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ABSTRACT: The intertidal seaweed flora of Isipingo Beach, Natal, is described. Isipingo Beach hes 
on the sub-tropical east coast of southern Africa and is the only east coast locality studied in detail by 
pioneering biogeographers. A total of 172 species (37 chlorophytes, 26 phaeophytes and 109 
rhodophytes) are recorded. A phycogeographical analysis of 124 species with sufficiently 
documented distributions, shows that 69 % are warm water species also known from the tropical 
coasts of Mozambique, Tanzania and Kenya. The phycogeographical affinity of the Isipingo flora is 
certainly with sub-tropical and tropical floras. 

INTRODUCTION 

The study of marine organisms along the coast of southern Africa was pioneered by 
Stephenson (1939, 1944, 1948). Stephenson and co-workers, in their quest to identify a 
zonation scheme relevant to southern African shores, studied the distribution of marine 
organisms at eight different localities (Stephenson et al., 1937; Bright, 1938a, 1938b; Eyre 
& Stephenson, 1938; Eyre et al., 1938; Stephenson et al., 1938; Eyre, 1939; S tephenson et 
al., 1940). Observations made during these investigations were combined to produce a 
zonation scheme applicable to the entire southern African shore and to identify three 
biogeographical  provinces (Stephenson, 1939, 1944, 1948). 

Stephenson (1948) identified cold temperate,  warm temperate and sub-tropical 
provinces associated with the west, south and  east coasts of the subcont inent  (Fig. 1). The 
location of these provinces has long been  associated with the ocean current pat tern along 
the southern African shore (Isaac, 1937; Stephenson,  1948). The east coast is inf luenced 
by the warm Agulhas Current  which has its origins in the South Equatorial Current  of the 
Indian Ocean. The Agulhas Current, while cooling down as it moves south along the 
coast retains a core temperature of 25 ~ which facilitates the spread of tropical mar ine  
organisms far to the south (Brown & Jarman,  1978). The west coast is inf luenced by the 
cold, north flowing Benguela Current  which originates at the sub-tropical convergence,  
from Atlantic Central  water. The Bengue la  Current  is reinforced by the Antarctic West 
Wind drift making  it considerably colder than the currents of the: east and south coasts 
(Brown & Jarman, 1978). The mean  annua l  sea temperature  at Durban on the east coast is 
21.7 ~ which is well above the annua l  temperature  of 12.4 ~ at Port Nolloth, si tuated at 
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the same latitude on the west coast (Fig. 1; temperature  data for 1973-1983 supplied by 
the South African Maritime Office). 

The three provinces described by Stephenson (I948) have general ly  been  accepted 
(e.g. Brown & Jarman,  1978), but  the west  coast flora was considered by Bolton (1986) to 
be  better  described as warm temperate, though still distinct from the warm temperate 
south coast flora. A transitional change  of species from cold water through warm 
temperate  to warm water was observed to occur along the southern African coastline 
from west to east (Stephenson, 1944, 1948). Such a transition has been  confirmed more 
recently with the identification of two transition regions: warm temperate  west  coast flora 
to warm temperate  south coast flora (western overlap) in the region of Cape Agulhas 
(Bolton, 1986), and  warm temperate south coast flora to sub-tropical east coast flora 
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Fig. 1. Southern Africa and the localities mentioned in the text. Also shown are the phytogeographi- 
cal provinces recognized by South African phytogeographers. The inset shows the location of 

Isipingo Beach, south west of Durban 
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(eastern overlap) in the region of Hluleka, Transkei (Bolton & Stegenga, 1987). Recently 
the central point of the western overlap was identified to occur at Cape Hangklip 
(Jackelman et al., 1991), an area slightly west of Cape Agulhas. 

Most biogeographical work has been carried out in the two temperate provinces (e.g. 
Isaac, 1937; Stephenson et al., 1937; Bright, 1938a, 1938b; Eyre et al., 1938; Stephenson 
et al., 1938; Eyre, 1939; Stephenson et al., 1940; Isaac, 1949; Bolton, 1986; Bolton & 
Stegenga, 1987; Lawson et al., 1990; Jackelman et al., 1991). Ecological work in these 
provinces has also provided fairly comprehensive species lists (e.g. Klenk, 1985; Munnik, 
1987; Anderson & Stegenga, 1989). Only one (Eyre & Stephenson, 1938) of the eight early 
studies by Stephenson and co-workers, was conducted on the east coast. Little has been 
done since, except for the largely ecological work of Thomson (1954), Guy & Jarman 
(1969), Sinton (1970), Jackson (1976) and Lambert (1976). The species lists included in 
these publications have been restricted to "ecologically important" species. The only 
extensive species list published for the east coast of southern Africa is a check list for 
Maputaland on the northern Natal coast listing 220 species (Seagrief, 1980). Recent work 
suggests that there are more than 400 seaweed species to be found on the coast of Natal 
(Norris & Aken, unpubl, data). Earlier, less extensive lists including Natal seaweeds are 
those by Barton (1893, 1896) listing 89 species, Dell & Michel (1921) listing 72 species, 
Stephenson (1948) listing 107 species and Simons (1976) listing 101 species. 

This paper provides a list and biogeographical analysis of macroalgal species 
collected at Isipingo Beach on the Natal coast. Isipingo Beach was the only east coast 
locality studied in detail by Stephenson (Eyre & Stephenson, 1938) and it is from this 
historical locality that species considered characteristic of the sub-tropical east coast were 
first collected and identified. 

COLLECTION SITE AND METHODS 

Isipingo (29~ 31~ 18 km south of Durban; Fig. 1) is almost centrally situated 
on the east coast of South Africa. The rocky intertidal zonation pattern at Isipingo was 
described by Eyre & Stephenson (1938) and is typical of the east coast zonation pattern 
(Stephenson, 1944). The supralittoral ~ringe is dominated by the mollusc Littorina spp. 
and a few algal species such as Bostrychia spp. and Rhizoclonium ambiguum. The 
midlittoral zone is delimited by the rock oyster Saccostrea cucuflata (Born.) Dollfuss & 
Doutzenberg above, and by the zoanthid Palythoa neltiae Pax. below. Intertidal algae of 
the midlittoral zone are mostly turf forming species such as Caulacanthus ustulatus and 
Gelidium reptans, except where rock pools support numerous larger species such as 
Sargassum heterophyllum, Codium spp. and Galaxaura spp. The sublittoral fringe is 
dominated by wave-resistant algae such as Hypnea spicifera, Gelidiurn abbottorium and 
Plocamium corallorhiza (Eyre & Stephenson, 1938; Thomson, 1954). 

Samples were collected at monthly intervals from March, 1990-June, 1991. Sea- 
weeds were preserved in 4 % formaldehyde in seawater. Fixed specimens were mounted 
on herbarium sheets or (in the case of smaller species) preserved in the form of 
permanent microscope slides (mounted in glycerine jelly stained with gentian violet; 
O'Brian & McCully, 1981). Each species was given a catalogue number. The liquid- 
preserved material, herbarium sheets and slides are housed in the Botany Department of 
the University of the Witwatersrand. Large, common, algae Could usually be identified 
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using Simons (1976); some species, however, required the use of other taxonomic 
publications. Kylin (1938), Levring (1938), Papenfuss (1947), Silva (I959), Simons (1966), 
Jaasund (1976), Lawson & John (1982), Norris & Aken (I985), Wynne (1985), Norris 
(1986), Lambert et al. (1987), Norris (1987a, 1987b, 1987c), Norris et al. {1987), Norris & 
Molloy (1988), and King & Puttock (1989) were consulted when Simons (1976) proved 
unsatisfactory. 

The phytogeographic affinity of the seaweed flora of Isipingo was assessed by means 
of a florisfic ratio calculated using Cheney's (1977) formula: 

R + C  

P 

Where C = no. of chlorophyte species 
P = no. of phaeophyte species 
R = no. of rhodophyte species. 

In addition to this pseudo-quantitative indicator of "biogeographical nature" the 
distribution patterns of species with well documented distribution records were plotted 
according to their distribution around nine southern African sites. This served as an 
additional gauge of the affinity of the Isipingo region with neighbouring warm temperate 
and tropical regions. 

RESULTS 

A total of 172 algae were identified. This total was made up of 37 species of 
Chlorophyta (17 genera), 26 species of Phaeophyta (16 genera) and 109 species of 
Rhodophyta (67 genera). The Caulerpales, Dictyotales, Ceramiales, Corallinales and 
Gigartinales, orders rich in pantropical genera and species (Liining, 1990) each contri- 
buted ten percent or more of the total species number, The floristic ratio of Cheney (1977; 
R+ C/p) gave a value of 5.6. 

In the list below, nomenclature follows Seagrief (1984), except for recent changes in 
Silva et al. (1987), Norris (1987b, 1987c), Norris et al. (1987), King & Puttock (1989) and 
Norris (1990). The classification scheme of the Chlorophyta and Phaeophyta follows Silva 
et al. (1987), Lee (1989) and Lfining (1990) for the delimitation of orders and families. The 
delimitation of rhodophytan orders follows Garbary & Gabrielson (I990), family delimita- 
tion follows Silva et al. (1987) and Lfining (1990)~ 

Division: Chlorophyta 

Class: Ulvophyceae 

Order: Caulerpales 

Family: Caulerpaceae 

Caulerpa filiformis (Suhr) Hering 
Caulerpa racemosa (Forssk,)J.Ag. vat. laetevirens (Mont.) Weber-van Bosse 
Caulerpa racemosa (Forssk,) J.Ag. vat, peltata (Lamour.) Eubank 
Caulerpa racemosa (Forssk.) J.Ag. var. racemosa Papenf. et Egerod 
Caulerpa racemosa (Forssk.) J.Ag. var. turbinata (J.Ag.) Eubank 
Caulerpa racemosa (Forssk.) J.Ag. var. zeyheri (Sonder ex Kfitz.) Weber-van Bosse 



The intertidal algae of Isipingo Beach, Natal, South Africa 149 

Family: Codiaceae 

Codium capitatum Silva 
Codium duthieae Silva. 
Codium extricatum Silva 
Codium prostratum Levr. 
Codium spongiosum Harv. 

Family: Derbesiaceae 

Bryopsis caespitosa Suhr ex Kfitz. 
Bryopsis flanaganii Barton 
Bryopsis setacea Herin 9 
Derbesia hollenbergii Taylor 

Family: Udoteaceae 

Halimeda cuneata Hering in Krauss 
Pseudocodium devriesii Weber-van Bosse 
Udotea orientalis A. et E. S. Gepp 

Order: Cladophorales 

Family: Anadyomenaceae 

Microdictyon kraussii Gray 

Family: Cladophoraceae 

Chaetomorpha antennina (Bory) Kiitz. 
Chaetomorpha crassa (C. Ag.) Kiitz. 
Chaetomorpha linum (O. F. Miill.) Kiitz. 
Cladophora contexta Levr. 
Cladophora radiosa (SUM) Kfitz. 
Cladophora rugulosa Martens 
Cladophora virgata (C. Ag.) K~itz. 
Rhizodonium ambiguum (Hook. f. et Harv.) Kfitz. 

Order: Dasycladales 

Family: Dasycladaceae 

Acetabularia calyculus Lamour. 

Order: Siphonocladales 

Family: Siphonocladaceae 

Chamaedolqs delphinii (Hariot) Feldmann et Boerg. 
Cladophoropsis herpestica (Mont.) Howe 

Family: Valoniaceae 

Valonia aegagropila C. Ag. 
Valonia macrophysa Kfitz. 

Order: Ulvales 

Family: Ulvaceae 

Enteromorpha compressa (L.) Grev. 
Enteromorpha lingulata J. Ag. 
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Enteromorpha prolifera (O. F. M(ill.) J. Ag. 
[flva fasciata Dehle 
Ulva rigida C. Ag. 

Division: Phaeophyta 

Class: Phaeophyceae 

Order: Dictyosiphonales 

Family: Chnoosporaceae 

Chnoospora minima (Hering) Papenf. 

Order: Dictyotales 

Family: Dictyotaceae 

Dictyopteris deficatula Lamour. 
Dictyopteris longifolia Papenf. (in ed.) 
Dictyopteris serrata (Aresch.) Hoyt. 
Dictyota adnata Zan. sensu Jaasund 
Dictyota cf. ceylanica Kfitz. 
Dictyota dichotoma (Hudson) Lamour. var. intn'cata (J. Ag.) Grev. 
Dictyota divaricata Lamour. 
Dictyota liturata J. Ag. 
Dictyota naevosa (Suhr) J. Ag. 
Dilophus suhrn" (K/itz.) Papenf. 
Lobophora variegata (Lamour.) Wom. 
Padina boryana Thivy 
Stoeeheospermum marginatum (J. Ag O Kfitz. 
Zonaria harveyana (Pappe ex K~tz.) Aresch. 
Zonaria subarticulata (Lamour.) Papenf. 
Zonaria tournefortfi (Lamour.) Mont. 

Order: Ectocarpales 

Family: Ectocarpaceae 

Ectocarpus rhodochortonoides Boerg. 
Giffordia conifera (Boerg.) Taylor 

Family: Ralfsiaceae 

Ralfsia expansa (J. Ag.) J. Ag: 

Order: Fucales 

Family: Sargassaceae 

Sargassum elegans Suhr 
Sargassum heterophyllum (Turn.) C. Ag. 
Turbinaria ornata (Turn.) J. Ag. 

Order: Scytosiphonales 

Family: Scytosiphonaceae 

Colpomenia sinuosa (Roth) Derbes et Solier 
Endarachne binghamiae J. Ag. 
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Order: Sphacelariales 

Family: Sphacelariaceae 

Sphacelaria novae-hollandiae Sonder 

Division: Rhodophyta 

Class: Rhodophyceae 

Subclass: Florideophycidae 

Order: Ceramiales 

Family: Ceramiaceae 

Antithamnion eliseae R. E. Norris 
Ballia beckeri Schmitz ex Mazza 
Callithamnion stuposum Suhr 
Centroceras davulatum (C. Ag.) Mont. 
Ceramium centroceratiforme Simons 
Ceramium glanduliferum Kylin 
Cerarnium obsoleturn C. Ag. 
Ceramium poeppigianum Grunow 
Crouania franciscii Cormaci, Furnari et Scammacca 
Griffithsia confervoides Suhr 
Griffithsia schousboei Mont. 
Griffithsia secunda Harv. ex J. Ag. 
Gymnothamnion elegans (Schousboe ex C. Ag.) J. Ag. 
Microdadia exserta Wynne 
Pleonosporium fih'cinum (Ham. ex J. Ag.) De Toni 
Spyridia cupressina (Harv.) Kfitz. 
Spyridia hypnoides (Bory) Papenf, 

Family: Dasyaceae 

Dasya scoparia Harv. ex J. Ag. 
Heterosiphonia cf. arenaria Kylin 

Family: Delesseriaceae 

Acrosorium acrospermum (J, Ag.) Kylin 
Acrosorium maculatum (Kiitz.) Papenf. 
Acrosorium uncinatum (Turner) Harv. 
Apoglossum spathulatum (Sond.) Worn. et Shepl. 
Caloglossa leprieurii (Mont.) J. Ag. 
Platysiphonia miniata (C. Ag.) Boerg. 
Pollexfenia minuta (Kyhn) Papenf, 

Family: Rhodomelaceae 

Bostrychia tenella (Lamour.) J. Ag. ssp. tenella 
Bostrychia tenefla (Lamour.) J. Ag. ssp. flagellifera (Post) King et Puttock 
Chondria dasyphylla (Woodw.) C. Ag. 
Digenea subarticulata Simons 
Falkenbergiella capensis Kylin 
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Herposiphonia heringii (Harv.) Falkenb. 
Herposiphonia secunda (C. Ag.) Ambronn f. tenella (C. Ag.) Wynne 
Kuetzingia natalensis J. Ag. 
Laurencia flexuosa Kfitz. 
Laurencia natalensis Kylin 
Laurencia pumila (Grunow) Papenf. 
Lophosiphonia reptabunda (Suhr) Kylin 
Murrayella periclados (C. Ag.) Schmitz 
Ophidocladus simpliciusculus (Crouan) Falkenb. 
Pachychaeta cryptoclada Falkenb. 
Placophora binderi (J. Ag.) J. Ag. 
Potysiphonia incompta Harv. 
Polysiphonia cf. scopularum Harv. 
Polyzonia elegans Suhr 
Pterosiphonia doiophylla (C. Ag.) Falkenb. 
Pterosiphonia spinifera (Kiitz.) Norris et Aken 
Pterosiphonia stangeri (J. Ag.) Falkenb. 
Rhodomelopsis africana Pocock 
Stictosiphonia hookeri (Harv.) Hook. et Harv. 
Symphyocladia marchantioides (Harv.) Falkenb. 

Order: Corallinales 

Family: Corallinaceae 

Amphiroa anceps (Lamarck) Decaisne 
Amphiroa bowerbankii Harv. 
Amphiroa ephedraea (Lamarck) Decaisne 
Amphiroa rigida Lamour. 
Arthrocardia carinata (Kfitz.) Johansen 
Arthrocardia duthiae Johansen 
Cheilosporum cultratum (Harv.) Aresch. 
Cheilosporum proliferum (Lamour.) De Toni 
Cheflosporum sagittatum (Lamour.) Aresch. 
Corallina officinalis L. 
Haliptilon subulatum (Ellis et Solander) Johansen 
Jania adhaerens Lamour. 
Jania crassa Lamour. 
Jania verrucosa Lamour. 
Lithophyllum spp. 
Lithothamnion spp. 
Melobesia membranacea (Esper) Lamour. 
Metamastophora flabellata (Sonder) Setchell 
Pneophyllum sp. 
Polyporolithon patena (Hook. f. et Harv.) Mason 
Titanoderma pustulatum (Lamour.) Naegeli 
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Order: Gehdiales 

Family: Gelidiaceae 

Gelidium abbottiorum R. E. Norris 
Gelidium arenarium Kylin 
Gelidium micropterum Kfitz 
Gelidium pteridifolium Norris, Hommersand et Fredericq 
Geh'dium reptans (Suhr) Kyhn 
Pterocladia caespitosum (Kylin) R. E. Norris 
Pterocladia calogtossoides (Howe) Dawson 

Order: Gigartinales 

Family: Caulacanthaceae 

Caulacanthus ustulatus (Turner) Kiitz. 

Family: Cryptonemiaceae 

Polyopes constrictus (Turner) J. Ag. 
Prionitis nodifera (Hering) Barton 

Family: Gigartinaceae 

Gigartina minima Kylin 

Family: Gracilariaceae 

Ceratoductyon variabile (Grev. ex J, Ag.) R. E. Norris 
Gracilaria aculeata (Hering) Papenf. 
Gracflaria millardetii (Mont.) J. Ag. 
Gracilaria protea J. Ag. 
Gracflaria salicornia (C. Ag,) Dawson 
Gracilaria vieiflardii Silva 

Family: Hypneaceae 

Hypnea intricata Kyhn 
Hypnea pannosa J. Ag. 
Hypnea rosea Papenf. 
Hypnea spicifera (Suhr) Harv. in J. Ag. 
Hypn ea ten uis Kylin 
Hypnea viridis Papenf. 

Family: Peyssonnehaceae 

Peyssonnelia capensis Mont. 

Family: Plocamiaceae 

Plocamium beckeri Simons 
Plocamium corallorhiza (Turner) Harv. 
Plocamium suhrfi Kfitz. 

Family: Rhizophyllidaceae 

Portieria hornemannii (Lyngb.) Silva 
Portieria tripinnatus (Hering) Silva 
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Order:  Hi ldenbrand ia les  

Family:  H i ldenb rand i aceae  

Hitdenbrandia rosea }(ritz. 

Order:  Nemal ia les  

Family:  He lmin thoc lad iaceae  

I_u'agora ceranoides Lamour. 

Family:  Ga l axau raceae  

Galaxaura diesingiana Zan. 
Galaxaura marginata (Ellis et Solander) Lamour. 
Galaxaura obtusata (Elhs et Solander) Lamour. 

Order:  Rhodymenia les  

Family:  C h a m p i a c e a e  

Champia compressa Harv. 

Family:  Rhodymen iaceae  

Botryodadia madagascariensis Fe ldmann  
Rhodymenia natalensis Kyhn 

P h y t o g e o g r a p h i c a l  a f f in i t i e s  of t h e  I s i p i n g o  f lo ra  

Distr ibution records  for 124 of the 172 species  occurr ing at Is ipingo Beach are  
documen ted  sufficiently for b iogeograph ica l  analysis  (i.e. were  repor ted  from par t icular  
locali t ies on the South African Coast  in at least  two pubhcat ions;  re fe rences  used 
inc luded  Barton, 1983, 1986; Delf & Michell ,  1921; S tephenson  et al., I937; Bright,  1938a, 
1938b; Eyre & Stephenson,  1938; Eyre et  aI., 1938; S t ephenson  et al., 1938; Eyre, 1939; 
S tephenson  et al., 1940; Stephenson,  1948; Isaac, 1949; Simons, 1966; Klenk, 1985; 
Munnik,  1987; Seagrief,  1980, 1988; Norris & Aken,  1985: Bolton. 1986; Norris, 1986, 
1987a, 1987b, 1987c; Bolton & Stegenga ,  1987: Norris & Molloy, 1988; Anderson  & 
Stegenga,  1989; Bolton & Stegenga ,  1990; J acke lman  et aI., 1991). Figure  2 i l lustrates the 
distr ibution of the species  a round  sites descr ibed  by several  authors  (e.g. S tephenson.  
1939, 1944, 1948; Brown & Jarman,  1978; Bolton. 1986: and  Bolton & S tegenga ,  1987) as 
significant in b iogeograph ica l  s tudies a long the South African coast. The  s e a w e e d s  of 
Is ipingo could be  sepa ra t ed  into four b iogeograph ica l  classes based  on their  distr ibu- 
tions: a cold wa te r  group containing 4 species,  a ubiqui tous group conta in ing  9 species,  a 
south coast  group conta ining 26 species  and  a warm water  group conta in ing  85 species.  
Cold wate r  spec ies  occur on both the west  and  south coasts, but  do not  ex t end  east  of 
Durban.  This group inc luded Bryopsis setacea and Pterosiphonia cloiophylla. The ubi-  
quitous species  occur along almost the entire coast  of South Africa and  m a y  also ex tend  
further north; it inc ludes  Enteromorpha compressa, Ralfsia expansa, Caulacanthus 
ustulatus, Centroceras davulatum and  Hypnea spicifera. South coast  spec ies  have  their 
centres  of dis tr ibut ion wes t  of the Eastern Over lap  and do not  ex tend  much east  of 
Durban or wes t  of the  Western  Overlap.  This group inc ludes  species  such  as Bryopsis 
flanaganii, Dictyota liturata, Dictyota naevosa, Endarachne binghamiae, Amphiroa bow- 
erbanla'i, Callithamnion stuposum, Ceramium glanduliferum, Gigartina minima and 
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Fig. 2. Distnbution of 124 of the seaweed species reported from Isipingo Beach along the South 
African coast. Four distribution groups are distinguished: cold water species (Group A), ubiquiteus 
species (Group B), south coast species (Group C) and warm water species (Group D). The localities 
used are as follows: Namibian Border (NB), Cape Hangklip (CH), Cape Agulhas (CA), De Hoop 
(DH), Port Flizabeth (pE), East London (EL), Hluleka (H), Isipingo Beach (I) and Mozambique Border 

(MB) 

Portieria tn'pinnatus. The bulk of the species (69 % of the total analysed} are warm water 
species, which, while extending along the south coast over varying distances, all extend 
into sub-tropical and tropical waters to the east of Durban. Most of the warm water 
species are known to occur on Inhaca Island, Mozambique (84 %; Critchley et al., in 
press) and several have been reported as far north as Tanzania (48 %; Jaasund, 1976), 
Kenya (40 %; Lawson, 1980) and Somaha (8 %; Lawson, 1980). This warm wate r  group 
includes  species  such as Acetabularia celyculus, Caulerpa racemosa var. peltata, 
Caulerpa racemose vat.  turbinata, Chamaedoris delphinii, Codium spongiosum, Udotea 
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orientalis, Valonia macrophysa, Dictyopteris delicatula, Padina boryana, Turbinaria 
ornata, Apoglossum spathulatum, Bostrychia tenella ssp. tenella, Galaxaura marginata, 
Hypnea tenuis, Laurencia flexuosa, Murrayella periclados and  Spyridia cupressina. 

DISCUSSION 

Recently described were the seaweed  floras of Cape Hangkl ip  (Jackelman et al., 
1992), De Hoop (Bolton & Stegenga,  1990), Port Elizabeth (Munnik, 1987}, East London 
(Klenk, 1985) and Hluleka (Bolton & Stegenga,  1987). Isipingo has, respectively, 133 and 
121 species in common with Hluleka and East London (eastern and  wes te rn  limits of 
Eastern Overlap; Bolton & Stegenga,  1987), most of which (60-70 %) are warm water  
species. Isipingo shares 108 species with Port Elizabeth and 83 species with De Hoop, of 
which 45-55 % are warm water  species. Cape Hangkl ip  and Isipingo have  71 species in 
common, of which only 40 % are warm water  species. There is a marked  decrease  in the 
number  of warm water species along the south coast (Fig. 2); 40 % of the warm water 
species found at Isipingo do not extend west of Hluleka and East London and  an 
additional 20 % do not extend west of Port Elizabeth. Only 30% of the  warm water  
species found at Isipingo Beach reach Cape Hangklip at the Western Overlap. 

While a number  of warm water species do not extend beyond the Eastern Overlap 
(Hluleka and East London; Fig. 2) many  appear  to reach their distr ibution limits at Port 
Elizabeth, perhaps suggest ing that the Eastern Overlap region should be extended 
further west on the South African south coast. The distribution data p resen ted  here is far 
from complete, but  it would appear  that the Eastern Overlap transition region, at least for 
south coast species, may extend as far north as the Is ipingo/Durban region. Possibly the 
concept of clearly demarcated transition regions on the southern African coast needs  to 
be re-evaluated. 

Isipingo Beach shares be tween  80 and 60 % of its algal species with colder areas to 
the west, bu t  most of these (about 60 %) are warm water species reaching  the limits of 
their distributions along the south coast. The high floristic ratio (5.6} a nd  the species 
distribution {Pig. 2) certainly supports the conclusion that its algal flora can  be considered 
subtropical (Eyre & Stephenson,  1938). It may be more accurate to describe the flora as 
tropical since most of the warm water  species are known to extend b e y o n d  the South 
African east coast into the coastal waters of Mozambique (Critchley et al.. m press} and  
several have been  recorded in the tropical floras of Tanzania  (Jaasund, 1976), Kenya 
(Lawson. 1980) and even Somalia (Lawson, 1980). 

Cheney (1977) introduced the (R+C)/P  ratio to compare the biogeographical  
affinities of seaweed floras. He observed that, in general,  there was an increase in the 
ratio of Chlorophyta and Rhodophyta species relative to Phaeophyta species towards the 
tropics. Ratios of less than three indicated  temperate  or cold water  flora, while  ratios of six 
or greater indicated a tropical flora, and  intermediate  values suggested a mixed flora. The 
(R + C)/P ratio obtained for the Isipingo flora (5.6) was near  six and  may  be taken  to 
suggest a tropical affinity. However the applicability of the (R + C)/P ratio to southern 
African shores has been  quest ioned (cf. Bolton, 1986). 

Table 1 compares the (R+ C)/P ratios obtained in several  recent  studies conducted 
along the South African shore. The majority of studies conducted along southern  African 
shores have provided (R+ C)/P ratios above or just below six. At most  localities the 
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Table 1. Species numbers  and floristic ratios obtained in twelve recent studies conducted along the 
southern African coast 

Biogeographical No. of species (% of flora) Total (R + C) 
region Chlorophyta Phaeophyta Rhodophyta P 

West Coast 
Namibia  Coast 1 34 (26) 22 (16) 80 (58) 136 5.2 
Cape coast 2 37 (i3) 39 (15) 192 (72) 268 5.9 

Western Overlap 
Cape Hangklip 3 27 (14) 25 (12) 147 (74) 199 7.0 

South Coast 
Eastern Cape 4 44 (16) 35 (13) 188 (70) 267 6.6 
De Hoop s 12 (10) 23 (18) 91 (72) 126 4.9 
Port Elizabeth 6 19 (18) 15 (14) 74 (68) 108 6.2 
East London 7 29 (19) 17 (12) 103 (69) 149 7.7 

Eastern Overlap 
Hluleka B 33 (18) 25 (14) 120 (67) 178 6.1 

East Coast 
Maputa land  g 67 (30) 37 (17) 116 (53) 220 4.9 
Natal coast t~ 78 (19) 61 (15) 271 (66) 410 5.7 
Isipingo Beach 11 37 (22) 26 (15) 109 (63) 172 5.6 
Inhaca Island t2 79 (35) 24 (11) 121 (54) 224 8.0 

i Lawson et al. (1990), 2 Bolton (1986), 3 Jackelman et al. (1991), 4 Seagrief (1985), s Bolton & 
Stegenga (1990), 6 Munnik  (1987), 7 Klenk (1987), s BoRon & Stegenga (1987), 9 Seagrief (1980), 
10 Norris & Aken, unpubl ished  data, 11 this study, t2 Critchley et al. (in press) 

P h a e o p h y t a  s p e c i e s  co l l ec t ed  h a v e  r e p r e s e n t e d  on ly  b e t w e e n  13 a n d  15 % of t h e  to ta l  

flora.  Th i s  p e r c e n t a g e  r e su l t s  in  a f lorist ic  ra t io  of b e t w e e n  5.6 a n d  6.6 ( i n d i c a t i n g  a 

t rop ica l  affinity).  It h a s  b e e n  s u g g e s t e d  t h a t  t h e  p r o l i f e r a t i o n  of b r o w n  a l g a l  s p e c i e s  in  

co lde r  a reas ,  w h i c h  h a s  o c c u r r e d  in  t he  n o r t h e r n  h e m i s p h e r e ,  h a s  n o t  o c c u r r e d  in 

s o u t h e r n  Afr ica  (Bolton,  1986). Th i s  cou ld  e x p l a i n  t h e  p r e d o m i n a n t l y  h i g h  f lor is t ic  ra t ios  

o b t a i n e d  for t h e  s o u t h e r n  A f r i c a n  s h o r e  r e g a r d l e s s  of b i o g e o g r a p h i c a l  af f in i t ies .  

Acknowledgements. The authors would hke to gratefully acknowledge financial assistance from the 
Foundation for Research and Development  and the assistance of Professor R. E. Norris in some of the 
identifications. 

LITERATURE CITED 

Anderson, R. d. & Stegenga, H., 1989. Subtidal algal communities at Bird Island, Eastern Cape, South 
Africa. - Botanica mar. 32, 299-311. 

Barton, E. S., 1893. A provisional list of the marine algae of the Cape of Good Hope. - d. BoG Lond. 
31, 53-56. 

Barton, E. S., 1893. A provisional list of the marine algae of the Cape of Good Hope. - d. Bot., Lond. 
31, 81-84. 

Barton, E. S., 1893. A provisional list of the marine algae of the Cape of Good Hope. - d. Bot., Lond. 
31, 110-114. 



158 E. G. F a r r e l l ,  A .  T.  C r i t c h l e y  & M.  E. A k e n  

Barton, E. S., 1893. A provis ional  hs t  of the  m a r i n e  a lgae  of the  C a p e  of Good  Hope .  - J. Bot., Lond. 
3I, 138-144.  

Barton,  E. S., 1893. A provis ional  list of the  m a r i n e  a lgae  of the  C a p e  of Good Hope .  - J. Bot., Lond.  
31, 171-177.  

Barton,  E. S., 1893. A provis iona l  list of t he  m a r i n e  a lgae  of the  C a p e  of Good  Hope .  - J. Bot., Lond.  
31, 202-210.  

Barton,  E. S., 1896. C a p e  a lgae.  - J. Bot. Lond.  34, 193-198.  
Barton,  E. S., 1896. C a p e  a lgae.  - J. Bot., Lond.  34, 458-461.  
BoRon, J. J., 1986. M a r i n e  p h y t o g e o g r a p h y  of the  B e n g u e l a  upwe l l i ng  r eg ion  on  t h e  w e s t  coas t  of 

s o u t h e r n  Africa: a t e m p e r a t u r e  d e p e n d e n t  approach .  - Botanica  mar .  29, 251-256 .  
BoRon, J. J. & S t e g e n g a ,  H., t987.  T h e  m a r i n e  a l gae  of H lu leka  (Transkei} a n d  t he  w a r m  t e m p e r a t e /  

sub- t rop ica l  t rans i t ion  on t he  eas t  coas t  of s o u t h e r n  Africa. - Helgol~inder  M e e r e s u n t e r s .  41, 
165-183.  

Bolton, J. J. & S t e g e n g a ,  H., 1990. T h e  s e a w e e d s  of De Hoop Na tu r e  Rese rve  a n d  thei r  phytogeQ-  
g raph ica l  s igni f icance .  - S. Aft. J. Bot. 56, 233-238.  

Bright,  K. M. F., 1938a. T h e  South  Afr ican  in ter t ida l  zone  and  its re la t ion to o c e a n  cur ren ts .  II. An  
a r ea  on the  s o u t h e r n  par t  of the  w e s t  coast .  - Trans .  R. Soc. S. Afr. 26, 49-66.  

Bright,  K. M. F., 1938b. T h e  South  Afr ican  in ter t ida l  zone  a n d  its re la t ion to o c e a n  cur rents .  III. A n  
a rea  on the  n o r t h e r n  par t  of the  wes t  coast .  - Trans .  R. Soc. S: Afr. 26, 67-88.  

Brown,  A. C. & J a r m a n ,  N., 1978. Coas ta l  m a r i n e  habi ta ts .  - M o n o g r a p h i a e  biol. 31, 1239-1277.  
C h e n e y ,  D. P., 1977. R & C / P  - a n e w  a n d  i m p r o v e d  ratio for c o m p a r i n g  s e a w e e d  floras.  - J. Phycol.  

13 (Suppl.), 12. 
Cri tchley,  A. T., Aken ,  M. E., Pienaar ,  R. N. & Kalk, M., 1993. A rev i sed  list of the  m a r i n e  a l g a e  f rom 

Inhaca  Island,  M o z a m b i q u e .  - Bothal ia  (in press) .  
Dell, E. M. & Michel ,  M. R., 1921. T h e  T y s o n  col lect ion of m a r i n e  a lgae.  - Ann .  Bolus  Herb .  3, 89-119.  
Eyre,  J., 1939. T h e  Sou th  Afr ican in te r t ida l  zone  a n d  its re la t ion to o c e a n  cur ren t s .  VII. A n  a r ea  in  

False  Bay. - Ann .  Na ta l  Mus.  9, 283-306.  
Eyre,  J., B r o e k h u y s e n ,  G. J. & Crichton,  M. I., 1938. T h e  South  Afr ican in ter t ida l  z o n e  a n d  its re la t ion 

to ocean  cur rents .  VI. T he  Eas t  L ondon  district. - Ann.  Na ta l  Mus .  9, 83-111.  
Eyre,  J. & S t e p h e n s o n ,  T. A., 1938. T h e  South  Afr ican  inter t idal  zone  a n d  its r e l a t ion  to ocean  

currents .  V. A subt rop ica l  Ind ian  O c e a n  shore .  - Ann .  Natal .  Mus .  9, 21-46.  
Garbary ,  D. J. & Gabr ie l son ,  P. W., 1990. T a x o n o m y  a n d  evolut ion.  In: Biology of t h e  r ed  a lgae.  Ed. 

by  K. M. Cole  & R. G. Shea th .  C a m b r i d g e  Univ.  Press,  C a m b r i d g e ,  517 pp. 
Guy,  P. & J a r m a n ,  N., 1969. A p re l imina ry  qual i ta t ive  a n d  quan t i t a t ive  accoun t  of t h e  v e g e t a t i o n  of 

U m d o n i  Park,  Na ta l  Sou th  Coast .  Thes is ,  Univ.  of Natal ,  P ie te rmar i tzburg ,  110 pp.  
Isaac,  W. E., 1937. Sou th  Afr ican coas ta l  wa t e r s  in re la t ion to ocean  currents .  - G e o g r l  Rev. 27, 

651-664.  
Isaac,  W. E., I949. S tud ies  of S ou t h  Afr ican  s e a w e e d  vege ta t ion .  Sou th  Coast :  Rooi Els to G a n s b a a i  

wi th  spec ia l  r e f e r ence  to G a n s b a a i .  - Trans .  R. Soc. S. Afr. 32, 126-170.  
J a a s u n d ,  E., I976.  Inter t idal  s e a w e e d s  in  T a n z a n i a .  Univ.  Tromso,  Tromso ,  159 pp.  
J a c k e l m a n ,  J. J., S t e g e n g a ,  H. S. & BoRon, J. J., 1991. The  mar ine  b e n t h i c  flora of t h e  C a p e  H a n g k l i p  

a rea  a n d  its p h y t o g e o g r a p h i c a l  affinities.  - S. Afr. J. Bot. 57, 295-304.  
J ackson ,  L F., 1976. Aspec t s  of t he  in ter t ida l  eco logy  of the  eas t  coas t  of Sou th  Africa.  - Inves t l  Rep.  

Oceanogr .  Res. Inst. 46, 1-72. 
King,  R. J. & Puttock,  C. F., 1989. M o r p h o l o g y  a n d  t a x o n o m y  of Bostrychia a n d  Stictosiphonia 

( R h o d o m e l a c e a e / R h o d o p h y t a ) . -  Aus t .  syst.  Bot. 2, 1 - 7 3 .  
Klenk,  T. C., 1985. T he  effect of s e w a g e  on the  d is t r ibut ion of s e a w e e d  at the  Bats  C a v e  Eas t  B a n k  

s e w a g e  outfal l  in Eas t  London,  S ou t h  Africa.  Thes is ,  Rhodes  Univ. ,  G r a h a m s t o w n ,  176 pp.  
Kylin, H., 1938. Verze ichn i s  e in iger  R h o d o p h y c e e n  von  Siidafrika. - L u n d s  Univ.  Ars sk r .  (Avd. 2) 34, 

1-26. 
Lamber t ,  G., 1976. An  in ter t ida l  s u r v e y  on  U m d o n i  Park ' s  rocky shore,  Natal ,  Sou th  Coas t ,  S. Africa. 

Thes is ,  Univ,  of Natal ,  Durban ,  457 pp.  
Lamber t ,  G., S te inke ,  T. D. & Naidoo,  Y., 1987. A l gae  a s soc ia t ed  wi th  m a n g r o v e s  in s o u t h e r n  Afr ican  

es tuar ies .  I. R h o d o p h y c e a e .  - S. A~fr. J. Bot. 53, 349-361.  
Lawson ,  G. W., 1980. A check- l i s t  of Eas t  Afr ican  s e a w e e d s  (Djibouti to T a n z a n i a ) .  D e p a r t m e n t  of 

Biological Sc iences ,  Univ.  of Lagos ,  Lagos,  Niger ia ,  65 pp. 



T h e  i n t e r t i d a l  a l g a e  of  I s i p i n g o  B e a c h ,  N a t a l ,  S o u t h  A f r i c a  159  

Lawson ,  G. W. & John ,  D. M., 1982. T he  m a r i n e  a l g a e  a n d  coastal  e n v i r o n m e n t  of t ropical  W e s t  
Africa. Kramer ,  Vaduz ,  455 pp. 

Lawson ,  G. W., S imons ,  R. H. & Isaac, W. E., 1990. T h e  m a r i n e  a lgal  flora of Namib ia :  its d i s t r ibu t ion  
a n d  affinities.  - Bull. Br. Mus .  nat.  Hist. (Bot.) 20, 153-168.  

Lee, R. E., 1989. Phycology .  C a m b r i d g e  Univ.  Press,  C a m b r i d g e ,  645 pp.  
Levr ing ,  T., 1938. Verze ichn i s  e in iger  C h l o r o p h y c e e n  u n d  P h a e o p h y c e e n  yon  Siidafrika.  - L u n d s  

Univ.  Arsskr .  N.F. (Adv. 2) 34, 1-25. 
Liining,  K., 1990. S e a w e e d s ,  their  e n v i r o n m e n t ,  b iogeog raphy ,  a n d  ecophys io logy .  Wiley, N e w  

York, 527 pp.  
M u n n i k ,  L., 1987. Ident i f icat ion of in ter t ida l  rocky- shore  mac roa lga l  c o m m u n i t i e s  in t he  vicini ty of 

Port Ehzabe th .  Thes is ,  Univ.  of Port El izabeth ,  Port El izabeth,  257 pp.  
Norris,  R. E., 1986. S tud ies  on Crouania franciscii (Ceramiaceae ,  Rhodophyta )  f rom South  Afr ica  a n d  

C. willae sp. nov.  f rom N e w  Zealand .  - Phyco log ia  25, 133-143.  
Norris,  R. E., 1987a. Spec ies  of Anti thamnion (Rhodophyceae ,  Ce ramiaceae )  occur r ing  on  the  

s o u t h e a s t  Afr ican  coas t  (Natal). - J. Phycol.  23, 18-36. 
Norris,  R. E., 1987b. Pterodadia (Gelidiaceae,  Rhodophyceae )  a g e n u s  p rev ious ly  u n k n o w n  in South  

Africa,  as it occurs  in Natal .  - S. Afr. J. Bot. 53, 39-43.  
Norris,  R. E., 1987c. T he  sys t ema t i c  pos i t ion  of Gelidiopsis and  CeratodictFon (Gigar t ina les ,  

Rhodophyceae ) ,  g e n e r a  n e w  to South  Africa. - S. Afr. J. Bot. 53, 239-246.  
Norris,  R. E., 1990. A cr i t ique on the  t a x o n o m y  of an  impor t an t  aga rophy te ,  Gelidium amansii. - Jap.  

J. Phycol.  38, 35-42.  
Norris,  R. E. & Aken ,  M. E., 1985. M a r i n e  ben t h i c  a lgae  n e w  to South  Africa. - S. Afr. J. Bot. 51, 

55-65 .  
Norris  R. E., H o m m e r s a n d ,  M. H. & Freder icq,  S., 1987. Gelidium pteridifolium (Rhodophyceae) ,  a 

n e w  spec ies  f rom Nata l  a n d  the  e a s t e r n  Cape .  - S. Afr. J. Bot. 53, 375-380.  
Norris  R. E. & Molloy, F., 1988. Griffithsia schousboei (Ce ramiaceae ,  Rhodophyceae ) ,  a spec i e s  n e w  

to South  Africa. - S. Afr. J. Bot. 54, 477-480.  
O'Brian,  T. P. & McCul ly ,  M. E., 1981. T h e  s t udy  of p lan t  s t ructure :  pr inc ip les  a n d  se l ec t ed  m e t h o d s .  

Te rmarca rph i ,  M e l b o u r n e ,  300 pp. 
P a p e n f u s s ,  G. F., 1947. N e w  mar i ne  a l gae  f rom South  Africa: 1. - Univ. Calif. PubL Bot. 23, 1-16.  
Seagr ief ,  S. C., 1980. S e a w e e d s  of M a p u t a l a n d .  In: S tud ies  on  the  ecology of M a p u t a l a n d .  Ed. by M. 

N. Bruton & K. H. Cooper .  Rhodes  Univers i ty  a n d  t he  Nata l  Branch  of the  Wildlife Socie ty  of 
S o u t h e r n  Africa, G r a h a m s t o w n ,  35-72.  

Seagrief ,  S. C., 1984. A ca t a logue  of Sou th  Afr ican  g reen ,  b r o w n  and  red  m a r i n e  a lgae .  - Mere .  bot. 
Surv. S. Aft. 47, 1-113.  

Seagrief ,  S. C., 1988. M a r i n a  a lgae.  In: A field g u i d e  to the  Eas te rn  Cape .  Ed by  R. A. Lubke ,  F. W. 
G e s s  & M. N. Bruton.  Cen t r e  of the  Wildlife Society of Sou the rn  Africa, G r a h a m s t o w n ,  35-72 .  

Silva, P. C., 1959. T h e  g e n u s  Codium (Chlorophyta)  in Sou th  Africa. - J1 S. Afr. Bot. 25, 103-165.  
Silva, P. C., Mefiez,  E. G. & Moe,  R. L., 1987. Ca ta log  of the  ben th i c  ma r ine  a lgae  of the  Phi l ippines .  - 

Smi thson .  Contr .  mar .  Sci. 27, 1-17. 
S imons ,  R. H., 1966. T h e  g e n u s  Ceramium in Sou th  Africa. - Bothal ia  9, 153-168.  
Simons ,  R. H., 1976. S e a w e e d s  of s o u t h e r n  Africa: gu ide l i ne s  for their  s t udy  a n d  ident i f ica t ion.  - 

Pish. Bull. S. Afr. 7, 1-113.  
Sinton,  J. R., 1970. A p re l iminary  inves t iga t ion  of the  i n f luence  of subs t r a t e  type  on  the  floristic 

compos i t ion  of the  m a r i n e  a lgae  in the  in ter t ida l  zone  b e t w e e n  Port S h e p s t o n e  a n d  Port E d w a r d  
on  the  Nata l  Sou th  Coast .  Thesis ,  Univ.  of the  Wi twa te r s rand ,  J o h a n n e s b u r g ,  68 pp.  

S t e p h e n s o n ,  T. A., 1939. T he  const i tu t ion  of t he  in ter t ida l  flora a n d  f a u n a  of Sou th  Africa I. - J. Linn. 
Soc. (Zool.) 40, 487-536.  

S t e p h e n s o n ,  T. A., 1944. T he  const i tu t ion  of the  in ter t ida l  flora a n d  f a u n a  of Sou th  Africa. IL - Ann.  
Na ta l  Mus .  I0, 261-358.  

S t e p h e n s o n ,  T. A., 1948. T h e  const i tu t ion  of t he  in ter t idal  flora and  f a u n a  of Sou th  Africa. I I I . -  Ann .  
Na ta l  Mus .  11 ,207 -324 .  

S t e p h e n s o n ,  T. A., S t e p h e n s o n ,  A. & Bright ,  K. M. F., 1938. The  South  Afr ican  in ter t ida l  z o n e  a n d  its 
re la t ion to o c e a n  currents .  IV. T he  Port E l izabe th  district. - Ann.  Nata l  Mus.  9, 1-20.  

S t e p h e n s o n ,  T. A., S t e p h e n s o n ,  A. & Day, J. H., 1940. T h e  South  Afr ican inter t idal  zone  a n d  its 
re la t ion to o c e a n  cur rents .  VIII. L a m b e r t s  Bay a n d  the  w e s t  coast.  - Ann.  Na ta l  Mus.  9, 345-380.  



160 E. G. Farrell ,  A. T. Cr i t ch ley  & M, E. A k e n  

Stephenson, T. A., Stephenson, A. & Du Toit, C. A., 1937. The South African intertidal zone and its 
relation to ocean currents. I. A temperate Indian Ocean shore. -Trans .  R. Soc. S. Aft. 24, 341-382. 

Thomson, G. M., 1954. An account of the plant ecology of the intertidal zone at Isipingo Beach, 
Natal. Thesis, Univ. of NataI, Pietermaritzburg, 95 pp. 

Wynne, M. J., 1985. Microcladia exserta sp. nov. (Ceramiaceae, Rhodophyta) from the east coast of 
South Africa. - Br. phycol. J. 20, 59-68. 


