATGCCTAT
150

160 170

]
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T

180]
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60]
60]
60]
60]
60]
60]

— e ——

[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]

[180]
[180]
[180]
[180]
[180]
[180]
[180]
[180]
[180]
[180]
[180]
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AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA
AGTAGTTGAAGCAGTTACTTTACCA

Ngazana x 4

Coffee Bay x 4
Southbroom x 5

Port St. Johns x 5
Keeurboomstrand x 4
Shaka’'s Rock x 5

[ 190 200

[

Haga-Haga x 5
Brenton-On-Sea x 3
Buffels Bay x 2
Camps Bay x 4
Hougham Park x 4
Cape Agulhas x 4
Glentana x 4

Cape Hangklip x 4
Muizenberg x 4
Kenton-On-Sea x 3
Sardinia Bay x 4
Ngazana x 4

Coffee Bay x 4
Southbroom x 4
Port St. Johns x 5
Keeurboomstrand x 4
Shaka’s Rock x 5

GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT
GAATAAAATGAAATTATCTTTATTT

[ 260
[

Haga-Haga x 5
Brenton-On-Sea x 3
Buffels Bay x 2
Camps Bay x 4
Hougham Park x 4
Cape Agulhas x 4
Glentana x 4

Cape Hangklip x 4
Muizenberg x 4
Kenton-On-Sea x 3
Sardinia Bay x 4

270

TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA

AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
AATTATATA-CATTGGATTTTTAATAAAATTAA-T
210 230 240  250]
]

CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAACTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
CAATTTTTTTTATT--AATAGTAATTTTTTTTTTG
280

290 300

]
TAAAAT
TAAAAT
TAAAAT
TAAAAT
TAAAAT
TAAAAT
TAAAAT
TAAAAT
TAAAAT
TAAAAT
TAAAAT

310]

TTCGAACTAT
TTCGAACTAT
TTCGAACTAT
TTCGAACTAT
TTCGAACTAT
TTCGAACTAT
TTCGAACTAT
TTCGAACTAT
TTCGAACTAT
TTCGAACTAT
TTCGAACTAT

139

TAAAAAAATATAT
TAAAAAAATATAT
TAAAAAAATATAT
TAAAAAAATATAT
TAAAAAAATATAT
TAAAAAAATATAT
TAAAAAAATATAT
TAAAAAAATATAT
TAAAAAAATATAT
TAAAAAAATATAT
TAAAAAAATATAT

[180]
[180]
[180]
[180]
[180]
[180]

[248]
[248]
[248]
[248]
[248]
[248]
[248]
[248]
[248]
[248]
[248]
[248]
[248]
[248]
[248]
[248]
[248]

[310]
[310]
[310]
[310]
[310]



Appendice

TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA
TTTTTTTATTCTAAAGGTTTTTTTA

Ngazana x 4

Coffee Bay x 4
Southbroom x 5

Port St. Johns x 3
Keeurboomstrand x 3
Shaka’'s Rock x 5

[ 320 330
[

Haga-Haga x 2
Haga-Haga x 3
Brenton-On-Sea x 3
Buffels Bay x 2
Camps Bay x 4
Hougham Park x 4
Cape Agulhas x 4
Glentana x 4

Cape Hangklip x 4
Muizenberg x 4
Kenton-On-Sea x 3
Sardinia Bay x 4
Ngazana x 4

Coffee Bay x 4
Southbroom x 5
Port St. Johns x 4
Port St. Johns
Keeurboomstrand x 4
Shaka’s Rock x 5

AAATAATCATGTCTTTAGCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTAGCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT
AAATAATCATGTCTTTATCAC-AAGT

END;

TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT

TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT

TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT

TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT

TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT

TTCGAACTATTTTAAAATTTTTTAAAAAAATATAT
340 350 360]

]
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC

[363]
[363]
[363]
[363]
[363]
[363]
[363]
[363]
[363]
[363]

TTCTAAAAATATACAACGACATCCTTIC [363]

TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC
TTCTAAAAATATACAACGACATCCTTTC

140

[363]

310
310
310
310
310
310
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