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The genus Spongites (Corallinales, Rhodophyta) in South Africa



Chapter 1: General introduction

1. General introduction

1.1.  Introduction

1.1.1. Distribution and habitat

Coralline red algae (Corallinales, Hapalidiales, Sporolithales: Corallinophycidae, Rhodophyta)
are widespread and common in all the world’s oceans (Adey & Mclintyre 1973; Johansen 1981;
Littler et al. 1985; Bjork et al. 1995; Aguirre et al. 2007; Harvey & Woelkerling 2007; Littler
& Littler 2013). They achieve their highest diversity in the tropics and subtropics (Bjork et al.
1995; Littler & Littler 2013; Riosmena-Rodriguez et al. 2017), and within the photic zone of
rocky shores (Lee 1967; Littler 1973; Adey 1978; Adey et al. 1982; Steneck 1986; Kendrick
1991; Kaehler & Williams 1996; Gattuso et al. 2006; van der Heijden & Kamenos 2015;
Riosmena-Rodriguez et al. 2017) where-they serve asimportant carbonate structures (Adey et
al. 1982; Littler & Littler 1994, 1997; Vermeij-et-al- 2011)-and habitats for a host of marine
species (Foster 2001; Amado-Filho et al. 2010; Foster et al. 2013; Littler & Littler 2013;
Riosmena-Rodriguez et al. 2017)." Coralline algae are resilient, inhabiting extreme conditions
that include: low temperatures (Adey: 1970,11973; Freiwald &.Hendrich 1994; Barnes et al.
1996; Freiwald 1996; Aguirre et al. 2000; Roberts et'al. 2002; Bjork et al. 2005; Martone et
al. 2010); limited light exposures (Adey 1970; Littler & Littler 1985; Littler et al. 1985; Liddell
& Ohlhorst 1988; Dullo et al. 1990; Littler & Littler 1994; Iryu et al. 1995; Stellar and Foster
1995; Gattuso et al. 2006; Aguirre et al. 2007; Littler & Littler 2013); severe wave action
(Steneck 1989; Littler & Littler 2013); intense grazing pressures (Steneck 1989; Steneck &
Dethier 1994; Maneveldt & Keats 2008; Littler & Littler 2013), highly fluctuating salinities
(Harlin et al. 1985; Barry & Woelkerling 1995; Barnes et al. 1996; Wilson et al. 2004);
including occurring in freshwater (Zuljevic et al. 2016), and constant sand scouring (Littler &

Littler 1984; D’ Antonio 1986; Kendrick 1991; Chamberlain 1993; Dethier 1994).
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Their ability to inhabit such harsh conditions allow them to colonise a host of substrates that
include being: epilithic on stable, primary bedrock (Adey 1971; Adey & Mclintyre 1973; Adey
etal. 1976; Wray 1977; Steneck 1986; Bosence 1991) as well as on unstable boulders, cobbles
and pebbles (Bosence 1991; Maneveldt & van der Merwe 2012); epizoic on molluscan shells
(Adey 1971; Steneck 1986; Steneck & Paine 1986; Nelson 2009; Eager et al. 2015); epiphytic
on other algae (Steneck 1986; Reyes & Afonso-Carrillo 1995; Kjgsterud 1997; Beavington-
Penney et al. 2004; Morcom et al. 2005; Nelson 2009; Browne et al. 2013); and epigenous on
various artificial substrates (Nelson 2009; Eager et al. 2015). Additionally, corallines may
occur unattached in any and all of the environments they are encountered (Bosellini &
Ginsburg 1971; Bosence 1983; Iryu 1985; Iryu et al. 1995; Foster et al. 2013; Riosmena-
Rodriguez et al. 2017), as well as_being parasttic or.semi-endophytic in other corallines
(Johansen 1976; Noble and Kraft 1983; Goff & Coleman-1985; Keats 1995; Broadwater et al.

2002; Zuccarello et al. 2004; Blouin & Lane 2012; Preuss et al. 2017).

1.1.2. Ecological importance

Coralline algae are important sources: of sediments (Wray 1977; Johansen 1981; Littler &
Littler 2013), of primary production (Hagen 1999; Chisholm 2003; Gattuso et al. 2006; Martin
et al. 2013; Burdette et al. 2014) and of food for many herbivores (Branch 1971; Carpenter
1981; Steneck 1982, 1983, 1985; Littler et al. 1995; Maneveldt & Keats 2008; Maneveldt et
al. 2008). They are regarded as one of the largest stores of carbon in the biosphere (Martin et
al. 2007; Littler & Littler 2013), serving as important reef cementers by contributing to reef
building and to the conservation of healthy reefs (Littler & Littler 1994, 1997; Vermeij et al.
2011). Coralline algae are critical for local biodiversity as their protuberant growth forms
increase the surface area for the colonisation and settlement of a host of invertebrate species

(Amado-Filho et al. 2010; Foster et al. 2013; Littler & Littler 2013). Most recently coralline
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algae have even been identified as useful indicators of biomineral changes resulting from global
climate change (Adey 1998; Nelson 2009; Basso 2012; Quaranta et al. 2012; Krayesky-Self et
al. 2017) and ocean acidification (Nelson 2009; Quaranta et al. 2012), as well as serving as
temporary microhabitats for several endolithic microalgal stages (Felder et al. 2014; Fredericq
et al. 2014; Krayesky-Self et al. 2016, 2017), some of which are of public health concern

(Krayesky-Self et al. 2017).

1.2.  Kinds of coralline algae

Although having no taxonomic basis (Cabioch 1972, 1988; Bailey and Chapman 1998; Bailey
1999; Bittner et al. 2011; Kato et al. 2011; Janot & Martone 2018), coralline algae may be
separated into either geniculate (articulated) or non-geniculate (encrusting, crustose) (Johansen
1981; Woelkerling 1988) forms. Geniculate corallines are-flexible and branched, consisting of
alternating shorter uncalcified (genicula or joints) segments and longer calcified (intergenicula)
segments (Johansen 1981; Woelkerling 1988). Non-geniculate corallines lack the uncalcified
genicula and thus are completely. calcified, except for itheir. outermost meristematic and

reproductive cells (Johansen 1981; Woelkerling 1988).

Taxonomic relationships based on the presence or absence of genicula was initially proposed
by Kutzing (1843) and much later supported by Desikachary et al. (1998) who placed the
geniculate taxa and the non-geniculate taxa into the families Corallinaceae and Spongitaceae
(this latter name proposed by Kiitzing [1843]) respectively. This argument, however, never
gained general acceptance and even before Desikachary et al. (1998), several studies (e.g.
Cabioch 1972, 1988; Woelkerling 1988) already showed these characters to have no taxonomic
basis for separating taxa. Molecular evidence (e.g. Bailey and Chapman 1998; Bailey 1999;

Bittner et al. 2011; Kato et al. 2011; Janot & Martone 2018) has subsequently confirmed our
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current understanding. Even so, the presence or absence of genicula is the most easily

recognisable feature.

1.3.  Habitus of non-geniculate coralline algae

1.3.1. Attached vs. free-living forms

Like most other seaweeds, non-geniculate coralline algae are largely epilithic, occurring as
encrustations on primary bedrock and other hard substrates (Johansen 1981; Woelkerling 1988;
Andrew 1993; Connell 2005). Under exposed conditions and/or in the absence of hard
substrates, they may also occur as free-living rhodoliths (nodules, rhodolites, maérl, red algal
balls, algaliths) (Adey & Maclintyre 1973; Wray 1977; Bosence 1991; Foster 2001; Aguirre et
al. 2007; Foster et al. 2013; Riosmena=Rodriguez et-al. 2017). Rhodoliths are a result of
attached non-geniculate coralline-algae breaking off ‘and-continuing as roughly spherical
growth forms due to wave action and bioturbation (Stellar & Foster 1995; Harrington et al.

2004; Littler & Littler 2013).

1.3.2. Growth forms

Non-geniculate coralline algae display a range of morphologies, from fast growing thin, sheet-
like crusts to slow growing thick pavers. They have a high level of phenotypic plasticity — a
single species may have numerous morphologies and alternatively many species may display
the same morphology (Steneck & Adey 1976; Wilks & Woelkerling 1991; Woelkerling &
Harvey 1993; Womersley 1996; Harvey & Woelkerling 2007; Maneveldt & Keats 2008;
Bittner et al. 2011). Despite their phenotypic plasticity, consistent applications of growth
forms terminologies (unconsolidated, encrusting, warty, lumpy, fruticose, discoid, layered,
foliose, ribbon-like, arborescent; see Woelkerling et al. 1993) are now encouraged to promote

a universal understanding of observed coralline morphologies.
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1.4.  Taxon delineation

Mikael Foslie and Franz Heydrich were the pioneers of coralline algal taxonomy, describing
some 470 specific and 84 intraspecific taxa between 1895 and 1911. The delineations and
descriptions of taxa in their early works were based solely on external morphological
differences between species, with little emphasis on reproductive features (Bailey & Chapman
1996). Subsequent to these authors, greater emphasis was placed on the vegetative anatomy
and on development, and more importantly on the reproductive features (e.g. Lemoine 1911;
Setchell 1943; Adey 1970; Cabioch 1971, 1972, 1988; Johansen 1976, 1981; Lebednick 1977;
Turner & Woelkerling 1982; Chamberlain 1993, 1994a, b). During this intermediate phase in
coralline taxonomy there was a progressive shift from placing greater emphasis on external
morphology (e.g. growth form, trichoeyte arrangement, etc.) and vegetative features (e.g.
absence/presence of cell fusions vs: that of secondary-pit connections) (e.g. Adey 1970;
Cabioch 1972), to placing greater emphasis on reproductive features (e.g. Johansen 1981;
Woelkerling 1988; Penrose & Woelkerling 1988; Harvey & Woelkerling 2007; Farr et al.

2009).

The most recent phase in coralline taxonomy, initially pioneered by Bailey & Chapman (1996,
1998), saw DNA sequence comparisons used to resolve phylogenies. A great advance,
beginning in the late 2000s was using DNA sequences generated from type specimens
(Gabrielson et al. 2011; Hind et al. 2014a, b; van der Merwe et al. 2015, Maneveldt et al. 2017;
Caragnano et al. 2018), to apply species names to specimens, rather than morphological and
anatomical similarity. The use of comparative sequences from type (preferably) or ‘topotype’
and recently collected material to assign names soon became the expected norm. For
phylogenetic analyses, initially only one (e.g. Bailey & Chapman 1996, 1998, Bailey 1999;

Harvey et al. 2003; Bailey et al. 2004; Martone et al. 2012) or two (e.g. Kim et al. 2007; Broom
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et al. 2008; Kato et al. 2011; Hind et al. 2014b, Pefia et al. 2014, 2015; van der Merwe et al.
2015; Maneveldt et al. 2017) genes were sequenced, but it quickly became apparent that a
multi-gene approach (e.g. Bittner et al. 2011; Hind et al. 2014a; Rosler et al. 2016; Caragnano
et al. 2018) was necessary to resolve phylogenies, especially at the higher taxonomic levels. It
IS interesting to note that some of the recent molecular findings (e.g. Bailey & Chapman 1996;
1998; Bailey 1999; Harvey et al. 2003; Bittner et al. 2011; Kato et al. 2011; Hind et al. 2016;
Janot & Martone 2018) have indeed supported some of the historic conclusions (e.g. Cabioch
[1972] hypothesized that it was possible for geniculate and non-geniculate species to belong to

the same subfamily, arguing that genicula arose independently, several times, over time).

Until recently, most approaches to taxenomy: stiil-retied heavily on first identifying species
based on traditional morpho-anatomical eharacteristics and-‘then supported that with genetic
data, an approach otherwise known as Molecular Assisted Alpha Taxonomy or MAAT
(Saunders 2005, 2008, Hind et al. 2014a;, b). However, this method is flawed in that much of
the assigning of names amounts to.making educated ‘guesses. (Maneveldt et al. 2017). This
type of analysis is compounded by the fact that-often type material had not been properly
annotated (often a type ‘specimen’ bears more than one individual crust or even more than one
species) or catalogued or even fully described (e.g. lack of reproductive information) (Bailey
& Chapman 1996). The only unequivocal way to assign a name is through DNA sequencing
of unambiguous type (preferably) or ‘topotype’ material. This is best achieved using an
Integrated Taxonomic Approach (ITA) (e.g. Gabrielson et al. 2011; Maneveldt et al. 2017;
Maneveldt et al. in prep.) that firstly utilizes DNA sequences from both type and field-collected

specimens and then attempts to determine the morpho-anatomical features/differences.
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1.5.  High-level classification of coralline algae

The coralline red algae are placed within the Class Florideophyceae Cronquist, subclass
Corallinophycidae L.Le Gall & G.W.Saunders (Guiry & Guiry 2018). The Corallinophycidae
is characterised by the following combination of features (Le Gall & Saunders 2007): 1) pit
plugs with two cap layers at cytoplasmic faces, the outer cap an enlarged dome-like layer that
lacks a membrane; 2) carpogonial branches two-celled; 3) tetrasporangia zonate or cruciately
divided; and 4) calcification in the form of calcite. The subclass currently comprises three
orders, namely Corallinales P.C.Silva & H.W.Johansen emend. W.A.Nelson, J.E.Sutherland,
T.J.Farr & H.S.Yoon, Hapalidiales W.A.Nelson, J.E.Sutherland, T.J.Farr & H.S.Yoon and
Sporolithales L.Le Gall & G.W.Saunders emend. Bahia, Amado-Filho, Maneveldt &
Yoneshigue-Valentin. Within Corallinephycidae; the-Corallinales are characterised by the
following combination of features—(Nelson et al-2015): 1) tetrasporangia in uniporate
conceptacles; 2) tetrasporangia zonately divided; 3) tetrasporangial conceptacles lacking apical
pore plugs; and 4) cell fusions or secondary pit connections present between adjacent filaments.
Within Corallinophycidae, the Hapalidiales is characterised by.the following combination of
features (Nelson et al. 2015): 1) multiple tetra/bisporangia in multiporate conceptacles; 2)
tetrasporangia zonately divided; 3) tetra/bisporangial conceptacles bearing apical pore plugs;
4) thallus non-geniculate; and 5) secondary pit-connections absent between adjacent filaments.
Within Corallinophycidae the Sporolithales is characterised by the following combination of
features (Le Gall et al. 2010, Bahia et al. 2015): 1) individual tetrasporangia in calcified
compartments; 2) tetrasporangia cruciately divided; 3) tetrasporangial compartments bearing
apical pore plugs; 4) short (one to two cells) gonimoblast filaments, with oblong terminal
carposporangia, distributed across the floor in conceptacles that lack a central fusion cell; and

5) cell fusions and secondary pit connections present between adjacent filaments.
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1.6.  Monographic account of the genus Spongites

1.6.1. History

The genus Spongites was originally established by Kutzing (1841) to accommodate six species
in the Corallinaceae J.V.Lamouroux (Corallinales) he considered distinct from Lithothamnium
Philippi (Philippi 1837, earlier homonym of the conserved name Lithothamnion Heydrich
[Heydrich 1897] and thus unavailable for use according to Art. 14.10 of the International Code
of Botanical Nomenclature) and Lithophyllum Philippi (Philippi 1837). Between 1842 and
1866 the genus went through a series of taxonomic changes with varying degrees of support
(Woelkerling 1985). Spongites was initially subsumed in Melobesia J.V.Lamouroux (Decaisne
1842, see also Lindley 1846; Harvey 1847) and became one of three subgenera. Kiitzing
(1843), however, maintained Spongites-as-a distinct-genus but went on to subsume both
Lithothamnium and Lithophyllum inte Spongites along with all other non-geniculate corallines
to a new family Spongitaceae (as ‘Spongiteae’). Over the next several years, some species of
Spongites were placed in Melobesia (Areschoug 1852, see also Ardissone 1883), some in
Lithothamnium (Areschoug 1852} see also Harvey"1860; Rosanoff 1866; Farlow 1881;
Ardissone 1883; Schmitz 1889; Hauptilesch 1897) and still others in Lithophyllum (Rosanoff
1866; see also De Toni 1905; Mazza 1916; Kylin 1956). All of these proposals, however, were
made in the absence of examining Kiitzing’s original collections or without any consideration
of the generitypes of Melobesia, Lithophyllum and Lithothamnion (Woelkerling 1985).
Incidentally, Kiitzing (1841) had not assigned a generitype to Spongites and additionally had

used superficial morphological features to characterise the genus (Woelkerling 1985).

Woelkerling (1985) was the first to re-asses Spongites in a modern context and in reference to
the original Kdutzing collections. Using Johansen’s (1981: 10) classification system,

Woelkerling (1985) resurrected Spongites (prior to this Spongites had not been recognised as a
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distinct genus since 1880) and placed it under the subfamily Mastophoroideae Setchell with
the characteristics of Corallinaceae (Johansen 1981): 1) genicula absent; 2) cell fusions present;
and 3) uniporate tetra/bisporangial conceptacles. Woelkerling (1985) proposed that three
species (Spongites fruticulosus Kitzing, Spongites racemosus Kitzing and Spongites
stalactiticus Kitzing), the best preserved of the original six species described by Kitzing
(1841), were all conspecific. Spongites fruticulosus, the only species that bore tetrasporangial
material, was subsequently lectotypified and assigned as the generitype. Under this revised
system Woelkerling (1985) additionally characterised Spongites as having: 1) a plumose (non-

coaxial) medulla; and 2) trichocytes present that are either solitary or in vertical rows.

Shortly after Woelkerling (1985), Penrose and-Woelkerling (1988) subsumed Hydrolithon
(Foslie) Foslie, Porolithon Foslie, and Pseudelithephyllum Me.Lemoine in Spongites (the
oldest name), creating a ‘Spongites-complex’, arguing that their types could not be separated
based on the anatomical (trichocyte occurrence and-arrangement, and thallus construction)
features proposed to separate them, However;. upan-examination of representative material
Penrose and Woelkerling (1992), were subsequently ‘able to demonstrate that Spongites and
Hydrolithon (incl. Porolithon — Hydrolithon having nomenclatural priority) could be separated
by their tetrasporangial conceptacle roof development (from peripheral roof filaments in
Spongites vs. from both peripheral and interspersed filaments in Hydrolithon), and by the shape
and orientation of the pore canal cells (papillate and oriented more or less parallel or at a sharp
angle to the roof in Spongites vs. enlarged and orientated more or less perpendicular to the roof

in Hydrolithon).

The taxonomy of the coralline algae remained largely stable for the next decade. With the

introduction of molecular techniques, however, the genus Spongites underwent further

10
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taxonomic changes. Using 18S rRNA gene, Bailey et al. (2004) showed that the
Mastophoroideae was polyphyletic. Bailey et al. (2004), however, did not include specimens
from the type genus Mastophora Decaisne in their analyses, leaving their conclusions
unresolved and preventing them from proposing a revision of the subfamily. It was much later
that analyses using several genes amended the Mastophoroideae to be limited to the genera
Mastophora and Metamastophora Setchell (Kato et al. 2011, see also Bittner et al. 2011),
comprising specimens with: 1) a thin thallus and a basal layer of palisade cells; 2)
tetrasporangial conceptacle roofs formed by filaments peripheral to the fertile area; and 3)
spermatangial systems restricted to the floor of male conceptacles. Even in these latter studies,
however, the precise phylogenetic placement of Spongites was not possible because neither
Bittner et al. (2011) nor Kato et al..(2011) included-the generitype of the genus in their
respective studies. Several years later Rosler et -al-(2016) epitypified a specimen of S.
fruticulosus (generitype of Spongites) and subsequently placed the species in the subfamily
Neogoniolithoideae (A.Kato & M.Baba) emend. A.Rosler, Perfectti, V.Pefia & J.C.Braga, the
latter taxon characterised by specimens with:'2):nan:geniculate, . monomerous or thin dimerous
thalli; 2) basal filaments composed of non-palisade cells; 3) trichocytes present; 4) uniporate
tetra/bisporangial conceptacles with roofs formed by filaments peripheral to the fertile area;
and 5) filaments lining the tetra/bisporangial conceptacle pore canal orientated parallel to
oblique (more or less parallel) to the roof surface and may protrude into the pore. Throughout
these latter studies (Bittner et al. 2011; Kato et al. 2011; Rosler et al. 2016), Spongites was
polyphyletic, with some species remaining unresolved and placed in a “Southern Hemisphere
group” (Rosler et al. 2016). Shortly thereafter Caragnano et al. (2018), using a multi-gene
approach, demonstrated that many species previously ascribed to Spongites, including taxa that
correspond to the “Southern Hemisphere group”, belonged in a new genus and subfamily,

proposing Chamberlainium Caragnano, Foetisch, Maneveldt & Payri (Chamberlainoideae
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Caragnano, Foetisch, Maneveldt & Payri) to accommodate them.  Anatomically,
Chamberlainium and Spongites may be separated from each other by their tetra/bisporangial
conceptacle diameters (< 300 um in Chamberlainium vs. > 300 um in Spongites) and the
thickness of their tetra/bisporangial conceptacle roofs (< 8 cells in Chamberlainium vs. > 8
cells in Spongites). Under this latest classification system, Spongites remains in the subfamily

Neogoniolithoideae.

1.6.2. Characterisation

Until recently Spongites, a largely temperate genus, was characterised by: 1) being non-
geniculate; 2) possessing cell fusions between adjacent filaments with secondary pit
connections absent; 3) absence of a basal layer-of patisade cells; 4) absence of trichocytes in
large tightly packed horizontal fields-(without vegetative cells between individual trichocytes);
5) uniporate tetrasporangial conceptacles in which the roof development occurs only from
filaments peripheral to the fertile area; and 6) spermatangial systems confined to the floor of
male conceptacles (Kato et al. 2011). [The latest classification system, proposed by Caragnano
et al. (2018), has Chamberlainium characterised by: 1) thalli non-geniculate and non-
endophytic, epilithic or epizoic; 2) thalli thin (up to 1 mm), encrusting to warty to lumpy; 3)
thallus construction primarily dimerous or monomerous, but not both; in dimerous thalli, the
single basal layer comprises non-palisade cells in radial view (along the filament), whereas in
tangential section (across the filaments) they may appear palisade-like; 4) epithallus single to
multilayered; 5) trichocytes absent or single/paired with complete obliteration of the
trichocytes in the final step of development leading to their absence deeper in the perithallus
(cortex); 6) tetra/bisporangial conceptacles uniporate with roofs formed from filaments
peripheral to the developing sporangial initials; 7) tetra/bisporangial conceptacle chambers

generally < 300 um in diameter with chamber roofs < 8 cells thick; 8) tetra/bisporangial
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conceptacle pore canal lined by cells orientated more or less parallel or at a sharp angle to the
roof surface, protruding into the pore canal as papillae; and 9) male conceptacles with simple

(unbranched) spermatangial systems confined to the chamber floor.

1.7.  South African species ascribed to the genus Spongites

The South African rocky intertidal and shallow subtidal zones have a high diversity of non-
geniculate coralline algae (Stephenson & Stephenson 1972; Maneveldt et al. 2008, 2017) with
members of Spongites being particularly widespread (Chamberlain 1993; Maneveldt et al.
2008, 2016). Until recently, only four species ascribed to Spongites have been recorded for
South Africa: Spongites agulhensis Maneveldt, E.van der Merwe & P.W.Gabrielson (now
Chamberlainium agulhense (Maneveldt,-E.van-der Merwe & P.W.Gabrielson) Caragnano,
Foetisch, Maneveldt & Payri, see-Caragnano-et al.-2018), Spongites discoideus (Foslie)
D.Penrose & Woelkerling, Spongites impar: (Foslie) Y.M.Chamberlain and Spongites yendoi
(Foslie) Y.M.Chamberlain. Two of these species (C. agulhense [L'Agulhas, Cape Agulhas,
Western Cape Province], S. impar [Cape of GoodiHope, Western Cape Province]) have South
African type localities (Chamberlain 1994b; van der Merwe et al. 2015). The type locality of
S. discoideus is Tierra del Fuego (mouth of the Rio Grande), Argentina, while that of S. yendoi,
which is reported to be cosmopolitan (see Guiry & Guiry [2018] for a detailed reported
distribution), is Shimoda Harbour, Shizuoka Prefecture, Japan (Chamberlain 1993; Guiry &

Guiry 2018).

Of all species attributed to the genus in South Africa, S. yendoi is reported to be the most
abundant intertidally, occurring along the entire South African coast (Chamberlain 1993;
Maneveldt et al. 2008). Spongites yendoi is reported to be a relatively thin species that is

distributed along the mid- to lower intertidal zones on rocky shores (Chamberlain 1993;
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Maneveldt & Keats 2008). The species’ thin morphology has been considered to result from
either grazing or sand scour (Chamberlain 1993; Maneveldt & Keats 2008). The species is
ecologically important, especially within the Cochlear zone (low intertidal zone) of the west
and south west coasts where it forms the basal crust as well as being an essential food source
for the territorial gardening limpet, Scutellastra cochlear (Branch & Branch 1981; Maneveldt
& Keats 2008). In the absence of grazing, the species was reported to become variably thick
and protuberant (Maneveldt & Keats 2008) and consequently has been reported to achieve a

range of morphologies (Chamberlain 1993; Maneveldt & Keats 2008).

Chamberlain (1993) reported and described S. yendoi from South Africa, and throughout its
geographic range ascribed specimens.of variable-morphologies to the species, including the
type of Lithophyllum natalense Foslie (type locality:--KwaZulu-Natal Province, South Africa).
Recent DNA sequence data, however, have demonstrated that several cryptic species, across
different ocean basins, including here in South-Africa, are classified under S. yendoi (Broom
et al. 2008; Bittner et al. 2011; Nelsor etjal.:2015; Rosler et al. 2016; van der Merwe et al.

2015, Caragnano et al. 2018).

1.8.  Aims and Objectives

Recent molecular-assisted alpha taxonomy has suggested that several cryptic species are posing
under the name S. yendoi in South Africa, all of which are unique compared with all other
named Spongites specimens sequenced to date, including those from New Zealand (van der
Merwe et al. 2015; Caragnano et al. 2018). These South African species appear to be strongly
geographically distributed and gross morphology does indeed appear to be a useful character
for their local separation (G.W. Maneveldt pers. com.). Rosler et al. (2016) had suggested that

the species currently attributed to Spongites will have to be assigned to more than one genus,
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notably because the southern hemisphere taxa ascribed to the genus, do not align with the
generitype. To accommodate these and other northern hemisphere taxa, as well as some South
African specimens, Caragnano et al. (2018) proposed the genus Chamberlainium in honour of
the British phycologist Dr Yvonne M. Chamberlain (whose research focused extensively on

taxa belonging to this genus).

Using an integrated taxonomic approach (Gabrielson et al. 2011; Maneveldt et al. 2017), that
firstly utilizes DNA sequencing of type (most importantly) and field-collected specimens,
along with traditional histological examination of morpho-anatomical characters, the aim of
this study was to understand the biodiversity of the non-geniculate coralline algae that

historically would have been ascribed to-Spongites:
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2. Materials and Methods

2.1.  Specimen collection and storage

Fresh specimens were collected during spring low tides from the rocky intertidal and shallow
subtidal zones at various locations between Port Nolloth (Northern Cape Province) and Ballito
Bay (KwaZulu-Natal Province), South Africa. Additional specimens from Namibia (southern
West Africa), housed in the UWC herbarium, were also examined. Specimens on the bedrock
were removed using a geological hammer and chisel. Where specimens occurred on pebbles
or gastropod shells, the entire pebble or gastropod shell along with the coralline was sampled.
Specimens were sorted in the field. For each specimen, a fragment was air dried, a fragment
was placed in silica gel and a further fragment was fixed in 10 % formalin. VVoucher specimens
were deposited in UWC and type specimens-sent to.L (Naturalis, Netherlands, Leiden).

Herbarium acronyms followed Thiers (2018, continuously-updated).

2.2.  Molecular analysis

2.2.1. Specimen preparation

Silica dried, field collected specimens-or type specimens borrowed from TRH were used for
DNA extraction. Type specimens, specifically sequenced for this study, included Lithophyllum
impar, Lithophyllum discoideum and Lithophyllum natalense. The type specimen, Goniolithon
yendoi (basionym of Spongites yendoi: type locality, Shimoda, Shizuoka Prefecture, Japan),
however, is a rock fragment that has multiple epilithic, individual thalli on it, with the G. yendoi
crust identified by the number 66 (Fig. S1). The crust identified as G. yendoi is thin and has
overgrown another crust (Fig. S1), resulting in DNA sequencing of this type specimen being
extremely difficult; the type specimen has thus not been successfully sequenced. Sequenced

specimens were initially examined under a dissecting microscope and any observable epiphytes
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were removed. A three mm?total volume of each sample was placed in separate paper packets

and ground to a fine coralline powder using the heavy end of a crescent wrench.

2.2.2. DNA extraction

Under a hood, 700 pL of extraction buffer (Dellaporta et al. 1983) was added to a 1.7-mL
microcentrifuge tube. The buffer contained 100 mM Tris (pH 8.0), 50 mM EDTA, 500 mM
NaCl, and 10 mM (1 pL) 2-mercaptoethanol. The tube was capped and placed in a heat block
at 65 °C. To this was added 50 pL of 20% SDS, 4 mg of lyophilized Proteinase K (Invitrogen,
Carlbad, California, USA), and the finely ground coralline powder sample, all of which were
incubated for 1 h at 65 °C. Polysaccharides were removed by incubating the samples on ice
for 30 min with an added 250 pL of petassium-acetate (5 M), then centrifuged for 25 min at
12,000 g (Dellaporta et al. 1983).Fhe supernatant-(750-L) was extracted with chloroform
(equal volume) in a sterile tube and centrifuged for 15 min at 12,000 g. 600 uL of the aqueous
layer was removed and the DNA was precipitated-with-the addition of two-thirds volume
isopropanol overnight at -20 °C, spun for;30.min at 12,000 g, washed with 450 pL of 70 %
ethanol, spun for a further 5 min and the ethanol 'decanted. The precipitated DNA was
rotoevaporated for 45 min and resuspended in 100 L of distilled water. A working solution of
10:1 (water: DNA) was prepared for PCR in a separate tube. A negative control was performed

with each set of extractions.

2.2.3. Amplification and sequencing protocols

One pL of diluted DNA was added to each 25 pL reaction containing 5 pL of 10 X reaction
buffer (containing 15 mM magnesium chloride), 10 uL of Q-solution (for amplification of GC-
rich templates), 7 L from each 10 pL primer, 200 uM of each dNTP, and 2.5-5.0 units of Taq

DNA Polymerase (Qiagen, Valencia, California, USA). The primer pairs used for rbcL were
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F57 (forward)—R1150 (reverse) and F753 (forward),—rbcS (reverse) (Freshwater & Rueness
1994). The primer pair combination used for psbA was psbA-F and psbA-R2 (Yoon et al.
2002). Due to DNA fragmenting in 19th and early 20th Century type specimens, only shorter
sequences could be generated of either rbcL or psbA using the following primer combinations.
For rbcL, forward primer F1150Cor (Adey et al. 2015) was combined with either reverse
primer R1308 (Gabrielson et al. 2011) or R1460Cor (Hernandez-Kantin et al. 2016). For
psbA, a newly designed forward primer (TAGGTATATCTGGTACATTCAA) was combined
with psbA-R2. Reactions were cycled ina PTC-100 PCR Thermocycler (Applied Biosystems,
Foster City, California, USA) at 94 °C for 3 min, followed by 40 cycles of 95 °C for 30 s, 50
°C for 90 s, and 72 °C for 90 s, and finally at 72 °C for 5 min. PCR products were
electrophoresed on 1.5 % agarose gels.which contained-EtBr (0.5 ug: mL™?) and purified using
the QIlAquick PCR PurificationKit following the -manufacturers’ instructions (Qiagen,

Valencia, California, USA). A negative control was performed with each set of reactions.

Sequences were obtained from an ABI 3100 Genetic Analyzer (DNA Analysis Core Facility,
Centre for Marine Sciences, University of North Carolina, Wilmington, North Carolina, USA)
and were manually aligned and compiled using Sequencher (Gene Codes Corp., Ann

Arbor, Michigan, USA), and Sequence Alignment Editor available at

http://tree.bio.ed.ac.uk/software/seal/.

2.3.  Phylogenetic analysis

A total of 80 psbA (including Lithophyllum natalense) and 60 rbcL (included L. impar and L.
discoideum) sequences from specimens previously ascribed to Spongites from South Africa,
six (psbA and rbcL) sequences from unknown species within Chamberlainoideae from Chile

and Antarctica, 16 (psbA only) sequences from specimens assigned to S. yendoi and 1 (psbA)
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sequence from a specimen assigned to P. fragile from New Zealand, two (psbA only) and four
(psbA and rbcL) sequences from established species within Pneophyllum and Chamberlainium
respectively and the generitype (psbA), S. fruticulosus, were used for the phylogenetic analyses
(Table S1). Both rbcL and psbA sequences from the orders Gelidiales (one), Sporolithales
(three), Hapalidiales (five) and Corallinales (two) were used as the outgroup in order to provide
phylogenetic placement of Chamberlainoideae. Sequences from New Zealand specimens,
sequences from the already established species in Chamberlainoideae and sequences used as
the outgroup, were obtained from GenBank (Clark et al. 2016). For the psbA gene, the type
sequence from L. natalense and sequences from S. yendoi from New Zealand had shorter base
pair lengths, 420 bp and 467 bp respectively. For the rbcL gene, the type sequences from L.
discoideum and L. impar were 269 _bp-long-while the outgroup sequence lengths ranged
between 293 bp and 1364 bp. The rest of the psbA and rbel-'sequences were 851 bp and 1387
bp long respectively. The sequences for each gene were aligned using MUSCLE (Edgar 2004)

alignment with a maximum of eight iterations.

Geneious v11.1.5 (https://www.geneious.com, “Kearse. et ‘al. 2012) was used for all

phylogenetic analyses. Separate Neighbour-joining trees were constructed for psbA (Total:
121) and rbcL (Total: 81) sequences. The default parameters for Neighbour-joining trees were
used namely HKY (genetic distance model), bootstrap model (resampling method) with a
support threshold of 50 %. This was merely to display all the sequences used in this study for
each gene. ldentical sequences were removed from the respective datasets before Maximum
likelihood (RaxML) analyses were performed on psbA (Total: 70 after removing identical
sequences) and rbcL (Total: 60 after removing identical sequences) separately, applying the
Rapid-hill climbing and then the Rapid Bootstrapping and search for best-scoring ML tree

algorithm, using the GTR CAT model of evolution with 500 bootstrap replicates. The same
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RaxML protocols were applied to the concatenated dataset (Total: 37) where the two loci were

combined.

2.4.  Sequence divergence values

Interspecific pairwise distances were calculated separately for the psbA and rbcL genes based
on the RaxML analysis using % ldentity: Percentage of bases/residues that are identical. The
outgroup sequences and short sequences were removed as not to over or underestimate the
divergence % between species. Intraspecific pairwise distances were similarly calculated for

species that had more than one sequence.

2.5.  Species delimitation

2.5.1. Automatic Barcode Gap Discovery

The Automatic Barcode Gap Discovery (ABGD, Puillandre et al. 2012) method was applied
separately to the psbA (Total: 70 after removing identical sequences), rbcL (Total: 60 after
removing identical sequences) and.cancatenated (37 sequences) RaxML datasets (Table S1)
for further species delimitation support. For. this study, the. ABGD method was used as
secondary support for species delimitated by molecular analyses. The analyses were performed

at http://wwwabi.snv.jussieu.fr/public/abgd/abgdweb.html. All parameters were set to default

(Pmin =0.001, Pmax = 0.100, Steps = 10, Number of bins = 20) apart from the minimum gap

width (set at: X = 1.0) and the distance (Simple Distance).

2.5.2. *BEAST (pronounced starBeast) analysis
Based on the sequence analysis of the psbA gene, specimens assigned to C. capense shared six
single nucleotide polymorphisms (SNPs) with specimens assigned to C. occidentale, and seven

SNPs with specimens assigned to C. glebosum. Furthermore, the rbcL sequence of a single
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specimen (UWC 16/05) assigned to C. capense was identical to the rbcL sequences of all
specimens assigned to C. occidentale. The rbcL sequence of a single specimen (UWC 16/27)
assigned to C. capense was similarly identical to the rbcL sequences of all specimens assigned
to C. glebosum. In order to establish the conspecificity of these three species, both independent
gene sequence alignments (psbA, rbcL) as well as the concatenated gene alignment were
analysed using *BEAST (Bayesian Evolutionary Analysis by Sampling Trees, Drummond et
al. 2012), a cross-platform programme for Bayesian analysis of molecular sequences that is
orientated towards rooted, time-measured phylogenies inferred using molecular clock models.
Using multiple genes sampled from multiple individuals across a set of closely related species,
this analysis provides gene trees based on a combined inference of species tree topology,
divergence times and population sizes...All'sequences in-each alignment were assigned to either
C. capense, C. glebosum or C. oceidentale so-that they may be associated with a species a-
priori to enable inference of species tree implemented in *BEAST (Drummond et al. 2012).
The analysis was performed under-an uncorrelated relaxed Molecular clock model (which
allows for the rate of evolution to varyjalong tree branch and be informed by the sequence data)
and was run using the best fitting (HKY+G+1) and a linear with constant root models. The
population sizes were assigned gamma priors and default settings were used as priors for
species tree estimation. Markov chain Monte Carlo (MCMC) chains were run for 100 million
generations, sampling tress every 10,000 generations. Effective Sample Sizes (ESS) (values >
200) and trace plots estimated with Tracer v1.7 (10 % burn-in) (Rambaut et al. 2018) were

used as convergence diagnostics.

The final maximum clade credibility tree was obtained by summarising trees generated after
discarding the first 1,000 trees (10 %) as burn-in from the 100 million generations in

TreeAnnotator v1.8.4 (Rambaut & Drummond 2017). The divergence among species was
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annotated from median heights of the clades within the Maximum Clade Credibility (MCC)
tree. The species tree obtained was visualized in FigTree v.1.4.3 (Rambaut 2016) and
population dynamics was assessed by visualising the tree in DensiTree v.2.2.6 (Bouckaert &

Heled 2014).

2.6.  Morpho-anatomical analysis

2.6.1. Histological preparation

Specimens were prepared following Maneveldt & van der Merwe (2012). Formalin preserved
specimens were used for light microscopy. Specimens were first decalcified in 10 % nitric
acid. Thereafter they were immersed in 70 %, 90 % and 100 % ethanol solutions respectively
for a minimum of 60 min each in order to-displace-any water and acid in the specimens.
Specimens were removed from the 100 % ethanol solutien‘and allowed to air dry for a few
seconds. Leica HistoResin filtration medium (Leica Biosystems, Nussloch GmbH, Heidelberg,
Germany) was used to infiltrate (12-48-hrs depending-on'the crust thickness) submerged
specimens. Once specimens were completely infiltrated (sinking to the bottom of infiltration
vials), a hardening solution was added to'the filtration medium and the specimens were
orientated in this final solution. Hardening took approximately 30-50 min at room temperature;
for more rapid hardening, specimens were placed in an oven (with an extractor fan) at 60 °C

for approximately 10-20 min.

Using a Bright 5030 microtome (Bright Industrial Company LTD, Huntingdon, England)
specimens were sectioned at 6-8 um thickness. A fine sable hair brush was used to transfer
sections to a slide covered with distilled water and allowed to air dry for 24 hrs so that sections
could stick. The slides were then stained with toluidine blue (0.25 g borax 100 mlI distilled

water, combined with 0.06 g toluidine blue 100 ml* distilled water), and once air dried were
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covered with cover slips using DPX Mountant (BDH Laboratory Supplies, The Birches,
Willard Way, Imberhorne Industrial Estate, East Grinstead, West Sussex RH19 1XZ, UK) for

microscopy.

2.6.2. Microscopy and morpho-anatomical interpretations

In cell measurements, length donates the distance between primary pit connections, and
diameter the maximum width of the cell lumen at right angles to this. Conceptacle
measurements followed Adey & Adey (1973). Following Maneveldt et al. (2017), there was
no uniform number of cells and chambers measured (thus we provided ranges and not averages
with means). For these ranges, measurements from hundreds of individual sections were taken,
looking at all fragments (fragments were 5-7- mm-in-tength X thickness of specimen) from all
sections (18 sections per slide) on-al-slides (4-6-slides per-specimen number). For chambers,
only those perfectly through the pore were measured, these ranging from tens to less than 100
measurements. Here we established the minimum-and maximum value, looking at a nearly
exhaustible number of cells/conceptacles;and ‘only stopped:measuring when we no longer
found any measurements smaller or larger than what. had already been observed. Thallus
anatomical terminology followed Chamberlain (1990) and morphological (growth forms)

terminology followed Woelkerling et al. (1993).
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3. Results

3.1. Molecular analysis

A total of 121 (80 generated specifically for this study, 41 from GenBank) psbA and 81 (60
generated specifically for this study, 21 from GenBank) rbcL sequences were used in the
phylogenetic analyses (Figs 1-2, Table S1). For RaxML analyses of each gene individually
(psbA, 70 sequences and rbcL, 60 sequences) and a concatenation of both genes, there is full
bootstrap support (BS = 100 %) for the subfamily Chamberlainoideae as a monophyletic clade
(Figs 3-5). Within Chamberlainoideae, the analysis also provided full bootstrap support (BS =
100%) for Pneophyllum and Chamberlainium as monophyletic genera. The topologies of the
Maximum Likelihood trees were congruent in all phylograms with the species previously
ascribed to Spongites from South Africa-forming well-supported, monophyletic clades within
Chamberlainoideae. Interspecific'segquence-divergences forthe psbA gene ranged from 2.4-
11.5 % for Chamberlainium species and 5.5-8.1 % for Pneophyllum species while intraspecific
sequence divergences ranged from 1.3-2.0 % and 1.2 % respectively (Table 1). The rbcL
interspecific and intraspecific sequence divergencesifor Chamhberlainium species ranged from
4.6-16.0 % and 1.0-4.0 % respectively, while an‘intraspecific sequence divergence of 0.8 %

was attained for P. neodiscoideum (Table 2).

Chamberlainoideae contains two genera, Pneophyllum, well-supported in psbA (BS = 90 %)
and with full support in rbcL and concatenated trees and Chamberlainium moderately
supported in psbA (BS = 75 %) and strongly supported in rbcL (BS = 97 %) and concatenated
(BS =100 %) trees. The species (clade C and C. agulhense) previously ascribed to Spongites
from South Africa are fully supported within Chamberlainium in all three trees, while the
species (clades B, D-H) previously ascribed to Spongites yendoi from South Africa, similarly

are well to fully supported within this genus (psbA BS = 94-100 %, rbcL BS = 96-100 %,
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concatenated BS = 100 %). For both the psbA and rbcL genes as well as the concatenated
dataset, Chamberlainium decipiens and C. tumidum have strong support as sister to the South
African Chamberlainium species, with clade B being a well-supported sister taxon to the fully
supported clade of C. decipiens and C. tumidum. The ML analysis of the psbA gene shows
'Spongites yendoi' specimens from New Zealand in a clade with Chamberlainium species from
Chile, but without support (Fig. 3). Clade A comprised of a single species (previously ascribed
to Spongites), Chamberlainium species from Chile and Antarctica and P. fragile from New
Zealand form a well-supported (psbA BS = 90 %, rbcL BS = 100 %, concatenated BS = 100
%) clade within Pneophyllum, aligning with the generitype species, P. fragile (Fig. 3). In the
absence of the established Pneophyllum sequences and those from New Zealand, clade A,
Pneophyllum species from Chile and. L discoideum (Type locality, Mouth of Rio Grande,
Tierra del Fuego Argentina) formed a-well-supperted-clade (vbcL = 100 %, concatenated = 100
%), with a species of Chamberlainium from Antarctica as a sister taxon to this clade (Figs 4-

).

Based on the psbA and rbcL results herein, Chamberlainoideae has nine species in South Africa
in both Chamberlainium and Pneophyllum. There are eight species in Chamberlainium (Figs
3-5; clades B-H), where clades B and D-H were all previously ascribed to Spongites yendoi
and all (excluding clade D) are newly described herein. Clade D, includes specimens that were
previously ascribed, based on morpho-anatomy, as Lithophyllum natalense (Type locality:
South Africa, KwaZulu-Natal [as Natal]). This species was subsumed into Spongites yendoi
by Chamberlain (1994b), but based on the phylogenetic results herein, is resurrected as a
distinct species in Chamberlainium. Also included in Chamberlainium is clade C, previously
described as Spongites impar (Type locality: South Africa, Natal or between Natal and the

Cape of Good Hope) and herein transferred to Chamberlainium. The results also re-affirm the
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placement of the already established and transferred species, Chamberlainium agulhense (Type
locality: South Africa, Western Cape Province, Cape Agulhas: L’Agulhas, Stinkbaai). South
Africa has one, clade A, confirmed by both genetics and morpho-anatomy, species of
Pneophyllum. Clade A was previously described as S. discoideus (Type locality: Tierra del

Fuego [mouth of the Rio Grande], Argentina).

Also included in Chamberlainium are seven specimens that were ascribed, based on morpho-
anatomy, to S. yendoi from New Zealand, two specimens collected from Chile, and two already
established species from the genus Chamberlainium (C. decipiens), including the generitype
species (C. tumidum). Except for two instances (the specimens genetically and morpho-
anatomically identical to the type of Lithephylium natalense [type locality, Durban? KwaZulu-
Natal, South Africa] and the relationship—between—Spongites sp. (C40.2xii08) and
Chamberlainium sp. (C174.2xii08), the ABGD results were consistent between the two genes.
The ABGD delineation for the psbA and rbel genes was inconsistent for specimens genetically
and morpho-anatomically identical to the type of L: natalense.: According to the ABGD results,
Spongites sp. (C40.2xii08) and Chamberlainium sp. (C174.2x1108) are separate species based
on the psbA phylogeny (intraspecific sequence divergence of 1.7 %). However, there is greater
support, based on the rbcL gene (intraspecific sequence divergence of 4.9 %) and the

concatenated dataset that the two species are conspecific.

Specimens assigned to three of the cryptic species (clades F, G, H) previously ascribed to S.
yendoi produced some very interesting findings. Based on the sequence analysis of the psbA
gene, specimens in clade G share seven unique SNPs with the specimens from clade F and six
SNPs with the specimens from clade H (Fig. 3). Furthermore, the rbcL sequence of specimen

UWC 16/05 (clade G) is identical to all of the specimen sequences in clade F. Additionally,
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the rbcL sequence of specimen UWC 16/27 (clade G) is identical to all of the specimen
sequences in clade H. The three clades were delineated as separate species based on ABGD
results for psbA and rbcL (Figs 3-4) genes while clades F and G are conspecific in the ML
analysis of the concatenated dataset (Fig. 5). Based on the *BEAST analysis, however, the
three clades were resolved as distinct species (Figs 6, 7). The three gene tree topologies (Fig.
6) were congruent with one another with maximum posterior values obtained for all nodes.
The DensiTree representation supported this finding (Fig. 8) and suggested that clade H had
speciated to give rise to both clades F and G that are more closely related to one another as

their divergence occurred much more recently (Figs 7, 8).

South African specimens (clade A)--previously ascribed to S. discoideus (basionym
Lithophyllum discoideum; type loeality,—Tierra del Fuego, Argentina) and the type of
Lithophyllum discoideum are not conspecific, both resolving in the genus Pneophyllum along
with P. fragile, the generitype species (Figs 3, 4). The South'African species (clade A) and S.
discoideus therefore do not belong-.in Spangites and need to be transferred to Pneophyllum.
Also included in Pneophyllum are one specimen frem Antarctica (Chamberlainium sp. [ANT2-
16.15viii1l6]), three specimens from Chile (Chamberlainium sp. [C18.17ii09],
Chamberlainium sp. [AMC17.2x17], Chamberlainium sp. [AMC13.9x17]) that were assigned
to Chamberlainium, four specimens ascribed to S. yendoi from New Zealand, and one specimen
ascribed to P. fragile from New Zealand. While the ABGD results delineated each of these as
distinct species across both genes, the psbA and concatenated dataset has delineated
Chamberlainium sp. (AMC13.9x17) as belonging to P. neodiscoideum (sequence divergence:

psbA 2.0 %, rbcL 4.1 %) (Tables 1, 2, Fig. 5).
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Clade B, which appears to be a South African endemic, formed a well-supported (psbA, 98 %;
rbcL, 93 %; concatenated dataset, 99 %) sister clade to two species (C. decipiens and C.
tumidum) from the Northeast Pacific, rather than to the other species of Chamberlainium from
South Africa. Similarly, although without any support, several other South African
Chamberlainium species (clades E, F, G, H) aligned closer to several New Zealand specimens

identified as S. yendoi than they did to other South African Chamberlainium species
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Fig. 1. Neighbour-Joining tree based on psbA sequences. Species with sequenced
type/‘topotype’ material are highlighted in bold. Species names are followed (in brackets) by
their specimen herbarium voucher number. Newly established South African species names
are followed (in brackets) by their collection number as they are yet to be assigned official
herbarium (L = Naturalis, Netherlands, Leiden) numbers. Bootstrap support (BS) values are
provided at branch nodes; BS values < 75 % are not shown. The asterisk (*) indicates the
molecular reference for the generitype of Spongites, Spongites fruticulosus.
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Fig. 2. Neighbour-Joining tree based on rbcL sequences. Species with sequenced
type/‘topotype’ material are highlighted in bold. Species names are followed (in brackets) by
their specimen herbarium voucher number. Newly established South African species names
are followed (in brackets) by their collection number as they are yet to be assigned official
herbarium (L = Naturalis, Netherlands, Leiden) numbers. Bootstrap support (BS) values are
provided at branch nodes; BS values < 75 % are not shown.
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Fig. 3. Maximum likelihood tree based on psbA sequences. Species with sequenced
type/‘topotype’ material are highlighted in bold. The first set of vertical lines indicates the
Primary Species Hypothesis as determined by ABGD and identify individual species. Species
names are followed (in brackets) by their specimen herbarium voucher number. Newly
established South African species (identified as boxed clades A-H) names are followed (in
brackets) by their collection number as they are yet to be assigned official herbarium (L =
Naturalis, Netherlands, Leiden) numbers. Bootstrap support (BS) values are provided at branch
nodes; BS values < 75 % are not shown. The asterisk (*) indicates the molecular reference for
the generitype of Spongites, Spongites fruticulosus.
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Fig. 4. Maximum likelihood tree based on rbcL sequences. Species with sequenced
type/‘topotype’ material are highlighted in bold. The first set of vertical lines indicate the
Primary Species Hypothesis as determined by ABGD and identify individual species. Species
names are followed (in brackets) by their specimen herbarium voucher number. Newly
established South African species (identified as boxed clades A-H) names are followed (in
brackets) by their collection number as they are yet to be assigned official herbarium (L =
Naturalis, Netherlands, Leiden) numbers. Bootstrap support (BS) values are provided at branch
nodes; BS values < 75 % are not shown.
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Fig. 5. Maximum likelihood tree based on concatenated psbA and rbcL sequences. Species
with sequenced type/‘topotype’ material are highlighted in bold. The first set of vertical lines
indicate the Primary Species Hypothesis as determined by ABGD and identify individual
species. Species names are followed (in brackets) by their specimen herbarium voucher
number. Newly established South African species (identified as boxed clades A-H) names are
followed (in brackets) by their collection number as they are yet to be assigned official
herbarium (L = Naturalis, Netherlands, Leiden) numbers. Bootstrap support (BS) values are
provided at branch nodes; BS values < 75 % are not shown.
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Table 1. Pairwise sequence divergences (%) for psbA sequences (851 bp) reported for specimens aligning to Chamberlainoideae and to S.

fruticulosus in this study. Only sequences of comparable length have been included. Species highlighted in bold are sequences from

type/‘topotype’ material. Values in grey-shaded cells represent the intraspecific pairwise sequence divergences for the newly established South

African species (which include the type specimen for each of those species) with more than one sequenced specimen. Specimen details can be

found in Table S1.

Taxa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 Chamberlainium sp. Antarctica (ANT2-16.15viii16)
2 Chamberlainium sp. Chile (C174.2xii08) 6.9
3 Chamberlainium sp. Chile (AMC17.2x17) 4.8 7.8
4 Chamberlainium sp. Chile (C18.17ii09) 52 8.1 24
5 Chamberlainium sp. Chile (AMC13.9x17) 45 6.9 25 3.6
6 C. agulhense 75 6.8 8.4 8.3 8.0
7 C. capense 8.9 7.2 8.6 9.0 85 i
8 C. cochleare 8.0 7.3 8.2 8.7 7.6 6.2 6.5 13
9 C. decipiens 8.9 9.2 8.7 8.3 8.4 7.7 9.0 8.7
10 C.glebosum 9.1 75 9.1 9.5 9.0 7.7 3.0 6.8 9.0 1.4
11  C.impar 10.3 10.3 10.6 11.0 10.6 8.1 114 9.7 11.1 113 12
12 C. natalense 7.8 7.8 8.3 8.4 8.5 5.1 8.3 6.8 76 8.5 9.8 19
13 C.occidentale 8.9 7.5 8.7 8.8 8.3 7.6 2.8 6.8 85 33 114 8.4 14
14 C.tenue 10.4 10.0 11.0 111 9.7 9.6 9.9 9.9 8.2 10.0 115 9.1 9.7 2.0
15 C.tumidum 10.0 95 9.7 9.8 9.8 7.6 8.6 85 39 8.7 11.1 7.8 8.7 8.9
16  P. cetinaensis 7.7 9.2 7.0 7.7 7.5 8.5 9.5 9.1 10.5 9.7 115 9.8 9.6 11.0 10.6
17 P. fragile 5.8 7.1 4.7 55 5.1 8.4 7.7 7.3 9.3 84 9.9 7.5 8.0 9.9 9.3 5.8
18  P. fragile (New Zealand) 4.9 7.9 4.4 5.2 4.8 74 85 7.2 8.6 8.8 10.3 7.3 8.9 10.4 9.6 6.6 33
19  P. neodiscoideum 6.2 8.7 4.0 45 2.0 8.7 9.8 8.2 8.8 100 104 8.9 9.6 10.5 9.9 8.1 55 54 12
20  S. fruticulosus 12.2 12.8 12.0 12.0 11.7 12.8 135 12.7 12.2 135 141 12.2 12.4 14.0 12.5 12.0 12.8 11.8 125
21  Spongites sp. (C40.2xii08) 6.9 1.7 7.8 8.3 7.1 6.7 7.1 7.1 9.2 74 10.2 7.6 74 9.6 9.5 9.3 6.6 7.9 8.9 13.2
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Table 2. Pairwise sequence divergences (%) for rbcL sequences (1387 bp) reported for specimens aligning to Chamberlainoideae in this study.

Only sequences of comparable length have been included. Species highlighted in bold are sequences from type/‘topotype’ material. Values in

grey-shaded cells represent the intraspecific pairwise sequence divergences for the newly established South African species (which include the

type specimen for each of those species) with more than one sequenced specimen. Specimen details can be found in Table S1.

Taxa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 Chamberlainium sp. Antarctica (ANT2-16.15viii16)

2 Chamberlainium sp. Chile (C174.2xii08) 135

3 Chamberlainium sp. Chile (AMC17.2x17) 123 138

4 Chamberlainium sp. Chile (C18.17ii09) 130 143 67

5 Chamberlainium sp. Chile (AMC13.9x17) 116 134 69 /8

6  C.agulhense 135 105 145 148 135 10

7 C.capense 138 119 145 155 | 137 116

8  C.cochleare 138 105 148 | 156/ 134 91 g6 | AL

9 C.decipiens 138 115 148 | 153 | 140 98 120 105

10 C. glebosum 140 120 147-- 456 138 —14 46— 87 122 | 28

11 C.impar 144 117 155 160 1650 108 127 108 122 129

12 C. natalense 136 116 146 741517 7137 86 | W5 93 ., 104 116 101 | 27

13 C. occidentale 158 136 166 175 156 130 51 - 101 140 65 143 132 | 40

14 C.tenue 164 149 163  |168 | 158 | 134 (148% 129 120 148 141 136 160 16

15 C. tumidum 145 131 151 156 144 105 118 107 62 118 128 103 136 128

16 P. neodiscoideum 118 133 75 84 41 126 144 127 132 143 140 127 160 151 137 | 08
17 Spongites sp. (CA0.2xii08) 141 49 143 146 138 108 122 109 122 123 124 119 141 154 136 141
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Fig. 6. Gene tree topologies estimated in *BEAST for C. occidentale (clade F), C. capense
(clade G) and C. glebosum (clade H) based on psbA (A) and rbcL (B) gene sequences (psbA,
851 bp; rbcL, 1365 bp), and the concatenated dataset (C). Posterior probabilities from the

*BEAST analysis are provided at the branch nodes. Scale bar indicates estimated mean
evolutionary rate (0.0004 substitutions per site per year).
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C. occidentale (F)

C. capense (G)

C. glebosum (H)

4.0E-4

Fig. 7. Species tree topology estimated in *BEAST for C. occidentale (clade F), C. capense
(clade G) and C. glebosum (clade H) based on the psbA and rbcL gene sequences, and the
concatenated dataset. Posterior probabilities-from.the *BEAST analysis are provided at the
branch nodes. Scale bar indicates-estimated mean-evolutionary rate (0.0004 substitutions per

site per year).
C. occidentale (F)

C. capense (G)

C. glebosum (H)

Fig. 8. DensiTree representation of the consensus tree for C. occidentale (clade F), C. capense
(clade G) and C. glebosum (clade H) with population sizes indicated as variably shaded (each
shade representing a single sequence) line widths.
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3.2.  Species descriptions

3.2.1. Chamberlainium agulhense (Maneveldt, E.van der Merwe & P.W.Gabrielson)
Caragnano, Foetisch, Maneveldt & Payri

(Fig. 9; Tables 3-5)

BAsIONYM: Spongites agulhensis Maneveldt, E.van der Merwe & P.W.Gabrielson, 2015:
475.

HoLoTyPE: L 0820786, 21.x.2011, leg. G.W. Maneveldt, collection number 11/53, epilithic
on shale platform in the high intertidal zone. See van der Merwe et al. (2015).

IsoTyPE: UWC 11/53.

TYPE LOCALITY: South Africa,~Western -Cape- Province, Cape Agulhas: L’Agulhas,
Stinkbaai (34°49°26.26”S, 20°0170.69”E).

ETymMoLOGY: ‘agulhense’ from ‘agulhensis’, making reference to the type locality at
L’Agulhas, Cape Agulhas.

DNA SEQUENCES: psbA (851 bp) and rbel: (1467 bp) gene sequences, obtained from two
specimens (one a ‘topotype’, the other a paratype) (Table S1), were all identical to each other.
DNA sequences showed that Chamberlainium agulhense was different from all other named
species sequenced to date (Figs 3-5; Table S1).

DisTrIBUTION: Confirmed by DNA sequence data to have a very restricted distribution (+
10 km) along the southern west coast, occurring from L’ Agulhas (Cape Agulhas) to Struisbaai
(Western Cape Province), South Africa (van der Merwe et al. 2015).

HABIT AND MORPHOLOGY: Plants non-geniculate, thalli thin, encrusting (smooth) (Fig. 9),

firmly adherent, brownish-pink when freshly collected. Individual crusts not coalescing (do
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not fuse together) and easily discernible (Fig. 9). Thalli epilithic on primary bedrock (shale
and quartzitic sandstone) in high and mid-intertidal zones (Fig. 9).

ANATOMY AND REPRODUCTION: See van der Merwe et al. (2015) for a detailed description.
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3.2.2. Chamberlainium capense Maneveldt, Puckree-Padua & P.W.Gabrielson sp. nov.

(Figs 10-19; Tables 3-5)

epilithic on primary bedrock in mid-intertidal, sand inundated rock pool. Fragments of the
holotype are retained in UWC and NCU.

TYPE LOCALITY: South Africa, Western Cape Province, Mouille Point (33°53°56.64”S,
18°24°31.717E).

ETYMOLOGY: ‘capense’ in reference to the species’ restricted distribution along the Cape
Peninsula historically known as the ‘Cape of Good Hope, South Africa’ (Caput Bonae Spei).

DiagNosis: Thalli thick, encrusting-to-vartably--lumpy and slightly protuberant, not
becoming secondarily thick and discoid with orbicular-protrusions, nor wrinkled; individual
crusts not coalescing (not fusing together) and easily discernible; colour of living thalli bright
to dusky pink in well-lit conditions-to rosy or purple-pink in dim light; thallus construction
monomerous; epithallus single| flayered; central columella present in tetrasporangial
conceptacles, disintegrating to ‘form ‘a low, mound with maturity; pore opening in mature

tetrasporangial conceptacles occluded by a corona of filaments that project above the pore

DNA SEQUENCES: psbA (851 bp) and rbcL (1467 bp) gene sequences, obtained from nine
specimens (including the holotype) (Table S1), were all identical to each other. DNA
sequences collectively showed that Chamberlainium capense was different from all other

named species sequenced to date (Figs 3-8; Table S1).

! Chamberlainium capense shares seven single nucleotide polymorphisms (SNPs) with C. occidentale, with the
rbcL sequence of the holotype of C. capense being identical to all C. occidentale specimens sequenced.
Chamberlainium capense also shares six SNPs with C. glebosum, with the rbcL sequence of UWC 16/27 (C.
capense) being identical to all C. glebosum specimens sequenced.
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SPECIMENS EXAMINED: Nine samples (including the holotype), all confirmed by DNA
sequencing, represent our entire collection for this taxon. Data below are presented
geographically from north to south (along the southern west coast) followed chronologically

by the collection numbers.

Maneveldt, C.A. Puckree-Padua, A. Haywood, collection number 16/05 (33°53°56.64S,
18°24°31.717E) (holotype), epilithic on primary bedrock in mid-intertidal rock pool.

Western Cape Province: Sea Point. UWC 16/09, 09.v.2016, leg. G.W. Maneveldt & C.A.
Puckree-Padua, collection number 16/09 (33°55°20.77”S, 18°22’35.97”E), epizoic on
Scutellastra cochlear (limpet) shell in the Cochlear zone (low intertidal zone); UWC 16/10,
09.v.2016, leg. G.W. Maneveldt & C.A.Puckree-Padua, collection number 16/10
(33°55°20.77’S, 18°22°35.97”E,), epizoic-on S--cochlear-shell (limpet) in the Cochlear zone
(low intertidal zone).

Western Cape Province: Kommetjie. UWC 16/17, 10.v.2016, leg. G.W. Maneveldt, C.A.
Puckree-Padua, A. Haywood, collection number|16/17(34°08°22.99”S, 18°19°13.71”E),
epilithic on primary bedrock in mid-shore; UWC 16/18, 10.v.2016, leg. G.W. Maneveldt, C.A.
Puckree-Padua, A. Haywood, collection number 16/18 (34°08°22.99”S, 18°19’13.71”E),
epilithic on primary bedrock in low shore; UWC 16/21, 10.v.2016, leg. G.W. Maneveldt, C.A.
Puckree-Padua, A. Haywood, collection number 16/21 (34°08°22.99”S, 18°19°13.71”E),
epilithic on primary bedrock and boulders in mid-shore rock pool.

Western Cape Province: Slangkop. UWC 16/23, 10.v.2016, leg. G.W. Maneveldt, C.A.
Puckree-Padua, A. Haywood, collection number 16/23 (34°8°51.07”’S, 18°19°6.10”E), epizoic
on S. cochlear shell (limpet) in the Cochlear zone; UWC 16/24, 10.v.2016, leg. G.W.
Maneveldt, C.A. Puckree-Padua, A. Haywood, collection number 16/24 (34°8°51.07”S,

18°19°6.10”E), epilithic on primary bedrock, among S. cochlear (limpet) territories in the
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Cochlear zone (low intertidal zone); UWC 16/27, 10.v.2016, leg. G.W. Maneveldt, C.A.
Puckree-Padua, A. Haywood, collection number 16/27 (34°8°51.07’S, 18°19°6.10”E), epilithic
on primary bedrock in mid-intertidal zone.

DisTrIBUTION: Confirmed by DNA sequence data to have a comparatively restricted
distribution (= 43 km) along the southern west coast, occurring from Mouille Point to Slangkop
(Western Cape Province) along the Cape Peninsula, South Africa.

HABIT AND MORPHOLOGY: Plants non-geniculate, thalli thick, encrusting and variably
lumpy and slightly protuberant (protuberances up to 4 mm in height), firmly adherent, dusky
pink to mauve (in well-lit conditions) to rosy or purple-pink (in dim light) when freshly
collected (Fig. 10). Individual crusts not coalescing (do not fuse together) and easily
discernible (Figs 10-12). Thalli epilithic on-primary-bedrock and on large boulders in rock
pools and on exposed platforms in-mid-intertidal-zone. Fhalli-also epilithic on primary bedrock
between S. cochlear (limpet) territories and epizoic on S. cochlear shells in low intertidal zone
(Figs 11-12).

ANATOMY: Thalli dorsiventrally. organised, ‘monomerous;and haustoria absent. Medulla
thin and plumose (non-coaxial) (Figs 13-14). ‘Medullary filaments comprise rectangular cells
and give rise to cortical filaments that comprise mainly square to rectangular cells (Fig. 14).
Contiguous medullary and cortical filaments joined by cell fusions; secondary pit connections
absent (Fig. 14). Subepithallial initials square to rectangular (Fig. 15). Epithallus single
layered with oval to rounded cells (Fig. 15). Trichocytes common at thallus surface, occurring
singularly (mostly) to paired (Fig. 15); always terminal and never intercalary in the
cortex/perithallus; buried trichocytes not observed. Data on morphological and measured
vegetative characters are summarised in Table 3.

REPRODUCTION: Gametangial thalli appear to be dioecious, although female plants were not

observed.
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Spermatangial (male) conceptacles uniporate, low-domed, raised above surrounding thallus
surface (Figs 16-18). Chambers transversely elliptical to flattened; roof nearly twice as thick
along pore canal (Figs 17-18). Roof formed from filaments peripheral to the fertile area (Fig.
16). Throughout early development, a protective layer of epithallial cells surrounds
conceptacle primordium (Fig. 16). This protective layer is shed once the pore canal is near
fully developed; the pore opening occluded by a mucilage plug (Figs 17-18). In mature
conceptacles terminal initials along pore canal are enlarged and papillate, they project into pore
canal and are orientated more or less parallel to the conceptacle roof surface (Fig. 18).
Unbranched (simple) spermatangial systems confined to floor of mature conceptacle (Figs 16-
18). Senescent male conceptacles appear to be shed as no buried conceptacles were observed.

Tetrasporangial thalli are morphologically similar-to.spermatangial thalli. Conceptacles
uniporate, low domed and raised abeve-surrounding-thallus 'surface (Figs 19-21). Chambers
transversely elliptical to bean-shaped; roof nearly twice as thick along the pore canal and 5-7
cells (incl. an epithallial cell) thick. Pore canal tapered towards surface and arching (Fig. 20),
lined by elongated papillate cells that projectinto pore canal.and are orientated more or less
parallel or at a sharp angle to the conceptacle roof surface! (Fig. 20). Roof formed from
filaments peripheral to the fertile area (Fig. 19); terminal initials more elongate than their
inward derivatives (Fig. 19). Throughout early development a protective layer of epithallial
cells surrounds conceptacle primordium (Fig. 19). This protective layer is shed once pore canal
is near fully developed; pore opening occluded by a corona of filaments that project above the
pore opening (Figs 20, 22). Corona appears to form from filaments near the upper half of roof,
directly adjacent to pore canal (Figs 20, 22). Throughout development of immature
tetrasporangial conceptacle, a prominent columella of sterile filaments forms at the centre of
conceptacle chamber and extends into the pore canal (Figs 19-20); central columella appears

weakly calcified as with maturity it disintegrates to form a low mound (Fig. 21). Base of pore

43



Chapter 3: Results

canal sunken into chamber and terminal initials near the base point downward (Fig. 22).
Mature conceptacle floors sunken 11-17 cells (including the epithallial cell) below surrounding
thallus surface. Zonately divided tetrasporangia arranged at the extreme periphery of
conceptacle chamber, attached via a stalk cell (Figs 20-21); where central columella has
disintegrated or diminished, tetrasporangia fill the chamber and appear to be distributed across
the chamber floor (Fig. 21). Senescent tetrasporangial conceptacles appear to be shed as no

buried conceptacles were observed. Data on reproductive characters summarised in Table 4.
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3.2.3. Chamberlainium cochleare Maneveldt, Puckree-Padua & P.W.Gabrielson sp. nov.

(Figs 23-37; Tables 3-7)

on primary bedrock in Oxystele tigrina (winkle) and Cymbula oculus (limpet) dominated mid-
shore rock pool (Fig. 24). Fragments of the holotype were retained in UWC and NCU.

IsoTyPES: UWC 14/13, UWC 14/14.

TYPE LOCALITY: South Africa, Western Cape Province, Cape Agulhas: L’Agulhas,
Stinkbaai (34°49°26.37”’S, 20°01°0.71”E).

ETYMOLOGY: ‘cochleare’ in reference to the species’ strong ecological association in the
‘Cochlear zone’ along the southern west-and south coasts. with the territorial, gardening limpet
S. cochlear (Fig. 23).

DiagNosis: Thalli thin, unifarmly encrusting (smooth), lacking protuberances and not
becoming secondarily thick and.discoid with orbicular protrusions, nor warty, nor wrinkled;
individual crusts coalescing (fusing) and not easily discernible;.colour of living thalli greyish
in well-lit conditions to blueish mauve in dim light; thallus construction monomerous;
epithallus single layered; spermatangial and tetrasporangial conceptacles produced
successively in cortex directly above, and in the same area as the modified cortex of an earlier
generation; central columella present in tetrasporangial conceptacles, disintegrating to form a

low mound with maturity; pore opening in mature tetrasporangial conceptacles occluded by a

DNA SEQUENCES: psbA (851 bp) and rbcL (1467 bp) gene sequences, obtained from 15
specimens (including the holotype and isotypes) (Table S1), were all identical to each other.
DNA sequences showed that Chamberlainium cochleare was different from all other named

species sequenced to date (Figs 3-5; Table S1).
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SPECIMENS EXAMINED: Fifteen samples (including the holotype and isotypes), all confirmed
by DNA sequencing, represent our entire collection for this taxon. Data below are presented
geographically from west to east followed chronologically by collection numbers.

South Africa — Western Cape Province: Kalk Bay. UWC 09/157, 21.ix.2009, leg. G.W.
Maneveldt & E. van der Merwe, collection number 09/157 (34°7°52.39”’S, 18°26°54.55”E),
epilithic on primary bedrock in mid-intertidal zone; UWC 11/38, 11.iv.2011, leg. G.W.
Maneveldt, collection number 11/38 (34°7°52.95”S, 18°26’53.58”E), epilithic on primary
bedrock among S. cochlear (limpet) territories in the Cochlear zone (low intertidal zone); UWC
12/02A, 23.ii.2012, leg. G.W. Maneveldt, collection number 12/02A (34°7°53.28”S,
18°26°53.38”E), epilithic on primary bedrock in mid-intertidal rock pool.

Western Cape Province: Pringle Bay, Holbaatpunt.-- UWC 93/299, 14.xi.1993, leg. G.W.
Maneveldt, collection number 93/299 (34°22°45.24”S,-18°50°46.04”E), epilithic on primary
bedrock among S. cochlear (limpgt) territories and epizoic on $. cochlear shells in the Cochlear
zone (low intertidal zone).

Western Cape Province: Cape Agulhas, Stinkbaai,” L 22?22?77, 18.xii.2014, leg. G.W.
Maneveldt, collection number 14/12 (34°49°26.37”S, 20°01°0.71”E) (holotype), epilithic on
primary bedrock in O. tigrina (winkle) and C. oculus (limpet) dominated mid-intertidal rock
pool; UWC 14/13, 18.xii.2014, leg. = G.W. Maneveldt, collection number 14/13
(34°49°26.37”S, 20°01°0.71”E) (isotype), epilithic on primary bedrock in Scutellastra
longicosta (limpet) dominated mid-intertidal zone; UWC 14/14, 18.xii.2014, leg. G.W.
Maneveldt, collection number 14/14 (34°49°26.37”S, 20°01°0.71”E) (isotype), epilithic on
primary bedrock among S. cochlear (limpet) territories in the Cochlear zone (low intertidal
zone).

Western Cape Province: Struisbaai. UWC 09/104, 06.vii.2009, leg. G.W. Maneveldt & E.

van der Merwe, collection number 09/104 (34°48°48.36”S, 20°03°14.99”E), epilithic on
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primary bedrock in mid-intertidal zone; UWC 15/11, 01.v.2015, leg. G.W. Maneveldt,
collection number 15/11 (34°48°51.74”S, 20°01°49.34”E), epilithic on primary bedrock,
amongst S. longicosta (limpet) and C. oculus (limpet) in mid-intertidal zone; UWC 15/14,
01.v.2015, leg. G.W. Maneveldt, collection number 15/14 (34°48°50.65”S, 20°01°50.90”E),
epilithic on primary bedrock (shale platforms) edges in the mid-intertidal zone; UWC 15/15,
01.v.2015, leg. G.W. Maneveldt, collection number 15/15 (34°48°50.49”S, 20°01°50.91”E),
epilithic on primary bedrock (shale platforms) flats in the mid-intertidal zone.

Western Cape Province: Stilbaai. UWC 10/104, 12.vi.2010, leg. G.W. Maneveldt & E. van
der Merwe, collection number 10/104 (34°23°35.70”S, 21°25°45.54”E), epilithic on primary
bedrock in low shore rock pool.

Western Cape Province: Tsitsikamma; Nature’s Valley. UWC 08/20, 06.iv.2008, leg. G.W.
Maneveldt & U. van Bloemstein, eoHection number-08/20(33°59°27.21”S, 23°32°20.79”E),
epizoic on S. cochlear (limpet) shell in Cochlear zone (low intertidal zone).

Eastern Cape Province: Kidds Beach. NCU 659868, 19.xii.2009, leg. T. Klenk, collection
number 926 (33°09°28.32”S, 27°41’ 15:15”E), epilithic on primary bedrock in mid-intertidal
zone.

KwaZulu-Natal Province: Durban, Ballito Bay. UWC 15/24, 22.vi.2015, leg. G.W.
Maneveldt & C.A. Puckree-Padua, collection number 15/24 (29°32°42.49”S, 31°12°56.95”E),
epilithic on primary bedrock in high shore rock pool above oyster belt.

DisTrIBUTION: Confirmed by DNA sequence data to be widely distributed (£ 1,700 km)
along the southern and eastern coasts, occurring from Kalk Bay (False Bay, Western Cape
Province) to Ballito Bay (KwaZulu-Natal Province), South Africa; possibly more widespread
up the east coast.

HABIT AND MORPHOLOGY: Plants non-geniculate, thalli thin, encrusting (smooth), firmly

adherent, greyish (in well-lit conditions) (Fig. 23) to blueish mauve (in dim light) when freshly
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collected. Individual crusts coalescing (fusing together) and not easily discernible (Figs 23-
25). Thalli epilithic on primary bedrock in mid- and low intertidal zones; also epizoic on
mollusc shells from these zones. The species has a very common ecological association with
the territorial, gardening limpet S. cochlear (Fig. 23).

ANATOMY: Thalli dorsiventrally organised, monomerous and haustoria absent. Medulla
thin and plumose (non-coaxial) (Fig. 26). Medullary filaments comprise rectangular to
elongate cells and give rise to cortical filaments that comprise square to rectangular cells (Figs
26-27). Contiguous medullary and cortical filaments joined by cell fusions; secondary pit
connections absent (Figs 27-28). Subepithallial initials square to rectangular (Fig. 28).
Epithallus single layered with elliptical to domed cells (Fig. 28). Trichocytes common at
thallus surface, occurring singularly (mestly), but alse-in small clusters of up to 6 cells, all
separated by normal vegetative fHaments-(Fig.-28);-always-terminal and never intercalary in
the cortex/perithallus; buried trichocytes not observed. Data on morphological and measured
vegetative characters are summarised-in Table 3-and Table 6.

REPRODUCTION: Gametangial thalli appear to.be dioecious, although female plants were not
observed.

Spermatangial (male) conceptacles uniporate, low-domed, raised above or only occasionally
flush with surrounding thallus surface (Figs 29-31). Chambers transversely elliptical to
flattened; roof nearly twice as thick along pore canal (Figs 30-31). Spermatangial conceptacles
appear to be produced successively in the cortex directly above, and in the same area as the
modified cortex of an earlier generation (Fig. 29). Roof formed from filaments peripheral to
the fertile area (Fig. 29). Throughout early development, a protective layer of epithallial cells
surrounds conceptacle primordium (Fig. 29). This protective layer is shed once the pore canal
is near fully developed; the pore opening occluded by a mucilage plug (Figs 30-31). In mature

conceptacles terminal initials along pore canal are enlarged and papillate, they project into pore

48



Chapter 3: Results

canal and are orientated more or less parallel to the conceptacle roof surface (Fig. 31).
Unbranched (simple) spermatangial systems confined to floor of mature conceptacle (Figs 29-
31). Senescent male conceptacles appear to be shed as no buried conceptacles were observed.

Tetrasporangial thalli are morphologically similar to spermatangial thalli. Conceptacles
uniporate, low domed and raised to flush to slightly sunken below surrounding thallus surface
(Figs 32-36). Chambers transversely elliptical to markedly bean-shaped; roof nearly twice as
thick along the pore canal and 6-8 cells (incl. an epithallial cell) thick (Figs 32, 36-37). Pore
canal tapered towards surface, lined by elongated papillate and enlarged cells that project into
pore canal and are orientated more or less parallel or at a sharp angle to the conceptacle roof
surface (Figs. 36-37). Similar to spermatangial conceptacles, tetrasporangial conceptacles
appear to be produced successively in-the cortex-directly above, and in the same area as the
modified cortex of an earlier generation (Fig. 32). Roof formed from filaments peripheral to
the fertile area (Figs 33-35); terminal initials more elongate than their inward derivatives (Figs
36-37). Throughout early development a protective layer. of epithallial cells surrounds
conceptacle primordium (Figs 33-35). " This protective layer is shed once pore canal is near
fully developed; pore opening. occluded by a mucilage plug (Figs 36-37). Throughout
development of immature tetrasporangial conceptacle, a prominent columella of sterile
filaments forms at centre of conceptacle chamber (Figs 34-35); central columella appears
weakly calcified as with maturity it disintegrates to form a low mound (Figs 32, 36). Base of
pore canal sunken into chamber and terminal initials near the base point downward (Figs 36-
37). Mature conceptacle floors sunken 12-22 cells (including the epithallial cell) below
surrounding thallus surface. Zonately divided tetrasporangia at maturity arranged at the
extreme periphery of conceptacle chamber and attached via a stalk cell (Fig. 36). Senescent
tetrasporangial conceptacles appear to be shed as no buried conceptacles were observed. Data

on reproductive characters are summarised in Table 4 and Table 7.
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3.2.4. Chamberlainium glebosum Maneveldt, Puckree-Padua & P.W.Gabrielson sp. nov.

(Figs 38-50; Tables 3-5)

on primary bedrock in the mid-intertidal rock pool (Fig. 39).

TYPE LoCALITY: South Africa, Western Cape Province, Melkbosstrand (33°44°15.11'S,
18°26°8.06”E).

ETYmMoLOGY: ‘glebosum’ from ‘glebosus’, making reference to the species’ lumpy and
highly protuberant growth form.

DiagNosis: Thalli thick, lumpy becoming highly protuberant, not becoming secondarily
thick and discoid with orbicular protrusiens; norwrinkied, individual crusts not coalescing (not
fusing together) and easily discernible;-colour of lving thalli-brownish pink to grey in well-lit
conditions and blue-grey in dim light; thallus construction monomerous; epithallus single
layered; central columella present in tetrasporangial conceptacles, disintegrating to form a low

mound with maturity; pore opening.in mature tetrasporangial conceptacles unoccluded; psbA

DNA SEQUENCES: psbA (851 bp) and rbcL (1467 bp) gene sequences, obtained from 21
specimens (including the holotype and isotypes) (Table S1), were all identical to each other.
DNA sequences collectively showed that Chamberlainium glebosum was different from all
other named species sequenced to date (Figs 3-8; Table S1).

SPECIMENS EXAMINED: Twenty-one samples (including the holotype and isotypes), all

confirmed by DNA sequencing, represent our entire collection for this taxon. Data below are

2 Chamberlainium glebosum shares six single nucleotide polymorphisms (SNPs) with C. capense, with the rbcL
sequence of UWC 16/27 (C. capense) being identical to all C. glebosum specimens sequenced.
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presented geographically from north to south followed chronologically by the collection
numbers.

South Africa— Northern Cape Province: Port Nolloth. UWC 93/27, 05.vii.1993, leg. G.W.
Maneveldt, collection number 93/27 (29°14°22.77”S, 16°51°13.32”E), epilithic on primary
bedrock in mid-intertidal zone; UWC 93/304, 14.xii.1993, leg. G.W. Maneveldt, collection
number 93/304 (29°14°22.77°S, 16°51°13.32”E), epilithic on primary bedrock in mid-
intertidal zone; UWC 93/306, 14.xii.1993, leg. G.W. Maneveldt, collection number 93/306
(29°14°22.77”S, 16°51°13.32”E), epilithic on primary bedrock in mid-intertidal zone; UWC
15/50, 29.ix.2015, leg. G.W. Maneveldt & C.A. Puckree-Padua, collection number 15/50
(29°14°51.74’S, 16°52°3.48”E), epilithic on primary bedrock in mid-intertidal rock pool;
UWC 15/51, 29.ix.2015, leg. G.W. Maneveldt & C.A. Puckree-Padua, collection number
15/51 (29°14°51.74”’S, 16°52°3.48”E), epilithic-on primary-bedrock in low intertidal rock pool.

Northern Cape Province: Groenriviermond. UWC 15/55,30.ix.2015, leg. G.W. Maneveldt
& C.A. Puckree-Padua, collection number 15/55 (30°51°53”S, 17°34°40.68”E), epilithic on
primary bedrock in mid-intertidal reck pool.

Western Cape Province: Cape St. Martin.. UWC 15/63B, 02.x.2015, leg. G.W. Maneveldt
& C.A. Puckree-Padua, collection number 15/63B (32°44°9.86”S, 17°54°25.93”E), epilithic
on primary bedrock among S. cochlear (limpet) territories in the Cochlear zone (low intertidal
zone).

Western Cape Province: Jacobsbaai. UWC 15/16, 14.v.2015, leg. G.W. Maneveldt,
collection number 15/16 (32°57°55.92”S, 17°52°53.04”E), epilithic on primary bedrock in
mid-intertidal rock pool; UWC 15/17, 14.v.2015, leg. G.W. Maneveldt, collection number
15/17 (32°57°55.92”’S, 17°52°53.04”’E), epilithic on primary bedrock in mid-intertidal rock
pool; UWC 15/20, 14.v.2015, leg. G.W. Maneveldt, collection number 15/20 (32°57°55.92”’S,

17°52°53.04”E), epilithic on primary bedrock in mid-intertidal rock pool; UWC 15/21,
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14.v.2015, leg. G.W. Maneveldt, collection number 15/21 (32°57°55.92”’S, 17°52°53.04”E),
epilithic on primary bedrock in mid-intertidal rock pool.

Western Cape Province: Grotto Bay. UWC 15/33, 17.vii.2015, leg. G.W. Maneveldt,
collection number 15/33 (33°30°22.23”S, 18°18°50.42”E), epilithic on primary bedrock in
Scutellastra granularis (limpet) dominated mid-intertidal zone; UWC 15/34, 17.vii.2015, leg.
G.W. Maneveldt, collection number 15/34 (33°30°22.23”S, 18°18°50.42”E), epilithic on
primary bedrock in mid-intertidal rock pool; UWC 15/35, 17.vii.2015, leg. G.W. Maneveldt,
collection number 15/34 (33°30°22.23”S, 18°18°50.42”E), epilithic on primary bedrock in high
intertidal rock pool.

Western Cape Province: Melkbosstrand. L ??7????? 18/05, 12.ix.2018, leg. G.W.
Maneveldt, collection number 18/05 (33°44°15.11”S,-18°26°8.06”E) (holotype), epilithic on
primary bedrock in the mid-intertidal-rock-poot

Western Cape Province: Mouille Point. UWC 16/07, 09.v.2016, leg. G.W. Maneveldt, C.A.
Puckree-Padua & A. Haywood, collection number-16/07 (33°53°56.64S, 18°24°31.71”E),
epilithic on primary bedrock among, Siphonaria capensis (false limpet) in high intertidal zone,
UWC 16/12, 09.v.2016, leg. G.W. Maneveldt, C.A. Puckree-Padua & A. Haywood, collection
number 16/12 (33°53°56.64”’S, 18°24°31.71”E), epilithic on primary bedrock in high intertidal
rock pool.

Western Cape Province: Sea Point. UWC 16/14, 09.v.2016, leg. G.W. Maneveldt & C.A.
Puckree-Padua, collection number 16/14 (33°55°20.77”S, 18°22°’35.97”E), epilithic on
primary bedrock in high intertidal rock pool.

Western Cape Province: Slangkop. UWC 16/25, 10.v.2016, leg. G.W. Maneveldt, C.A.
Puckree-Padua & A. Haywood, collection number 16/25 (34°8’51.07”S, 18°19°6.10”E),
epilithic on primary bedrock in mid-intertidal rock pool; UWC 16/26, 10.v.2016, leg. G.W.

Maneveldt, C.A. Puckree-Padua & A. Haywood, collection number 16/26 (34°8°51.07”’S,

52



Chapter 3: Results

18°19°6.10”E), epilithic on primary bedrock in mid-intertidal rock pool; UWC 16/27,
10.v.2016, leg. G.W. Maneveldt, C.A. Puckree-Padua & A. Haywood, collection number 16/27
(34°8’51.077S, 18°19°6.10”E), epilithic on primary bedrock in high intertidal rock pool.
DisTrIBUTION: Confirmed by DNA sequence data to have a wide, but disjunct distribution
along the west coast, occurring from Port Nolloth (Northern Cape Province) to
Groenriviermond (Northern Cape Province) (z 220 km) and then from Cape St. Martin
(Western Cape Province) to Slangkop (Western Cape Province) (= 200 km), South Africa.
HABIT AND MORPHOLOGY: Plants non-geniculate, thalli thick, lumpy becoming highly
protuberant (protuberances up to 6 mm in height) (Figs 38-40), firmly adherent, mostly
brownish pink to greyish when freshly collected (Fig. 38). Individual crusts not coalescing
(not fusing together) and easily discernible (Figs-38-39). Thalli epilithic on the primary
bedrock in the high and mid-intertidal zones-and only oecasionally on the low shore (Fig. 38).
ANATOMY: Thalli dorsiventrally organised, monomerous and haustoria absent. Medulla
thin and plumose (non-coaxial) (Fig. 41). Medullary filaments comprise rectangular to
elongate cells and give rise to cartical filaments‘that comprise square to rectangular cells (Figs
42-43). Contiguous medullary.and cortical filaments. joined by cell fusions; secondary pit
connections absent (Figs 42-43). Subepithallial initials square to rectangular (Fig. 43).
Epithallus single layered with rounded to elliptical cells (Fig. 43). Trichocytes not observed.
Data on morphological and measured vegetative characters are summarised in Table 3.
REPRODUCTION: Gametangial thalli appear to be dioecious, although female plants were not
observed.
Spermatangial (male) conceptacles uniporate, low-domed, raised above surrounding thallus
surface (Fig. 44-45). Chambers transversely elliptical to flattened; roof nearly twice as thick
along pore canal (Fig. 45). Roof formed from filaments peripheral to the fertile area (Fig. 44).

Throughout early development, a protective layer of epithallial cells surrounds conceptacle
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primordium (Fig. 44). This protective layer is shed once the pore canal is near fully developed,
the pore opening occluded by a mucilage plug (Fig.45). In mature conceptacles terminal
initials along pore canal are enlarged and papillate, they project into pore canal and are
orientated more or less parallel to the conceptacle roof surface (Fig. 45). Unbranched (simple)
spermatangial systems confined to floor of mature conceptacle (Figs 44-45). Senescent male
conceptacles appear to be shed as no buried conceptacles were observed.

Tetrasporangial thalli are morphologically similar to spermatangial thalli. Conceptacles
uniporate, low domed and raised above surrounding thallus surface (Figs 46-49). Chambers
transversely elliptical to bean-shaped; roof nearly twice as thick along the pore canal and 4-8
(9) cells (incl. an epithallial cell) thick (Fig. 49). Pore canal tapered towards surface, lined by
elongated papillate cells that project into-pore-canal-and-are orientated more or less parallel or
at a sharp angle to the conceptaele-roof-surface (Fig.-50). Roof formed from filaments
peripheral to the fertile area (Figs 46-48); terminal initials more elongate than their inward
derivatives (Fig. 47). Throughout early development a protective layer of epithallial cells
surrounds conceptacle primordium (Figs 46-48).. This'protective layer is shed once pore canal
is near fully developed; the pore apening in/mature conceptacles unoccluded (Figs 49-50).
Throughout development of immature tetrasporangial conceptacle, a prominent columella of
sterile filaments forms at centre of conceptacle chamber and extends into the pore canal (Figs
47-49); central columella appears weakly calcified as with maturity it disintegrates to form a
low mound. Base of pore canal sunken into chamber and terminal initials near the base point
downward (Figs 49-50). Mature conceptacle floors sunken 11-24 cells (including the
epithallial cell) below surrounding thallus surface. Zonately divided tetrasporangia at maturity
arranged at the extreme periphery of conceptacle chamber and attached via a stalk cell (Fig.
49). Senescent tetrasporangial conceptacles appear to be shed as no buried conceptacles were

observed. Data on reproductive characters are summarised in Table 4.
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3.2.5. Chamberlainium impar (Foslie) Maneveldt, Puckree-Padua & P.W.Gabrielson comb.
nov.

(Figs 51-71; Tables 3-5, 8-9)

BasioNym: Lithophyllum impar Foslie, 1909: 13.

HoLoTYPE: TRH! (A3-146), collector A. Weber van Bosse, 1893, no other collection data.
See Printz 1929 (PI. LIV, figs 18-21).

TyPE LocALITY: Likely Cape of Good Hope, South Africa. There is doubt as to whether
Mme Weber van Bosse collected the type material in KwaZulu-Natal (as Natal) or somewhere
between that location and the Western Cape Province (as Cape Province). The species has
never been observed in KwaZulu-Natal-and 1t-is-more-likely to have been the Western Cape
Province (see Chamberlain 1994h).

SyNoNyMs: Lithophyllum marlothii fi subplicata Foslie, 1902:19;

Pseudolithophyllum impar (Foslie) Adey, 1970:13.

ETYMOLOGY: ‘impar’ means unequal (Stearn 1973), presumably making reference to the
variable (and unequal) size of individual crusts (Figs 51-53).

DNA SEQUENCES: psbA (851 bp) and rbcL (1467 bp) gene sequences, obtained from six
specimens (including the holotype) (Table S1), were all identical to each other. DNA
sequences showed that Chamberlainium impar was different from all other named species
sequenced to date (Figs 3-5; Table S1).

SPECIMENS EXAMINED: Five samples (in addition to the holotype specimen), all confirmed
by DNA sequencing, represent our entire collection for this taxon. Data below are presented

geographically from north to south followed chronologically by collection numbers.
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South Africa — Western Cape Province: Cape St. Martin. UWC 15/64, 02.x.2015, leg. G.
W. Maneveldt & C.A. Puckree-Padua, collection number 15/64 (32°44°9.86”S,
17°54°25.93”E), epilithic on primary bedrock in mid-intertidal zone.

Western Cape Province: Sea Point. UWC 12/01, 23.ii.2012, leg. G.W. Maneveldt,
collection number 12/01 (33°55°20.77”’S, 18°22°35.97”E), epilithic on primary bedrock in mid-
intertidal zone; UWC 13/20, 05.xi.2013, leg. G.W. Maneveldt, collection number 13/20
(33°55°20.77’S, 18°22°35.97”E), epilithic on primary bedrock in low intertidal zone; UWC
13/21, 05.xi.2013, leg. G.W. Maneveldt, collection number 13/21 (33°55°20.77"S,
18°22°35.97”E), epilithic on primary bedrock in low intertidal zone; UWC 13/22, 05.xi.2013,
leg. G.W. Maneveldt, collection number 13/22 (33°55°20.77”S, 18°22°35.97”E), epilithic on
primary bedrock in low intertidal zone.

DisTrRIBUTION: Confirmed by DNA seguence data to be-distributed (x 170 km) along the
southern west coast, occurring from Cape St. Martin (Western Cape Province) to Sea Point
(Western Cape Province), South Africa; probably more widespread down the southern west
coast (see Chamberlain 1994Db).

HABIT AND MORPHOLOGY: Plants. non-geniculate, thall thick, encrusting (smooth) and
orbicular becoming confluent, may remain flat in heavily grazed conditions (Figs 51-53),
firmly adherent, yellowish to yellow-brown (in well-lit conditions) to purple-brown (in dim
light) when freshly collected (Fig. 51). Surface roughly ridged to strongly pachydermatous
like an elephant’s skin (Figs 51-53). Individual crusts not coalescing (not fusing together) and
discernible (Figs 51-53); adjacent crusts producing characteristic marginal up growths when
they meet (Fig. 53). Thalli epilithic on primary bedrock in mid- to low intertidal zones, forming
a distinctive band above the Cochlear zone (low intertidal zone) (Fig 51).

ANATOMY: Thalli dorsiventrally organised, monomerous and haustoria absent. Medulla

plumose (non-coaxial) (Fig. 54). Medullary filaments comprise rectangular to elongate cells
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and give rise to cortical filaments that comprise squarish to beaded cells (Figs 55-56).
Contiguous medullary and cortical filaments joined by cell fusions; secondary pit connections
absent (Figs 55-57). Subepithallial initials square to rectangular (mostly) (Fig. 56-57).
Epithallus multilayered, comprising up to nine (mostly 4-6) elliptical to rounded epithallial
cells (Figs 56-57). Trichocytes rare at thallus surface, occurring singularly or paired (Figs 56-
57); always terminal and never intercalary in the cortex/perithallus; buried trichocytes not
observed. Data on morphological and measured vegetative characters are summarised in Table
3 and Table 8.

REPRODUCTION: Gametangial thalli dioecious.

Spermatangial (male) conceptacles uniporate, low-domed, initially raised above
surrounding thallus surface, becoming flush-with-surrounding thallus surface at maturity (Figs
58-61). Chambers transversely eliptical-to flattened; roof nearly twice as thick along pore
canal (Figs 60-61). Roof formed from filaments peripheral to the fertile area (Figs 58-59).
Throughout early development, a protective layer of epithallial cells surrounds conceptacle
primordium (Fig. 58). This protectivelayer is.shed once the pore canal is near fully developed,
the pore opening in mature conceptacles occluded by a mucilage plug or more commonly a
mucilage spout (Figs 60-61). In mature conceptacles terminal initials along pore canal are
enlarged and papillate, project into pore canal and are orientated more or less parallel to the
conceptacle roof surface (Fig. 61). Unbranched (simple) spermatangial systems confined to
floor of mature conceptacle (Figs 59-61). Senescent male conceptacles appear to be shed as
no buried conceptacles were observed.

Carpogonial (female) conceptacles similar in size and shape to spermatangial conceptacles;
flush with to sunken below surrounding thallus surface (Fig. 62-63). In mature conceptacles
terminal initials along pore canal are enlarged and papillate, they project into pore canal and

are orientated more or less parallel to the conceptacle roof surface (Fig. 63). Carpogonial
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branches develop across the floor of conceptacle chamber, comprising a single support cell, a
hypogynous cell and a carpogonium extended into a trichogyne (Fig. 63). Sterile cells also
present on some hypogynous cells.

After presumed karyogamy, carposporophytes develop within female conceptacles and form
carposporangial conceptacles (Figs 64-66). Carposporangial conceptacles comparatively
large, low-domed, slightly raised to flush with to sunken below surrounding thallus surface
(Fig. 64). Chambers transversely elliptical, with flattened bottoms presumably caused by
growth of gonimoblast filaments. Pore canal tapered towards surface, lined by enlarged and
papillate cells that project into pore canal and are orientated more or less parallel to the
conceptacle roof surface (Fig. 64-65). In mature conceptacles, cells lining the pore canal were
more elongate than their inward derivatives; base of pore canal sunken into the chamber and
terminal initials near the base characteristically-point-downward (Figs 64-65). Discontinuous
fusion cell present and 5-7 celled gonimoblast filaments (incl. a terminal carposporangium)
develop along the periphery of conceptacle chamber (Fig. 66). The remains of unfertilized
carpogonia persist across the dorsaljsurface of the ‘fusion cell (Figs 64, 66). Senescent
carposporangial conceptacles appear to be shed as-no buried conceptacles were observed.

Tetrasporangial thalli are morphologically similar to gametangial thalli. Conceptacles
uniporate, low domed and raised, becoming flush (at maturity) with the surrounding thallus
surface (Figs 67-70). Chambers transversely elliptical to bean-shaped; roof nearly twice as
thick along the pore canal and 6-7 cells (incl. an epithallial cell) thick (Figs 70-71). Pore canal
tapered towards the surface, lined by elongate papillate cells that project into the pore canal
and are orientated more or less parallel or at a sharp angle to the conceptacle roof surface (Figs
69, 71). Roof formed from filaments peripheral to the fertile area (Figs 67-69); terminal initials
more elongate than their inward derivatives (Fig. 69). Throughout early development a thick

protective layer of epithallial cells surrounds conceptacle primordium (Figs 67-69). This
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protective layer is shed once pore canal is near fully developed; pore opening occluded by a
mucilage plug (Figs 70-71). A prominent columella of sterile filaments forms early in
tetrasporangial conceptacle development, extending into the pore canal (Figs 69-70) and
persists to maturity (Fig. 70). Base of pore canal sunken into chamber and terminal initials
near the base point downward (Fig. 71). Mature conceptacle floors sunken 15-21 cells
(including the epithallial cell) below surrounding thallus surface. Zonately divided
tetrasporangia at maturity arranged at the extreme periphery of conceptacle chamber and
attached via a stalk cell (Fig. 70). Senescent tetrasporangial conceptacles appear to be shed as
no buried conceptacles were observed. Data on reproductive characters are summarised in

Table 4 and Table 9.
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3.2.6. Chamberlainium natalense (Foslie) Maneveldt, Puckree-Padua & P.W.Gabrielson,
comb. nov.

(Figs 72-88; Tables 3-7)

BAsioNyM: Lithophyllum natalense Foslie, 1907: 24.

LEcTOTYPE: TRH! (A2-107), collector A. Weber-van Bosse, 1894, no other collection data.
Designated by Adey in Adey & Lebednik (1967: 16), Foslie slide 703, lectotype depicted in
Printz (1929, PI. LIII, fig. 6) and Chamberlain (1993, fig. 28). A previous reference to the
typification was by Adey 1970: 13 (as Pseudolithophyllum).

TyPE LocALITY: Likely KwaZulu-Natal (as Natal), South Africa, as suggested by the
epithet. Incidentally, all other specimens (TRH A2-105, TRH A2-106) ascribed to this epithet
were sampled from KwaZulu-Natal (as-Natal),-witha reference made to Durban (Woelkerling
et al. 2005: 35). See Chamberlain (1993: 111) for comments on the confusion around the
labelling of the specimens.

SyYNoNYMs: Pseudolithophyllum.natalense (Foslie)"W.H.Adey, 1970: 13.

ETYMOLOGY: ‘natalense’, making reference to the typelocality in the province of KwaZulu-
Natal (as Natal) (Foslie 1907: 24).

DNA SEQUENCES: psbA (851 bp) and rbcL (1467 bp) gene sequences, obtained from 19
specimens (including the lectotype) (Table S1), were all identical to each other. DNA
sequences showed that Chamberlainium natalense was different from all other named species
sequenced to date (Figs 3-51; Table S1).

SPECIMENS EXAMINED: Eighteen samples (in addition to the lectotype specimen), all
confirmed by DNA sequencing, represent our entire collection for this taxon. Data below are
presented geographically from west to east followed chronologically by the collection

numbers.
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South Africa - Western Cape Province: Kommetjie. UWC 16/20, 10.v.2016, leg. G.W.
Maneveldt, C.A. Puckree-Padua & A. Haywood, collection number 16/20 (34°8°21.96”S,
18°19°12.62”E), epilithic on boulder in mid-intertidal rock pool.

Western Cape Province: Kalk Bay. UWC 11/41, 20.iv.2011, leg. G.W. Maneveldt,
collection number 11/41 (34°7°52.39”S, 18°26°54.55”E), epilithic on small boulder in mid-
intertidal rock pool; UWC 12/02B, 23.ii.2012, leg. G.W. Maneveldt, collection number 12/02B
(34°7°53.28”S, 18°26°53.38”E), epilithic on boulder in mid-intertidal rock pool; UWC 12/03,
23.i1.2012, leg. G.W. Maneveldt, collection number 12/03 (34°7°53.28”S, 18°26°53.38”E),
epilithic on boulder in mid-intertidal rock pool; UWC 13/24, 05.xi.2013, leg. G.W. Maneveldt,
collection number 13/24 (34°7°52.39”S, 18°26°54.55”E), epilithic on boulder in mid-intertidal
rock pool; UWC 13/25, 05.xi.2013;-{eg.—~ G.W.-Maneveldt, collection number 13/25
(34°7°52.39”S, 18°26°54.55”E), epilithic en-boulder-in‘mid-intertidal rock pool.

Western Cape Province: Cape Agulhas, Stinkbaai. UWC 10/133, 15.vi.2010, leg. G.W.
Maneveldt & E. van der Merwe, collection number-10/133'(34°49°27.58”S 20°01°5.30”E),
epilithic on small boulder in low intertidal;rock paol.

Western Cape Province: Shark Bay.. UWC 14/18, 18.xi1.2014, leg. G.W. Maneveldt,
collection number 14/18 (34°48°51.69”’S, 20°1°48.33”E), epilithic on boulder in mid-intertidal
rock pool; UWC 15/10, 01.v.2015, leg. G.W. Maneveldt, collection number 15/10
(34°48°51.697’S, 20°1°48.33”E), epilithic on boulder in mid-intertidal rock pool; UWC 15/13,
01.v.2015, leg. G.W. Maneveldt, collection number 15/13 (34°48°51.69”’S, 20°1°48.33”E),
epilithic on primary bedrock (shale) in high intertidal rock pool.

Western Cape Province: Struisbaai. UWC 09/103, 06.vii.2009, leg. G.W. Maneveldt & E.
van der Merwe, collection number 09/103 (34°48°48.36S, 20°03°14.99”E), epizoic on
Oxystele sinensis (winkle) shell in low intertidal rock pool; UWC 09/125, 07.vii.2009, leg.

G.W. Maneveldt & E. van der Merwe, collection number 09/125 (34°48°48.36”S,
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20°03°14.99”E), epilithic on boulder in mid-intertidal rock pool; UWC 11/26, 03.xi.2011, leg.
G.W. Maneveldt, collection number 11/26 (34°48°48.36”S, 20°03°14.99”E), epilithic on
boulder in sandy gully in low intertidal zone.

Western Cape Province: Tsitsikamma, Natures Valley. UWC 08/04, 04.iv.2008, leg. G.W.
Maneveldt & U. van Bloemstein, collection number 08/04 (33°59°22.34”S 23°32°39.62”E),
epilithic on primary bedrock in low intertidal rock pool; UWC 08/06, 04.iv.2008, leg. G.W.
Maneveldt & U. van Bloemstein, collection number 08/06 (33°59°22.34”S 23°32°39.62”E),
epilithic on primary bedrock in low intertidal rock pool; UWC 08/13, 04.iv.2008, leg. G.W.
Maneveldt & U. van Bloemstein, collection number 08/13 (33°59°22.34”S 23°32°39.62”E),
epilithic on pebbles in high intertidal rock pool.

Eastern Cape Province: Kei Mouth.-UWC:10/209;-11.vii.2010, leg. G.W. Maneveldt & E.
van der Merwe, collection number-10/209 (32°4119.32”S, 28°22°31.15”E), epilithic on
primary bedrock amongst S. cochlear (limpet) territories in low intertidal zone.

KwaZulu-Natal Province: Durban, Ballito-Bay. - UWC 15/26, 22.vi.2015, leg. G.W.
Maneveldt & C.A. Puckree-Padua, collection number 15/26 (29°32°42.49”S, 31°12°56.22”E),
epilithic on boulder in shallow high shore rock pool above oyster belt.

DisTRIBUTION: Confirmed by DNA sequence data to be widely distributed (£ 1,720 km)
along the southern west and eastern coasts, occurring from Kommetjie (Western Cape
Province) to Ballito Bay (KwaZulu Natal), South Africa; possibly more widespread up the east
coast.

HABIT AND MORPHOLOGY: Plants non-geniculate, thalli thin, encrusting (smooth) (Figs 72-
73), firmly adherent, blue-grey (in well-lit conditions) to brown (in dim light) when freshly
collected (Fig. 72). Individual crusts not coalescing (not fusing together) and easily discernible

(Figs 72-73). Thalli epilithic mostly on boulders and pebbles, but also occasionally on primary
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bedrock in mid- and low intertidal rock pools and gullies; occasionally also epizoic on winkle
shells (Figs 72-73).

ANATOMY: Thalli dorsiventrally organised, monomerous and haustoria absent (Fig. 74).
Medulla thin and plumose (non-coaxial) (Figs 74). Medullary filaments comprise rectangular
to elongate cells and give rise to cortical filaments that comprise square to rectangular cells
(Figs 75). Contiguous medullary and cortical filaments joined by cell fusions; secondary pit
connections absent (Fig 75-76). Subepithallial initials square to rectangular (Fig. 76).
Epithallus single layered with flattened to elliptical cells (Fig. 76). Trichocytes rare at the
thallus surface, occurring singularly (mostly), but also in small clusters of up to 6 cells, all
separated by normal vegetative filaments (Fig. 76); always terminal and never intercalary in
the cortex/perithallus; buried trichocytes-not observed:--Data on morphological and measured
vegetative characters are summarised-in-Table 3-and-Table 6.

REPRODUCTION: Gametangial thalli are both dioecious (mastly) and monoecious.

Spermatangial (male) conceptacles uniporate, low-domed, raised above surrounding thallus
surface (Figs 77-78). Chambers transversely elliptical to flattened; roof nearly twice as thick
along the pore canal (Fig. 78). Roof formed from-filaments peripheral to the fertile area (Fig.
77). Throughout early development, a protective layer of epithallial cells surrounds
conceptacle primordium (Fig. 77). This protective layer is shed once the pore canal is near
fully developed; the pore opening occluded by a mucilage plug (Fig. 78). In mature
conceptacles terminal initials along pore canal are enlarged and papillate, they project into pore
canal and are orientated more or less parallel to the conceptacle roof surface. Unbranched
(simple) spermatangial systems confined to floor of mature conceptacles (Figs 77-78).
Senescent male conceptacles appear mostly shed, but occasionally buried ones were observed.

Carpogonial (female) conceptacles similar in size and shape to spermatangial conceptacles;

raised above surrounding thallus surface (Fig. 79). In mature conceptacles terminal initials
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along pore canal are enlarged and papillate, they project into pore canal and are orientated more
or less parallel to the conceptacle roof surface. Carpogonial branches develop across the floor
of conceptacle chamber, comprising a single support cell, a hypogynous cell and a
carpogonium extended into a trichogyne (Fig. 79). Sterile cells also present on some
hypogynous cells. Trichogynes often project through the pore opening (Fig. 79).

After presumed karyogamy, carposporophytes develop within female conceptacles and form
carposporangial conceptacles (Fig. 80-82). Carposporangial conceptacles comparatively large,
low-domed, and slightly raised above surrounding thallus surface (Fig. 80). Chambers
transversely elliptical, with flattened bottoms presumably caused by growth of gonimoblast
filaments. Pore canal slightly tapered towards surface, lined by elongated papillate that project
into pore canal and are orientated more-or less-paratiel.to the conceptacle roof surface. In
mature conceptacles, cells lining the-pore-canal more elongate than their inward derivatives;
base of pore canal sunken into the chamber and terminal initials near the base characteristically
point downward (Figs 80-81). A corona of filaments often occludes the pore opening and
projects above it (80-81). Corona appears to form from filaments near the upper half of roof,
directly adjacent to pore canal (Figs 81);« fully “mature 'or senescent carposporangial
conceptacles often lack the corona of filaments. Discontinuous central fusion cell present and
5-7 celled gonimoblast filaments (incl. a terminal carposporangium) develop along the
periphery of conceptacle chamber (Figs 80, 82). The remains of unfertilized carpogonia persist
across the dorsal surface of the fusion cell. Senescent carposporangial conceptacles appear to
be shed as no buried conceptacles were observed.

Tetrasporangial thalli are morphologically similar to gametangial thalli. Conceptacles
uniporate, low domed and raised above to flush with surrounding thallus surface (Figs 83-86).
Chambers transversely elliptical to markedly bean-shaped; roof nearly twice as thick along the

pore canal and 6-8 cells (incl. an epithallial cell) thick. Pore canal tapered towards the surface,
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lined by elongate papillate cells that project into pore canal and are orientated more or less
parallel or at a sharp angle to the conceptacle roof surface. Roof formed from filaments
peripheral to the fertile area (Figs 83-85); terminal initials more elongate than their inward
derivatives (Fig. 85). Throughout early development a protective layer of epithallial cells
surrounds conceptacle primordium (Figs 83-85). This protective layer is shed once pore canal
is near fully developed; pore opening occluded by a large corona of filaments that project well
above the pore opening (Fig. 86-88). Corona appears to form from filaments near the upper
half of roof, directly adjacent to pore canal (Fig. 87). In fully mature or senescent
tetrasporangial conceptacles the pore canal is often straight sided and lack the corona of
filaments. Throughout development of immature tetrasporangial conceptacles, a prominent
columella of sterile filaments forms at.centre of conceptacle chamber (Figs 84-86, 88); central
columella appears weakly calcified as with maturity-it disintegrates to form a low mound that
is often also absent (Fig. 88). Base of pore canal sunken into chamber and terminal initials
point downward (Figs 86-87). Mature conceptacle floors sunken 12-21 cells (including the
epithallial cell) below surrounding thallusisurface. " Zonately arranged tetrasporangia initially
arranged at the extreme periphery of the conceptacle chamber (Fig. 86), attached via a stalk
cell; where central columella has disintegrated or diminished, tetrasporangia fill the chamber
and appear to be distributed across the chamber floor (Fig. 88). Senescent tetrasporangial
conceptacles mostly shed but occasionally buried ones were observed. Data on reproductive

characters summarised in Table 4 and Table 7.
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3.2.7. Chamberlainium occidentale Maneveldt, Puckree-Padua & P.W.Gabrielson sp. nov.

(Figs 89-105; Tables 3-5)

number 15/61B (90), epilithic on primary bedrock among S. cochlear (limpet) territories in the
Cochlear zone (low intertidal zone).

IsoTypPes: UWC 15/58, UWC 15/59, UWC 15/61A

Type Locality: South Africa, Western Cape Province, Lamberts Bay (32°6’34.37”S,
18°18°7.62”E).

ETYMOLOGY: ‘occidentale’ from ‘occidentalis’, meaning western, making reference to the
species’ widespread distribution along the west coast of Southern Africa.

DiaGNosIs: Thalli variably thick, enerusting (smoeth) to-warty (mostly) to lumpy, becoming
only slightly protuberant, not hecoming| secondarily thick and discoid with orbicular
protrusions, nor wrinkled; individual crusts not coalescing (not fusing together) and easily
discernible; colour of living thalli brownish beige in well-lit conditions and blue-grey to rosy
pink in dim light; thallus construction monomerous; epithallus single layered; central columella
present in tetrasporangial conceptacles, persisting to maturity; pore opening in mature

tetrasporangial conceptacles unoccluded and slightly sunken below surrounding pore opening;

DNA SEQUENCES: psbA (851 bp) and rbcL (1434 bp) gene sequences, obtained from 10
specimens (including the holotype and isotypes) (Table S1), were all identical to each other.
DNA sequences collectively showed that Chamberlainium occidentale was different from all

other named species sequenced to date (Figs 3-8; Table S1).

3 Chamberlainium occidentale shares seven single nucleotide polymorphisms (SNPs) with C. capense, with the
rbcL sequence of the holotype of C. capense being identical to all C. occidentale specimens sequenced.
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SPECIMENS EXAMINED: Ten samples (including the holotype and isotypes), all confirmed by
DNA sequencing, represented our entire collection for this taxon. Data below are presented
geographically from north to south (along the west coast and southern west coast) followed
chronologically by the collection numbers.

Namibia — Luderitz: Grosse Bucht. UWC 92/302, 13.vii.1992, leg. D.W. Keats & A.
Groener, collection number 92/302 (26°44°28.98”S, 15°6°7.20”E), epilithic on primary
bedrock in mid-intertidal zone.

South Africa — Northern Cape Province: Groenriviermond. UWC 93/37, 05.viii.1993, leg.
G.W. Maneveldt, collection number 93/37 (30°51°53”’S, 17°34°40.68”E), epilithic on primary
bedrock among S. cochlear (limpet) territories in the Cochlear zone (low intertidal zone); UWC
15/56, 30.ix.2015, leg. G.W. Maneveldt-& C.A.-Puckree-Padua, collection number 15/56
(30°51°53”S, 17°34°40.68”E), epilithic on primary bedrock in mid-intertidal rock pool; UWC
15/57, 30.ix.2015, leg. G.W. Maneveldt & C.A. Puckree-Padua, collection number 15/57
(30°51°53S, 17°34°40.68”E), epizoic on-S. cochlear (limpet).shell in the Cochlear zone (low
intertidal zone).

Western Cape Province: Lamberts Bay. UWC.15/58; 01:x.2015, leg. G.W. Maneveldt, &
C.A. Puckree-Padua, collection number 15/58 (32°6°34.37”S, 18°18°7.62”E) (isotype),
epilithic on primary bedrock in S. granularis (limpet) dominated high shore rock pool; UWC
15/59, 01.x.2015, leg. G.W. Maneveldt, & C.A. Puckree-Padua, collection number 15/59
(32°6°34.37”S, 18°18°7.62”E) (isotype), epilithic on primary bedrock in Cymbula granatina
(limpet) dominated mid-shore rock pool; UWC 15/61A, 01.x.2015, leg. G.W. Maneveldt, &
C.A. Puckree-Padua, collection number 15/61A (32°6’34.37”S, 18°18°7.62”E) (isotype),

epilithic on primary bedrock in C. granatina (limpet) dominated mid-shore rock pool; L
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(32°6°34.37S, 18°18°7.62”E) (holotype), epilithic on primary bedrock among S. cochlear
(limpet) territories in the Cochlear zone (low intertidal zone).

Western Cape Province: Cape St. Martin. UWC 15/63A, 02.x.2015, leg. G.W. Maneveldt
& C.A. Puckree-Padua, collection number 15/63A (32°44°9.86”S, 17°54°25.93”E), epizoic on
S. cochlear shell (limpet) in the Cochlear zone (low intertidal zone).

Western Cape Province: Holbaaipunt. UWC 93/220, 01.xi.1993, leg. G.W. Maneveldt,
collection number 93/220 (34°22°45.24”S, 18°50°46.04”E), epilithic on primary bedrock
among S. cochlear (limpet) territories in the Cochlear zone (low intertidal zone).

DisTrIBUTION: Confirmed by DNA sequence data to be widely distributed (£ 1,200 km)
along the west and southern west coasts, occurring from Luderitz (Namibia) to Holbaaipunt
(Western Cape Province), South Africa.

HABIT AND MORPHOLOGY: Plants-non-geniculate -thalli-variably thick, encrusting (smooth)
to warty (mostly) to lumpy, becoming only slightly protuberant (protuberances 4 mm in height)
(Figs 89-90), firmly adherent, brownish beige (in'wel-lit conditions) to blue-grey to rosy pink
(in dim light) when freshly collected(Fig. 89).. Individual crusts not coalescing (not fusing
together) and easily discernible (Figs 89-90). Thalli epilithic on primary bedrock in low, mid-
and low intertidal exposed platforms and in rock pools; epizoic on S. cochlear (limpet) shells
in the Cochlear zone (low intertidal zone) (Figs 89).

ANATOMY: Thalli dorsiventrally organised, monomerous and haustoria absent. Medulla
thin and plumose (non-coaxial) (Fig. 91). Medullary filaments comprise square to rectangular
to elongate cells and give rise to cortical filaments that comprise square to rectangular cells
(Figs 92-93). Contiguous medullary and cortical filaments joined by cell fusions; secondary
pit connections absent (Figs 92-93). Subepithallial initials square to rectangular (Fig. 94).
Epithallus single layered with elliptical to round to elongate cells (Fig. 94). Trichocytes

common, mostly singularly, but also in clusters of up to 6 cells, separated by normal vegetative
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filaments (Fig. 94); always terminal and never intercalary in the cortex/perithallus; buried
trichocytes not observed. Data on morphological and measured vegetative characters are
summarised in Table 3.

REPRODUCTION: Gametangial thalli dioecious.

Spermatangial (male) conceptacles uniporate, low-domed, raised above surrounding thallus
surface (Figs 95-96). Chambers transversely elliptical to flattened; roof nearly twice as thick
along pore canal (Figs 96-97). Roof formed from filaments peripheral to the fertile area (Fig.
95). Throughout early development, a protective layer of epithallial cells surrounds
conceptacle primordium (Fig. 95). This protective layer is shed once the pore canal is near
fully developed; the pore opening occluded by a mucilage plug (Figs 96). In mature
conceptacles terminal initials along pore-canal-are enlarged and papillate, they project into pore
canal and are orientated more or less parallel to-the conceptacle roof surface (Fig. 97).
Unbranched (simple) spermatangial systems confined to floor of mature conceptacle (Figs 95-
96). Senescent male conceptacles appear to be shed-as no-buried conceptacles were observed.

Carpogonial (female) conceptaclessimilar in-size and shape to spermatangial conceptacles;
raised above surrounding thallus; surface (Fig..98). 1In mature conceptacles terminal initials
along pore canal are enlarged and papillate, they project into pore canal and are orientated more
or less parallel or at a sharp angle to the conceptacle roof surface (Fig. 98). Carpogonial
branches develop across the floor of conceptacle chamber, comprising a single support cell, a
hypogynous cell and a carpogonium extended into a trichogyne (Fig. 98). Sterile cells also
present on some hypogynous cells (Fig. 98).

After presumed karyogamy, carposporophytes develop within female conceptacles and form
carposporangial conceptacles (Fig. 99). Carposporangial conceptacles comparatively large,
low-domed, and raised above surrounding thallus surface. Chambers transversely elliptical,

with flattened bottoms presumably caused by growth of gonimoblast filaments. Pore canal
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tapered towards surface, lined by enlarged papillate cells that project into pore canal and are
orientated more or less parallel to the conceptacle roof surface (Fig. 99). In mature
conceptacles, cells lining the pore canal more elongate than their inward derivatives; base of
pore canal sunken into the chamber and terminal initials near the base characteristically point
downward (Figs 99). Discontinuous central fusion cell present and 5-7 celled gonimoblast
filaments (incl. a terminal carposporangium) developed along the periphery of conceptacle
chamber (Figs 99-100). The remains of unfertilized carpogonia persist across the dorsal
surface of the fusion cell. Senescent carposporangial conceptacles appear to be shed as no
buried conceptacles were observed.

Tetrasporangial thalli are morphologically similar to gametangial thalli. Conceptacles
uniporate, low domed and raised above surrounding thallus surface (Figs 101-104). Chambers
transversely elliptical to bean-shaped:; roof nearly twice ‘as thick along the pore canal and 5-7
cells (incl. an epithallial cell) thick. Pore canal tapered towards surface and arching, lined by
elongated papillate cells that project into pore canal and are orientated more or less parallel or
at a sharp angle to the conceptacle roofisurface (Fig: 105). .Roof formed from filaments
peripheral to the fertile area (Figs 101-103); terminal‘initials more elongate than their inward
derivatives. Throughout early development a protective layer of epithallial cells surrounds
conceptacle primordium (Figs 101-103). This protective layer is shed once pore canal is near
fully developed; pore opening unoccluded and becomes slightly sunken below surrounding
roof surface (Figs 104-105). Throughout development of immature tetrasporangial
conceptacle a prominent columella of sterile filaments forms at the centre of conceptacle
chamber (Figs 102-104); central columella appears weakly calcified as with maturity it
disintegrates to form a low mound. Base of pore canal sunken into chamber and terminal
initials near the base point downward (Fig.105). Mature conceptacle floors sunken 14-19 cells

(including the epithallial cell) below surrounding thallus surface. Zonately divided
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tetrasporangia at maturity arranged at the extreme periphery of conceptacle chamber, attached
via a stalk cell (Fig. 104); where central columella has disintegrated, tetrasporangia fill the
chamber and appear to be distributed across the chamber floor. Senescent tetrasporangial
conceptacles appear to be shed as no buried conceptacles were observed. Data on reproductive

characters summarised in Table 4.
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3.2.8. Chamberlainium tenue Maneveldt, Puckree-Padua & P.W.Gabrielson sp. nov.

(Figs 106-117, Tables 3-5)

number 10/205 (107), epilithic on primary bedrock in mid-intertidal rock pool.

IsoTypPE: UWC 10/202

TYPE LocALITY: South Africa, Eastern Cape Province, Kei Mouth (32°41°19.32”S,
28°22°31.15”E).

ETYMOLOGY: ‘tenue’ from ‘tenuis’, making reference to the species’ thin thallus.

DiacNosis: Thalli thin, uniformly encrusting (smooth), not becoming secondarily thick and
discoid with orbicular protrusions, nor-warty, nor-wrinkled; individual crusts not coalescing
(not fusing together) and easily-discernible;-colour-of-living thalli yellowish (on shale
platforms) to bright pink in well-lit conditions to blue-grey or brownish in dim light; thallus
construction monomerous; epithallus—single layered; ‘central columella present in

tetrasporangial conceptacles, disintegrating to form a low. mound with maturity; pore opening

DNA SEQUENCES: psbA (851 bp) and rbcL (1464 bp) gene sequences, obtained from seven
specimens (including the holotype and isotype) (Table S1), were all identical to each other.
DNA sequences showed that Chamberlainium tenue was different from all other named species
sequenced to date (Figs 3-5; Table S1).

SPECIMENS EXAMINED: Seven samples (including the holotype and isotype), all confirmed
by DNA sequencing, represent our entire collection for this taxon. Data below are presented

geographically from west to east followed chronologically by the collection numbers.
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South Africa— Western Cape Province: Knysna Heads. UWC 08/25, 07iiii.2008, leg. G.W.
Maneveldt & U. van Bloemstein, collection number 08/25 (34°4°36.3”S, 23°3°37.57”E),
epilithic on primary bedrock in high shore zone.

Western Cape Province: Tsitsikamma, Nature’s Valley. UWC 08/07, 04.iiii.2008, leg.
G.W. Maneveldt & U. van Bloemstein, collection number 08/07 (33°59°22”S, 23°32°36”E),
epilithic on primary bedrock in high shore zone.

Eastern Cape Province: Kidds Beach. NCU 659869, 19.xii.2009, leg. T. Klenk, collection
number 929 (33°09°28.32”S, 27°41°15.15”E), epilithic on primary bedrock in mid-intertidal
zone; NCU 659867, 19.xii.2009, leg. T. Klenk, collection number 925 (33°09°28.32”S,
27°41°15.15”E), epilithic on primary bedrock in mid-intertidal zone.

Eastern Cape Province: Kei Mouth.-UWC:10/202;,-11.vii.2010, leg. G.W. Maneveldt & E.

van der Merwe, collection number16/202-(32°41°19.32”’S,28°22°31.15”E) (isotype), epilithic

der Merwe, collection number 10/205(32°41°19.32”’S, 28°22°31.15”E) (holotype), epilithic on
primary bedrock in mid--intertidal rockpool:

KwaZulu-Natal Province: Durban;: Ballito: Bay. © UWC 15/23, 22.vi.2015, leg. G.W.
Maneveldt & C.A. Puckree-Padua, collection number 15/23 (29°32°42.49”S, 31°12°56.95”E),
epilithic on primary bedrock in high shore rock pool above oyster belt.

DisTRIBUTION: Confirmed by DNA sequence data to be widely distributed (£ 1,220 km)
along the south and east coasts, occurring from Knysna Heads (Western Cape Province) to
Ballito Bay (KwaZulu-Natal Province), South Africa; possibly more widespread up the east
coast.

HABIT AND MORPHOLOGY: Plants non-geniculate, thalli thin, encrusting (smooth) (Figs
106-107), firmly adherent, yellowish (on shale platforms) to bright pink (in well-lit conditions)

(Fig. 106) to blue-grey or brownish (in dim light) when freshly collected. Individual crusts not
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coalescing (not fusing together) and easily discernible (Figs 106-107). Thalli epilithic on
primary bedrock in high intertidal and midshore rock pools (Fig. 106).

ANATOMY: Thalli dorsiventrally organised, monomerous and haustoria absent. Medulla
thin and plumose (non-coaxial) (Fig. 108). Medullary filaments comprise square to rectangular
to elongate cells and give rise to cortical filaments that comprise squat to square to rectangular
cells (Figs 109-110). Contiguous medullary and cortical filaments joined by cell fusions;
secondary pit connections absent (Figs 109-110). Subepithallial initials square to rectangular
to elongate (Fig. 110). Epithallus single layered with squat to elliptical to domed cells (Fig. 8).
Trichocytes common at thallus surface, occurring singularly (Fig. 110); always terminal and
never intercalary in the cortex/perithallus; buried trichocytes not observed. Data on
morphological and measured vegetative characters-are-summarised in Table 3.

REPRODUCTION: Gametangial thalli appear to-be dioecious, although female plants were not
observed.

Spermatangial (male) conceptacles uniporate, low-domed, raised above the surrounding
thallus surface (Figs. 111-112). Chambersitransversely elliptical to flattened; roof nearly twice
as thick along pore canal (Fig. 111-112);  the pore opening occluded by a mucilage plug (Fig.
112). Spermatangial conceptacle primordia not observed. In mature conceptacles terminal
initials along pore canal are enlarged and papillate, they project into pore canal and are
orientated more or less parallel to the conceptacle roof surface (Fig. 112). Unbranched (simple)
spermatangial systems confined to floor of mature conceptacle (Fig. 111). Senescent male
conceptacles appear to be shed as no buried conceptacles were observed.

Tetrasporangial thalli are morphologically similar to spermatangial thalli. Conceptacles
uniporate, low domed and raised to slightly sunken below surrounding thallus surface (Figs
113-116). Chambers transversely elliptical to bean-shaped; roof nearly twice as thick along

the pore canal and 5-7 cells (incl. an epithallial cell) thick. Pore canal tapered towards surface
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and arching, lined by elongated papillate cells that project into pore canal and are orientated
more or less parallel or at a sharp angle to the conceptacle roof surface (Figs 115-117). Roof
formed from filaments peripheral to the fertile area (Figs 113-114); terminal initials more
elongate than their inward derivatives (Fig. 114). Throughout early development a protective
layer of epithallial cells surrounds conceptacle primordium (Figs 113-114). This protective
layer is shed once pore canal is near fully developed; pore opening occluded by a mucilage
plug (Figs 115-117) and becomes sunken below the surrounding roof surface (Fig. 117).
Throughout early development of tetrasporangial conceptacle, a prominent columella of sterile
filaments forms at centre of conceptacle chamber (Figs 115-116); central columella appears
weakly calcified as with maturity it disintegrates to form a low mound. Base of pore canal
sunken into chamber and terminal initials hear-the base point downward (Fig.117). Mature
conceptacle floors sunken 12-16 cells-(including the-epithallial cell) below surrounding thallus
surface. Zonately divided tetrasporangia at maturity arranged at the extreme periphery of
conceptacle chamber and attached via a stalk cell (Fig. 116); where the central columella has
disintegrated, tetrasporangia fill the chambenr and appear to be distributed across the chamber
floor. Senescent tetrasporangial.conceptacles appear to be shed as no buried conceptacles were

observed. Data on reproductive characters are summarised in Table 4.
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3.2.9. Pneophyllum neodiscoideum (Foslie) Maneveldt, Puckree-Padua & P.W.Gabrielson sp.
nov.

(Figs 118-136; Tables 3-5, 10-11)

number 09/132, epilithic on small boulder in low shore rock pool (Fig. 120).

IsoTyPE: UWC 09/131, UWC 09/133

TYPE LOCALITY: South Africa, Western Cape Province, Cape Agulhas, L’Agulhas
(34°49°26.37S, 20°01°0.71”E).

ETYMOLOGY: ‘neodiscoideum’ from ‘neo’ meaning new and ‘discoideum’, making
reference to the species’ close resemblance to-Spongites discoideus (Foslie) D.Penrose &
Woelkerling, for which the species-has till-now-been-misidentified.

DiagNosis: Thalli encrusting (smooth), initially (primary crusts) very thin becoming
secondarily thick and discoid -with orbicular protrusions- that often produce crowded,
contiguous, swollen protuberances;individual primary-crusts,coalescing (fusing) and not easily
discernible, secondary crusts nat coalescing. (notfusing), easily discernible; colour of living
thalli pink to light purple to yellowish brown in well-lit conditions to reddish brown in dim
light; primary thallus construction dimerous, secondarily monomerous in orbicular protrusions,
plumose (non-coaxial); central columella present in tetrasporangial conceptacles; terminal
initials in mature conceptacles pore canal straight-sided, lined by cells that project into pore
canal as papillae; pore canal cells near the base orientated more or less parallel or at a sharp
angle to the conceptacle roof surface but the distal ends of those near the pore opening are
orientated nearly perpendicular to the roof; base of tetrasporangial conceptacle pore canal
sunken into chamber and terminal initials near the base point downward; pore opening

occluded by a prominent mucilage plug that may fill the entire pore canal and that appears to
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sequences unique.

DNA SEQUENCES: The psbA (851 bp) and rbcL (1387 bp) gene sequences obtained from
eight specimens (including the holotype and isotypes) (Table S1) were all identical to each
other. These DNA sequences showed that Pneophyllum neodiscoideum was different from all
other named species sequenced to date (Figs 3-5; Table S1).

SPECIMENS EXAMINED: Eight samples (including the holotype and isotypes), all confirmed
by DNA sequencing, represent our entire collection for this taxon. Data below are presented
geographically from west to east followed chronologically by the collection numbers.

South Africa - Western Cape Province: Kalk Bay. UWC 09/158, 21.ix.2009, leg. G.W.
Maneveldt & E. van der Merwe, colleetion number09/158 (34°7°52.39”’S, 18°26°54.55”E),
epilithic on primary bedrock in mid-shore rock poel; UWGC 09/160, 21.ix.2009, leg. G.W.
Maneveldt & E. van der Merwe, collection number 09/160 (34°7°52.39”S, 18°26°54.55”E),
epizoic on O. sinensis (winkle) shell-in low shore zone; UWC 11/39, 20.iiii.2011, leg. G.W.
Maneveldt, collection number 11/39 (34°7°52.39”'S, 18°26°54.55”E), epilithic on boulder in
mid-shore rock pool.

Western Cape Province: Cape Agulhas, L’Agulhas, Stinkbaai. UWC 09/131, 08.vii.2009,
leg. G.W. Maneveldt & E. van der Merwe, collection number 09/131 (34°49°26.37"S,

20°01°0.71”E) (isotype), epizoic on O. sinensis (winkle) shell in low shore rock pool; L

(34°49°26.37’S, 20°01°0.71”E) (holotype), epilithic on small boulder in low shore rock pool,;
UWC 09/133, 08.vii.2009, leg. G.W. Maneveldt & E. van der Merwe, collection number
09/131 (34°49°26.37’S, 20°01°0.71”E) (isotype), epilithic on small boulder in low shore rock
pool; UWC 11/22, 19.iii.2011, leg. G.W. Maneveldt, collection number 11/22 (34°49°26.37”’S,

20°01°0.71”E), epilithic on primary bedrock in low shore sandy gully.
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Western Cape Province: Struisbaai. UWC 09/119, 07.vii.2009, leg. G.W. Maneveldt & E.
van der Merwe, collection number 09/119 (34°48°48.36”’S, 20°03°14.99”’E), epilithic on pebble
in mid-shore rock pool.

DisTrIBUTION: Confirmed by DNA sequence data to be distributed (£ 220 km) along the
southern west coast from Kalk Bay (False Bay) to Cape Agulhas (Western Cape Province),
South Africa; possibly more widespread up the west coast (see Chamberlain 1994b).

HABIT AND MORPHOLOGY: Plants non-geniculate, encrusting (smooth), primary thalli
initially very thin becoming secondarily thick and discoid with orbicular protrusions (Figs 118-
119 ) that often produce crowded, contiguous, swollen protuberances (Fig. 119) up to 10 mm
in height. Thalli firmly adherent, pink to light purple to yellowish brown (in well-lit conditions)
to reddish brown (in dim light) when.freshiy coliected-(Fig. 118). Individual primary crusts
coalescing (fusing) and not easily-discernible;-secondary-crusts not coalescing (not fusing),
easily discernible; (Figs 118, 120). Thalli epilithic on primary bedrock, boulders and pebbles
in mid- and low intertidal rock pools-and-in sandy gullies; also epizoic on winkle shells from
these zones (Figs 118, 120).

ANATOMY: Primary thallus dimerous becoming.secondarily monomerous, haustoria absent.
The single basal layer in primary thalli comprising cells that were irregularly square and had
the appearance of an upright book (Figs 121-122). In radial section (‘cover view’ i.c. along
the filament) basal cells non-palisade (Fig. 121-122); in tangential section (‘spine view’ i.e.
across the filaments) basal cells rectangular to palisade like (Fig. 123). In tangential view
fusions between cells of contiguous basal filaments abundant and frequently occupied most of
the adjoining cell wall (Fig. 123). Basal cells gave rise to erect filaments that comprised the
bulk of the primary thallus (Figs. 121-123). Erect filaments comprise square to rectangular to
elongate cells with rounded corners (Figs 121-123). Fusions between cells of contiguous erect

filaments abundant and frequently also occupied most of the adjoining cell wall (Figs 121-
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123). Secondarily monomerous thalli result from overgrowing orbicular protrusions that
produce disc-like thalli (Figs 121, 124). In these secondarily monomerous thalli medulla thin
and plumose (non-coaxial) (Fig. 124). Medullary filaments comprise rectangular to elongate
cells and give rise to cortical filaments that comprise square to rectangular to elongate cells
(Figs 124-125). Contiguous medullary and cortical filaments joined by cell fusions; secondary
pit connections absent (Figs 124-125). Subepithallial initials square to elongate (Fig. 125).
Epithallus up to four cell layers with elliptical to rounded cells (Fig. 125). Trichocytes not
observed. Data on morphological and measured vegetative characters summarised in Table 3
and Table 10.

REPRODUCTION: Gametangial thalli dioecious.

Spermatangial (male) conceptacles-uniporate,-low-domed, raised slightly above or only
occasionally flush with surrounding thallus-surface -at-maturity (Fig. 126). Chambers
transversely elliptical to flattened; roof nearly twice as thick along pore canal (Fig. 126).
Spermatangial conceptacle primordianot ebserved. Pore opening occluded by a mucilage plug
(Fig. 126). In mature conceptacles terminal initials along pore canal are enlarged and papillate,
they project into pore canal and are orientated more or less parallel to the conceptacle roof
surface (Fig. 126). Unbranched (simple) spermatangial systems confined to floor of mature
conceptacle (Fig. 126). Senescent male conceptacles buried.

Carpogonial (female) conceptacles similar in size and shape to spermatangial conceptacles.
Roof formed from filaments peripheral to the fertile area (Fig. 127). In mature conceptacles
terminal initials along pore canal are enlarged and papillate, they project into pore canal and
are orientated more or less parallel to the conceptacle roof surface (Fig. 128). Carpogonial
branches develop across floor of conceptacle chamber, comprising a single support cell, a

hypogynous cell and a carpogonium extended into a trichogyne (Fig. 128). Sterile cells also
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present on some hypogynous cells (Fig 128). Only buried carpogonial conceptacles observed
(Fig. 128).

After presumed karyogamy, carposporophytes develop within female conceptacles and form
carposporangial conceptacles (Figs 129-130). Carposporangial conceptacles comparatively
large, low-domed, flush with to slightly raised above surrounding thallus surface (Fig.129).
Chambers transversely elliptical to bean-shaped, with mostly flattened bottoms presumably
caused by growth of gonimoblast filaments. Pore canal more or less straight-sided, lined by
enlarged papillate cells that project into pore canal and are orientated more or less parallel to
the conceptacle roof surface. In mature conceptacles, cells lining the pore canal more elongate
than their inward derivatives; base of pore canal sunken into the chamber and terminal initials
near the base point downward (Figs 130-131). Pare opening occluded by a prominent mucilage
plug that may fill the entire pore canal and-that appearsto-form from cells lining the pore canal
(Figs 129, 131). Discontinuous fusion cell present and 6-7 celled gonimoblast filaments (incl.
a terminal carposporangium) developed along the periphery of conceptacle chamber (Fig. 130).
The remains of unfertilized carpogonia persist across the dorsal surface of the fusion cell
(Fig.129). Senescent carposporangial conceptacles buried.

Tetrasporangial thalli morphologically similar to carposporangial thalli. Conceptacles
uniporate, low domed, flush with, to sunken, to raised above surrounding thallus surface (Figs
133, 135). Chambers transversely elliptical to markedly bean-shaped; roof 6-22 cells (incl. an
epithallial cell) thick. Pore canal straight-sided, lined by elongated papillate cells that project
into pore canal; pore canal cells near the base orientated more or less parallel or at a sharp angle
to the conceptacle roof surface but the distal ends of those near the pore opening are orientated
nearly perpendicular to the roof (Figs 135-136). Roof formed by filaments both peripheral to
and interspersed amongst sporangial initials (Figs 132-133); filaments rarely persist to maturity

(Fig. 134). Throughout early development a protective layer of epithallial cells surrounds
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conceptacle primordium (Figs 132-133). This protective layer is shed once pore canal is near
fully developed; pore opening occluded by a prominent mucilage plug that may fill the entire
pore canal and that appears to form from cells lining the pore canal (Figs 135-136). Throughout
development of immature tetrasporangial conceptacle, a prominent columella of sterile
filaments forms at centre of conceptacle chamber (Figs 132-133); central columella appears
weakly calcified as with maturity it disintegrates to form a low mound (Fig. 135). Base of pore
canal sunken into chamber and terminal initials near the base point downward (Fig. 136).
Mature conceptacle floors sunken 15-30 cells (including the epithallial cell) below surrounding
thallus surface. Zonately divided tetrasporangia at maturity arranged at the extreme periphery
of conceptacle chamber and attached via a stalk cell (Fig. 135). Senescent tetrasporangial

conceptacles buried. Data on reproductive characters summarised in Table 4 and Table 11.
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4. Discussion

4.1.  Delineation in Chamberlainium

Caragnano et al. (2018) established the subfamily Chamberlainoideae (Corallinales,
Rhodophyta), for their new genus Chamberlainium and for the established genus Pneophyllum,
including several species previously assigned to Spongites (Neogoniolithoideae, Corallinales,
Rhodophyta - Rosler et al. 2016). Chamberlainium currently contains all taxa possessing: 1)
thalli non-geniculate and non-endophytic, epilithic or epizoic; 2) thalli thin (up to 1 mm),
encrusting to warty to lumpy; 3) thallus construction primarily dimerous or monomerous, but
not both; 4) epithallus single to multilayered; 5) trichocytes absent or occurring singly/paired;
6) tetra/bisporangial conceptacles uniporate with roofs formed from filaments peripheral to the
developing sporangial initials; 7) tetra/bisporangial-conceptacle chambers < 300 pm in
diameter with chamber roofs < 8 cells thick; 8)-tetra/bisporangial conceptacle pore canal lined
by cells orientated more or less parallel or at a sharp angle to the roof surface, protruding into
the pore canal as papillae; and 9) male conceptacles with-simple (unbranched) spermatangial
systems confined to the chamber floor. Pneophyllum currently contains all taxa possessing: 1)
thalli non-geniculate, epizoic or epiphytic lacking haustoria; 2) thalli thin (< 200 um); 3) thallus
construction primarily dimerous with a basal layer comprised of non-palisade cells; 4) epithallus
single layered; 5) trichocytes absent or occurring singly/paired; 6) tetra/bisporangial
conceptacles uniporate with roofs formed from filaments both peripheral to as well as
interspersed amongst the developing sporangial initials; 7) tetra/bisporangial conceptacle
chambers < 350 pum in diameter with chamber roofs < 8 cells thick; 8) tetra/bisporangial
conceptacle pore canal lined by cells orientated more or less parallel or at a sharp angle to the
roof surface, protruding into the pore canal as papillae, that sometimes also form a distinct corona
that projects above the pore opening; and 9) male conceptacles with simple (unbranched)

spermatangial systems confined to the chamber floor. To separate these Chamberlainium and
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Pneophyllum the following characters are considered useful; 1) thallus construction (primarily
dimerous or monomerous in Chamberlainium vs. only dimerous in Pneophyllum); 2) number
of epithallial cell layers (may be more than one in Chamberlainium vs. only one in
Pneophyllum); 3) tetrasporangial roof development (Type 1 in Chamberlainium vs. Type 2 in
Pneophyllum); 4) diameter of tetrasporangial conceptacle chambers (< 300 um in
Chamberlainium vs. < 350 um in Pneophyllum); and 5) distribution of tetrasporangia in
tetrasporangial conceptacles (peripheral or across the chamber floor in Chamberlainium vs.

peripheral only in Pneophyllum) (Caragnano et al. 2018).

Based on an integrated taxonomic approach (ITA) that utilizes DNA sequencing of field-
collected specimens and, most importantly, DNA-sequencing. of type/‘topotype’ specimens,
along with traditional morpho-anatomical characters (Gabrielson et al. 2011; Maneveldt et al.
2017), we were able to show that all of the species previously assigned to Spongites in South
Africa (in addition to C. agulhense =see Caragnanoetal. 2018} helong in the newly established
Chamberlainoideae and not in- Spongites (Neogoniolithoideae), these species variously
possessing (with minor differences) the morpho-anatomical characters that define
Chamberlainium and Pneophyllum. Notably S. yendoi reported for South Africa is not that
species and currently comprises at least six different cryptic species, all of which appear to be
southern African endemics and mostly South African endemics. Due to the crust identified as
G. yendoi being thin and overgrowing another crust (Fig. S1), DNA sequencing of this type
specimen is extremely difficult. As such, G. yendoi has not been successfully sequenced and
no direct comparison can be made between S. yendoi and the cryptic Chamberlainium species
that were previously assigned to S. yendoi. However, based on the genetic evidence multiple
species were passing as S. yendoi in South Africa, as well as in New Zealand. Our data show

that none of the sequences of species passing as S. yendoi from South Africa match those from
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New Zealand passing under the same name, and consequently, South African S. yendoi and
New Zealand S. yendoi, are not conspecific. Temperate, non-geniculate coralline species
(confirmed by sequencing) are yet to be reported to be distributed across ocean basins, and it
is highly unlikely that a temperate species with a type locality in Japan would be the same
temperate species in South Africa (or New Zealand) (P.W. Gabrielson pers. com.). Similarly,
S. discoideus reported for South Africa is not that species and belongs in Pneophyllum as it is
currently circumscribed. For South Africa, as a result of this study eight species are now
recognised to occur in Chamberlainium compared to four previously and five in Pneophyllum

compared to four previously.

4.2.  Assignment of species names

Sequences from type (preferable) or-“topetype’ specimens are the only reliable way to
unequivocally apply a name for morphologically variable taxa or taxa with few characters (and
that includes nearly all coralline algae (Gabrielson 2008a; Lindstrom et al. 2011; Hind &
Saunders 2013; Hernandez-Kantun et al. 2015; Hind et al. 2015; Rosler et al. 2016; Pefia et al.
2018; Richards et al. 2018). Our data supports this view and we consequently argue against
the placing into synonymy, coralline algal species, based solely on morpho-anatomical
similarity, particularly if such species are geographically widely separated. With this in mind,
we have recognised the following species within the subfamily Chamberlainoideae from South

Africa.

4.2.1. Chamberlainium agulhense
Chamberlainium agulhense is characterised by the following combination of features: 1) thalli
up to 650 um thick, encrusting (smooth); 2) individual crusts not coalescing (not fusing

together) and easily discernible; 3) colour of living thalli brownish pink in well-lit conditions;
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4) thallus construction dimerous and plumose; 5) epithallus 1-3 cells thick; 6) tetrasporangial
conceptacle chambers raised, with floors 10-15 cells below the surrounding thallus surface; 7)
tetrasporangial conceptacle chambers 66-108 pm in height and 137-196 um in diameter with
roofs 4-8 cells thick; 8) central columella present in tetrasporangial conceptacles, disintegrating
to form a low mound with maturity; 9) pore opening in mature tetrasporangial conceptacles
appears to be unoccluded (van der Merwe et al. 2015); and 10) psbA and rbcL sequences

unique.

Chamberlainium agulhense is a range-restricted endemic (£ 10 km) along the southern west
coast of South Africa occurring in the high to mid-intertidal zones. Additionally, the dimerous
thallus construction is a useful character-for distinguishing it anatomically from all other South

African species of Chamberlainium.

4.2.2. Chamberlainium capense

Chamberlainium capense is characternisediby the following combination of features: 1) thalli
up to 1000 pum thick , encrusting to variably lumpy and slightly protuberant (up to 4 mm in
height), not becoming secondarily thick and discoid with orbicular protrusions, nor wrinkled,;
2) individual crusts not coalescing (not fusing together) and easily discernible; 3) colour of
living thalli bright to dusky pink in well-lit conditions to rosy or purple-pink in dim light; 4)
thallus construction monomerous and plumose; 5) epithallus single layered; 6) tetrasporangial
conceptacle chambers raised, with floors 11-17 cells below the surrounding thallus surface; 7)
tetrasporangial conceptacle chambers 74-125 pm in height and 157-299 um in diameter with
roofs 5-7 cells thick; 8) central columella present in tetrasporangial conceptacles, disintegrating

to form a low mound with maturity; 9) pore opening in mature tetrasporangial conceptacles
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occluded by a corona of filaments that project above the pore opening; and 10) psbA and rbcL

sequences collectively unique.

Chamberlainium capense is also a range-restricted endemic (= 43 km) along the southern west
coast of South Africa occurring in the mid- to low intertidal zones. Additionally, the projecting
corona in tetrasporangial conceptacles is a useful character for distinguishing this species
anatomically from all other South African species of Chamberlainium species (except C.
natalense that has thin thalli (up to 800 pum) and lacks protuberances, being featureless and
smooth. The corona in C. capense appears to develop from the filaments near the upper half

of the tetrasporangial conceptacle roof, directly adjacent to the pore canal.

4.2.3. Chamberlainium cochleare

Chamberlainium cochleare is characterised hy the following combination of features: 1) thalli
up to 370 um thick, uniformly encrusting (smeoth), lacking protuberances and not becoming
secondarily thick and discoid with orbicular protrusions; nor warty, nor wrinkled; 2) individual
crusts coalescing (fusing) and not easily discernible; 3) colour of living thalli greyish in well-
lit conditions to bluish mauve in dim light; 4) thallus construction monomerous and plumose;
5) epithallus single layered; 6) spermatangial and tetrasporangial conceptacles produced
successively in the cortex directly above and in the same area as the modified cortex of an
earlier generation; 7) tetrasporangial conceptacle chambers raised to flush to slightly sunken,
with floors 12-22 cells below the surrounding thallus surface; 8) tetrasporangial conceptacle
chambers 59-110 pm in height and 179-294 um in diameter with roofs 6-8 cells thick; 9) central
columella present in tetrasporangial conceptacles, disintegrating to form a low mound with
maturity; 10) pore opening in mature tetrasporangial conceptacles occluded by a mucilage

plug; and 11) psbA and rbcL sequences unique.
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Chamberlainium cochleare is widely distributed along the southern and eastern coasts of south
Africa occurring in the mid- and low intertidal zones. The species has a strong ecological
association in the low intertidal zone with the territorial, gardening limpet Scutellastra
cochlear. The apparent successive production of spermatangial and tetrasporangial
conceptacles in the cortex directly above and in the same area as the modified cortex of an
earlier generation, as seen in C. cochleare, has not been reported for any other species in the
Corallinales, although it has been reported for female plants of Heydrichia cerasina Maneveldt
& E.van der Merwe (Sporolithales) from South Africa (Maneveldt & van der Merwe 2012) and
for tetra/bisporangial plants of Phymatolithon repandum (Foslie) Wilks & Woelkerling
(Hapalidiales) from Australia (Wilks-& Woelkerling-1994). This may well be a useful
character for distinguishing C. cochleare anatomically from-all other South African species of
Chamberlainium, as the scars left by the earlier generation are very noticeable in the thallus

Cross sections.

Chamberlainium cochleare appears ‘to be the “species that. Chamberlain (1993) largely
considered synonymous with the type of S. yendoi (type locality: Shimoda, Shizuoka
Prefecture, Japan). The variable morphologies exhibited by South African S. yendoi were
attributed largely to wave action and to the presence/absence of grazing pressure (Chamberlain
1993; Maneveldt & Keats 2008). It is only now, through DNA sequencing that we have
demonstrated that morphology (along with geographical and intertidal distribution) is useful
for separating species previously ascribed to S. yendoi and that the comparatively thin plants,

in association with the limpet S. cochlear, are C. cochleare.
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4.2.4. Chamberlainium glebosum

Chamberlainium glebosum is characterised by the following combination of features: 1) thalli
up to 2000 pm thick, lumpy becoming highly protuberant (up to 6 mm in height), not becoming
secondarily thick and discoid with orbicular protrusions, nor wrinkled; 2) individual crusts not
coalescing (not fusing together) and easily discernible; 3) colour of living thalli brownish pink
to grey in well-lit conditions and blue-grey in dim light; 4) thallus construction monomerous
and plumose; 5) epithallus single layered; 6) tetrasporangial conceptacle chambers raised with
floors 11-24 cells below the surrounding thallus surface; 7) tetrasporangial conceptacle
chambers 44-110 pm in height and 135-265 pm in diameter with roofs 4-8 (9) cells thick; 8)
central columella present in tetrasporangial conceptacles, disintegrating to form a low mound
with maturity; 9) pore opening in mature tetrasporangial conceptacles unoccluded; and 10)

psbA and rbcL sequences collectively unigue.

Chamberlainium glebosum has a wide, but disjunct distribution along the west coast of South
Africa, occurring mostly in the high.and mid:intertidal'zones.; Of all the species reported here,
C. glebosum is the most protuberant.~ Chamberlain (1993) and Maneveldt & Keats (2008)
documented protuberance heights of up to 3 mm for South African S. yendoi. These authors
attributed the morphological variation in S. yendoi to wave action and the presence/absence of
grazing pressure. However, based on DNA sequence data we have showed that highly
protuberant specimens, in the absence of the limpet S. cochlear and/or under low grazing

pressure, are a unique species.

4.2.5. Chamberlainium impar
Chamberlainium impar is characterised by the following combination of features: 1) thalli up

to 1800 um thick, encrusting (smooth) and orbicular becoming confluent; 2) individual crusts
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not coalescing (not fusing together) and easily discernible, adjacent crusts producing
characteristic marginal upgrowths/crests (up to 10 mm in height, see Chamberlain 1994) where
they meet; 3) colour of living thalli yellowish to yellow-brown in well-lit conditions to purple-
brown in dim light; 4) thallus construction monomerous and plumose; 5) epithallus 4-6 (9) cells
thick; 6) tetrasporangial conceptacle chambers slightly raised becoming flush with maturity,
with floors 15-21 cells below the surrounding thallus surface; 7) tetrasporangial conceptacle
chambers 98-103 pm in height and 270-352 um in diameter with roofs 6-7 cells thick; 8) central
columella present in tetrasporangial conceptacles, persisting to maturity; 9) pore opening in
mature tetrasporangial conceptacles occluded by a mucilage plug; and 10) psbA and rbcL

sequences unique.

Chamberlainium impar also has-a-somewhat-restricted-distribution (£ 170 km) along the
southern west coast of South Africa, occurring in the mid- to low intertidal zones. The species’
gross morphology (yellowish to yellow-brown-in-colour-with a surface roughly ridged to
strongly pachydermatous like an elephant’s skin)iisivery distinct. Additionally, the mucilage
spout above male conceptacle pore.is a useful anatomical character for distinguishing this
species anatomically from all other South African species of Chamberlainium. The spout
appears to originate from mucilage secreted by the filaments lining the pore canal near the pore

opening.

4.2.6. Chamberlainium natalense

Chamberlainium natalense is characterised by the following combination of features: 1) thalli
up to 800 um thick, encrusting (smooth); 2) individual crusts not coalescing (not fusing
together) and easily discernible; 3) colour of living thalli blue-grey in well-lit conditions to

brown in dim light; 4) thallus construction monomerous and plumose; 5) epithallus single
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layered; 6) tetrasporangial conceptacle chambers raised to flush, with floors 12-21 cells below
the surrounding thallus surface; 7) tetrasporangial conceptacle chambers 44-96 um in height
and 147-196 pum in diameter with roofs 6-8 cells thick; 8) central columella present in
tetrasporangial conceptacles, disintegrating to form a low mound with maturity; 9) pore
opening in mature tetrasporangial conceptacles occluded by a corona of filaments that project

above the pore opening; and 10) psbA and rbcL sequences unique.

Chamberlain (1993) attributed the variable morphologies of S. yendoi to external
environmental conditions (e.g. wave action and grazing). Based on this observation, and on
similarities in measured vegetative and reproductive characters, she synonymised Lithophyllum
natalense with S. yendoi. However, DNA sequencing-has demonstrated that the type of L.

natalense, and specimens aligning with this type, are-a distinct species.

Chamberlainium natalense is widely distributed along the southern west to eastern coasts of
South Africa and is epilithic mostly on boulders: and: pebbles,.and only occasionally on the
primary bedrock in the mid- ‘and “low 'intertidal‘ zones. | Additionally, the corona in
tetrasporangial conceptacles is a useful anatomical character for distinguishing this species
from all other South African species of Chamberlainium, except for C. capense that is thick
(up to 1000 pum) and somewhat protuberant (up to 4 mm in height). Similar to C. capense, the
corona appears to develop from the filaments near the upper half of the conceptacle roof,

directly adjacent to the pore canal.

4.2.7. Chamberlainium occidentale
Chamberlainium occidentale is characterised by the following combination of features: 1)

thalli up to 1000 pm thick, encrusting (smooth) to warty (mostly) to lumpy, becoming only
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slightly protuberant (up to 4 mm in height); 2) individual crusts not coalescing (not fusing
together) and easily discernible; 3) colour of living thalli brownish beige in well-lit conditions
and blue-grey to rosy pink in dim light; 4) thallus construction monomerous and plumose; 5)
epithallus single layered; 6) tetrasporangial conceptacle chambers raised, with floors 16-19
cells below the surrounding thallus surface; 7) tetrasporangial conceptacle chambers 110-147
pm in height and 206-365 pum in diameter with roofs 5-7 cells thick; 8) central columella
present in tetrasporangial conceptacles, persisting to maturity; 9) pore opening in mature
tetrasporangial conceptacles not occluded and slightly sunken below the surrounding pore

opening; and 10) psbA and rbcL sequences collectively unique.

Chamberlainium occidentale is widely-distributed along.the west and southern west coasts of
South Africa, occurring throughout-the-intertidal zone.~ Fhe species is similarly protuberant
(up to 4 mm in height) to C. capense. However, the sunken pore in tetrasporangial conceptacles
is a useful character for distinguishing this species anatomically from all other South African
species of Chamberlainium, except. from C. tenue, which is very thin (no more than 250 pm
thick) and featureless (smooth).. Chamberlainium.occidentale is the only non-endemic South

African species of Chamberlainium, also occurring in Namibia.

4.2.8. Chamberlainium tenue

Chamberlainium tenue is characterised by the following combination of features: 1) thalli very
thin, up to only 250 um thick, encrusting (smooth); 2) individual crusts not coalescing (not
fusing together) and easily discernible; 3) colour of living thalli yellowish (on shale platforms)
to bright pink in well-lit conditions to blue-grey or brownish in dim light; 4) thallus
construction monomerous and plumose; 5) epithallus single layered; 6) tetrasporangial

conceptacle chambers raised to slightly sunken, with floors 12-16 cells below the surrounding
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thallus surface; 7) tetrasporangial conceptacle chambers 76-118 pum in height and 196-208 pm
in diameter with roofs 5-7 cells thick; 8) central columella present in tetrasporangial
conceptacles, disintegrating to form a low mound with maturity; 9) pore opening occluded by
a mucilage plug and sunken below the surrounding roof; and 10) psbA and rbcL sequences

unique.

Chamberlainium tenue is widely distributed along the south and east coasts of South Africa,
occurring in high and mid-intertidal rock pools. The species has a characteristically thin (no
more than 250 um thick) thallus. Additionally, the sunken pore in tetrasporangial conceptacles
is a useful character for distinguishing this species anatomically from all other South African
species of Chamberlainium, except from:C. occidentale that is thicker (up to 1000 pum) and

somewhat protuberant (up to 4 mm-in-height).

4.2.9. Pneophyllum neodiscoideum

Pneophyllum neodiscoideum is characterised by the following combination of features: 1) thalli
encrusting (smooth), initially (primary crusts) very thin (up to 310 um thick), becoming
secondarily thick (up to 3000 um) and discoid with orbicular protrusions that often produce
crowded, contiguous, swollen protuberances (up to 10 mm in height); 2) individual primary
crusts coalescing (fusing) and not easily discernible, secondary crusts not coalescing (not
fusing) and easily discernible; 3) colour of living thalli pink to light purple to yellowish brown
in well-lit conditions to reddish brown in dim light; 4) thallus construction primarily dimerous,
becoming secondarily monomerous (and plumose) in orbicular protrusions due to overgrowth;
5) epithallus 2-4; 6) tetrasporangial conceptacle chambers flush to sunken to raised, with floors
12-16 cells below the surrounding thallus surface; 7) tetrasporangial conceptacle chambers 44-

74 um in height and 172-225 pm in diameter with roofs 6-22 cells thick; 8) central columella
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present in tetrasporangial conceptacles, disintegrating to form a low mound with maturity; 9)
pore opening occluded by a prominent mucilage plug that may fill the entire pore canal; and

10) psbA and rbcL sequences unique.

Pneophyllum neodiscoideum has a somewhat restricted distribution along the southern west
coast of South Africa, occurring in mid- to low intertidal rock pools. The species’ gross
morphology, thin (no more than 310 pum thick), encrusting (smooth) primary thallus that
becomes secondarily very thick (up to 3000 um) and discoid with orbicular protrusions, which
often produce crowded, contiguous, swollen protuberances (up to 10 mm in height), is very
distinct. In addition to P. neodiscoideum there are four other species in South Africa ascribed
to Pneophyllum. These include: Pneophylium-amplexifrons (Harvey) Y.M.Chamberlain &
R.E.Norris (Chamberlain & Norris-1994) - Pneophyllum--coronatum (Rosanoff) Penrose
(Chamberlain 1994b), Pneophyllum keatsii Y.M.Chamberlain (Chamberlain 1994b) and P.
fragile, all ascribed solely on morpho-anatomical data. Of the four species, P. amplexifrons
(Durban, KwaZulu-Natal Province). and P, keatsii (Oudekraal, \WWestern Cape Province) have
type localities in South Africa, while P. coronatum and P. fragile have type localities in Port
Phillip Bay, Victoria, Australia and the Mediterranean Sea (exact location unknown)
respectively. Based on accumulating DNA sequence data, specimens assigned to the latter two
species in South Africa are likely not those species. Furthermore, these latter four species are
all epiphytic in South Africa, occurring on either seagrasses (P. amplexifrons and P. fragile,
Chamberlain & Norris 1994, Maneveldt et al. 2008, 2016), on the stipes and holdfasts of the
kelp Ecklonia maxima (Osbeck) Papenfuss (P. coronatum, P. fragile and P. Kkeatsii,
Chamberlain 1994b; Maneveldt et al. 2008, 2016) and on other red seaweeds, (P. fragile,
Maneveldt et al. 2008, 2016). Pneophyllum neodiscoideum has not been found to be epiphytic

and occurs mostly epilithically, but also epizoically. The four species are also reported to
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remain encrusting (smooth) while P. neodiscoideum becomes characteristically secondarily

thick and discoid with orbicular protrusions.

4.3.  Congruency between morpho-anatomical and DNA sequencing data

According to Caragnano et al. (2018) Chamberlainium, Pneophyllum and Spongites may be
morpho-anatomically separated by a combination of characters (Table 12) that include (but are
not limited to): 1) the thallus construction (primarily dimerous or monomerous in
Chamberlainium and Spongites vs. only dimerous in Pneophyllum); 2) the presence/absence of
a coaxial medulla/hypothallus (may be present in Spongites vs. absent in Chamberlainium and
Pneophyllum); 3) the number of epithallial cell layers (may be more than one in
Chamberlainium and Spongites vs. only-one-in-Pneophyllum); 4) the trichocyte arrangement
(may be in horizontal rows or fields in Spongites-vs.-never in horizontal rows or fields in
Chamberlainium and Pneophyllum); 5) the diameters of tetrasporangial conceptacle chambers
(< 300 um in Chamberlainium vs. <-350-pm in-Pneophylum. vs. > 300 pm in Spongites); 6)
number of tetrasporangial conceptacle roof cells.(< 8 in Chamberlainium and Pneophyllum vs.
> 8 in Spongites); and 7) distributton of tetrasporangia In tetrasporangial conceptacles
(peripheral or across the chamber floor in Chamberlainium vs. peripheral only in Pneophyllum

and Spongites).

4.3.1. Tetrasporangial conceptacle roof development

Caragnano et al. (2018) concluded that, except for the development of the tetrasporangial
conceptacle roof (Type 1 in Chamberlainium, Type 2 in Pneophyllum, Johansen 1981) (in
which primordia are not always evident), Chamberlainium and Pneophyllum currently have no
diagnostic morpho-anatomical characters that enable one to assign a specimen to them without

DNA sequence data. The placements, initially through DNA sequencing, of the specimens
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examined in the current study are in complete agreement in this regard. The specimens
identified molecularly as belonging to Chamberlainium all possessed the Type 1 (development
from filaments peripheral to the sporangial initials) tetrasporangial conceptacle roof
development. Similarly, the specimens identified molecularly as belonging to Pneophyllum all
possessed the Type 2 (development from filaments both peripheral to, as well as from filaments
interspersed amongst the sporangial initials) tetrasporangial conceptacle roof development.
Until now, specimens assigned to P. neodiscoideum would have been ascribed to Spongites (as
S. discoideus, Chamberlain 1994b), largely because of gross morphology, but also because of
the previously reported Type 1 tetrasporangial conceptacle roof development (Penrose 1991;
Penrose & Woelkerling 1992; Chamberlain 1993, 1994b; Keats et al. 1993). Chamberlain
(1994b) described the tetrasporangial-conceptacle roof development as occurring from
filaments surrounding (peripheral-to)-the sporangia(i.e. Type 1). Through DNA sequencing
and with reciprocal morpho-anatomical support, we have shown that P. neodiscoideum belongs
in Pneophyllum and has the Type 2 tetrasporangial conceptacle roof development in which the
roof is formed from filaments both jperipheral to; as well as from filaments interspersed
amongst the sporangial initials. We suspect that Chamberlain (1994b) and others may not have
observed a sufficient number of early stage specimens to accurately identify the Type 2
tetrasporangial conceptacle roof development in P. neodiscoideum, making instead the
assumption of a Type 1 tetrasporangial conceptacle roof development, which beyond a certain
stage of development results in similar looking tetrasporangial conceptacles (see Harvey et al.

20064).

In the absence of well-defined tetrasporangial conceptacle primordia that showed
unequivocally the type of tetrasporangial conceptacle roof development, previous authors used

(amongst other characters) the substratum type to assign specimens to a genus. Within the then
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Mastophoroideae, epilithic and epizoic crusts were assigned to Spongites and Neogoniolithon,
while epiphytic crusts were assigned to Pneophyllum (e.g. Chamberlain 1978, 1983;
Woelkerling 1996; Kjgsterud 1997; Farr et al. 2009). However, while there have been several
reports of Pneophyllum species occurring epiphytically (e.g. Chamberlain 1994a, b;
Chamberlain & Norris 1994; Penrose & Woelkerling 1991; Penrose 1996; Harvey et al. 2005),
there have also been several other reports of Pneophyllum species occurring epizoically
(Chamberlain 1994a, b; Penrose 1996; Keats et al. 1997; Harvey et al. 2005), epilithically
(Chamberlain 1994a; Penrose & Woelkerling 1991; Penrose 1996; Harvey et al. 2005), as well
as displaying no settlement preference (Keats et al. 1997). All of these reports are based solely
on morpho-anatomical data; here we present unequivocal data, using both DNA sequencing
and morpho-anatomical data, of a_Pneophyllum species that can occur epilithically and
epizoically. Substratum type should-thusbe used with caution in assigning names to a species

in the absence of congruent molecular data.

Additionally, P. neodiscoideum 'is, inconsistent jina number. of other morpho-anatomical
characters reported for the genus (Table '12). (Caragnano et al. (2018) considered
Chamberlainium and Pneophyllum to be similar in their tetrasporangial conceptacle features,
including the number of roof cells (< 8). However, the number of tetrasporangial conceptacle
roof cells in P. neodiscoideum is significantly more than eight (up to 22), contrary to what had
been considered by Caragnano et al. (2018) to be a character useful for separating
Chamberlainium and Pneophyllum from Spongites. Furthermore, the thallus thickness (up to
3000 pm) and the number of epithallial cells (2-4) are also inconsistent with that reported for
Pneophyllum by Caragnano et al. (2018). These examples reinforce the notion that without

DNA sequence data, very few useful anatomical characters (expect perhaps for the gross
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morphology and the mode of tetrasporangial conceptacle roof development, which might not

always be available) exist to assign a specimen to either Chamberlainium or Pneophyllum.

4.3.2. Trichocyte arrangement

In keeping with previous studies, we report here on trichocyte arrangement and on our
hypotheses about trichocyte development. For Chamberlainoideae, Caragnano et al. (2018)
report trichocytes to be solitary or paired when present, always terminal and never intercalary
in the cortex/perithallus. Our findings are mostly consistent with those of Caragnano et al.
(2018), except that we did observe trichocytes to occasionally occur (in C. cochleare, C.
natalense and C. occidentale) in small horizontal clusters (fields) of up to six trichocytes,
although they were all separated by one-or more vedetative filaments (i.e. not in tightly packed
horizontal fields). Caragnano et al-(2018) also suggested that trichocyte development in
Chamberlainium (the authors were not able to comment on the type of development in
Pneophyllum) seems to be of the Jania rubens-type (see Cabioch 1971; Johansen 1981), in
which complete obliteration of trichocytes and theirjinitials occurs in the final step, leading to
their absence deeper in the cortex/perithallus. 'However, our specimens suggest that trichocyte
development in Chamberlainium is rather of the Fosliella type, in which there is first a loss of
the overlying epithallial cell, then trichome (hair) elongation, and finally degeneration of the
trichome and protoplast, leaving an empty trichocyte wall that persists unaltered even after the
trichomes have been shed (Figure 138, Johansen 1981: 34, fig. 18). For all intents and purposes
the development types look similar with the main difference being the trichome projecting
through the epithallial cell in the Jania rubens type, whereas the epithallial cell is shed prior to
the elongation of the trichome in the Fosliella type. In all of our observations the epithallial
cell was not evident, suggesting it had been shed prior to the trichome formation. Caragnano

et al. (2018) used Chamberlainium decipiens as the example (see van der Merwe et al. 2015:

97



Chapter 4: Discussion

474, fig. 8) to substantiate their J. rubens type of trichocyte development. However, in that
species the epithallial cell is also absent, suggesting that instead it is of the Fosliella type. This
suggests that trichocyte development (notably because of interpretational issues) is not a useful
character to delimit taxa although trichocyte arrangement might still be useful (see e.g. Kato et
al. 2011; Bittner et al. 2011). All of these contradictory examples suggest that the descriptions
of Chamberlainium and Pneophyllum will need emending. However, this can only be
successfully achieved once more species are assigned (firstly through DNA sequencing) to

these genera to provide a more comprehensive morpho-anatomical view of the taxa.

/
T

A B C D G H

Figure 138: Adopted from Johansen (1981)." Diagram showing two types of trichocyte
development. Fosliella type (A-D): Note the cell division, loss of overlying epithallial cell,
hair elongation and degeneration of hair and protoplast leaving an empty trichocyte wall. Jania
rubens type (E-H): Note the hair grows through the overlying epithallial cell, and cell
degeneration and renewed meristematic activity obliterates evidence of the trichocyte.
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Keys to species previously ascribed to Spongites in South Africa

These keys are designed for southern African species identification only.  The

characters/concepts used in the keys are not necessarily diagnostic of the species to which they

pertain.  The following two keys include all species currently recognised under

Chamberlainium.

4.4.1. Field key

1.

Plants restricted to the cold temperate west and southern west coasts ...................... 2

Plants distributed largely from the warm temperate south coast to the subtropical east

L1072 1| OO © s TR 6
Plants restricted to the SOUtherm-WeSt- COaSt - i e e, 3
Plants more common along the west coast .................. e 5

Thalli producing initially. thin- (no-meore than 310 pm thick) crusts that become
secondarily thick (up to 3000 pm)rand ‘discoid with orbicular protrusions that often
produce crowded, contiguous, swollen protuberances (up to 10 mm in height) (Fig. 118)
........................................................................ Pneophyllum neodiscoideum
Thalli producing only primary crusts, that may be featureless (smooth), orbicular
becoming confluent or becoming variably lumpy, protuberant and or warty ............... 4
Thalli producing thick (up to 1800 um) crusts that are orbicular, becoming confluent;
characteristically yellowish to yellow-brown (in well-lit conditions); surface roughly
ridged to strongly pachydermatous like an elephant’s skin (Fig. 51) ........................

............................................................................. Chamberlainium impar
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Thalli producing thick (up to 1000 pm) crusts that are variably lumpy and slightly
protuberant (up to 4 mm in height); dusky pink to mauve (in well-lit conditions) (Fig. 10)
........................................................................... Chamberlainium capense
Plants with disjunct distribution; occurring in high to mid-intertidal zone; thalli
producing thick crusts (up to 2000 um) that are lumpy becoming highly protuberant (up
to 6 mm in height); brownish pink to greyish (in well-lit conditions) (Fig. 38) ............
......................................................................... Chamberlainium glebosum
Plants widely distributed; occurring mostly in mid-to low intertidal zone; thalli producing
variably thick (up to 1000 um) crusts that are warty (mostly) to lumpy, becoming only
slightly protuberant (up to 4 mm); brownish beige (in well-lit conditions) (Fig. 89)

wesss....... Chamberlainium occidentale
Plants restricted to the Cape Agulhas-region;-oecurring in high (mostly) to mid-intertidal
zone; thalli producing thin (up to 650 pm) crusts that are characteristically brownish-
pink (Fig. 9) ................ oL Lt A L ... Chamberlainium agulhense
Plants widely distributed; oecurring threughout' the intertidal zone; thalli producing
variably thin crusts that are greyish to blue-grey to yellowing to bright pink (in well-lit
(076 0 111 0] T PPN 7
Individual thalli not discernible, coalescing (fusing) to form large expanses; thalli greyish
(in well-lit conditions); commonly associated with the territorial, gardening limpet
Scutellastra cochlear (Fig. 25) .....................ccccceeveneennee... Chamberlainium cochleare
Individual thalli discernible, not coalescing (fusing), remaining as separate individual
crusts; blue-grey to yellowing to bright pink (in well-lit conditions); is not commonly
associated with the territorial, gardening limpet Scutellastra cochlear ..................... 8
Plants occurring mostly on boulders or pebbles in mid- to low intertidal rock pools; blue-

grey (in well-lit conditions) (Fig. 72) ......c.oovviiieviiiiinnnnn, Chamberlainium natalense
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Plants occurring mostly on exposed rocky platforms in high to mid-intertidal zone;
yellowish  (high intertidal) to bright pink (mid-intertidal) (Fig. 106)

.............................................................................. Chamberlainium tenue

4.4.2. Laboratory key

1.

Tetrasporangial conceptacle roof development from filaments both peripheral to, as well
as interspersed amongst the sporangial initials (Figs 132-142); tetrasporangial
conceptacle roof mostly > 8 cells thick (Figs 135-136) ...... Pneophyllum neodiscoideum
Tetrasporangial conceptacle roof development only from filaments peripheral to the

sporangial initials (see e.g. Figs.34=35); tetrasporangial conceptacle roof < 8 cells thick

(seee.g. Figs 36-37) ........ AR A lE B R e, 2
Thallus construction dimerous ...............ivioiddeiiin... Chamberlainium agulhense
Thallus construction monomerous (see e.g- Fig:-26) ..o ..o 3

Thalli producing thick (up t0.1800 pm) crusts that are.orbicular, becoming confluent,
roughly ridged to strongly pachydermatous‘like an'elephant’s skin (Fig. 51); epithallus
multi-layered, commonly up to 6 cells thick (Figs 56-57) .......... Chamberlainium impar

Thalli producing variably thin to thick crusts that are encrusting to variably warty to

lumpy to protuberant; epithallus single layered (seee.g. Fig. 28) .........c.ceeevvnnee. 4
Thalli entirely encrusting (smooth) and featureless (see e.g. Fig. 25) ...........c..oooonii. 5
Thalli mostly warty to lumpy to protuberant (see e.g. Fig. 10) ..c......ooovviiiiineeennn.n. 7

Tetrasporangial conceptacle pore opening occluded by a prominent corona of filaments
that projects well above the pore opening (Figs 86-88) ......... Chamberlainium natalense

Tetrasporangial conceptacle pore opening occluded by a mucilage plug (see e.g. Figs 36-
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Tetrasporangial conceptacles produced successively in the cortex directly above, and in
the same area as the modified cortex of an earlier generation (Fig. 32); tetrasporangial
conceptacle pore canal not arching (Fig. 37) ...................... Chamberlainium cochleare
Tetrasporangial conceptacles not produced successively in the cortex directly above, and
in the same area as the modified cortex of an earlier generation; tetrasporangial
conceptacle pore canal arching (Fig. 117) ...........ooeiiiviiinnennn. Chamberlainium tenue
Tetrasporangial conceptacle pore opening occluded by a corona of filaments that projects
above the pore opening (Fig. 20) .......ccovevviiiiiiiiein Chamberlainium capense
Tetrasporangial conceptacle pore opening not occluded (see e.g. Fig. 104) .................. 8

Tetrasporangial conceptacle pore canal arching (Fig. 105) ............ocooiiiiiiiiiiine.

Tetrasporangial conceptacle pere eanal tapering towards the surface (Fig. 50) ............

......................................................................... Chamberlainium glebosum

Key to the genus Pneophyllum in South Africa

This key, modified from Maneveldt et al. (2008, 2016), is designed for South African species

only. The characters/concepts used in the key are not necessarily diagnostic of the species to

which they pertain.

1.

Thalli epilithic and/or epizoic, initially encrusting (smooth) and thin (no more than 310
pm thick), becoming secondarily thick (up to 3000 pum) and discoid with orbicular
protrusions that often produce crowded, contiguous, swollen protuberances (up to 10 mm
inheight) (Fig. 118) oo, Pneophyllum neodiscoideum
Thalli entirely epiphytic, remaining encrusting (smooth) and not becoming secondarily

discoid with orbicular ProtruSIONS ..........ovuriiiniiitt et eeeeeeanees 2
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2. Plants forming successive, trumpet-shaped adjoining thalli encircling seagrass and green
algalstalks ... ..o Pneophyllum amplexifrons

Plants encrusting (smooth) on Ecklonia maxima stipes and/or holdfasts and various red

3. Plants epiphytic only on Ecklonia maxima,; thalli with very prominent raised conceptacles
............................................................................. Pneophyllum coronatum

Plants epiphytic on Ecklonia maxima and red algal host; thalli with flush conceptacles

4.  Plants epiphytic on Ecklonia maxima and red algal hosts; thalli with a single layer of
epithallial cells ... ... ..o Pneophyllum fragile
Plants epiphytic only on Ecklonia-maxima; thalti-with up to 4 layers of epithallial cells

................................................................................. Pneophyllum keatsii

4.6.  Cryptic diversity and biogeographic considerations

Until recently, coralline algal taxonomy and'identification relied exclusively on the use of
morpho-anatomical characteristics (Adey 1970; Cabioch 1972; Johansen 1981; Penrose and
Woelkerling 1988; Woelkerling 1988; Harvey & Woelkerling 2007; Farr et al. 2009).
However, these features became increasingly difficult to use as non-geniculate coralline algae
displays simple but highly convergent morphologies (Johansen 1981; Steneck 1986; Bittner et
al. 2011; Kato et al. 2011; Hind et al. 2016; Janot & Martone 2016, 2018) and a high degree
of phenotypic plasticity, which is further influenced by environmental conditions (Steneck &
Adey 1976; Wilks & Wolkerling 1991; Woelkerling & Harvey 1993; Womersely 1996; Harvey
& Woelkerling 2007; Maneveldt & Keats 2008). Convergent morphologies and phenotypic

plasticity within coralline algae has sometimes led to incorrect ecological conclusions (see e.g.
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Maneveldt & Keats 2014 and corresponding comments from Gabrielson et al. 2018) and
misrepresentations of the true species diversity of the corallines (Robba et al. 2006; Walker et
al. 2009; Nelson et al. 2015; Melbourne et al. 2017; Gabrielson et al. 2018). Studies are
increasingly showing that distinct species may have variable morphologies (e.g. Gabrielson et
al. 2011; Hind et al. 2014Db). Still other genetically distinct species may display almost
identical morphologies (e.g. Basso et al. 2014; Hind et al. 2015; van der Merwe et al. 2015;

Gabrielson et al. 2018).

The high degree of morpho-anatomical similarity seen in the non-geniculate coralline algae is
likely due to either convergent evolution and/or to speciation that has yet to reflect as morpho-
anatomical change (van der Merwe et-al.2015; Richards et al. 2017; Maneveldt et al. 2017;
Gabrielson et al. 2018). Species originaly reported to belong to the genus Spongites from
South Africa, not only belong in two different genera, but are significantly more speciose than
previously reported based solely on-morpho-anatomy. Needless to say, despite their high
degree of cryptic diversity, South African Chamberlainoideae may be variably separated in the
field by their: 1) geographic distribution; 2)-intertidal zonation; 3) substrate type; and 4)
external appearance (Table 5, Key 4.4.1). Anatomically the following characters are useful for
separating the South African Chamberlainoideae: 1) thallus construction; 2) number of
epithallial cell layers; 3) type of tetrasporangial conceptacle roof development; 4)
tetrasporangial conceptacle pore characteristics; and 5) location of conceptacle production in
the cortex (Table 5, Key 4.4.2). It is important to note that in the absence of some very
diagnostic morphological features, which exist for only a few species, and more importantly
DNA sequence data, it will be impossible to unequivocally assign a name to any of the South

African Chamberlainoideae.
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Maneveldt et al. (2008, 2016) concluded that the true diversity of the South African non-
geniculate coralline flora could not be decisively stated, suggesting that one of the reasons was
that many species were very cryptic. The current research has affirmed this comment, and it
IS now evident that we have highly underestimated the true diversity of the South African non-
geniculate coralline flora. Several other studies have similarly demonstrated a high degree of
cryptic diversity among the coralline algae (Harvey et al. 2003; Le Gall & Saunders 2007;
Nelson et al. 2015; Adey et al. 2015; Rosler et al. 2016; Caragnano et al. 2018; Gabrielson et
al. 2018). While research on the coralline algae have lagged behind somewhat, high degrees
of cryptic diversity have already been demonstrated for fleshy red (Hughey et al. 2001, 2002;
Neefus et al. 2002; Gabrielson 2008a, b; Payo et al. 2013; Lindstrom et al. 2015; Freshwater
etal. 2017; Yang & Kim 2018), brown.(Stache-Craifvet-al. 1997; Montecinos et al. 2016; Viera
et al. 2016, 2017; Neiva et al. 2017)-and green-(Koeistra-et-al. 1999, 2002, Fama et al. 2002;
van der Strate et al. 2002; Verbruggen et al. 2009; Hofmann et al. 2010; Boedeker et al. 2018)
macroalgae, with genetic differentiation amongst 'some of these algae occurring in less than 10

km (Faugeron et al. 2001; Engel et'al12004; Andreakiset al. 2009; Montecinos et al. 2012).

Genetic differentiation over short distances may result in what is known as range-restricted
endemics. There are now multiple examples of coralline algae with restricted geographical
ranges (see e.g. Wilson et al. 2004; Maneveldt & van der Merwe 2012; Pardo et al. 2014; Pefia
et al. 2014, 2015; van der Merwe et al. 2015; Hind et al. 2016; this study). The underlying
mechanisms of diversification that result in these coralline range-restricted endemics remain
unknown (Hind et al. 2016). For most other marine species, such range-restrictions are
affiliated with phylogenetic breaks associated with biogeographic boundaries or transition
zones (Anderson et al. 2009; Montecinos et al. 2012). Until now, Heydrichia cerasina

(Maneveldt & van der Merwe 2012) and C. agulhense (van der Merwe et al. 2015) were the
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only known South African range-restricted endemic corallines, restricted to a 10 km stretch
within the Cape Agulhas transition zone (Anderson et al. 2009). Based on the results from this
study, C. capense (43 km; southern west coast), C. impar (170 km; southern west coast) and
P. neodiscoideum (220 km; southern west coast) are also recorded as being range-restricted,
although not nearly as restricted as the former two species. The geographical distributions of
C. capense and P. neodiscoideum also fall within the Cape Agulhas transition zone, suggesting
a possible biogeographic affinity. These observations support the concept that diversifications
may largely be associated with phylogenetic breaks associated with biogeographic boundaries.
Maneveldt et al. (2016) hypothesised that with an increase in ITA studies, the number of range-

restricted endemic coralline algal species would likely increase.

Several authors (e.g. Sissini et al. 2014; Hindet-al. 2015; Lindstrom et al. 2015; van der Merwe
et al. 2015; Maneveldt et al. 2016; Richards et al. 2017) have questioned whether the many
reports of widely distributed non-geniculate coralline algae across different ocean basins and
biogeographic provinces were: correct,” | While this 'has been demonstrated using DNA
sequencing for some tropical (e.g. Hernandez-Kantin et al. 2016, Rosler et al. 2016; Maneveldt
et al. 2017), and some arctic (e.g. Adey et al. 2015; Gabrielson et al. in press) species, until
now no temperate species has been reported to be widely distributed across ocean basins
(although they have been reported to be widely distributed within an ocean basin — see e.g.
Richards et al. 2018). While most of the South African Chamberlainoideae are seemingly
endemic and thus not distributed across an ocean basin, at least one is. Our data have shown
that a specimen from Chile is conspecific with the South African specimens assigned to P.
neodiscoideum, confirming (through DNA sequencing) that it is possible for a temperate

species to be widely distributed across an ocean basin.
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The phylogenetic results have provided some very interesting biogeographic trends, which are
contradictory to previous findings (see van der Merwe et al. 2015). While most South African
Chamberlainium species align with each other, C. tenue aligns closer to two species (C.
decipiens and C. tumidum) from the Northeast Pacific, rather than to the other species of
Chamberlainium from South Africa. These results suggest that sequence divergence values
may not necessarily align with biogeographic patterns, but that for some species they may

indeed align with morpho-anatomical similarities.

The intraspecific psbA sequence divergence values obtained for Chamberlainoideae in this
study are consistent with what has previously been reported for South African specimens (see
van der Merwe et al. 2015). However, the unusually high intraspecific rbcL sequence
divergence values seen in C. occidentale-and P. neodiscoideum (including Chamberlainium
sp. [AMC13.9x17]) may reflect the wide geagraphic range of these two species (Mclvor et al.
2001; Mamoozadeh & Freshwater-2012).  As DNA sequencing of specimens is still a
comparatively recent phenomenon, fully understanding /biogeographic trends remains an

ongoing challenge.

Based on the findings from this study it is doubtful that South Africa has any representative
species from Spongites as it is currently circumscribed. We suspect that this may be true for
several other regions within the southern temperate latitudes and notably so for New Zealand,
although Caragnano et al. (2018) did align several unidentified tropical specimens with the
generitype of Spongites. It is possible that true Spongites species are largely restricted to the
northern temperate and tropical/subtropical latitudes (Rosler et al. 2016; Caragnano et al.
2018). The results of this study support the comment by Maneveldt et al. (2016) that ... “all

South African names for non-geniculate corallines based on type localities of species from
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other continents and ocean basins need to be reassessed based on DNA sequence data”. This

seems not only to be true for South Africa, but also for the rest of the world.

4.7.  Future research

Based on the results from this study it is clear that the diversity of the South African non-
geniculate coralline algae has been underestimated. Similar results will more than likely be
encountered for other genera, should they be given the same level of scrutiny. To fully resolve
the Chamberlainoideae in South Africa, a full account of the genus Pneophyllum should also
be considered, along with other specimens and taxa seemingly closely related. This same
Integrated Taxonomic Approach should be used with particular attention paid to those
species/specimens that do not have type-localities-in-South Africa. It will be interesting to
know, by including all available sequences of Pneophyllum;-if previously established species
within this genera are really as widely distributed as has been previously reported. The results
of this study and so many others (e.g. Maneveldt & van der Merwe 2012; Pardo et al. 2014;
Pefa et al. 2014, 2015; van der: Merwe et al.-2015; Hind et al.. 2016) suggest that likely this

will not be the case.
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TABLE 3. Comparison of the appearance and vegetative structure of South African species that would previously have been assigned to

Spongites. Unless otherwise stated, all measurements are in micrometres. L, H and D = length, height and diameter respectively. ND = No data

provided.

Character

Chamberlainium

agulhense!

Chamberlainium
capense

Chamberlainium
cochleare

Chamberlainium
glebosum

Chamberlainium
impar

Chamberlainium
natalense

Chamberlainium
occidentale

Chamberlainium
tenue

Pneophyllum
neodiscoidium

Growth form

Maximum
protuberance height

Thallus
construction

Maximum thallus
thickness

Habit

Trichocytes

Encrusting (smooth)

Dimerous

650

Individual thalli
discernible, not
fusing

None observed

Encrusting (smooth),

becoming variably
lumpy and slightly
protuberant

4 mm

Monomerous

1000

Individual thalli
discernible, not
fusing

Common, solitary
(mostly) to paired

Encrusting (smooth)

Monomerous

370

Individual thalli not
discernible, fusing to
form large expanses

Common, solitary
(mostly) to clustered,
up to 6 (separated by

Lumpy, becoming
highly protuberant

6 mm

Monomerous

2000

Individual thalli
discernible, not
fusing

None observed

Encrusting (smooth),

orbicular becoming
confluent

Monomerous

1800

Individual thalli
discernible, not
fusing

Rare, solitary to
paired

Encrusting (smooth)  Encrusting (smooth)
to warty (mostly) to
lumpy, becoming

slightly protuberant

- 4 mm
Monomerous Monomerous
800 1000
Individual thalli Individual thalli
discernible, not discernible, not
fusing fusing

Rare, solitary
(mostly) to clustered,
up to 6 (separated by

Common, solitary
(mostly) to clustered,
up to 6 (separated by

Encrusting (smooth)

Monomerous

250

Individual thalli
discernible, not
fusing

Common, solitary
(mostly) to paired

Primary thallus
encrusting (smooth).
Secondary thallus,
discoid with orbicular
protrusions that often
produce crowded,
contiguous, swollen
protuberances

10 mm

Primary thallus
dimerous, becoming
secondarily
monomerous

Primary thallus 310;

Secondary thallus
3000

Individual primary
thalli not discernible,
fusing. Secondary
discoid protrusions
discernible, not
fusing

None observed
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Trichocyte
dimensions

No. of epithallial
cell layers

Epithallial cell
shape

Epithallial cell
dimensions

Subepithallial cell
shape

Subepithallial cell
dimensions

Cortical cell shape
Cortical cell
dimensions

Medullary cell
shape

Medullary cell
dimensions

Erect filament cell
shape

Erect filament cell
dimensions

Basal filament cell
shape (in radial
view)

Tables

normal vegetative
filaments)

normal vegetative
filaments)

normal vegetative
filaments)

- L=22-29;D=5-7 L=15-27,D=7-12 - L=22-39;D=10-12 L=12-29;D=7-10 L=22-37,D=7-10 L =22-25,D=10-12 -

1-3 (mostly 1-2) 1 1 1 4-6 (9) 1 1 1 2-4

Rounded to domed Oval to round Elliptical to domed  Rounded to elliptical ~ Elliptical to rounded Flattened to elliptical ~ Elliptical to rounded  Squat to elliptical to Rounded
to elongate domed
ND L=5-7,D=5-7 L=2-7,D=5-7 L=5-7,D=2-7 L=5-7,D=5-7 L=5-7,D=5-7 L=5-8;,D=2-7 L=2-5D=2-5 L=5-7,D=5-7
Square to rectangular  Square to rectangular  Square to rectangular Rectangular Square-to.rectangular  Square to rectangular Rectangular Square to elongate Elongate
ND L =5-15; D=5-10 L=3-10;D=4-7 L=5-12;D=2-/ L=5-12;D=5-7 L=7-10;D=5-7 L=10-12; D =5-7 L=3-7,D=5-7 L=5-10; D=5-7
ND Square to rectangular  Square to rectangular  Square to rectangular Square to beaded Square to rectangular  Square to rectangular ~ Squat to squareto  Square to rectangular
rectangular
ND L=7-10;D=7-10 L=5-12; D=4-12 L =5-15; D =5-10 L=7-10;D=2-5 L =7-25,D=5-7 L=7-10;D=7-12 L =5-15; D =5-10 L=5D=35
ND Rectangular Rectangular to Rectangularto Rectangular'to Rectangular to Square to rectangular  Square to rectangular Rectangular to
elongate elongate elongate elongate elongate
ND L=22-44;D=15-25 L=10-30;D=3-16 L=12-25;D=7-12 L=5-25;D=7-14 L=15-20D=5-7 L=15-17;D=7-10 L=20-22;D=7-12 L=12-20;D=5-7

Square to rectangular - - - - - - i
with rounded corners

Square to rectangular
to elongate with
rounded corners

ND ; ; - - - - - L=4-17;H=2-12

Non-palisade, - - - - - - -
irregularly square

Non-palisade,
irregularly square
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Basal filamentcell L =10-29; H = 10-22 - - - - - - L=17-22; H=10-15

dimensions (in

radial view)

Basal filament cell Rectangular to - - - - - - - Rectangular to
shape (in tangential palisade-like palisade-like
view)

Basal filament cell L =10-22; H=5-10 - - - - - - - L=12-15H=5-7

dimensions (in
tangential view)

Data for C. agulhense have been taken from the description and Table S2 from van der Merwe et al. (2015).
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TABLE 4. Comparison of the reproductive structures of South African species that would previously have been assigned to Spongites. Unless

otherwise stated, all measurements are in micrometres. L and D = length and diameter respectively. ND = No data provided.

Character Chamberlainium Chamberlainium Chamberlainium Chamberlainium Chamberlainium Chamberlainium Chamberlainium Chamberlainium Pneophyllum
agulhense! capense cochleare glebosum impar natalense occidentale tenue neodiscoideum

Spermatangial Raised to Raised Raised to Raised Slightly raised Raised Raised Raised Slightly raised to flush

conceptacle occasionally flush occasionally flush becoming flush with

elevation maturity

Mature 150-260 (340) 233-392 123-306 235-345 160-221 110-130 245-333 108-120 81-103

spermatangial

conceptacle

external diameter

Mature 98-160 123-201 103-162 132-157 170-213 64-120 110-147 110-120 83-98

spermatangial

conceptacle

chamber diameter

Mature 25-40 39-66 20-49 46-49 39-73 25-69 27-51 34-39 34-39

spermatangial
conceptacle
chamber height

Mature
spermatangial pore
characteristics

Carpogonial
conceptacle
elevation

Mature carpogonial
conceptacle
external diameter

Pore opening initially
occluded by a
mucilage plug, later
by extruding
filaments that project
out and above the
pore opening

None observed

Pore opening
occluded by a
mucilage plug

None observed

Pore opening
occluded by a
mucilage plug

None observed

Pore;opening
occluded by.a
mucilage plug

None observed

Pore opening
occluded by either a
mucilage plug or
more commonlyja
mucilage spout

Flush to sunken

196-294

Pore opening
occluded a by
mucilage plug

Raised

113-208

Pore opening
occluded by a
mucilage plug

Raised

172-196

Pore opening
occluded by a
mucilage plug

None observed

Pore opening
occluded by a
mucilage plug

Only buried

carpogonial

conceptacles
observed
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Mature carpogonial
conceptacle
chamber diameter

Mature carpogonial
conceptacle
chamber height

Carposporangial
conceptacle
elevation

Mature
carposporangial
conceptacle
external diameter

Mature
carposporangial
conceptacle
chamber diameter

Mature
carposporangial
conceptacle
chamber height

Mature
carposporangial
pore characteristics

No. of cells in
gonimoblast
filament

Fusion cell shape

Tetrasporangial
development

Tetrasporangial
conceptacle
elevation

Raised?

200-460

118-220

56-64

Pore opening appears
to be occluded by a
small corona of
filaments; canal
tapered towards
surface®

4-7

Discontinuous

Typel

Raised

None observed

Typel

Raised

None observed

Type 1

Raised to flush to
slightly sunken

None observed

Type 1

Raised

Tables

110-135

29-54

Raised to flush to
sunken

420-550

225-233

91-96

Pore opening

occluded by -mucilage

plug; canal tapered
towards surface

5-7

Discontinuous

Type 1

Slightly raised
becoming flush with
maturity

56-76

17-22

Slightly raised

301-502

137-169

34-74

Pore opening
occluded by corona;

canal tapered towards canal tapered towards

surface

5-7

Discontinuous

Type 1

Raised to flush

91-125

27-34

Raised

294-319

149-194

88-110

Occlusion of pore
opening unknown;

surface

5-7

Discontinuous

Typel

Raised

None observed

Typel

Raised to slightly
sunken

Flushed to slightly
raised

345-588

127-157

29-71

Pore opening and
canal occluded by a
prominent mucilage
plug; canal straight-

sided

6-7

Discontinuous

Type 2

Flush to sunken to
raised
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Mature
tetrasporangial
conceptacle
external diameter

Mature
tetrasporangial
conceptacle
chamber diameter

Mature
tetrasporangial
conceptacle
chamber height

Mature
tetrasporangial pore
characteristics

Thickness of mature
tetrasporangial
conceptacle roof

No. of cells (incl.
epithallial cells) in
mature
tetrasporangial
conceptacle roof

Depth (no. of cells)
of mature
tetrasporangial
conceptacle floor

Shape of pore canal

Tetrasporangia
dimensions

Tetrasporangia
arrangement

220-450

137-196

66-108

ND

29-47

10-15

Pore canal not
arching, tapered
towards surface*

ND

Peripheral

355-466 191-466
157-299 179-294
74-125 59-110

Pore opening
occluded by a corona

Pore opening
occluded by a

of filaments mucilage plug
47-96 29-76
5-7 6-8
11-17 12-22

Pore canal not
arching, tapered

Pore canal arching,
tapered towards
surface

or straight in very

mature conceptacles

L =51-130; D = 22-
44

Peripheral, may
appear distributed
across chamber floor

Peripheral

towards the surface

Tables

294-627

135-265

44-110

Pore opening
unoecluded

27-115

4-8/(9)

11-24

Pore canal not
arching, tapered
towards surface

Peripheral

294-490

270-352

98-103

Pore opening
occluded-by.a
mucilage.plug

47-61

1521

Pore canal not

arching, tapered
towards surface

Peripheral

221-343

147-196

44-96

Pore opening
occluded by a large
corona

27-66

12-21

Pore canal not
arching, tapered
towards the surface
or straight in very
mature conceptacles

L =47-79;D=20-40 L=29-113; D=5-69 L =54-98;D=29-44 L =44-81;D =20-49

Peripheral, may
appear distributed
across chamber floor

404-625

206-365

110-147

Pore opening
unoccluded; pore
slightly sunken below

the surrounding roof  slightly sunken below

42-83

16-19

Pore canal arching,
tapered towards
surface

L =74-152; D = 42-61

Peripheral, may
appear distributed
across chamber floor

343-441

196-208

76-118

Pore opening
occluded by a
mucilage plug; pore
the surrounding roof

15

12-16

Pore canal arching,
tapered towards
surface

490-660

172-225

44-74

Pore opening and
canal occluded by a
prominent mucilage

plug

39-44

6-22

15-30

Pore canal not
arching, remains
straight sided

L =49-76; D =27-59 L =42-69; D = 20-39

Peripheral, may
appear distributed
across chamber floor

Peripheral, may
appear distributed
across chamber floor
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as columella
disintegrates

Prominent; Prominent;
disintegrates to form  disintegrates to form
a low mound with a low mound with
maturity maturity

Central columella

Conceptacles buried Shed Shed

or shed

Prominent;
disintegrates to form
a low mound with
maturity

Shed

Tables

as columella
disintegrates

as columella
disintegrates

Prominent; Prominent; persists to Prominent; Prominent;
disintegrates to low maturity disintegrates to form  disintegrates to form
mound with maturity a low mound with a low mound with
maturity maturity
Shed Shed Conceptacles mostly Shed

shed; occasionally
tetrasporangia and
spermatangia may be
found buried

as columella
disintegrates

as columella
disintegrates

Prominent;
disintegrates to form
a low mound with
maturity

Prominent;
disintegrates to form
a low mound with
maturity

Shed Conceptacles of all
kinds found buried

! Data for C. agulhense have been taken from the description and Table S2 from van der Merwe et al. (2015).

Zvan der Merwe et al. (2015: 477) states that carpogonial conceptacles were not observed in C. agulhense.-However; their Table S2 contains measurements for carpogonial conceptacles. The Table S2 column appears

to have been incorrectly labelled as those measurements are more consistent with thejcarpesporangial conceptacle measturements-reported for the species (G.W. Maneveldt pers. com.).

% See van der Merwe et al. (2015: 482, Fig. 20).

4van der Merwe et al. (2015: 477, Fig. 23) did not describe the tapering of the pore canal, but it is evident in that publication.
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TABLE 5. Characters found to be informative among South African species that would previously have been assigned to Spongites.

Character

Chamberlainium

Chamberlainium

Chamberlainium

Chamberlainium

Chamberlainium

Chamberlainium

Chamberlainium

Chamberlainium

Pneophyllum

agulhense! capense cochleare glebosum impar natalense occidentale tenue neodiscoidium
Endemic Yes Yes Yes Yes Yes Yes No (Namibia and Yes Yes
South Africa)
Geographical distribution Restricted Restricted Widely distributed Disjunct Distributed (+ 170 Widely distributed Widely distributed Widely distributed Distributed (+ 220

Substrate

Habitat

Growth form

Habit

distribution (+ 10
km) along the
southern west coast

Epilithic

High (mostly) to

mid-intertidal

Encrusting (smooth)

Individual thalli
discernible, not
fusing

distribution (+ 43
km) along the
southern west coast

Epilithic on bedrock
and boulders;
epizoic on S.

cochlear shells

Mid-intertidal (rock
pools mostly) to
low intertidal.

Encrusting
(smooth), becoming
variably lumpy and
slightly protuberant

Individual thalli
discernible, not
fusing

(+ 1,700 km) along
the southern and
eastern coasts

Eplithic on bedrock,
epizoic on limpet
shells, especially-S:
cochlear

Mid- to low
intertidal.

Encrusting (smooth)

Individual thalli not
discernible, fusing
to form large
expanses

distribution (+ 220
and + 200 km)
along the west coast

Epilithic on bedroek

High|to mid-shore
(mostly) to
occasionally/on the
low:shore.

Lumpy, becoming
highly-protuberant

Individual thalli
discernible, not
fusing

km) along the
southern west coast

Epilithic on primary
bedrock

Mid- to low
intertidal.

Encrusting
{smooth), orbicular
becoming confluent

Individual thalli
discernible, not
fusing

(+ 1,720 km) along
the southern west to
eastern coasts

Largely epilithic on
boulders and
pebbles;
occasionally
epilithic on
bedrock; epizoic on
winkle shells

Mid- to low
intertidal rock
pools.

Encrusting (smooth)

Individual thalli
discernible, not
fusing

(¢ 1,200 km) along
the west coast and
southern west
coasts

Epilithic on
bedrock; epizoic on
S. cochlear shells

Mid- to low
(largely) intertidal

Encrusting (smooth)
to warty (mostly) to
lumpy, becoming
slightly protuberant

Individual thalli
discernible, not
fusing

(+ 1,200 km) along
the south and east
coasts

Epilithic on bedrock

High (largely)
intertidal and mid-
shore rock pools

Encrusting (smooth)

Individual thalli
discernible, not
fusing

km) along the
southern west coast

Epilithic on
bedrock, boulders
and pebbles, epizoic
on winkle shells

Mid- to low
intertidal rock
pools.

Primary thallus
encrusting
(smooth).
Secondary thallus,
discoid with
orbicular
protrusions that
often produce
crowded,
contiguous, swollen
protuberances

Individual primary
thalli not
discernible, fusing.
Secondary discoid
protrusions
discernible, not
fusing
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Thallus construction

Colour of living thalli (in
well-lit conditions)

Trichocyte arrangement

No. of epithallial cell
layers

Tetrasporangial
development

Dimerous

Brownish-pink

None observed

1-3 (mostly 1-2)

Type 1

Monomerous

Bright to dusky
pink

Common, solitary
(mostly) to paired

Type 1

Monomerous

Greyish

Common, solitary
(mostly) to
clustered, up to 6
(separated by
normal vegetative
filaments)

1

Type 1

Tables

Monomerous

Brownish pink to
grey

None observed

Typel

Monomerous

Yellowish to yellow
brown

Rare, solitary to
paired

4-6 (9)

Type ¥

Monomerous

Blue-grey

Rare, solitary
(mostly) to
clustered, up to 6
(separated by
normal vegetative
filaments)

1

Type 1

Monomerous

Brownish beige

Common, solitary
(mostly) to
clustered, up to 6
(separated by
normal vegetative
filaments)

1

Type 1

Monomerous

Yellowish to bright
pink

Common, solitary
(mostly) to paired

Type 1

Primary thallus
dimerous, becoming
secondarily
monomerous

Pink to light purple
to yellow brown

None observed

Type 2

Data for C. agulhense have been taken from the description and Table S2 from van der Merwe et-al. (2015)
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TABLE 6. A comparison of the appearance and vegetative structure of C. cochleare and C. natalense against the type of S. yendoi, the type of

L. natalense, and Chamberlain’s (1993) concept of S. yendoi from South Africa. Data from Chamberlain (1993) have been taken from both the

descriptions and the figures. Unless otherwise stated, all measurements are in micrometres. ND = no data provided. L and D = length and diameter

respectively.

Character Goniolithon yendoi South African Spongites Chamberlainium Lithophyllum natalense Chamberlainium
(type) yendC-M co-chleare (type) na-talense
(Chamberlain 1993) (Chamberlain 1993) (This study) (Chamberlain 1993) (This study)
Growth form Encrusting (flat) with Encrusting-(smooth)-to Encrusting(smooth) Encrusting (smooth) Encrusting (smooth)

Thallus construction

Maximum thallus thickness

Habit

Trichocytes

Trichocyte shape

irregularly bumpy surface

Monomerous

ND

Solitary to paired

Elongate

lumpy to Knobbly

Monomerous

1000

Individual thalli not
discernible, fusing to
form large expanses

Solitary to paired

Bottle-shaped

Monomerous

370

Individual thalli not
discernible, fusing to
form large expanses

Common, solitary
(mostly) to clustered, up
to 6 (separated by normal
vegetative filaments)

Bottle-shaped

Monomerous

ND

ND

Monomerous

800

Individual thalli
discernible, not fusing

Rare, solitary (mostly) to
clustered, up to 6
(separated by normal
vegetative filaments)

Bottle-shaped

149



Trichocyte dimensions

Trichocytes buried

No. of epithallial cell
layers

Epithallial cell shape

Epithallial cell dimensions

Subepithallial cell shape

Subepithallial cell
dimensions

Cortical cell shape

Cortical cell dimensions

Medullary cell shape

Medullary cell
dimensions

L=15D=8

ND

Elliptical

ND

ND

ND

Squarish

L=3-10,D=3-8

Elongate

L=6-12;D=3-8

Tables

L =10-20; D = 6-13

Yes

Elliptical

L=2-5D=3-8

Irregular in‘appearance

ND

Square to elongate

L =5:10; D= 3:8

Rectangular to elongate

L=10-27,D=3-7

L=15-27;D=7-12

No

Elliptical to domed

l-=2-7; D = 5-7

Square to-rectangular

L=3-10; D = 4-7

Square to rectangular

L =5-12; D=#4-12

Rectangular to elongate

L =10-30; D = 3-16

ND

ND

Elongate

L=4-11:D=4-8

Mainly squarish

L =10-25; D =7-10

L=12-29;D=7-10

No

Flattened to elliptical

L=5-7,D=5-7

Square to rectangular

L=7-10; D=5-7

Square to rectangular

L =7-25; D =5-7

Rectangular to elongate

L=15-20D =5-7
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TABLE 7. A comparison of the reproductive anatomy of C. cochleare and C. natalense against the type of S. yendoi and the type of L. natalense

and Chamberlains’ (1993) concept of S. yendoi from South Africa. Data from Chamberlain (1993) have been taken from both the descriptions

and the figures. Unless otherwise stated, all measurements are in micrometres. ND = no data provided. L and D = length and diameter respectively.

Character

Goniolithon yendoi

(type)
(Chamberlain 1993)

South African Spongites
yendoi

(Chamberlain 1993)

Chamberlainium
cochleare

(This study)

Lithophyllum natalense

(type)
(Chamberlain 1993)

Chamberlainium
natalense

(This study)

Spermatangial conceptacle
elevation

Mature spermatangial
conceptacle external
diameter

Mature spermatangial
conceptacle chamber
diameter

Mature spermatangial
conceptacle chamber
height

Mature spermatangial pore
characteristics

Carpogonial conceptacle
elevation

Mature carpogonial
conceptacle external
diameter

Mature carpogonial
conceptacle chamber
diameter

Mature carpogonial
conceptacle chamber
height

Flush to raised

85-110

ND

ND

Sunken

ND

ND

ND

Raised

250

117-169

52-60

Sunken

ND

ND

ND

Raised to occasionally
flush

123-306

103-162

20-49

Occluded by-a mucilage
plug
None observed

Flushed to somewhat
sunken

ND

70-80

25-35

None observed

Raised

110-130

64-120

25-69

Occluded by mucilage
plug
Raised

208-225

56-76

17-22
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Carposporangial
conceptacle elevation

Mature carposporangial
conceptacle external
diameter

Mature carposporangial
conceptacle chamber
diameter

Mature carposporangial
conceptacle chamber
height

Mature carposporangial
pore characteristics

No. of cells in gonimoblast
filament

Fusion cell shape

Tetrasporangial
conceptacle elevation

Mature tetrasporangial
conceptacle external
diameter

Mature tetrasporangial
conceptacle chamber
diameter

Mature tetrasporangial
conceptacle chamber
height

Mature tetrasporangial
pore
characteristics/occlusions

None observed

Flush to raised

220-340

170

80

Raised

to 430

138-234 (450)

52-109

Pore opening-not
occluded

Continuous
Raised

to0 430

147-207

62-117

Tables

None observed

Raised to flush to slightly
sunken

191-466

179-294

59-110

Occluded by a mucilage
plug

None observed

Flushed to somewhat
sunken

ND

150-250!

60

Slightly raised

172-270

137-169

34-74

Pore occluded by corong;
canal tapered towards
surface; terminal initials
near base of canal point
downward
5-7

Discontinuous
Raised above to flush

221-343

147-196

44-96

Pore occluded by corona
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Thickness of mature 30 26-65
tetrasporangial conceptacle

roof

No. of cells (incl. 6 ND

epithallial cells) in mature
tetrasporangial conceptacle
roof filaments

Depth (no. of cells) of ND ND
mature tetrasporangial
conceptacle floor

Pore canal tapered Pore canal tapered
towards surface or straight towards surface or straight
in very mature in very mature
conceptacles conceptacles

Shape of pore canal

Tetrasporangia dimensions ND ND L = 43-78; D = 15-47

(L = length; D = diameter)

Tetrasporangia Peripheral Peripheral

arrangement

Central columella Present Prominent; disintegrates
to form a low:-mound-with

maturity
Conceptacles buried or ND Conceptacles mostly
shed shed; occasionally

spermatangia may be
found buried

29-76

6-8

12-22

Tapered towards the
surfaee.or straight in very
mature-conceptacles;
terminal-initials-near base
of canal point downward

L =147-79;D = 20-40

Peripheral

Present; disintegrates to
low mound

Shed

50

to 6

ND

Pore canal tapered
towards the surface?

ND

Peripheral

Present

Conceptacles mostly
shed; occasionally
spermatangia may be
found buried

27-66

6-8

12-21

Tapered towards the
surface or straight in very
mature conceptacles;
terminal initials near base
of canal point downward

L =44-81; D = 20-49

Peripheral, may appear
distributed across
chamber floor as

columella disintegrates

Present; disintegrates to
low mound

Conceptacles mostly
shed; occasionally
tetrasporangia and

spermatangia may be

found buried within the
thallus

! Chamberlain (1993, pg. 111) makes reference to a “conceptacle roof diameter” of 150-250 um, this is actually the conceptacle diameter consistent with this entity.

2 Chamberlain (1993, pg. 112) did not describe the shape of the pore canal, but it is evident in figure 54 of that publication.
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TABLE 8. A comparison of the appearance and vegetative structure of C. impar against the type of L. impar and Chamberlains’ (1994b) concept
of S. impar from South Africa. Data from Chamberlain (1994b) have been taken from both the descriptions and the figures. Unless otherwise

stated, all measurements are in micrometres. ND = no data provided. L and D = length and diameter respectively.

Character Lithophyllum impar (type) South African Spongites impar Chamberlainium impar
(Foslie 1909) (Chamberlain 1994b) (This study)
Growth form Encrusting, highly wavy to somewhat Encrusting, becoming crested or Encrusting (smooth), orbicular becoming
knotted convoluted confluent
Thallus construction Monomerous Monomerous Monomerous
Maximum thallus thickness ND 750 1800

Habit

Trichocytes

Trichocyte dimensions

No. of epithallial cell layers
Epithallial cell shape
Epithallial cell dimensions
Subepithallial cell shape
Subepithallial cell dimensions
Cortical cell shape

Cortical cell dimensions
Medullary cell shape

Medullary cell dimensions

Individual thalli discernible, not fusing

ND

ND

ND
Square to elongate
L=6-9; D =5-7

ND

ND

ND
L=6-9;D=5-7

ND

L =11-25;D=5-9

Individual thalli discernible, not fusing

Absent
Up to 6 cells
Elongate
L=25-4,D=3-6
ND
ND
Squarish
L=25-10;D=3-5

ND

Individual thalli discernible, not fusing

Rare, solitary to paired
L =22-39; D =10-12
4-6 (9)
Elliptical to rounded
L=5-7, D =5-7
Square to rectangular
L=5-12; D=5-7
Square to beaded
L=7-10;D=2-5
Rectangular to elongate

L=5-25;D=7-14
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TABLE 9. A comparison of the reproductive anatomy of C. impar against the type of L. impar and Chamberlains’ (1994b) concept of S. impar
from South Africa. Data from Chamberlain (1994b) have been taken from both the descriptions and the figures. Unless otherwise stated, all

measurements are in micrometres. ND = no data provided. L and D = length and diameter respectively.

Character

Lithophyllum impar (type)
(Foslie 1909)

South African Spongites impar
(Chamberlain 1994b)

Chamberlainium impar
(This study)

Spermatangial conceptacle elevation ND Slightly raised becoming flush with maturity Slightly raised becoming flush with maturity

Mature spermatangial conceptacle external diameter ND ND 160-221

Mature spermatangial conceptacle chamber diameter ND, 150-200 170-213

Mature spermatangial conceptacle chamber height ND 35-40 39-73

Mature spermatangial pore characteristics ND Pore opening occluded by a mucilage spout Pore opening occluded by either a mucilage plug or

more commonly a mucilage spout

Carpogonial conceptacle elevation ND None observed Flush to sunken

Mature carpogonial conceptacle external diameter ND - 196-294

Mature carpogonial conceptacle chamber diameter ND, - 110-135

Mature carpogonial conceptacle chamber height ND - 29-54

Carposporangial conceptacle elevation ND None observed Raised to flush to sunken

Mature carposporangial conceptacle external diameter ND - 420-550

Mature carposporangial conceptacle chamber diameter ND - 225-233

Mature carposporangial conceptacle chamber height ND - 91-96

Mature carposporangial pore characteristics ND - Pore opening occluded by mucilage plug; canal
tapered towards surface

No. of cells in gonimoblast filament ND - 5-7

Fusion cell shape ND - Discontinuous
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Tetrasporangial conceptacle elevation

Mature tetrasporangial conceptacle external diameter
Mature tetrasporangial conceptacle chamber diameter
Mature tetrasporangial conceptacle chamber height
Mature tetrasporangial pore characteristics

Thickness of mature tetrasporangial conceptacle roof

No. of cells (incl. epithallial cells) in mature
tetrasporangial conceptacle roof

Depth (no. of cells) of mature tetrasporangial
conceptacle floor

Shape of pore canal
Tetrasporangia dimensions
Tetrasporangia arrangement

Central columella

Conceptacles buried or shed

ND

ND

180-300

60-100

ND

ND

ND

ND

ND

ND

ND

ND

ND

Tables

Slightly raised becoming flush with maturity
ND
180-247
70-104
Pore opening occluded by a mucilage plug*
39-50

to9

ND

Pore canal not arching, tapered towards surface?
L =55-119; D = 36-38
Peripheral

Prominent; may project into pore canal;
disintegrates-to-low mound with maturity

Shed

Slightly raised becoming flush with maturity
294-490
270-352
98-103
Pore opening occluded by a mucilage plug
47-61

6-7

15-21

Pore canal not arching, tapered towards surface
L =54-98; D =29-44
Peripheral

Prominent; persists to maturity

Shed

1 Chamberlain (1994b, pg. 115) did not describe an occluded pore, but jt is evident in figure 62 of that publication.

2 Chamberlain (1994b, pg. 115) did not describe the shape of the pore canal, but it is evident in figure 62 of that publication.
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TABLE 10. A comparison of the appearance and vegetative structure of P. neodiscoideum against the type of L. discoideum (Penrose &

Woelkerling 1988) and Chamberlains’ (1994b) concept of S. discoideus from South Africa. Data from Chamberlain (1994b) have been taken

from both the descriptions and the figures. Unless otherwise stated, all measurements are in micrometres. ND = no data provided. L and D =

length and diameter respectively.

Character Lithophyllum discoideum (type) South African Spongites discoideus Pneophyllum neodiscoideum
(Penrose & Woelkerling 1988) (Chamberlain 1994b) (This study)
Growth form More or less circular, smooth-surfaced-thalli Primary-thallus-encrusting (smooth). Primary thallus encrusting (smooth).

Maximum protuberance height

Thallus construction

Maximum thallus thickness

Habit

Trichocytes
Trichocyte dimensions
No. of epithallial cell layers

Epithallial cell shape

Primary thallus dimerous, secondary thallus
monomerous

ND

ND

Absent

ND

ND

Secondary-thatlus; discoid, circular, rosette-
like, crested and protuberant

Primary thallus dimerous, becoming
secondarilty-monomerous

550

Individual primary crusts not discernible,
fusing. Secondary crusts discernible, not
fusing
Rare
ND
4

Flattened

Secondary thallus, discoid with orbicular
protrusions that often produce crowded,
contiguous, swollen protuberances

10 mm

Primary thallus dimerous, becoming
secondarily monomerous

Primary thallus 310;
Secondary thallus 3000
Individual primary thalli not discernible,
fusing. Secondary discoid protrusions
discernible, not fusing
None observed

2-4

Rounded
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Epithallial cell dimensions
Subepithallial cell shape
Subepithallial cell dimensions
Cortical cell shape

Cortical cell dimensions
Medullary cell shape
Medullary cell dimensions

Erect filament cell shape

Erect filament cell dimensions

Basal filament cell shape (in
radial view)

Basal filament cell dimensions
(in radial view)

Basal filament cell shape (in
tangential view)

Basal filament cell dimensions
(in tangential view)

L=4,D=7
ND
ND
ND
L=3-12;, D =4-7
ND

ND

Tables

L=2-3;D=4-6
Elongate
ND
Elongate
L=4-17;D=4-11
Squarish to shorter than wide
ND

Elongate

L=4-17;D = 4-11

Squarish to sharter than wide

E=17-16;D=15-16

L=5-7,D=5-7
Elongate
L =5-10; D =5-7

Square to rectangular
L=5D=35
Rectangular to elongate
L =12-20; D =5-7

Square to rectangular to elongate with
rounded corners

L=4-17;H=2-12

Non-palisade, irregularly square

L=17-22; H=10-15

Rectangular to palisade-like

L=12-15H=5-7
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TABLE 11. A comparison of the reproductive anatomy of P. neodiscoideum against the type L. discoideum (Penrose & Woelkerling 1988) and

Chamberlains® (1994b) description of S. discoideus from South Africa.

Data from Chamberlain (1994b) have been taken from both the

descriptions and the figures. Unless otherwise stated, all measurements are in micrometres. ND = no data provided. L and D = length and diameter

respectively.

Character

Lithophyllum discoideum (type)
(Penrose and Woelkerling 1988)

South African Spongites discoideus
(Chamberlain 1994b)

Pneophyllum neodiscoideum
(This study)

Spermatangial conceptacle elevation

Mature spermatangial conceptacle external diameter
Mature spermatangial conceptacle chamber diameter
Mature spermatangial conceptacle chamber height
Mature spermatangial pore characteristics
Carpogonial conceptacle elevation

Mature carpogonial conceptacle external diameter
Mature carpogonial conceptacle chamber diameter
Mature carpogonial conceptacle chamber height
Carposporangial conceptacle elevation

Mature carposporangial conceptacle external diameter
Mature carposporangial conceptacle chamber diameter
Mature carposporangial conceptacle chamber height

Mature carposporangial pore characteristics

No. of cells in gonimoblast filament

ND

ND

120

48

ND

None observed

None observed

Appears flush!
ND
52-91
17-31
None

None observed

Appears flush?
ND
146-200
52-65

Pore opening and canal occluded by a
prominent mucilage plug; canal straight-sided

7

Slightly raised to flush
81-103
83-98
34-39
Pore opening occluded by a mucilage plug

Only buried carpogonial conceptacles observed

Flushed to slightly raised
345-588
127-157

29-71

Pore opening and canal occluded by a
prominent mucilage plug; canal straight-sided

6-7
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Fusion cell shape

Tetrasporangial development

Tetrasporangial conceptacle elevation

Mature tetrasporangial conceptacle external diameter
Mature tetrasporangial conceptacle chamber diameter
Mature tetrasporangial conceptacle chamber height

Mature tetrasporangial pore characteristics

Thickness of mature tetrasporangial conceptacle roof

No. of cells (incl. epithallial cells) in mature tetrasporangial
conceptacle roof

Depth (no. of cells) of mature tetrasporangial conceptacle floor
Shape of pore canal
Tetrasporangia dimensions

Tetrasporangia arrangement

Central columella

Conceptacles buried or shed

Type 1

None observed

Tables

Wide and thin, appears discontinuous®
Type 1
Raised*
ND
169-190
52-65

Pore opening occluded by a mucilage plug

35-100

ND

ND
Pore canal remains straight-sided
L =35-50; D = 13-26

Peripheral, may appear distributed across
chamber floor as columella disintegrates®

Present

Conceptacles of all kinds are found buried
within the thallus

Discontinuous
Type 2
Flush to sunken to raised
490-660
172-225
44-74

Pore opening and canal occluded by a
prominent mucilage plug

39-44

6-22

15-30
Pore canal not arching, remains straight sided
L =42-69; D = 20-39

Peripheral, may appear distributed across
chamber floor as columella disintegrates

Prominent; disintegrates to form a low mound
with maturity

Conceptacles of all kinds found buried

! Chamberlain (1994b, pg. 115) did not describe the elevation of the spermatangial conceptacle, but it is evident in figure 40 of that publication.

2 Chamberlain (1994b, pg. 115) did not describe the elevation of the carposporangial conceptacle, but it is evident in figures 37 and 38 of that publication.

3 Chamberlain (1994b, pg. 115) did not describe a discontinuous fusion cell, but a discontinuous one is evident in figures 37and 38 of that publication.

4 Chamberlain (1994b, pg. 115) did not describe the elevation of the tetrasporangial conceptacle, but it is evident in figures 43 and 48 of that publication.

5 Chamberlain (1994b, 115) did not describe the tetrasporangia distribution, but it is evident in figure 39 of that publication.
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Table 12. Characters considered by Caragnano et al. (2018) to be informative in distinguishing morpho-anatomically between Chamberlainium,

Pneophyllum and Spongites, and the corresponding characters established for the taxa in the present study.

Character/Taxon Chamberlainium Chamberlainium Pneophyllum Pneophyllum Spongites
(Caragnano et al. 2018) (this study) (Caragnano et al. 2018) (P. neodiscoideum, (Caragnano et al. 2018)
this study)
Thallus thickness <1mm <2mm Generally < 200 pm, or <1 mm (primary Up to several mm
filaments up 20 cells thalli), <3 mm
(secondary thalli)
Thallus construction Dimerous or Dimerous or monomerous, Dimerous Primarily dimerous, = Dimerous or monomerous
monomerous, but not but not-beth but may become
both secondarily
monomerous
No. of epithallial cells 1-4 1-6 (9) 1 2-4 1-3

Trichocyte arrangement (when
present)

Separation within trichocyte
fields (where appropriate)

Development of
tetra/bisporangial conceptacle
roof

Diameter of tetra/bisporangial
conceptacle chambers

No. of tetra/bisporangial
conceptacle roof cells

Central columella present/absent
in tetra/bisporangial conceptacle
chambers

Distribution of tetra/bisporangial
in tetra/bisporangial conceptacle
chambers

Solitary, paired
ND

Type 1

<300 pm
<8

Absent or present

Peripheral or across
chamber floor

Solitary, paired, clustered
in‘horizontal fields

Separated by normal
vegetative filaments

Type 1

Up'to365 um

<8(9)

Present, but may
disintegrate with maturity

Peripheral, but may appear
across the chamber floor as
central columella
disintegrates

Solitary, paired None observed

ND -
Type 2 Type 2
<350 um <350 um
<8 Upto 22
Absent or present Present
Peripheral Peripheral

Solitary, horizontal fields,
vertical rows
ND

Type 1

> 300 pum
>8

Present, poorly developed

Peripheral
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Figure captions

Figure captions

Fig. 1. Neighbour-Joining tree based on psbA sequences. Species with sequenced
type/‘topotype’ material are highlighted in bold. Species names are followed (in brackets) by
their specimen herbarium voucher number. Newly established South African species names
are followed (in brackets) by their collection number as they are yet to be assigned official
herbarium (L = Naturalis, Netherlands, Leiden) numbers. Bootstrap support (BS) values are
provided at branch nodes; BS values < 75 % are not shown. The asterisk (*) indicates the

molecular reference for the generitype of Spongites, Spongites fruticulosus.

Fig. 2. Neighbour-Joining tree based on rbcl sequences. Species with sequenced
type/‘topotype’ material are highlighted-in-bold. Species-names are followed (in brackets) by
their specimen herbarium voucher number. Newly established South African species names
are followed (in brackets) by their collection number as-they are yet to be assigned official
herbarium (L = Naturalis, Netherlands, Leiden).numbers. -Bootstrap support (BS) values are

provided at branch nodes; BS values <75 % are not shown.

Fig. 3. Maximum Likelihood tree based on psbA sequences. Species with sequenced
type/‘topotype’ material are highlighted in bold. The first set of vertical lines indicates the
Primary Species Hypothesis as determined by ABGD and identify individual species. Species
names are followed (in brackets) by their specimen herbarium voucher number. Newly
established South African species (identified as boxed clades A-H) names are followed (in
brackets) by their collection number as they are yet to be assigned official herbarium (L =

Naturalis, Netherlands, Leiden) numbers. Bootstrap support (BS) values are provided at branch
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nodes; BS values < 75 % are not shown. The asterisk (*) indicates the molecular reference for

the generitype of Spongites, Spongites fruticulosus.

Fig. 4. Maximum Likelihood tree based on rbcL sequences. Species with sequenced
type/‘topotype’ material are highlighted in bold. The first set of vertical lines indicate the
Primary Species Hypothesis as determined by ABGD and identify individual species. Species
names are followed (in brackets) by their specimen herbarium voucher number. Newly
established South African species (identified as boxed clades A-H) names are followed (in
brackets) by their collection number as they are yet to be assigned official herbarium (L =
Naturalis, Netherlands, Leiden) numbers. Bootstrap support (BS) values are provided at branch

nodes; BS values < 75 % are not shown:

Fig. 5. Maximum Likelihood tree based on concatenated pshA and rbcL sequences. Species
with sequenced type/‘topotype’ material are highlighted in-bold. The first set of vertical lines
indicate the Primary Species Hypethesisias determined. by ABGD and identify individual
species. Species names are fallowed (in brackets) by their specimen herbarium voucher
number. Newly established South African species (identified as boxed clades A-H) names are
followed (in brackets) by their collection number as they are yet to be assigned official
herbarium (L = Naturalis, Netherlands, Leiden) numbers. Bootstrap support (BS) values are

provided at branch nodes; BS values < 75 % are not shown.

Fig. 6. Gene tree topologies estimated in *BEAST for C. occidentale (clade F), C. capense

(clade G) and C. glebosum (clade H) based on psbA (A) and rbcL (B) gene sequences (psbA,

851 bp; rbcL, 1365 bp), and the concatenated dataset (C). Posterior probabilities from the
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*BEAST analysis are provided at the branch nodes. Scale bar indicates estimated mean

evolutionary rate (0.0004 substitutions per site per year).

Fig. 7. Species tree topology estimated in *BEAST for C. occidentale (clade F), C. capense
(clade G) and C. glebosum (clade H) based on the psbA and rbcL gene sequences, and the
concatenated dataset. Posterior probabilities from the *BEAST analysis are provided at the
branch nodes. Scale bar indicates estimated mean evolutionary rate (0.0004 substitutions per

site per year).

Fig. 8. DensiTree representation of the consensus tree for C. occidentale (clade F), C. capense
(clade G) and C. glebosum (clade H) with -population sizes indicated as variably shaded (each

shade representing a single sequence)-line-widths.

Fig. 9. Individual, thin, encrusting, epilithic thalli of Chamberlainium agulhense found in their

common high intertidal habitat.; Scale = 10'mm

Figures 10-22: Chamberlainium capense
Fig. 10. Encrusting to variably lumpy and slightly protuberant, epilithic thalli of

Chamberlainium capense found in a mid-intertidal zone.

Figs 11-15. Habit and vegetative anatomy of Chamberlainium capense.

Scale bar =20 mm.
Fig. 12. Encrusting to variably lumpy and slightly protuberant, epilithic thalli showing crusts

abutting and easily discernible. Scale bar = 30 mm.
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Fig. 13. Vertical section through the margin (arrow) showing the monomerous thallus
construction with plumose medulla (M) giving rise to cortical filaments (C) that terminate in a
single layer of epithallial cells (arrowhead) (UWC 16/17). Scale bar = 50 um.

Fig. 14. Vertical section of the inner thallus showing cell fusions (f) between adjacent
medullary filaments (UWC 16/17). Scale bar = 20 um.

Fig. 15. Vertical section of the outer thallus showing a single layer of epithallial cells (e)
subtended by a layer of subepithallial initials (i). Note the paired, bottle-shaped trichocytes (t)

(UWC 16/24). Scale bar = 20 pm.

Figs 16-18. Spermatangial anatomy of Chamberlainium capense (UWC 16/21).

Fig. 16. Vertical section through the-outer thallus-showing a spermatangial conceptacle
primordium with peripheral roof-development (black arrows) and simple, spermatangial
systems (arrowheads) confined to the conceptacle floor. Note the protective layer of epithallial
cells (white arrow). Scale bar = 50 pm.

Fig. 17. Vertical section through+a mature, raised spermatangial conceptacle showing the
mucilage plug (white arrowhead) that occludes the pore opening and simple, spermatangial
systems (black arrowheads) confined to the conceptacle floor. Scale bar = 50 pm.

Fig 18. Magnified view through a mature spermatangial conceptacle showing the mucilage
plug (white arrowhead) that occludes the pore opening and simple, spermatangial systems
(black arrowheads) confined to the conceptacle floor. Note that the pore canal is lined with
terminal, elongate initials (black arrows) that project into the pore canal as papillae. Scale bar

=20 pm.
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Figs 19-22. Tetrasporangial conceptacle anatomy of Chamberlainium capense.

Fig. 19. Vertical section through the outer thallus showing a later stage tetrasporangial
conceptacle primordium with peripheral roof development (arrowheads) and tetrasporangial
initials (t) arranged peripherally around a central columella (c). Note the persisting layer of
protective epithallial cells (arrow) (L ?77?7?7???). Scale bar = 50 pm.

Fig. 20. Vertical section through a mature, raised tetrasporangial conceptacle showing
tetrasporangia (t) with a stalk cell (black arrowhead), peripherally arranged around a well-
defined central columella (C). Note the remains of a corona (white arrow) that surrounds the
pore opening (L ?????7??). Scale bar = 50 um.

Fig. 21. Vertical section through a mature, raised tetrasporangial conceptacle showing
tetrasporangia (t) with stalk cells (black arrowheads);-appearing to be arranged across the
chamber floor as the columella (¢) has disintegrated.  Note-the absence of the corona (white
arrow) (UWC 16/09). Scale bar = 50 um.

Fig. 22. Magnified view of the pore canal of a mature tetrasporangial conceptacle showing the
base of the pore canal sunken (arrowheads) into the chamber, with terminal, elongate initials
near the base pointing downward (black arrows) and the remains of a corona (white arrow) that

surrounds and occludes the pore opening. (L ???????). Scale bar = 20 um.

Figures 23-37: Chamberlainium cochleare
Fig. 23. Encrusting, thin epilithic thalli of Chamberlainium cochleare, which is commonly
associated with the territorial, gardening limpet Scutellastra cochlear within the Cochlear zone

on the low shore. Scale bar = 30 mm
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Figs 24-28. Habit and vegetative anatomy of Chamberlainium cochleare.

20 mm.

Fig. 25. Encrusting, thin epilithic thalli showing coalescing crusts forming a large
indistinguishable expanse. Scale bar = 30 mm.

Fig. 26. Vertical section through the margin (arrow) showing the monomerous thallus
construction with plumose medulla (M) giving rise to cortical filaments (C) that terminate in a
single layer of epithallial cells (arrowhead) (L ???????). Scale bar = 50 um.

Fig. 27. Vertical section of the inner thallus showing a plumose medulla (M) giving rise to
cortical filaments (C) and cell fusions (f) between adjacent medullary filaments (L ?????7?).
Scale bar =20 pm.

Fig. 28. Vertical section of the outer thallus-showing a-single layer of epithallial cells (e)
subtended by a layer of subepithallial initials (i). Note the solitary, bottle-shaped trichocytes
(t) that are separated by normal vegetative filaments-and-the cell fusions (f) between adjacent

cortical filaments (L ?77?77777). Scale¢ bar = 20 pin.

Figs 29-31. Spermatangial anatomy of Chamberlainium cochleare (UWC 10/104).

Fig. 29. Vertical section through the outer thallus showing a spermatangial conceptacle
primordium with peripheral roof development (black arrows) and simple spermatangial
systems (black arrowheads) confined to the conceptacle floor. Note the protective layer of
epithallial cells (white arrow) and the pattern of secondary growth (white arrowheads)
suggesting successive production of this male conceptacle in the same area of a previous

reproductive event. Scale bar =50 pm.

167



Figure captions

Fig. 30. Vertical section through a mature, raised spermatangial conceptacle showing the
mucilage plug (white arrowhead) that occludes the pore opening and simple, spermatangial
systems (black arrowheads) confined to the conceptacle floor. Scale bar = 50 pm.

Fig. 31. Magnified view through a mature spermatangial conceptacle showing the mucilage
plug (white arrowhead) that occludes the pore opening and simple, spermatangial systems
(black arrowheads) confined to the conceptacle floor. Note that the pore canal is lined with
terminal, elongate initials (black arrow) that project into the pore canal as papillae. Scale bar

=20 pm.

Figs 32-37. Tetrasporangial conceptacle anatomy of Chamberlainium cochleare.

Fig. 32. Vertical section through the outer-thattus. showing a slightly raised mature
tetrasporangial conceptacle. Note-the pattern of-secondary growth (white arrowheads)
suggesting successive production of this tetrasparangial conceptacle in the same area of a
previous reproductive event (UWC 08/20).- Scale bar =100 pm.

Fig. 33. Vertical section through-the outer thalius showing .an early stage tetrasporangial
conceptacle primordium with tetrasporangial ‘initials' (arrowheads) and a protective layer of
epithallial cells (arrow) (L ???????). Scale bar = 50 um.

Fig. 34. Vertical section through the outer thallus showing a later stage tetrasporangial
conceptacle primordium with peripheral roof development (black arrowheads) and a
developing central columella (white arrowhead). Note the persisting layer of protective
epithallial cells (e) (L ???????). Scale bar = 50 um.

Fig. 35. Vertical section through a maturing tetrasporangial conceptacle showing peripheral
roof development (black arrowheads) and tetrasporangial initials (t) arranged peripherally
around a central columella (between white arrowheads). Note the layer of protective epithallial

cells (e) being shed (L ????7?7?7?). Scale bar = 50 pm.
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Fig. 36. Vertical section through a mature, raised tetrasporangial conceptacle showing
tetrasporangia (t) with stalk cells (white arrowheads), peripherally arranged around a low
mounded remnant of the central columella (C). Note the pore canal is lined with terminal,
elongate initials (black arrowheads) that project into the pore canal as papillae and the mucilage
plug (white arrow) that occludes the pore opening (UWC 08/20). Scale bar = 50 pm.

Fig. 37. Magnified view of the pore canal of a mature tetrasporangial conceptacle showing the
base of the pore canal sunken (arrowheads) into the chamber with terminal, elongate initials
near the base pointing downward (black arrows) and the mucilage plug (white arrow) that

occludes the pore opening (UWC 08/20). Scale bar =20 um.

Figures 38-50: Chamberlainium glebosum
Fig. 38. Thick and lumpy to highly-protuberant epilithic-thalli of Chamberlainium glebosum

found in the mid-intertidal zone. Scale har = 20 mm

Figs 39-43. Habit and vegetative anatomy of Chamberfainium glebosum.

Fig. 39. Rock fragment with holotype specimen showing the region (arrow) of the holotype

Fig. 40. Magnified view showing highly protuberant nature of C. glebosum holotype specimen
(L ????2?7?). Scale bar = 2 mm.

Fig. 41. Vertical section through the margin (arrow) showing the monomerous thallus
construction with plumose medulla (M) giving rise to cortical filaments (C) that terminate in a
single layer of epithallial cells (arrowhead) (UWC 15/34). Scale bar = 100 um.

Fig. 42. Vertical section of the inner thallus showing cell fusions (f) between adjacent

medullary filaments (UWC 15/34). Scale bar = 10 um.
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Fig. 43. Vertical section of the outer thallus showing a single layer of epithallial cells (e)
subtended by a layer of subepithallial initials (i). Note the cell fusions (f) between adjacent

cortical filaments (UWC 15/34). Scale bar =20 pum.

Figs 44-45. Spermatangial anatomy of Chamberlainium glebosum (UWC 15/34).

Fig. 44. Vertical section through the outer thallus showing spermatangial conceptacle
primordium with peripheral roof development (black arrows) and simple spermatangial
systems (arrowheads) confined to the conceptacle floor. Note the protective layer of epithallial
cells (white arrow). Scale bar = 50 um.

Fig. 45. Vertical section through the outer thallus showing a mature, raised spermatangial
conceptacle with the mucilage plug.(arrow) that oceludes the pore opening and simple,
spermatangial systems (white arrowheads) confined-to-‘the conceptacle floor. Note that the
pore canal is lined with terminal, elongate initials (black arrowheads) that project into the pore

canal as papillae. Scale bar = 50 pm.

Figs 46-50. Tetrasporangial conceptacle anatomy-of Chamberlainium glebosum.

Fig. 46. Vertical section through the outer thallus showing an early stage tetrasporangial
conceptacle primordium with peripherally arranged tetrasporangial initials (arrowheads) and a
protective layer of epithallial cells (arrow) (UWC 15/17). Scale bar = 50 um.

Fig. 47. Vertical section through the outer thallus showing a later stage tetrasporangial
conceptacle primordium with peripheral roof development (black arrowheads) with a
developing central columella (white arrowhead). Note the persisting layer of protective
epithallial cells (arrow) (UWC 15/17). Scale bar = 50 pum.

Fig. 48. Vertical section through a maturing tetrasporangial conceptacle showing

tetrasporangial initials (t) arranged peripherally around a central columella (between white
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arrowheads). Note the layer of protective epithallial cells (arrow) being shed (L ????7???).
Scale bar = 50 pm.

Fig. 49. Vertical section through a mature, raised tetrasporangial conceptacle showing
tetrasporangia (t) with stalk cells (white arrowheads), peripherally arranged around a well-
defined central columella (C). Note the base of the pore canal sunken into the chamber with
terminal, elongate initials near the base pointing downward (black arrowheads) (UWC 15/55).
Scale bar = 100 pm.

Fig. 50. Magnified view of the pore canal of a mature tetrasporangial conceptacle showing
terminal, elongate initials (arrows) that project into the pore canal as papillae and the base of
the pore canal sunken (arrowheads) into the chamber with terminal, elongate initials near the

base pointing downward. (UWC 15/55).=Secale bar =20.um.

Figures 51-71: Chamberlainium impar
Fig. 51. Thick, encrusting and orbicular-epilithic-thalli-of Chamberlainium impar that are
characteristically pachydermatous like "an' elephant’s 'skin, found in the low intertidal zone.

Scale bar = 30 mm

Figs. 52-57. Habit and vegetative anatomy of Chamberlainium impar.

Fig. 52. Thick, encrusting and orbicular epilithic thalli showing crusts easily discernible. Scale
bar = 20 mm.

Fig. 53. Thick, encrusting and seemingly confluent epilithic thalli showing raised margins that
still make plants easily discernible. Scale bar =20 mm.

Fig. 54. Vertical section through the margin (arrow) showing the monomerous thallus
construction with plumose medulla (M) giving rise to cortical filaments (C) that terminate in

multiple layers of epithallial cells (arrowhead) (UWC 13/22). Scale bar = 100 um.
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Fig. 55. Vertical section of the inner thallus showing cell fusions (f) between adjacent
medullary filaments (UWC 13/22). Scale bar = 20 um.

Fig. 56. Vertical section of the outer thallus showing a multi-layered epithallus (e) subtended
by a layer of subepithallial initials (i). Note the solitary, bottle-shaped trichocyte (t) and cell
fusions (arrowheads) between adjacent cortical filaments (UWC 13/22). Scale bar =20 um.
Fig. 57. Vertical section of the outer thallus showing a multi-layered epithallus (e) subtended
by a layer of subepithallial initials (i) and a cell fusion (arrowhead) between adjacent cortical
filaments. Note the solitary, bottle-shaped trichocyte (t) with intact trichome (arrow) (UWC

13/22). Scale bar =20 um

Figs 58-61. Spermatangial anatomy of Chamberiaintum.impar.

Fig. 58. Vertical section through -the-outer-thallus shewing a spermatangial conceptacle
primordium with peripheral roof development (black arrows) and developing spermatangial
systems (arrowheads) confined to the conceptacle floor. Note the protective layer of epithallial
cells (white arrow) (UWC 13/22); 'Scale bar = 507im.

Fig. 59. Vertical section through  the ‘outer thallus showing a later stage spermatangial
conceptacle primordium with developing mucilage spout (black arrow) and simple,
spermatangial systems (arrowheads) confined to the conceptacle floor. Note the shedding of
the protective layer of epithallial cells (white arrows) (UWC 13/22). Scale bar = 50 um.

Fig. 60. Vertical section through a mature, sunken spermatangial conceptacle with its pore
opening occluded by a mucilage spout (white arrow) and simple, spermatangial systems (black
arrowheads) confined to the conceptacle floor (UWC 13/20). Scale bar = 50 um.

Fig. 61. Magnified view through a mature spermatangial conceptacle showing the pore
opening occluded by a mucilage spout (white arrow) and simple, spermatangial systems (black

arrowheads) confined to the conceptacle floor. Note that the pore canal is lined with terminal,
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elongate initials (black arrows) that project into the pore canal as papillae (UWC 13/20). Scale

bar =20 pm.

Figs 62-66. Female anatomy of Chamberlainium impar.

Fig. 62. Vertical section through a mature, flush carpogonial conceptacle (UWC 15/64). Scale
bar =20 pm.

Fig. 63. Magnified view of a mature carpogonial conceptacle with carpogonial branches
comprised of a single support cell (s), a hypogynous cell (h), with sterile cell (arrowhead)
attached, bearing a carpogonium (c) extended into a trichogyne (black arrows) that may
projects out of the pore. Note that the pore canal is lined with terminal, elongate initials (white
arrows) that project into the canal as paptilae (UWC 15/64). Scale bar =20 pum.

Fig. 64. Vertical section through-a mature earposperangial-conceptacle with a discontinuous
central fusion cell (white arrowhead) and peripherally arranged gonimoblast filaments each
terminating in a carposporangium (C). A -mucilage plug (arrow) occludes the pore opening.
Note, the base of the pore canal sunken into the conceptaclte chamber with terminal, elongate
initials near the base pointing downward (black arrowheads) (UWC 13/22). Scale bar = 50
pm.

Fig. 65. Magnified view of the pore canal of a mature carposporangial conceptacle showing
the base of the pore canal sunken (arrowheads) into the conceptacle chamber with terminal,
elongate initials near the base pointing downward (black arrows) (UWC 13/22). Scale bar = 20
pm.

Fig. 66. Magnified view of the floor of a carposporangial conceptacle showing a discontinuous
central fusion cell (arrowheads) bearing a peripherally arranged gonimoblast filament (1-4)

terminating in a carposporangium (C). The remains of unfertilised carpogonial branches
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(arrow) persist across the dorsal surface of the central fusion cell (UWC 13/22). Scale bar =

20 pm.

Figs. 67-71. Tetrasporangial conceptacle anatomy of Chamberlainium impar.

Fig. 67. Vertical section of the outer thallus showing an early stage tetrasporangial conceptacle
primordium with peripherally arranged tetrasporangial initials (arrowheads) and a protective
layer of epithallial cells (arrow) (UWC 13/22). Scale bar = 50 um.

Fig. 68. Vertical section through the outer thallus showing an early stage tetrasporangial
conceptacle primordium with a peripherally arranged tetrasporangial initial (arrowhead) (UWC
15/64). Scale bar = 50 um.

Fig. 69. Vertical section through a maturing tetrasporangial conceptacle showing the pore
canal lined with terminal, elongate-initials (arrowheads)-that project into the pore canal as
papillae. Note the well-defined central columella (C) and the layer of protective epithallial
cells (arrow) being shed (UWC 13/21). Secale bar =50 pm.

Fig. 70. Vertical section through' amature,. raised tetrasporangial conceptacle showing
tetrasporangia (t) with stalk cells (arrowheads), peripherally arranged around a well-defined
central columella (C). Note the mucilage plug (arrow) that occludes the pore opening (UWC
13/22). Scale bar = 50 um

Fig. 71. Magnified view of the pore canal of a mature tetrasporangial conceptacle showing the
base of the pore canal sunken (black arrowheads) into the conceptacle chamber with terminal,
elongate initials near the base of the pore canal pointing downward (black arrows) and a

mucilage plug (white arrow) that occludes the pore opening (UWC 13/20). Scale bar =20 um.
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Figures 72-88: Chamberlainium natalense
Fig. 72. Encrusting, thin epilithic (on a boulder) thalli of Chamberlainium natalense found in

a mid-intertidal rock pool. Scale bar = 30 mm.

Figs 73-76. Habit and vegetative anatomy of Chamberlainium natalense.

Fig. 73. Encrusting, thin epilithic thalli showing crusts abutting and easily discernible. Scale
bar =10 mm.

Fig. 74. Vertical section through the margin (arrow) showing the monomerous thallus
construction with plumose medulla (M) giving rise to cortical filaments (C) that terminate in a
single layer of epithallial cells (arrowhead) (UWC 10/209). Scale bar = 30 um.

Fig. 75. Vertical section of the inner. thallus showing-a.plumose medulla (M) giving rise to
cortical filaments (C). Note the cell fusions (arrowheads) between adjacent medullary
filaments (UWC 08/04). Scale bar =20 pm.,

Fig. 76. Vertical section of the outer thallus showing a single layer of epithallial cells (e)
subtended by a layer of subepithallialiinitials (i). 1Note'the solitary, bottle-shaped trichocytes
(t) that are separated by normal vegetative filaments and the cell fusions (arrowheads) between

adjacent cortical filaments (UWC 10/209). Scale bar =20 um.

Figs. 77-82. Gametangial anatomy of Chamberlainium natalense.

Fig. 77. Vertical section through the outer thallus showing a spermatangial conceptacle
primordium with peripheral roof development (black arrows) and simple spermatangial
systems (arrowheads) confined to the conceptacle floor. Note the protective layer of epithallial

cells (white arrow) (UWC 09/125). Scale bar =20 um.
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Fig. 78. Vertical section through a mature, raised spermatangial conceptacle showing the
mucilage plug (arrow) that occludes the pore opening and simple, spermatangial systems
(arrowheads) confined to the conceptacle floor (UWC 08/04). Scale bar = 20 um.

Fig. 79. Vertical section through a mature, raised carpogonial conceptacle with carpogonial
branches comprised of a single support cell (white arrow) bearing a carpogonium (white
arrowheads) extended into a trichogyne (black arrowheads) projecting out of the pore (black
arrows) (UWC 11/26). Scale bar =20 um.

Fig. 80. Vertical section through a mature carposporangial conceptacle showing a
discontinuous central fusion cell (arrowheads) bearing peripherally arranged gonimoblast
filaments each terminating in a carposporangium (c). Note the downward-pointing ring of
initials (white arrowhead) near the base-of the pore canal and the pore opening occluded by a
corona (black arrow) that surrounds the pere opening (UW-C09/125). Scale bar = 50 pm.

Fig. 81. Magnified view of the pore canal of a mature carposporangial conceptacle showing
terminal, elongate initials near the base of the pore canal pointing downward (arrowheads).
Note the corona (arrows) that surrounds the pore apening (UWC 09/125). Scale bar = 20 um.
Fig. 82. Magnified view of the floor of a carpospaorangial conceptacle showing a discontinuous
central fusion cell (arrowheads) bearing a peripherally arranged gonimoblast filament (1-5)
terminating in a carposporangium (C). The remains of unfertilised carpogonial branches
(arrow) persist across the dorsal surface of the central fusion cell (UWC 09/125). Scale bar =

20 pm.

Figs. 83-88. Tetrasporangial conceptacle anatomy of Chamberlainium natalense.
Fig. 83. Vertical section through the outer thallus showing an early stage tetrasporangial
conceptacle primordium with peripherally arranged tetrasporangial initials (arrowheads) and a

protective layer of epithallial cells (¢) (UWC 11/26). Scale bar = 50 um.
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Fig. 84. Vertical section through the outer thallus showing a later stage tetrasporangial
conceptacle primordium with peripheral roof development (black arrowheads) with a
developing central columella (white arrowhead). Note the persisting layer of protective
epithallial cells () (UWC 11/26). Scale bar =50 um.

Fig. 85. Vertical section through the outer thallus showing a maturing tetrasporangial
conceptacle with peripheral roof development (black arrowheads) and tetrasporangial initials
(t) peripherally arranged around a central columella (between white arrowheads). Note the
layer of protective epithallial cells (e) being shed (UWC 11/26). Scale bar = 50 um.

Fig. 86. Vertical section through a mature, raised tetrasporangial conceptacle showing
tetrasporangia (t) with stalk cells (white arrowheads), peripherally arranged around a well-
defined central columella (C). Note the pore canal-lined.with , terminal, elongate initials that
project into the pore canal as papilae; those nearthe base of the pore canal pointing downward
(black arrowheads) and the corona (arrow) that surrounds the pore opening (UWC 10/133).
Scale bar = 50 pm.

Fig. 87. Magnified view of the pore canal of amature tetrasporangial conceptacle showing the
base of the pore canal sunken (arrowheads)-into the conceptacle chamber with terminal,
elongate initials (black arrows) that project into the pore canal as papillae and a corona (white
arrow) that surrounds and occludes the pore opening Note, the top portion of a peripherally
arranged tetrasporangium (UWC 08/04). Scale bar =20 pm.

Fig. 88. Vertical section through the outer thallus showing mature raised tetrasporangial
conceptacles with diminished central columellas (arrowheads). Note, the corona (right arrow)
and the remains of a corona (left arrow) that surrounds and occludes the pore openings. (UWC

09/125). Scale bar = 50 pm.
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Figures 89-104: Chamberlainium occidentale
Fig. 89. Encrusting to variably warty to lumpy epilithic thalli of Chamberlainium occidentale

found in the mid-intertidal zone. Scale bar = 30 mm

Figs 90-94. Habit and vegetative anatomy of Chamberlainium occidentale.

Fig. 90. Rock fragment with holotype specimen showing the region (arrow) of the holotype

Fig. 91. Vertical section through the margin (arrow) showing the monomerous thallus
construction with plumose medulla (M) giving rise to cortical filaments (C) that terminate in a
single layer of epithallial cells (arrowhead) (UWC 15/59). Scale bar = 50 pm.

Fig. 92. Vertical section of the inner-thallus-showing cell fusions (f) between adjacent
medullary filaments (UWC 15/56)." Scale-bar =20 pm:.

Fig. 93. Vertical section of the outer thallus showing a single layer of epithallial cells (e)
subtended by a layer of subepithallial initials (i}. Note'the cell fusions (f) between adjacent
cortical filaments (UWC 15/59). Seale bar = 20.pun:

Fig. 94. Vertical section of the outer thallus-shewing a single layer of epithallial cells (e)
subtended by a layer of subepithallial initials (i). Note a cluster of bottle-shaped trichocytes (t)

each separated by vegetative filaments (UWC 15/59). Scale bar = 20 um.

Figs 95-100. Gametangial anatomy of Chamberlainium occidentale.

Fig. 95. Vertical section through the outer thallus showing a spermatangial conceptacle
primordium with peripheral roof development (black arrows) and simple spermatangial
systems (arrowheads) confined to the conceptacle floor. Note the protective layer of epithallial

cells (white arrow) (L ???????). Scale bar = 50 pm.
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Fig. 96. Vertical section through a mature, raised spermatangial conceptacle showing the
mucilage plug (white arrowhead) that occludes the pore opening and simple, spermatangial
systems (black arrowheads) confined to the conceptacle floor (UWC 15/56). Scale bar = 50
pm.

Fig 97. Magnified view through a mature spermatangial conceptacle showing the pore canal
lined with terminal, elongate initials (arrowheads) that project into the pore canal as papillae
(UWC 15/56). Scale bar =20 pum.

Fig. 98. Magnified view of a mature carpogonial conceptacle with carpogonial branches
comprised of a single support cell (s), a hypogynous cell (h) with sterile cell (arrowhead), and
a carpogonium (c) extended into a trichogyne (black arrows) that may project out of the pore.
Note that the pore canal is lined with terminal, elongate-initials (white arrows) that project into
the pore canal as papillae (L 7??722%)." Seale bar =20 pm-

Fig. 99. Vertical section through a mature carposporangial conceptacle showing a
discontinuous central fusion cell (arrowhead) with peripherally.arranged gonimoblast filaments
each terminating in a carposporangium (C). (L 2?7272??)., Scale.bar = 50 um.

Fig. 100. Magnified view of the floor of a carposporangial conceptacle showing a
discontinuous central fusion cell (arrowheads) bearing a peripherally arranged gonimoblast
filament (1-6) terminating in a carposporangium (C). The remains of unfertilised carpogonial
branches (arrow) persist across the dorsal surface of the central fusion cell (L ???????). Scale

bar = 20 pum.

Figs 101-105. Tetrasporangial conceptacle anatomy of Chamberlainium occidentale.
Fig. 101. Vertical section through the outer thallus showing an early stage tetrasporangial
conceptacle primordium with peripheral roof development (arrowheads) and a protective layer

of epithallial cells (e) (L ????7???). Scale bar = 50 pum.
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Fig. 102. Vertical section through the outer thallus showing a later stage tetrasporangial
conceptacle primordium with peripheral roof development (arrowheads) and tetrasporangial (t)
initials arranged peripherally around a central columella (c). Note the persisting layer of
protective epithallial cells (¢) (UWC 93/220). Scale bar = 50 um.

Fig. 103. Vertical section through the outer thallus showing a maturing tetrasporangial
conceptacle with peripheral roof development (arrowheads) and tetrasporangial (t) initials,
peripherally arranged around a central columella (c). Note the layer of protective epithallial
cells () (UWC 93/220). Scale bar =50 um.

Fig. 104. Vertical section through a mature, raised tetrasporangial conceptacle showing
tetrasporangia (t) with stalk cells (arrowhead), peripherally arranged around a well-defined
central columella (C). Note, the sunken-and unoccluded-pore opening (arrow) (UWC 93/220).
Scale bar = 100 pum.

Fig. 105. Magnified view of the pore canal of a mature tetrasporangial conceptacle showing
terminal, elongate initials (arrows) that project-into-the pore canal as papillae and the base of
the pore canal sunken (arrowheads),into the chamber with terminal, elongate initials near the
base pointing downward. Note, the sunken and-.unoccluded pore opening (white arrow) (UWC

93/220). Scale bar =20 pum.

Figures 106-117: Chamberlainium tenue

Fig. 106. Encrusting, thin epilithic thalli of Chamberlainium tenue found in the high intertidal

zone. Scale bar =20 mm

Figs 107-110. Habit and vegetative anatomy of Chamberlainium tenue.

Fig. 107. Rock fragment with holotype specimen showing the region (arrow) of the holotype
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Fig. 108. Vertical section through the margin (arrow) showing the monomerous thallus
construction with plumose medulla (M) giving rise to cortical filaments (C) that terminate in a
single layer of epithallial cells (arrowhead) (UWC 15/23). Scale bar = 20 um.

Fig. 109. Vertical section of the inner thallus showing a plumose medulla (M) giving rise to
cortical filaments (C) and cell fusions (f) between adjacent filaments (UWC 15/23). Scale bar
=20 pm.

Fig. 110. Vertical section of the outer thallus showing a single layer of epithallial cells
(arrowhead) subtended by a layer of subepithallial initials (i). Note the cell fusions (f) between
adjacent cortical filaments and the paired, bottle-shaped trichocytes (t) that are not separated

by normal vegetative filaments (UWC 15/23). Scale bar =20 pum.

Figs 111-112. Spermatangial anatomy-of-Chamberlainium tenue (UWC 10/202).

Fig. 111. Vertical section through a mature, slightly raised spermatangial conceptacle showing
the simple, spermatangial systems (arrowheads) confined to the conceptacle floor. Scale bar =
50 um.

Fig 112. Magnified view through a mature spermatangial conceptacle showing the mucilage
plug (arrow) that occludes the pore opening. Note that the pore canal is lined with terminal,

elongate initials (arrowheads) that project into the pore canal as papillae. Scale bar =20 um.

Figs 113-117. Tetrasporangial conceptacle anatomy of Chamberlainium tenue.

Fig. 113. Vertical section through the outer thallus showing an early stage tetrasporangial
conceptacle primordium with peripheral roof development (arrowheads). Note the layer of
protective epithallial cells (arrow) (UWC 08/07). Scale bar = 50 um.

Fig. 114. Vertical section through the outer thallus showing a later stage tetrasporangial

conceptacle primordium with terminal, elongate initials (arrowheads) that project into the pore
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as papillae and developing tetrasporangia (t) that are peripherally arranged. (L ??????7?). Scale
bar = 50 pm.

Fig. 115. Vertical section through a mature, raised tetrasporangial conceptacle showing
tetrasporangia (t) peripherally arranged around a well-defined central columella (C). Note the
mucilage plug (arrow) that occludes the pore opening (L ???????). Scale bar = 50 pm.

Fig. 116. Vertical section though a mature, raised tetrasporangial conceptacle showing
tetrasporangia (t) with a stalk cell (arrowhead), appearing to be distributed across the chamber
floor as the columella (c) disintegrates. Note the mucilage plug (arrow) that occludes the pore
opening (L ???????). Scale bar = 50 pum.

Fig. 117. Magnified view of the pore canal of a mature tetrasporangial conceptacle showing
the base of the pore canal (arrowheads) sunken:-into the conceptacle chamber and terminal,
elongate initials (black arrows) that project into-the pore'as papillae. Note the mucilage plug

(white arrow) that occludes the pore opening  (L|?2??79?). Scale bar = 20 um.

Figures 118-136: Pneophyllum neodiscaideum

Fig. 118. Encrusting, thin epilithic primary. thalli. (*)_giving rise to thick, discoid secondary
thalli (arrows) of Pneophyllum neodiscoideum in a mid- shore rock pool. Scale bar =20 mm
Fig. 118 insert: Magnified view of an encrusting, thin primary thallus (*) giving rise to
secondarily thick and discoid thalli (black arrows) with laterally fused protuberances (white
arrow). Scale bar =5 mm

Fig. 119. Magnified view of an encrusting, thin primary thallus (*) giving rise to a secondarily

thick, discoid thallus (black arrows) bearing laterally fused protuberances. Scale bar =2 mm
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Figs 1120-125. Habit and vegetative anatomy of Pneophyllum neodiscoideum.

Fig. 120. Rock fragment with holotype specimen showing the region (X) of the holotype from

Fig. 121. Vertical section through the margin (arrowhead) showing the primarily dimerous
thallus construction becoming secondarily monomerous (arrow). Note the irregularly square
basal (B) cells and cell fusions (f) between adjacent filaments (UWC 09/131). Scale bar = 20
pm.

Fig. 122. Vertical section of the inner thallus showing the primarily dimerous thallus
construction in radial view. Note the irregularly square basal (B) cells and cell fusions (f)
between adjacent erect filaments (UWC 09/131). Scale bar =20 um.

Fig. 123. Vertical section of inner thallus:shewing the primarily dimerous thallus construction
in tangential view. Basal cells (B)appear-palisade-like-in-this view. Note the cell fusions (f)
between adjacent erect filaments (UWC 09/131).] Scale bar = 20 um.

Fig. 124. Vertical section of the inner thallus-showing the secondarily monomerous thallus
construction with cell fusions (f) between adjacent fitaments (L..???????). Scale bar =20 pum.
Fig. 125. Vertical section of the outer thallus showing a multi-layered epithallus (e) subtended
by a layer of subepithallial initials (i). Note the newly divided, lighter staining, epithallial cells

(arrowheads) and cell fusions (f) between adjacent filaments (L ???????). Scale bar =20 pm.

Figs 126-131. Gametangial anatomy of Pneophyllum neodiscoideum.

Fig. 126. Magnified view through a mature, slightly raised spermatangial conceptacle showing
the mucilage plug (white arrowhead) that occludes the pore opening and simple, spermatangial
systems (black arrowheads) confined to the conceptacle floor. Note that the pore canal is lined
with terminal, elongate initials (black arrows) that project into the pore canal as papillae (UWC

11/22). Scale bar = 20 um.
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Fig. 127. Vertical section through the outer thallus showing a carpogonial conceptacle
primordium with peripheral roof development (black arrowheads) and developing carpogonial
branches (white arrowhead). Note a protective layer of epithallial cells (e) (L ???????). Scale
bar = 50 um

Fig. 128. Magnified view through a mature, buried carpogonial conceptacle (UWC 09/131).
Scale bar = 50 pm

Fig. 129. Vertical section through the outer thallus showing a mature carposporangial
conceptacle with peripherally arranged gonimoblast filaments each terminating in a
carposporangium (C). The remains of unfertilised carpogonial branches (arrowhead) persist
across the dorsal surface of the discontinuous central fusion cell. Note the extensive mucilage
plug (arrow) that occludes the pore opening (L-2?7722).-Scale bar = 50 um.

Fig. 130. Magnified view of ‘the floor-of "a carposporangial conceptacle showing a
discontinuous central fusion cell (white larrowheads) bearing a peripherally arranged
gonimoblast filament (1-5) terminating in-a carposporangium (C). Note that the base of the
pore canal (black arrowhead) is'sunkentinto the.conceptacle chamber (L ??????). Scale bar =
20 pm.

Fig. 131. Magnified view of the pore canal of a mature carposporangial conceptacle showing
terminal, elongate initials (arrowheads) that project into the pore canal as papillae. Note the
extensive mucilage plug that occludes the pore opening (white arrow) (L ??????). Scale bar =

20 pm.

Figs 132-136. Tetrasporangial conceptacle anatomy of Pneophyllum neodiscoideum.

Fig. 132. Vertical section through the outer thallus showing an early stage tetrasporangial

conceptacle primordium showing roof development from filaments peripheral (arrowheads) to
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Figure captions

the developing central columella (c). Note the protective layer of epithallial cells (arrow) (L
?7???77). Scale bar = 50 pm.

Fig. 133. Vertical section through the outer thallus showing a later stage tetrasporangial
conceptacle primordium showing roof development (black arrowheads) from filaments both
peripheral to the fertile area as well as from filaments interspersed (white arrowheads) amongst
the developing tetrasporangial initials (t), all of which are peripheral to a central columella (c).
Note the persisting layer of protective epithallial cells (black arrow) (L ???????). Scale bar =
50 pm.

Fig. 134. Vertical section through a senescent tetrasporangial conceptacle showing the remains
of interspersed filaments (arrowheads) that contributed to the conceptacle roof (UWC 11/22).
Scale bar = 50 pm.

Fig. 135. Vertical section through-a mature,-sunken-tetrasporangial conceptacle showing
tetrasporangia (t) peripherally arranged around a disintegrating central columella (c). Note the
extensive mucilage plug that occludes the pore canal-and epening (white arrow). (L ?????7?).
Scale bar =20 pm.

Fig. 136. Magnified view of the pore canal of a mature tetrasporangial conceptacle showing
the base of the pore canal sunken (arrowheads) into the conceptacle chamber with terminal,
elongate, balloon-like initials (black arrows) projecting into the pore canal as papillae, those
near the base of the pore canal pointing downward. Note the extensive mucilage plug that

occludes the pore opening (white arrow) (UWC 09/131). Scale bar = 50 um.
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Supplementary table

Table S1: List of taxa, the reason for their inclusion in the phylogenetic analyses, their reference information and GenBank accession numbers.

Sequences generated for this study are in bold; GenBank accession numbers (denoted by GBxxxxxx) are still to be obtained. Newly established

South African species are identified by their collection number as they are yet to be assigned official herbarium (L = Naturalis, Netherlands,

Leiden) numbers.

Taxon Reason of inclusion Vouche%((i)ollection Location Reference Genl]iznk ACCGSSiOZ io.

: ps rbc

Bossiella plumosa ‘Topotype’ UC 1966627 USA;-California (Hind et al. 2014a) | JQ917409 -
(Gabrizegicir)l et al. i F1Q322280
Chamberlainium sp. gslgll‘glgjﬁi ANT2-16.15viiil6 || Antarctica, Litchfield Island This study GBxxxxxx | GBxxxxxx
Chamberlainium sp. (i};t};llgiiﬁ)}; AMCI13.9x17 Chile;-Bahia Mansa This study GBxxxxxx GBxxxxxx
Chamberlainium sp. (ilslt}i?)ifﬁ)}l]l C174.2x1108 Chile, Puerto Montt This study GBxxxxxx GBxxxxxx
Chamberlainium sp. igll‘;if% AMC17.2x17 Chile, Bahia Mansa This study GBxxxxxx | GBxxxxxx
Chamberlainium sp. (ilslt}i?)ifﬁ)}l]l C18.171109 Chile, Vifia del Ma This study GBxxxxxx GBxxxxxx
Chc;izzle;lfézineium ‘Topotype’ UWC 11/23 South Africa, Cape Agulhas van dz; 1\2/15 {?e et JQ917419 KT184833
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Chamberlainium Paratype UWC 11/24 South Africa, Struisbaai vanderMerwe ef | yrig4g12 | KT184834
agulhense al 2015
Chamberlainium P.hylloge.n y UWC 11/50 South Africa, Cape Agulhas This study GBxxxxxx GBxxxxxx
agulhense distribution
Ch a'gflf;llasl;"”m Holotype 16/05 South Africa, Mouille Point This study GBxxxxxx GBxxxxxx
Chamberlainium P.hylloge.n Y UWC 16/09 South Africa, Sea Point This study GBxxxxxx -
capense distribution
Chamberlainium Phylogeny UWC 16/10 South-ATiea=Seaoint This study GBxxxxxx i
capense distribution
Chamberlainium Bhylpgep Y UWC 16/17 South Africa, Kommetjie This study GBxxxxxx -
capense distribution
Chamberlainium Phylogeny UWC 16/18 Sbuthl A frid, Kophmetjie This study GBxxxXxxx i
capense distribution
Chamberlainium P'hyl.oge.n y UWC 16/21 Southy Africa, Kommetjie This study GBxxxxxx GBxxxxxx
capense distribution
Chamberlainium P.hylloge.n y UWC 16/23 South Africa, Slangkop This study GBxxxxxx GBxxxxxx
capense distribution
Chamberlainium Phylogeny UWC 16/24 South Africa, Slangkop This study GBxxxxxx i
capense distribution
Chamberlainium Bhylpgep Y UWC 16/27 South Africa, Slangkop This study GBxxxxxx -
capense distribution
Chamberlainium P.hyl.oge.n Y UWC 09/157 South Africa, Kalk Bay This study GBxxxxxx GBxxxxxx
cochleare distribution
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Chamberlainium P'hyl.oge.n Y UWC 11/38 South Africa, Kalk Bay This study GBxxxxxx GBxxxxxx
cochleare distribution

Chamberlainium P.hylloge.n y UWC 12/02A South Africa, Kalk Bay This study GBxxxxxx GBxxxxxx
cochleare distribution

Chamberlainium Phylogeny UWC 93/299 South Africa, Holbaaipunt This study GBxxxxxx i
cochleare distribution

Chamberlainium Holotype 14/12 South Africa, Stinkbaai This study GBxxxxxx -
cochleare

Chamberlainium Isotype UWC 14413 South-AfeasStiakbaai This study GBxxxxxx i
cochleare

Chamberlainium Isotype UWC 14/14 South Africa, Stinkbaai This study GBxxxxxx -
cochleare

Chamberlainium P.hyl.oge.n y UWC 09/104 South Africa, Struisbaai This study GBxxxxxx GBxXxXXxX
cochleare distribution

Chamberlainium Phylogeny UWC 15711 Sogtly Afhica, Struishaai This study GBxxxxxx i
cochleare distribution

Chamberlainium P.hylloge.n Y UWC 15/14 South' Aftica, Struisbaai This study GBxxxxxx -
cochleare distribution

Chamberlainium Phylogeny UWC 15/15 South Africa, Struisbaai This study GBxxxxxx i
cochleare distribution

Chamberlainium Phylogeny UWC 10/104 South Africa, Stilbaai This study GBxxxxxx i
cochleare distribution

Chamberlainium Phylogeny UWC 08/20 South Africa, Tsitsikamma This study GBxxxxxx | GBxxxxxx
cochleare distribution
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Chamberlainium Phylogeny NCU 659868 South Africa, Kidds Beach This study i GBxxxxxx
cochleare distribution

Chamberlainium Phylogeny UWC 15/24 South Africa, Ballito Bay This study GBXXXXXX i
cochleare distribution

Chamberlainium Holotype NCU 622324 USA, California vanderMerwe et | 50017400 | KT184835
decipiens al. 2015

Chamberlainium P.hylloge.n Y UWC 93/27 South Africa, Port Nolloth This study GBxxxxxx -
glebose distribution

Chamberlainium Phylogeny UWC 93/304 South Afitca;Port Nolloth This study GBxxxxxx i
glebose distribution

Chamberlainium Phylogeny UWC 93/306 Solith Afiica;Port Nolloth This study GBxxxxxx i
glebose distribution

Chamberlainium Phylogeny UWC 15/30 South Afri¢a, Port/Nolloth This study GBxxxXxxx i
glebose distribution

Chamberlainium Phylogeny UWC 15/51 South Afriea, Port Nolloth This study GBxxxxxx | GBxxxxxx
glebose distribution

Chamberlainium P.hylloge.n Y UWC 15/55 South"Africa, Groenriviermond This study GBxxxxxx GBxxxxxx
glebose distribution

Chamberlainium Phylogeny UWC 15/63B South Africa, Cape St. Martin This study GBxxxxxx | GBXXXXxx
glebose distribution

Chamberlainium Bhylpggn Y UWC 15/16 South Africa, Jacobsbaai This study GBxxxxxx GBxxxxxx
glebose distribution

Chamberlainium P.hyl.oge.n Y UWC 15/17 South Africa, Jacobsbaai This study GBxxxxxx GBxxxxxx
glebose distribution
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Chaz?:;i‘;i"i"m (ifslgllgﬁfgl UWC 15/20 South Africa, Jacobsbaai This study GBxxxxxx | GBXxxxxx
Ch“’;';’:l:’(’)‘;i"""m i‘;ﬁ‘;ﬁfﬁ UWC 15/21 South Africa, Jacobsbaai This study GBXXXXXX -

Chagg’:gi‘;i”i”m (11)118111311‘11?)%1?12)}1]1 UWC 15/33 South Africa, Grotto Bay This study - GBxxxxxx
Ch“’;';’:l:’(’)‘;i"""m (i‘slgll‘;if% UWC 15/34 South Africa, Grotto Bay This study i GBxoxxxxx
Ch“’;';’:;’(’)‘;i"""m ;‘;ﬁgﬁfﬁ% UWC 15/35 South Aftica; Grotto Bay This study i GBXXXXXX
Ch“g?:;i‘;i”i”m ilslgll‘glgjﬁi UWC 16/07 SouthAfiica; Mouille Point This study i GBXXXXXX
Ch“’;';’:l:’(’)‘;i"""m (i‘slgll‘;if% UWC 16/12 South Africa, Mouille Point This study - GBxxooxxx
Chagg’:gi‘;i”i”m igéﬁgﬁfﬁ){l UWC 16/14 South Africa, Sea Point This study - GBXXXXXX
Cha’g?:l: (l)t;inium (11)1151‘[};11(1;%12:)};1 UWC 16/25 South Africa, Slangkop This study - GBxxxxxx
Ch“’;';’:;’(’)‘;i"""m ;‘;ﬁgﬁfﬁ UWC 16/26 South Aftica, Slangkop This study . GBxoxxxxx
Ch“g?:;i‘;i”i”m ilslgll‘glgjﬁi UWC 16/27 South Africa, Slangkop This study i GBxxxxxx
Chamberlainium Holotype 18/05 This study GBxxxxxx GBxxxxxx

glebose
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Cham!) erlainium P'hyl.oge.n Y UWC 12/01 South Africa, Sea Point This study GBxxxxxx GBxxxxxx
impar distribution
Chamberlainizm Phylogeny UWC 13720 South Africa, Sea Point Thisstudy | GBoooox :
impar distribution
Chamberlainium Phylogeny UWC 13/21 South Africa, Sea Point This study GBxxxxxx .
impar distribution
Cham!) erlainium P.hylloge.n y UWC 13/22 South Africa, Sea Point This study GBxxxxxx -
impar distribution
Chamberlainium Phylogeny UWC 15/64 South Afta-Cape-St, Martin This study GBxxxxxx i
impar distribution
Chamberlainium Bhylpgep Y UWC 16/20 South Africa, Kommetjie This study GBxxxxxx -
natalense distribution
Chamberlainium P.hylloge.n Y UWC 11/41 South ' Africa, Kalk Bay This study GBxxxxxx GBxxxxxx
natalense distribution
Chamberlainium P'hyl.oge.n Y UWC 12/02B South Africa, Kalk Bay This study GBxxxxxx GBxxxxxx
natalense distribution
Chamberlainium Phylogeny UWC 12/03 South Africa Kalk'Bay This study GBxxxXxxx i
natalense distribution
Chamberlainium Phylogeny UWC 13/24 South Africa, Kalk Bay This study GBxxxxxx i
natalense distribution
Chamberlainium Bhylpgep Y UWC 13/25 South Africa, Kalk Bay This study GBxxxxxx -
natalense distribution
Chamberlainium Phylogeny UWC 09/103 South Africa, Struisbaai This study GBxxxxxx | GBxxxxxx
natalense distribution




Supplementary table

Chamberlainium P'hyl.oge.n Y UWC 09/125 South Africa, Struisbaai This study - GBxxxxxx
natalense distribution
Chamberlainium P.hyl.oge.n Y UWC 11/26 South Africa, Struisbaai This study GBxxxxxx GBxxxxxx
natalense distribution
Chamberlainium Phylogeny UWC 14/18 South Africa, Shark Bay This study GBxxxxxx | GBxxox
natalense distribution
Chamberlainium P.hylloge.n Y UWC 15/10 South Africa, Shark Bay This study GBxxxxxx GBxxxxxx
natalense distribution
Chamberlainium Phylogeny UWC 15/13 South-Aftica-Shack Bay This study GBxxxxxx i
natalense distribution
Chamberlainium Bhylpgep Y UWC 10/133 South Africa, Cape Agulhas This study GBxxxxxx GBxxxxxx
natalense distribution
Chamberlainium P.hyl.oge.n Y UWC 08/04 South Africa, Tsitsikamma This study GBxxxxxx GBxxxxxx
natalense distribution
Chamberlainium P.hyl'oge'n Y UWC 08/06 South Afriea, Tsitsikamma This study GBxxxxxx GBxxxxxx
natalense distribution
Chamberlainium P.hylloge.n Y UWC 08/13 South Africa, Tsitstkamma This study GBxxxxxx GBxxxxxx
natalense distribution
Chamberlainium Phylogeny UWC 10/209 South Africa, Kei Mouth This study GBxxxxxx | GBxoooex
natalense distribution
Chamberlainium Bhylpgep Y UWC 15/26 South Africa, Ballito Bay This study GBxxxxxx -
natalense distribution
Chamberlainium Phylogeny UWC 92/302 Namibia, Liideritz This study GBxxxxxx i
occidentalum distribution
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Cham.berlalmum P'hyl.oge.n Y UWC 93/37 South Africa, Groenriviermond This study GBxXxXxX -
occidentalum distribution
Cham.berlammm P.hylloge.n Y UWC 15/56 South Africa, Groenriviermond This study GBxxxxxx GBxxxxxx
occidentalum distribution
Cham.berlazmum P.hyl'oge'n Y UWC 15/57 South Africa, Groenriviermond This study GBxxxxxx GBxxxxxx
occidentalum distribution
Cham.berlammm Isotype UWC 15/59 South Africa, Lamberts Bay This study GBxxxxxx -
occidentalum
Cham.berlammm Isotype UWC 15/58 South " Africa;Lamberts Bay This study GBxxxxxx GBxxxxxx
occidentalum
Cham.berlalmum Isotype UWC 15/6TA South Africa, Lamberts Bay This study GBxxxxxx -
occidentalum
Cham.berlammm Holotype 15/61B South Africa, [Lamberts Bay This study GBxxxxxx GBxxxxxx
occidentalum
Cham.berlalmum P'hyl.oge.n Y UWC 15/63A South:Africa; Cape, St.. Martin This study GBxxxxxx GBxxxxxx
occidentalum distribution
Cham.berlammm P.hylloge.n Y UWC 93/220 South Africa, Holbaadi Punt This study GBxxxxxx -
occidentalum distribution
Corallina officinalis ‘Topotype’ NCU 593281 USA, Alaska ng(()i litbal' - KJ591669
Corallina officinalis Ll‘;ﬁi&;‘igpe NCU 586656 USA, Alaska Hind et al. 2014b | KJ637655 | KJ591678
. . Phylogeny . .
Chamberlainium tenue UWC 08/25 South Africa, Knysna Heads This study GBxxxxxx GBxxxxxx

distribution
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Chamberlainium tenue P.hyl'oge'n Y UWC 08/07 South Africa, Tsitsikamma This study - GBxxxxxx
distribution
Chamberlainium tenue P.hyl.oge.n y NCU 659867 South Africa, Kidds Beach This study - GBxxxxxx
distribution
. . Phylogeny . . .
Chamberlainium tenue NARE NCU 659869 South Africa, Kidds Beach This study GBxxxxxx GBxxxxxx
distribution
Chamberlainium tenue Isotype UWC 10/202 South Africa, Kei Mouth This study - GBxxxxxx
Chamberlainium tenue Holotype UWC 10/205 South Africa, Kei Mouth This study GBxxxxxx GBxxxxxx
Chamberlainium tenue P.hylloge.n Y UWC 15/23 South-Africa;Balhto Bay This study GBxxxxxx -
distribution
Chamberlainium Linked to type NCU 600394 USA, Califorhia vanderMerwe er |y ioag30 | KT184844
tumidum specimen al. 2015
Clathroporphum Linked to type US 170929 Canada, Labrador Adeyetal. 2015 | KP142730 | KP142774
compactum specimen
Gelidium corneum Holotype CNUO000127 Klotea) Y oungjin Boo et al. 2016 KT920333.1 -
Kim et al. 2012 - JQ340391
Heydrichia cerasina Isotype NCU617165 South Africa, Cape Agulhas R“’haégsi o a1 MF034551 | KY994128
Heydrichia . s ) van der Merwe et
woelkerlingii Topotype NCU 597127 South Africa, Oudekraal, 4l 2015 JQ917415 -
Adey et al. 2015 - KP142788
Leptophytum laeve Representative US170934 Canada, Labrador Adeyetal. 2015 | KP142754 | KP142789

DNA Barcode”
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th.hop .hy llum Lectotype TRH! A9-449 Argentina, Tierra del Fuego This study - GBxxxxxx
discoideum
Lithophyllum impar Holotype TRH! A3-146 South Africa, Cape Point This study - GBxXxXXxX
Lithophyllum . .
Holotype TRH! A2-107 South Africa, Kwa-Zulu Natal This study GBxxxxxx -
natalense
Mesophyllum Liked to holotype NCU 590286 England, South Devon Richards et al. MF034552 | KY994129.2
lichenoides specimen 2017
Neopolyporolithon Holotype TRH B17-2590 Canada, British Columbia Adey et al. 2015 - KP142803
reclinatum
Neopolyporolithon Linked to type UBC A88609 Candda, British Columbia | Adey eral. 2015 | KP142762 | KP142806
reclinatum specimen
Phymatolithon Neotype BMO000712373 Eqbland] [Falibbuth Hemandez-Kantin | ;096531 | kx020487.1
calcareum etal. 2015
Preophyllum Holotype AZ-2016 Croatia, Otok Ljubavi Zuljevic e al. 2016 | KT783425 _
cetinaensis
. ‘Topotype’ - ! T
Pneophyllum fragile BMO001033381 Spain,.Almadra Zuljevic et al. 2016 | KT783426.1 -
molecular reference
Pneophyllum fragile Phylogeny Hart et al. i
(New Zealand) distribution NZCO737 New Zealand unpublished DQ167969.1
Pneophyllum Phylogeny UWC 09/160 South Africa, Kalk Bay This study GBxxxxxx | GBxxxxxx
neodiscoideum distribution
Pne(.)p h)fllum P'hyl.oge.n Y UWC 09/158 South Africa, Kalk Bay This study GBxxxxxx GBxxxxxx
neodiscoideum distribution
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Pne(.)p h)fllum P'hyl.oge.n Y UWC 11/39 South Africa, Kalk Bay This study GBxxxxxx GBxxxxxx
neodiscoideum distribution
Pne?p h"f”"m Holotype 09/132 South Africa, L’ Agulhas This study GBxxxxxx GBxxxxxx
neodiscoideum
Pneophyllum Isotype UWC 09/131 South Africa, L’ Agulhas This study GBxxxxxx | GBXxxxxx
neodiscoideum
Pne?p h"f”"m Isotype UWC 09/133 South Africa, L’Agulhas This study GBxxxxxx GBxxxxxx
neodiscoideum
Pne?p h"f”"m P'hyl.oge.n y UWC 11/22 South-Adtica, - I*Agulhas This study GBxxxxxx GBxxxxxx
neodiscoideum distribution
Pne(.)p h)fllum Rhylpggn Y UWC 09/119 South Africa, Struisbaai This study GBxxxxxx GBxxxxxx
neodiscoideum distribution
Spongites fruticulosus Topotype” - LLG4146 Spain, Gala Chumba Pefia et al. 2014 | KJ710351 _
molecular reference
. Phylogeny Z : . .
Spongites sp. distribution C40.2x1108 Chile Valparaiso This study GBxxxxxx GBxxxxxx
. . Phylogeny Hart et al.
Spongites yendoi distribution NZC0488 New Zealand unpublished DQ167896 -
. . Phylogeny Hart et al.
Spongites yendoi distribution NZC0482 New Zealand, Golden Bay unpublished DQ167905 -
. . Phylogeny Hart et al.
Spongites yendoi distribution NZC0516 New Zealand unpublished DQ167902 -
Spongites yendoi Phylogeny NDI126 New Zealand, Kaikoura Farr et al. 2009 FI361459 _

distribution
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Spongites yendoi ;ﬁﬂﬁfﬁ){l NZC0096 New Zealand gﬁgfi;‘éé . | DQieTeTS
Spongites yendoi (11)1};‘[};11(;%1212)};1 NZC0076 New Zealand, Kaikoura, ulljglztbfitsﬁle' d DQ167988
Spongites yendoi ;ﬁgﬁfﬁ NZC0777 New Zealand,Te One Creek uﬁ;itbffsﬁi’ q DQ167944
Spongites yendoi (i};t};llziiﬁq NZCO0778 New Zealand ulfllglztbfitsﬁle' d DQ167952
Spongites yendoi ci}slt}i?)iiﬁ)}lll NZC0781 New-Zealand, - Heaphy ulrflirltbfitsﬁé d DQ167979
Spongites yendoi g;ﬁgiffgl NZC0749 New Zealand ulljglztbfitsﬁle' d DQ168003
Spongites yendoi ;‘;ﬁ‘;ﬁfﬁl NDS8 New Zealand Farr et al. 2009 FJ361440
Spongites yendoi ;lslgllgﬁfﬁ){l ND110 New: Zcaland uﬁ;itbffsﬁi’ q FJ361448
Spongites yendoi ;‘;ﬁ‘;ﬁfﬁl NZC0507 New-Zehland uljgfbffsﬁle' ; DQ167903
Spongites yendoi iggllgifﬁi NZC0623 New Zealand uﬁ;itbffsﬁi’ ; DQ167916
Spongites yendoi (ilslgllzlglflrgl NZC0645 New Zealand ulljglztbfitsﬁle' d DQ167901
Spongites yendoi ;‘;ﬁ‘;ﬁfﬁl NZC0627 New Zealand uljgfbffsﬁle' 1 DQ167907
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Sporolithon ptychoides

‘Topotype’

NCU606660

Egypt, El Tor

Richards et al.
2017

MF034541

KY994117
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