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Abstract
     A definite pattern occurred in the successional study carried out along the Bats Cave rocks.  A gradient from the outfall plots towards the control plots was apparent as recovery in the polluted plots occurred rapidly through the presence of opportunistic species. These were able to colonize the denuded rock surface reaching 1OO% cover within 8 weeks.  Rapid growth of some of these species may have been brought about by increased levels of nutrients from the untreated sewage.  Only sewage tolerant species were able to establish themselves for any length of time.  The farther from the outfall the plots were located, however, the longer recolonization took.  The longer period allowed for a greater variety of species to be established.  Similarity was determined between the original plots before clearing and the recovered plots at 6 week intervals.  Control plots averaged 39% similarity compared to 55% for the polluted plots.  The distribution of the species at the end of 3O weeks can be separated into 3 groups.  (1) tolerant of pollution, (2) unable to recolonize in the polluted area and (3) thrive in polluted areas and less prominent away from the outfall.

INTRODUCTION

    The effect sewage has on the distribution of seaweed was studied using a recolonization study along a polluted section of South African coastline where raw, untreated sewage is emptied into the sea daily.  The following areas were looked at in the study;

    1: Did the sewage have any effect on the recovery of the plots?

   2: Would the recovery be slower or faster in the outfall area?

   3: Was there a noticable effect and how far-reaching was              the effect? 

     In order to determine which species of algae would be able to be termed  'opportunistic' species, the recovery of marine algae on fully denuded rock surfaces in polluted and control areas was monitored over a 3O-week period.

   There are two outfalls within the study area (Fig. 1).  The northern one receives sewage from the northeast suburbs of East London and releases 3.5 million litres of raw domestic sewage per day into the sea.  The main outfall receives sewage from the rest of the city (except areas farther inland) and releases 19 million litres per day (Keppie, 1983).  The sewage is mainly domestic with the occasional addition of dyes from a local textile factory.  Both pipes release their contents at the low water mark along the shoreline. Recolonizing studies in the past (Kitching, 1938; Bokenham, 1938; Fahey and Doty, 1949; Fahey, 1953; Emerson and Zedler, 1978) have shown that pioneer or opportunistic short life-cycle species recolonize shortly after clearing a surface whereas longer life-cycle species take a longer period of time. Katada and Satomi (1975) describe four algal groups involved in the succession of bare rock surfaces.  The first group, microbes (benthic diatoms and others) or "pioneer or opportunistic species" (Murray and Littler, 1978) have "rapid growth rates, high productivity and simple thallus forms with large surface to weight ratios" (Murray and Littler, 1978) and become dominant within a half a month after the clearing of a surface.  Borowitzka (1972) found algal communities behind an Australian outfall held at a primitive, 'pioneering' stage.

     A decrease in species numbers around outfalls has been reported (Borowitzka, 1972 and Littler and Murray, 1975) and that the critical effect of the outfall could be decreased environmental stability thereby favouring rapid colonizers and more sewage tolerant organisms (Littler and Murray, 1975). The rapid recovery seaweeds which dominate the disturbed shoreline, appeared to show considerable mortality due to exposure to sewage toxicants but their potential for rapid recruitment maintains their relatively constant population (Murray and Littler, 1978).

The Study Area
     The field work was carried out from April to November 1984 near two sewage outfall pipes at Bats Cave rocks East London, South Africa (33'O1"S:27'57"E) (Fig. 2).

     Dune rock, (false-bedded calcareous sandstone) (Eyre et alia. 1938), makes up the cliffs as well as the platforms and provides a consistent substratum throughout.

METHODS AND MATERIALS
     Metal quadrats 25cm by 25cm (.O625 square metres) were placed in areas selected by their similarity in exposure to the waves and in height above mean low water (MLW), which was determined by an earlier survey. The area was marked out with four steel nails in the corners, and Pratleys Putty was placed around the base of the nails to secure them.

     Each quadrat was photographed on colour slide film, and a visual survey of the macroscopic seaweeds was done before the plot was scraped clean.  All material within the quadrat was collected and preserved.  After scraping and wirebrushing to remove even the encrusting corallines, petrol was poured over the area, set alight and allowed to burn.  After the first burn, more scraping was done and the petrol added again.  As a final effort to sterilize the plot, 95% ethanol was poured over the plot. 

     The cleared plot was photographed again and a continuing series of observations, collections and photography was carried out during spring tides (every two weeks when possible) for 3O weeks.  Two extra clearings were done, one at the beginning of winter and one at the beginning of spring, to check if the seasons had had any effect on the recovery of the plots.  The Bray and Curtis (1957) index of similarity was employed to measure the degree of recovery (%) (Murray and Littler, 1978) of each plot to its preclearing stage. Similarity was measured between the 6,12,18,and 3O week recovery intervals of the polluted and unpolluted areas.  Each plot was given a code and its location is shown on Fig. 1.

    Location and Geography of Areas
    The six plots cleared are located in J1O, K18, J19A, J19B, J25,and J5O.  The extra clearings were done in J19 and J1O (see Fig. 1).

     The J1O plot was located 28Om northeast of the main outfall pipe and 85m northeast of the Nahoon outfall.  It was located on the edge of a flat rock and is 1.15m above MLW. It is exposed to full wave action at high tide.

     The K18 plot was located 15m behind the outfall within the cove on a rock angled down into the wash and was .9m above MLW.

     The first J19 plot, J19A, was located 25m south of the outfall on a rock shelf subjected to southerly and easterly wave action and back wash from the cove during high tide.  This plot was 1.23m above MLW.

     The second J19 plot, J19B, was located 1Om further out towards the edge of the rock shelf and about 2Om from the outfall. It was lower (.85m above MLW) than J19A and subjected to more wave action.

     The J25 plot was located 95m southwest of the outfall and .5m from the drop off of the ledge.  It was 1.25m above MLW and subjected to full wave action at higher tides.

     The J5O plot was used as a control plot for the clearings as it followed the pattern of the control plots set up at Kidds Beach, 35 km southwest of Bats Cave, done the previous year. This area also exhibited an algal flora similar to areas along this coast not effected by sewage.  The plot was 1OOOm southwest of the outfall on a rock shelf above a tidal pool, O.9m above MLW, and subjected to the full force of the waves during higher tides.

 Results and Discussion
     Rapid recovery in the polluted areas occurred while the control plots recovered at a much slower rate.  The total cover (%) of the plots over a 3O week period showd a rapid recovery in the outfall plots (4 to 8 weeks) (Fig. 3), while the control plots took much longer to achieve full coverage (12 to 18 weeks) (Fig. 4).

     One exception was the J1O plot which, while 1OOm away from the Nahoon outfall, is the closest control plot to the outfalls.  97% cover was achieved in 4 weeks.  Six species of algae were present which was the maximum any plot had at this point.  Coverage in the polluted areas tended to rise rapidly and then slowly decreased due to grazing by limpets observed in the plots after full cover had been achieved.

     The control areas, J25 and J5O, followed a similar pattern for the control areas mentioned in Murray and Littler (1978) where the more complex pattern of development took a greater period of time.

     Fifty-eight different species were found, including those found prior to clearing the plots (Table 1).  These included 6 individual blue-green algae species that were consistently identified from samples and 1 species of bacteria (Sphaerotilus sp.) common in the outfall area (see Fig. 5).  The blue-greens that could not be identified were included as unknowns under the heading Cyanophyta.

     Two weeks after clearing, the plots at locations J19I and J1O were completely covered by a brown slime consisting of the diatoms Nitzschia sp. and Licmophora sp.  Two weeks later, the locations were covered in a carpet-like layer of Enteromorpha intestinalis.  This became less prominent after 6 weeks when other species began to colonize the plots.  Borowitzka (1972) recorded slight growth of mainly Enteromorpha and some diatoms within the first few weeks near an Australian sewage outfall.

     While these diatoms occurred on most of the plots, only the plots where the thick diatom cover was present had this rapid recovery.  Whether the pollution played a role in this thick cover could be investigated.  Microscope slides made from collections indicated  Enteromorpha attached to the Nitschia sp. and a Ceramium attached in this tangled mass along with a few sand grains.  Did this thick diatom cover play a role in preparing the denuded substrate for recolonization by trapping sand and providing a moist substrate to withstand exposure at low tide...something missing in the control areas?

   Secondary clearings carried out 2 months after the primary clearings revealed the same pattern and a clearing done 4.5 months after the primary clearings recorded the same result (See fig.6).

     As in Murray and Littler's 1978 study, the control areas (J25 and J5O) took longer to recover but also continued their recovery to a more complex developmental pattern with increasing species numbers.  The outfall locations, while recovering quickly, maintained the opportunistic species acquired in the early recovery stages and were held in this pioneering state throughout the study.

     Most plots by the end of the 3O weeks resembled the surrounding areas.  The exceptions were the control areas.  J25 was thickly covered in Ulva sp. which was interspersed with other species.  This was contrary to the rest of the area in which Ulva sp. was very sparsly dispersed.  The J5O plot was noticeable because of its depressed state compared to the thickly matted surrounding surfaces.  The surrounding surface was mainly corallines, and they had only just started to reappear on the J5O plot.

     The K18 plot located in the outfall cove behind the pipe recovered within 6 weeks.  At that point it was not distinguishable from  the rest of the surrounding surface.  A mat of blue-green algae had quickly colonized this denuded rock surface, and there was little change in coverage or appearance after 8 weeks.

     The predominant species occurring overall in the plots was Ulva sp. which occurred in 66% of the plots. Enteromorpha intestinalis and Cladophora capensis occurred in 54% of the plots and Chaetomorpha sp., Polysiphonia incompta and Ceramium arenarium occurred in 48%, 47% and 41% of the plots respectively (Table 2).

     Many of the species were found only in a few of the plots.  Ulva sp. Chaetomorpha sp. and Enteromorpha intestinalis occurred in each plot for at least a few weeks during the study.  The blue-green algae and Cladophora capensis were prominent in the outfall area.  Herposiphonia sp. was found in most plots before clearing took place but it reappeared only in plots more than 1OOm from the outfall.  The encrusting corallines, Lithothamnium sp. and Lithophyllum sp. and the articulated corallines, Arthrocardia sp. and Cheilosporum proliferum, appeared only on the J25 and J5O plots after 14 to 16 weeks.  Colpomenia sinuosa appeared only at J5O whereas Endarachne binghamiae recolonized J19II and J25, both of which were subjected to heavy surf conditions.

     The economically valuable Gelidium pristoides occurred in the J1O plot prior to clearing but had not grown in any plot during the 3O week period.

     Bryopsis caespitosa was prominent in the J19I and J19II plots from 6 weeks.  Blue-green algae were mainly restricted to the K18 plot, but samples were collected from plots J19, J1O and J25.

     Polysiphonia incompta colonized all plots quickly except the 1OOOm control, J5O.  It appeared only on that plot after 22 weeks.  The monitoring of this seaweed provided proof that it was a rapid colonizer.  Samples taken from an 8-week-old plot were fertile.  These plants were probably no more than 4-weeks old.

 Similarity
     Similarity between the recovered plots and their original plot before clearing, was determined (see Bray and Curtis, 1957).  The average similarity for the control plots was 39% compared to 55% for the polluted plots.  The most rapid recovery occurred in K18 with an 86% similarity average over 3O weeks.  This reflects a totally polluted environment with only a few species able to survive and therefore fewer species to recolonize the plot.  The lowest similarity was recorded at the control J5O (34%) (Fig. 7).

     The control plots took a longer period to recover but more species appeared (Fig. 8).

Discussion
      The length of time a species occurred on a plot (See table 2) is an indication of the environment the species would be suited to.  Many species could establish themselves in the polluted area during a period when conditions might favour the development of species less tolerant to sewage.  This might last only for a few weeks and then, when conditions change, the particular species would die.

 The distribution of the species at the end of the 3O weeks enabled  3 groups of species to emerge.

      1.  Tolerant of the pollution.

     2.  Unable to recolonize in the polluted area.

     3.  Thrives in polluted area and less prominent away from the               outfall (see Table 3).

     Species tolerant of the polluted area were Ulva sp., Chaetomorpha sp., Bryopsis caespitosa, Ceramium arenarium and Polysiphonia incompta.
     Species which had not appeared in the polluted area within the 3O-week study period but which occurred in the  control plots were the corallines, Arthrocardia sp., Amphiroa cf. rigida, Lithothamnium sp. and Cheilosporum proliferum and the brown alga, Colpomenia sinuosa.
     Species which thrived in the polluted areas but were not able to recolonize control plots were the blue-green algae and Cladophora cf. capensis.

     Callithamnion stuposum, Audouinella sp. and Gelidium pristoides did not reappear on any of the plots within the 3O week study period.

   With fewer species able to withstand the stress environment afforded by the outfall, the species which occurred there would be the tolerant, opportunistic species for this particular outfall.

     The competition that the species tolerant to the pollution face in the control areas, would seem to keep their numbers constant.  Once introduced to the polluted environment, however, the lack of competition allows these species to thrive.  The use by the tolerant species of the excess nutrients present from the sewage for growth is another factor which was investigated by Burrows (1971).  This could also play a role in the rapid recolonization due to excess growth.  Throughout the study, Ulva sp. collected from the plots consistently varied in size.  The Ulva which was predominant in J19 was always much larger in size that the Ulva in J1O and J5O
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