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INTRODUCTION
     The distribution of seaweeds found along Bats Cave rocks in East London, Republic of South Africa, is affected by the sewage which is released into the sea daily. Besides the effects untreated sewage has on the coastline, high bacterial and nutrient content and low oxygen and salinity levels tend to eliminate a great variety of species.  The shock to the ecosystem can eliminate organisms already under stress in intertidal zones.  Systems tend to favour microorganisms which are adapted or can mutate and evolve rapidly to cope (O'Sullivan,1971).  The seaweeds that do survive often increase their numbers because of lack of competition for space and nutrients (Seagrief, 1971).  The almost total occupation of the rock's surface by these tolerant seaweeds is probably because sessile animals cannot live there (Katada and Satomi, 1975).  

     Katada and Satomi (1975) record that large seaweeds predominate over small seaweeds on unpolluted coastlines in Japan except where the violent shock of waves hinders their growth.  In the latter case, smaller algae predominate with larger algae confined to pools in the rocks or to sheltered areas.  Littler and Murray (1975) reported large brown algae which were common in the control area as being absent in the outfall area they were studying in California.  The inhospitable coastline at Bats Cave (Watling,1983) may play a partial role in the seaweed distribution, but the smaller species found along these rocks may also be influenced by the outfalls and within the outfall area, other factors must be considered.

     Although the results follow previous findings about the effect sewage has on the distribution of seaweed species, this study area forms a unique situation where, for sixty-six years, raw, untreated sewage has been pumped directly into the sea within the city limits of East London.  The location of the receiving waters is a small cove with a conspicuous 9OOmm diameter pipe releasing its contents at the low water spring tide mark (Watling,1983) to mix with the waves.  Untreated sewage contains large amounts of organic matter and wastes with a high organic content are not easily dissolved and can be carried considerable distances from the point of discharge (Pearce,1971 and O'Sullivan, 1971).

     O'Sullivan (1971) found that the introduction of pollutants reduced seaweed diversity and short-circuited the energy flow.  An increase in absolute numbers or density around the outfalls would occur but 'desirable' species in nutrient-lean waters could be replaced by less desirable species.

     Low species diversity and reduced species numbers around sewage outfalls have been reported by Borowitzka (1972), Murray and Littler (1974) and Littler and Murray (1975).

     The effect can be seen in the results of the study of the relationships of seaweed species in the immediate vicinity of the outfall and working away towards a control established 1OOOm southwest of the outfall.  An extra control, 35km southwest of the outfall, was used to establish a checklist for comparison.

    Very few surveys of seaweed species have been carried out for this particular area.  Stephenson (1948) recorded 123 species from a 1938 survey (Eyre et alia. (1938).  Brown and Jarman (1978) recorded 21O species for this area which they refer to as a sub-tropical overlap area.  They recorded only 29 species as endemic to the area but the total was the highest for southern Africa.  Seagrief (in press) has listed 285 species for the Eastern Cape.  This comprises over half of the 547 species listed for South Africa (Seagrief, 1984).  The species numbers from these studies were for large areas of coastline and not limited to the 2.5km of the study area.

     The main objective of this study was to determine the presence or absence of seaweeds throughout (1) the entire study area and (2)in areas broken up into sections with known distances from the outfall.

 The Study Area
     The location of the study area (Fig. 1) is 33'O1"S and 27'57"E.  The area lies on a point between two rivers, namely the Buffalo and Nahoon Rivers.  With the exception of a few small beaches, most of the study area consists of rock platforms from 5m to 2Om wide, which rise steeply to cliffs ranging from 1O to 25m in height.This zone is still affected by splash and spray during high surf periods.  Dune Rock, (false-bedded calcareous sandstone) (Eyre et alia. 1938), makes up the cliffs as well as the platforms tand gives a consistant substrate throughout.

     Heydorn and Tinley (198O) describe the tides as mesotides which are typical for most of the African Continent's coastline.  The mean level of the tide is 1.2m while the mean range is 1.6m (O.4 at MLWS to 2.O AT MHWS).  Low water during spring tides occurs from 9hOO to 1Oh3O and 21hOO to 23hOO and thus, from the point of view of desiccation, this is a favourable time for exposed seaweeds (Isaac, 1938).

     The mean air temperature for East London is 18.7'C with an absolute maximun of 41.3'C and a minimum of 2.8'C.  The humidity averages 72% at 8hOO and 65% at 14hOO (Heydorn and Tinley, 1980).

     Isaac (1938) recorded the mean water temperature for East London as 17.6'C.  The water temperature has a mean range of 15'C (from an extreme of 1O'C to 25'C) but, with an average of 22'C in January and 16'C in July, an overlap of plants and amimals from tropical areas and temperate areas is formed.  Stephenson (1944) and Brown and Jarman (1978) regard this area as a subtropical province with definite tropical affinities but also possessing numerous common species with the warm temperate coast to the south.

     There are two outfalls in the study area (Fig. 2).  The northern one receives sewage from the northeast suburbs of East London.  This pipe releases about 3.5 million litres of raw sewage per day into the sea.  The main outfall receives the sewage from the rest of the city (except for two areas inland) and releases 19 million litres per day into the ocean (Keppie,1983).  The sewage is mainly domestic waste with the occasional addition of dyes from a local textile factory.

     The Agulhas Current carries tropical water southwards past the east and southeast coasts of the country.  Whillier (1962) showed that cyclonic (clockwise) vortices occurred between the Buffalo river mouth and Nahoon Point which caused a northward drift close to the shore.  This current would travel past the outfall area carrying the sewage northwards towards the point and Nahoon Beach.  However, the sewage tends to hug the coast on either side of the discharge points and can be entrained for a considerable period in coastal gyres which develop in the immediate vicinity of the outfalls.  It later rejoins the Agulhas Current and continues south (Watling, 1983).

     The salinity remains below normal within the cove up to 3Om from the outfall.  At this point, the wave action has mixed the waters enough to return them to normal (35ppt) salinity.

     Watling (1983) recorded high E. coli I counts along the East London coastline  and found that the "Bats Cave sewage impacts the coastline between the Quinera River mouth and the Nahoon river" including the Nahoon estuary as far as the bridge (See fig. 1).

 Methods
     A collection of the intertidal seaweeds in the study area was carried out.  Before this could be done, a map was drawn of the study area and broken up into sections of approximately 3O square metres.  With this grid map, the areas could then be sampled separately (fig. 3).

     Samples were collected and preserved in jars containing 4% formalin in seawater.  Field notes were made on common, abundant species and where there was any doubt involving identification, herbarium sheets were made or microscope slides using 25% Karo Corn Syrup in seawater.  The slides were later sealed with clear nail varnish, labelled, and catalogued onto a data base for future reference.

     Identifications were carried out with the aid of a number of references to Southern Africa seaweed. Day (1969), Simons (1976), and Seagrief (1967,198O,1984,in press) were used with references made to De Toni (1889), Fritsch (1935,1945) Kuetzing (1977), Kylin (1938,1956) and Bold and Wynne (1978).

     The results were entered into an Apple II computer using a programme written to store and retrieve the information as needed.  Common species were easily located as well as species uncommon to a particular area.  The seaweeds were also entered as predetermined numbers to allow for rapid handling of the data.

 Results and Discussion
     The outfall areas became the focal point of the study and concentration was focused on the presence or absence of species in this area as compared to the presence and abundance of, or lack of the same species further away.  The tolerance of certain species to the sewage could be seen in the intertidal zone.  Study below this zone was almost impossible because of the nature of the area.

     Chapman (1979) noted that "the leafy green thalli of the Chlorophyta are conspicuous on sewage polluted shores".  Although a few red seaweeds did occur in the outfall area, they were difficult to recognize mainly because of the thick coverage of blue-green algae.  Borowitzka (1971) found a "reduction in red and brown species" while Littler and Murray (1977) found 9O% more taxa in samples in their control area than in the outfall area.  Borgese (1975) wrote that"sewage pollution produces excessive growth of algae in coral reefs..smothering coral polyps".

     These 'Chlorophyta' may be less desirable species and, because of their rapid growth rate and the reduction of grazers (Borowitzka,1972) to take advantage of the food supply to feed, can become a source of pollution when they die off (O'Sullivan,1971)

     During the 2 year period of the study, 131 different species of seaweed were collected in the study area.  Concentrated study in the outfall area produced many more species than would have been expected.  However, the totals were still lower than for the areas further away and a gradient of species numbers from the outfall towards the control was evident (Fig. 3).

     The reduced number of species near the outfalls and the absence of certain species common to the control areas suggest that this area is experiencing a situation where the species present are able to withstand the extra stress exerted by the presence of sewage. 

     The J19 zone which lies within 3Om of the main outfall, had 6O species present.  The  main outfall released its contents in the K18 area (Fig. 4).  Only 18 species, including those on the cliff face, were recorded here.  These species, mainly the blue-greens, were very sparse throughout the rest of the study area.  Likewise, the K12 area (Fig. 3.5) around the Nahoon outfall was limited to 8 species.  The most affected area besides the outfall locations, was the area between the two pipes.  Alltogether, 48 different species occurred between the two outfalls.

     When the distance from the outfalls increased, the number of species increased (Fig. 3).  From J2O to J24 (3O-9Om from the outfall), 67 species were found and this increased to 70 at J25 (1OOm from the outfall).  The J3O-4O areas (25Om from the outfall) had 81 species and from J4O on, 79 species were found.

     There was also an increase towards the north-east of the Nahoon Outfall, although the numbers dropped when the substrate changed from dune rock to boulders.  The J1O region had 65 species. Only 45 species were found towards J6 and J7 where the substrate changed to boulders.  Littler and Littler (1984) reported boulder fields in the Gulf of California as regions where stress from boulder movements resulted in fewer species of seaweed inhabiting these fields as compared to stable bedrock substrate.

     A number of common species found throughout most of the study were missing in the outfall areas.  Although J19 had 6O species, common species including Gelidium pristoides, Acrosorium maculatum, Griffithsia sp., Gigartina pistillata, and 4 species of Plocamium  sp.were absent.  The Corallines were present, but reduced in size and restricted to the section of the J19 area furthest from the outfall. Polyopes constrictus was found only from 1OOm whereas Gelidium versicolor and Halimeda cuneata  only occurred as close as 8Om.

     Most brown algae was also absent which supports Borowitzka'sMurray, 1975,1977) for areas in the (1) polluted sectors, (2) 1OOm sectors and (3) the 25Om to 1OOOm control sectors.  Cover was determined for each species using the point intersect method (Murray and Littler, 1974) and using the data for each species, ovn.

     A very small Porphyra capensis was found growing epiphytically on the green algae within 15m of the pipe in J19.  This was the only record of P. capensis in the study area, while heavy growths were monitored 35km away throughout the two years and along an industrial outfall on the westbank 6km southwest of the study area.

     Blue-green algae were mainly restricted to the outfall regions where heavy growth occurred.  Although their  presence was recorded for other areas including the controls, the heavy, dominant growth found within 3Om of the outfalls did not occur.

     Species of Bryopsis, Cladophora, Enteromorpha and Chaetomorpha regularly occurred near the outfalls, and  although they also occurred farther away, they occurred in greater numbers and were more consistently present  in the outfall areas.

     Common species to all areas were Ulva sp., Caulerpa filiformis, Hypnea spicifera, Cladophora rugulosa, Ceramium arenarium, Polysiphonia cf. incompta, Rhodymenia sp. and Amphiroa cf. rigida.  Whether the species common to all of the areas could be termed as the 'opportunistic'species (Murray and Littler, 1974), or if any of the species found (Table 1 and 2) in the outfall area could be termed opportunistic, tolerant species cannot be determined from just their presence or absence.  Some smaller species recorded in the outfall zone were sometimes one time collections and were not found in the areas again.  This may have resulted from favourable conditions for the particular species existing for a short time and then when the conditions returned to 'normal', the species disappeared.  Heterosiphonia sp., Audouinella sp., Erythrotrichia welwitschii, Derbesia sp. and Laurencia natalensis were found only once in the outfall area and not recorded again. vered at a slower rate but more species were able to colonize these plots.

     The opportunistic species which colonized the denuded rock surfaces were common species found in the polluted area during collections.  They also emerged with high importance values during the diversity study.  They were characterized by the fact that they occured throughout the study area and their dominance of the polluted areas decreased as the distance from the outfall increased.

     The major effects the sewage has on the seaweed in the intertidal zone along the Bats Cave East Bank Sewage Outfall is 

   (1)  reducing the number of species,

   (2)  eliminating certain species of seaweed from the outfall area,

   (3)  nourishing opportunistic, short life species and

   (4)  reducing species diversity especially within 3Om of the outfalls.

     TABLE 3.3

     CHECK LIST OF SEAWEEDS FOUND ALONG THE BATS CAVE ROCKS

     AND KIDDS BEACH, 35KM SOUTH-WEST OF EAST LONDON

'X' indicates species found at Kidds Beach only.

Division:     CHLOROPHYCOPHYTA (Green Algae)

Order:        ULVALES

Family:       ULVACEAE

              Enteromorpha compressa  (Linnaeus) Greville  X
              Enteromorpha intestinalis  (Linnaeus) Link
              Enteromorpha prolifera  (O.F. Mueller) J.Agardh
              Ulva insignis  (Areschoug) Papenfuss
              Ulva rigida  C.Agardh  X

Order:        CLADOPHORALES

Family:       CLADOPHORACEAE

              Chaetomorpha antennina  (Bory) Kuetzing

              Chaetomorpha crassa  (C.Agardh) Kuetzing  X

              Chaetomorpha robusta  (Areschoug) Papenfuss

              Cladophora capensis  (C.Agardh) De Toni

              Cladophora rugulosa  Martens

              Rhizoclonium sp.

Order:        CAULERPALES

Family:       CAULERPACEAE

              Caulerpa filiformis  (Suhr) Hering

              Caulerpa holmesiana  Murray  X

              Caulerpa racemosa  (Forsskal) J.Agardh var. zeyheri
                              (Sonder et Kuetzing) Weber-van Bosse

Family:       CODIACEAE

              Codium duthieae  Silva

              Codium extricatum  Silva

              Codium lucasii  Setchell sub sp. capense  Silva

              Codium platylobium  Areschoug

              Codium stephensiae  Dickinson

Family:       BRYOPSIDACEAE

              Bryopsis flanaganii  Barton

              Bryopsis setacea  Hering

              Bryopsis caespitosa  Suhr ex Kuetzing

Family:       DERBESIACEAE

              Derbesia sp.

Family:       UDOTEACEAE

              Halimeda cuneata  Hering in Krauss

Division:     PHAEOPHYTA  (brown algae)

Order:        ECTOCARPALES

Family:       ECTOCARPACEAE

              Bachelotia antillarum  (Grunow) Gerloff

              Ectocarpus confervoides  (Roth) Le Jolis

Order:        RALFSIALES

Family:       RALFSIACEAE

              Ralfsia expansa  (J.Agardh) J.Agardh

Order:        DICTYOTALES

Family:       DICTYOTACEAE

              Dictyopteris longifolia  Papenfuss

              Dictyota liturata  J. Agardh

              Dictyota naevosa  (Suhr) J. Agardh

              Zonaria subarticulata  (Lamouroux) Papenfuss

              Zonaria tournefortii  (Lamouroux) Montagne

Family:       STYPOCAULACEAE

              Phloiocaulon squamulosum  (Suhr) Geyler  X

Order:        CHORDARIALES

Family:       CORYNOPHLAEACEAE

              Leathesia difformis  (Linnaeus) Areschoug

Family:       SPLACHNIDIACEAE

              Splachnidium rugosum  (Linnaeus) Greville  X

Order:        DICTYOSIPHONALES (SCYTOSIPHONALES)

              Colpomenia sinuosa  (Roth) Derbes et Solier

              Endarachne binghamiae  J. Agardh

              Iyengaria stellata  (Boergesen) Boergesen

Order:        LAMINARIALES

Family:       ALARIACEAE

              Ecklonia biruncinata  (Bory) Papenfuss

Order:        FUCALES

              Sargassum heterophyllum  (Turner) C. Agardh

              Sargassum longifolium  (Turner) C. Agardh

              Carpophyllum scalare  Suhr  X

Division:     RHODOPHYTA (Red algae)

Class:        RHODOPHYCEAE

Sub-Class:    BANGIOPHYCIDAE

Order:        BANGIALES

Family:       BANGIACEAE

              Porphyra capensis  Kuetzing

Family:       ERYTHROPELTIDACEAE

              Erythrotrichia welwitschii  (Ruprecht) Batters

Sub-Class:    FLORIDIOPHYCIDAE

Order:        NEMALIONALES

Family:       ACROCHAETIACEAE

              Audouinella sp.

Family:       CHAETANGIACEAE

              Galaxaura diesingiana  Zanardini

Family:       GELIDIACEAE

              Gelidium amansii  (Lamouroux) Lamouroux

              Gelidium arenarium  Kylin

              Gelidium caespitosum  Kylin

              Gelidium micropterum  Kuetzing

              Gelidium pristoides  (Turner) Kuetzing

              Gelidium reptans  (Suhr) Kylin

              Gelidium versicolor (S.G. Gmelin) Lamouroux

Order:        CRYPTONEMIALES

Family:       CORALLINACEAE

              Amphiroa bowerbankii  Harvey X

              Amphiroa ephedraea  (Lamarck) Decaisne

              Amphiroa rigida  Lamouroux

              Arthrocardia sp.

              Arthrocardia carinata  (Kuetzing) Johansen

              Cheilosporum cultratum  (Harvey) Areschoug

              Cheilosporum proliferum  (Lamouroux) De Toni

              Corallina officinalis  Linnaeus

              Corallina sp.

              Jania crassa  Lamouroux

              Jania sp.

              Lithophyllum sp.

              Lithothamnium sp.

              Polyporolithon patena  (Hooker fil et Harvey) L.R. Mason

Family:       CRYPTONEMIACEAE

              Polyopes constrictus  (Turner) J. Agardh

              Prionitis nodifera  (Hering) Barton

Family:       RHIZOPHYLLIDACEAE

              Chondrococcus hornemannii  (Lyngbye) Schmitz

              Chondrococcus tripinnatus  (Hering) Delf & Michell

Family:       SQUAMARIACEAE

              Peyssonnelia capensis  Montagne

              Hildenbrandtia sp.

Order:        GIGARTINALES

Family:       GRACILARIACEAE

              Gracilaria beckeri  (J. Agardh) Papenfuss

              Gracilaria capensis  Schmitz ex Mazza  X

              Gracilaria denticulata  Schmitz ex Mazza

              Gracilaria verrucosa  (Hudson) Papenfuss

Family:       PLOCAMIACEAE

              Plocamium beckeri  Simons

              Plocamium corallorhiza (Turner) Harvey

              Plocamium cornutum  (Turner) Harvey

              Plocamium suhrii  Kuetzing

Family:       CAULACANTHACEAE

              Caulacanthus ustulatus  (Turner) Kuetzing

Family:       PHACELOCARPACEAE

              Phacelocarpus oligacanthus  Kuetzing

              Phacelocarpus tortuosus  Endlicher et Diesing  X

Family:       HYPNEACEAE

              Hypnea rosea  Papenfuss

              Hypnea spicifera  (Suhr) Harvey

Family:       PHYLLOPHORACEAE

              Gymnogongrus glomeratus  J. Agardh

              Gymnogongrus polycladus  (Kuetzing) J.Agardh  X

Family:       GIGARTINACEAE

              Gigartina insignis  (Endlicher et Diesing) Schmitz in Barton

              Gigartina minima  Kylin

              Gigartina paxillata  (S.G. Gmelin) Stackhouse

Order:        RHODYMENIALES

Family:       RHODYMENIACEAE

              Erythrymenia obovata  Schmitz in Mazza

              Botryocladia madagascariensis  G. Feldmann

              Rhodymenia natalensis  Kylin

              Rhodymenia sp.

              Epymenia obtusa  (Greville) Kuetzing

Family:       CHAMPIACEAE

              Champia compressa  Harvey

              Champia parvula  (C. Agardh) Harvey

Order:        CERAMIALES

Family:       CERAMIACEAE

              CROUANIA GROUP

              Antithamnionella verticillata  (Suhr) Lyle

              CERAMIUM GROUP

              Centroceras clavulatum  (C. Agardh in Kunth) Montagne

              Ceramium arenarium  Simons

              Ceramium centroceratiforme  Simons

              Ceramium obsoletum  C. Agardh

              Ceramium sp.

              Microcladia gelidii  Simons

              Spyridia cupressina  (Harvey) Kuetzing

              CALLITHAMNION GROUP

              Callithamnion stuposum  Suhr

              COMPSOTHAMNION GROUP

              Pleonosporium harveyanum  (J. Agardh) De Toni

              Pleonosporium sp.
              GRIFFITHSIA GROUP

              Griffithsia confervoides  Suhr

              Griffithsia secunda  Harvey ex J. Agardh

              DASYPHILA GROUP

              Dasyphilia cryptocarpa  (Holmes) Schmitz  X

              PTILOTA GROUP

              Gymnothamnion elegans  (Schousboe ex C. Agardh) J. Agardh

Family:       DELESSERIACEAE

              HYPOGLOSSUM GROUP

              Bartoniella crenata  Kylin  X

              SARCOMENIA GROUP

              Platysiphonia miniata  (C. Agardh) Boergesen

              CRYPTOPLEURA GROUP

              Acrosorium maculatum  (Kuetzing) Papenfuss

Family:       DASYACEAE

              Heterosiphonia sp.

Family:       RHODOMELACEAE

              POLYSIPHONIA GROUP

              Polysiphonia incompta  Harvey

              Polysiphonia urbana  Harvey

              Polysiphonia sp.

              Rhodomelopsis africana  Pocock

              Tayloriella sp.

              PACHYCHAETA GROUP

              Pachychaeta brachyarthra  (Kuetzing) Trevisan

              PTEROSIPHONIA GROUP

              Pterosiphonia cloiophylla  (C. Agardh) Falkenberg

              BOSTRYCHIA GROUP

              Bostrychia mixta  Hooker fil. et Harvey

              PLACOPHORA GROUP

              Placophora binderi (J. Agardh) J. Agardh

              HERPOSIPHONIA GROUP

              Herposiphonia sp.

              POLYZONIA GROUP

              Polyzonia elegans  Suhr

              LAURENCIA GROUP

              Laurencia flexuosa  Kuetzing

              Laurencia glomerata  Kuetzing

              Laurencia natalensis  Kylin

              Laurencia sp.

Division:     CHRYSOPHYCOPHYTA

Class:        BACILLARIOPHYCEAE

              Biddulphia sp.

              Licmophora sp.

              Nitzschia sp.

Division:     CYANOPHYTA (CYANOBACTERIA) (Blue-green algae)

              Chroococcus minutus

              Entophysalis sp.

              Microcoelus sp.

              Nostocoida limicola

              Nostocoida limosa

              Lyngbya sp.

              Oscillatoria bonnemaisonii

              Oscillatoria amoena
              BACTERIA

              Beggiatoa sp.

              Sphaerotilus natans
