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Abstract 

Since its reinstatement, the diversity of the genus Pyropia has never been fully assessed in 
the Benguela Marine Province in southern Africa (South Africa and Namibia), although it has 
been included in previous, more general biodiversity assessments. The aim of the present 
study was to revisit the diversity and identity of species of Pyropia from the region, using an 
integrative taxonomic approach, including a multigene phylogeny, morphological 
characterisation and ecological data. The phylogenetic affinities of southern African Pyropia 
relative to other species from around the world were assessed using three unlinked loci 
(cox1, rbcL, nSSU rDNA). A species first collected on the South African coast ca. 60 years ago 
is described as a new species, Pyropia meridionalis, and extended descriptions and further 
information provided on the distribution and ecology for two previously described species 
endemic to the Benguela Marine Province: Py. saldanhae and Py. aeodis. Lastly, the identity 
and occurrence of Py. gardneri, a species widely distributed in North America, could not be 
confirmed in South Africa, while the cosmopolitan Py. suborbiculata likely occurs in the 
region but is currently lacking molecular data. The phylogenetic relationships between 
species from southern Africa and other species occurring in the Southern Hemisphere 
support the notion of historic connectivity in the Southern Ocean, but also indicate a much 
more complex historical biogeographical history as some clades are deeply divergent while 
others are more closely related.  
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Highlights 

An appraisal of the genus Pyropia from southern Africa, using an integrative taxonomic 
approach, revealed extensive genetic diversity. 

One new, kelp-associated species was described from the region and species boundaries 
were confirmed for two other species of Pyropia endemic to the region. 

Species-level relationships of Pyropia were considered in a global phylogenetic context and 
contemporary and historic scenarios were hypothesized to explain present-day patterns. 

 

1. Introduction 

The reinstated Pyropia J. Agardh is the most species-rich and widely distributed genus in the 
red algal order Bangiales (Sutherland et al., 2011; Lim et al., 2018; Guiry & Guiry, 2018). 
Species belonging to the genus are well-known for their commercial cultivation in the 
multibillion-US dollar nori industry (Yang et al., 2017a). Additionally, they are notorious for 
their complicated taxonomic history, due to their simple but variable thallus morphology, 
colour and blade thickness. 

Porphyra sensu lato contained all bladed species in the Bangiales prior to 2011. However, a 
large majority of bladed species (ca. 75–80%) were transferred to the genus Pyropia 
following a taxonomic revision of the Bangiales based on molecular data (Sutherland et al., 
2011). This, together with the use of molecular techniques in species discovery, has resulted 
in a great increase in the number of species of Pyropia worldwide (Broom et al., 1999, 2004, 
2010; Nelson et al., 2001, 2006, 2013; Mols-Mortensen et al., 2012; Mateo-Cid et al., 2012; 
Nelson & D'Archino, 2014; Sánchez et al., 2014, 2015; Ramirez et al., 2014; Lindstrom et al., 
2015, 2018; López-Vivas et al., 2015; Guillemin et al., 2016, Yang et al., 2018; Koh & Kim, 
2018; Kim et al., 2018; Dumilag & Yap, 2018). Many species have been discovered in the 
Southern Hemisphere, and species in both the Northern and Southern Hemisphere tend to 
be regionally confined (Nelson et al., 2001, 2006, 2013; Brodie et al., 2007, 2008; Mateo-Cid 
et al., 2012; Nelson & D'Archino, 2014, Ramirez et al., 2014; Guillemin et al., 2016; Reddy et 
al., 2018). However, many regions in the Southern Hemisphere and many subtidal habitats 
in both the Southern and Northern Hemispheres remain relatively unexplored and may 
harbour even greater diversity (Broom et al., 2004, 2010; Sutherland et al., 2011; Nelson et 
al., 2014; Koh et al., 2016; Dumilag & Yap, 2018; Koh & Kim, 2018; Reddy et al., 2018). 

Seven species that are now currently understood to belong to the genus Pyropia are 
recognized in southern Africa. Porphyra saldanhae was described in 1997 by Stegenga et al. 
but is now understood to belong to the genus Pyropia, Pyropia saldanhae (Stegenga, J.J. 
Bolton and R.J. Anderson) J.E. Sutherland. It is endemic to the Benguela Marine Province, 
occurring along the lower intertidal and sublittoral fringe, on rocky substrata along the west 
coast of South Africa (Stegenga et al., 1997) or epiphytically on Ahnfeltiopsis vermicularis (C. 
Agardh) P.C. Silva & DeCew or Aeodes orbitosa (Suhr) Schmitz along the Namibian coast 
(Lluch, 2002). The identity of Pyropia saldanhae as a distinct species has been confirmed for 
specimens from South Africa using molecular sequence data (Jones et al., 2004; Sutherland 
et al., 2011; Reddy, 2018; Reddy et al., 2018), while distribution records outside this region 
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are based on traditional methods of identification using morpho-anatomical characters 
(Lluch, 2002; John et al., 2004). Therefore the extent of genetic diversity within this species 
or the existence of cryptic species is currently unknown.   

Along with Porphyra saldanhae, Stegenga et al. (1997) also recorded two new distribution 
records for South Africa, for two widespread species: P. gardneri (G.M. Smith & Hollenberg) 
M.W. Hawkes and P. carolinensis Coll & J. Cox, and described and illustrated an unnamed 
species (Porphyra sp. indet.), which is only known from a single collection. Porphyra 
carolinensis has subsequently been reduced to a synonym of P. suborbiculata (Broom et al., 
2002) and, along with P. saldanhae, P. gardneri and P. suborbiculata, has since been 
reassigned to the genus Pyropia (Sutherland et al., 2011). Little is known about Porphyra sp. 
indet. apart from its resembles to Pyropia gardneri, and its shared habitat with this species, 
as both occur epiphytically on kelp (Stegenga et al., 1997; Lluch 2002). Both species occur 
along the west coast of South Africa but with non-overlapping geographic localities; the 
smaller Pyropia gardneri has been recorded from the Cape of Good Hope to Brandfontein 
along the south-west coast and the larger Porphyra sp. indet. from Melkbosstrand on the 
west coast of South Africa (Fig. 1). Additionally, Lluch (2002) identified an unnamed 
epiphytic species (Porphyra sp.) from Namibia with morpho-anatomical features, such as 
the shape and size of the thallus and the distribution of fertile material along the thallus 
margin, that are intermediate between those of Pyropia gardneri and Porphyra sp. indet. as 
described by Stegenga et al. (1997). 

Porphyra aeodis N.J. Griffin, J.J. Bolton and R.J. Anderson, was described as a new species 
endemic to southern Africa in 1999 by Griffin et al., and was later transferred to Pyropia 
(Sutherland et al., 2011). Griffin et al. (1999) were the first to include molecular data 
(isozymes), in addition to morphology, anatomy and ecology, in delimiting southern African 
Bangiales. Gametophytes (bladed thalli) of Pyropia aeodis occur throughout the summer 
and are epiphytic on Pachymenia orbitosa (Suhr) L.K. Russell which occurs along the lower 
intertidal and sublittoral fringe. Although its presence only enjoys molecular confirmation in 
South Africa, it is reported (based on morphology) as extending into northern Namibia 
(Griffin et al., 1999). Its distribution thus parallels that of Py. saldanhae (Stegenga et al., 
1997; Griffin et al., 1999; Reddy, 2018) along the Benguela Marine Province (BMP), which 
includes the South African west coast and the Namibian coast (see Spalding et al., 2007). 

Overlaps in simple anatomical morphologies and in ecological preferences sometimes make 
it difficult to distinguish Py. saldanhae from Py. aeodis. They are co-distributed 
geographically, co-occur along the lower intertidal and sublittoral fringe, and both species 
have two star-shaped chloroplasts per cell, and monoecious gametophytes with 
intermingling spermatia and zygotosporangia (Stegenga et al., 1997; Griffin et al., 1999). 
Slight differences in their reproductive anatomy have been reported, such as Py. aeodis 
having 8–16 tiers of spermatangia while Py. saldanhae only have eight (Stegenga et al., 
1997; Griffin et al., 1999). However, because these numbers overlap, they are not always 
diagnostic. Ecological traits, such as substrate affinity (epilithic vs. epiphytic), and 
seasonality may be more informative in distinguishing these morphologically similar species. 
However, reliable species delimitation in Pyropia should be based on molecular analyses 
(Griffin et al., 1999; Jones et al., 2004, Reddy et al., 2018). 

Jones et al. (2004) carried out the first biodiversity assessment of the Bangiales in South 
Africa using a molecular approach, and found much higher species diversity than previously 
recorded (Jones et al., 2004). Eleven entities were recognized, of which three (P. saldanhae, 
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P. aeodis and the molecular species Porphyra ZLI) are now understood to belong to Pyropia. 
More recently, Pyropia ZLI was found to be conspecific with the Pyropia RSAk identified 
during a more comprehensive biodiversity assessment of the Bangiales along the South 
African coast (Reddy et al., 2018). The presence of the two widely distributed species, Py. 
gardneri and Py. suborbiculata, as well as the endemic Porphyra sp. indet could not be 
confirmed in either study (Jones et al., 2004; Reddy et al., 2018). 

Currently, seven species of Pyropia have been documented from the Benguela Marine 
Province. Py. saldanhae and Py. aeodis have been identified based on morphology and their 
identity as distinct species confirmed using molecular sequence data, Py. ZLI (=Py. RSAk) has 
been identified using only molecular sequence data, and Py. gardneri, Py. suborbiculata, Py. 
sp. indet. (as Porphyra; Stegenga et al., 1997) and Porphyra sp. (Lluch, 2002) have been 
identified based only on morphology. The aim of the present study was to re-examine the 
biodiversity of Pyropia in the Benguela Marine Province. More specifically we aimed to 
characterize the morphology, ecology and geographical distribution of southern African 
Pyropia species, including the recently DNA-based delimited species in Reddy et al. (2018). 
Pyropia RSAk (Pyropia ZLI) is described here as a new species based on anatomical, 
morphological and ecological information. Additionally, information on the morphology, 
distribution and ecology of Py. saldanhae and Py. aeodis is updated, and photomicrographs 
of key anatomical features are provided. The identity of two species of uncertain taxonomic 
status; Porphyra sp. indet. (Stegenga et al., 1997) and Porphyra sp. (Lluch, 2002), as well the 
records of two widely distributed species: Py. gardneri and Py. suborbiculata recorded from 
southern Africa were evaluated using morphological and anatomical traits. Lastly, the 
phylogenetic affinities of southern African Pyropia species were analysed and interpreted in 
a biogeographical context. 

 

2. Materials and methods 

2.2. Taxon sampling 

Fresh specimens were collected throughout the coastline of South Africa where bladed 
Bangiales occur (see Reddy, 2018; Reddy et al., 2018 for collection details) and herbarium 
specimens from South Africa and Namibia were re-examined (Table S1). Voucher specimens 
were prepared and are deposited in BOL and the Seaweed Research Unit, Department of 
Agriculture, Forestry and Fisheries, Cape Town, South Africa. A portion of each blade was 
preserved in a 5% buffered formalin/seawater solution for anatomical assessment of freshly 
collected specimens. Sections were prepared by hand with a scalpel under a dissecting 
microscope and were water-mounted on slides. Slides were viewed under a Leica Wild M10 
light microscope coupled to an Olympus D50 digital camera. Representative photographs 
were taken of vegetative and reproductive cells (when present), in cross section and surface 
view of the thallus. A portion of each blade was stored in silica gel for molecular analysis.  

2.3. Herbarium collections 

The collections of four herbaria, BOL (Cape Town, South Africa), GRA (Grahamstown, South 
Africa), NU (KwaZulu-Natal, South Africa) and GENT (Ghent, Belgium) were consulted. 
Specimens that fit the morphological description of Pyropia RSAk sensu Reddy et al. (2018), 
and that were associated with kelp were only found in BOL. Herbarium records from BOL 
were re-examined for other Pyropia species recorded from southern Africa (Py. saldanhae, 
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Py. aeodis, Porphyra sp. indet., Py. gardneri and Py. suborbiculata) except Porphyra sp. 
(Lluch, 2002). Details from these records and sequence data from a previous study (Jones et 
al., 2004) were added to this study. The morpho-anatomical features of Py. suborbiculata  
(as P. carolinensis) from South Africa were re-examined from rehydrated material of the 
herbarium specimen 15251 (BOL) and are presented here for the first time. No description 
or anatomical features for this species were detailed by Stegenga et al. (1997) because it did 
not occur in their study region (the west coast of South Africa). Anatomical features for all 
other species are presented in Stegenga et al. (1997), Griffin et al. (1999) and Lluch (2002). 
No relevant specimens from herbarium collections were sequenced because they were 
formalin-treated and unsuitable for DNA analyses. 

2.4. DNA extraction, PCR amplification and sequence acquisition 

Small blade fragments (10–20 mg) were homogenized using liquid nitrogen. DNA was 
isolated using the DNeasy® Blood and Tissue or Plant Tissue kits (Qiagen, Hilden, Germany) 
following the manufacturer’s protocols with slight modification (see Reddy et al., 2018). 
Three gene regions were targeted for amplification: cox1 (mitochondrial), rbcL 
(chloroplastic) and nSSU rDNA (nuclear) genes. Primer choice, PCR optimisation and 
amplification for the first two genes followed the same methods as Reddy et al. (2018). The 
nSSU rDNA gene was amplified in two fragments using primers from Jones et al. (2004). PCR 
amplicons were purified and sequenced at Macrogen (Macrogen Inc., Seoul, South Korea) or 
Inqaba Biotechnical Industries (Pretoria, South Africa).   

2.5. Phylogenetic analyses 

Four DNA datasets were generated, one for each gene with multiple individuals per species 
and a concatenated dataset with a single representative per species. Additional sequences 
of species that share a close phylogenetic relationship with southern African species were 
acquired from BOLD or GenBank. Sequences were aligned and edited in BioEdit (Hall, 1999) 
and a substitution model that best explained the data was calculated for each gene region in 
jModelTest v 2.1.10 (Posada, 2008) for each dataset.  

Bayesian Inference (BI) trees were generated in MrBayes v. 3.2.6 (Ronquist & Huelsenbeck, 
2003). Two parallels runs were implemented for 5 million generations each, sampling every 
1000th tree, using incrementally heated chains (two hot and two cold). Runs were assessed 
for stationarity using Tracer v. 1.5 (Rambaut & Drummond, 2014). Trees from both runs 
were combined and 25% discarded before constructing a 50% majority rule consensus tree 
and calculating posterior probability values. Maximum Likelihood (ML) trees were 
constructed with RAxML (Stamatakis, 2006; Stamatakis & Rougemont, 2008) using default 
settings, 100 bootstrap replicates and an appropriate model according to jModelTest. 
Posterior probability and bootstrap values were presented on a single phylogenetic tree. A 
cox1 tree, including related species from around the globe, was constructed to confirm the 
phylogenetic position of southern African species of Pyropia, including new sequences 
generated in this study. There was no significant difference when the concatenated dataset 
was partitioned by gene compared to the non-partitioned dataset. Therefore, unpartitioned 
Bayesian and ML species trees were presented, to infer phylogenetic relationships and 
affinities of southern Africa taxa. Lastly, pairwise genetic distance comparisons were 
calculated in MEGA v. 6.0 (Tamura et al., 2013). 
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3. Results 

3.1. Phylogenetic relationships and affinities of southern African Pyropia 

Ninety seven sequences for three unlinked loci (cox1, rbcL and nSSU) were generated from 
44 specimens, including 26 newly collected specimens for this study and 18 specimens from 
Reddy et al. (2018). Sequence alignments were 669 bp long for the cox1 gene, 1411 bp for 
the rbcL gene and 1761 bp long for the nSSU gene, yielding a concatenated alignment of 
4933 bp. 

Southern African species of Pyropia did not form a monophyletic group but were found in 
three separate clades spread out in the phylogram (Figs. 2, 3, S1, S2). Pyropia meridionalis is 
not closely related to the other two southern African endemic species of Pyropia or to other 
Southern Hemisphere species in this genus. Rather, it is sister to an undescribed species 
(6POR) represented by a single specimen collected from Texas in the Gulf of Mexico (Kucera 
& Saunders, 2012). The two species are relatively closely related based on the cox1 (4%) and 
rbcL (1%) genes but distinct based on DNA-based species delimitation analyses in Reddy et 
al. (2018). No comparisons could be made for the nSSU gene because this information is 
lacking for 6POR. Pyropia meridionalis and Py. 6POR are included in a Pacific-Atlantic 
molecular clade with distant relatives from the Northern Hemisphere (cox1: 11–12%, rbcL: 
4–6%). Specimens from South Africa that morphologically and anatomically resemble Py. 
gardneri, were identified as Py. meridionalis based on sequence data. Sequenced specimens 
of the true Py. gardneri, collected from near the type locality, are included in a completely 
separate and distantly related clade.  

In contrast to Py. meridionalis, Py. aeodis and Py. saldanhae are included in clades shared 
with mostly other Southern Hemisphere species but differing in the degree of sequence 
divergence amongst related species. Py. aeodis is resolved in a clade with species 
predominantly from the Southern Hemisphere (New Zealand, Australia, the Falkland Islands 
and Antarctica) but also from the northeast Pacific (along the American coast). Pyropia 
aeodis is highly divergent from species from Chile, the Falkland Islands and Antarctica (cox1: 
7–10%, rbcL: 5–6%) and slightly more divergent (cox1: 8–10%, rbcL: 5–8%) from north 
Pacific species. Pyropia saldanhae shares a clade with species from the Falkland Islands and 
New Zealand, with overall low genetic divergence amongst species (rbcL: 2%). All Southern 
Hemisphere species in this clade are placed sister (see gene/combination considered; this 
study and Sutherland et al., 2011) to Pyropia pulchra (formerly Py. smithii) which occurs in 
the eastern north Pacific (Lindstrom & Hughey, 2016), and to which it is more distantly 
related (cox1: 8–10%, rbcL: 3%).  

3.2. Taxonomic treatment 

A total of 70 specimens (26 herbarium specimens and 44 new collections) were analysed. 
The presence of three species of Pyropia in southern African was confirmed in the present 
study: Py. saldanhae, Py. aeodis and Py. meridionalis sp. nov. (described below), and an 
additional species that is morphologically similar to Py. suborbiculata (Kjellman) Sutherland, 
Choi, Hwang and Nelson, but for which no molecular data could be obtained, is detailed. No 
fresh material fitting the description of Py. suborbiculata or Porphyra sp. indet. was found. 
For RSAk, numerous individual bladelets (ca. 30) were found growing on a single shell of the 
kelp stipe limpet, Cymbula compressa Linnaeus, attached to a single individual of Ecklonia 
maxima (Osbeck) Papenfuss. Bladelets of RSAk were anatomically identical and thus 
presumed to constitute the same species. Specimens of ‘Py. gardneri’ reported from South 
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Africa were anatomically and molecularly identical to Py. meridionalis. The original 
collection site (Melkbos, South Africa; 33°44′S 18°26′E) of Porphyra sp. indet. (Stegenga et 
al., 1997) was thoroughly searched but no further specimens found. Nevertheless it was 
evident that a number of morphological and anatomical features of this species as well as 
Porphyra sp. (Lluch, 2002), overlap with those of Py. meridionalis (Table 3.1). 

The separate phylogenetic placement (Fig. 2 & 3) and distinct morphological, anatomical 
and ecological features of Py. meridionalis warrant its description as a new southern African 
species of Pyropia. 

 

3.2.1. Pyropia meridionalis M.M. Reddy, R.J. Anderson et J.J. Bolton sp. nov. (Figs 4a-j) 

Description: Epibiont on kelp (epiphytic on kelp or epizoic on kelp limpet) with a very thin, 
ribbon-like or lanceolate (Fig 4a), obovate to spathulate blade and tapering toward a distinct 
stipitate base (Fig 4b). Thalli single-bladed, 25–50 (–150) mm long and 10–15 mm wide. 
Thalli spathulate with a broad, rounded apex and the whole thallus 2–4 times longer than 
broad. Margins somewhat undulate basally, continuing up to at least ¾ of the length of the 
thallus, the remaining length comprising the apex with smooth and entire margins (Fig 4b, 
c). Reproductive specimens with fertile tissue in two distinct bands along either side of the 
thallus margin (Fig 4b), near the apex in smaller plants and more basal in larger plants. 
Fertile tissue pale yellow (male) and pink (female) occurring on a single plant but in sectored 
margins and not intermingled as in the other two species of Pyropia in South Africa. Colour 
of fresh thalli ranging from pale copper, pale pink, pale ruby to pale tawny, sometimes more 
green at the base; when dried becoming more pale pink or purple with the base remaining 
darker and the apex lighter. Blades monostromatic, 20–40 (–60) µm thick (Fig 4d), thinner in 
non-reproductive regions or smaller thalli and thicker in reproductive regions or larger thalli. 
In cross section, non-reproductive cells 12.5–13 µm long x 10–11 µm wide and square to 
rectangular in shape, only slightly longer than wide in rectangular cells (Fig 4d); cells  each 
with a single stellate chloroplast. In surface view, non-reproductive cells compact and 
arranged in longitudinal rows, often in pairs (Fig 4e). Some cells in cross section (Fig 4d) in 
and surface view (Fig 4e) appear characteristically rectangular to square; except basal 
thallus cells (with elongated protrusions at one or more corners -Fig 4f). Female 
reproductive cells often in pairs, each with distinct bipolar trichogynes with a single cell 
dividing in the latitudinal plane (Fig 4g). Reproductive cells in cross section (Fig 4h; a. 20 µm 
long by 15µm) ) larger than non-reproductive (Fig 4d) cells. Monoecious, spermatia bright 
yellow to golden, lanceolate to fusiform and generally smaller than zygotosporangia (Fig 4h). 
Spermatia present in pairs, in 8–16 tiers. Zygotosporangia larger than spermatia, red to 
maroon and elliptical to round, present in pairs, in 2–4 tiers. Reproductive cells in surface 
view arranged in sets of 4, more compact than non-reproductive cells (Fig 4i). Reproductive 
cells commonly observed toward the outer edges of the thallus margin (distinct bands), but 
zygotosporangia  toward the thallus centre, sometimes in isolated islands amongst 
spermatia (Fig 4j).  

TYPE— South Africa, Western Cape, Soetwater, growing epiphytically on Cymbula 
compressa collected as drift on the Cape Peninsula, 24 Feb 2015, Anderson 201158/60 (BOL, 
holotypus, isotypi). 

Representative DNA sequences: KY814951 (cox1, from the holotype), KY814952 (rbcL, from 
the holotype) and AY292635 (nSSU, from specimen ZLI from Jones et al., 2004). 
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Etymology: This species is named for its distribution along the coastline of southern Africa, 
(meridionalis in Latin means southern).  

Diagnostic characters: Pyropia meridionalis is distinct from other southern African endemic 
species of Pyropia in various aspects. In the field, these algae are readily distinguished based 
on morphology and substrate. Although Py. saldanhae has occasionally been found growing 
subtidally on Ecklonia maxima or epizoically on mussels, it occurs mainly on rock in the 
lower sublittoral fringe. When Py. meridionalis and Py. saldanhae co-occur on kelp they are 
easily distinguished by gross thallus morphology, such as the shape and size of the thallus as 
well as morpho-anatomically. Pyropia saldanhae has a larger, deep-maroon thallus with 
highly ruffled margins while the relatively smaller blades of Py. meridionalis are more 
variable in colour and have somewhat undulated to entire margins. The non-reproductive 
cell characteristics of Py. meridionalis are also distinct; cells are small and square to 
rectangular in shape and differ from the relatively large, rectangular to elliptical cells 
common in Py. saldanhae and Py. aeodis. Even though all three southern African endemic 
species of Pyropia are monocieous, Py. meridionalis lacks the characteristic intermingling of 
male and female reproductive cells often visible along the thallus margin in the other 
species. Instead, spermatiangial or zygotosporangial sori appear as distinct sectors along the 
margins and developing female reproductive cells (with bipolar trichogynes) are scattered, 
in isolate islands toward the central parts of the thallus. 

Distribution and habitat: South Africa and Namibia. In South Africa the distribution of this 
species has been confirmed using molecular data along the west and south-west coasts of 
South Africa, from Port Nolloth to Muizenberg. Distribution records (based on 
morphological identification) exist for the Kei River region (ca. 80–100 km south of Dwesa), 
Dwesa in the Eastern Cape (BOL 15252, BOL 15257 & PMDW1) and Langstrand, central 
Namibia (Lluch, 2002). Plants are associated with kelp, either growing on the shell of the 
kelp limpet, Cymbula compressa, or (according to herbarium records) attached to the stipe 
of kelp. This species is commonly associated with Ecklonia maxima, but some specimens 
have been found on Laminaria pallida Greville and Ecklonia radiata (C. Agardh) J. Agardh 
(Table 3.1). Plants occur in a shallow subtidal environment attached to kelp generally close 
to the surface but permanently submerged. Additionally, this species may be epiphytic on 
Mazzaella capensis (J. Agardh) Fredericq and Chaetomorpha aerea (Dillwyn) Kützing in the 
intertidal according to Lluch (2002).  

Seasonality: Observations and collections were made throughout the year; however, it is 
not known whether active growth of this species is seasonal.  

Representative specimens examined:  

South Africa. WESTERN CAPE. Port Nolloth, Epizoic on C. compressa (as Patella compressa), 
23 Jan 1985, Simons and Graves Unknown (BOL); Lamberts Bay, Epizoic on C. compressa (as 
P. compressa), 8 Mar 1985, Stegenga 15289 (BOL); Skaapeiland, Yzerfontein, Epiphytic on 
Laminaria pallida, 26 Nov 1988, Bolton and Stegenga Unknown (BOL); Melkbosstrand, 
Epiphytic on stipes of E. maxima, 26 Aug 1991, Stegenga 15270 (BOL), Epiphytic on stipes of 
E. maxima, 9 Dec 1988, Stegenga 15264 (BOL), Melkbosstrand, Epiphytic on stipes of E. 
maxima,  9 Dec 1988, Stegenga 15264 (BOL); Glencairn, Epiphytic on stipes of E. maxima, 1 
Sep 1989, Stegenga 15274 (BOL); Brandfontein, Epiphytic on E. maxima, 11 Nov 1989, 
Bolton and Stegenga 15272 (BOL). 
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EASTERN CAPE. Kei Mouth, Epiphytic on E. radiata, 23 Oct 1999, Stegenga 15257 (BOL);  
Morgan Bay, Epiphytic on E. radiata, 24 Oct 1999, Stegenga  15252 (BOL); Dwesa, Epiphytic 
on the stipe of E. radiata, 16 Apr 2018, Reddy PMDW1. 

Remarks: Pyropia meridionalis has been previously assigned the following codes based on 
molecular data, Pyropia ZLI (Jones et al., 2004; Sutherland et al., 2011) and Pyropia RSAk 
(Reddy et al., 2018). The name Pyropia gardneri (Smith & Hollenberg) S.C. Lindstrom (from 
South Africa, Stegenga et al., 1997) is considered a misapplied name for Py. meridionalis and 
therefore Py. gardneri does not occur in South Africa. The morpho-anatomical 
characteristics of Porphyra sp. indet. (Stegenga et al., 1997) and Porphyra sp. (Lluch, 2002) 
agree with the current description of Py. meridionalis. 

Below we expand the description and provide photographs of key anatomical features, 
extend the distribution range and provide further details for two other South African 
Pyropia species. 

3.2.2. Pyropia saldanhae (Stegenga, J.J. Bolton et R.J. Anderson) J.E. Sutherland in 
Sutherland et al., J. Phycol 47: 1145 (2011). Porphyra saldanhae Stegenga, J.J. 
Bolton et R.J. Anderson, Contr. Bolus Herb. 18: 227, pl. 9 (1997). 

Gametophytes with large lanceolate blades with highly undulate margins arising from an 
indistinct discoid holdfast; purple to deep maroon in colour with a patchwork of pinkish-red 
and yellowish-white fertile material visible around the margin (Fig 5a). Base rounded or 
tapering with highly undulate margins near the base. Central part of thallus smooth, 
flattened and distinct from undulate margins. Fertile tissue seen as yellow to white streaks 
on a pinkish-red marginal band on apical portion of thallus which is generally paler in colour 
and has entire margins compared to the rest of the thallus (Fig 5a). Depending on the size of 
the thallus, the apex may be extended or appear auriculate with entire margins. Fresh 
material dark purple becoming paler at apex, when dried retaining its rich colour and 
remaining darker at the base and lighter at the apex. Thalli large, generally ranging from 
150–500 mm long and 40–50 mm wide for the lanceolate portion and as much as 100 mm 
wide at the widest points if auriculate. Blades monostromatic, 60–100 µm thick in cross 
section of thallus (Fig 5b). Non-reproductive cells in cross section 25–40 µm long and 
rectangular, generally 2–3 times longer than wide (Fig 5b). Cells with two stellate 
chloroplasts, each with central pyrenoid, but cells with single chloroplast per cell also 
possible. Non-reproductive cells in surface view irregular in shape and arranged in pairs, 
creating longitudinal rows between cell pairs (Fig 5c). In surface view reproductive cells 
arranged in longitudinal rows (Fig 5d). Gametophytes monoecious, with cells rounded and in 
sets of 2 pairs; zygotosporangia deep red to maroon; spermatia yellow to golden. Spermatia 
smaller than zygotosporangia, ovate to lanceolate and made up of two groups of four tiers 
(Fig 5e). Zygotospores ovate to round with 32 spores arranged in two tiers (Fig 5f). 
Reproductive cells in cross section 40–45 µm long, spermatia roughly 4 times longer than 
wide, zygotosporangia as long as or only slightly longer than wide (Fig g). Male and female 
reproductive cells intermingled, with islands of spermatangia scattered amongst 
zygotosporangia along the apical margins of the thalli.  

Representative DNA sequences: KY814935 (cox1, from specimen 1058 from Jones et al., 
2004), GU165838 (rbcL, from specimen 1058 from Sutherland et al., 2011), AY292630 nSSU, 
from specimen ZEK881 from Jones et al., 2004).  
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Distribution and habitat: South Africa and Namibia (False Bay, South Africa to Cape Fria in 
northern Namibia). This study provides new insights into the geographical distribution and 
possible range extension for this species further east to Rooiels, False Bay (100 km east of its 
previously documented southern limit; Olifantsbos, South Africa). The distribution of this 
species has been confirmed (DNA) from Rooiels to Hondeklipbaai. Records of Pyropia 
saldanhae outside South Africa are based on morphological identification. This species is 
commonly epilithic in the lower eulittoral and sublittoral fringe (Fig 5h) but may grow on the 
stipes of Ecklonia maxima, generally on older kelps that have lost their secondary blades or 
that host a number of other epiphytes. Also found attached to mussels in the sublittoral 
fringe (Fig 5i).  

Seasonality: Occurs year-round (Dlaza 2011; this study). 

Additional specimens examined:  

Namibia. Cape Fria, 16 Apr 1992, Engledow 15276 (BOL). 

South Africa. WESTERN CAPE. Yzerfontein, 26 Oct 1988, Bolton and Stegenga  15255 (BOL, 
holo.), 26 Oct 1988, Stegenga Unknown (BOL), Olifantsbos in Cape Point, Epilithic in the low 
intertidal, 21 Dec 1988, Bolton and Stegenga 15263 (BOL); Rocklands in Table Bay, Site 
cleared of Scutellastra. cochlear, 14 Oct 1981, Joska 15367 (BOL), Site cleared of S. cochlear, 
20 Apr to18 Jun 1981, Joska 15372 (BOL), Site cleared of S. cochlear, 20 Mar to 19 Apr 1981, 
Joska 15374 (BOL), False Bay Yacht Club, slipway, Simons Town harbour, 1 Jun 2019, Reddy 
(D3012/13). 

3.2.3. Pyropia aeodis (N.J. Griffin, J.J. Bolton et R.J. Anderson) J.E. Sutherland in 
Sutherland et al., J. Phycol 47: 1142 (2011). Porphyra aeodis N. J. Griffin, J. J. 
Bolton et R. J. Anderson, 506, figs. 1–15 (1999). 

Thalli ovate, cordiform or umbilicate with reduced basal (Fig 6a) or central holdfast (Fig 6b). 
Thallus centre thinner than margins; margins highly undulate. Fresh material olive green, 
green around the basal region, with brown-red central thallus. Monoecious fertile rim 
around thalli (excluding basal portion) with irregular patches of pale white to yellow 
spermatia and pink to red zygotosporangia (Fig 6a). Dried thalli remaining olive-green or 
brown with a distinct fertile rim around thallus margin. May be rosette-like with distinct 
fertile margin when still attached to its host, Pachymenia orbitosa (Fig 6c). Thalli generally 
small, ranging from 50 mm to 150 mm in diameter. Monostromatic blades 60–140 µm thick 
in cross section (Fig 6d), generally thicker near the base. Vegetative cells in cross section 20–
35 µm long by 8–10 µm wide, oblong to elliptical, generally 2–3 times longer than wide, with 
prismatic cells basally (Fig 6d). Cells with two stellate chloroplasts, each with central 
pyrenoid, but cells with single chloroplast also observed. Vegetative cells in surface view 
arranged in pairs and evenly distributed, creating longitudinal rows (Fig 6e). Both non-
reproductive (Fig 6e, f) and reproductive cells (Figs 6g, h) tightly packed in surface view. 
Monoecious; spermatia bright gold and zygotosporangia deep red to maroon, both fusiform 
but differing in size (Figs 6i, j). Zygotosporangia larger than spermatia, 65–100 µm by 25–40 
µm, with two distinct prototrichogynes, spores arranged in 8–16 groups containing 32 
spores (Fig 6i). Spermatia 40–70 µm by 5–15 µm made up of two groups of four tiers and 
ovate to lanceolate (Fig 6j). Patchwork of male and female reproductive cells around thallus 
margin.  
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Representative DNA sequences: KY799111 (cox1, specimen collected from type locality), 
KY814928 (rbcL, specimen collected from type locality)/GU165843 (rbcL, specimen 
designated as P. aeodis from Sutherland et al., 2011), AY292624 (nSSU, specimen ZAE953 
from Jones et al., 2004). 

Distribution and habitat: Benguela Marine Province, from the Cape Peninsula in South 
Africa to northern Namibia). Its distribution has been confirmed, using molecular sequence 
data, along the south-western and west coast of South Africa, from Scarborough (Cape 
Peninsula) to Paternoster in South Africa. Distribution records extending beyond this point 
and into northern Namibia are based on morphology and substrate affinity (Griffin et al., 
1999) and BOL records: (Engledow, 13/04/1992, BOL 15279), (Engledow, 13/04/1992, BOL 
15280), (Engledow, 17/03/1992, BOL 15260). Plants are generally epiphytic on Pachymenia 
orbitosa in the low intertidal to sublittoral but may rarely be epilithic (based on observations 
made in late autumn and winter). 

Seasonality: Summer annual, appearing in late spring, with the highest abundance and 
occurrence in summer and maturing in autumn. The growth pattern of this species closely 
matches the growth of its host, Pachymenia orbitosa (Levitt et al., 1995). 

Additional specimens examined:  

Namibia. Möwe Bay, Epiphytic on P. orbitosa, 13 Apr 1992, Engledow 15279 (BOL), Epiphytic 
on P. orbitosa, 13 Apr 1992, Engledow 15280 (BOL); Agate Bay, Epiphytic on P. orbitosa, 17 
Mar 1992, Engledow 15260 (BOL). 

South Africa. WESTERN CAPE. Hondeklipbaai, Epiphytic on P. orbitosa, 16 Feb 1992, 
Stegenga 15265 (BOL), Epiphytic on P. orbitosa collected as drift, 19 Jan 1989, Stegenga 
15262 (BOL); Kommetjie, Epiphytic on P. orbitosa, eulittoral, 16 May 1995, Griffin 150073/5 
(BOL, holo.; iso.). 

3.2.4. Pyropia cf. suborbiculata (Kjellman) Sutherland, Choi, Hwang and Nelson in 
Sutherland et al., J. Phycol 47: 1142 (2011). 

Single-bladed orbicular to irregularly shaped thalli, 20–40 mm long, maroon to purple with 
indistinct holdfast (Fig 7a). Triangular microscopic teeth along the thallus margin (Fig 7b), 
protruding 10–20 µm  and formed by 1–3 layers of cells. Monostromatic blades 20–35 µm 
thick (Fig 7c). In cross section, non-reproductive cells rectangular to rounded, 12–15 µm 
long by 10–15 µm wide, rectangular cells with distinct accentuated edges (Fig 7d). In surface 
view, non-reproductive cells varying in shape and arranged haphazardly (Fig 7e). Basal cells 
elongated (Fig 7f). More rounded cells are presumably premature female reproductive cells 
(Fig 7g). Female reproductive cells without obvious trichogynes. No spermatia were 
observed. Reproductive cells ovate, larger, ca. 40 µm x 30 µm compared with non-
reproductive cells (Fig 7h).  

Distribution: Widely spread (see Guiry and Guiry, 2018), confirmed by DNA sequence data 
as occurring in most major oceans, however a number of distribution records have been 
based on morphological identification and require DNA confirmation. 

South African record: This species is mentioned in Stegenga et al. (1997) as P. carolinensis, 
which is regarded as a synonym of Py. suborbiculata by Sutherland et al. (2011). A single 
specimen BOL15251 was collected from Cape Infanta, attached to the wall of a man-made 
tidal pool. 
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Remarks: Morphological characteristics (blade shape, cell shape, size and arrangement) 
agree with the description of Py. suborbiculata, particularly the diagnostic dentate margin 
along the thallus. However, no trichogynes were observed, which is a prominent feature of 
Py. suborbiculata. Pyropia suborbiculata is known to be monoecious, but it was difficult to 
confirm the sexuality of this specimen, or to successfully obtain DNA sequence data to 
confirm the identity of this specimen. Nevertheless, Py. suborbiculata has been recently 
introduced to several regions worldwide (Broom et al., 2002; Montilla &Notoya, 2004; 
Milstein & Oliveira, 2005; Tsutsui et al., 2005; Neefus et al., 2008; Verges et al., 2013a) and 
its occurrence in South Africa cannot be ruled out. 

Specimen examined:  

South Africa. WESTERN CAPE. Cape Infanta, Epilithic in rock pool, 24 Sep 1984, Stegenga 
15251 (BOL). 

 

3.3. Key to species of Pyropia from southern African 

1.  a. Blade thickness less than 60 µm, cells with one chloroplast, cells square to 
rectangular, female reproductive cells with distinct trichogynes 2  

b. Blade thickness greater than 60 µm, cells with two chloroplasts, cells elliptical to 
rectangular, female reproductive cells with or without trichogynes 3  

2.  a. Epilithic; thalli orbicular; microscopic teeth along the thallus margin Py. cf. 
suborbiculata 

b. Epibiont on kelp (epiphytic on kelp or epizoic on kelp limpets); thalli small, 
lanceolate to obovate, ruby red to deep purple; thallus margin entire (no 
microscopic teeth) Py. meridionalis 

3.  a.  Epilithic; thalli lanceolate with highly undulated margins, purple; vegetative cells 
rectangular in cross section Py. saldanhae 

b. Commonly epiphytic on Pachymenia orbitosa; thalli cordate to obovate, brown-
red; vegetative cells elliptical in cross section Py. aeodis 

 

 

4. Discussion 

Prior to this study, four identified and three unidentified species of Pyropia, all previously 
assigned to the genus Porphyra  were recorded from southern African. In the present study 
the presence of two of the aforementioned, identified species was confirmed using an 
integrative taxonomic approach based on morphological, ecological and molecular data. 
These were Py. saldanhae, and Py. aeodis, and a third species was newly described: Py. 
meridionalis sp. nov. A fourth species was tentatively identified, based on morphological 
grounds, as the widely distributed Py. suborbiculata. However, despite an intensive 
sampling strategy this species has not been found again, and given the taxonomic 
uncertainty and limited information regarding Py. suborbiculata from South Africa, 
comparisons between it and the other species from southern African remain futile. The 
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identities of Pyropia gardneri and Porphyra sp. indet. from South Africa (sensu Stegenga et 
al., 1997), as well as Porphyra sp. (Lluch, 2002) from Namibia, are discussed later. 

4.1. Pyropia meridionalis, a new species from southern Africa 

Py. meridionalis is newly described from the temperate coastline of southern Africa. The 
species corresponds to the undescribed entity recovered in previous molecular phylogenetic 
studies, and referred to as “ZLI” by Jones et al. (2004) and RSAk by Reddy et al. (2018). The 
new species, sampled  from South Africa, was misidentified as P. gardneri Stegenga et al. 
(1997). Porphyra sp. indet. and P. gardneri from South Africa were considered to represent 
separate entities by Stegenga et al. (1997), because they differed by minor morpho-
anatomical characteristics and did not overlap in distribution. Pyropia gardneri (as Porphyra 
gardneri) was recorded along the south-west coast of South Africa and noted to have a 
smaller, lanceolate thallus and recognizable trichogynes, while Porphyra sp. indet., which 
occurs along the west coast of South Africa, had a larger, cordate thallus and a marginally 
thicker blade compared with Pyropia gardneri (as Porphyra gardneri; Stegenga et al., 1997). 
Many anatomical features and, to a lesser extent, morphological features such as the 
distinctive stipe-like holdfast and two-sectored fertile bands along the thallus margin, 
overlap with those in the current description of Py. meridionalis. Indeed reference to 
herbarium specimens indicates that Porphyra sp. indet. and Py. meridionalis (as Py. 
gardneri; Stegenga et al., 1997) represent individuals at either end of the size spectrum of a 
single species. The Namibian entity described by Lluch (2002) is of a size intermediate 
between the entities described by Stegenga et al. (1997) as Porphyra sp. indet. and 
Porphyra (now Pyropia) gardneri, and thus fits within the range of Py. meridionalis. 
Therefore, Porphyra gardneri (sensu Stegenga et al., 1997), Porphyra sp. indet. (Stegenga et 
al., 1997) from South Africa, and Porphyra sp. (Lluch, 2002) from Namibia are subsumed into 
Py. meridionalis. Pyropia meridionalis, which occurs from South Africa to Namibia and which 
has a marked variability in morphology, represents a case of taxonomic inflation for 
southern African seaweeds, in the sense that individuals of various size classes within this 
species have erroneously been identified as multiple species. This emphasizes the need to 
capture the full extent of variation throughout the distribution range of species (Reddy, 
2018). 

Pyropia meridionalis is widely distributed, occurring across two marine provinces, the warm-
temperate Agulhas Marine Province and the cool-temperate Benguela Marine Province. 
Such a wide distribution range is unusual for a single species, especially when genetic data is 
used to corroborate identity. Although specimens collected during this study were 
associated with kelp and attached at a depth of ca. 2–3 m at low tide, blades were generally 
found attached to the kelp limpet, which could be closer to the surface. The diminutive 
bladelets of Py. meridionalis may be easily missed in the field as kelp and the kelp limpet, 
Cymbula compressa, commonly host a number of other bladed red algal species (Anderson 
et al., 2006). As such this species has likely been overlooked until recently and may be 
overlooked in other temperate localities in southern Africa. 

4.2. Pyropia species associated with kelp 

In addition to Py. meridionalis, a few other species, such as Py. gardneri, Py. nereocystis and 
Py. drachii have been reported to be epiphytic on kelp in other regions of the world. Pyropia 
gardneri grows epiphytically on the blades of Laminaria setchellii P.C. Silva and Egregia 
menziesii (Turner) Areschoug, and appears to be restricted to the North Pacific and Central 

http://www.algaebase.org/search/?genus=Laminaria
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America based on sequence data. The much larger, Py. nereocystis (C.L. Anderson) S.C. 
Lindstrom, grows up to a few meters in length and occurs along the eastern Aleutian Islands 
to central California. This species grows epiphytically on Nereocystis leutkeana (K. Mertens) 
Postels & Ruprecht but may also occur rarely on other species of kelp in the region. Another 
bladed bangialean species, Wildemania cuneiformis (Setchell & Hus) S.C. Lindstrom, which is 
a common component of the macroalgae in the Pacific, commonly grows epilithically but 
occasionally may grow on Nereocystis leutkeana; however, this alga may be distinguished 
from Py. nereocystis based on overall morphology and anatomy (Proudfoot & Fretwell, 
2015). The infrequent co-occurrence of a commonly epilithic bladed Bangiales and an 
obligate epiphytic bladed Bangiales co-inhabiting a single host is similar to Py. meridionalis 
and Py. saldanhae co-inhabiting Ecklonia maxima.  

4.3. Habitat as a taxonomically informative character for species of southern 
African Pyropia 

All three southern African species of Pyropia are divergent in their general habitat 
preference: Py. meridionalis is a subtidal kelp epibiont, Py. saldanhae is commonly epilithic 
in the lower eulittoral and Py. aeodis is commonly epiphytic on Pachymenia orbitosa in the 
low intertidal to sublittoral, but may be epilithic. Thus habitat preference may be a 
taxonomically informative character for southern African Pyropia. Habitat preference has 
similarly been found to be taxonomically informative for species of Pyropia in Japan (Miyata 
& Kikuchi, 1997). A distinct habitat association allows for the easy field identification of 
species and by-passes the need for molecular verification.  

4.4. Endemism in the Benguela Marine Province in southern African 

Specimens identified as Py. saldanhae from Namibia were re-examined and differed from 
South African specimens in cell dimensions and habitat preference (epiphytic) (Lluch, 
(2002). Similarly, the identification of Py. aeodis in Namibia has been based solely on its 
morphology and substrate affinity (Griffin et al., 1999; BOL records). The Namibian 
distributions for both these species therefore remain to be confirmed by molecular studies. 

Species boundaries for Py. saldanhae and Py. aeodis in South Africa were largely confirmed 
using DNA-based species delimitation methods (Reddy et al., 2018), and considerable 
intraspecific genetic diversity was noted in both species. This is particularly true for Py. 
aeodis, which requires a more comprehensive and targeted sampling strategy to fully 
understand the genetic diversity and geographic distribution of this species. In the present 
study, blades of Py. aeodis were observed growing in spring, abundantly in summer and 
extending into autumn (Reddy et al., 2018; this study). This pattern closely resembles that of 
its host Pachymenia orbitosa (Levitt et al., 1995). In late autumn and early winter, the 
generally epiphytic Py. aeodis was found to occur epilithically and this could be related to 
the scarcity or absence of its host.  

The distribution range of Py. saldanhae is extended here (previously known from 
Olifantsbos on the Cape Peninsula to Hondeklip Bay) further east into False Bay (Rooiels) 
where it was observed for three consecutive years, but only during the winter. Pyropia 
saldanhae has never previously been found east of the Cape Peninsula despite extensive 
seaweed surveys along the south-western Cape region, including False Bay (Stegenga et al., 
1997). Thus, we cannot rule out the possibility that the species’ range has recently shifted 
eastward: eastward shifts have also been reported  for the kelp, E. maxima (Bolton et al., 
2012, range shift) and the rock lobster Jasus lalandii (Blamey & Branch, 2012; Blamey et al., 
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2015: biomass shift). Despite some differences in the gross thallus morphology of plants 
found in Rooiels, anatomical characteristics overlapped with the current description of Py. 
saldanhae. This was supported by molecular sequence data and DNA-based species 
delimitation methods (Reddy et al., 2018). 

4.5. Taxonomic uncertainties 

The anatomical features of specimens identified as Py. cf. suborbiculata from South Africa 
are mostly consistent with the description of this species, with the most striking feature 
being the presence of microscopic teeth along the thallus margin (Neefus et al., 2008; 
Verges et al., 2013a). Although many common characteristics are shared between Py. 
meridionalis and Py. cf. suborbiculata from South Africa, they primarily differ in substrate 
preference and micro-dentation along the thallus margin of the latter, which has not been 
recorded for any other species of Bangiales from South Africa. Microscopic teeth along the 
thallus margin however are not unique to Py. suborbiculata and have also been recorded in 
other, albeit not as widely distributed, Asiatic species such as Pyropia 
tanegashimensis (Shinmura) N. Kikuchi & E. Fujiyoshi, Py. vietnamensis (Tak.Tanaka & Pham-
Hoàng Ho) J.E. Sutherland & Monotilla and more recently in two newly described species, 
Py. islae Dumilag and Py. lunae Dumilag (Dumilag et al., 2016; Dumilag & Yap, 2018).  

Pyropia suborbiculata was first described from Japan and has since been recorded along the 
coasts of North America (Atlantic), Mexico (Pacific), the Iberian Peninsula (Atlantic Ocean 
and Mediterranean Sea), Brazil, Australia and New Zealand (Broom et al., 2002; Montilla & 
Notoya, 2004; Milstein & Oliveira, 2005; Tsutsui et al., 2005; Neefus et al., 2008; Verges et 
al., 2013a). Molecular data have confirmed that Py. suborbiculata is widespread and that it 
has been recently introduced in many parts of the globe, but may be overlooked because of 
its small thalli (Neefus et al., 2008; Verges et al., 2013a). Where Pyropia suborbiculata has 
been introduced it tends to be widely distributed, however, in South Africa it has only been 
collected on a single occasion. 

Nevertheless, it is difficult to confirm the identity of Py. cf. suborbiculata based on 
morphological and anatomical features alone. In the absence of new collections it would be 
necessary to sequence fragments of herbarium specimens to confidently identify this 
species. Unfortunately the existing specimens were initially preserved using formalin (pers. 
comm. R.J. Anderson). 

4.6. Phylogenetic relationships of species of Pyropia endemic to southern Africa 

Southern African Pyropia do not form a monophyletic group confirming that members of 
this genus do not represent a species radiation in southern Africa. Instead, species of 
Pyropia from southern Africa are placed in distantly related clades indicating that the 
different species speciated independently along this coast. 

Pyropia meridionalis was resolved in a clade with several species from the Pacific region but 
also other regions (Fig. 3, supplementary fig. S1). Within this clade, Py. meridionalis and the 
northern Atlantic ‘6POR’ are very closely related sister species.  

The unusual placement of Py. meridionalis in a Pacific-Atlantic clade raises the question as 
to whether this species is truly endemic to southern Africa. As an example, Py. 
acanthophora Oliveiria & Coll was first described in Brazil in 1975, but was only later 
recorded in the Pacific where it is native. Pyropia acanthophora has since been shown, using 
a molecular approach (Milstein et al., 2012; Milstein et al., 2015; Dumilag & Aguinaldo, 
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2017), to have been introduced to Brazil from the Pacific. Similarly, Nelson et al. (2014) 
recorded Py. koreana in New Zealand. This species was originally described from Korea but 
Nelson et al. (2014) suggest it may be native to some other region in the world due to its 
phylogenetic position. More recently, Lindstrom (2018) identified a new species of Pyropia 
along the Canadian coast that was likely introduced from Asia via transport of debris 
following a Tsunami in the latter region. This species shares a close phylogenetic 
relationship with species from Asia and is likely to have originated from this region. This 
non-native species has not yet been described as it is yet to be recorded in its native region. 
However, despite the possibility of Py. meridionalis, (as for aforementioned species) having 
a centre of origin elsewhere in the world, it is currently only known from southern Africa 
and was therefore described as a new species.  

In the larger clade in which Py. saldanhae is placed, it is closely related to species from the 
Falkland Islands and New Zealand and much more distantly related to a species (Py. pulchra) 
from the north Pacific. This suggests a recent divergence between these Southern 
Hemisphere taxa and an earlier isolation and divergence from Northern Hemisphere taxa. 
Pyropia aeodis is resolved in a major clade with species predominantly from the Southern 
Hemisphere but also a few species from the Northern Hemisphere. The high species 
diversity and deep divergence between taxa in this clade, particularly between Southern 
Hemisphere taxa (Broom et al., 2004; this study), suggest that species belonging to this 
clade have been established in the Southern Hemisphere for a long time. 

Phylogenetic relationships between Py. saldanhae and its closely related southern 
hemisphere relatives, and Py. aeodis and its affinities to related Southern Hemisphere taxa, 
support the notion of past connectivity in the Southern Ocean. Hommersand (1986) 
proposed a model whereby long-range dispersal of marine organisms may have been 
facilitated by the West Wind Drift in the Southern Hemisphere in the late Miocene (ca. 5–12 
MYA). The later strengthening of the West Wind Drift may have then isolated populations, 
which subsequently speciated along various Southern Hemisphere coastlines such as South 
America, South Africa, Australia, and New Zealand (Hommersand, 1986). Aspects of the 
model have since been supported by molecular phylogenies for a number of taxa (Coyer et 
al., 2001; Hommersand & Fredericq, 2003; De Clerck et al., 2008; Russell et al., 2009). 
However, to date no study has provided a time-calibrated phylogeny for Southern 
Hemisphere connectivity and therefore the age of these events remain uncertain. 
Nevertheless, molecular phylogenetic data of siphonous green algae in the Southern Ocean 
suggest a more recent isolation for species in this group of algae which could have occurred 
in the late Pleistocene-Pliocene, rather than the Miocene (Verbruggen et al., 2005). Even 
though we lack a timescale for the evolution of Pyropia, our data suggest that dispersal and 
speciation in the temperate Py. saldanhae and the temperate Py. aeodis clade took place 
during different periods in history, supporting hypotheses by both Hommersand (1986) and 
Verbruggen et al. (2005). This suggests a more complex temporal scenario for past and 
present dispersal of the Bangiales in the Southern Ocean (Hommersand, 1986). However, 
further research is required for much of the Southern Ocean islands and Antarctica in order 
to further clarify phylogenetic relationships and biogeographic affinities of species within 
these clades.  
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Table 3.1. Summary of morphological and ecological traits of species of Pyropia recorded along the southern African coast. Taxonomic identities that are doubtful are in 

grey and are provided for comparative purposes. Distributions are based on morphological and molecular records (*) of the species. 

Species 

Blade 

thickness 

(µm) 

Cell 

size 

(µm) 

Cell 

Shape 
Chloroplast Reproduction 

Thallus 

morphology 

Thallus 

Size 
Colour Substrate Depth Seasonality Distribution 

Py. 

meridionalis 

25–30 

(60) 

10–

20 

Square to 

rectangular 
1 Monoecious 

Lanceolate 

to obovate 
Small 

Deep 

ruby 

Epizoic on 

Cymbula 

compressa or 

epiphytic on 

kelp 

Subtidal 

 

Austral 

summer 

Muizenberg to 

Port Nolloth*; 

the Kei River 

and Langstrand, 

Namibia 

Py. gardneri 

(S.A) 
25–30 

10–

12 

Square to 

rectangular 
1 Monoecious Lanceolate Small ? 

Epiphytic on 

E. maxima 

Subtidal 

 
? 

Cape of Good 

Hope to 

Brandfontein 

Porphyra sp. 

indet. 

(Stegenga et 

al., 1997) 

40–60 
20–

25 

Square to 

rectangular 
1 Monoecious 

Lanceolate 

to obovate 
Large ? 

Epiphytic on 

E. maxima and 

L. pallida 

Subtidal 

 
? 

Platboombaai to 

Yzerfontein 

Porphyra sp. 

(Lluch, 2002) 
24–36 

14–

20 

Square to 

rectangular 
1 Unknown 

Elongate to 

obvate 
Small ? 

Epiphytic on 

Mazzaella 

capensis and 

Chaetomorpha 

aerea 

Eulittoral ? 
Langstrand, 

Namibia 

Py. cf. 

suborbiculata 

(S.A) 

20–35 
10–

15 

Square to 

rectangular 
1 Monoecious? Orbicular Small 

Pale 

pink 
Epilithic Intertidal ? Cape Infanta 

Py. aeodis 

 
60–140 

25–

35 
Ellipse 2 Monoecious Cordate 

Small to 

medium 

Red-

Purple 

Epiphytic on 

P. orbitosa 

Sublittoral 

fringe 

Late austral 

spring to 

autumn 

Cape peninsula 

to west coast of 

South Africa*; 

Namibia and 

southern Angola 

Py. 

saldanhae 
60–100 

25–

40 

Rectangular 

to ellipse 
2 Monoecious Lanceolate 

Medium 

to large 
Purple Epilithic 

Sublittoral 

fringe 
Year-round 

Rooiels to 

Hondeklipbaai*; 

Namibia and 

southern Angola 
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Fig. 1: Map indicating sample sites of newly obtained specimens of Pyropia from South Africa 
indicated in black circles and reference sites indicated in grey circles. 
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Fig. 2. Phylogram based on the cox1 barcoding region. Nodal support depicted as circles the 
top half of which indicates PP and the bottom BP, black indicates good support (0.80-1.0/80-
100), grey indicates moderate support (0.60-0.79/60-79) and white indicates poor to no 
support. Geographic oceanic region in square brackets.  
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Fig. 3. Concatenated tree based on the cox1, rbcL and nSSU genes. Nodal support depicted as 
circles the top half of which indicates PP and the bottom BP, black indicates good support 
(0.80-1.0/80-100), grey indicates moderate support (0.60-0.79/60-79) and white indicates 
poor to no support. Geographic oceanic region indicated as different coloured branches 
according to the key. 
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Fig. 4. Morphological and anatomical features of Py. meridionalis sp. nov. a) Py. meridionalis 
attached to its host Cymbula compressa; b) General morphology (holdfast inset); c) Surface 
view of cells along the thallus margin; d) Vegetative cells in cross section of thallus, showing  
blade thickness; e) Surface view of vegetative cells; f) Isodiametric, rhizoidal cells near 
thallus base; g) Cross section of thallus showing female reproductive cells with distinct 
trichogynes on opposite ends; h) Female reproductive cells (larger and elliptical) and 
spermatia (lanceolate to fusiform); i) Surface view of reproductive cells; j) 
Zygotosporangium. Scale bars in white represent 40 µm. 
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Fig. 5. Morphology features of Py. saldanhae a) Thallus morphology; b) Vegetative cells in 
cross section; c) Vegetative cells in surface view; d) Reproductive cells in surface view; e) 
Spermatia in cross section; f) Zygotosporangia in cross section; g) Zygotosporangium; h) 
Plants usually occur in the sublittoral fringe amongst low-shore biota; i) Plants growing on 
mussels. Scale bars in white represent 40 µm. 
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Fig. 6. Morphological features of Py. aeodis. a) Morphology of thallus with basal holdfast; b) 
Morphology of thallus with central holdfast; c) Plants epiphytic on the larger, yellowish 
Pachymenia orbitosa; d) Vegetative cells in cross section of thallus; e) Surface view of 
vegetative cells; f) Surface view of intermingled reproductive and vegetative cells; g) Surface 
view of spermatia; h) Zygotosporangia in surface view; i) Zygotosporangia in cross section; j) 
Spermatia in cross section of thallus; k) Zygotosporangium. Scale bars in white represent 40 
µm. 
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Fig. 7. Morphological and anatomical features of Py. suborbiculata from South Africa a) 
Herbarium specimen 15251 (BOL); b) Micro-dentation along the thallus margin; c) 
Vegetative cells in cross section of thallus; Vegetative cells; d); e) Vegetative cells in surface 
view; f) Rhizoidal cells at the base of thallus; g) Presumably developing reproductive and 
vegetative cells; h) Possibly zygotosporangium. Scale bars in white represent 40 µm. 
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