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1. IN1'RODUCTION 

1.1 The Surf-Zone Ecosvstem 
~ 

It is a widely held \riew concerning the phytoplankton of the littoral and mner s11blittoraJ zones of the 

ocean that high standing stocks only occur in areas having a stable substrate to which benthic plants can 

attach. Consequently e:J\.-posed sandy beaches, where the shifting substratum precludes attachment of 

macroalgae have been regarded as zones of low primary production (Bro'-"n, 1964). Sandy beaches which 

do not host phytoplankton accumulations are considered to be "subsidized" to some extenr from oceanic 

and landwater sources (McLachlan, 1980). Those beaches which contain phytoplankton accumulation..4\ 

constitute an exception to this rule (Lewin and Schaefer, 1983). 

Because of the presence of rich phytoplankton accumulations in the surf, maintained by speciaJ cell 

mechanisms together with water gyres which retain nutrients, McLachlan (1980; McLachlan el al., 1981) 

proposed that the sand and \\1ater envelope of the surf-zone is a viable, semi-closed ecosystem. This 

ecosystem had the drift line and outer limit of water gyres as its boundaries. Talbot and Bate (1986) look 

this concept further and repor1ed that no surf diatoms could be found in the nearshore behind the 

breaker line except on a single occasion, making Lhe system closed at )east with respect to surf diatoms. 

In this report, terminology is used 'vhich bas developed following investigations at the Sundays River 

beach surf ecosystem. The surf-zone terminology used by McLachlan, (198Q, 1983) and Taibor (1986) has 

been adapted as follows: The surf-zone ecosystem comprises the entire sub-aeriaJ beach and the breaker 

zone. For the purposes of the present study, because the study was undertaken from the beach without 

the facilities to sample the nearshore, the latter area of exchange by rip currents is excluded. The 

ecosystem is considered to be a closed or semi-closed system rbe dimensions of whlch are shown in 

Figure 1. 

Jn the past, the "bloom" has been use!i to describe the brown water phenomenon in ~urf-zones. This has 

caused some confusion with the result that I.he following terms are applied strictly in this ~rork : 

Bloom - High cell concentrations resulting from exponential cell division of a phytoplankton species. 

Accumulation - High cell concentrations caused by physical concentrating forces, such as water currents. 

Patch - The discolouration of waler due either to bloom formation or accumulating forces. 
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Figure 1. The dimensions of. and terminology used in describing surf-zones in this report . 
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1.2 The Importance of the Coastline 

The coastline is ct junction between the sea and land, yet it is much more than just a physical meeting. 

Man has been fascinated by the seashore for millennia and today it forms an important economic entity 

in the fmancial &tructure of all countries bounded by a coastline. Historically, the coast became especially 

important when international trade expanded with the development of ships capable of negotiating the 

hazards of the sea and its storms. For this reason, lhe early importance of the coast was related to the 

industriaJ and commercial development of areas with suitable ports. 

With the increase in the population around the world, the coast, which was previously more imporlant ~ 

an indusrrial and trade area, began to be settled more densely. Many of the people who moved to the.."e 

areas were no 1onger directJy associated with shipping. This led to the expansion of facili1ies in these 

areas which in turn resulted in increased development. 

With settlement ~me housing, roads, pollution and a build·up of pressure in an area which, from Lhe 

point of view of slability. v.·as equated to inland areas. Inexperience in coastal zone management resulted 

in exceeding the carrying capacity of many of .such coastal areas. This1 in tum, resulted in an increase in 

engineering works to keep rhe coastline stable. 

Today, the coastline is recognized as a sensitive zone and legislation has been enacted in many parts of 

the world to enforce suitable strategies for coasta1 use and management, controlling t..be dumping of 

noxious wastes, the use of estuaries as sewer lines and 1he development of coastal dunefieJd& The 

arlificiaJ stabilization of wind-blown dunefields has been recognised as having potentially adverse effects. 

at other points along the C{)ast. The abstraction of \\'aler from coastal aquifers is no longer seen as 

merely the use of water which wouJd othernrise flow wastefully into the sea~ such water is now recognise.d 

as ha\ri.ng a role to play in the holistic environment in which Man and all other life-forms exist on earth. 

At present much is being written about the possibility of an imminent substantial change in the levei of 

the sea - a phenomenon whicb bas indeed been going on since the oceans were formed. AlJ 

developments in the coaslal zone will be greatly affected by such an event and the ripple-effect will 

spread to all parts of the world, both physically and economically. An understanding of the impacts of 

such an occurrence in both the long-term and the short-term is needed. Only with 5Ucb an underscanding 

will advance planning reduce the impact of the phenomenon. 

An understanding of the coastal zone does not necessarily follow a purely philosophical consideration of 

the coast. Such understanding is born out of experience and knowledge following investigation and study. 

This repon supplies information on some aspects of Lhe coastal zone which will extend our understanding 

I 
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of tbe ecosystem involved and raise other questions to spur us on to examine the coast in even greater 

detail to facilitate future. planning. 

1.3 Past International Research on Surf-Zones 

Early reports on surf.zones containing high c.oncenlrations of phytopla.nllon date from the 1960's (Cassie 

and Cassie, 1960). There ha\1e been other reports since then (Lewin and Norris, 1970; Gunter and Lyles. 

1979). In all these early reports the occurrence of brown patches caused by phytoplankton in the ~'ater, 

were referred to as "blooms~, DO\V known to be accumulations (Talbot and Bate, 1987). Acc11mulation5 

have been reported from all around lhe world (listed in Campbell, 1987). 

The phytoplankton v.rhlch accumulate in surf-zones all belong lo one of the following genera: .Alzaulus, 

Astcrionella, AuJacodiscus or CJ1aetoceros (McLachlan, 1983). The occurrence of overwhelm ing 

dominance by a single species in coastal water has also been reporte<l for species of other genera such as 

Skeleto1ie1na costdtun1 (G re\ille) CJeve (Hulburt, 1985) and Ceretaulina pelagica (Cleve) Hendcy, which 

has been reported to bloom off the north-east coast of New Zealand (Taylor er al., 1985). The cell 

concenlrations of 1o-3 to 106 cells 1·1 (Hulburt, 1985) measured on these occasions do not approach those 

recorded for accumulating-t)pe phytoplankton (109 cells 1·1; Schaefer and LeVlrin., 1984; CampbelJ and 

Bate, 1987). 

A ljst of inlernational literature referring to sandy beach surf-zone phytoplankton is given m Appendix 1. 

1.4 Past Reseai-ch on the South African Coastline 

Local researcli on the South Afrjcan coastline can be divided into two sections. The nature and ecology 

of our rocky shore coastliae has been studied in great detail by Branch and his group. "The Living Shor~ 

of Southern Africa" (Branch and Branch, 1981) is perhaps their best-known publication. 

With regard to sandy beaches, work began in 1979 V11hen Lewin visited South Africa and initiated studies 

into the ecology of sandy beaches under the leadership of McLachlan (McLacblan and Lewin, 1981). The 

botanical work lagged behind until 1982 whe~ following the initial repor~ of McLachlan and Lewin 

(1981) an investigation began into the distribution of phytoplankton accumulations in the surf-zone of the 

Sundays River beach (Sloff, er al., 1984). At this point the dominant phytoplankter was considered to be 

Ana1,Jus birostratus (cic.), later identified as Anaulu..r australis sp. nov. Drebes er Schulz. 
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Subsequent to 1983) detailed work described the phytoplankton ecology, physiology and population 

dynamics for the Sundays River beach. The ecology bas be.en summarized in a review by Talbot et al. 

(1990). More detailed physiological work to explain the ecology is still under investigation. 

A list of local literature referring to sandy beach surf-zone phytoplafil..'ton is given in Appendix 2. 

The major diatom species, A11aulus australis Drebes ec Schulz bas only been reported in large quantities 

on the south coast of South Africa. l ts presence has prompted investigation into che following aspects: 1) 

the distribution of phytoplankton in the ~'ater column; 2) the distribution of phytoplanl'ton in the sand; 

3) seawater chemjcal composition; 4) nature of nutrients deljvered to the surf-w ne from land based 

sources and 5) the possible interrelalionships betv.reen the aforementioned 

Follo"Wing the imtial aerial survey of the coast (Campbell and Bate, 1990a) during which features 

potentially linked 'to surf.zone phytoplankton dynamics were mapped, Lbe coast was subdivided mto three 

sections on the basis of presence or absence of phytoplankton patches. No phytoplankton accumulations 

have been observed on the west coast f:rom Cape Point to Cape Cross in Namibia, although brown 

patches of "gilven-foam" (storm foam; Kir~ 1983) were common, The pbytoplanl~on standing stock along 

this section of coast is high (Harr and Currie, 1960). 

The three phytogeographic zones are (Fig. 2): 

West Coast : Cunene River to Cape Point 

(17°15'S:ll 0 45,E co 34°22'S:18°30.E) 

South Coast: Cape Point to Cintsa Bay 

(34°22'S:J 8°30'E to 32°50'S:28°07·E) 

East Coast : Cintsa Bay to Kosi Bay 

(32°50'S:28°07'E to 26°5l 'S:32°53'E) 

The studies of south coast beaches are rep(lrted in Campbell and Bate (1990b) and the east coasc studies 

in Campbell and Bate (1990c), while this report is concerned wiLh the data collected on the west coast 

beaches. 
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2. MATERIALS AND METHODS 

2.1 Sites 

The linear wesl coast line allows us to refer to the sample beaches simply by their latitude value, which 

we have transformed into a decimal value, i.e. Mel.kbosstran~ latitude 33°43'S, is identified as 33. 72°S. 

The location of the san1pling sites along the west coast is given in Figure 3. The date and time of 

sampling as well as the beach state at the time of sampling are given in Table 1. 

Figure 3 indicates the extent to which the west coast was sampled. The main reason for the limited 

number of sampling points was the difficult)r involved in reaching many of the beaches. Large slrelches of 

the west coast are without roads: lie. "'~thin restricted areas of diamond mining operations, or are sites 

with known diamond deposits. While the sites chosen represent only a small portion of tbe whole area, 

Figure 3 indicates thal the entire length may be considered lo have been represented as the selected 

beaches cover the entire range of latitude and longitude. 

2.2 Nutrients 

Water collected for mineral nutrient determinations was not preserved but was analyzed on the day of 

collection. Sea water samples were taken al the beaches from Port Nollotb to Mile 108. The data, 

however, inclicared that there were no significant correlations between nutrient content in surf.zone water 

and either geographic position or other biological feature. For this reason, further surf water anal~·ses 

were discontinued. 

In an attempt to determine the mineral content of fresh waler seeping into the sea from aquifers along 

the coast, samples were analyzed where such aquifers were known to exist near the coast. AddjtionaJ 

data were subsequently obtained from the Departments of Water Affairs of both Namibia and South 

Africa. Water quality data have been published for Narnibia but not for South Africa; however, some 

hand.drawn maps of coastal aquifers were supplie.d by the Hydrology section of the Department of 

Water Affairs, Cape To\1/ll.. 

1'itrate-N was analyzed according to the method outlined in Bale and Heelas (1975) following reduction 

to nitrile which was subsequently analyzed by the method of Greiss (1879) and Ilosvay (1889). 

Ammonium and silicate \¥ere measured according 1:0 tbe 1nethods of Strickland and Parsons (1972). 
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Table 1. Tbe sites at which samples were collected, The beach co-ordinate (given in decimal degrees 
latitude), beach state, the date (month and year) and time at \Vhich samples were taken are given. 

Beach Latitude (0 S) Sampling Enerro' State 

Date Time 

Melkbosstrand 33.72 03.89 10.00 ffigh 

Yzerfontein 33.35 03.89 11.00 High 

Paternoster 32.82 03.89 12.00 High 

Dwarskersbos. 32.70 03.89 13.00 Low 

Elandsbaai 3232 03.89 16.00 Medium 

Strandf ontein 31.75 03.89 10.00 Medium 

Port Nolloth 29.25 01.89 14.00 Lo\\• 

Stale Alluvial 29.20 01.89 15.00 Medium 
• 

Oranjemund 28.63 10.89 10.00 High 

Oranjemund North 28.60 10.89 16.00 High 

Elizabeth Bay 26.92 01.89 11.00 Low 

Grossebucht 26.73 01.89 10.30 Low 

Agate Beach 26.63 01.89 12.00 Low 

Paaltjies 23.00 01.89 14.10 Medi11m 

Langstrand 22.85 01.89 16.15 High 
-

Mile 14 22.48 01.89 13.00 Medium 

Henties Bav 22.12 01.89 11.50 High - -

Mile 72 21.87 01.89 10.30 High 

· lvfile 108 21.45 01.89 09.45 lligb 

Ske\etQn CQa~\ l l~.63 ()'2.89 11.30 Not knov.'ll 

Skeleton Coast 2 18.20 02.89 11.30 Not known 

Skeleton Coast 3 1732 02.89 13.00 Not kno\vn 
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2.3 Phytoplankton Species Composition 

Water samples (berween 100 and 500 ml) were collected 20 cm belo\\' the water surface. If a bro\VD 

discolouration of the water was observed, foam v.1as collected as well. Samples were fixed in 0.4% 

neutralised formalin prepared by adding 200 g Hemamin (hexametbylene-tetramine) to one litre of 40% 

formalin, standing for one week, before being filtered and diluted with distilled water to 20% formalin 

equivalent. This was used as the concentrate. 

Sand samples were taken in the swash zone, approximately mid-way between the lowest waterline and 

the highest swashline. The sand was taken to represent a depth of about 50 lo 100 mm. After the sand 

samples had been collected from the swash zone they were placed in a container v.tith some neutralised 

formalin preservative. The sand and formalin \Vere well mixed lo ensure that no microbial activity 

occurred during storage lasting up to two months before the samples were analy-zed. The samples of sand 

were eluted by placing the weighed sample into a 250 ml Erh1enmeyer flask containing 20 ml of 

prese.rvative. The· mixture was shaken well and the liquid emptied into a separate flask. The washing 

with 20 ml of preservative was repeated Lhree times to ensure the removal of all phvtop]ankron cell.t\ 

Cell numbers were determined by settling 10 to 60 ml of the eluted Ouid samples m an Utermohl settling 

chamber. The samples were settJed for 24 hours before studied using a Zeiss IM 35 inverted microscope 

at a magnification of 630x either in brigbtfield illumination or wiLh Nomarski interference. Ali the 

sarnples were stained with Rose Bengal (4,5,6,7-tetrachloro-2',4',5',7'-tetraiodo-fluoresce~ Sigma) to 

facilitate identification of biological content. Cell counts were continued until either 200 cells or 200 

frames were counted. The actuaJ n11mber of cells counted was normalized to number of cells per ml in 

the case of \\'aler samples, or number of cells per gram dry beach sand in the case <)f cells extracted from 

the sediment. 

ldentification of the ;·arious ph)'loplankton cells is based on an artificial key de,iised for u.~t with a lig.1'1t 

microscope (Campbell and Bate, 1990d). 

The species composition was anal)rz.ed using several methods. Indice~ of species diversity and dominance 

are based on Odum (1971): 

where d :; diversity index; 

S ;: the number of species; 

N = the number of individuals. 

S-1 d--- -
log(N) 



Also: 

~·here di = dominance index; 
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di-~ (E):t 
N 

o = the n11mber of individuals of a species; 

N = the lotaJ number of individuals. 

Detrended canorucal correspondence, CANOCO (Tcr Braak, 1986) and TWINSPAN (Hill, 1979) 

analyses were also performed on the species composition data. 

2.4 ChJorophyLJ .. a Concentration 

Chloropbyll..a analyses were performed on ethanol extracts using the spectrophotometric method 

recommended by Nuscb (1980). The chlorophyll-a concentration of some of the samples was also 

measured using high performance liquid chromatography (HPLC) using a 1608 Micro Pak HCH-5n 

reverse-phase co111mn and isocratic elurion with 70o/o methanol:30o/o acetone. Duplicate samples ~bowed 

less than 5% difference using the two methods. 

2.5 Sand Grain Size 

Sand stripped of phytoplank-ion was washed in distilled \\'ater and oven dried at 105°C. Tbc total sample 

was then passed through different mesh sizes (212, 600, 850, 1 700, 3 350 and 4 750 µ.m; the less than 

212 µm fraction was ref erred to as the 100 µ.m frriction) and the mass of each sub-sample determined. 

2.6 Biogenic Content of the Sand 

Each of the subsamples of sand in the different size fractions v.1as treated with excess 1.5 N hydrochloric 

acid in order to dissolve all carbonate present. The weight difference after washing the acid-treated 

sample in distilled water and drying at 105°C provided an indication of the ca1ci\1m carbonate content. 

The biogenic content is consideTed equal to the calci11m carbonate content. 

2.7 Primary Production Estimates 

Access to high energy· surf-zones is normally restricted as a result of the crueme rurbuleoce of lhese 

areas. In the past attempts to determine primary prodllCtion using the racliocarbon method of Sleeman-

I 
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Nielsen (1952) have failed because many bottles are lost or broken. For this reason, the i1J situ method of 

measuring primary production was not considered for this study. Even though this method is considered 

by many to be the most accurate, the so-called "simulated in si111" me.thod is the most widely used 

(Harrison et al., 1985). ln the study of a system over a period of time, i11 situ measurements approximate 

the real values only if they represent time-integrated environmental conditions. In a high energy 

surf-zone where it is not possible to practice the in situ method, a combination of the "simulated in situ" 

and modelling approaches is more suitable. This involves the assessment of abiotic and biotic variables 

over the period of estimation, followed by an assessment of the physiological responses of the organism 

to these variables (Harrison et al., 1985). An accounting model may then be used 10 integrate the rate of 

primary production over the period during which the abiotic variables were monitored. This approach 

was used to estimate the annuaJ rate of primary production by the phytoplankton of the Sundays River 

beach ecosystem (Campbell and Bate, 1988); the same approach was u.sed in the present study. The 

model was run by means of Lhe interactive modelling aid programme DRIVER (Furniss, 1977) with 

PASCAL implementation by Hahn (1987). Values for biomass and surf-zone staics inserted into the 

model were derived from this study but all the remaining variables were based on lhe Sundays Ri\•er 

beach model (Campbe~ 1987: Campbell and Bate. 1988). 
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3. RESULTS 

3.1 Environmental Variables 

3.1.1 Temperature 

The west coast cold v.•ater generally had a temperature of 15-18°C south of Swakopmund (Table 2); the 

temperature norlh of Swakopmund increased to 20°c. 

3.1.2 Wave Height 

The different beaches sampled bad widely \'arying \Vave height (Table 2) from 0.5 m lo 4 m waves; thes<: 

beaches can therefore be considered to cov·er a wide range of energy states expected along our consfs. 

3.1.3 Surf-zone Topography and Width 

The lopographlc state of the surf-zones ranged from reflective to dissipative (Table 2) and width from 

10 m to 150 m wide, m.aking the samples representative of all the beach slates found along Lhe west 

coasL 

3.l.4 Aquifers 

After having drilled several holes with an auger (4 m) in the sand on the beaches investigated, and 

fmcling no water, it bl!Oime clear that there was little fresh water seeping into the surf~z.ones along the 

west coast. A map of the known aquifers along Lhe west coast \\'as obtained from the Departments of 

Water Affairs of Namibia and South Africa. The aquifers along the coast norrh of Sand\\-ic.h Harbour arc 

mapped in Figure 4 and those south of the Orange River in Figure 5. 

No aquifers are knov..'D between Sandwich Harbour and the Orange River. The only significant aquifers 

which could deliver fresh water into the surf-zones along the Namibian coast are at Hentiesbaai and 

Sandwich Harbour. The aquifers along the west coast of South Africa associated with the beaches 

sampled are at Port Nolloth, Elandsbaai and Dwarskersbos. 
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Table 2. The water temperature, wave heighl and swf-zone topography at the beaches sampled. 
Dis == Dissipative; LBT = Longshore Bar-Trough; Ref== Reflective. 

Beach Water Wave Height Surf-zone 
Temperature (m) 

Width (m) State (°C) 

M elkbosstrand 17 2.0 150 Dis 

Yzerfontein 17 2.0 150 Dis 

Dwarskersbos 18 0.5 10 Ref 

Elandsbaai 18 2.5 150 LBT 

Strandfontein 17 2.5 150 LBT 

Port Nolloth 15 0.5 10 Ref 

State Alluvial 15 25 100 LBT 

Orange River 15 4.0 150 Dis 
. 

Elizabeth Bay 17 1.0 150 Dis 

Grossebucht 17 1.0 150 Dis 

Agate Beach 17 0.5 20 Ref 

Paaltjies 15 3.0 100 LBT 

Langstrand 15 2.S 150 Dis 

Mile 14 20 25 100 LBT 

Hentiesbaai 20 3.5 
-

100 LBT 

Mile 71 20 2.5 150 Dis 

Mile 108 20 2.5 150 Dis 
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3.1.5 Nutrients 

Nutrient conrent of aquifers at Port Nolloth, PaaJtjies and Mile 14 as well as nutrient content in the 

seav.•ater at several beaches) is given in Table 3. Aquifer water contained about 15 times more nitrate 

than seawater at Port Nolloth and Mile 14; ammonillm concentration was hjg.ber in aquifer water than in 

seawater at Mile 14 only (7 times higher). The soluble reactive silicon content of aquifer water at Port 

Nollotb and Mile 14 was about 10 times higher than that of seawater. It Lherefore appears that the. 

aquifer warer could be a source of nutrients to the surf.zone. 

3.1.6 Sand Grain Size 

The size distribution of sand particles is depicted in two ways in Figures 6 and 7. Most of the sand 

particles are in the smaller grain size fraction ( <600 ~m). Al Agate Beach the size distnbution vvas 

different, half of the sand being in the 850-1700 µm siu fraction; this peak is ignored in the com put er 

analysis (Figure 6) but appears shaded in Figure 7. Just over 40% was in the < 210 "m fraction. This 

V.'as the only site with a bimodal grain size distribution. 

3.1.7 Biogenic Content of the Sand 

The proportion of biogenic sand was generally low (Figure 8). Three geographic areas can be identified 

on the basis of percentage biogeruc sand. Sites oorth of 230s had little biogenic component in the sand 

(below 5%), al sites between 26°S and 32.5°s the biogenic component was between 5% and 10%. South 

of 32.5°S the proportion of biogenic sand was high, 20% to 75% of the sand having a b1ogenic origin. 

~'hen the separate fractions were. anaJy·sed for biogenic components> it was C\~dent that there were three 

section of coast with different biogcnic sand characteristics. The percentage biogenic component in eac.b 

fraction is gj\•en in three different ways in Figures 9, 10 and lL The first division is clear from Figure 9. 

North of 21°s there is little biogeruc sand in any of the fractions. A further subruvision can be recognised 

Crom Figure 10 and Figure 11. Figure 11 contains the same data as Figure 10 hut with fewer contours 

shov.'D and the 40% level shaded. Between 21°s and 29°S there are two maxima, one in rbe 1 500 µm 

region and one in the .>4 700 ~m region. North of 29°S the biogenic sand was mostly in the smaller 

fractions. 
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Table 3. The nitrate, ammonium and soluble reactive silicon content of aquifer water and seawater at 
selected beaches. 

Site Beach Nitrate • Ammoru11m Silicon 
(µmol 1·1) (µmol 1"1) (µmol 1"1) 

Seawater Port Nolloth 3.6 1.7 21.1 

4.2 1.9 21.1 

State Alluvial 0.0 3.7 14.5 

Eliz.abeth Bay 6.6 4.2 28.9 

6.1 0.4 18.9 

Grossebucht 5.5 4.0 24.9 

Agate Beach 6.2 1.0 49.1 

Paaltjies 1.2 0.9 1.3 

Langstrand 0.7 8.3 30.8 

Mile 14 1.4 3.4 26.9 

Hentiesbaai 0.8 5.5 03 

Mile 72 3.4 2.0 25.5 

Mile 108 1.0 3.0 0.5 

Aquifer Mile 14 343 23.8 204.4 

Paaltjies 0.8 1.5 2.8 

Port Nollotb 30.6 2.4 144.7 
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3.2 Phytoplankton Species Composition 

A list of all the species recorded is given below. Appendix 3 gives a table of the raw data with percentage 

occurrence of each species in the populations. 

32.1 Species Found in the Water 

No. Species Species Code N11mber 

1 Actinoptychus sple11de1is 3 
2 Anaulus australis 7 
3 Asterionella glacialis 8 
4 BiddulpJzia sp. 15 
5 "Blue-Greens" 18 
6 Ceratiun1 furca 24 
7 Choetoceros didv1111Ls 28 •. 
8 Chaetoceros A 130 
9 Choetoceros spores 120 

10 ' Chaetoceros B 29 
11 Cocco11eis sp. 37 
u DelpJ1i1ieis sp. 1.21 
13 Dunoliella sp. 134 
14 Eucampia sp. 49 
15 Flagellates 51 
16 Grammatophora angulosa 135 
17 Grammatophoro r11a.ri11a 55 
18 Guinardio flaccida 137 
19 Gyrodinium sp. 57 
20 Helgolandi11iu1n sp. 139 
21 Leptocylindtus danicus 60 
22 Licmophora sp. 62 
23 Mclosiro sp. 65 
24 Navic11/a A 146 
.., -L:) Navicula B 140 
26 Navicula C l23 
27 Novicula D 70 
28 Navicula E 71 
29 Novicula F 141 
30 Navicula G 73 
31 Navicula H 142 
32 Navicula I 143 
33 Navicula J 118 
34 Na\1icilla K 155 
35 Navic11/a L 133 
36 Navicula M 145 
37 Nuvicula N 72 
38 Navicula 0 105 
39 Novicula P us 
40 Nittschia closteriu1n 77 
41 Nitzschia delicatissi1na 78 
42 Niczschia longissin1a 79 
43 Nitzschia seriata 81 
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44 Peridi11iun1 A 148 
45 Peridi11iu.m bre\ripes 149 
46 Peridinium palliditn1 89 
47 Peridi1iium B 150 
48 Peridiniu1n C 87 
49 Peridinium steinii 151 
50 Plagiogram1na brockn1w1ii 152 
51 Plagiogramma sp. 153 
52 Plagiogranima van lzeurclii 92 
53 Pleurosigma sp. 93 
54 Porosira glacio 154 
55 Prorocer1trun1 111ica11s 94 
56 Rhizosoler1ia sp. 98 
57 Schroederella scliroedcri 102 
58 Schroederella sp. 103 
59 Skeleto11ema costatu1n 104 
60 Stephanop)T.lis sp. 106 
61 Syr1edrospliae11ia sp. 156 
62 Tetraseltriis sp. 157 
63 Thalassio11en1a 11itzs. 110 
64 Thalassiosira A 132 
65 TJialassiosira decipie11s 111 
66 Thalassiosira fa/lax, 158 
67 Thalassiosira levwideri 159 
68 Thalassiosira polyclzorda 131 
69 Tt1alassiosira B 113 
70 Thalassiochri.x sp. 114 
71 Unknown A 161 
72 Unknown B 178 
73 Unknown C 133 
74 Unknown D 162 
75 Unknown E 136 
76 Unknown F 138 
77 Unknown G 122 
78 Unknown H 147 
79 Unknown I 160 
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3.2.2 The Species found in the Sand 

No. Species Species Code N11mber 

1 Actinoprychus granii 163 
2 Actinoptychus splendens 3 
3 Ampiprora sp. 4 
4 Anau/us australis 7 
5 Asterio1iella glacialis 8 
6 ''Blue-Greens'' 18 
7 Chaetoceros spores 120 
8 Chaeloceros B 29 
9 Cocconeis sp. 37 

10 Delphineis sp. 111 
11 Dinophyte 167 
12 Du11aliella sp. 134 
13 Surirel/a sp. 179 
14 Flagellates 51 
15 Gonyaulax sp. 168 
16 Graniniatophora a11gulosa 135 
17 Grammaiopliora niari11a --.).) 

18 Naviczila B 140 
19 N<Jvicula Q 170 
10 Novicula C 123 
21 N ovicula dista11.s 171 
22 Navicula D 70 
23 Navicula R 73 
24 Nuvicula S 172 
ZS Novicula F 141 
26 Na\1icula G 142 
27 Navicu.lo 1 143 
28 Navicu/a J 118 
29 Noviculo K 155 
30 Na1ricula L 144 
31 Navicu/a M 145 
32 Navicula N 72 
33 Navicula P 125 
34 Nitzscltio biloba1a 126 
35 Niizschia seriata 81 
36 Peridi1Jium C 173 
37 Peridinium A 148 
38 Peridini1Jm B 87 
39 Plagiogramma brocJa11a11ii 152 
40 Plagiogrammo sp. 153 
41 Plagiogramma van heurckii 92 
42 TetraseJmis sp. 157 
43 Thalassiosira A 132 
44 Thalassiosira gra11ii 166 
45 Tha/assiosira B 113 
46 Unknown A 164 
47 Unknown J 164 
48 Unknown K 165 
49 Unknown C 133 
50 Un.known F 138 
51 Unknown L 169 



25 

52 Unknown H 147 
53 Unknown M 175 
54 Unknown N 174 
55 Unknown 0 J77 
56 Unknown P 176 

3.2.3 Community Analyses 

The number of species recorde.d in the water al each of the sites is given in Figure 12. There were 

between 7 and 22 species recorded with an average of 14 species per sample. The number of species 

recorded in the sand al each of the sites is given in Figure 13. The n11mber of species ranged from 3 to 

20 species recorded pe.r sire with an average of 11 species per sample. 

Diversit)1 inclices calculated for Lhe \\1ater (Fig. 14) and sand (Fig. b} showed that there v.•as a slighr 

decrease in diversity between 18°S and 25°S in the waler. Sand samples showed oo trend in dive.rsiry, 
. 

being slightly lower (average of 2.20) than the water (2.83). 

In terms of species dominance t\110 groups of samples can be identified. Most of the water samples (Fig. 

16) had a low index of dominance of 0.2. Four of the sites (Grossebucht:, StrandfonLei~ Elandsbaai and 

Dwarskersbos) had high indices of dominance (above 0.55); Chaetoceros spores were dominant at 

Grossebucht:, Skeletonen1a costatu1n at Strandfontein and a small Navicula at Elandsbaai and 

Dwarskersbos. In the sand indices of dominance were also 0.2 (Figure 17) except for ooe site, Mile 108, 

v.1bere the index was 0.75. Here Chaetoceros spores were dominant. The dominance wrs.s stronger in the 

waler (average of 0.31) than in the sand (0.27). 

The phytoplankton community in the water col11mn an.d beach sand of the west coast is dominated by 

dialoms (Fig. 18 and 19), most of the samples containing more than 90o/o diatoms and none concaioing 

Jess than 50o/o. In the Port Nolloth area as well as al Agate Beach the contribution of diatoms to the 

communjty was somewhat lower. In both cases, green microplankton made up most of the remainder of 

the communiry. In the san<L one of the Skeleton coast sites, Hentiesbaai and Elandsbaai 11ad less than 

80% dialoms. 

Dinoflagellates were represented in most of the water samples (all but 5; Fig. 20) but largely absent from 

the sand samples (all but 7; Fig. 21). 
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Green microalgac were found sporadjcalJy along the west coast, but were found in high n11mbers where 

they occurred (Fig. 22 and 23). 

Other flagellates were not well represented in the water (Fig. 24 and 25) but common in the sand, 

reaching up to 28% of the community at one of the Skeleton Coast sites. 

Bluegreen microalgae occurred in the water al 4 sites in the sand at 3 sites (Fig. 26 and 27), but in all 

cases comprised less than '.3% of the community. 

CANOCO analysis of the species occurring in all the samples (i.e. water and sand; Fig. 28) showed a 

clear separation becween species resident exclusively in sand and those confined to the water. Species 

\Vbich occurred in both sand and water also separated into t\\'O groups: epipsammic species and pelagic 

species. A11mLlus australis associates strongly witb the. epipsammic species.; Asterione!Ja glacialis falls in the 

transition between epipsammic and pelagic; and the numerically dominant Delphi1ieis sp. is pelagic. 

Several species which were only recorded from the water fell outside the limits of the pelagic group. 

They were four species of Thalassiosira, Peridinium brevipes> Eucampia zoodiacus, Guina.rdia flaccida, 

Nitzschio closteriiJ.m and a Sclvoederella sp .. 

TWINSP AN analysis of the same data set also shO'n'S the trend for separation on the basis of "time 

spent" in the sand or water (Fig. 29). The numbers given in Figure 29 refer to the species code numbers 

given on page 22 to 25. The primary djvision is between species v.1hlch occur mostly in the \Valer and 

those that do not. In the group of sp~ies that are mostly in the water, the second division is between 

those that occur equally in the sand and water and those that are mostly in the sand. The latter group 

divides again separating those that occur only in the sand from those that occur in the water occasionally. 

CANOCO analysis of the sites at which the samples were taken separate the sites into three groups (Fig. 

30): 1) all sand samples; 2) \>later samples al and sourh of Lilderitz and 3) water samples north of 

Luderitz. 

The TWlNSPAN analysis also separates sand aod water and north and south sites (Fig. 31). However. 

lhe primary division is between water samples north of Liideritz, and the resl of the samples. The next 

divi.sioo is between water samples south of Luderitz and the sand samples. There was more affinity 

between northern and southern sand samples than between northern and southern \\'alcr samples, witb 

the division between southern and northern sand samples being on two dendrogram levels, 
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3.3 Cell Numbers 

Cell ntimbers in surf-zones of the west coast ranged from 400 to 8 000 cells m1-1 (Fig. 32) highest cell 

n11mbers being recorded at Dwarskersbos and Elandsbaai. Most of the samples contained approximateJy 

800 cells m1-1. 

The cell n11mbers in the sand ranged between 1 000 and 30 000 cells g sand-1 (Fig. 33) exc.ept for 

Grosscbucht where more than 170 000 cells g sand-1 were recorded. Excluding the Grossebucht site, the 

ratio of cell numbers in the waler to cell numbers in the sand (Figure 34) indicates that for most of the 

samples there v.rere more cells in the sand than in the water. The only deviant sjte.s \Yer e one of the 

Skeleton Coast sites, Dwarskersbos, Elandsbaai and Strandfontein. 

3.4 Chlorophyll Concentration 

Chlorophyll-a concentrations in t be water range.d from as low as 1 mg chl-a m-3 ta a high value of 

850 mg chl-a m·3 (Fig_ 35). f\{ost ot the values were between 15 and 50 mg chl-o m-3 with a mean of 
-84 mg chl-o m--'. 

\\'here brown foam was observed, chlorophyll-a measurements were taken in the discoloured foam. Tl1e 
-

values were not particularly high (Fig. 36), ranging from 10 to 280 mg chl-a m-"': the mean of 118 mg chl-

o m-3 is 1.4 times higher than that of water where there v.1as no brown foam. 

The standing sloe.ks calculated from the chlorophyll-a data are presented in Figure 37. Beca~e th~ foGtm 

represents such a small proportion of the total volume (Campbell and Bate, 1988), the standing stock 

distribution has Lhe same pattern as that of the chloroph)'ll-a concentration in the water. 

Standing stocks were between 600 mg chl-a m·1 and 430 000 mg chl-a m·1 \vitb most of the values 

between 7 000 and 25 000 mg chi-a m·1 (Fig. 37, a mean of 42 300 mg chl-a m·1 ). 

3.5 Primary Production Estimates 

The primary production estimates are shown in Figure 38. The primary production depended st.rongly on 

the beach stale is shown in Figure 39. Primary production ranged from 7 kg C m-1 y-1 to 12 200 kg C m-1 

y-1, most of the values being between 200 kg C m-1 y·1 and 500 kg C m-1 y·1; the mean is 1 L40 kg C m~1 

·1 y . 
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The total primary production in the surf-zone of the \Yest coast is 1 200 000 tonnes C y-1. Using a ratio 

of l :3 to convert carbon to dry mass and 1:10 ro convert dry mass to fresh mass, the 1 200 000 tonnes of 

carbon is equivalent to 36 x 106 tonnes of fresh mass per year. 

4. DISCUSSJON 

The west coast of southern Africa is well known for its coJd water and high biomass (Hart and Currie, 

1960; Raymont, 1980). The surf-zone along this highly productive coastline have strong \\'aves and high 

energy beaches, except in sheltered bays where the surf-zone is protected from direct oceanic swell. The 

surf-zone is generally narrower than is to be ex'J}ected from the high wave energy (Wright and Short, 

1983) and a wide dissipative surf-zone v.~th six or more v.1ave bores are never found. 

This coastline experiences seasonal up,>velling (Hart and Currie, 1960), but it is oot cerLain wheLher the 

upwelling water reaches the surf-zone before the nutrients are depleted by coastal phytoplank1.on. 

Sources of nutrients for the surf phytoplankton musl, however, be from lhe seaward sjde because there 

are almost no landward souces. Input from coastal aquifers is sparse. The Hentiesbaai area is the only 

Namibian beach sampJed which has an aquifer which could supply substantial nutrients to the ~urf-zon~ 

(Fig. 4). lf the aquifer water enters the surf-zone at a rate of 1 m3 per rtlnning metre of beach per day, 

as is Lhe case at the Sundays River beach (McLachlan and Illenbcrger, 1985) and with nitrate and 

ammonium concentration in the groundwater similar to that of lhe groundwater at the Sundays River 

beach (Campbell and Bate, in press), the groundwater can be a significant source of nitrogen and silicon. 

Only the Port Nolloth, Elandsbaai and Dwarskersbos sites could be influenced by aquifer water (Fig. 5). 

Nutrient concent of the sea9.1ater \\'aS similar to (hat measured at other sites around the coast (Campbell 

and Bate 1990 b and c). Aquifer water contains ten times more nitrate and silicon than seawaler (Tablt; 

3), which appears to be typical for coastal aquifer water (McLachlan and Illenberger, 1985). 

Sand grain size distribution is similar along the whole coast (Fig. 6 and 7), except for .Agate Beach, \Vhich 

is the only beach inside a deep bay, protected from the ocean by t\rvo islands in the bay mouth. The 

biogenic component of the beach sand increases from 3% to over 50o/o from north to south (Fig. 8). The 

high b1ogenic component in the southern area is associated with an area of coast that has extreme))' high 

standing stocks of filter feeders, isopods and crustaceans (T.E. Donn, pers comm.). The difference 

betv.~een the samples collected south of the Orange ruver and those north of lhis large source of mineral 

sand sbows that sand transport must be largeJy to the north, similar to the transport of alluvia] diamonds 

which are found to the north of the river mouth (most diamond mining operations are north of the 

Orange River mouth). The three Skeleton Coast sites have almost no biogenic sand, but this js e\1enly 

distributed through Lhe different size fractions (Fig. 9, 10 and 11). The biogenic sand of the beaches 
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north of Lhe Orange Ri,1cr has cwo major size fractions in the biogenic component viz. the largest 

f rad.ion, and the 600-1 700 µm size class. The southern beaches have a high biogenic component in the 

grain size fraction f mer than 1 000 JLm. 

A total of 79 species were recorded in the water and 56 in tbe sand of the west coast; 39 species found in 

the water were never recorded in the sand, and 16 species recorded in the sand were never recowed in 

the water. 

The dominant species on the west coast are not strongly dominant; sand and water samples both have an 

index of dominance of approximately 0.2 (Fig. 16 and 17). At two of the sites where the index of 

dominance was higher, Chaetoceros spores were numerically dominant. This is primarily due to the 

artificial combination of several Chaetoceros species spores into one taxon. It was impossible to identify 

the different species of Oi<Ietoceros spores, with the result that the hlgh dominance index in this case can 

be considered lo be an artifact. At Straadfontein Skele101ie1na cos1atun2 was strongly dominant and at 

Elandsbaai and Dwarskersbos a small Navic1llo species was dominant. The latter two sites have 

freshwater input from coastal aquifers (Fig. 5) which may increase the availability of nutrients and 

enhance the dominance of the n1Jme.rically abundant species. Diversity ind.ices did not reflect this 

difference. The sand samples had less dominance and lower species diversity than the wacer samples (Fig, 

14 to 17). 

Diatoms were Lhe dominant type of phytoplankton in both sand and water, most sample..c; having over 

90% diatoms recorded (Fig. 18 and 19). Dinoflagellates were present in most of the water samples; they 

can be considered to be background species (Fig. 20). They are rare in the sand (Fig. 21). Where 

present, green microalgae tended 10 occur in large numbers (Fig. 22 and 23)~ along the west coast the 

tason displayin C"-ireme patchy distribution. Blue-green algae were rare. 

In the CANOCO and T\\'lNSP AN analysis of species composition both methods of multivariale analysis 

~how a division of species into sand and water communities. The sand to waler gradjent (axis A. Fig. 28) 

separates those associations which occur mostly in the sand from those which occur mostly in the water 

on the basis of their afftnicy to the ones which occur in each mode cxclus;vely. The second CANOCO 

axis (B, Fig. 28) applies to the species whlch occur mostly in the water and separates them on the basis 

of rarity. The globally ubiqujtous specjes are clustered at the negative end of axis B. 

The surf diatom Arzaulus australis occurs in a different mode on the west coast compared lo its 

behaviour on the south coast. This diatom is nocturnally epipsamrnic along the south coast (Talbot and 

Bate, 1988), the cells being almost exclusively in the water during the day. The CANOCO analysis (Fig. 

28) shows that aloog the wesl coast A. australis associates strongly with the epipsammic group. In the 
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TWINSPAN analysis it falls in the "mostly in sand" group (Nlimber 7 in Fig. 29). This is despite the facl 

that the samples were mostly taken before 15:00 whi~ according to south coast data (Talbot and Bate, 

1988), should yield most of the cells in the waler. 

Another surf diatom, AsterioneJla glaciaJis (Number 8 in Fig. 29), lies in the transition zone in the 

CANOCO analysis and in the "equally in sand and waler" category in the TWINSP AN analysis with no 

preference for either medium (Fig. 29). 

Two other genera known lo be surf accumulating species (McLachlan, 1983) are Choetoceros and 

Aulacodiscus. Aulacodiscus species were not recorded al all along the west coast. Different Clzaeloceros 

species occurred either in water or in sand (Numbers 28, 29. 120 and 130; Fig. 29). 

When analyzing the west coast s]tes to te,>..1 whclher there are different phytogeographical regions, the 

v.·ater and sand samples separated out strongly. The CANOCO and TWlNSP AN analyses both separated 

the northern and southern samples as well (Fig. 30 and 31). The affinity between the northern and 

southern sand samples was stronger than belween the northern and southern water sample&. However, 

the strong separation between northern and southern water samplest together with some separation in 

the sand samples justifies the separation of two pbytogeographic regions: the di\'ision is berwecn Luderitz 

and Swakopmund. Unfortunately, this area is inaccessible due lo diamond mining operation~ but on the 

basis of the change in the nature of the coast north of Luderiti_ (Campbell and Batet 1990a) the cfuision 

can be set at 25°S. 

We have addressed the matter of species similarities between surf water and water from the Benguela 

Upwelling System along the west coast. ln discussions with members of the study group for 

phytoplankton at the Department of Sea Fisheries in Cape Town, they expressed surpr~e at the f e\v 

common upwelling species which appeared in the beach water samples. The phytoplankton of the 

Benguela system is dominated by cenuic diatoms whereas samples of beach water and sand yielded 

mostly pennale diatoms. This is further evidence lhat the beaches are ecosystems in their own righl and 

not simply a broader region of oceanic biogeography, 

The standing. stock data presented here are based on comparatively fe\V measurements along the west 

coast. Cell numbers of all species in the surface foam on the west coast were very much lower than the 

lcf cells m1·1 often counted on the south coast. Values for the west coast ranged between 500 and 9 000 

cells m1·1• 

The ch.Joropbyll-a cootenl of the south coast beaches is about 27 "g i·1 (Campbell and Bate, 1990b), 

wb.ich is similar to the average content on the southern west coast beaches (Fig. 35), The slati.'\tics in 
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Tab1e 4 shows lhat the south coast and lhe southern west coast beaches are not dissimilar wilh respect to 

chlorophyll-a content. The absence of a sracistically significant difference between the chlorophyll-a 

content on the southern and northern west coast beaches is largely due to the high variance of lhe north 

coast data. The east coast (Campbell and Bate, 1990c) is also different from the west coast so that 

latitude can be excluded as the causal factor. The mean chlorophyll-a content for the \vest coast north of 

Liideritz was 71 mg chi-a m~3 (n == 10), while that at, and south of, Luderitz was 17 mg chl-a m·3; these 

values are significantly different. 

The \1alues for primary production reported here relate to phytopla.nk'ton \Vhicb is normally found in the 

water column of the surf-zone. On the west coast lhere is e.vidence of far greater n11mbers of diatoms in 

the sand per llnil mass tban in lhe waler column per lJnil mass. The species are also different in the two 

media as shown in Figure 28. What we are unable to determine al present is the contribution these 

organisms make to the total primary production of the surf-zone; the calculated \'alues exclude primary 

production in the sand. 

The total primary production for the whole west coast amounts to 12 million tonnes C per year (Table 

5). 

Table 4. Levels of significance (p < =0.05) using at-test between the values of chlorophyll-a content of surf 
water around the. southern African coastline. An asterisk indicates signifiCJtnt. NS indicates non-significant. 

-
Coast East South West West (N) \Vest (S) 

East - ~ ., 
" • 

~outh - - NS NS NS 

West (N) .. - - - -

West (S) - • - • -

Table 5. Estimated total primary productioa for surf-zones of the wesl coast of southern Africa. 

:;i: 

Sec.tor Primary Production Coast Length (km) Total Primary 
(kg(: ID-1 y-1) Production 

(tonnes C y·l) 

Northern 1158 895 1 036 410 

Southern 227 703 159 581 

TOTAL 1 196 165 
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APPENDIX 3. THE SPECIES COMPOSITION OF THE SAND AND WATER 

SAMPLES COLLECTED ON THE WEST COAST OF SOUTHERN AFRICA. 

Spec i es Beach Sleet 2 Skel 3 Skel 1 Myl 108 H~nties Myl n Myl 14 Langstr Paaltj fe Agate 
Co-ord 14.3 19.0 18., 21.5 22.1 21. 9 22.S 22.8 22.9 26.6 

Actinoptychus splendens 2. . 7 2., o.s 2.0 
tuia1Jlus austral is 3.9 0.5 
Aster ionella glacialis 0.4 
Siddulphia sp. 
Blue-Greens 0 ,5 
terat ium furca 
Coaetoceros di~s 
Chaetoceros solitary '. 0 
Chaetoceros spores ". 9 14.2 27.5 6.5 22.6 26.9 16. 3 , 7. 5 37.0 
Chaetoceros sp. 
Coe cone is sp. 0.8 2. 5 s.o , . 0 14.0 
D'lphineis sp. 8.9 3.3 11.8 22.0 27.7 55.7 64. 7 14 .4 37.0 
Ounaliel l a sp. 
Eucampi a sp. 7.5 
f Legel lat es 0.4 1.0 , • 0 1. 0 
Grarrmatophora angulosa 2.3 
Grarmiatophora marina 2.5 
Guinardia flaccida 2.1 
Gyrodini t..rn sp. 
~elgolandinillll sp. o.s 3.7 3 .5 
Leptocyl1ndrus danicus 
Licrnophora sp. 1. 0 0.5 10 .I. 0. 5 
Helos i ra sp. 0.8 , . 0 
Navi cvl a tiny 2. 0 
~avi cula bent 
ljavi C\Jll cigar , • 5 2.5 
N3V; C\JlB football 1.0 
Navicula giant 3 . 0 
~avi cu I a med i 1A11 

Nsvicule oblong 1.0 , . 5 
~avicula oi lspot 4.0 4.4 l.5 11. 0 
~•vi cula pointy nose 1.0 
~avi cul a sand 1. 0 
wnvicola small 
wav tcula small square 
~av i cule snouted 2.5 
haV\C\Jle sp. 0 .8 
~avi cule square 2.0 0.5 
Nav\C\Jla waisted 
j.fj ttsch i a cl os ter i un 
Witzschia de li catissima i4.7 27 .7 0.5 
~,tis chi a long i ssima 1.2 0.5 2. 1 0.0 Z.9 3.5 
~itISch\a seriata ,,, , . 0 o.s 
;.e-ridf nl lnl 36 
~~r ·; df n1 l.111 brevi pes 
Deridini1i11 pallidlMll 1 .5 2.9 
~tridfniun small without feet 5~4 
?erid1niun sp. 5., 6.2 2.0 , .o 2.5 5.5 
Feridtnilin ste inii 0.5 
Plag iograrrma brockmani i 12.9 40 . 0 S.9 
Plagiogranma sp. 60.7 1.5 D.5 0.5 2.0 
Plagiogranma van heurckif 3.4 
F'leurosigma sp. , . 5 0.5 
Poroslre glacia 
Frorocentrl.111 rnicans 2.8 0.0 
~nizosolenia sp. 0.5 
St~roderella scheroederi 7.2 9 .3 
Sehroederella sp. 23.2 
S~eletonema costatlJTI 
St~~anopyxis sp. 0.5 0.5 
Synedrosphaeni a sp. 33.2 
-etraselmf s sp. 1. 0 29. 2 
lhalassionema n1tzschio\des 



Thalassiosira 52 16.6 
Thalassiosi ra decipiens 
Thatass1os1re fallax 
Thalassiosira levanderi 
Thalass1osira polychorda 
Thalassios1ra sp. 3.8 7.4 
Thalessiothrix 
Unknown 0.9 5.8 2.5 
Unknown bit t en apple 
Unknown Dividing capsule 
Unknown Giant 
Unknown Grapes 
Unknown Hant>urger 
Unknown Lemon , . 0 
Unknown Others 0.9 2.5 8.8 
Unknown The Ring 
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16 . 0 2., 5.5 8.8 

3.5 
0.5 

8.2 5 .9 

6.2 1 . 0 0. 7 

1 .0 8.5 

0.5 

2.0 
2.5 

1.0 
6.4 

4.7 

3. 5 
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Acti nop 
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Slue· Gr 
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Chaetoc 
Chaetoc 
Chaetoc 
chaetoc 
Co cc one 
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ouna lie 
EUCB!J1:>l 
Fla;etL 
Grarrmat 
Graninat 
Gui nerd 
Gyrodi11 
Helgola 
Leptoey 
Licmopn 
M@losir 
Nevi cu~ 
Nevi cul 
Navicul 
Navicut 
Navicul 
Navicul 
~avicul 
Nav{ c:ul 
Wavicul 
Navf cu~ 
Novi cul 
Mavir.ul 
Navicul 
Navicul 
Mavl cul 
HaviC\lt 
Wit2sch 
Nitzsch 
Nit'ISCh 
Ni t?sch 
Peri din 
Peri din 
?eridin 
Peridir. 
Peridin 
~eridin 
Plagfogl 
Plngi 091 
Pl agi ogl 
F leuros 
Poros i r l 
Prorocet 
Rhizoso1 
Sch rode~ 
Sehr~~ 
Skeletor 
5t~a"4 
Synedrof 
letrase! 
That ass 
Thalass i 
Thal ass\ 
Thal assl 
Thatassl 
Thalass l 
Thn l ess j 
lbe l assi 
Unknown 
Unl<nown 
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Spec1 es Beach Grosseb Elizab 8 Elizab B Pt Noll Pt Noll Pt Noll Pt Noll Strandf Elandsb Yzerfon 
Co-ord 26.7 26.9 26.9 29 .3 29.3 29.3 29 .3 30.6 32.3 33.3 

Actinoptychus splendens , .6 
Anaulus australis 7.0 1.1 3.0 3.0 
Asterionella Glacialis 1.3 1 • 5 
Siddul ph 1 a sp. 0.3 
Blue-Greens 2.5 l. 0 
Cerat illtl furca 
Chaetoceros did~ 
Chaetoceros solitary 
Chaetoceros spores 78.6 15.2 14 .8 37.6 42.3 31. 3 28 .3 , , • 5 3.5 5.9 
Chaetoceros sp. , 1. 8 
Coceonef s sp. 7.9 , • 1 , , • 9 l. 1 13.4 0.5 0.8 
Oelphineis sp. 4.7 1. 7 6.5 2_4 7.0 9.2 2.5 2.5 , • 3 2.5 
Ounaliella sp. 6.5 
Eucamp1 a sp. 
flagellates 2.4 9.2 0.5 
Grarrrnatophora angulosa 0.9 
Granmatophora mari na 2.3 0.5 0.8 
Guinardia flacc;da 
Gyrodinilill sp. , • 0 
kel9cland1nil.fTI $p. 
leptocylindrus danieus 1.0 2.0 
L i~mophora sp. 2.8 0.3 1., 5.5 2 .0 0 .5 
~elosira sp. 0.5 , . a 
~avicula tiny 2.0 2.2 2.5 
Wavi cul e bent , . 5 
W1vi cul a c i 9ar 13.6 , .0 
~avieul6 football , . 1 0.5 0.8 3.0 
Navfcula giant 
Navicula medil..l'Q 0,5 o.s 0.3 
~av1c:ule oblong 
liav\c:ula oilspot 1.1 
Wovicu le pointy nose 
Hav1cula sand 0.3 
._av·; cul a small 3.6 l .1 
Navicule small square 2.7 83., 
~ivioula snouted 25.5 24.4 
Navicule sp. 1.0 
~avicula square , . , 4.0 
Hev icule wai steel 0.5 0.3 
Hitischia closteril.ITl 1.6 , . 0 
~ i t?schia delicatissima 0.7 0.5 0.3 
~ i tzschia longissima 0.8 
kittschia ser{ete , . , 1.0 0.3 10.8 
;;er1di nil.8Tl 36 , .b 2.0 0.3 
~erid1nl1.111 brevipes 
~eri d lni un pallidl.fll 

2.7 

?erid,n\l.JITl small wl thout feet 1.7 3.5 
Fer idini~ sp. 
Fer ~ diniun steinii 
P\eilograrrrna brockmanii 3.8 
Plagi ograrrma sp. 1.0 
Pl1gio9ran111a van heurc:k\ t 
Fleuro$igrna sp. 
Porosira glac;a 1 . , 
?rorocentr1.111 micans 
~h1zosolenia sp. l .3 
~chrod~rel la scheroederi 
Schro~erella sp. 
S.:etetonema costatl.rll 76 .9 4.5 37.9 
Stephanopyxis sp. 1. 3 11.8 
Sy~edrosphaenia sp. 
Tt-traselmi s sp. 0.5 , . 6 36.0 15.4 37.3 30.4 
Thalassionema nit2schio;des 1.0 
Tlialasstosira 52 0.5 4.9 3.5 2.0 4.'4 
lnalassiosira decipiens 2.7 
Thalassiostra fallax 19.5 
Thatassiosira levanderi , .6 
Th&lassiosf ra polychorda 1 . , 
l~alasslosira sp. 43.7 , . 5 
'7hal ass i othr i Jt 

Unkno1o1n 0.3 , .6 2.2 1. 0 0.5 
unknoMn bitten apple 



Unknown Dividing capsule 
Unknown Giant 
Unknown Grapes 
Unknown Hamburger 
Unknown Lemon 
Unknown Others 
Unkl'\Own The Ring 

0.9 

0.3 
0.7 

, . 6 
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4.0 3 .5 3.2 1 . 0 3.4 

Specie 

Actinoi 
Anaulu 
Asteri1 
Siddul( 
Blue·G 
Cerat ,, 
Chaet0t 
Chaetoi 
Chaeto1 
Chaet~ 

Coe coo~ 
Oelphit 
Ounali l 
Euca~ 
Flagel 
Granma· 
Granma~ 

Gui nar• 
Gyrodi I 
Hetgoll 
Leptoc1 
Li c.mopt 
Mel OS i I 
Navicu 
Navicul 
Navtcul 
Navicu! 
Navi cul 
Nav i cul 
Navi cul 
Nnvicul 
Navicu 
Navicul 
Navi cui 
Na\'f cu' 
Na11i cu\ 
Mav1 cu' 
Nevi cut 
Navf cul 
Ni t?SC~ 
Ni tzsc~ 
N1t1SC~ 
Ni t?SC~ 
Peri di~ 
Peri din 
Per i d;~ 
Peridir 
Peri d1r' 
Per-idir 
Plagiog 
Plagiog 
Plegio~ 
Pleuros 
Porosir. 
Proroce 
ahi?OSO 
Sch rode 
Schroed 
Skeleta 
Stephan 
Synedra 
Tetrase 
Thal ass 
Thal ass 
Thal ass 
Thal ass 
Thal ass 
Thal ass 
Thal ass 
Thal ass 
Unknown 
UnknololO 



S~i es Beach 
Co·ord 

Actinoptychus splendens 
Anaulus australis 
Asterionel\a glacialis 
B1ddulphia sp. 
Blue-Greens 
CeratillTl force 
Coeetoceros didym.Js 
Chaetoceros solitary 
Cbaetoceros spores 
Chaetoceros sp. 
Cotconels sp. 
De iphineis sp. 
Dunaliells sp. 
Euc~ia sp. 
r lagel lotes 
Grarrmatophora angulosa 
Gramnatophora marina 
Gu1.nardi a fl ace i da 
Gyrod\ni1..111 sp. 
Kelgolendinil..ITI sp. 
Leptoeylindrus dan\cus 
l icmophora sp. 
Melos i ra sp. 
Nav icu ta tiny 
i.tavicula bent 
Nav i cul a cigar 
~avieula football 
.,avicula giant 
Navicula medil.Jll 
Navi cule oblong 
Navicula oi lspot 
Nev \cula po;nty nose 
filav1CY l 11 sand 
Navi c:ul a smell 
Havicula small square 
Navicuta snouted 
Havi cul e sp. 
Navi c:ul a square 
Navi cul a waisted 
N\t1schia closter f l.111 

~itzsc.hia delicatissima 
~ \ t?scnf a longissima 
Nitzschia seriata 
Per i di ni lln 36 
Per idinil.lll brevipes 
Per ·id~n\Lm pall idU'll 
Per{diniU11 smalt without feet 
P~ridinillTl sp. 
Perid\nill!I steinii 
PlQg 109rarrrna brockmanii 
Plagiograrrma sp. 
Plagio9ranrna van heurckii 
Pleurosi gma sp. 
Porosira glacia 
Proroc:entrurn micans 
1lhi2osolenia sp. 
S~hroderelle scheroederi 
S~hroederella sp. 
Sketetonema costetll!1 
St ephanopyx i s sp. 
Synedrosphaenia sp. 
Tetraselmis sp. 
Thalassionema nitzschioides 
lhalassiosira 52 
Thalassiosira decipiens 
Thalass,osira fallax 
Thelassiosira levanderi 
Thalassiosira polychorda 
Th~lassiosira sp. 
1halassiothrix 
Unknown 
Unknown bitten apple 

Owarslcer Pater 
32.7 32.8 

0.6 

3.9 

4.8 
31.4 

14.6 9.2 

0.6 
2.2 3.9 

'2.5 i.9 

73.9 5.8 

4.3 

2.4 

1.9 

0.6 
0.6 9.7 
0.6 5.8 

1.4 

1.4 

, . 9 

1.4 
z. I, 

Mel kbos 
33.7 

, .8 

4S.3 
2.9 
1.8 
3.5 

1.8 

, • 2 
4.7 

1. 2 

, . 2 

2.4 

io.o 

2.9 

64 



Unknown Dividing capsule 
Unknown Giant 
Unknown Grapes 
Unknown Hant>urger 
Unknown Lemon 
Unknown Others 
Unknown The Ring 

3.7 

65 

6.3 9.4 

SANll 

Spec 

• Act1 
Ac ti 
~, 

Ana~ 

Aste 
Blue 
Chat! 
Chae 
Cocc 
Delp 
D inc 
Dune 
F2/• 
Flat -
GOil)' 

Gran 
Gr art 
Na vi 

• Nav1 
Na vi 
Navi 

• Nav1 
Navt 
Navi 

• Nav1 
Navi 
Navi 
Navf 

• Nav1 
Navf 
Nevi' 
Nevf 
Nevi 
Nitz 
Nitl 
Peri 
Peri 
Peri 
Pla~ 
Pla§3 
Plag 
Tetr. 
Thal 
Thal 
Thal 
Unkn 
Unkn 
Unkn 
Unkn 
Unkn 
Unkri 
Unkr1 
Unkn 
Unkn 
Unkn 
Unkn 
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SANO 

Species Beach Owarsker Strandf Elandsb Yzerfon Pater Myl ,, Myl 72 Skel 3 Skel 2 Skel l Co-ord 32.7 30.6 32.3 33.3 32.8 Z2.5 21.9 19.0 lL. . 3 , 8. 1 Act i noptychus • • 9ran11 
Act i noptychus splendens 2.6 8.3 Ampi prora sp. 
Anaulus australis 1.0 
Asterionella glecialis 3.4 , . 9 3.~ Slue-Greens , • 0 
Chaetoceros spores 24.7 61.5 7.5 , 7 .3 19.( 40 . 8 20.8 24.7 11.5 19.0 Chaetoceros sp. 40.4 28 .8 10.0 23.6 48. 1 40 .8 13.0 40.4 19. 1 14.3 Cocconeis sp. z.o 2.7 5.8 2.6 3.9 3.8 O&lphineis sp. 

4.5 Dinophyte 
3.2 Dunal \el la 

F2/ li2 
5.3 11. 7 Flagellates 11.4 ". 5 2.6 2.6 l4.3 Gonyaulax 

5.2 GratmJatophora angulose 2.2 Z.2 Granxnatophora Sp. 
Navicul a bent 
Mavicula bu lb ended 
N&vi cula cigar 
Navicu la distans 
~avicula football 

3. 4 5.5 2 .9 2.6 3.4 3.B 
Nov\cula large 
Navicula long beaded 
Navlcula med i um 
NDvicula oil spot 
~avi cu la pointy nose 4.5 
~e~i cul a sand 16.9 60.2 7.3 2.9 16.9 Nav i~ul a sma l l 1.5 
N1vl cula small square 2.0 2.7 2.9 IJav l cu ! a snouted , • 0 
~•vtcul a sp. 
MiY icul e waisted 
Hftzschia bilobata 

4.5 1.0 22.7 9.6 4.5 
Ni tischia seri ate 1.8 Ptr idin\ 1.111 35 
lier idi ni LIT1 36 
Peri di nf l.JTl sp. 2.7 
Ptag iograarna broclcniani i 

31 .8 Fta;iogranma sp. 
35.1 F: 1gi ogramt1B van heurck f i 

S.7 9.5 letraselmis s p. 
tne lass iosi ra S2 
it'lslassiosi ra grani i 2.2 3.8 
Thaless iosi ra sp. 2.2 
Un~nown 

3.8 Unknown baby bottle 
Unknown beaded rec tang l e 
Un~n~wn dividing capsule 
UnKnown herrburger 
Unknown hot Water bottle 
IJl'\~nown others 2.2 
L'l'lknown pointy 

9.6 1. 5 2.7 2.9 5.3 S.2 2. 2 , . 3 28.6 
Unknown spaceship with 
Unknown upturned cup 
Unknown \J 

tips 
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Species Beach Paaltjfe Myl 108 Henties langstr Melkbos Grosseb Agate Pt Noll Eli zab B 
Co-ord 22.9 21. s 22.' 22.8 33.7 26.7 26.6 29.3 26.9 

Act i noptychus 9ran11 0.7 
Actinoptychus splendens 
Ampiprora sp. 2.9 
Anaulus australis 12.8 2.0 66.7 19.3 3,_5 15.0 
Asterionella glacial )s 0.5 
Blue-Greens 2 .6 0.8 
Chaetoceros spores 27.7 86.0 24 .3 16.7 16.0 1r4 6.7 10.z S.7 
Chaetoceros sp. 52.7 10.0 40.8 35.9 18. 5 5.6 17.6 10.2 7.9 
Cocconeis sp. 3.9 2.6 3.5 3.3 12.6 4.1 10.0 
Delph1oeis sp. 1.0 
D inophyte 1 • 1 1. 9 
Ouna lie l la 3.9 
f 2/#2 6.8 1.3 2.5 
Flagellates 6.9 2.0 9.7 1.3 1.0 8.6 
Gonyaulax 1.0 
Grarrmatophora angulosa 
Grarrrnatophora sp. 9.2 0.5 5.7 
Navicula bent 3.0 
Wavlcula bulb ended 1.0 
Wavicula • 

1 . 0 4., c1gar 
Nav1cula distans 5.9 0.5 , . 9 7.7 8.0 5.0 5. 1 7.9 
Navicula football 1.3 17.8 0.8 0.5 10.0 
~ev1cula large , . 0 
Navicula Long beaded 2.0 
Navicula medium 2.6 0.8 , . 5 2.9 Navicula oilspot 1 . 9 
Navicula pointy nose 1. 0 4.5 0.8 0.5 ~-4 Navicula sand , . , 3.8 12.5 0.8 12.2 2.9 
Navicula small 
Wavicula small square 3.8 9.0 14.3 8.6 4.3 
Nav icul a snouted 1. 0 
Navicula sp. 0.5 
Navicula waisted 2.6 4.S 1. 7 , . 0 7.9 
Nitzschia bilobata , . 0 
Nltzschla seriata 
Peridini1.111 35 1.3 
Peridini1.1n 36 , • 0 
Peridinil.111 sp. , • 0 , • 0 
Pla9iogramna brock.manii , . 7 
Plagiograrmia sp. 
Plagiograrrrna van heurckii , . , l.7 0.8 
Tetraselmis sp. 0.5 
Thalassiosira 52 
Thatassiosira granif 1. 0 
Thalassiosira sp. , . 3 
Unl<nown 
Unknown baby bottle 0.5 
Unkno1.m beaded rectangle 0.5 
Unknown dividing capsule 0.8 
Unk nown hamburger 1. 7 
Unkno~n hot water bottle 6.0 
Unknowri otf'!ers 2., ~ .5 4.3 Unknown pointy 2., 
Unknown spaceship with Ii ps 1.3 
Unknoi.m upturned cup 0.8 Unknown \I 2.5 
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