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1. INTRODUCTION 

1. t The Surf .. Zone Ecosystem 

It is a widely heid view concerning the phytoplankton of the littoral and inner subllttoral zones of t;be 

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

attach. Consequently,, expose.d sandy beaches, where the shifting substratum precludes attachment of 

macroalgae, have been regarded as zones of low primary production (Brown, 1964). Sandy beaches which 

do not host phytoplankton acc:umutations are considered to be "subsidized" to some extent from oceanic 

and landwater sources (McLachlan, 1980). Those beaches which contain phytoplankton accumulations 

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

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

mechanisms together with water·-gyres which retain nutrients~ McLachlan (1980; McLachlan et al., 1981) 

proposed that the sand and water envelope of the surf-zone is a viable~ semi-closed ecosystem. This 

ecosystem had the drift line and outer limit of water· gy.res as. its boundaries. Talbot and Bate (1986) took 

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

breaker line except on a single occasion, making the system dosed at least with respect to 'Surf diatoms. 

In this report, terminology is used which has developed following investigations at the Sundays River 

beach surf ecosystem. The surf-zone ter111inology used by Mel ..achlan, {1980, 1983) and Talbot (1986) has 

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

zo11e. For the ·purposes of the present study, because the study was undertaken from the beach without 

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

considered to be a closed or semi-closed system, the dimensions· of which ·are shown in Figure 1. 

0 200 400 600 800 ·1 ODO 
Distance from Swashl ine (m) 

Figure l. The di.mensions of, an·d terminology used in describing surf-zones in this report. 
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lt1 11•~ l'>~l~l, ttic l ci;111 ''t1ll>l>tn"· ll:1s been used to describe the brown water phenomenon in surf-zones. This 

l1 a~ cuUS<.!c.I s<>mc cc>nfusic>n with Lhc rcsull that the following terms are applied strictly in this work: 

Blo{>111 

Accun1uluti(>n 

Patch 

- High cell concentrations resulting from exponential cell division of a 

ph.yt,>pla·nkton species, 

- High cell concentrations caused by physical concentrating forces, such as wate.t 

currents. 

- The discolouration of water due either to bloom formation or acc11mulating 

forces. 

1.2 1'he Importance of the Coastl.ine 

The C(}astlinc is a junction between the sea and land, yet it is much more than just a physical meeting. 

Mun has- been fasc;inat.cd by the seashore for millennia and today it forms an important economic entity 

'i1l the .fi114111cial struclurc o[ all coL1.ntric.s bounded by a coastline. Historically, the coast became especially 

i1npt1rlanl wl1cn ia1lcr11<iti<>11al lrade expanded with the development of ships capable of negotiating the 

h(tZttf(ls c)f the sea a111..t its sf<)rms. For this reason, the early importance of the coast was related to the 

i11dus1ri ~11 <J11c..I C()n1mcrcial llevelopmetlt of areas with suitable ports. 

Wi1h the incr.casi.; in Lhc po.pulution around the ·world, the coast, which was previously ~or.e important .as 

an industrial and t·radc area, began to be settled more densely. Many, of th~ people who moved to these 

areas were no longer directly associated with shipping. This led to the expansion of facilities in these 

~rcas whit h in turn resulted in increased development. 

With .settlement came housiqg, roads, p.ollution and a build-up of ,pressure in an area which, from the 

p~>i11t t)f v.icw elf st~bility; was equated to inlartd areas. Inexperience 'in coastal zone m·anagement resulted 

i11 cxecc<ling t he carrying capacily of many of such coastal areas. This, .in tum, resulted in an increase in 

c11ginccri11g works Lo keep l-he coastline stable. 

Today .. the t(>astlinc is recognized as a se.nsitive zone and l~gislatio~ has been enacted in many parts of 

the W(>tl<.I l(> c.nforce .suit~lllc strategies for coastal use and management, controlling the dumping of 

rt<>xit>us wa."itcs, the u.sc of e:stuurics as sewer lines and the development of coastal dunefields. The 

•1rlificiaJ sl,lbilir..atic>n of wind-bl<>Wn dunefields has been recognised as havi11g potentially adverse effects 

~ll (>lhur poinLs along lhc coast. The abstraction of water from coastal aquifers is rto longer seen as 

m~roJy ·the use () f waler which woo.Id otherwise flow wastefully into the sea; such water is .now recognised 

as hav-11lg a role to play in the holistic environment in which M·an and all other life-forms exist on earth. 
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Al prcscnl much is be-Ing written about the possibility of an imminent substantial change in the level of 

the sea - a phunomenon which has indeed been going on since the oceans were formed. All 

dcvcl<>pmcnts in the coastal zone will be greatly affected by such an event and the ripple-effect. will 

spread to all parts of the world, both physically and econotnically. An understandiog of the impacts of 

such an occurfence in both the long-term and the short~terlll is needed. Only with such an understanding 

wiU advance planning r-educe the impact. of the phenomenon. 

An ur1<lcrstanding of the coastal zone does not necessarily follow a purely philosophical consideration of 

the c<>ac;t. Such understanding is born out of experience and knowledge following investigation and study. 

'fhis report supplies information on some aspects of the coastal zone which will extend our understanding 

of the ecosystem involved and taise other questions to spUr us on to examine the coast in even greater 

detail to fa,cilitate future planning. 

1.3 Past International Research on Surf-Zones 

Early rcp<)r'ts on surf-zones containing high concentrations of phytoplankton date from the 1960's (Cassie 

a11d Cassie, 1960) . There have been other reports .since then (Lewin and Norris, 1970; Gunter and Lyles, 

1 ~>79) . In all these early reports the occurrence of brown patches caused by phytoplankton in the water 

were referred to as ublooms•, now known to be accumulations (Talbot and Bate, 1987). Accumulations 

have been reported from afl around the world (listed in Campbell, 1987). 

The phytoplankton which accumulate in surf-zones all belong to one of the following genera: Anaul1ls, 

Asterlo11ella, A11lacodisclts or Chaetoceros (McLachlan, 1983). The occurrence of overwhebning 

dominance by a single species in coastal water bas also been reported for species of other geneta such as 

Skelcto1iema costotuna (Greville) Cleve (HulburtJ 1985) and Ceretaulina pelogica (Cleve) Hendey, which 

have both been reported ta bloom off the north-east coast of New ~aland (T.aylor et al., 1985). The cell 

<ionccnlrations of le>3 t<> 106 cells 1-t (Hulburt, 1985) measured on these occasions do not approach those 

recorded for accumulating-type phytoplankton (10? cells 1-1; Schaefer and Lewin,. 1984; Campbell and 

Bale, 1987). 

A list of international literature ref erring to sandy beach surf-zone phytoplankton is given in Appendix L 

1.4 Past Research on the South African Coastline 

Research gn the South African coastline can be divided into tw10 sections. The nature and ecology of our 

rocky shore coastline has been studied in great detail by Branch and his group. "The LiviD:g Shores of 

Southern Africa• (Branch and Branch, 1981) is perhaps their best-known publication. 
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WiJ h rcg-Jrd to sandy beaches, work began in 1979 when Lewin visited South Africa and initiated studies 

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

b<>tanical work lagged behind until 1982 when, following the initial teport of MeLachJan aod Lewin, 

(1981) an investigation bcg~n int·o the distribution of phytoplankton accumulations in the surf-zone of the 

Sund•rys River beach (Sloff et al., 1984). At this stage the dominant phytoplankter was considered to be 

A1iat1lus birostratus (sic), later identified as Anaulus australis sp. nov. Drebes et Schulz 

Subsequent to 1983, detailed work described the phytoplankton ecology~ physiology and population 

dynamics for the Sundays Rlvet beach. The ecology has been s11mrnarized in a review by T,aJbot ~t al. 

(1990). More detailed physioiogicaJ work to explain the ecology is still in progress. 

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

Folf()Wing an init~al aerial survey of the coast (Campbell and Bate, 1990a) during which. features 

p<>lcntially linked to surf-zone phytoplankton dynamics w,ere mapped, studies of ·selected beaches were 

planned. The c.oast was subdivided into three sections on the basis of presence or absence of 

phytoplankton patches. No phytoplankton accum.ulations ·were observed on the west coast from Cape 

Cross to Cape Point although brown patches of 11gilven-foam" (storm f-oatn: Kirk, 1983) were common. 

T.hc· phyl(>plankton ,stan·ding stock aJong this section of coast ~ high (Har:t and Currie, 1960). The east 

c<>ast had no patches of any type and generally .had extremely clear water., indicative of the )ow 

phytomass. The south coast has been classified as a phytogeographlc zone on die basis that it comprises 

log-spiral bays, iu.any of which contain phytoplankton patch.es formed by diatom accuniulations. 

The three phytogeograpbic zones are (Fig. 2): 

Wcsr Coast : Cuncne River to Cape Point 

(11'15;S;11°45'E to 34°22'S;l8°3o'E) 

South Coast: Cape Point to Ontsa Bay 

(34°22'S:18°30'E to 32°50'S:28°07'E) 

East Coast: Cintsa Bay lo Kosi Bay 

(32°50'S:28°07'E to 26"51'S:32°53'E) 

The studies of west coast beaches are reported in Campbell and Bate (1990b) and the east coast studies 

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

! bco<.:hcs. 
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1'hc s<>uth coast is onique in that it comprises log-spiral bays With specific features which. can be 

t:onsic.Jcrcd to cause the formation of the .surf diatom accnmulations-. Initial studies (Campbell and Bate~ 

199<la) have shown th(tt the following features must be present for phytoplankton accumulations to occur: 

1J Surf-zone mostly in a Ion,gshore bar-trough state, 

2. Rip aclivity, .art<l 

J . Adjacent active <lunefields. 

Tt•is observation required experimental verificalion1 Because some of the beaches on the south coast 

have phytoplankton accumulations and some do not, the so11th coast study was aimed at answering the 

fc>llowing key questio~ by investigating both types of beaches; 

Figure 2. 

llwest Coa sr 

NAMJBIA 

Cape 
PoJnt 

REPUBLIC 
OF 

SOUTH 
AFRICA 

.II South Coast 

The three phytogeographic zones based on the· presence or absence <>f 
phytoplankton accumulations. 
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1. W,hurc dt·>cs A1;a11l1ts az1,i;tralis occur? 

2. Where dQcs A1.,a1il1ts (,lLtstralis f or.m accum.ulations? 

3. Why do 1the accumulations Conn where they do? 

The possible ·mechanisms of cell accumulation have been described by Lewin and Rao (1975), M.cLachlan 

and Lewin (1981)~ Kindley. (198J}, Lewin and Scl\aefet (1983), Slofrf el al. (1984) .and in detail by Talbot 

and Bate (1986). The ge:nerali1.ed model is as fQllows: The ·cells divide in the early morning. At this 

peric>d they acquire a mechanism whereby they attach to bubbles caused by breaking waves. They rise 

into the foam with the bubbles. On tbe surface they alter 1the surface tension of the bubbles, causing the 

.foam t10 become more stable. The result is the formation of a vi.Sibly diflcemable patcli in fhe foam 

co.ntaining .high concentr·ations of phytoplankt1ort cells. The rip curtents ald in the maintenance of these; 

patches in that the rips bala,nce the stress of the wave bores. In this model, the dir.ect importance of 

hyclr:c1dynamics and turbulence and the indirect 'im.portance Qf heath t<lpography and ·wind are evide·nt~ A 

f ur:thcr .requirement for the development of accumulations is length of beach' (MeLachlan, 1981·; Jijtna 

and Lewin,, 1983) for whlth a mechanism has been suggested by· Campbell and Bate (1988b). 

Because -af the presenee of rich surf phytoplankton actumulations, maintained by special cell mechanisms 

together With watea: gyres. wllich retain nutrit·nts, McLachlan {1981; MtLachlan et al., 1981) proposed that 

the ·sand and waier envelope of the sur.f..zone is a viable. semi-.closed e.cosystem .. This ecosystem had the 

dr,ift line and the outer limit of water ·gyres as its boundaries. Talbot and Bate (1986) reported that no 

surf diatoms could be f<)und in .the ,near.shore behind the breaker line ·except in the rip headst maki·ng the 

system closed at least with respect to Anaulus austral.is.~ 

Certain factor.s appear te 1inQuen(;e the ~urrence of sur.f-zone phytQptankton acc\llllulations. These have 

.been, poslul,ated by Lewin and Schaefer (1983) as being: 

1. 

2 . 

Tc>Jx»grapliy of tlze coast~ There mu-st ,be a broad, shallow ,sorf-zone with a sufficiently long beach 

(Garver aod LewinJ 1981), Nacural barriers such as rocky headland,s also play a rol~. Garver an·d 

Lc-w.in (1981) observed no accumulations at a beach ,south of Cape Bla·nco. The reason 

prpposed for this is that cell inoculum rarely· reaehes that beach. Drift bottles released north of 

lhe Cape never reached the southern beach. 

Ottshore wi11d.v. 

3. Nutrient supply. 

·4. High rain/ a//; This is :po.ssibly due to increase gro,undwater flow as a result of rain (also in 

McLnchlau and Illenb'Grger, 1986). 

5. l'liysiologi.c.al aaaptations pf th·e suif-zOiJe species: The cell's have the. ability to become attached to 

bubbles, thereby retaining_ theit position in the sutf-zone. 

' 
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'l'his ·study was. undertaken 'With rhc. aim of :testing these hwotheses along the s-outhero coast of Africa. 

2. MATERIALS AND M.ETH.ODS 

'The beaches .qhosen for io.vestigation were ·assigned ·a. numeric value w:hich is listed as the east longitude 

converted to a decimal (eg. C-ape Point., which is 18°30.t~ is referted to as 18.5°). The list of beaches 

with thci·r co-ordinates is given in Table 1 and their loeation shown in Figure 3. Table 2 gives the ·dates 

on which e·ach beach was visited and lists the various analyses wete Uildertaken on .eacli occasion. 

2 .. 2 Env·ironmental Variable:s 

Wave height was estimated visually.. The top.ography of the substrate was classilied lnto four states. They 

~re, iR order of 'high to low energy: dissipative, longshore bar-trougll, rh~hm1ic bar, and reflective beach 

states (Wright and Short, 19.83). 'The surf-zone ·width was estimated Visually by .counting the number of 

\V.avc bores. The wind velocity and direction was measured '1Sing a band~held ane·mometer and a 

c<lmpass. These variables were :used in a ·multiple linear regression to determine which. were correlated lo 

st~nding stoek. 

2.J The. Slope or· the Groundwater Table 

The slope of .the groundwater table was determined by drilling " hole in the sand close to the foredl:llle 

using an auger. When water was found, the difference in height betweetl 'the water tab]~ and sea level 

was m.easured with a dumpy level, This procedure assumes ·a free groundwater table terminating al sea 

level at the time of sampling. 

The :slope was calculated as this difference in height, corrected to mean sea 1eve1~ divided by the 

hori.zontal distance of the hole from th~ water lin·e .. 
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TabJe 1. The list of beaches investigated; co-ordinates given as decimal longitude east of Greenwich . 

Number Beach Co-ordinate (°E ) 
. 

·1 Muizenberg 18.57 

2 Macassar 18.78 

3 Walker· Bay ' 19.30 
-

4 Struisbaai 20.05 
. 

5 De Hoop 20.87 
' 

' 6 Stilbaai 21.45 . 
• 

7 VJecsbaai 21.93 
-

8 Glcnrana 22.17 

9 Wilderness 22.57 
. 

10 Sedgefield 22.77 

11 BuffaJo Bay 23.00 

12 ·Kcurboomstrand 23.38 
. 

13 Oyster Bay 24.65 

14 Van Sta dens 25.12 

15 Sundays '26.00 

16 Port Alfred 26.88 
. • 

17 East London 27.90 
-· 

18 Bonza Bay 27.97 
-

19 Cintsa Bay 28.12 

• 
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The location of the beaches sampled along the south coast of South Africa. 
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Table 2. 

r: 

Beach 

Mui.zertberg 

Macassar 

Walker Bay 

'Struisbaai 

De Hoop 

Stilbaai 

Vlecsbaai 

• 

l 

' I 

11 

The dates (month and year) on which each of the beaches were visited and the 
types of analyses done on each occasion. The analyses are coded according to the 
section number in Materials and Methods. 

Date 2.2 
1 

2.3 2.4 2.5 2.6 2.7 2.8 

07.88 * * • 

07.88 • • • * ill * • 

. 

07.88 * * • • * 
• 

07.88 * * 
,. • * * 

07 .. 88 '* • • I • * ,, • . 
. 

11.88 * it' • • • • 
07.88 • • * * * 

11.88 • • • * * * 

07.88 * • • • * '* -

• 

11.88 * * • • "' * 
- - -

07.88 • iii! * • • .. 
. 

• 

11.88 ~ • • • • "' . 
• " 

07.88 * • • • • * ,. 
" -

11,88 • • • • • • 
• 
• 

07.88 • • .. • • * 

11.88 * • * •• • * 
• . 

07.88 • • • • • • • 

11.88 • • • • * • 
' -
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• Table 2 (cont). 

. • 

Beach Date 22 23 2.4 25 i.6 2.7 2.8 
. 
• 

Glcntaoa 07.88 • • it! * • • 
. 

' 
11.88 • • • • • • 

Wildemes.s 07.88 * • " * * • ,, 

11.88 .. • * * • • . 

. Sedgefield 07.88 *- • • • • • I • .. , , 
11.88 . * • * * • • 

. 

Buffalo Bay 07.88 .. • * "' * • 
11.88 .. "' * • • • 

. . 

Keurbooms 07.88 * * • * * * . 
. 

11.88 • * '* '* * • 
• 

Oyster Bay 11.88 .. * * ·• * :II 

.. 
Van Stadens ·11.88 • * • * * * . 

Sundays Annual Means for 1986, 1987 and 1988 
-

' 

11.88 * • • iii * * . 

Port Alfred 11.88 * If! * iii ... • 
. 

, _ 

. . 

East London 09.88 • '*· • •• 
I ' • . . • 

• • 

11.88 * • • • • .. 
. . 

Bonza Bay 09.88 • * • .. 
-

11.88 * • • • • • 
. I " 

-

Cintsa Bay 09 .. 88 • * • • • 

11.88 • • • • • * 
• 

I 

) 
I 
I 

' I 

i 
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2.4 Nutrients 

Nitrate was determined .according to Bate and Heelas (1975) by reduction to nitrite and the nitrite 

analyzed by the rnethod of Greiss (1879) and Ilosvay (1889). Ammoni\am, phosphorus and silicon were 

determined according to Strickland and P.arsons (1972) . 

2.5 Species Composition 

All sam.ples taken for the determination of phytoplankton composition were fixed in Lugol's iodine 

solution (Saraceni and Ruggiu, 1974). Samples of brown foam, white foam, the water colultlD and the 

sand wcte taken. Samples were settled and examined for species composition and cell numbers using an 

inverted tight microscope (Zeiss IM 35) at 630x magnification. Samples were identified as far as possible 

in this fashion and an artificial key was drawn up for Use with the light microscope (Campbell and Bate, 

1990d). Scanning· electron microscopy identification of the samples viewed enabled us to assign specific 

epithets to most of the .sp~cies, 

The species composition was analysed using several methods. Indices of species diversity and dominance 

were determined using the equations given in Odum (1971) as follows: 

where 

Also, 

wh·cre 

d = diversity index 

d- S - 1 
log (N) 

S = the number of species and 

.N = the number of :inidividuals 

d = dominance index 

n = the number of individuals of a species and 

N = the total number of individuals. 

•• (,1) 

.. (2) 

Dctrendcd canonical corr:espondence (CANOCO; Ter Braak, 1986) and TWINSPAN (Hill, 1979} 

analyses were also performed on the species composition data. 
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2.6 Chlorophyll a Concentration 

Cht()f!.)J>hyll analyses were pcrfc>rmed on ethanol extracts, using the spectrophotometric method 

rce<>n1n1cnlled by Nuscl1 (1980). The chlorophyll a concentration of some of the samples was also 

nleast1rcd l)y high performance liquid chroinatrography (HPLC) using a 1608 Micro Pak HCH-5n reverse

phasc colui11n and isocrotic elution with 70% methanol:30% acetone. Duplicate samples showed less than 

5% difference using the two methods. 

2. 7 Phytoplankton Patch Analysis 

All 11 a t <:hc~ at each beach were vissually assessed for sire and intensity of colour. Standing stock was 

calc1ilatl'(i f r<)m lllcsc tlal<l using. the method of Campbell -and Bat~ (1988a). 

2.8 l1J1ytoplankton Chemical Composition 

Cells filtcre<.1 onto GF /C filters were dried and the total nitrogen was determined by the semi-micro 

Kjclc.l,•hl 1ncthod (Black, 1965). Total carbon was measured on similarly filtered, dried samples according 

l<l S1 rickl:tn'-1 and ParS<)nS (1972). 

2.9 Prirn·nry Production Estim·ates 

Access lo high energy sl,1r.f .. zones fer the purpose of incubating sam,ples is limited by the extreme 

turblJ1encc in this area. For this reason the in situ method of measuring primary production could not be 

used in this study, Even though this method is considered by many to be the most accurate, the so-called 

11.simt1lal<: tl i1r sitt1" meth<)d is the most widely used (Harrison et al., 1985). In the study of a system over a 

pcrit)tl l)f tin1c, iii siltt measurements only approximate the real values if they represent time-integrated 

c nvirl~n11,\;11tal conditil>ns. In a J1igh energy .surf-.zone where it is not possible to apply the in situ method, 

u cc>mhinati<>n of the "simulaled i11 situ j' and modelling approaches is more suitable. This involves the 

asscs~n1enl (>f abiolic a11d biotic variables over the period of estimation, followed by an assessment of the 

phy.sio]ogical responses of the organism to these variables (Harrison et al., 1985). An ·accounting model 

n\ay tben l>c used to ii1tegrate. the rate of primary production over the period during which the abiotic 

varittl>les were monitored. This approach was used to estimate the annual rate of primary production by 

tl1c phytopl ~tnkton of the Sundays River beach ecosystem (Campbell and Bate1 1988a) and the model 

usGd for tl1c Sundays River beach s.urf-zone was used in this study~ The model was run within the 

intcra(:tivc mo<leltir1_g aid progr.amn1e DRIVER (Furniss, 1977) with the PASCAL implementation by 
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•~uhn (T987). Values for bion1a.ss and surf-zone states were used from this study. All the remaining 

vari~~JJcs were usc<l as for the Sundays River beach model (Campbe]~ 1987; Campbell and Bate, 1988a) . 

.3. RESULTS 

3.1 Envi1·onmental Variables 

3.1.1 Temperature 

Dcspile the fact that tf1c beaches are spread over 10° of longitude (Table 1), the sea temperature varied 

only l'y 4.:3°t~ for the November sampling session (between 162°C and 20.5°C; Fig. 4). The beaches with 

ccJld \Vatc:r \Vere MitCitssar (eastern end of False Bay), Walker Bay (which has a western facing aspect)> 

Bu[aJc, Bcty, Oysti.:r Bay and Port Alfred . 

3.1.2 W·ave Height 

Wave heights ranged from 0.5 .m to 3 m, with wave heights being lowest east of Sundays River beach 
(Fig . . 5) . 

3.1.3 Strrf-zone Topography and Width 

Surr-z<>ncs ranged from narrow reflective surf-zones to wide dissipative ones as defwed by Wright and 

Short {1983). Most of the surf-zones were .in alongshore bar-trough state (Fig. 6), 24 011t of 40, 9 were 

dissipat ive., 5 were rhythmic-b~tr beach states and 2 ha,d no distinctive morphology. 

Wi(ltJ1 C)f I he surf-zc>ne tended .to decrease when moving from the west to the east (Fig. 7) . 

3.1.4 Gr(lundwater Slope 

The sl<)pc <>f the groun,iwat"er above mean sea level was determined at the beaches (Fig. 8). This slope 

can be C<>nsiJered to be an index of the groundwater flow from ·the dunes into the surf-zone assuming 

that I he parlicJe size is similar at ail the. beaches (McLachlan and lllenberger, 1986). Only otte beach, at 

the wuslcrn end of W~lker Bay, .had no net flow· of water. Muizenbetg and De Hoop beaches had steep 
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slopes and the groundwater flow would therefore be high. Macassar, Struisbaai, Vleesbaai and Glentana 

had intermediate slopes. The other beaches had shallow slopes which implies tbat not much groundwater 

now would be expected. 

3.1.5 Nutrients 

False Bay appears to have a nutrient regline different from the other beaches due to several 

high-nutrient outfalls and because of the sewage settling ponds behind the fore-dunes. For this re(\son 

special attention was given to the Muizenberg beach. 

3.·1.s.1 Phosphate 

The phosphate concentration jn river water along the south coast of South Africa was be1ow 2 Jtmol 1-1 

'in all cases (Fig. 9) except in the river al East London beach (12 "mol l-1) and the Zeekoevlei outfall (46 

"moJ 1-1}. The phosphate concentration in the surf water was. generally less than 3 "°moJ i-1 (Fig. ·10), 

high values being recorded opposite river outfalls at Muizenberg, Macassar, Vleesbaai and East London. 

The mean phosphate concentration of seawater was 4.9 ~mol i-1. The phosphate concentration in the 

groundwater was not much higher, values between 0.5 and 7 "mo11-1 having been measured. At Walker 

Bay, Sedgefield .and Port Alfred high phosphate concentrations were recorded (Fig. 11). At the latter two 

beaches there ·was almost no groundwater flow and so groundwater can be excluded as a source of 

phosphate for surf phytoplankton. At Muizenberg the phosphate concentration in the groundwater was 

high at the point where seepage of water from the ponds behind the foredune caus6d a fouJ smell 

(station 5, Fig. 12) but this point was the only one where the groundwater phosphate c.oncentr.ation was 

in exces.s .of 8 .Jlmol 1-1. Considering th·e high standing stock measured at Muizenberg beach~ this 

groundwater input should not be considered a significant source of phosphate because much more is 

entering from the outfalls. The most important phosphate input into the False Bay beaches is from the 

river oulfalls of Macassar and Zeekoe9lei (Fig. 13)r The Macas.sar outfall contained around 19 .umol l-1 

and the Zeekoevlei outfall around 50 "mol 1·1. In contrast, the Sandvlei samples contained between 0.2 

and 12 "mol .1-1, -w1th a mean of ·4 ,"mo11"'1. The high phosphate concentrations in the Zeekoevlei outfall 

produced high levels of phosphate in the sea water (Fig. 14) opposite the outfaJJ (station 2; 42 J£mol 1.1) 

and at the site to the east of the outfall (station 3; 17 J,lmol 1""1). 

An estimate of the amount of phosphate provided to a surf-'zone by groundwater can be r~ked by 

calculating for each beach the product of two parameters: groundwater slope and phosphate content of 

the groundwater (Table 3). Muizenberg and Walker Bay are the only twQ beacltes that are likely to have 

grouttdwater as a source of phosphate. 
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Tal>le 3. A ranki11g of the p<>lential nutrient input into the be~ches of the south coast of South Africa 
calculated ·as. a product of the nutrient concentration and the groundwater slope multiplied 
by 1(). 

Beach Slope x Po4-.S NH4 +.s No3-.S Si.S 
100 
(S) 

Mu izcnbcr.g 59 427 1820 2 380 4 9Q<J 

Macassar 6 8 50 306 65 

Walker Bay 26 106 ' 57 260 809 

Struisbaai 3 5 9 297 93 
. 

De tI0op 12 21 3? 164 200 
' 

' 

Still>aai 7 11 25 38 240 

Vlccsba,ti 4 7 378 32 341 

Glcn·l ~n1a .9 6 110 407 816 

Wilderness 2 4 18 239 161 
. 

St;<lgt;ficld 2 6 16 238 46 

Burf~I(> Bay 3 .6 64 284 191 

Kl!urlJl>omstrand 4 4 17 8 122 
. 

Oyster Bay 2 2 
. 

40 226 111 

V~a11 Stadcns 1 0 3 3 52 

Sun<.l;tys 5 ·2 6 990 7Z2 

Port Alfred 1 8 4 64 (;() 

East London 6 8 81 678 21)7 

Bl>11za Bay 1 1 Zl 6 30 
' . 

Cint~a Bay 1 1 9 lti6 175 
•• 
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35.1.2 A1l11no11il1n1 

Ammo11iu1n in frcshwJtcr sources along the south coast of South Africa was below 50 1tmo11-1 (Fig. 15) 

in all cases except in l he river at East London (380 ILMOI 1·1 
). 

The amnt<>niurn concentrations in the seawater were always below 12 JLmol 1..J except in False Bay (Fig. 

16). 

The am1nonium concentrations of the groundwater of south coast beaches were generally low with values 

below 40 µ111:011-1 for all beaches except at Vleesbaai (Fig. 17), where black anaerobic sediments ·were 

present in the wt:stcrn corner of the ,bay . . At this beach values were around 210 ~mo11-1. At M••izenbeTg 

the gr<>t1ndwatcr ha<l higher ammonium concentratiodS ·near the Zeekoevlei outfall (Station 2, Fig. 18), 

The seawater had a high level of ammonium (above 500 1£mol l-1, Fig.19) compared to other beaches 

(24.6 ± 5.9 µ.mol 1-1). 

A major S()Urcc of ammonium at the F·alse Bay beaches is high nuttient ·outfalls. All the ontfalls in False 

Bay had highly varial1le ammonium concentratio~s reaching values as high as 275 µ.mol 1·1 (Fig. 20). 

The beaches were ranked according to the product of the ammonium content of the groundwater and the 

groundwater slope in ord.et to provide an estimate of ammonium pro:vided by this source (Table 3). The 

beaches ·which arc likely to h~ve a s·ubstantial input of ammoni1Jm front the gtoundwatet are Mui:zenberg, 

Vlccsb;tai, (}lentana, Buffalo Bay and East London. 

3 .5 .1.3 Ni t rate 

Nitrate .in river waler along the south coast of South Africa was below· 10 ~mol 1-1 in all cases. (F~. 21} 

except in th.c river at East London Main beach (80 J£mol l-1) and the Van Stadens River (90 "mol l.1). 

The nitrate in the seawater ·was consistantly low (Fig. 22) except at Muizenberg. Average values were 6.3 

µmol 1-1. Tl1cre was an i1ncrease in concentration We$t of Knys~a. 

The nitr~tc c<>ocenlratit)n 1n the groundwater of the south coast 'beaches varied gTeatly (Fig. 23), 

M1,1iw-nbcrg, Scruisl)a4li, Wilderness, Sundays and Cintsa Bay having high concentration values (120 -

300 Jtm<>l l-1). At Muizcnberg the average was only 40 "mol 1-1 whereas at the remainder of the beaches 

it was 53 µ,n1cll 1-1• 
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The nitrate in the grc)undwatc.;r at Muizertbcrg was high near the Zeekoevlei and Sandvlei outfalls and al 

the r><>inl seaward of the sewage settling ponds (Station 5; Fig. 24). The dutfalls in False Bay had high 

nitrate ct>ncentration (Fig. 25), the Macassar outfall having a value just over 140 ~inol 1-1, and the 

Zcclcocv·lci outfall around 143 µ.tnol 1~1 . The Sandvlei outfall water contained only 18 µmol 1-1. One of 

the little streams opposi(e the sewage settling ponds containtd 830 1tmol 1-1, but this stream does not 

always o·ow. The. nitrate in the outfall water caused elevated levels in the ·sea. water (F\g. 26). 

There are numerous ponds on the Cape Flats. These mostly had a low .nitrate content compared to the 

groundwttter or outfall water near M uizenberg. They had a mean of 6 "mot 1-1 (range from 2 to 

11"mol1-1). Many of these ponds had nitrate concentrations not much more than that of rainwater 

(2 "mot i-1 ), and seepage from them cannot be considered to be a significant source of nitrogen. 

The bc<1ches were ranked according to the potential source of nitrate from groundwater (Table 3). The 

beaches which are likely to have a substantial input of nitrate from the groundwater are Muizenberg, 

Macassar, Walker Bay, Stfuisbaai, Dewoop, Glentan~ Wilderness, Sedgefield, Buffalo Bay, Oyster Bay, 

Sundayst East London aod Cintsa Bay. 

3.5.1.4 Silicon 

The concentration of soluble reactive silicon was measured on the la~ sampling trip only. The silicon in 

rlvcr wat er and estuaries inctcased from around 10 p.mol 1-1 in the west to as high as 160 µmol 1-1 in the 

east (Fig. 27). 

Soluble reactive silicon in the seawater was between 1 and 20 µmoJ i-1 (Fig. 28) except for 3 sites. At 

Mu.izc.nhcrg, where the Zcckoevl~i outfaJl .contained 120 11mol 1-1 (Fig. 29), the seawater silicon content 

was clcv4\led to 35 l'tnol 1-1. Macassar beach had 100 JLmol of silicon per litre while East London Main 

beach had 30 p.moJ 1-1 . 

The silictln conccntrati<>n in the groundwater soluble was higher than that of the seawater (7 - 175 ,imol 

1·1 in grc>undwater, Fig. 30). Excluding the False Bay beaches, the concentration increased from west to 

cast. 

When l l1c beache~ are compared according to the potential silicon in~ut from groundwater (Table 3)) 

Muizc1lllcrg, Walker B~1y, Glentana aod the Sundays Rivet beach would have substantial inputs of silicon 

into the surf-zone. 
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3.1.55 S,alinity 

The salinity of rivers and estuaries is given in Figure 3.1. All Qf .the rivers sampled were estuariesi salinity 

values rangiag ·frorn 10 to 34 ppt. The salinity of the seawater was ponsista:ntly 34-35. ppt (Fig. 32) while 

that of the groundwater ranged from 0 ppt to 40 ppt (Pig. 33). The False Bay high nutrient outfalls had a 

Iii tle exchange with tile sea. Their salinities ·were below 10 ·ppt (Fig. 34). 

3. l.6 Total Inorganic: Nutrients in Gr.oundw·ate:r 

'The. beaches can be .ranked according to the potential input Qf nutrients from groundwater (Table 4). In 

order to account for the dilution ·of t11e nutrJents by seawater the ·\'aIJ:1es frQro Table 3 .are multiplied by 

the inverse .of ithe s.aJinlty (Equation 3) .. The beaches which had low total inorganic nitrogen content were 

Stilbaai, Buffalo Bay, Keurboomsttiand; Van .Sradenst ·port Alfred ·and Bonu Bay. 

Ranking parameter ~ (total inorganic nutrien.t in groundwater) x (1./salinity) x (slope of groundwater 

table~ 100) .... (3) 

J.l .S·pecies Composition 

A list of sp.ecies is give.n below for the diffe.rent types of s·amples .taken. The complete species 

composition data are given 'in Appendix 3. 

3.,2 .. l The Species .Fo·und in the Foam 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

S.pecies Assigned Number 

Achna11Jl1es sp. 
.Aclihaslmni sp. 
Amphiprora sp. 
Amphoro sp. 
Anacysti-s- ·sp. 
Anau/1is australis 
Asteno1iella glacia/is 
Asterio111phalus SP~ 
Aulacodiscus johns<Jnii 
Aulace>discus pe~rsii' 
BidduljJhia altema1.is 
Bluegre.en chain 
Bl.uegreen circular 
Campylosir(l cy1nb~llifof11iia 
Centric large 
Ceµtric small 

I 
2 
4. 
·5 
6 
7 
8 
9 

10 
11 
12

, 
' 

18 
19 
20 
21 
23 
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Table 4. The ranking of the beaches according to the product of inorganic nutrients in the 
groundwater multiplied by the groundwater slope. 

Beach Inorganic Nitrogen All Nutrients 
-

Muizenberg 4200 9536 
- -

Sundays 996 1 720 
. 

East London 759 974 

Glentana 517 133.9 . 

Vlcesbaai 410 758 -

Macassar 356 429 

Buffalo Bay 348 545 

Walker Bay 317 1232 

Struisbaai 306 404 

Oyster Bay 2f>6 379 " 
-

Wtldernes.s 257 422 

Sedgefield 254 306 

De Hoop 199 420 
I 

Cintsa Bay 175 351 

Port Alfred 68 136 

Stilbaai 63 314 

Bonza Bay 27 58· 

Keurboomstrand 25 151 

Van Stadens 6 .58 
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11 Cerati11n1 ftirca 24 
18 CJiaetoceros affi11is Z7 
19 Chaetoceros large 28 
20 Chaetoceros medium 29 
21 Chaetoce.ros small 30 
22 Chaetoceros paired 31 
23 Chaetoceros protubeftlns 33 
24 Coccoheis sp. 37 
25 Cocconeis epiphyte 47 

' 26 Desmid 39 
27 Dinopl1ysis acuminata 41 
28 Diploneis sp .. 42 
29 Distephanus sp. 43 

I 30 Ditylum sp. 44 I 

! .. 
31 Eucm11pia ZO()diacus 49 • 

I , 
' I 

32 FJagellate large 51 ' 
33 Flagellate medium 52 
34 Flagellate small 53 

i 35 Grammatopl1ora marina 55 . 
' . 36 Greens 56 ' . . . 
' 37 Gyrodiniu1~1 sp. 57 • 
> 

! • 

38 ! . Gyrosigt1ia .sp. 58 
39 He1niaulus hauckit 59 
40 Leptocyli11dJus daniciu 60 
41 Leptocylind!Us sp. 61 
42 Licmopliora sp. 62 
43 Melosira .si,lcata 65 
44 Merismopedia sp. 66 . . 

.Micractiliium sp. 45 67 
46 Navicu/a A 69 
47 Navicula B 70 
48 Navicula C 71 
49 Navicula D 72 
50 Navicula E 73 
51 Nitzschia A 76 
52 Nitzscliia closterium 77 
53 Nii;:schia delicatissinia 78 
54 Nitzschia lo11gissima 79 
55 Nitzscliia pacifica 80 
56 Nitzscliia seriala 81 
57 NiLzschia B 82. 
58 Nitzscliio C 83 
5.9 Pediast'n11n sp. 86 
60 Peridiniun1 A 87 
61 Peridinium B 90 
62 Peridinium C 91 
63 P/ogiogramma ""'' heurckii 92 
64 Pf eutosigmo sp. 93 
65 Proroce1itru1n micans 94 
66 Rhizosolef1ia alata 95 
67 Rhizoso/enia delicatula 96 
68 Rhizosolenia robusta 97 
69 RJ1izoso/eni4 sp. 98 
70 Rliizosole11ia stolterf olthii 99 
71 Rhizosolenia stylif onnis 100 
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72 Scenedes11iits sp. 101 
73 Sdiroederel/11 A 102 
74 Schroederella B 103 
75 Skeleto11ema costarum 104 
76 Striate/la sp. 105 
77 Surirel/a sp. 108 
78 Tha/assio11e111a nitzschioides 110 
79 1halassiosira decipiens 111 
80 Thalassiosita rotula 112 
81 Thalassiosira A 113 
82 Thalassiosira B 38 
83 Thalassiothrix sp. 114 
84 Un.known A 117 
85 Unknown B 46 

3.2.2 The Species Found in the Patch Foam 

No. Species ~igned Number 

l Achna1itl1es sp. 1 
2 Actinopty.clitlS sp. 3 
3 Anaulus austra/is 7 
4 Asterio1iella g/acialis 8 
5 Au/acodiscus joh11sonii 10 
6 Aulacodiscus petersii 11 
7 Biddulphia niobi/iensis 13 
8 Campylosira cymbel/if omiis 20 
9 Ceratiu11i fttrca 24 

10 Chaetoceros medium 29 
11 Distephanus sp. 43 
12 Flagellates 51 
13 Gyrodinium sp. 57 
14 Hemiaµlus hauckii 59 
15 Leptocylindrus danicus 60 
16 Licmophora sp. 62. 
17 Melosira sulcata 65 
1·8 Navicula A 69 
19 Navicu/a B 70 
20 Navici1la D 72 
21 Navicz1la F 75 
22 Nitzschia closterium n 
23 Nitzschia delicatissi1na 78 
24 Nitzscliia longissima 79 
25 Nitzscliia seriala 8.1 
26 Nitzschia B 82 
27 Pediastn1ni .sp. 83 
1.8 Peridi11ium sp. 87 
29 Plagiogramma van heurckii 92 
30 Prorocentnmi micans 94 
31 Rhitosole11ia delicatula 96 
32 Scenedesntus sp. 101 
33 Scliroederella A 102 
34 Skeletonen1a costatuni 104 
35 ·111alassionema nitzschioides 110 
36 Thalassiosira decipie1is 111 
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38 
39 

Thalassio.fira large 
Thalassiosira rotula 
Tha/(lSsiosira small 
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3.2.3 The Species Found in the Water 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15' 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

Species 

Ach1za11thes sp. 
Amphiprora sp. 
Amphora sp. 
Anacystis sp. 
Anau/us austrq./is 
Asterio1nphalus sp. 
Aslerionella glacialis 
Aulacodiscus johnsonii 
Aulacodistus petersij 
Biddulphia altemans 
Biddulphia A 
Biddulphia 1nobilie11sis 
Biddulphia pulchella 
Biddu/phfa B 
Bluegreens 
Campylosira cyntbellif onnis 
Centric large 
Centric medium 
Centric small 
Cerotizun furca 
Ceratiuni tripos 
Chaetoceros A 
Chaetocetos large 
Chaetoceros medium 
Chaetoceros B 
Chaetoceros p,eru via11us 
Chaetoceros protuberans 
Chaetoceros small 
Chaeloceros vanheurkii 
Chain 
Climacopsl1enia sp. 
Cocconeis epiphyte 
Cocco11eis sp. 
Desmid 
Dinophysis acuminato 
Dip/01ieis sp. 
Distephanus sp. 
DiLylum brightwe/Jii 
Eucampia zoodiactu 
Euglena sp. 
Flagellate large 
Flagellate medium 
Flagellate small 
Granin•aJophora 1norino 
Gr.eens 
.Gyrodi1iiun1 sp. 
Hen1ioulzts hauckii 

Assigned Number 

1 
4 
5 
6 
7 
9 
8 

10 
11 
12 
16 
13 
14 
15 
18 
20 
21 
22 
23 
24 
25 
26 
28 
29 
31 
32 
33 
30 
34 
35 
36 
37 
47 
39 
41 
42 
43 
45 
49 
50 
51 
52 
53 
·SS 
56 
57 
59 

•• 
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48 LeJJlocylindrus danicits 60 
49 Leptocyli11drus sp. 61 
50 Licmophor4 sp~ 62 
51 Melosira sulcata 65 
52 Merismopedia sp. 66 
53 Micracti11ium 'Sp. 67 
54 Navicula A . 69 
55 Navicula B 70 
56 Navicula C 71 

I 58 Navicu/a D 72 
I 57 Navicula F 7S 
l 59 Navicula G 64 

' ·. ti() Navicula H 105 
61 Navicula I 74 

I 62 Nitzscltia A 76 
63 Nitzschia closteriuni 77 • 

l 64 Nitzschia delicatissinia 78 
65 Nitzschia longissima 79 
66 Nitzscliia paclfica 80 
67 Nitzschio sen·ata 81 
68 NitzscJiia sp. 82 
69 .Nitzscliia very small 83 

l 

I 70 Noctiluca 1nilearis 84 
I 71 Pemastrum sp. •86 I . 
• 72 Peridi11iu111 A 90 • 

' Peridinirtm palidu111 I 73 89 I 

• 1 

' 74 Periduiiun1 B 87 . 
! 

75 Plagiograninia van heurckii 92 ' . 
" . 

76 Pleurosigma sp. 93 •• 
• -
: 77 Prorocentmm micans 94 --
. . 

78 : Rhiwsolenia a/ata 95 
' ' 79 Rhizosole11i4 delicatula 96 . . . 

80 Rhizosolenia robusta 97 
·81 Rhizoso/e11ia sp. 98 
82 Rhizosolenia stolterf othii 99 
83 Rhizosolenia stylif omiis 100 
84 Scenedesmus sp. 101 
85 Schroederel/a A 102 

. 
; 86 Schroederella B 103 

87 Skelelo11enia coslatu1>n 104 
88 Stepl1a11opyxis turns 106 
89 Striate/la sp. 107 
90 Surirella. A 108 
91 Surirella B 109 
92 Thalassionema nitzschioidcs 110 
93 Thalassiosil'(l decipiens 111 
94 Thalassiosira large 38 
95 Thalassiosira rotula 112 
96 Thalassiosira small 113 
97 Thalassiotlirix sp. 114 
98 Unknown A 115 
99 Zygobikodi11iuni sp. 116 

' . 
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3.2.4 The Species Found in the Sand 

No. Species Assigned Number 

1 Amphiprora sp. 4 
2 Ampliora sp. .s 
3 Anacystis .sp-. 6 
4 Ahaulus ausualis 7 
5 Asterionella glacialis 8 
6 Aulacodiscus johnsonii 10 
7 Aulacodiscus petersii 11 
8 Biddt1lpl1ia sp. 15 
9 Blue-greens 18 

10 Campy/osira cymbellif onnis 20 
11 Centric large 21 

! 12 Centric medium 22 
• 13 Centric Smal 123 I 
; 

' ! 14 Chaetoceros spores 120 

I 15 C/i1ttacopshe1tia sp. 36 
16 Cocconeis sp. 37 I 

' t .. 
17 Delpliineis sp. 121 ! . 

I 
• 18 Dinoplzysis acttminata 41 .. 
I 19 Dip/011eis sp. .42 ! 

' 
; 20 Eugle11a .sp. 50 

21 Flagellate 51 . . 

F1agellate medium 22 52 
23 Greens 56 
24 Gyrosigma sp. 58 
25 uptocylindrus danicus 60 
26 Melosira sulcata 65 
28 Navicu/a A 69 
29 Navicu/(I B 70 
27 Navicula I 123 
30 Navicula J 118 
32 Navicula K 72 
33 Navicu/a L 73 
34 Navictila M 64 
35 Navicula N 105 
36 Na.victtla 0 125 
31 Navicula spatula/a 124 
37 Nitzschia bicapitata 127 
38 Nitzschia bilobata 126 
39 Nitzscliia delicatissinia 78 
40 Nitzscliia /ongissima 79 
41 Pediastroni sp. 86 
42 Peridinium sp. 87 
43 Plagiogran11na van heurcki 92 
44 Rhizosoletiia sp. 98 
45 Scenedesmus sp. 101 
46 Thalassiosira decipiens 111 

.. 47 Thalassiosi1a small 113 ' . ~ 
48 Unknown A 117 

. 49 Unknown B 119 .. 

50 
' 

Unknown C 122 
·51 Unknown D 128 . 

• 

! 
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3.2.5 Community Analyses 

The number of species recorded in each sample ranged from 3-21 for water samples (Fig. 35). The 

number of species tended to be greater in the Wilderness area (between 22 and 24°E) but -the variance is 

great. In the sand there were between 2 and 11 species recorded pef!· sample, except for .the False Bay 

beaches, where the number of species' varied ftom 4 to 20, most of the values being above 9 (Fig. 36); 

The number of species recorded in the foam and in phytoplankton patches was similar to that of the 

water, foam ranging from 2 to 21 .species ·recorded per sample (Fig. 37), and patch foam between 3 and 

19 different species (Fig. 38)~ 

The diversity indices calculated for water samples ranged from 4 to 24 (Fig. 39), indices being higher in 

the Wildetness area. In the sand diversity indices were much lower, values ranging from 2 to 11 for a11 

the beaches other than the False Bay beaches (Fig. 40), where values were as high as 2(). Diversity 

indices in foam and patch foam samples wete low, a maximum of 4.6 being Tecorded (Fig. 41 and 42). 

Two levels of dominance were recorded in the samples. In the watet (Fig. 43) indices of dominance were 

low (below 0.5) at most of the beaches on occasion. The dominance index was high on three occasions at 

beaches whet~ no accumu,lations of Al1a1llUs australis have been recorded, viz. Walker Bay, Stilbaai and 

East London. At all three these sites Anoulus australis was dominant. The same situation occurred in the 

sand (Fig. 44), values being around 0.2 generally, but reaching values as high as 0.97 in some cases. In all 

these cases either Anaulus australis or Asterlonella glacialis ·were dominant. In the foam the separation 

· between the two groups was distinct (Fig .. 45), most of the samples having values below 0.5, a group west 

of 24°E having values between 0.62 and 0.99. Patch foam had indices of dominance above 0.9 in most 

cases (Fig. 46). In four cases the index was 0.7, and in two cases (Buffalo Bay .and Walker Bay) 0.3. In 

gerteral the water had a diversity index of 0.47~ the sand 0.45, the foam 0.52 and patch foam. 0.78 • 

Diatoms were the dominant group of microalgae in the surf-zones along the south coast. Most of the 

w.atet samples contained more than 90% diatoms (Fig. 47). The Mt1irenberg ·samples contained several 

species of freshwater algae, thus reducing the percentage of diatoms. Four other sites had less than 70% 

diatoms: Walker Bay,, Wilderness, Van Stadens and Strui.sbaai. 

The sand samp1es. could be divided into two groups (Fig. 48). Some df the samples had between 90 and 

100% diatoms whereas 8 samples had less than 80% diatoms. 
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in the foam only three sites outside False Bay .had .less than 90% diatoms (Fig, 49); they are 

Kcucboomstraod, Gicntana and Cintsa Bay~ Patch foam contained only diatoms except in one (Fig. 50) of 

lhc samples taken al 'Buffalo Bay, which contained me>stly flagellates. 

Dinoflagellates were always below 5% in the water except in the ~ysna-Wildemess area (Fig. 51), but 

were a substantial proportion of the sand populations in many samples (Fig. 52). In the foam, 

dinofl·agellates comprised than ·10% only at Glentana and Cintsa Bay (Fig. 53). They were absent from 

patches except in two samples collected at Buffalo Bay (Fig. 54)~ 

Whan present flagellates always occurred in large ·numbers (Fig. 55 lo 58), attaining up to 88% of the 

·population. Green microalgae were common in False Uay (Fig. 59~62) but were negligible in all othe.r 

samples. Bluegreen algae only occurred in False Bay water (Fig. 61-63) but were common in the sand 

(Fig. 64). 

The CANOCO analysis of the south coast species showed a primary separation between the freshwater 

spec;ies recorded in surf-zones near river mouths (Fig. 65). The marine species were divided on an axis 

which can be .taken to be from sand to water (axis A, Fig. 65). In ~his grouping the two surf diatoms 

A11aulus aiutra/is and Asterionello g/acialis both fall in the "mostly water11 group (Pig. 65). The group of 

species which were recorded only in the sand (filled in dots, Fig. 65) formed a distinct .group including 

only four species which were also recorded in the ·w~ter, viz. Biddu/'phia sp., Gyrosignia sp., Cocconeis 

epip'hyte and an unknown club-shaped species (triangles, Fig. 65). 

The division between species resident ih water and sand is also evident in the 'l"WINSP AN division of 

species. Th~ first group that separated out contains species recorded only in the water (Fig. <>6). The next 

division is between species recorded in both water and san~ and the species recorded in sand only 

together with those recorded near river mouths (Fig. 66). Included in the group of species recorded in 

both .s~nd and water is a group of sur,f species including A1iaulw austra/is, Aster.lone/la glacialis, 

Con1pylosir4 cymbe/lif on1iis, Flagellate small, Nitzschia closterium, Nitz.schia longissinia and Thalassiosira 

rotula. The species resident in sand and freshwater separate out last, with the freshwater species 

separating out the furthest (Fig. 66). 

Because the species resident in the sand strongly influenced the ordination of species, the CANOCO and 

TWINSP AN analyses were run excluding the sand samples. The CANOCO analysis separated rare 

species, freshwater species and ubiquitous species from the coastal species. There was a large group of· 

species which could be considered to be surf species. They were At:hriamhes sp., A1iaulus austtalis, 

Asterionella glaciali$, Astero1npltalus sp., Au/acodiscus petersii, Biddulphia sp .• a circular blue-green sp., 
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l 'a11zpy/0J·ira cy111bellif<1n1zis, Thalassiosira large, Gyrosigma sp., two species of Navicula, a very small 

Nitzscliia, Rhizosole1iia stolteifo1/1ii, a Surirella species and a very small squate diatom. 

T·he TWINSP AN analysis primarily separated coastal species from inshore species. The inshore species 

separated into ubiquitous species, S\lff species and freshwater species as well as a group, including 

Asterionella glaciaJis, whiclt lacks evidence of being a coherent community (Fig. 68). In the surf species 

group the closest association was between Aliaulus australis, Au1acodis~s johnsonii, Aulacodiscus petersii 

and a football-shaped Navicula speeies. Other surf species which were less strongly associated but st-ill 

separated with the surf species were Canipylosira cymbellifonnis, GrammatophDra marina, Melosira 

sulcata, a Navicu/a species, Nitzschia closterium, Nitzschia longissima, .Noctiluca milearis, Prorocenouni 

niicans, Thalassiosira rotitla and a small flagellate. 

The a.nalysis of the sites by CANOCO showed a separation of the sand samples as the first division and a 

separation between marine and freshwater samples in the water sample group (Fig. 69). The 

TWINSPAN analysis separated the Knysna-Wilderness area sites in the frrst di~ion (Fig. 70). Th~ next 

division ·was between the sand and water samples. In the water samples, the freshwater sam·ples also 

separated into a group as in the CANOCO analysis (Fig. 69). 

The CANOCO analysis of sites, excluding the sand samples, showed four primary groupings (Fig. 70). 

The samples collected at Bouza Bay separated strongly, flagellate-dominated samples and freshwater

influenced .samples .also separating. In the rest of the samples the Knysna-Wildetness ·area sampJes 

separated out on the x-axis (Fig. 71). The TWINSPAN analysis separated the Knysna-WilderneM area 

mote strongly with no flagellate-dominated categor:y (Fig. 71). 

3.3 Chlorophyll a Concentration 

Chlorophyll a concentration in the surf water is mostly below 100 mg m-3 (Fig. 73), Muizenberg beach 

and Vlcesbaai havlng higher values. There was signifieant surface enrichment, the foam chlorophyll a 

concentration was mostly between 50 mg m·3 and 1 000 mg m·3 (Fig. 74). 

Chlorophyll a concentration in sand samples was high in False Bay and at the Sundays River beach, 

values ranging. between 10 mg chl a m-3 and 1100 mg chl a m·3 (Fig. 75)~ but mostly below ·400 mg chi a 
-3 

Ill . 

Comparing the foam and water chlorophyll 4 concentration using a foam:water value ratio (Fig. 76) 
, 

shows up to 40 times enrichment in the surface layers. At Struisbaai> however, accumulation of'Anailli's 
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u11xtralis showed a foam enrichment value 400 Limes the chlorophyll concentration in the water. 

Muizc11bcrg had a surface enhanceme11t of only 7 compared to other beaches. 

A similar comparison between the foatn and sand (foam:sand value ratio) chlorophyll a concentr.ation 

ranged from 0.1 to 15 (Fig. 77), high values being recorded between 21.5 and 23.5 °E. Outside this area 

the ratio was mostly below 1:1. A comparison between water and ·sand showed that the water:sand ratio 

was mostly below 1 (Fig. 78), 

The standing stocks io the water calculated from the Chlorophyll q data are presented in Figure 79. 

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

the standing stock distribution has the same pattern as that of the water chlorophyll a concentr.ation. The 

standing stocks were between 0 and 150 000 mg chi a m ·l at Muizenberg and betwee·n 0 and 20 000 ~g 

chi a m · 1 at mosl of the other beaches. 

3.4 Phytoplankton Patch Analysis 

Between 25 July and 7 September 1988 counts of accumulations were made at all the beaches between 

Cintsa Bay and Muizenbcrg. The values for the Sundays River and Van Stadens beaehes are the rnean of 

all the data collected at these beaches in the past 3 years. The mean total number of sutface patches 

recorded on each beach is given in Figure 80. The total nurrtb~r for the whole south coast 'is 258. 

The number of patches per kilometre is given in Figure 81. Mwzenberg beach had 4.3 patches per 

kilometre, which is much more than the other beaches, except Vleesbaai. The rest of the beaches had 

fewer than 3 patches p.er kilometre . 

The average patch colour intensity (on a scale of 1 to 10) is representative of the cell concentration of 

the foam (Campbell and Bate, 1988·a). The average intensity at Muizenberg was very high, with ,a mean 

of around 5 (Fig. 82). The rest of the beaches had values between 1 and 4 . 

The sum of the pateh volumes was high at Muizenberg, Vleesbaai and the Sun·days River 'beach (abave 

l 000 m3; Fig. 81)p The rest of the beacltes had values below 500 m3. 

3.5 Phytoplankton Elemental Composition 

To date the physiologi<;al characteristics of the phytoplankton of only a few beaches have been 

investigated with respect to elemental content. 
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Tl1c carllt)n:nil1ogcn ratios Qf the cells were similar at all the beaches, with a rnean of 6.6 (Fig. ,84). At 

Muizcnbcrg and Macassar beaches the mean was lower (about 5.5) compared to the rest of the beaches 

(.a rncan <)f 7.0). FlagcJlatc anti f rcsl1\vatcr samples 'had a value of 10.5. Celis kept without additiop of 

nutrient~ felt 3 days had a carb,>n:rulr<.>gcn ratio of 12, showing the nutrient deficient condition. 

The tarb<>n!phosphorus ratio increases from around 7 in False Bay to 27 at the Sundays River beach 

(Fig. 85). 

Tl1c nitrogen:phosphorus ratio showed. low values west of Wilderness (1.8) with higher values (3.7 and 5) 

recorded to the east at B.uffalo Bay and the Sundays Rivet beach (Fig. 86). 

The carbon:chlorophyll a ratio showed large differences. Muizcnberg having a mean ratlo of 20, Sundays 

a rati() of 35 and Vlccshaai a ratio .of 80. The other beaches had values greater than 100 (Fig. 87). 

The chlc1rophyll o:nitrogcn ratio of Mui7,enberg cells Was high (0.29),. while at the Sundays Ri~er beach 1il 

was (J.16, and at Lbc rest of the beaches the :ratio ranged from 0.03 to 0.09 (Pig. 88). Thls difference is 

n<)l due to low nitrogen C(>ntc11t because the nitrogen content of the cells is higher at Muizenberg than al 

any Clthcr bcac;h (Fig. 91), bul rather because the chlorophyll content of the cells is much higher at 

~~uizcnhcrg than at Cintsa t>r Sunda:}'s (Fig. 90). 

The car,bon conto·nt of the eclls varied between 0.06 and 0.17 Jig C per 1 000 ce1ls regard1css of 

gc~)graphic },Jcatit)n (Fig. 89). 

The chlorophyll cont·cnl per cell was very high at Muizenberg (0.0048 "g chi a per 1 000 cells, Fig. 90) 

c~)mparcd to the rest of the beaches (a mean of 0.0008 1&g chl a per 1 000 cells). 

The nitrogen content pGr cell decreased from west to east (Fig. 91} while the phosphorus content per cell 

sh<>Wcd no differences with geographic location (Fig. 92). 

3.6 Primary Production 

The .rrimary production of each beach, calculated using the data presented in Figures 6, 73 and 74, is 

givcR in figure 93~ The primary production of beaches depends on the topographic state (Fig. 94). 

Prin1ary production ranged ftom 10 to 3 080 kg C m-1 y~1. 
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The chlorophyll a content per cell of Anaulus australis cells collected at several 
beaclies along the south coast of South Africa. 
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The nitrogen content per cell of Anarlli1s australis cells collected at several beaches 
along the south coast of South Africa . 
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The phosphorus content pet cell of Anaulu-s austraUs cells collected at several 
beaches along the south coast of South Africa . 
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The primary production of the different beach states estimated from the surf.zones 
primary production model of Ca·mpbell and Bate (1988). 
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4. or·sCUSSION 

Except f(>r Walker Bay and .False Bay, Jhc south coast is characterised by -a series of log;.spiral bays, 

c~pccially the coast cast bf Cape Agu1ha:s. False B·ay can be classified as a i•.south coast bay1' on the 

gro.unds of its accumulations of A,, aiistra/is, but Walker Bay has 5tronger affmity with the ·west coast due 

to its seasonal upwelling (Schumann, 1984). Jn addition; Walker Bay h~ a phytoplanktoa population 

m·ore similar to the west coast and it is cha:racterised. by a high phytomass but no accumulations of .A. 

ait·stralis· (Campbell .anti Bate1 1990b). 

The .st>uth coast has tittle difference in temperature from west to east {Fig. 4). but a wide ran.ge of wave 

height (Fig. 5), topographic state (Fig. 6) and surf.zone width. {Fig~ 7)~ This seetion of tlie coast 'bas a 

larger variance in these parame·te-rs than eithe.r lhe west or east coast. 

A substantial groundwater flow from coa·stal :aquifers appears to be associated with the formation of A. 

atistralis .accu1nulati<1n·s but this is n.ot ~ ~imple relationship, At most beaches which have accumulations, 
IJ1<R,.('~ . 

the sl<Jpe of groundwater l4tble (Fig. 8) was steep, hut at $~](~Sedgefield and Wilderness. The 

nutrient conte·ot of the groundwater .a(f ccts the influence of flow in that a large .am.ount of water 

containing· no nutrients flowing into the surf-zone ·would not have any effect on. the phytoplankton .. The 

only surf-z<)OCS likely to have .a significant amount: of snluble inorganic phosphate tontributed by 

groundwatc-r wo.uld oo Muizenberg· and Walker S~y (Table 3). At Muirenberg large amounts of nutrients 

are provided through river outfalls, and at Walker Bay by upwelling. Thus, groundwater is not a source 

of phosphate to the south coast surf ~1A1ne. 

Am·monium is likely to be source of nitr·oge·n only to the Muizenbe·rg, Vleesbaai and G.tentana beaches 

(Table 3). On average (he amm·onium content of gFoundwater was only 1.2 times that of seawater (Fig, 

1 () and. 17). 

The nitrate concentration in groundwater was' on ave1age :l.2 times that of sea water (Fjg. 22 and 23) ~ 

H·ow~ver, several beaches had extremeJ:y high concentration of groundwater nitrate and steep 

grou·rtd\Vater slop.e (h~gh gro.undwatGr flow; T,able 3). 

At Muizcnberg substantial input of a11 the nutrients occurs by groundwater flow (1'able 3; F~g. 12, 18, 

25)~ howe\ter, not all the nutrients are taken up as indicated by elevated concentration in the SlU'f water 

(Fig. 13, 19 a.ad 26). These n.utrients are probably seeping through the dunes from the sewage $ettlin,g 

:ponds behind the foredunes. Further sources of nutrients into the False Bay surf ,,zones can be thtough 

the Sandvlei, Zcekoevlei, .the fcrt1lizer factory and other outfalls ('Fig. 13, W, 25 .and 34). 
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The groundwater input parameter of nitrogen to the Muizenberg beach is the highest 'by a factor of 4.2 

al)c>vc any olher b,cach (Table 4). The high nutrient outfalls in False Bay 1also add to the total nutrient 

l()ad, placing the F.alsc Bay surf-zone in a, different category from the other beaches and expla,ining the 

extremely high standing stocks. Before the construction of the outfalls and sewage settling. ponds, False. 

Bay beaches probably had accumulations of A australis io concentration comparable to that of oth~r 

south coast beaches. The man-made increased nutrient input into rhe Bay has caused the elevation of cell 

numbers to such h'igh values. In this respect the A. australis cells play an important role as a biological 

sponge, absorbing much of the nutrients which are discharged into False Bay. 

At aU these beaches inorganic phosphate appears to be more limiting than inorganic nitrogen. The supply 

of nitrogen is much higher lhan that of ·phosphorus (Ni:Pi = 16.8) compared to the ce.Jlular proportion of 

the two nutrients required by the cells (A. 4z1stralis cells have a N:P of 2.6; Pig. 86). Phosphorous uptake 

bas been shown to be non·rclated to the cellular C:P ratio (Harrison, 1983); the C;P ratio fot 

assimilation can be as low as 30 while the C~P ratio for cells was 77 on average. The difference is 

accounted for by phosphorous regeneration which has been shown to meet up to 50% of the 

phosphorous requitements for production (Harriso~ 1983) . 

The p.roduct of ground\vater total inorganic nutrients and the groundwater s1ope (Table 4) shows that 

Muizcnberg, the Sundays River beach, Glentana ·and Walker .Bay have large amoµnts of land-derived 

nutrients entering the surf-zones. The beaches which lacked A. at1stro/is accumulations (with the 

exception of East London Beach and Oyster Bay) had low input of inorganic nitrogen and total inorganic 

nutrient (Table 4). East London Beach is a short, polluted be.ach (Fig. 9, 15, 21, 27), probably a low 

cncrb')' beach with a low flushing rate. On one occassion; well ·after the completion of this study, 

accumulations of A1taultlS austra/is were reported by D.R. du Preez al Oyster Bay; so this beach 

occasionalJy develops accumulations . 

Despite the e~ceptions, a linear regression of inorganic nitrogen input and the standing stock gives an r2 
of 0.724 (n = 19). Regressing total inorganic ·nutrient input and standing stock gives a slightly ·improved 

r2 of 0.750. There is a highJy significant correlation between the magnitude of the input of nitrogen into 

the surf-zone from coastal aquifers, making this input a prerequ·isite for the development of 

ace um ulations. 

In the analysis of species composition 85 species were recorded in the foam (section 3.2.1), 39 in 

accumulation foam (section 3.2.2), 99 species in the water (section 3.23) and 52 species in the sand 

(section 3.2.4). 
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The dtlminant microplankLon is A1zault1.s australis, this diatom comprising 463% of the population in the 

water, 54.6% of the foam, 75.8% of patch foam and 21.6% of the sand population. 

In any given sample, on av,crage, 11 ,species appear in the water and 8 in the sand (Fig. 35 and 36), ao 

average of 9 species .bein,g recorded in the foam (Fig. 37 and 38). 

The species diversity is high in the Water and sand (10.6; Fig. 39 and 8.1; Fig. 40) and low in the foam 

and patch foam (1.8; Fig. 41 and 1.7; Fig. 42). There is no difference between the diversity indices in the 

foam and patch foam (Fig. 41 and 42). 

Water and sand have similar degrees of dominance (0~47 and 0.45; Fig. 43 and 44). The difference 

between foam and patcb foam was in the degree of dominance. The foam has a dominance index of 0,52 

(Fig. 45), which is not much higher than that of the water but the patch foam has an index of dominance 

of 0.78. (Fig. 46), which is alrnGst twice that of the water,. Dominanoo indices are high in the water al 

l>cachcs where there w,e,re accumulation.'). 

Diatoms are the dominant phytoplankton (92.5% in water, Fig. 47; 91.9% ·in foam, Fig. 49~ 98.0% in 

patch f<>am, Fig. 50; in ,sand 86.5%, Fig. 48). Much of the balance is made up of di.noflagellates: 1.7% in 

the waler (Fig. 51), 2.7% in the foam (Fig. 52), 1.6% in patch foam (Fig. 53) and 5.5% io the sand (Fig. 

54), making them an important part of the population in the sand. Flagellates were present in large 

numbers in selected samples (Fig. 55-58), greens were rare, and blue-greens occurred only in sand (Pig. 

59-64). 

Analysis of the phytoplankton community by CANOCO and 1WINSPAN shows a primary separation of 

freshwater species in afl cases (Fig. 65-68). There is a gradient from psammic to pelagic (Pig. 65 and 66). 

Excluding the sand species, the following species can be considered to be typical surf diatoJUS: 



Ac/1nu11Ll•es sp. 

A11at1lu.f australis 

As1erio11ella glacialis 

Aslerion1pl1aJus sp. 

A'tf/acodiscu·s jolinso1.1ii 

Aulacodisctt.r petersii 

Biddiilphia sp. 

Circular blue-green sp. 

Campylosira C)'lnbcllif ormis 

Grw1111iatophora 1nari11a 

Melosira sulcata 

TJ1q/assiosira large 

Gyro.sis,,,1ia sp. 

2 Navictlla spp. 

NitzscJiia elosteriuni 

Nilzscl1ia lot{gissinao· 

Noclil1lca 11iilearis 

Proroce1itnt1n micans 

17iaJassiosira rotula 

Rliizosolenia stolterf olhii 

Sttrirclla sp. 

Very small square diatom. 
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Of these A1iaulus at,stralis, Asterio1iella glacialis, Aulacodiscus joli11sonii, Aulacodiscus fU,Lersii) Navicu/a 

sp. and Nitzschia closteriutn accumulate into patches (see Appendix 3). 

The analysis of the sites shows separation between the freshwater-infiuenced sampleSt the sand samples 

and the water samples (Fig. 6.9-72). The samples from the .area around Knysna area (Buffalo Bay, 

Kcurboomstrand, Wilderness, Sedgefield, Glentana) separated in the first division {Fig. 70). 'The area to 

the ea.st of the Suoda_ys River beach (Port Alfred, East London, Cintsa Bay) did not separate out; it did 

separate out rrom the east coast samples (Campbell and Bate, 1990c), placing this area in the south coast 

phyt.ogeographic region. 

The chlorophyll a content in st~nding stocks along the south coast was on average 34 .±. 9 mg chl a 111-3 

for water samples (Fig. 73) and 187 ± 39 mg chl a .m ·3 for foam samples (Fig, 74) indic.ating a sixfold 

surface enrichment (Fig. 76). On a,ver,age, total standing stock was 19 g chl a m-1 on average •. A ratio of 
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0:.27 .±. 0.03 wat·¢r:sand chlorop'hy:lJ indicates that the sand contained almost 4 times (1/0,27) more 

chlc>r<lpbyl.l than the water. 

011 th~ ba!>is of spctics eompositi<>n and standing stocks four dif(er.ent are-as can be distinguished along 

the :south coast: firstly, the False Bay beaches, with e<xtremely high stand~g sto~ks of phytoplankton (Fig~ 

79); secondly, the .seetion ·of coast from Cape Agulhas to Vleesbaai; and tillidty, the scctiun of coast :ftom. 

Glcntana to Kcurboomstrand which has a different specie's composition to .the rest. The fourth region is. 

between Oyster- Bay and Cirtf:sa. Bay which has a phytoplankton community similar to that of the ·second 

region. Because the e<;>mmunit.ies o.f •the: False Bay beaches resembled those of the second and fourth 

r~gions; two ,phyt0geographic regions can be identified~ 

1 . 
. ,, 
.i. . 

Cape Point to Y·l6esbaai, and Oyster Bay to the C~pe/Transkei border. 

Mossel Bay to the Tsitsi'kamma . 

The number of patches per kilometre ranged from 0~4 to 5 .. 1, Muizenberg and Vleesbaai having the 

highest n,umber of patches per kilometre. Distinctive features ol'. accumulations allow the identification. of 

three gt·oups of beaches: 

1. M4.ljor accu·mulating .beaches: 

2. 

3. 

Accumulation$ arc almost .always present 

High phytoplankton concenttat-ions in a~eumulations 

High standing stock of phytoplankton 

Beache.s are Muizenberg, Ma~ar, Vlee.sbaai, Sundays Rrver beach. 

Aceumulat·ing beacl1es: 

Accum·ulatiuns occur oft·en 

High phytoplankton concentrations :in accum.ulati¢n$ 

Low standing stock of ph.ytoplankton 

B'eaches are Stru'isbaai, D.e Hoop, Wilderness, Van Stadens and Cintsa. 

Occasi-oo~lly accumulating beacl1es; 

Ac.cumulations occur t.arcly 

Low phytoplanktoa concentrationS in aecumulations 

Low standing. stock of phytoplankton 

Beaches are Buffalo .Ba.y, Glent.ana, Sedgefield and Oyster Ba.y. 
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The vertical distribution of standing stock between foam, water and sand shows that in the Knysna area a 

large proportion of the standing stock was in the water column rather than in the sand (Fig. n .and 78). 

The nutrient content of cells gives an indication of their time-integrated response to the environment 

(Geidcr, 1987). If the cnvironmehtal conditions on the day of sampling is atypical, the nutrient status of 

the cells would be a better indic·ation of the average conditions which the cells had been experiencing. 

The carbon:nitrogen ratio showed no differences along the coast (Fig. 84). The carbon:phosph'C'>t'U5 ratio 

showed a linear increase from west to east (Fig. 85). This increase is also reflected in the 

nitrogen: phosphorus ratio (Fig. 86) and indicates that phosphorus becomes limiting towards the east. The 

carbon to chlorophyll 4 ratio was similar at Muizenberg and Sundays (Fig. 87), low values of less than 40 

mg C mg ehl a-1 being recorded. 'The rest of the values are around 100 mg C mg cbl a-1. The chlorophyll 

a per cull was high at Muizcnbcrg, more than twic6 that measured at any other beach (Fig. 9Q). 

The primary production estimates showed that Muizenberg, Walker Bay and Vleesbaai had high values 

(Fig. 93). The average primary production for south coast beaches was 472 ±. 113 kg C m beach"1 year-1. 

Those beaches which had accumulations of A. m1stralis had a mean primary production .of 482 .± 150 kg 

C m beach~1 ·year·1 (excluding Muizenberg at 392 ± 136 kg Cm beacb-1 ·year-1), and beaches which had 

no accumulations had .a mean primary production of 241 ± 67 kg Cm be~ch"1 year:-i (excluding Walker 

Bay at 234 .± 77 kg ·C m bcach·1 ycar·1) , Thus at beaches where A. australis is present, it represents a 

major contributor to the pr<Kiuction~ Assuming the backsround primary production for surf-zones along 

the south coast to be 240 leg C m beach·1 year-1 then A. australis accumulations contribute 50% of .the 

total south coast primary production in the surf-zones. With a mean rate of primary production of 4n kg 

Cm beach-1 year-1, and a total of 514 km of sandy coastline, the total primary product-ion of south coast 

sandy beach surf-zones j5 estimated .at 243 kilotonnes C y-1 • 

This study was funded by the South African National Committee for Oceanographic Research. Mrs .PA. 

Smailes and Mrs K.L. Bate did the light microscopy identification of the species. Jorg Wegerhof, Paul 

Hosten and Schalk de Waal helped with the field work. We aclcnowJedge their help with thanks. 
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APPENDIX 3, THE SPECIES COMPOSITION OF SAMPLES CQLLltCIED ON THE SOUTH 

C()AST OF SOUTH AFRICA. 

f'OAM 
'Beach Beacon Buff Buff Keurb Keurb Keurb Keurb Keuro 
Cootd 23.3 23 23 23.42 23.42 23.42 23.42 23.42 

Achnantb~ sp .. 
Actinastrurn (rosette BG) 
Amph.ipl'Qra sp .. 
Amphora sp. 3.4 

Anacystis sp. 
A.nautus austra:lis 7.6 21.1 97"6 3.1 75 

Ast~rionclla glacialis 
Asteriomphalus sp. 
Aul~eodiscus johnsonii 0.3 1.1 3.1 1.1 0.8 
Aulacodiscus pete~ii 0.5 2.4 1.5 0.2 
IJiddulphia altctnans 
OJuegrcen chain 
OJuegrccn circul~r 
C~mpyl~ira cyn1belliformis 2.2 1.4 
Cen1ric Large 
Ccnlric Small 
Ccratium furca/n1ari11a 
Chaetoccros affini'S 1.4 
Chae·toceros @·rge 
Chaetoceros o.i.ediuin 1.2 9.0 
Chaetoceros small 14.9 1.8 2.6 2.1 10.3 17.1 

Chaetoceros paired 1,6 1.0 
Chaetoceros protuberans 0.9 
Cocconeis epiphyte 
Thala~iosira large 
Dcsmid 
Dinophysis acumihata 0.2 
Diploneis sp. 
Distephanus sp. 
Ditylum sp. 
Unknown Eplpbyte 
Cocooneis epipbytc 
Eucampia zoodiacus 
['1agella1e L 
1-"'lagellale M 
f1agetlate Small 
Ore\mm~tophord mari·n.a 
Orce11s 
Gyrodini urn ~p. 
Gy.rosigm.a .sp. 
1 lcmiaulus hauc-kii 23.9 
Leptocylindrus danicvs 10.2 15.7 9:1 14.5 13.7 6.3 

Lep1ocylit'dr1.1s ~p. 

Licmophora sp, 0.6 0.4 
Me1osira sulc~ta 1.7 
Merismopedia sp. 
Mit:ractinium sp. (spikey} 
Navicula classic 
Naviculii football 0.7 0.8 
Navicula large 
Navicula sp. 1.0 

Navicula sp .. large 
Nitzstbia drawing 1.7 3.1 3,0 2..9 0.7 1,3 

Nitzsch.ia c)osterium 0.3 0.6 
Nitzschia deJil'atissittla 1.4 1:4.0 2.1 10.3 5.3 3.1 

Nitz.sch'a longiS$lma 
Nitz.schia pacifica 
Nitzschia ~riat;l 35.5 15.8 0.7 49.7 37.J !J7.9 53.7 50.4 
Nitzsctiia ~ 2.2 
Nitzschia ~ry ~n1.a'll 
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rcdi<tSlrum sp. 

Pcridinium sp. 2.1 
Peridinium black 
Peridinium small 
Pfagiograinma van beurQcii 
.PJc1.1rosigma ·Sp. 
P.roroccntrum micans 
Rhizosolenia alata 
Rhizosolenia. dclicatula 1,9 
Rhizosotenia robu.sta 

Rhizosolenia Sf>. 
Rhizosolcnia stoltenolhli 
Rbizosolenia stylif0rntiS 
Scenedesmus sp. 
Schroedcrella 1 15.9' 
SchroedercUa 2 1.4 
Skeletoncma costatum 
Striatella 
Surirclla sp. 
Thalassioncma nitz.schioides 
Thala~iosira decipiens 
Thalassiosira rot.ula 1.9 
Thatassiosira sp. 
Thalassiothrix· sp. 0.2 
Club 
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0,9 1.8 2.6 3.9 

9.6 

14.1 22.8 6.2 
1.3 S.2 

0.3 J.0 
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Keurt> Keurb Keutb Plett 
23.42 23.42 23.42 23.3 

Bua Glen M~cas Mijiz Buff 
23 22.n 18.7S 18.5 23 

Achnanthcs sp. 
/\ctinastrum {TQscttc BG) 
Amphiprora sp. 
Amphora sp. 
Anacystis. sp. 
Ana.ulus a~stralis 
AsterioneUa glac-iaUs 
A.!iterio.mphalus sp. 
Aul~c~iscµs johns0nH 
Aulacodi.sc.\JS peterSii 
Biddulphla alternans 
Blucgrecp chain 
Bluegrcen circular 
Campylosira cyrnbelli(otmis 
C.entric Large 
Centric Small 
C.eratium furta/ marina 
Chacroceros affinis 
Chaetoceros large 
Chaetoceros medium 
Chaetoceros small 
Chaetoccros pajrtd 
Chaetoccros protuberans 
Cocconeis epi,pbyte 
Thalassiosira large 
Ocsmid 
Dinophysis acum1nata 
Diploncis sp. 
Disrcphanus sp. 
Oitylum sp. 
Unknown Epipbyts: 
Cocroneis epiphyte 
Eucampia zoodiacus 
Flagellate L 
Flagellate M 
Flagellate Small 
Grammatopbora marina 
Greens 
Gyrodinium sp. 
Gyrosigma sp; 
Hemiauh,Js hauckii 
Leptocylindrus danicus 
Leptocylindrus sp. 
Lic.mophora sp. 
Melosira sulcata 
Mcrismoped·ia sp. 
~tictactinium sp. (spikey) 
Navicula classic 
Navicuia (ootball 
Navicula large 
Navicula sp. 
NavicuJa $p. large 
Nitzschia drawing 
Nitzschia ctosterium 
Niti.schia delicatissinta 
Nitzschia lbogissima 
Nitzschia paciitca 
N1tzschia seriata 
Nitl.Sehia sp 
Nitzschia very small 
Pediastrul'il sp. 
Peridinium Sp. 
Peridinium black 
Pcridinium small 
.Plagiogramma van heurclcii 

0.9 

2.7 
1t.4 

67.1,. 85.4 96.0 91.l 
o.s 0.3 4.0 .2.8 8.2 

1:6 
0.8 o.s 2.3 0.2 0.$ 

0.2 0.4 1.1 03 

0,8 4.0 

o.s 2.6 1.6 

5.1 
20.4 

1.9 3.6 13.7 7.7 

0.4 

0.5 

3.8 

0.7 

21.2 

S.7 
1.4 0:3 

1.4 0.9 12.8 
11.4 14.4 7.7 9.2 

2.6 
1.5 0.8 

2.3 
1.1 1.9 0.9 0.8 0.2 

1-5 4.6 
2.3 

4.3 5.4 0.7 
45 

3.3 2 .0 0.5 
0.2 0.2 

70. 7 58.7 51.0 ~0.4 

3.8 S.6 4.9 1.S 2 .·0 
9.4 
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Plcuro.sjgm,a sp-
Proroc-cJ\trurtt micans 
Rhizosolenia aiata 14.8 01 
RbiZQSOJenia dclicatula O.S 0.7 8.7 

Rhizosolenia robusta 05 

Rhiwsolen'ia sp-
·, 

' 

'Rhiz0$0lenia stolterf orrui 2.6 

Rhiz~lcnia styHronnrs 0.3 
Scenedcsm~ sp. 
ScbrocdertUa 1 5.4 16.0 2.0 
SchrocdcreUa 2 l .9 1.6 0.7 

Skclctonema eostat:um 
Sttiatclla 
Surirclla sp. 0.8 

ThaJassionenta nitzschioides 3.0 1.5 0.3 

Thalassiosira ~ecipicns 17.0 
Thatassiosira rorula 13.3 1.0 
Thalassiosira sp. 2.7 2.7 1.3 0.9 
Thatassiothrix sp. 
aub 
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De Hp Glen Muiz 1 Muiz 2 Muiz.3 Muiz4 M\liz S Muiz 6 Muiz 7 
20.5 22.33 18.5 18 . .5 18.5 18.5 18.S 18..S 185 

Achnanthcs. sp. °'·6 
Aclinastrum (~ette DG) 
Amphiprora sp. 
Amphora sp. 
Anacystis sp. 
Anaulus australis 97.6 28.0 98.7 97.4 91.2 96:~ 17,1 81.S 56.9 
Asterionella glacialis- 4.3 0.7 2.S 6.3 1.8 
Asteriomphalus sp. 
Aulacodiscus johnsonii 0.2 0.3 
Aulacodiscus petersii 2.4 
Biddulphia altemans 
Bluegreen chain 2.9 
Bhicgrecn circular 
Carnpylosira rymbellirormis 1.2 1.9 4.4 6.0 
Centric Large 
Centric Smalt 2.4 
Ccratium ful'C3/n1arina 
Chiieloccros affjnis 
Chaetoceros large 
<;haetoceros m~dium 0.3 1.2 
Chaetoceros .sn1all 
Chaetoceros paired 
Chaetoccros protuberans 
Cocconeis epiphyte 

'Tha1·a~ioslra. Jar;gt; 
Dcsmid 
Pinophysis· acurni·n~ta 

Dipl01teis sp. 
Distephant1s- sp. 
Ditylt1m sp. 
Unknown Epipltyte 
Cocconeis epi,phyte 
Eucampia 2;oodiac~s 
Flagcnate L 23.0 0.3 
Flagellate M 
l'lagcllate Sman 0.7 
Grammatophora marina 
Greens 26.8 
Gyrodiniunt sp. 
Gyrosigma sp. 
flcmiaulus haucldi 
Leptocylindrus danicus 1 .. 0 3.1 1.0 4.9 l.5 
Leptoc)'lindius. sp. 
Licmophora .sp. 
Meto.sira sulcata 
Merismcrpedia .sp. 19.S 
Micractinium sp. (spikey) 31.4 
NavituJa classic 0.'7 0.6 
NavitaJa football 1.6 0.3 0.3 
Navicula large o~ 
Navicula sp. 0.3 
Navicula sp. large 
Nitllchia drawing 
Nitz.schia closterium 
Nimchia de1icatissima 0.9 0,3 

' • 
Niizschia longissima 6.6 
Nit:zschia pacifica 
Nitz.schia scriata 
Nitzschia sp 1.6 
Nit7.5Chia very small 
Pediastrum sp. 4;9 
Pcridinium sp. 0.3 0.3 
Peridiniurn blac:k 1.6 
Pcridioium small 26;3 
:P.lagiogramma van hcun-kii 
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Pleurosigm<\ sp. 
Prorocentrum micans 
R,hiiosolcpia alata 
Rhiz050lcnia dclicaaula 0.6 0.3 

Rh'i:zosolenia robusta 
Rhiz.osolcnia sp. 
Rhizosotenia stolterf othii 
Rhizosolcnia styliformis 
8ecnedesmus sp. UJ.7 
SChroederella 1 
Schroederclla 2 
Ske1etonema costa~um 
StriateUa 
SurireUa sp. 
Thalassiortema nitzsehioides 1.0 0.3 0.3 

Thal.assiosira decipij~ns 
Thalwiosita rotula 
Tha1assiosir.t sp. 0.3 0.6 3.1 0.3 

Thalassiothrix sp. 
Oub 
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Muiz 1 Muiz 2 Muiz 3 Muiz 4 Mui.z 5 Muiz6 Mµiz 1 Mu&z Muiz 
18.S 18.5 185 18.5 18.S 18".S 18.5 18.5 185 

Achnanthes sp. 0.2 
Actinastmm (rosette BG) 0.7 
Am,phiprora sp. 
Amphora sp. 
Anacyslis sp. 0.5 
Anaulus australis 92.2 99.0 %.2 98.4 87.5 90.6 36.7 875 86.7 
AsterionelJa glacialis 1.7 1.4 05 1.9 0.2 1.5 3.1 
Astcriomphalus sp. 
Aularodiscus johnsonii 0.2 0.2 
Aulacooiscus petersii 
Biddulphia aJternans 
Dluegreen chain 
Bluegreen circular 26.1 
Campyl~ira cymbellifonnis 2~8 1.0 0.2 0.3 0.2 7.1 3.S 0.6 3.1 
Centric Large 1.4 
Centric Small 1;4 

Ceratium furca/ marina 
Chaetoceros .affinis 
Chactoceros large 
Chaetoccros medium 
Chaetoceros small 
Chactoceros paired 
Chaetoceros protuberans 
Cocconcis epiphyte 
Thalassiosira large 
Desmid 
Dinophysis (lcuminata 
Diplol)ejs sp. 
Distephanµs sp. 
Oitylum sp. 0.2 
Unknown Epiphyte 
Cocconcis epiphyte 
Euc-ampia z<>OQiac·US 
Flagc,late L 2.S. 
Plagellatc M 
Aagellate Small 
Grammatophor~ marina 

Greeras 6.6 
Gyrodiniutn sp. 
Qyrosjgma sp. 
llcmiaulus ttauckii 0.3 
Lep.tocylindrus dani<:us 2.2 \..3 6.l 0;9 
Lcptocylindrus sp. 
Llc-mophora sp. 
Mct0$ira sulcata 
Merismopedia -sp. 
Micractin'ium sp. (spjkey) 24,9 
Navicula classic 

' Navicula footbaJJ 0.2 0.3 o,s· 
l Navicula large 

t· 
Navicula sp. 
Navicula sp. large 
Nit.zschia drawing 1.S 0.9 
'Nitzschia clostcrium 0.9 

. Nitzschia deJicatissima 0.3 

" Nitzschia longissima 0.6 0:2 0.5 0.3 
NitZS<;hia pacifica 
Nitzschia seria1a 
Nitzschia sp 
NifZSChia very small 

I 
Pcdwtrum sp. 0.7 
Pcridi(lium sp. 
Periwoium black 
Peridinium small 
PlatP.ograrnma van beurckli 
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l' lc W'05tgma sp. 
l'roroccntrum micans 
Rhizosoleoia alata 
Rltlzowlenia delii;;atula 
Rhizosolenia robusta 
Rhizosolenia sp. 
RhizOSQlenia ~tolterfo1hii 
Rhiwsoleoia stytlformis 
Scel')edcsmus sp. 
Schroed'erell~ 1 
Schroederell'a 2 
Skcletonema cosfatum 
StriateUa 
Surirella sp. 
Thala5Sionema nltzscbioides 
Th~la~ioSira decipiens 
Thalas.siosita ·rotula 
Thala$Sjosira sp. 
Thalassiothrix sp . 
Club 

0.6 

106 

0.3 

33 

0.2 

0.2 

1,.2 

0.6 

0.3 

1.2 
1.2 2.2 
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Muiz Nootd Se<l _ge Stil Struis 
1&.5 18 22.8 2i.43 20.~ 

A~hQant.hcs ~p. 

Act·inasJrum (~tle HG) 
Amphiprora sp. 
Amphora ·sp. 
Anacystis~ 
Anaulµs austra1is 4.8 IS.O 93.a 51.:2 90.0 
Asteriortelta glatialis o.s. $.1 2.0 43.9 4.5 
A$teriomphalus sp. 
AuJacodascus johnsonii 0.9 1.0. 
A ulacodiscus petetsii 0.3 
BidduJphia altemans 
Bluegrecn .chain 
Bluegreen .artular 
Campylosira cymbe11ifonttis 
Cent~ Large 
O:ntri'c Small 
·CCcatium furca/matiJ\a 
Chactoceros affinis 
Chaetoceros Jarg~ 
Chaetoceros mediudt .23.7 
Cba·etooeros small 8.8 
Chaetoceros paired 
Chaetooeros ptotuberaos 
Coc~orteis epiphyte 
Thalassiosira .1atge 1.() 
Des mid 3 . .3 
Dinopbysjs .a:cuminat-a 
Dipleint.is s_p. 
Oisttrph~n·us sp. 
Dltylunt sp. 
UnkniJWn Epiphyte 
CO<:'eone1s epipbyte 
Eµc.ampi~ zaodiacus 0.4 
Flagellat e L 
Fl'~.gellate M 10.3 
f.lagellate Small 
Grammatophora marina 
Greens 48.9 
Gyrodiniu1n sp. 5,2 
Gyrosi'gma sp. 
ltemiaulus hauokii 
Lep1ocylind01s danicus 
Leptocylirtdrus sp. 4.1 
l.!cm0phora ~p. 
Mcl~jra sulcata 0.9 
Mcrismopedia ~· 
Mie.tactini.\lm §p. (spik~y) 
Navic~la classic 
.Navic'ula foottraU 2,7 2.6 
N1tvic1Jl.a larg~ 
l'l~~eula sp. 0.7 
Navic1;1la sp .. large 
.Nitzschia .t:Jrawiog, 
Nitzschia clcsterium J .6 l .l 1.0 
Nitzschia <felka.liss:iroa 
Niizs.ch'ia longiss'ima 1,2 6:2 0.4 1,3 
Nitzsthia pacifiea 
Nitzschia se-xiata 
Nit~hia sp 3.3 7..2 1.1 (},6 
'Nitzschia very small 
Pec;liastrum '$p. 169 ' - t . 

{>e.,id•n~µm. $.p. 
Peridini\Jrtl black 
Peridiniu111 &mall 
PtagiQ~mma van be\lrckit 

Sund V·Jees Wild .&nu 
2.6 .21,92 22.58 .27.fjJ 

23.3 

·44.3 9.5.6 96;7 
49.6 0:5 

0.5 .1A .1.1 
0.7 

2.3 L7 

S,6 
4.4 

0.4 

15.6 

0.2 

o.~ 0.2 21,l 

B.9 
0.9 0.3 
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Pleurosigma sp. 
Prt>~ntrum mic:'ans 
.Rhizosolenia alata 
.Rhizosolenia delicatuia 
Rhizosolenia robusta 
.RhiZosolenia sp. 
Rhizosolen'ia stoltetf othii 
Rlliz<»olenia stylifonnis 
Sccnede.smus sp. 
Schroederella 1 
Schrocdcrella 2 
Sk~Jetonema costatum 
Striatella 
Su.rirclla sp. 
Thalassiohema nit?.Sehioi(l~ 
Thalassio.sira dccipiens 
Thalas.siosjra ro.tula 
1ihalassiosira sp. 
Thalassiothrix sp .. 
. Club 

lS.5 

0.5 
t ,0 
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7.7 

1.5 
1.6 

,1.6 
0.7 

0.-2 

3.3 
5.6 
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Buff Cintsa 
23 28.12 

Ach11anthes sp. 
Ac;tipastrum (roseue BG} 
Amphlprora sp; 
Amphora sp. 

De Hoop EL 
20.S 27.92 

0.3 

100 

Olen Keurt> .Mait Macas Mu~ 
22.3 2.1.42 2S 18. 75 185 

Anacy&ti&. sp. 
Anaulus australis 
AsrcrioneUa glacia1is 
Asteriomphalus sp. 
Aulacodiscus johnsonii. 
Aulacodiscus petersii 
Biddulphia alternans 
Bluegrcen chain 

33.1 26.3 
33,1 3.4 

61.2 ~8.9 
1.2 

26.3 2.6 
3.3 16.l 

35.3 
32.5 

98.4 19.0 

Bluegrecn circular 
Campylosira cymbeUiformis 
Centric Large 
Centric Small 
Ceraaium !urea/marina 
Chaetoceros. affini~ 
Chactoceros large 
Chactoccros medium. 
Chactoceros smafl 
Chaetoccros paired 
Chactoceros protuberan.s 
Cocconeis cpiphytc 
'Ibalassiosira large 
Dcsmid 
.Di.nophysis acuminata 
Diplo11eis sp, 
Distcphanus sp. 
Oitylum sp. 
Unknown Epiphytc 
Cocconcis epiphyt~ 
Eucampia z.oedtacus 
flagellate L 
flagelJate M 
Flagellate Small 
Grammatopbora nt~rina 
Greens 
Gyrodinium sp. 
Gyrosigma sp. 
l·lcmiaulus hauckii 
Lcpt0C)'lindrus. danicus 
1~.ptocylind.r11s sp. 
Licmophora sp. 
Mclosira sut·cata 
Merismopedia sp. 
Micractioium ·sp. (spikcy) 
'Navicuia classic 
Navicula football 
Navicula 'large 
Navicu~ sp. 
Navicula sp. latge 
Nitzschia drawing 
Nitzschia ciosterium 
Nitnthia delicatissima 
Nitzschia longissima 
Nit-i.schia pacifica 
Nitzschia seriata 
Nitzsc'1ia sp 
Nitzschia very sn1all 
Pediastrum S"p. 
.Pcridiriium sp. 
Pcridioium black 
Pcridinium small 
Plagiograrnroa van heurckii 

S.7 

63.S 

0.7 

0.5 

0.9 
2.4 2.9 
17.0 
05 

1.6 

'2;9 
1.2 
2.0 

0,3 
4.7 

1.2 

3.S 

2.0 
.0.9 

2.6 

0.6 

29.7 

4.4 21.6 

1.2 
1.2 

2.3 

2.3 13.2 85 
1.3 

1.0 

0.3 

0.9 
4.4 

0.8 

1 ... 
05 1.S 1.1 

2.0 

s.o 
S.4 52.6 52.6 7.1 

1.5 0.9 0.8 

1.3 
2.8 

1.2 

0.9 1.5 

5.8 

0.2 

0.8 

3.2 

0.2 

0.7 

O.l 

0.1 

11.0 
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l" 

Plc:urosigma sp. 0.3 I!; 
I'. 

Prorocentrum micans 2.9 1.1 ' ' I 
Rhizosolenia aJata j 
Rhizosolcnia dclicatula 1.1 • I 

I 

Rhizosolenia robusta I 
Rhi:zosolcnia sp. 
Rhi2.0S0lenia stolterfotbii 
Rhizosolenia seylifonnis 
Scened~PlU$ sp. 0.1 ' 

~~ Schroederclla 1 • 

Schrocdcrclla 4 
I 
' • .. 

Skclctonema costatum 3.5 o.s 1.3 I• 
I .. 

Striatelta 0.9 
Surirella sp. 

• 

t 
Thalassioncma nit:zschioides 0.5 29 24.3 0.3 
'Thalusiosira deci.piens 2.5 
Thalassiosirci rorwa 2.6 o.s 0.6 
Thala,ssiositc\· sp. 

' . 

I 'lltala~ioL·hm ·sp. 0.1 
Club 0.) 
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Oyster PAlf 
24.63 26.93 

Actinanthcs sp. 
Actinastrum (rosette BG) 
Amphiprora sp. 
Amphora sp. 
Anacystis sp. 

Sedge StiJb 
22.8 21A3 

·111 

Struis Sund 
20.0S 26 

Vlees Walker Wild 
21.92 19.3 2258 

AnauJus australis 
As~riQnella g!aciatis 
Astcriomphalus sp. 
Aulacodiscus johnsonii 
Autacodiscus pctc.rsii 
Bidt;lulphia altemans 
Blu~green chain 

56.1 
5.2 

60.6 92.6 
3.0- 2.3 

96.3· 69,2 63.9 
4,1 32.0 

91).8 92, 7 17.2 
0.1 3~ 18.9 

Blucgrecn circqlar 
c.ampylosira cymbeJliformis 
Centric Large 
Centric Small 
Ceratium f u~/marina 
Cbaetoceros affinis 
Chactoccros large 
Cfiattoccros medium 
Chaetoccros smaJI 
Chactoceros paired 
Chactoccros protubcrans 
Cocconeis cpiphyte 
Thalassiosira large 
Des mid 
Dinophysis ac1,1minata 
Diploncis sp. 
Distephanus sp. 
Ditylum sp. 
UnknOWJ'I Epipbyte 
Cocooneis cpiph.)1C 
Eucampia z.oodjacus 
1'1agcUate L 
FJ11geUate M 
Flagellate -SmaU 
Gramrnatophora marina 
Greens 
Oyredinium sp. 
Gyrosigma sp. 
Hemiaulus hauckji 
Leptocytindru.s .danicus 
Lcptocylindrus sp. 
Licmophora, sp. 
Mclosira sulcata 
Merismopcdia sp. 
Micractinium sp. (spikey) 
Na'Y.icula <;lassie 
Navicul'a football 
Navicula large 
Navicula sp. 
Navicula sp. large 
Nltzscbia draw1ng 
Nit~hia closterium 
Nitl.SChia delicatissima 
Nitz.schia Jongissima 
Nitzschia pacifica 
Nlt2..$Chi~ seriata 
Ni'luchia sp 
Nitzschia very smaU 
Pcdiastrum S"p. 
Peridinium sp. 
Peridinium black. 
Peridinium small 
Plagiograrnn1a van heurckii 

5.2 
0.2 

3,4 
3.4 

t.8 

0.S 
0.2 

1.2 

0.8 7.3 

3.2 
16.0 

2.4 
o.s 

2.3 

0.6 

l .2 

1.6 3.0 1.6 0.9 

3,8 

0.9 

5.8 

0.3 

0,8 

1.2 o.s 

0.2 

0.3 

0.1 0.9 

9,6 
5.1 

2.6 

o.s 
0,7 

l.7 1.5 

2.2 
14.6 

1.0 

1.0 ).6 
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l,Jcurosigma sp. 
rrotoccntrum micans 
Rhizosolcnia alata 
Rl\iz.o&olenia delicatula 
Rhiwsolenia robusta 
Rl\irosolenia sp. 
Rhizosolenia stolterfo1hH 
Rhi.zosolenia styliformis 
Scenc.de~us sp, 
Schroede~Ua 1 
Schrocdcrclla 2 
Skeletottema costatum 
StriatcUa 
Suritclla sp. 
Thalassionema nitzschioides 
Thalas.siosira decipiens 
ThaJassiosira rotula 
'Ibalassioora sp. 
Thalassiothrix sp. 
Oub 

1.2 1..2 

0.8 
1.2 19.4 

1.2 
0.4 

112 

14.0 

0.8 

1.3 6.0 

14.6 

\ .1 
0.9 

o.s 
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PATCH FOAM 

Achnanthes ·sp. 
Actinoptychus sp. 

Beach 
Coord 

Buff Buff 
23 23 

Maeas 
18.75 

0.1 
12.2 o.; 99.9 
8.2 0.0 

0.0 

0.1 

Muiz 
tS.5 
0.3 

84.0 
3.2 

113 

Muiz Muiz Sedge Stnlis VJees 
185 185 22.8 20.0S 21.92 

96.4 ens 85.8- 98.0 97.9 
1.3 

2.4 12.0 1.8 .l.S 
0.1 2.l 0.2 0.1 

Anaulus australis 
Asterionelta glacialis 
AuJacodiscus, johnsonii 
Aulacodiscus kittonii 
Biddulphia mobiliensis 
Campylosira eymbellif ormis 
Ceratium futca/ marina 
Chaetoceros medium 
Distcphanus sp. 

0.0 2.9 0.4 o.o OA 

f1agcllates 
Gytodinium sp. 
l-lcmiaulus hauckii 
Leptocylindrus danicus 
Licmophora sp. 
Mcl06ira suleata 
Navicula classil;' 
Navicula f ootbaU 
Navicula picture 
Navicula spp. 
Nitzsc:hia clostcrium 
Nit1.SChia ·dericatis.stma 
Nit~hia \ongissim;;l 
Nituchia seriata 
Nitzschia spp. 
Pcdiastrum sp. 
Peridinium sp. 
Plagiograrnma van h~urckfi 

Prorocentrum micans 
Rhizosolenia delicatula 
Scencdcsmus sp. 
ScbroedcreUa sp. 1 
Skclctoncma costatum 
'tltalas.sionema nitzschioides 
Thalas.sio:sira decipiens 
Thalas.siosira L 
Thalassiosira rotula 
Thalassiosira S 

8.2 
4.1 

0.4 
&5.8 

4.6 
10.2 

2.0 0.1 

14.3 

2.0 

4.1 
26.5 

6.1 7.1 

0:5 

0.3· 

0.4 

o.o 
2.1 

0.2 
2 . .2 0.3 

0.0 
0.3 0.0 

0.2 

0.9 0.2 
0.2 0.0 0.1 0.1 
0.2 0.0 

0.3 
o.o 

0.1 

0.3 0.1 
0.1 

0.2 0.2 
0.4 0.0 

1.9 
0.1 0.0 0.0 

0.8 0.1 
0.0 0.0 

0.3 0.2 
1.4 0.4 0.0 
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A chnanthcs sp. 
Actinoptychus sp. 

Walker WiJd 
19.3 22,58 

1.0 

Wild 
22.58 

Anau1us australis 
AsterionelJa gtacialis 
Aulacodiscus johnsonii 
AuJacodiscus kittonii 
Biddulphia mobilicnsis 
Campylosira cymbcllif onnis 
Ceratium furca/ marina 
Chaetoceros medium 
Distcphanus sp. 

85.6 99.4 

F1agellate.s 
Gyrodinium sp. 
Hemiaulus hauckii 
LeptQC)'lindrus darucus 

Ucmophora sp. 
Mclos'ira sulcata 
NavieuJa classic 
Navicula football 
Navicula picture 
Navicula .spp. 
Nitzschia closterium 
Niti.schia dclicatissima 
NiWch.ia )ongissima 
Nitzschia sel'iata 
Nit?Sehia spp. 
Pediastrum -s.p. 
Pcridiniwn sp. 
Plagiog.ramma. van heurc.kJi 
Proroccntrum micans 
RhizQsolcnia deticatula 
Sccnedesmus sp. 
Schroederella sp. 1 
Skcletonema ~tatum 
1"halassionema nitzschioides 
Tha1a~iosira decipicns 
Tbala~iosira L 
'fhalassi~ira r0tula 
Tha~ssiosira S 

35 

5.1 

21.7 
0.7 

0.5 

OA 

OS 
2.8 

0.4 

11.3 
3.1 

o.s 
0.0 

o.o 

114 
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WATER 

Dcacn Beacon WBuff W Buff W Buff W l(euri) W Kelltb W Keurt> W Keurl> W Keutb W 

Long.i 23.3 23 23 23.42 23.4·2 23A2 23.42 23.42 23.42 

Aohnanthes sp. 
Amphiprora .sp. 
.Amphora sp. 0,6 o.s 
Anacyst,is sp. 
Anaulus australis 11.3 4.1 6.S 53,0 1.5 4.1 

Asteriompharus sp. 
Astcrlonelhl. gtacialis 0.6 05 

Au1acodiscµs johnsonii 
Aulacodi.scuS petersii 
Biddulphia alter:na.ns 
Biddulpltia amazing 
Biddulphia mobilicnsis 
Biddulpbia pulcbella • 

Biddu1phia sp. 
Bluegrecns (chain/ circular) 
Campylosira cymbeUif ormis 0.3 1.0 

Centric Large 
Centric Medium 
Centric Small 
Ceratium furca/marina 1.0 0.6 1.1 

Ceratium tri,pas 
Chactoceros A (Drawing) 5.5 4.S 

Chaeroot res large 6.6 

Ghaetoc~ros medium 
S.3 

Chae:toeeros paired 
Chaetoeeros peruvianus 0.3 
Chaetoceros protuberans 
Chactoc~ros sm~ll 13.3 2,9 8.5 8.5 10.7 1~7 

Chactoccros vanheurcki 7.0 
Chain, pretty chi 
Climaoopshcnia Cupp 178 

' • 
• 

COcconeis epiphyte 
I 

Dcsmid 
0.6 Dinophysis acun1inata 

' 

Di_pl0neis sp_ 
Dislcphanus sp. 1.3 0.6 0.3 1.7 1.3 

Dilyl1.1m brightwellil 
0.2 

l iplphytie Cooconeis 
Eucampia zoodiaCJJ.8 1.6 0.6 

' I : 
"· 
' I 

Euglena sp. 
Flagellate 
FlagcUate medium 

- ll1agel1atc .Sma11 1.6 
' 

' 
•' ' 
I ' 

G ramma10phora marina I , 
I I 

Gteens 
Gyrodinium sp. 1.3 

I 
I 

Hemiaulus haµekii 33.4 10.6 2.9 1.1 'I 

Leptocylindrus danicus 5.1 4.5 2.6 12.2 6.6 14.2 9.8 9.0 " 

Leptocyhndrus sp. 
Licmophora sp. 0.6 0.4 

Meiosira sulcata 2.0 0.4 
I ' • 

Mcrismopedia sp. 
Micractinium sp. { spikey) 
Navicula classic 1.0 

Navicula football 1.6 0.9 0.6 

Nav\cuJa Jarge, 
6,4 

Navicula ,pictµre 
Navicula sp .. 3.2 

Nav1cula Square 
Nav:icuta Square L 
Navicula striped ( 100) 
.Nitz.schia .A (Drawtng) 1 ~3 LS 4.7 0.9 ; i 
.Nitt.schia t losterium 

0~2 I 

1' ~ 
' I 

' 
.,, 

t 



Nitzschia dclicatissima 0.8 1.0 
Nitzschia longjssima 
Nitzschia pacifica 
Nitzsehia seriata 31.4 36.6 61.3 
Nittschia sp. 
Nitzschia very small 
.Nootiluca milearis 
Pediastrum .sp. 
P.e.tidinium black 
P.eridinium palidum 
Pcridinium sp. 2.3 2.3 
Plagiogramma van beµ.r~1'ii 
Pleurosigma sp. 
Prorocentrum mieans 
Rhizosolc;pia &]ata 1.1 
Rhizo5olenja deli~atu1a 1.9 
Rhizosolcnia rob'1Sta 

Rhiz~lenia sp. 
Rhizo&olcnia stolterfothii 
Rhizosolenla styliformis 
Sccne<1esmus sp. 
&hroedcrella 1 29.7 
Schroedc~lla 2 1:1 
Skelctoncma costatum 
Slcphanopyxis turris (bones) 1.6 
StriatcUa Cupp 172 
Surirc11a 
Surirclta sp. 10l 
'I'halassio11ema nitz:.sehioldcs 0.6 1.6 
lbalassios.ira de<:iplen~ 
Thatassiosira L 
Thalassio.sira rot~la 1.1 0.6 
Thalassiosira S 2.0 2.6 
Thalassiothrix. sp. 
Unknown - Very Small 
Zygobikodinium sp. 

-

ll6 

1.2 7.0 
0.4 

30.1 52.6 51.4 S3.1 

1.S 1.2 0.9 

10.9 19.6 7.2 
1.9 4..5 0.8 

.5..7 

0.4 

0.6 
1.1 6.3 1.3 

2.3 2.0 

49.7 42.2 

1.8 
0.7 

0.3 

6.6 

s·.2 24.~ 
1.2 

'O.S 

0.8 
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Keurb W Kcurb W PJett W BufTW Macas W Noctse WVlees W Walker WWild W 
23.42 23.42 23.3 23 18.75 23 21.92 19.3 22.58 

Aehnanthes sp. 
Amphiprora sp. 
Amphora sp_ 
Anacystis sp. 
Anaulus australis 
Asteriomphalus sp. 
Asteri0nella gl'aciaHs 
Aulacodiscus johnsonii 
Aulacodiscus petersii 
Diddulphia alternans 
Biddulphia amazing 
Biddulphia mobiliensis 
Biddulphia puJcfleJJa 
Biddulphia ·sp. 
Bluegrcens. (chain/circular) 
Campylosira cymbellifom1is 
Centric Large 
Centric Medium 
Centric Sman 
C'.eratium fu.rca/marina 
Ceratium tripas. 
Chactoccros A (Drawing) 
Chaetoceros large 
Chactoceros tn~dium 
Chaetoccros paired 
Chactoccros peruvia11us 
Chactoceros protul:>erans 
Chaetoceros small 
Chaetoceros wnheurcki 
Chain, pretty chi 
Climacopshenia Cupp 178 
Cocconcis epiphyte 
Desmid 
Dinophysjs. acuminata 
Diploneis sp . 
Oistcphanus sp. 
Dit}llum bri,ghtweHii 
Eplphytic Cocconeis 
Eucampia zoodiacus 
Euglcna sp. 
Flagellate 
J'lagellatc mediun1 
l<'JageUatc Sn1all 
G rammatophora n1arina 
Greens 
Gyroclinium 'Sp. 
1 lemiau1us hauck.ii 
Leptocylindrus danicus 
l..eptocyJindrus sp. 
Licmophora sp. 
Melosira sulcata 
Merismopedia sp. 
Micractinium sp~ (spikey) 
Navicula classic 
Navicula footba11 
Navicula large 
Navicula picture 
Navicula sp. 
Navicula Square 
Navicula Square L 
Navicula striped (109) 
Nitzschia A (Drawing) 
Nitzschla cJostenum 
Nituchia deticatissima 
Nittschia toogissjma 

22.2 3_8 64.2 

3.0 
0.5 

2.7 

2.0 

13.0 

96.1 35.6 14.6 

25 
3.2 

0.2 

0.2 

6.3 
2.S 

2.2 

2.1 

1.7 

21 .9 1.5 6.3 11.6 7A 

0.8 

0.8 

0.6 5.6 

1.5 1.2 

1.6 

25 

4.2 3.1 l.S 5.6 
10.9 15.5 7.9 1.6 0.5 7.4 

11.1 

0.8 2.0 l .7 

4.8 1.0 7.4 

2.2 
7,4 

11.8 10.8 
0.6 

1.7 

32.5' 12.S 

9.3 4,2 

4.2 

2.2 2.1 

7.4 s.o 

1.9 
o_s 

1.2 2.1 
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N;ti.schia pa~ifica 
Nit7..'iehia seriata 47.1 58.8 41.3 
Nit1.schia sp. 
,Njtzschia very sn1iill 
Noctiluca mi1earis 
Pediastrum sp. 
Peridinluin black 
Peridiniurn palidum 
Peridinium sp. 1.5 3.2 
Plagiogramma van heurck.ii 
Pleuro&igma sp. 
Prorocenfnam mLca:ns 
.Rhizosolenia alata 
RhiZ050lenia delicatula 6.3 
Rhizosolenia robusta 
Rhizosolcnia sp. 
Rhizo5olcnia 'Stoltcrf othii 
Rhi.t.osolcnia stylif ormis 
Sccncdcsmus sp. 
ScbroedcreUa 1 1.3 7.9 
Schroedcrella 2 o.s 
Skelctonema costatum 1.9 
Stephanopyxis. rurris (bones) 
Striatella Cupp 172 
Surlrclla 
Surirclla sp. 101 
Thalassionema nitz.scruoides 
Thalassiosira decipiens 
ThalasSiosira L 
Thalassiosira rotula l.9 
Thalassiosira S. 
Thalassiothrix sp. 
Unknown - Very SmaJI 
Zygobikodinium -sp. 
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40.S 11.l 

1.1 
9..3 

0.8 

0.2. 

11.l 

8.1 

0.8 

0.7 0.2 
3.2 

25.9 
0.5 

0.8 

2.1 

10.4 

1.9 

0.3 14.6 
0,8 

0.3 5.0. 
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Cintsa WDc Hp W Glen W Ktur W 
28,12 20.5 22.3 23.42 18.75 

Maca.s W Mait W Muiz W Mui7. Wl M'Uiz W2 
2S 18.S 185 18.5 

Achnanthcs sp, 
Amphiprora sp. 
Amphora sp. 
Anacystis sp. 
Anaulus australis 
Asteriomphalus sp. 
Asterionclla glacialis 
Aulacodiscus johnsonii 
Aulacod&scus petersii 
Biddulpbia alternans 
Biddulphia amazing 
Biddulphia. mobiliensis 
Biddulpbia pulchella 
Biddulphia sp. 
Blutgre~rts (chain/ circular) 
Campylosira cym.beUifornti.s 
Centric Large 
Centric Medium 
Centric Small 
Ceratium furca/marina 
Ceratium tripas 
Chaetoccros A (Drawing) 
Chaetoccro6 large 
Chaetoceros medium 
Chaetoceros paired 
Cbaetoccros ~ruvian1,.LS 
Chae1oceros: protuber.ans 
Chactoceros small 
Cbactoceros vanneurelil 
Chain, pretty chi 
Climacopshenia Cupp 1'78 
Cocconeis cpiphyte 
Dcsmid 
Dinophysis acuminata 
Diploneis sp. 
Oistepbanus sp. 
Ditylum brightwellit 
Epiphytic Cocroneis 
Eucampia zoodiacus 
Euglena sp. 
flagellate 
Flagellate medium 
F'lagetlate Small 
Grammatophora marina 
Greens 
Gyrodinium sp. 
~Iemiaulus hauckii 
L.eptocy1ind.ros danicus 
Leptocylind rus sp. 
licmophora sp. 
Melosira su~la 
Merismopedia sp. 
Micractinium sp. (spikey) 
Navicula classic 
Navic~la f ootbatl 
Navicula large 
Navicula pii;tuTe 
Navicula sp. 
Navicula Square 
Navi,ula Square L 
Navicula stripe,d (109) 
Nitzschia. A '(I)rawing) 
Nitzschia closterium 
Nitzschia deJjcatissima 
Nitz.scl\ia longissima 
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Nit?.SChia pacifica 
Nitzschia seriata 
Nitzsthia sp. 1 .9 
Nitz~hia vecy small 
Noctiluca mileari> 
Pediastrum sp. 
Peridinium black 
Peridinium palidum 
Peridinium. sp. 
Plagiegramma van heurckii 

• Pleul'O$igma s-p. 
Protocei1trum micans 1.9 
Rhiz060lcnia alata 
Rhizosolenja delicatuJa 0.7 
Rhiz050lcnia robusta 
Rhiwsolenia sp. 
Rhizosolenia stolterlothii 
Rhizosolcnia styiif ormis 
Scenedcsmus sp. 
Schtoede.rclJa 1 
SchroedcrcJJa 2 
Skeletonema costatum 
Stephattt>pyxis turris. (bones) 
Striatclla Cupp 1n 
·surirclJa 
SurireUa ·sp. 101 
Thalassionema 1liti.sch ioides '7 ·9 -· 
Thalassiosira decipiens 

r 
Thalassiosira t 3.9 
Thalassiosira rotula 1.0 
Thalassi05ira S 2.0 
Thalassiothrix sp. 
Uhknown - Very Small 

l Zygobikodinrum sp. 
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Muiz W3 Muiz W4 M1.1iz WS Muiz W6 Mi.Uz W7 Muiz WS Muiz W6 Muiz W7 Muiz W 
18.5 18.5 18.5 18..S 18..S 18..S 18.S 18.5 18.S 

Achnartthcs Sp. 
Amphiprora sp_ 
Ampho.ra sp. 
Anacys.tis -sp. 
Anaulus australis 
Asteriomphal-.s sp. 
Asterionella gjacialiS 
Auta:rodiscus johnscmii 
Autacooi.scus petersii 
Biddulphia altemans 
Biddulphia a.mazing 
Biddulphia mobilien.sis 
Biddulpbia pulchella 
Biddulphia sp. 
Blucgreens (chain/circular) 
Campylosita cymbeUiformis· 
Centric Large 
Centric Medium 
Centric SmaH 
Ccratium furca/ marina 
Ccratiunt tripas 
Chaetoceros A (DraWing) 
Cha.eroceros large 
C.haeloceros mediuo1 
Chaetoctro5 pairdd 
Chaetoceros peruvianus 
Chaetoceros protuberans 
Chaetoceros sn1all 
Chaetoceros vanheureki 
Chain, pretty chl 
Climacopshcnia Cupp 178 
Cocconeis epiphyt1! 
Des mid 
Dinophysis acutninata 
Diploneis sp. 
Oistephanus sp. 
Oi1ylum brightwellii 
Epiphytic Cocconeis 
Eucampia zoodiacus. 
Euglena sp. 
Flagellate 
Flagellate medium 
Flagellate SmaU 
Gcamn1atophora n1arlna 
(lre~os 

Gyrodiniunl sp. 
I fcmiauJus hapckii 
LeptocyHndros danicus 
LeptocyJindrus sp. 
Licmophora sp . 
MeJosira sulcata 
Merismopedia sp. 
Micractinium sp. (spikey) 
Navicula classic 
Navicula football 
Navicula Jarge 
N~vicuJa pictµre 
NavicuJa sp. 
Navi.<:ula Sq\$1!!re 
Navi.cula Sqµare L 
Navicula striped (109) 
'Nitzschia A. (Drawing) 
NitzscJtia c:losterium 
Nitzschia delicatissima 
Nitzsctaia tongissima 
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Nilzschia pacifica 
Nitzschia $Cria~a 
Nitzschia sp. 
Nhl.SChia very small 
.Nootilµca milearis 
Pediastrurn sp. 
Peridinium black 
Peridiniull)' palidum 
Pcridinium sp. 
Plagiogramma van heurckii 
Pleurosigma sp. 
Proroccntrum micans 
Rhi.zosolcnia alata 
Rhi.zosolcnia de}icatula 
Rhiz010lenia robusta 
Rhizoso1enia sp. 
Rhiz060lenia st o llerf o t h ii 
Rhizosolenia stylif ormis 
Scenedesmus sp. 
Schrocdcrclia 1 
Scbrocderella 2 
Skeleronema costatum 
Stephanopyxis ru.rris (boo.es) 
Striatclla Cupp 172 
Surirclla 
Surirclla sp. 10·1 
Thalassionema nitzschioides 
Thalassiosira de<tipicns 
Thalassiosira L 
Thalassiosira rotu'la 
Thalassiosira S 
Thalassiothrix sp. 
U nknown - Vety Small 
Zygobikodinium sp . 
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Muiz W Muiz· Ou~oord W ·Sedge W Stilb W Strui$· WSund W Vices. W Wild W 
lS.5 18~5 18 22.8 21.43 20.0S 26 21.92 22.58 

Achnantt\¢s -sp. 
Ampbiprora ~P
Ampbora sp. 
A·nacystis sp. 
Anaulµs austr.tlis 
Asteriomphalus sp. 
Asterionella -glacialls 
AuJacodiscus johnW.nii 
Al(lacodiscus pet~rsji 
Biddulphia atterna.ns 
Diddulphia arnazing 
Biddulphia mobi!riensi~ 
BiddMlphia pul'Chella 
Bidd!.llphia sp. 
Slu~green& {chair\/ Ci(Cular) 
Campylosita cymbellirotmis 
C-entric Uirge 
Centric M-edium 
Centric Sm.au 
Omttium furta/marina 
Ce~tium tripas 
Chaetoce·ros .A (Dtf!wing) 
Cha.etc;;x:eros Jas:ge 
Chacteceros medium 
CflacJQC'e:OO$ paire(l 
ChaetQCeros ~ruvian\is 
C::hae~oe,erQS proP,•'>erans 
Ch:aetoeeros small 
Chaeloocros van'heureki 
Cnain, piet1y chl 
Climaaopshenia Clipp 118 
Coe~one'is epip . .bfle 
Desm(d 
DiQophysis acµminaca 
Dip1olteis .sp. 
Di!itephao~s sp. 
Ditylum btigbtwe1lii 
8pipb)'1ic OJecQn~i~ 
Euea1np&a i.OQdia~vs 
Euglena sp .. 
Flagellate 
flagellate medium 
Fla,gellate Small 
Grammato,phora nlarina 
Greens 
Gyrodin\um .sp. 
lJemiaulus hauckii 
Leptocyli'ndrus danicus 
Leptocylindrus sp. 
Ljcmophora sp. 
Melosira ·sulcata 
Merismoped\a, sp, 
Mi.cractinium sp. (spikcy) 
.Navic:ula classic . 
Navicula football 
NaVicula. 1arge 
NaVicola pieture 
.NaVi.cola sp. 
NaVituJa Square 
NaVicula Square L 
NaVicula srriped (109) 
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Nitzsehia pacifica 
Nit;z,schia seriata 
NitzsC1hia -sp. 
Nitz.sc,hia very· sm;rU 
Noc:tilw::a milearis 
Pediastrum sp. 
Peridinium l)Jack 
Peridjn·ium ~Hdum 
Pcridioium sp. 
Ptagiogramma van heuroltii 
Pl.curasigma sp. 
Proroeenttwn micans 
Rhiz06olenia aJata 
Rhizoso1enia del'icatula .G.8 
Rhizos<>'lenia rot>us~ 
R.hiz0selenia sp .. 
RhizQSOlcnia stoltetf othii 
Rhi.zosol'cnja stylifonniS 

• S<ienedesmus .sp. 0.3 
Scftrocdetclla 1 
Sc·htoede'rella 2 
'Skeletonc.ma costatum 
St~phanopyxjs toms (trones) 
Striatella Cupp 172 
Surirella 
S'u.ritella ·sp, 1Qt 
Thalassio.nema. nitz.schioides . . . .. ... ·~ .. ... . ' ' ~ 

Thalassiosira decipieos 
Thala~io.sif3 L 2.1 
'Thalassiosira retula 1.9 
Thalas.siosara s 
Thalass.iothrix &p. 
Unknown - Ve-ry.Smafl 
Zygobikodinium sp! 

124 

3.0 
0.6 

18.6 

4,S 1.2 

21.7 

l .9 

7.6 Q.6 
7.·6 

1.<t 

03 

1.1 l .,7 
1.4 

0.6 
o.s 

0.6 

o.s 

0.2 

1.4 

,, 
: 

I 
I 

I' 

" ' 
' I 
' 

\ 
T 

1 
'.f ... 
' 



' ' 

:.> \ 

' ' 

... 
,. 

I 

' ., . 

125 

Bo~ W Duff W Cintsa WDe ,Koop EL W 
21.91 n 28.12 za.s 21.9.2 

Achnanthcs ,~p , 

Am,pbiprora sp. 
Amphora ~P· 
Anacystis sp. 
Anaulus austratis 
Astcrlompbalus sp. 
AsterioneUa gtacja ns 
Aulacodiscus joonsonii 
A.,.fac«Jiscu$ peteniil 
Bidctutpbia .altem.ans 
Bid,duJpbia amaz!ng 
Bi<idulphia rno\:>ilien$is 
Biodulpbia pulcbella 
Biddulphia sp. 
Bluegrcens (ehain/e;:ircular) 
Campy:l~ira cymbeUafom1is 
Centric Lai:ge 
~ntJic Mcd'ium 
Centric Smalt 
~ratlum fu:rta/ marina 
("...eratium tripas 
Chaetoceros A (Drawing) 
Chaet~ros large 
Chaetoceros medium 
Cbaetoceros paired 
Chaetoc~l'QS .peruvi~nµs 
Cbaetocet'QS protube.rans 
ChaetocerQS snlall 
Chaetoceros vanheur<;ki 
Chain, pretty chi 
CJimacopshenia Ct1pp 178 
Cocconeis epiphyte 
Dcsmid. 
Dinopbysis acurtt\nata 
DipJqneis sp. 
Distepf\an\JS 'Sp. 
Dity1um brigh~~Uii 
Epiph,yfic Cocconeis 
E.ucampia ,zoeidiacus 
EugJctta 'SJ>· 
Flagellate 
Aagellate me,c:JiUm 
P1agellate Sman 
Orammat.ophti)ra marjna 
GfCens 
Gyrodin.ium sp. 
~lc.miaulus haµcki'i 
Lcpt·ocy,Jind,rus danicus 
1..cptocylindrus sp. 
Licmophora sp. 
Melostra. sulcata 
.Merismopedia sp. 
Mictactinium sp .. (spikey) 
Navicuta class'ic 
NavicuJa Jootball 
Niiv\cu1a Jatge 
.Navicula pict,ure 
Navicu1a 'Sp. 
.Navicu1a Square 
Navicufa Square L 
.Navicu}a, striped (109) 
Njtzschia A . (DtaWing) 
Ni,ti.sctiia cl0Sterium 
Nituchia delicati~sin1a 
Nitzsc,hia longi~irna 
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Nit1.SChia pacifica 
Nitzschia seriata 
Nit7.SChia sp. 
Nitzschia very small 
Noctiluca milea.ris 
Pediastrum sp. 
Peridinium bJack 

' Peridinium palidum 
. Peridinium sp, . , 

. . PlagiogramQ\a van heurekil .. 
Pleurosigrna sp. 
Prorocentrum micans 
Rhiz0$QJenia atat~ 
.Rhiz0$QJ~nia delicatula 
Rhizosotenia robusta 
Rhizosolenia sp. 
Rhiz060lcnia stoJte:rfothii 
Rhiz.osolenia styJiformis 
Scertedcsmus sp. 
Schroederella 1 
Schrocderella 2 
Skeletonema oostaturn 
Stcpbano_pyxis turris (bones) 
Striatella Cupp 172. 
Su.rirella 
SurircJla sp. 101 
Thala.ssio.nema nitzschioides 
'Ilialassiosira decipiens 
Thalassiosira .L 
Thal~iosi·ra rotula 
Thalassiosita S 
Tha1assiothrix sp, 
Unknown - Very Small 
Zygobikedinium sp. 
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SAND 

Amphiprora sp. 
Amphora sp. 
Anacystis sp. 

&ach 
Longi 

Anaulus australis 
Asterionclla glatjali.s. 
Aulaeodiscus johnsonii 
AuJa(X)(!iscus peteJ'S.ii 
Biddulphia sp. 
Bluegreens 
Campytosjra cyrnbeUif o.rmis 
Centric Large 
Centric Medium 
Centric :Small 
Chaetoce~ ·spo.res 
Oimacopshenia Cupp 178 
Cocconeis sp. 
Delphineis sp. 
l)inophysis. acuminata 
Diploncis sp. 
EugJcna sp. 
Flagellate 
f'Jagellate medium 
Greens 
Gyrosigma sp. 
Leptocylindrus danirus 
Mclosira sulcata 
Navicula cigar 
Navicula classic 
Navicula football 
Navic~la Sand 
Navi~ula spatu1ara 
Navicu(a sp. 
Navicula sp. large 
NavicuJa Square 
Navtcula Square L 
NavlctJla W·ajsted Sand 
Nlti.sc'hia bicapitata 
Nltzschia bilobata 
Nilzschia delicati...Sima 
.Nitzschia longissima 
Pediastrum sp. 
feridinium sp. 
Plagiogramma van hcurcki i 
Rhiz~Jenia sp. 
Scencdesmus sp. 
Thalassiosira decip~ens 
Thafassiosira Small 
Unknown Chain 
Unknown Club 
.Unknown lemon 

Unknown Pl\oto20-21 
Unknown Tophat 
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EL Glen .Keu:rb Keurb Macas W Macaa W .Muit Mu1z 
18·.S 27.92 22.3 2~.42 23.42 18.7.S 18.75 18.1S ta.s 

Amphiptora sp. 
Amphora .Sp. 
Anacystis sp. 
AnauJus auslra1is 
Astc.ttlonella gJac;ial~ 
AulacOidiscus Johnsonfi 
Aulacod1scus petersj~ 
Biddulphia sp. 
Blue greens 
Campylosira cymbelliformis 
Centric l..Mge 
Centric Medium 
CertJric Smalt 
Chaetooeros spores 
Oimacopshenja Cup.p l 78 
·Cocconeis sp. 
DeJphineis sp. 
Oinopbysis acuminata 
Diploneis :sp. 
Eugle11a sp. 
F1a~lla.te 
Flag~1late tned'ium 
Greens 
Gy.rosigma ~P· 
Leptocylindws danicus 
Melosira ·sulcata 
Navicuta cigar 
Navicula classic 
Na~cula footbatl 
Navicula Sand 
Navi~ula ~paJulata 

NaVicula &'p. 
Na'Vicula sp. large 
Navicula Square 
Na\ti'cula Square L 
Navic:ula Waisted San'd 
Nitz.schia bie.apitata 
Nitzschia bilob.ata 
Nituch'ia dclicatiSsima 
Nitzschla tongissima 
Pediastrum s.p. 
Peridinium. ·sp. 
Pla,giogamma ·van heurc~i 
Rhizosoleii.i'a sp, 
SC'en~desmus '5:P· 
Thalassiosir.a .decipie.ns 
ThalassiosiFa Small 
UnknJJWJt Chain 
Unknown. Club 
Unknown l~mon 
U.nknown P.boto20-21 
Un~own 'Top.hat 
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Amphiprora sp. 
Amphon sp. 
Anacystis sp. 
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Mu~ Muiz Noctsc Oyster Plett Sedge W Stil W 
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Auracodiscu.s johnsonii 
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Bidduiphia sp. 
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Cocconcis sp. 26.l 1.8 32.6 2.9 
Delphincis sp. 
Dinophysi.s acuminata 
Diploncis sp. 
Eugfena sp. 
fi'JageUate 
Flagellate medi\fm 
Greens 
Gyrosigma sp. 
,Leptocylindrus d&nic.us. 
Melesira sulcat~ 
Navicu'la ~igar 
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Navicula Sand 
Navicula spatu(ata 
Navicuta sp. 
NavicuJa sp. large 
Navicula Square 
Navicula Square L 
Navicula Wal.$ted Sand 
Nitzschia bicapit~ta 
Nit7.SChia bilobata 
Nit7.SCbia delicatissima 
Nitzschi.a longi~ima 
Pediastrum ·sp. 
Peridinium ·sp. 
J>Jagiogramo1a van neort!til 
Rhizosolenia sp. 
Scer\edcsmus sp. 
ThaJassiosi.ra decipiens 
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Unknown Chain 
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Unknown Tophat 
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Stil W Struis Sundays Wild Wild 
22.58 21.43 20.0S 26 22.58 

Amphiprota ·sp. 
Amphora ·sp . 
Anac:yst'is sp. 
AnauJus australis 
Astcrionella .glacialis 
Aulacodiscus jphnsonii 
AuJacodiscus petersi.i 
BidduJpbia sp.: 
Bh.ie~ns 

Campy1a.sira. cymbeUif0rmis 
CetJt.ri£ Larg.e 
Centric. Mi:dium 
Centric Small 
Chaetoceros spores 
Climacopshenia CU;P,P 178 
Cocconeis &p. 
Dclphineis sp, 
Di.nopbysis. acuminata 
Diplonei~ SJ1. 
Euglena sp. 
Flagellate 
Plag~Hatc medium 
Greens-
·Gyros&gma .sp. 
Leplocylindms d~otc:us 
Melasira sulcata 
Navieula c;ig~r 
Navicola tlassic: 
Navicula rootball 
Navicula Sand 
Navicula ·spatulata 
Navicula sp. 
Navicola sp. la·rge 
Navicula Square 
Navicu'la Square· .L 
Navicula ·waist~ Sand 
'Nitt;Sehia bieapitata 
Nitzschia bilobata 
Nit:z.schia dclicat'issima 
'Nitzschra longj~ima 
·rediastrum .sp . 
. Pcridinium. sp . 
. Plagiogramma van heurekii 
RhizQSOienia sp. 
Sl'enedesmus sp. 
ThalaSSi0Sira decipiens 
l'hala~josil'a Small 
Unknown Chain 
Unknown Club 
Unkn0wn .lemon 
Unknown PhotoZ(h21 
Unknown Tophat 
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