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     The distribution of seaweeds found along the Bats Cave rocks (31'O1"S and 27'57"E) is affected by the sewage which is released into the sea daily.  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.  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 micro-organisms 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).

     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 2.5 km of the study area around Bats Cave (Fig. 1).

THE STUDY AREA
     Two outfall pipes release 23 million litres of raw, untreated domestic sewage daily into the surf zone at the low water spring tide mark (Watling, 1983) to mix with the waves (Plate 1).  Whillier (1962) showed that the counter currents along the coast pass the outfall area in a northeast direction toward Nahoon 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) (Fig.1).

     Heydorn and Tinley (198O) list most geographical information about this area.  The intertidal zone consists of Dune Rock, (false-bedded calcareous sandstone) (Eyre et alia, 1938) throughout except near Nahoon Point where a boulder field takes over.

RESULTS
     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 with the presence and abundance of, or lack of the same species farther 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. 

      During a two year period, 131 different species of seaweed were collected in the Bats Cave area.  Concentrated collections in the outfall area produced many more species than would have been expected.  However, the totals were still lower than for the areas farther away and a gradient of species numbers from the outfall toward the control was evident (Fig. 2).  A reduction in the number of species of seaweed of 87% in the outfall areas and 44% up to 5Om from the outfalls was found in the collections.  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.  Blue-green algae were predominant within 2Om of the outfalls.  Pioneer species appeared from about 15m and made up the cover from 2O to 3Om.  From this point, the number of species increased (See fig. 2). Most brown algae species were absent in the outfall areas (see Borowitzka, 1972 and Littler and Murray, 1975) as were most species of coralline algae.  Littler and Murray (1977) found 9O% more taxa in samples in their control area than in the outfall area in a California study.

     Species diversity (Borowitzka, 1972; Murray and Littler, 1974) was determined using the photographimetric method (Littler and Murray, 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, overall cover, occurrence and importance values for each species was computed.  These results were then used to determining species diversity (See Klenk, 1985).    Although cover was greater in the polluted sector, species diversity was reduced (Table 1).

     TABLE 1
PATTERNS OF SPECIES DIVERSITY FOR CONTROL AND OUTFALL AREAS BASED UPON IMPORTANCE VALUE

Sector  No. Species (s)    Cover   H'(Diversity) J'(Evenness (H'/logs))
Polluted       25                   95%          3.60           1.119
+1OOm          27                    65%          3.76           1.141

+25Om          22                    8O%          3.75           1.215

     During a successional study, denuded rock surfaces closest to the outfall exhibited rapid recovery, reaching 1OO% cover within 6 to 8 weeks.  The species involved in the rapid recolonization were species with short life histories and these plots did not develop much further than this opportunistic species state (Murray and Littler, 1978).  The control plots recovered 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 occurred 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.
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