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ABSTRACT: The marine flora of the transition region between the warm temperate south coast .and 
sub-tropical east coast of southern Africa is very poorly documented. The seaweeds of Hluleka 
Nature Reserve, centrally placed along this transition, are described. 178 species (120 rhodophytes, 
33 chlorophytes and 25 phaeophytes) are recorded, including 28 new records for the region, and a 
new combination, Tiffaniefla schrnitziana (Barton) nov. comb. A biogeographical analysis of those 
species whose distribution is sufficiently known reveals that 65 % are warm water species, also 
occurring in tropical seas. Hluleka is thus towards the warmer end of the transition, and the major 
discontinuity is sharply defined, occurring in the ca 130 km of coastline between Hluleka and the 
mouth of the Kei River. It is probable that a rapid temperature gradient along this stretch of coast 
(change of 2 ~ in annual mean) is responsible for the discontinuity. 

INTRODUCTION 

The study of the biogeographical  distribution of marine organisms around the coasts 
of southern Africa was pioneered by Stephenson {1939, 1944, 1948}. In his ecological 
survey of intertidal communities,  this author concluded that three distinctive provinces 
could be delineated,  which he described as a cold temperate west coast, warm temperate  
south coast, and  sub-tropical east-coast. These provinces have been  accepted in the 
in te rvening  period {e.g. Brown & Jarman,  1978}. However, a re-assessment  of the 
seaweed flora of the west coast (Bolton, 1986} concludes that it is better  described as 
warm temperate, still distinct from the south coast flora, and with a sharp discontinuity in 
distribution patterns, related to temperature  regimes, in the vicinity of Cape Agulhas  {for 
locations cited see Fig. 1). The warm temperate south coast province was considered by 
Stephenson to be separated from the sub-tropical marine  biota of Natal by a transit ional 
region be tween  Cape Padrone and Port Edward (Stephenson, 1948, p. 229}. His studies 
on this section of coast include collections of 50-60 seaweed species in each of the 7 sites 
documented.  The seaweed flora of this region remains  httle known; as Hommersand  
{1986) writes "the boundary  be tween  the flora of the East Cape and  Natal is sha rpened  
by our comparative ignorance of the algae of the 'wild coast' of Transkei. Many  species of 
both provinces probably overlap in this region." This study describes the seaweeds of the 
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region around Hluleka Nature Reserve, Transkei, centrally placed in S tephenson ' s  warm 
temperate/sub-tropical  transit ion region. The relatively rich flora of this area (178 
species} is analysed into its biogeographical  components  to further our u n d e r s t a n d i n g  of 
this transition. 

COLLECTION SITES AND METHODS 

Hluleka is si tuated approximately 31040 , S, 29o26 , E (see Fig. 1). The cent ra l  part of 
the invest igated area is inside the Hluleka Nature Reserve and  presents  a relatively 
undis turbed  stretch of coast: outside the Reserve the influence of m a n  is readi ly  recogniz- 
able, for ins tance in the harvest ing of oysters from the intertidal, a l though this does not 
seem to harm the algal vegetat ion in the sublittoral fringe and  in the inter t idal  rockpools. 
(For further information concerning human  impact  on intertidal an imal  communi t ies  on 
Transkeian  shores, see Hockey & Bosman, 1986). 

The rocky coasts, if undisturbed,  show a zonation pat tern general ly  concurr ing  with 
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Fig. 1. Map of the southern African coastline, and the Hluleka region (inset). The numbers are sites 
for which sea water temperature data are shown in Figure 8 
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the "eas t  coast  type"  (cf. Branch & Branch, 1981, p. 27), with the  uppe r  euli t toral  oyster  
bel t  (Saccostrea cucuflata) and la rge  numbers  of zoanthids in the lower  euht tora l  as the 
most str iking features  of the animal  dominated ,  t idal  zone. Truly inter t idal  a lgae  (not 
count ing species  from rockpools) are  ra ther  low in numbers  and  diversity; e.g. Gefidium 
pzistoides and  Iyengaria stellata in the  euli t toral  zone, some Bostrychia spp. in the  li t toral 
fringe. Rockpools in the  euli t toral  zone and  subli t toral  fr inge are  often domina ted  by  a 
n u m b e r  of ar t icula ted corallines: Amphiroa spp., Arthrocardia spp., and  Cheflosporum 
spp., a l though many  other  species  are found. In some of the d e e p e r  pools  Ecklonia 
biruncinata may  be  dominant ,  and  rock pools high in the in ter t idal  contain s tands  of 
Sargassum spp. The  subli t toral  fr inge has  no truly dominant  species,  a l though the 
gene ra l  aspect  is very much de t e rmined  by  algae:  Caulerpa racemosa. Gelivh'um amansii, 
and  Hypnea spicifera are often abundant ,  and  at the deepes t  levels  r eached  at low spr ing 
t ides  Codium spp. (especially C. platylobium) are  prominent .  

The three  es tuar ies  are all different. Mtaka tye  es tuary  is the  la rges t  - even  in the  dry 
season  there  is a continuous flow of fresh water ,  and  an ample  influx of sea  wa te r  at  every  
h igh  tide. Abou t  1 km inland there  are  ra ther  extens ive  s tands of mangrove ,  Avicennia 
marina (Forssk.} Vierh. and  Bruguiera gymnorrhiza (L.) Lam., while  the inlets  local ly 
have  a dense  vege ta t ion  of eelgrass,  Zostera capensis Setchell.  Hlu leka  es tuary  is small, 
and  cut off by  a dam a few hundred  metres  inland,  so as to create  a p e r m a n e n t  f reshwater  
reservoir  inside the Nature  Reserve. On the s e a w a rd  side of the  dam is a small  body  of 
brackish  water,  cut off from the sea  by  a sandbar ,  which is r ep len i shed  with  s eawa te r  
only at spr ing h igh  tide. The la t ter  had  no significant growth of macroa lgae .  M n e n u  
es tuary  is much la rger  than Hlu leka  estuary,  but  aga in  isolated by  a sandbar ,  and  in the 
dry season reached  by  the sea  only dur ing  spr ing highs. A few species  of mac roa lgae  
were  a t tached,  mainly  on overhang ing  branches .  Collections were  m a d e  at  the  fol lowing 
sites: 
(A) Presley Bay, 27 June  1983: subli t toral  fr inge and  intert idal ,  inc luding  rockpools;  

wave  exposed  coast. 
(B} Mtaka tye  estuary.  30 June  1983: about  1 km inland: main ly  the ep iphy tes  on 

mangrove  pneumatophores  were  collected. 
(C} Hluleka  Nature  Reserve, 24 June  1983, 25 June  1983, 26 June  1983, 1 Juli  1983, 2 Juli  

1983 and 5 Juli  1983: rocky outcrops, most of them wave exposed:  collections were  
made  in the sublit toral  fr inge and  upward  inc luding numerous  rockpools;  one 
subli t toral  sample  was m a d e  us ing snorkel  in Hlu leka  Bay. 

{D) Mnenu  es tuary  mouth, 29 June  1983, 3 Juli  1983; wave  exposed  rocks on the east  
side; a comple te  collection was  not  made  at  this site. 

(E) Mnenu  estuary,  29 June  1983: loose a lgae  on sand and a t t ached  to ove rhang ing  
branches  on south side of lagoon.  
Plants were  p rese rved  in 5 % formalin in seawater ,  and after ident i f icat ion m o u n t e d  

on he rbar ium sheets.  Many  of the smal ler  species,  inc luding many  epiphytes ,  were  
p rese rved  in the form of p e r m a n e n t  slides. Mater ia l  is p resen t ly  s tored in the  Bolus 
Herbar ium of the  University of Cape  Town (BOL). There  is no gene ra l  flora cover ing  the 
s eaweeds  of this coast. Larger  a lgae  could genera l ly  be  ident i f ied us ing  Simons (1976}; 
more  or less monograph ica l  s tudies  exist for a few genera  and  families, e .g .  Codium 
(Silva, 1959} and  Cerarnium (Simons, 1966); the  Acrochae t i aceae  from this exped i t ion  
were  t rea ted  ear l ier  (Stegenga,  1985}. Addi t ional  information on southern Afr ican a lgae  
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is to be obtained from various articles, while the use of floras covering other tropical to 
temperate world regions can be recommended for some groups. Since phycology in this 
region is still in the pioneer stage, further research may reveal new species among the 
unidentified material. The species nomenclature, with a few exceptions, follows Seagrief 
(1984); those entities not mentioned in Seagrief's catalogue have been marked with an 
asterisk. For each species the localities have been indicated A, B, etc. following the 
sequence given above. 

SEAWEEDS OF THE HLULEKA REGION 

Chlorophy ta  

Acetabularia sp.: 1 juvenile specimen C 
Bryopsis cf. flanagani Barton D 
Bryopsis cf. setacea Hering A, C 
Bryopsis spp.: material of various morphology, probably belonging to more than 

one species 
Caulerpa brachypus Harvey C 

Caulerpa filiforrnis (Suhr) Hering A, C 

Caulerpa racemosa (Forssk.) J. Ag. A, C 
*id., vat zeyheri (Sonder ex. Kfitz.) Weber van Bosse C 

Chaetomorpha antennina (Bory) Kfitz. A, C 

* Cladophora coelothrix Kfitz. A, B 

Cladophora rugu10sa Martens A, C 

* Cladophora cf. sociafis Kfitz. C 

Codium capitatum Silva A, C 

Codium duthieae Silva A, C 
Codium extrica tum Silva E 

Codium lucasii Silva spp. capense Silva A, C 

Codium megalophysum Silva A, C 

Codium pelh'culare Silva C 

Codium platylobium Aresch. A, C 
Codium pococla'ae Silva A 

Codium prostratum Levring D 

Codium tenue (Kfitz.) Kfitz. E 
Derbesia hollenbergfi Taylor (Fig. 2a) C 
Derbesia ryukyuensis  Yamada & Tanaka (Fig. 2b) C 
* Enteromorpha lingulata J. Ag. C 
* Enteromorpha multiramosa Bliding B 
* Enteromorpha torta (Mert. in Jfirg.) Reinsb. B 
Halimeda cuneata Hering in Krauss A, C 
* Hafimeda c5 tuna (Ellis & Solander) Lamour. C 
Pseudocodium devriesfi Weber-van Bosse A, C 
U1va cf. capensis Aresch. A 

U1va ng~da C. Ag. A, C 
U1va sp.: Plants small. Thallus ca 85 ~m thick, cells 13-25 ~m in diameter, i-1.5 C 
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Fig. 2. (a) Derbesia hoflenbergii, zoosporangia (Scale = 100 ~m); (b) D. ryukyuensis, zoosporangia 
(Scale = 100 ~m); (c) Ectocarpus rhodochortonoides, terminal plurilocular sporangium (Scale = 50 
~ ) ;  (d) Giffordia conifera, plurilocular sporangia (Scale = 100 ~m); (e) Sphacelaria brachygonia, 
propagula (Scale = 100 ~m); (f) Antitharnnion diminuatum, detail of thallus showing main  axis and 
decussate branchlets  (Scale = 100 ~m); (g) Antithamnionefla verticillata, detail of thallus - note 
prominent  g land cells (Scale = 100 ~m); (h) Callithamnion cf. granulatum, branchlets  with tetras- 

porangia (Scale = 100 ~m) 
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times as high as broad, chloroplast against the peripheral cell wall, with 
(1)2(3) pyrenoids 

Valonia macrophysa Kfitz. 

Phaeophyta 

Bachelotia antillarum (Grunow} Gerloff 
Chnoospora minima (Hering) Papenfuss 
Colpomenia sinuosa (Roth) Derbes & Solier 
Dictyoptefis longffofia Papenfuss 
Dictyopteris macrocarpa (Aresch.) Schmidt 
Dictyopteris serrata (Aresch.} Hoyt 
Dictyota dichotoma {Hudson) Lamour. 
Dictyota cf. fiturata J. Ag. 
Dictyota sp. 
Dflophus suhrii (Kfitz.) Papenfuss 
Ecklonia biruncinata (Bory) Papenfuss 
"Ectocarpus rhodochortonoides Boergesen {Fig. 2c) 
Endarachne binghamiae J. Ag. 
* Giffordia conifera {Boergesen) Taylor {Fig. 2d) 
Giffordia mitchetliae (Harvey) Hamel 
"Giffordia raflsiae (Vickers) Taylor 
Iyengaria stellata {Boergesen) Boergesen 
"Rosenvingea intricata (J. Ag.) Boergesen 
Sargassum elegans Suhr 
Sargassum cf. lendigerum (L) C. Ag. 
"Sphacelaria brachygonia Montagne (Fig. 2e) 
Sphacelaria rigidula Kfitz. 

As S. [urcigera Kfitz. in Seagrief (1984) 
Stypopodium zonale (Lamour.} Papenfuss 
Zonaria subarticulata (Lamour.) Papenfuss 
Zonaria tournefortii (Lamour.) Montagne 

Rhodophyta 

�9 Acrochaetium hlulekaense Stegenga 
"Acrochaetiurn moniliforme (Rosenvinge) Boergesen 
�9 Acrochaetium tenuissimum (Collins) Papenfuss 
�9 Acrosorium c[. amphiroae Jaasund 
Acrosorium maculatum (}(ritz.) Papenfuss 
Acrosorium uncinatum (Turner) Kylin 
Aiolocolax pulchella Pocock 
Arnphiroa anceps (Lamarck) Decaisne 
Amph/roa cf. beauvoisii Lamour 
Amphiroa bowerbankii Harvey 
Amphiroa ephedreae (Lamarck) Decaisne 

C 
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Amphiroa sp. C 
Anotr ichium tenue (C. Ag.) Naegeli: In S. African hterature usually referred to 

as Griffithsia secunda Harvey ex. J. Ag. (cf. Seagrief, 1984) A, C 
"Anti thamnion ch~ninuatum Wollaston (Pig. 2f): Apparently the same species as 

A. sp. mentioned by Wollaston (1984) C 
Anti thamnionel la  verticillata {Suhr) Lyle (Fig. 2g) C 
Arthrocardia palrnata (Ellis & Solander) Aresch. C 
Arthrocardia spp.: Material belonging to probably 4 different species A, C 
* Bornetia repens  Stegenga C 
Bostrychia binderi Harvey  f. typica Post B 
Bostrychia mixta Hooker & Harvey f. typica Post C 
Bostrychia moritzana (Sonder in Kfitz.) J. Ag. B 
Bostrychia tenella (Vahl) J. Ag. C 
Bostrychia tenuis (Harvey) Post f. simpliuscula Harvey ex. J. Ag. B 
Botryoclaclia madagascariensis  G. Feldmann A, C 
*Callithamnion cf. granulaturn (Ducluz.) C. Ag. (Pig. 2h): Plants bushy, main C 

axis corticated, densely clothed with repeatedly dichotomous branchlets. 
Branchlets tapering towards the apices, to acuminate. Tetrasporangia sessile, 
nearly globose, ca 50 ~rn in diameter. Spermatangiai clusters semiglobose, ca 
60 ~m in diameter. Carposporophyte with two rounded gonimolobes. 

Callithamnion s tuposum Suhr A, C 
Callithamnion sp. I. (Fig. 3a): Plants bushy, up to 10 mm high. Main axis patent, A, C 

without substantial cortication, up to 100 ~m in diameter; cells ca 100 ~m long, 
not increasing in length in older parts of the plant. Branching polystichous; 
determinate laterals alternately branched. Tetrasporangia adaxial on the 
branchlets, sessile, ca 60 • 50 ~m. No other reproductive structures present. 

Callithamnion sp. II. (Pig. 3b): Plants bushy, 4 mm high. Main axis ecorticate, up A, C 
to 70 ~m in diameter; cells ca 70 ~m long. Branching polystichous: determi- 
nate laterals alternately to pseudodichotomously branched. Apical cells 8-10 
~m in diameter. Spermatangial clusters (1)2 or 3 together on a branchlet ceil. 
No other reproductive structures present. 

Caloglossa leprieurii (Montagne) J. Ag. B 
* Caloglossa ogasawaraensis  Okamura (Pig. 3c):This species has, in general, B 

narrower thallus lobes than the more common C. leprieurii 
Centroceras clavulatum (C. Ag.) Montagne C 
Ceramium arenarium Simons C 
* Ceramium byssoideum Harvey A 
* Cerarnium camouii  Dawson C 
Cerarnium centrocerati forme Simons D 
Ceramium glanduli ferum Kylin D 
Cerarniurn poepp ig ianum Grunow A, C 
* Ceramium taflorii Dawson A, C 
Ceramium sp. (Fig. 4a: Plants consisting of ecorticate prostrate filaments, A, C 

creeping on the surface of Codium lucasii ssp. capense; each cell of the 
prostrate filaments provided with an endophytic, generally 2-celled rhizoid, 
and a short erect axis of typical Ceramium morphology. Erect axes 
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Pig. 3. (a) Callithamnion sp. I, thal lus apex  wi th  te t rasporangia  (Scale = 100 ~m}; (b) Calhthamnion 
sp. II, thallus apex  wi th  spe rma tang i a  (Scale = 100 ~zn}; (c) Caloglossa ogasawaraensis, thal lus apex  
wi th  te t rasporangia  (Scale = 100 ~m); (d) Chondria dasyphyfla, ramuli  wi th  spe rma t ang i a l  s t ichidia 
(100 ~tm); (e) De lesse r i acaceae  indet . ,  thallus apex  (Scale = 100 ~tm); (f) Palkenberg~efla capensis, 
habi t  of p lant  from Amphiroa sp. (Scale = 500 ~n) ;  (g) F. capensis, cystocarps  (Scale = 100 ~tm); (h) 

Herposiphonia clavata, mature  cystocarps  (Scale = 100 ~tm) 
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Fig. 4. (a) Ceramium sp. plant with tetrasporangia (e = erect axis; p = prostrate filament; r = 
rhizoids); (b) Herposiphonia clavata, sperrnatangial stichidia; (c) H. clavata, tetrasporangia. (Scale = 

50 ~tm) 

unbranched ,  rarely over 200 ~tm high, 50 ~m in diameter .  Cort icat ion in 
discont inuous bands ,  per  segment  consist ing of 3 tiers of cells. Te t rasporang ia  
exserted,  more than one per  segment  deve lop ing  successively,  ca 40 x 35 ~m. 
Spermatang ia  deve lop ing  from cortical ceils near  the apices  of the  erect  
filaments.  Carposporophytes  subterminal  on the erect  axes, sur rounded  by  
one or two involucral  f i laments from the under ly ing  segment .  Apparent ly ,  this 
species  is re la ted  to the formerly recognised  genus  Ceramothamnion 
Richards, a l though in that  genus  both c reep ing  and erect  f i laments have  
cortication. Cor t ica ted prostrate  f i laments do occur in the Transkei  species,  
but  they develop from secondar i ly  a t t ached  erect  axes. 

Champia compressa Harvey  
* Champia parvula (C. Ag.) Harvey  
* Cheflosporum cultratum (Harvey) Aresch.:  This species  includes C. mult i f idum 

(Kiitz.) Manza,  which is quite often recognizable  as a separa te  form. 
Cheflosporum proli ferum (Lamour.) De Toni 
Cheilosporum sagit tatum (Lamour.) Aresch.  
* Chondria dasyphylla (Woodw.) C. Ag. (Fig. 3d) 
Chondrococcus hornemanni i  (Lyngb.) Schmitz 
Chondrococcus tripinnatus (Hering) Delf & Michell  
Choreonema thuretii (Bornet) Schmitz 
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C 
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"Coelothrix irregularis (Harvey) Boergesen 
"Colaconema botryocarpa (Harvey} Stegenga 
* Colaconema daviesii (Dillw.) Stegenga 
* Colaconema seriata (Boergesen) Stegenga 
Dasya cf. scoparia Harvey ex J. Ag. 
Dasyclonium palmatifidum (Grunow) Scagel 
*Delesseriaceae indet (Fig. 3e): The material consists of a few juvenile plants 
and one plant bearing tetrasporangia. Blades up to 15 mm high, simple or 
with few marginal proliferations. Margins smooth, midrib apparent, no lateral 
veins present. Thallus consisting of three cell layers, thicker in the midrib. The 
plants fit the description of the genus Crassilingua Papenfuss, but the absence 
of fertile female plants prevents a precise identification. 

Dic~/menia stephensonii Papenfuss 
* Erythrodadia subintegra Rosenvinge 
Palkenbergiella capensis Kylin (Fig. 3f, g): This species is often found on 
coralline algae, especially Amphiroa spp. It has a typical growth form deviat- 
ing somewhat from the original description (Kylin, 1938). Usually plants have 
no truly erect parts; the main axis is prostrate, attached by pairs of digitate 
haptera from every third segment; the determinate laterals, usually two per 
segment, are appressed against the substrate. Female reproductive plants 
seem to be more in accordance with the original description (see Fig. 3g). 

Galaxaura diessingiana Zanardini 
Galaxaura tenera Kjellmann 
"Gelidiopsis variabilis (J. Ag.) Schmitz 
Gelidium amansii (Lamour.) Lamour 
Gelidium arenarium Kylin 
Gelidium caespitosum Kylin 
Gelidium pristoides (Turner) Kfitz. 
Gelidium reptans (Suhr) Kylin 
Gelidium versicolor (S. G. Gmelin) Lamour 
Goniotrichium alsidii {Zanard.) Howe: In Seagrief (1984} as G. elegans 

(Chauvin) Zanard.: according to Wynne (1985a) Goniotn'chium is a synonym 
of Erythrotrichia, and should be replaced by Stylonema. 

"Goniotrichium cornu-cervi (Reinsch) Hauck 
Griffithsia confervoides Suhr 
Gymnothamnion elegans (Schousboe ex C. Ag.) J. Ag. 
Haliptilon subulata (Ellis & Solander) Johansen 
*Herposiphonia clavata Wynne: This recently described species (Wynne, 1984) 

is often abundant on AmpIn'roa spp. In addition to Wynne's description of 
juvenile female reproductive structures we can now give data on the other 
reproductive organs. Male stichidia are formed on a number of subapical 
segments (Fig. 4b). Tetrasporangia occur in a maximum number of 4 per 
determinate lateral, in segment numbers 3-5 (-6) (Fig. 4c); they are up to 75 
~m in diameter, tetrahedrally divided. The mature cystocarps are urceolate 
(Fig. 3h) situated on the sixth or seventh segment of the determinate branch- 
lets (A slight difference from Wynne's observations, who noted procarps on 
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the fourth to sixth segment  from the apex). It is noteworthy that the branchlets 
bearing procarps of cystocarps do not show the extremely elongated second 
segment  otherwise so typical of this species. 

Herposiphonia insiddosa (Grev.} Falkenberg 
Herposiphonia prorepens  {Harvey} Schmitz 
Herposiphonia secunda (C. Ag.} Ambronn 
id. f. tenella (C. Ag.) Wynne:  In the Transkei material the differences be tween  
the two forms of H. secunda are often quite clear; f. tenella has determinate axes 
up to 3 mm and 40 segments  high, f. secunda 1.5 mm and 30 segments;  the 
number  of pericentral cells is ca 12 in f. tenella, 8 (-10} in f. secunda. Forma 
tenefla was found epilithic, and f. secunda as an epiphyte on coralhne algae. 
Heterosiphonia crispa (Suhr) Falkenberg 
Heterosiphonia sp. {Fig. 5a}: Plants mainly prostrate, up to several centimetres 

long. Main axis up to 200 ~tm in diameter, segments about as long as broad, 
with 6-7 pericentral cells, without cortication. Branching distichous, one 
lateral every second or third segment.  Determinate laterals largely poly- 
siphonous, only the ultimate three forkings monosiphonous, with relatively 
short cells. 

Hypnea  spicifera (Suhr) Harvey in J. Ag. 
Hypnea  tenuis Kyhn 
Jania adhaerens Lamour. 
�9 Jania capillacea Harvey 
Jania crassa Lamour. 
Laurencia complanata (Suhr) Kfitz. 
La urencia f lexuosa Kfitz. 
La urencia glomera ta Ktitz. 
La uren cia n a talensis Kylin 
Laurencia cf. pumfla (Grunow) Papenfuss 
"Lophodadia sp. (Fig. 5b): Plants up to 20 mm tall, main axis sparingly 

branched, up to 400 ~tm in diameter. Segments  with 4 pericentral cells, only in 
the older parts with a hght  cortication. Determinate laterals one per segment,  
spirally arranged, with repeated dichotomous branching, ca 20 ~tm in diame- 
ter near the base, ca 12 ~tm apically, the cells 2-3 times longer than broad. 
Material sterile. 

Martensia elegans Hering 
Melobesia  membranacea  (Esper) Lamour. 
Melobesia  sp.: A miniscule species growing on the utricles of Codium tenue. 

Mature plants apparently little calcified, up to 300 ~tm in diameter, consisting 
of a single cell layer. Cells in regularly radiating rows, measuring ca 3 x 5 btm. 
Thallus thickness ca 15 ~tm. Female conceptacles conical, ca 60 (-100) ~tm in 
inner diameter, with a single ostiole. Sporangial conceptacles semiglobose or 
somewhat  depressed, up to 120 ~tm in diameter, with several (up to 25) pores. 
Sporangia ca 25 x 15 ~tm, type of division not observed. Conceptacle roof 
consisting of roundish cells, ca 5 ~tm in diameter. This species differs from h4. 
membranacea  mainly by its smaller cell sizes. 

�9 h4icrodadia exserta Wynne (Fig. 5c, d): In Wynne 's  (1985b) description male 
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Fig. 5. (a) tIeterosiphonia sp., detail  of thallus showing  ma in  axis and  laterals  (Scale = 100 Bm); (b) 
Lophodadia sp., thal lus apex  showing  polys iphonous  main  axis and  m o n o s i p h o n o u s  branchle ts  
(Scale = 500 pm); (c) Microdaflia exserta, thallus a p e x  of male  p lan t  (Scale = 100 ~m); (d) M. 
exserta, cross sec t ion  of main  axis (r = rhizoids) (Scale = 100 pm); (e) Ophidodadus simpliusculus, 
detai l  of thallus with t e t rasporangia  (Scale = 500 ~m); (f) Peysonnelia cf. calcea, radial  sect ion {b = 
basa l  ceil layer, r = rhizoid) (Scale = 100 ~m}; (g) Plenosporium filicinum, thatlus apex  wi th  

po lysporangia  (Scale = 500 ~m); (h} P. filidnum, ca rposporophy te  (Scale = 100 ~m) 
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structures were not mentioned; the Transkei material shows that spermatan- 
gia are formed on the cortical cells of rather extensive sections of the laterals 
and main axis. 

Nienburgia serrata {Suhr} Papenfuss 
Ophidocladus simpliusculus (Crouan) Falkenberg: The material (Fig. 5e) has a 

relatively high number of pericentral cells, ca 11 in prostrate axes, ca 24 in 
e~ect axes, and thus deviates from other descriptions of O. shnpliusculus; an 
equally high number of pericentral cells is found in O. herposiphonioides Joly 
& Yamaguishi, a species synonomised with O. simpliusculus (see Seagrief, 
1984). 

"Peysonnelia cf. calcea Heydrich (Pig. 5f) 
Peysonneh'a capensis Montagne 
Placophora binderi (J. Ag.) J. Ag. 
Platysiphonia miniata (C. Ag.) Boergesen 
"Pleonosporium caribaeum (Boergesen) R. E. Norris. See Norris (1985) for'the 

occurrence of this species in Natal. 
Pleonosporium filicinum (Harvey ex J. Ag.) De Toni: Morphology of this 

material (Pig. 5g, h) seems to be much the same as ?Mazoyerella sp. men- 
tioned by Woilaston (1984) from Southern Mozambique. 

Plocamium beckeri Simons 
Plocarnium corallorhiza (Turner} Harvey 
Plocamium suhrii Kiitz. 
Pollexfenia minuta (Kylin) Papenfuss 
Polysiphonia cf. incompta Harvey 
Polyzonia elegans Suhr 
Porphyra sp. 
"Porphyropsis sp.: Bot h Porphyra sp. and Porphyropsis sp. were found as very 
small plants (a few mm high) growing on Codium platylobium. 

Prionitis nodifera (Hering) Barton 
Pterosiphonia doiophylla (C. Ag.) Falkenb. 
"Ptilothamnion subsimplex Gordon (Fig. 6a) 
"Ptilothamnion polysporum Gordon-Mills & Wollaston in Wollaston (Fig. 6b): 
Recently described from Natal; the Transkei material contains only sporophy- 
tes with the characteristic sessile globose polysporangia. 

"Rhodothamniella floridula (Dillw.) J. Peldmann 
Rh o dym enia n a talensis Kylin 
Spyridia cupressina (Harvey) Ktitz. 
Tayloriella tenebrosa (Harvey) Kylin 
*Tiffaniefla cymodoceae Boergesen) Gordon (Fig. 6c): Also mentioned from 

Natal (Norris & Aken, 1985) and the Cape (Stegenga, 1986). 
Tiffaniefla schmitziana (Barton) nov. comb. (Pig. 6d, e) 

Basionym: Spermothamnion schrnitzianum Barton, 1893 (cf. Barton, 1893: 
Journal of Botany, p. 138). Description: Prostrate filaments ca 35 ~m in 
diameter, the cells up to 200 ~m long. Usually each cell with a digitate 
hapteron and an erect filament. Erect filaments 1-2 mm high, unbranched or 
with few laterals, 30--40 ~m in diameter, the cells up to 130 ~m long. 
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Fig. 6. (a) Ptilothamnion subsimplex, erect filaments with procarps and  young carposporophytes (i = 
involucral filaments) (Scale = 100 ~m); (b) Ptilothamnion polysporum, polysporangia (Scale = 100 
~m); (c) Tiffaniella cyrnodoceae, detail of thallus with te trasporangia (Scale = 100 ~m); [d) Tiffaniefla 
sctunitziana, tetrasporangia CScale = 100 ~m); (e) T, schmitziana, carposporophytes  (note deltoid 

fusion cell, f) (Scale = 100 ~m) 
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Te t rasporang ia  in cymose clusters: One or two clusters on the proximal  cells of 
the erect  axes. Te t rasporangia  te t rahedra l ly  divided,  ca 60 x 50 ~m at matur-  
ity. Spe rmatang ia l  st ichidia in short  secund  series on the distal  par ts  of the  
erect  axes. St ichidia ca 75 • 35 ~m. Female  fertile f i laments te rminal  on the  
erect  axes  and  laterals;  fertile f i lament  consist ing of 3 short cells. Structure of 
procarp  and  post-fert i l ization deve lopmen t  typical  of Tiffaniella. Fusion cell, 
consist ing of subap ica l  cell, hypogenous  cell, suppor t ing cell, auxi l iary cells 
and  proximal  gonimoblas t  cells, b road ly  del toid in shape.  
This species  is in many  respects  hard ly  different from Tiffaniella cyrnodoceae, 
but  in the  la t ter  species  there  are often up to 4 te t rasporangia l  clusters pe r  cell 
(usually one cluster in T. schmitzianum), and  the fertile female  f i lament  
consists of 4 cells in T. cymodoceae ins tead  of three  in T. schrnitzianum. The 
fusion cell in T. cymodoceae is T - shaped  ra ther  than  deltoid. T. cymodoceae 
usual ly  grows on Codium sp., at  leas t  a long the southern African coast. 
The type  mater ia l  of this species  (in BM, coll. John Farquhar ,  1026, Port 
Ehzabeth,  1893) causes  some problems.  The type  sheet  contains two different  
entities, one growing  on Amphiroa bowerbankii, the other on Zonaria subar- 
ticulata. On the a d d e d  drawing,  however ,  it is noted  that  the mater ia l  g rew on 
Halimeda, as s ta ted  on the type  description. As for the ident i ty  of the  ac tual  
specimens,  the species  on A. bowerbankii is apparen t ly  ident ica l  with 
Ptilothamnion polysporum (see above),  as ev idenced  by  its cell d iamete rs  
(40-60 ~m) and  sessile globose polysporangia .  
The plants  g rowing  on Z. subarticulata clearly be long  to Tiffaniella, and  
apparen t ly  to the  species  descr ibed  above,  judg ing  from the female  fertile 
f i laments which consist of three  short  cells, and  the te t rasporangia ,  which  
occur in clusters that  are single, somet imes  two together  on an erect  axis cell. 
As this mater ia l  is in close a g r e e m e n t  with the a d d e d  d rawing  (depic t ing 
te t rasporangia  and spermatang ia l  stands), the plant  on Z. subarticulata is 
closest to the type  of Spermothamnion schmitzianum. A further a rgumen t  is 
that  the type  descr ipt ion makes  ment ion of terminal  " sphaerospores" ,  a 
descr ipt ion that  can be  app l i ed  to the mater ia l  on Zonaria but  not  that  on 
Amphiroa. Since the material ,  as ear l ier  sugges t ed  by  Norris & A k e n  (1985), 
be longs  to the genus  Tiffaniella, a new nomencla tura l  combinat ion becomes  
necessary:  Tiffaniella schmitziana (Barton) nov. comb. 

Wrangelia purpurifera (Harvey) J. Ag. 
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PHYTOGEOGRAPHICAL AFFINITIES OF THE HLULEKA FLORA 

D i s t r i b u t i o n  p a t t e r n s  

Figure 7 shows the distr ibutions of those 128 species  in the Hlu leka  flora for which  
records  are cons idered  adequa t e  for analysis.  The distr ibutions of the  spec ies  a round  
6 sites are p resen ted ,  these  be ing  sites descr ibed  by  previous authors  (Stephenson,  1939, 
1944, 1948: Brown & Jarman,  1978; Bolton, 1986) as significant in mar ine  b iogeograph ic  
s tudies  in southern Africa. Al though only 128 of the 178 species  p resen t  have  distr ibu-  
tions well  enough  known  to be  of use, this f igure compares  very  favourably  with  the  116 
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Hluleka 

Fig. 7. Distr ibution of Hlu leka  s e a w e e d  spec ies  a round  six phy togeograph ica l ly  s ign i f ican t  sites (1 = 
Orange  river mouth;  2 = Kommetj ie ;  3 = C a p e  Agulhas ;  4 = Kei mouth;  5 = D u r b a n ;  6 = South 
Af r ica /Mozambique  border) .  Group  a = cold wa te r  species;  b = ubiqui tous  species ,  r = south  coast  

species ,  d = w a r m  wa te r  spec ies  (see text) 
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s eaweed  species  distr ibutions d iscussed by  S tephenson  (1944) for the ent ire  coast l ine of 
the, then, Union of South Africa. A similar analysis  was provided  by  Bolton (1986} for 205 
of the 268 recorded  west  coast  species.  It t a n  be  seen  that  the cold wate r  componen t  (i. e. 
those occurring west  of Kommet j ie  but  not  eas t  of Durban) comprises  only 7 species  
(5.5 % of the  flora}. Ubiquitous species,  occurr ing throughout  the a rea  unde r  considera-  
tion, total  9 (7 %). South coast  species  are here  def ined as occurring ne i the r  wes t  of 
Kornmetjie nor east  of Durban,  and  these  number  29 (22.7 %). The remain ing  83 species  
(64.8 % ) are warm wate r  species,  occurr ing in the  sub-tropical  and /o r  t ropical  waters  east  
of Durban, and  ex tend ing  a grea te r  or lesser  d is tance  along the south coast. A number  of 
southern African warm water  species  (22 in this study} occur as far as the  region  
immedia te ly  wes t  of Cape  Agulhas ,  as documen ted  by  Bolton (1986). 

Sea t e m p e r a t u r e s  

Figure 8 shows inshore seawa te r  t empera tu re  da ta  for the region  under  discussion, 
extracted from Bolton (1986}. 10 yea r  annua l  means  are shown, f ramed  by  mean  
tempera tu res  in the warmes t  and  coldest  month  over the same period.  Sites 2 to 5 
represent  the warm t empera te  south coast, with annual  means  from 17.2 to 18.2 ~ and, 
general ly,  with a large range  b e t w e e n  max imum and min imum monthly  means  (extreme 
value - Still Bay - r ange  of 7.4 ~ In the region east  of the  Kei river mouth,  where  
Hluleka  is si tuated,  there  is a r ap id  rise in the  annua l  mean,  from 17.8 ~ (East London) to 
19.6 ~ (Port St. Johns), over a re la t ively  shor t  coastal  distance. This rap id  rise cont inues 
to site 7 (Southbroom, annual  mean  20.9 ~ Durban  (site 8) is in the  region with  a sub- 
tropical s eaweed  flora (annual  mean  21.7 ~ and at site 9 (Zinkwasi) inshore  tem- 
pera tures  are  tropical  as def ined  by  Eckman (1953), with means  in the coldes t  month 
above  20 ~ 

D I S C U S S I O N  

That the Hluleka  region is ideal ly  s i tuated for an invest igat ion of the wa rm temper -  
a te /sub- t ropica l  t ransit ion can be  seen both from Stephenson ' s  s tudies of the  mar ine  
provinces,  and  from the sea  t empera tu re  data,  showing a rap id  change  on this s t retch of 
coast. Sea t empera tu res  have  not  been  measu red  in the Hlu leka  region,  but  F igure  8 
would sugges t  that  the site is central ly s i tuated along the transition. The s e a w e e d  flora is, 
however,  p redominan t ly  made  up of species  with warm water  affinities [N. B. 71.9 % of 
the Hluleka  species  ana lysed  occur in the sub-tropical  to t ropical  region east  of Durban,  
and  many  (54 species,  42 %) are  recorded  in the tropical  floras of e i ther  Tanzania ,  
(Jaasund, 1976) or Tropical  West  Africa (Lawson & John, 1982)]. Compar ing  this da ta  
with the inter t idal  an imal  and  p lant  distr ibutions of S tephenson (1944), the la t te r  found 
that  the most m a r k e d  transit ion occurred on the ca 100 mile- long stretch of coast  b e t w e e n  
Qolora (5 km from the Kei river mouth) and  Port St. Johns.  He found an  ex t reme 
dominance  of warm wate r  over cold wate r  species  at Port St. Johns  (127:17), bu t  much 
less so at Qolora (85:47). These  figures can be  compared  with our da ta  (for s eaweeds  
only) giving a ratio of 83:7 for the  Hlu leka  region.  This overwhelming  p r e d o m i n a n c e  of 
species  with warm water  affinities at Hlu leka  would  sugges t  that  the t ransi t ion from a 
warm t empera te  to sub-t ropical  s e a w e e d  flora is sharp, and  occurs in the reg ion  b e t w e e n  
the Kei river mouth and  Hluleka,  a dis tance of only ca 130 kin. The close l inks b e t w e e n  
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s e a  w a t e r  t e m p e r a t u r e  r e g i m e s  a n d  s e a w e e d  f loras in  s o u t h e r n  Africa is we l l  d o c u m e n t e d  

(Isaac, 1937, 1938; S t e p h e n s o n ,  1948; Bolton,  1986). T h e  p r o b a b l e  l imi t ing fac tor  for t h e  

e a s t w a r d  s p r e a d  of co ld  w a t e r  a n d  "south coas t  s p e c i e s  is thus  the  r a p i d  c h a n g e s  in  

t e m p e r a t u r e  r e g i m e  a l o n g  th is  shor t  s t r e t ch  of coast .  T h e  ava i lab le  t e m p e r a t u r e  d a t a  

i n d i c a t e s  an  a lmos t  2 ~ r ise  in  m e a n  a n n u a l  t e m p e r a t u r e  in  this reg ion .  M o r e  d e t a i l e d  

local  t e m p e r a t u r e  d a t a  is, h o w e v e r ,  r e q u i r e d  b e fo r e  t he  p r ec i s e  l imi t ing fac tors  for t h e  

e a s t w a r d  s p r e a d  of c o l d - w a t e r  s p e c i e s  in  this  r e g i o n  can  b e  d e t e r m i n e d .  

Acknowledgements. The authors would like to acknowledge financial support from the University of 
Cape Town, the Harry Oppenheimer  Centre for African Studies, and the South African CSIR (FRD). 
We would also like to thank T. Hoffman and the students of the UCT Botany Club for their 
assistance, and H. Bolton for drawing the figures. 

LITERATURE CITED 

Barton, E. S., 1893. A provisional hst of the marine algae of the Cape of Good Hope. - J. Bot. 31, 
138-I44. 

Bolton, J. J., I986. Marine phytogeography of the Benguela upweUing region on the west coast of 
southern Africa: a temperature-dependent  approach. - Botanica mar. 29, .251-256. 

Branch, G. & Branch, M., 1981. The hying shores of Southern Africa. Struik, Cape Town, 272 pp. 
Brown, A. C. & Jarman, N., 1978. Coastal marine habitats. - Monographiae biol. 31, I239-1277. 
Eckman, S., 1953. Zoogeography of the sea. Sidgwick & Jackson, London, 417 pp. 
Hockey, P. A. R. & Bosman, A. L., 1986. Man as an intertidal predator in Transkei: Disturbance, 

community convergence and management  of a natural food resource. - Oikos 46, 3-14. 
Hommersand, M., 1986. Biogeographic affinities of the South African red algal flora. - Botanica mar. 

29, 257-269. 
Isaac, W. E,, 1937, South African coastal waters in relation to ocean currents. - Geogr. Roy. 27, 

651-664. 
Isaac, W. E., 1938. The geographical distr ibution of seaweed vegetat ion in relation to temperature 

and other factors, wi th special reference to South Africa. - C. r. Congr, int. G~ogr. 2, 12-28. 
Jaasund, E., 1976. Intertidal seaweeds in Tanzania. Univ. Tromso, Tromso, 159 pp. 
Kylin, H., 1938. Verzeichnis einiger Rhodophyceen von Sfidafrika. - Lunds Univ. Arsskr., N. F. (Avd. 

2) 34, 1-26. 
Lawson, G. W. & John, D. M., 1982. The marine algae and coastal environment of tropical West 

Africa. Kramer, Vaduz, 455 pp. 
Norris, R. E., 1985. Studies on Ploenosporium and Mesothamnion (Ceramiaceae, Rhodophyta) with a 

description of a new species from Natal. - Br. phycol. J. 20, 59-68. 
Norris, R. E. & Aken, M. E., 1985. Marine benthic algae new to South Africa - Jl S. Afr. Bot. 51, 

55-65. 
Seaffrief, S, C., 1984. A catalogue of South African green, brown and red marine algae. - Mem. bot. 

Surv. S. Aft. 47, 1-72. 
Silva, P. C., 1959. The genus Codium (Chlorophyta) in South Africa. - J1 S. Afr. Bot. 25, 103-165. 
Simons, R. H., 1966. The genus Ceramium in South Africa. - Bothalia 9, 153-168. 
Simons, R. H., 1976, Seaweeds of southern Africa: guidelines for their study and identification. - 

Fish. Bull. S. Afr. 7, 1-113. 
Stegenga, H., 1985. The marine Acrochaetiaceae {Rhodophyta) of southern Africa - J1 S. Afr. Bot. 51, 

291-330. 
Stegenga, H., 1986. The Ceramiaceae (excl. Ceramium) (Rhodophyta) of the south west Cape 

Province, South Africa - Biblthca phycol. 74, 1-149. 
Stephenson, T. A., 1939. The constitution of the intertidal flora and fauna of South Africa. I. - J. Linn. 

Soc. (Zool.} 40, 487-536. 
Stephenson, T. A., 1944. The constitution of the intertidal flora of South Africa. II. - Ann, Natal Mus. 

10, 261-358. 



The  m a r i n e  a l g a e  of I-Iluleka 183 

Stephenson, T. A., 1948. The constitution of the intertidal flora and fauna of south Africa. I I I . -  Ann. 
Natal Mus. 11, 207-324. 

Wollaston, E. M., 1984. Species of Ceramiaceae (Rhodophyta) recorded from the international Indian 
Ocean Expedition, 1962. - Phycologia 23, 281-299. 

Wyrme, M. M., 1984. Notes on Herposiphonia (Rhodomelaceae, Rhodophyta) in South Africa, with a 
description of a new species. - Cryptogamie 5, 167-177. 

Wynne, M. J., 1985a. Nomenclatural assessment of GoniotMchum Kfitzing, Erythrotricln'a Are- 
schoug, Diconia Harvey, and Stylonema Reinsch (Rhodophyta). - Taxon 34, 502-505. 

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


