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generally there wer-e two to three Foraminifera in each sanple, with 

five tests on the 12th and 14th days. Phytoplankton encountered 

was mainly Cha.e;toc.e.Jtoci, Thal.a.Mione.ma. and CO¢C.,(_YlOCU6C.u..6; Nwc.hla. 

cells daninated the ?'lytoplankton on day 8. 

There was a strong correlation, similar to that in the monthly 

samples, between nitrates and silicates ( r = 0,88, lag 0). In 

spite of the fact that the phytoplankton constituted such a small 

amount of the organic matter,there was a correlation between chloro­

phyll and the < lCO µm fraction of the PCl1 (r = O, 78 , lag O) • 

Particle volurre was correlated with the < lCO µrn fraction of PCl1 

(r = 0,84, lag 0), the-:: lCO µm fraction of TIM (r : 0,82, lag O) 

and chlorophyll a (r = 0, 74, lag 0), which is evidence of the useful­

ness of the Coulter Counter in this sttrly. 

The results of the daily sampling programre generally support the 

swrrrer - winter differences evident in the monthly samples. Chloro­

£=hyll, nitrates and silicates were higher in winter,while free 

bacteria, althrugh sho.ving ccnsiderable day-to-day variation, were 

present in higher nUllbers in sunmer. In spite of the cal.rrer seas 

in winter the seston load was greater. 
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4 . 3 FAISE BAY TRANSECTS 
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'lhe first of the two False Bay transects was undertaken on 30 April, 

48 hours after a long period of south-easterly winds whic.11 often 

readied velocities of 40 knots. 

'Ihe water temperatures (Fig. 36) sho.-,ed a seaward decline; they were 

highest over t.l"le reef, dropping to 14
°
c offshore. '!'Pis was prd:>ably 

due to solar heating of the shalla..; water over the ra:f but may be 

indicative of the existence of two distinct water masses, a warmer 

bcrlf of water over the reef and a colder bcdy offshore. In the open 

water there was a decrease in temperature with depth; the water at 

2 m was generally 2° wa.J:Jror than that at 15 m, again evidence of 

surface warming. 

Figure 37 sha,,s the cona:mtrations of the four inorganic nutrients. 

Beyond the reef the 2 m water was severely depleted of all four 

nutrients, with values in the region of 1 - 2 �9 at/1. Levels of 

armonia were highest over the reef, nitrates and silicates increased 

in the deei;er, offshore waters, while µ,.osr;nates rerrained rrorc-or­

less constant over the entire transect. Nitrates rose as high as 

4 µg at/1 and silicates as high as 7 i;g at/1 in the deep, offshore 

waters. 'lhere was a significant correlation (r = 0, 70} between 

the cmcentrations of these two nutrients. 
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There were large increases in dtl.orophyll concentrations (Fiq. 38) 

as one moved offshore. Levels over the reef were less than 4 µg/1 

but rose to 19 µg/1 only 0,5 km offshore. With one exception, 

levels at 6 rn were higher than those at 2 m, with those at 15 rn 

the lCMest. '!his may be a reflection of the conditims at the three 

depths - light intensities at 6 rn approaching the optimal for 

prcxluction and 'fhoto-inhibition occurring at 2 m. There was no 

relationship between chlorophyll concentrations and any of the four 

inorganic --utricnts. 

Tront) and Horstrr1cm (in press) recorded surface te.rrperatures of 10,5
°

c 

und nitrate and siliczite concentrations zis high as 29 and 39 ·.g ut/1 

respcctivclY, in freshly UTJ11elled water off the mouth of False Bay. 

Frau the results of the present study it is obvious that up,velling 

follo . ..red by considerable primary production had occurred, resulting 

in  the enormous standing stock of r:,hytoplai'1kton only 0,5 kr1 fran the 

Dalebrook shoreline. If the site of u�elling was cape Hangklip, 

this water mass Vv'Ould have been driven a vast distance, during whidl 

tine it was wanned by the sun and thoroughly I!tU{ed with adjacent, 

warner, nutrient-poor waters. 'lhis mixing, along with the rapid 

uptake by phytoplankton cells, appears to have drastically reduced 

the concentrations of inorganic nutrients in solution. 

Figure 39 sha..rs the extrenely high bacterial densities encountered 

along the transect; values ranged from 15 x 10
5 

cells/ml at the 

l and 1,5 km stations to 8 x 10
5 

cells/ml. There was a marked 

decrease with depth; the water at 2 m contained twice the m.mber of 
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cells found at  15 m, with the densities at 6 m falling in between. 

Attached bacteria have not been included as they were only found at 

the 6 km station, where they amounted to less than 2% of the total 

nurrbers of cells. The large phytoplankton stocks were presurrably 

releasing dissolverl organic matter in large quantities to stimulate 

bacterial production. There was, hONever, no significant correlation 

between phytoplankton and bacterial stocks. 'Ihere was no noticeable 

change in bacterial rrorpholcgy along the transect line; rods were 

dcrninant throughout, with cocci canprising less than 15% of the 

nurrber of cells . 

The dry weight of particulate matter in susrension is sha.-m in 

Figure 40. This fell fran 5 rrg/1 over the reef to around 3,5 mg/1 

offshore. 'Ihe exceptionally high value of 6, 8 rrg /1 O, 5 km offshore 

was due largely to the contribution by the phytoplankton of 2 ,2 mg/1 

organic matter. '!he < 100 µm fraction represented about 75% of the 

seston over the reef with no noticeable change seaward. 

The levels of PCM (Fig. 41) rerrained constant with depth along the 

transect line, being 2 - 2 ,5 mg/1 at 2 rn and 6 m and 1,5 mg/1 at 15 m. 

The seaward decrease in the arrount of 'I'Pl.'1 was, therefore, due to a 

decrease in the inorganic fraction. 'lllis is not surprising, as in 

the shalla.-1 waters round the reef, inorganic particles are easily 

stirred up off the bottom and held in suspension by the strong water 

movements. Offshore, where the water is deeper and the turbulence 

reduced, these particles with high densities will settle out. The 

< la:> µm fraction of the PCM represented 68% of the total PG1 as 
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a':::iainst 75% for the TIM. This rreans that the larger particles had 

a slightly higher percentage organic content than the smaller 

particles. 

The particle size s�ctra were determined for sare of the offshore 

samples and these are sha,.m in Fi(Jllre 42. The curves tended to have 

tall, sharp �aks which ai:pear to be characteristic of waters with 

l0t-1 detri tal loads and high phyt.09lanktm stocks. 'Ihc 1, 5 km 

sample from 15 m is an inexplicable exception to this trend. It is 

interestiJB to note that the medal frequency lay between 29 and 36 .....m, 

as oppcsed to 14 i.an over the reef (Fig. 20) . 'Ihis is pcssibly 

because the phytc:plankton cells are lLriked in chains , which becare 

broken up by the water turbulence over the reef. Correlations 

between particle volurre and TPM, P0'1 and chlorophy 11 a were lOtJ but 

significant at the 1% level: r= 0,53, r = 0,56 and r = 0,64 

respectively. 

A thick layer of lo.v visibility, extending 12 to 15 m belo"1 the 

surface, was present at all t.11e offshore statia..'15. 'Ihis water may be 

best dcscriberl as a thin soup with delicate, mucoid strands, often 

several centimetres lorg. Ho.vever, under the microscope there was 

no evidence of th.ese long strands; obviously they had been broken up 

by the action of sar:plirg and filteriJB, uS only tiny, loosely­

packed aggregates of unidentifiable detritus were present. In 

preparing the samples for examination, cellulose acetate filters 

wen,, used. They did not clear as well as these made of cellulose 

nitrate, rrakirg it difficult to see the particles clearly. 
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'!he I_:hytoplankton was dominated by chains of N�c..lua.. The offshore 

water.:, com:air.ed .1.l.ttlc, ot:he.c than phytoplankton cells and 

aggregates smaller than 60 i,m. I.:1 the water over the reef were 

minerogenic particles, sorre Ult6 c..hla. cells, small detri tal aggrer:rates, 

faecal pellets, spicules of different sizes and a few pieces of 

macrophyte material. 

Figure 43 sha-1s the canpcsition of the ro1 at the 2 m stations along 

the transect. As has alrca:ly been pointed out, the total arrount 

of PCM rerra.ins constant with increasing distanre offshore. '!he 

contribution by bacteria was very small, and although there was 

considerable variaticn in their numbers, this had little effect on 

the ano.mt of PGl in suspension. The phytoplankton contribut..od 20% 

of the POM over the reef but this increased to more than 50% at 

sorre of the offshore stations. 'lhere was a marked, seaward decline 

in the arrount of detritus, suggesting that the detritus-daninatcd 

envirarurent .is restricted to the waters in the imnediate vicinity of 

the reef. It also suggests that much of the detritus in susp.msion 

over the reef is autochthonous or is produced in adjacent inshore 

waters. 

4.3.2 Septe.rrber Transect 

'Ihe results of the second transect, which was canpleted in Septerrbe.r, 

are sha..m in  Figures 44 to SO. 'Ihe wind during the prereding five 

days was fran t:.ne western quarter and did not exceed 10 knots. Water 
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t.enTferature (Fig. 44) reroai.noo between 15 and 16
°
c over the entire 

transect. There was a slight decrease with depth and distance 

offshore. 

Figure 45 sho.-,s the ccncentrations of the four inorganic nutrients -

amronia, nitrates, i;:hosfhates and silicates. With the exception of 

silicates, levels were la-,, nitrates in particular, with little 

change along the transect line. Arnrronia concentrations were between 

2 and 3 µg at/1; the high levels 1,5 km offshore were probably 

the result of excreticn by a large bed of mussels directly belo.-,. 

Nitrates only exceeded 1 µg at/1 at tre 18 km station. Phosphates 

remained at about l µg at/1 in all sarrples. Silicate levels all 

exceeded 5 µg at/1, with a single value of 10 µg at/1; these 

values were noticeably higher than those encountered in April 

(Fig. 37) and it is not surprising that there was no correlation 

between nitrate and silicate concentrations (r = 0,20). Unlike the 

April transect there was no increase in the concentration of these 

two nutrients with depth. 

Chloro�yll concentraticns did not exceed 2 µg/1. Figure 46 sho.-,s 

that levels increased marginally with depth. Bacterial densities 

were also lo,.., (Fig. 47) in ccnpari.son with the April results (Fig. 39) , 

rising to a maxinum of 10 x 10
5 

cells/ml at the 6 km station. I.Bss 

than 10% of the cells were attached to particles in susp:.n.sion. 

There was a marked change in bacterial morphology along the transect. 

1, 5 km and further offshore the pcpulaticn was daninated by sma.11 

cocci, smaller than O,l µrn
3, while inshore a ma.jority of the cells 
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were rods whase volume varied beb.veen 0,2 - 0,4 µm
3
. The nurrbers of 

cocci increased from 1,4 x 105 cells/ml over the reef to 6 ,4 x 105 

cells/ml 6 km offshore. Consequently, although bacterial nurrbers 

were relatively constant along the transect, bianass was higher 

nearer the reef. 

Figure 48 sho.-JS that the anount of TP!-1 in suspension was highest 

over the reef. At the 1,5 km station the sample from 15 m was 

taken 2 m above a large bed of nussels and a large arrount of particu­

late matter was visible in suspension. The POYi (Fig. 49) sha,.ied no 

secr.vard decline. /Is in April (Fig. 40 and 41) this rreant: there ·11as 

a decrease offshore in the inorganic fr.:iccion; over the reef the 

P0'-1 represented 35<:, of the sestcn, n.sing to almcsc 100% 6 km 

offshore. Beyond the reef the > lCD um fraction was entirely 

organic. Instnurent ma1f uriction prevented the processing of any of 

the samples through the Coulter Counter. 

Figure 50 illustrates the breakdo.-m in ccnposition of the PCM. 

There was a seaward decline in the arrount of detritus but, unlike 

tlle April transect (Fig. 43), detritus was the dominant colll)Onent 

throughout. The p,.ytoplanktan was conparatively unimportant and 

exceeded 15% of the PCM only at the 6 km station. 

Microsconic examination revealed differences between the sestcn over 

the reef and that from fur-....her offshore. The reef samples contained 

the typical, inorgaru.c grains, 60 µm and srraller, and spicules of 
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various sizes. 'Ihe detritus was daninated. by small, loosely­

pa::-..'-{0-:i ag,;regates of unic.,,_,""ltifiable origin, folla.-;ed by large:r 

faecal pellets, alrrost all 80 µm wide. '!here was very little 

identifiable macrophyte material, no microzooplankton and only a 

few Cha.e;toc.Vl.o-6 and Co �c.-i.nocli..,!ic.u..�-like diatcrrs . 'lhe offshore 

sarrples contained little minerogenic material and no spicules. 'lhe 

only detritus was in the form of small, flocculcnt aggregates. A 

fcfl Foraminiferan tests and the dinoflagellates, Ce...'ta.t.<.wn and 

Pe..'L-i.cli.w11, were present. '!he bulk of the seston fran the 15 m 

sample, 1, 5 km offshore, ccrnprised. large faecal pellets, pr<:!SUITBbly 

originating from the mussel beds bela,.,. 

The transects have highlighted two contrast:inJ situations. In 

Septenbcr the only striking difference between the Wdter over the 

reef and t.li.at from further offshore was the sea,.;ard decrease in the 

arrount of inorganic matter in suspension. �"'utrient and chlor09hyll 

concentrations were extrcrrely low along the entire transect. 

Bacterial numbers and levels of P0.'1 also shewed. little variation 

along the transect. In April there v.>ere higher nitrate and silicate 

concentrations in the offshore waters together with an increase l.I1 

rflytcplankton and bacterial bianass. over the reef there was rrorc 

inorganic P.Ja-cter and detritus in suspension than offshore. 



107 

16 

,--.. 

u 
0 
---

15 
::..: :::...=.:�!.!.!.!..•..a..·� ...... 

Cl) 
... 

::, 
... 

ro 
14 .. 

Cl) 

a. 

E 
Cl) 

.... 

13 

0 0,1 0,5 1,5 3 6 18 

Distance offshore (km) 

Figure 44. Sept.errber False Bay transect Water teHperature at 

2 iretres (---), 6 iretres (----·) and 15 iretres 



4 µg at NH
3 

N/1 

3 

2 

4 µg at NO -N/1 3 

3 

2 

4 µg at P/1 

3 

2 

8 

4 

2 

108 

....... _ 

-

. . 
·, . 
·. 
. 

. .. ......... .... . 

' 
I 

I 

I 
I 

••• 
_________ _.,-...... .

. 
. ....... . 

---�•..,!.!..!.!. -----

µgatSi/1 

_ ............... ::,,,. .............. 

0 0, 1 0,5 1,5 3 6 1 8 

Distance offshore (km) 

Figure 45. September False Bay transect Concentrations of 

annonia, nitrates, µ-iasphates and silicates at 

2 meLres ---), 6 metres (----) and 15 rretres 



--=' 
4 

....._ 

0'I 

::1 

..__.. 

co 3 

>-

.r:. 

0. 

0 
... 

0 2 
-

.r:. 

u 

0 0,1 

109 

0,5 1,5 3 

Distance offshore 

• 
. 

.. 

6 

.. 

•• 
•• 

•• 

1 8 

Figure 46. Sept:errber False Bay transect Concentrations of 

chlorophyll a (µg/1) at 2 net.res ---) , 6 rretres 

( ----) and 15 metres (• • • • • • • • • • .,) . 



--=' 
E 
....... 

(/) 

Cl) 
0 

.,., 
0 

)( 

...__,.. 

(Q 
·-.. 
Cl) -
0 

(Q 

co 

110 

1or---�---.-----.---.....---...-----------

8 

6 

4 

2 

0 01 

..,_, ____ _ 

0,5 

� 
/ 

/ 
/ 

/ 
.(, ..

. 
. '/ .. .. 

•····· / 

/ 
/ 

/ 

1.5 3 6 

Distance offshore 

Figure 47. September False Bay transect Nurrbers of free 

bacteria (x 10
5 

/ml) at 2 metres ---), 6 rretres 

(----) and 15 metres (··•·····•··). 



--=-... _ 
G) O> 

4 

::: E 
n,..__, 

E 
3 

G) 
-

n) 

:, 

() 2 
-

.. 

C1l 
0. 

0 0.1 0,5 

111 

• . 
. 
. 
. 
. 
. 
. 
. 
. 
• 

. 

1.5 

Distance offshore 

. 
. 
. 
. 

3 

. 
. 
. 
. 
. 
. 
. 
. 
. 
• 

•• 

6 

( km) 

Figure 48. Septenber False Bay transect Dry mass (rrq/1) of 

total particulate rratter at 2 metres (---), 

6 metres (----) and 15 metres (· • • • • • • • • • •) . 



... 
Q) 
-

-

co 
E 

I,) 

C 

co 
en 
... 
0 

C1> 
-

113 

:, 

I,) 

-

... 
113 
0. 

4 

3 

2 

0 0,1 0,5 

I 
112 

•. . . 
. . . . . . . . . . . . . . . . . . . . . 

•• 

-------� 

1,5 3 6 

Distance offshore 

Figure 49. September False Bay transect Dry mass (ID:J/1) of 

total particulate organic matter at 2 rretres (---) , 

6 netres (----) and 15 netres (· • • • • • • • • • • •) . 



......... 
-

Cl 

E 
.......... 

... 

Q) 
-

-

.(IJ 

E 

<.) 

C 

(0 

Cl 
... 

0 

113 

2 

0 0,1 0,5 1,5 3 6 

Distance offshore (km) 

Figure SO. Septanber False Bay transect Spatial variation in 

the canposition of particulate organic matter at 

2 metres. 

i 
bacterial organic matter 

phytoplankton organic matter 

detrital organic matter 



5 .1 Th"TRODUCTION 

11'1 

ClfAPl'ER 5 

DISa.JSSION 

In False Bay it is possible to recognise two eoosystems. 'Ihe inshore 

ecosystem, as at Dalebrook, is characterised by large seaweed corrmmities 

(McQuaid, in prep.). In the deeper waters tCM'ards the rrouth of the bay 

one encounters the offshore system. Here the influence of the macro­

phytes is reduced and the F,hytoplankton asstlITEs greater importance, 

particularly in the south-easterr\ sector where the up,,elling of nutrient­

rich waters stinulates Fhyto?lankton proouction (Tromp and Horstman, 

in press) . 

The complex hydrographic conditions that exist in the bay (At1<ins, 1970a) 

rrak.e it �sible to define boundaries between these t.-.ro systems. 

Furthenrore, it is difficult to deteuni.ne the origin of dissolved 

naterials and particulate organic matter in suspension ove.r the reef. 

An understanding of the hydrography of the bay is therefore necessary 

to account for temporal and spatial differences in dissolved inorganic 

nutrients, µiytoplank.ton and bacterial standing stocks and detrital 

loads in the water in the vicinity of Dalebrook. 
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5 • 2 HYDICGPAPHY ('JI,' �J.I SE Bl>. Y 

Atkins (1970a) describes the configuration of False Bay as neither 

that of a shallrn bay, such as an estuary, nor a wide one where deep 

sea conditions predominate. 'Ihe result is that the terrperature and 

current patterns are sorrewhat complex. 

The water off the bay is a mixture of that from the warm Agulhas current 

and tJ1e colder South Atlantic Ocean. In spring and sumner, under the 

influence of southerly winds, wann surface waters from the Agulhas 

bank enter the bay. 'Ihe surface currents are slo.v, about O, 2 kncts, 

and generally folla.•1 a clocl<'.-,isc pattern (Fig. 51) round the bay 

(Atkins, 197Cb) . The water enters along the west coast and is driven 

northwards to Glencairn and then eastwards nlong the northern shores 

pa.st Dulebrook. Due to solar heating in the shal1011 waters along this 

section of coast, the temperatures way exceed 20°c (Fig. 22). The 

water noves da,.,n the east coast and out of the bay past Cape Hangklip. 

The nutrient concentrations in this surface water are 10•1 (Tromp and 

Horstman, in press) which is confirmed by the results from the Septerrber 

transect (Fig. 45), ood any prir.ia:ry production is governed by the rnte 

of nutrient regeneration at. the surf ace. At Dalebrook in spring, s1.rrrrner 

and early autumn (October to April) concentrations of nitrates (Fig. 3, 

23) and silicates (Fig. 5) in  solution were lo..,r. 

5.2.1 Up..velling and nutrient replenishrrent 

Trorrp a."'td Eorztn'an (in press) folmd that during spring and surmer there 
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is substantial replenishrrent of nutrients in the rrouth of False Bay. 

Bela,., the nutrient-depleted surface waters they encotmtered a colder 

body of water, rich in inorganic nutrients. These two water masses 

were separated by a distinct ther:rrocline. 'Ihe action of strong south­

easterly winds in the Cape Hangklip area, where the coastline runs 

diagonally across the pa.th of the wi.rrl, is sufficient to break up this 

stratification and causes the up.,,elling of the rich sub-surface waters . 

Nitrate and silicate concentrations exceeding 20 µg at/1 were recorded 

at the surface and these stinulated coroiderable fhytoplankton production. 

'!he toI:XJgraphy of the bay is such that it is deepest at its southern 

entrance (approximately 90 metres) and shelves gradually to.vards the 

northern shores. Three kilorretres off the Dalebrcok coast the water 

is less than 20 metres deep. This would appear to preclude the 

i;,enetration of nutrient-rich, sub-surface waters clcse inshore off 

Dalebrook. Further:rrore, the angle of the coastline relative to the 

prevailing winds is also not conduci vc to any wind-induced upwelling 

near the reef. lilly nutrient enrichrrent in the area is therefore depen­

dent on the influx of surface waters originating from up.velling sites 

such as at Cape Hangklip. Cram (1970) has found that the south-easterly 

wind causes a drift of up.-,elled water into the centre of the bay. 

Dalebrook is approx:i.ma.tely 30 kilanetres f ran Hangklip; this distance, 

coupled with the slo.vness of the surface currents and the general 

pattern of water moverrent in the bay, suggests that if this up.velled 

water mass is able to penetrate so clcse inshore,the nutrient content 

will have been greatly reduced by f:Xlytoplankton uptake and dilution by 

mbdng with adjacent waters. 
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In sumner there is evidence that nutrient-rich water may be driven 

inshore over the reef at Dalebrook. In Decenber a body of water, rich 

in nitrates (9 µg at N/1; Fig. 3) and silicates {18 µg at Si/1; 

Fig. 5) was encountered at the offshore station. 'Ih.ere was a marked 

tzrpc -a.ture difference between stations , with a oolder body of water 

present at the offshore station. 'Ih.e results of the April False Bay 

transect confinred the observations of Cram (1970), who traced the 

rroverrent of Uflrlelled water into the centre of False Bay, and indicate 

that Dalebrook is not totally isolated fran the effects of up.-,elling. 

'Ihe nitrate conamtrations were relatively lot1 ( < 4 µg at/1; Fig. 37) 

along the transect and similarly the chlorophyll levels over the reef 

(3 pg/1; Fig. 38) . HOvlevcr, in  the waters beyond the reef, chlorophyll 

conc.--entrations were in the region of 10 l,lg/1 (Fig. 38) and a value of 

19 µg/1 was recorded in a NU.5c.lu.ct bloom only 0,5 km offshore. In this 

particular situation the fhytoplankton standing stocks have escalated 

at the expense of the nutrients. 

With the onset of winter there is a ct1ange in weather patterns arrl winds 

bla.v mainly from the north-west - offshore at Dalebrook. This has a 

m.11mer of ircp:>rtant effects. '!here are heavy rainfalls over the Cape 

Peninsula resulting in an increase in the outflo,-1 of frESh water frcm 

Sandvlei and Zeekoevlei (Fig. 1) into the bay. Variations in the 

cyclic pattern of surface waters rroving in a clockwise direction round 

the bay are evident (Atkins, 197<1:>). 'Ih.e influence of the warrrer 

l\gulhas bank water in False Bay and adjacent coastal areas is reduced 

(Shannon, 1966). Using drif:: cards, Duncan und Nell (1969) found 

that there is a southerly trend in the surface currents off the Cape 
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south coast in winter, with cold water rounding Cape Point fran the 

west. 'Ihese factors, together with a decrease in the effects of solar 

warming, explain the occurrence of la,,er water terrperatures at Dalebrc:ok 

in winter (13
°
c; Fig. 29) . 
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Inshore there is obviously ccnpetition between the macrop,.ytes and 

the phytoplankton for nutrient resources. 'Ihe f onrer are at a consider­

able advantage, as their longer life-span enables them to survive 

periods of nutrient shortage and r:ossibly to build up stores of nutrients 

when the concentrations in solution are in excess of their irrmediate 

re:JUirements. Phytcplankton cells, although displaying high surface 

area to volurre ratios, have extrarely short life-spans and are very 

dependent on the prevailing nutrient concentrations in the water. 

5.3.1 Arnnonia 

There was no obvious seasonal pattern in the concentrations of amoonia 

in solution over the reef. Levels, ranging fran 2 to 4 µg at NH 
3 

- N/1 

{Table 2), fell into the range 0 - 5 µg at/1 quoted by Willians (1975) 

for the world ocean. Hutchings (unpublished data) has recorded values 

from 1 to 4 µg at/1 in the nutrient-rich inshore waters off the Cape 

west coast, rising to well over 10 µg at/1 near dense aggregations of 

zooplankton or benthic animals. Arnnonia is released principally through 

excretion and it is somswhat surprising that the values over the Dalebrook 

reef, where there is considerable animal activity, were not higher. In 

this regard it is interesting to note the elevated concentrations (Fig. 45) 

over the large bed of Chott.omyWw.i mvu.cuona.U.-6, 1,5 km offshore on 

the Septerrber False Bay transect. The slightly higher levels on outgoing 

tides (Table 2) were possibly the result of excretion by animals on the 

reef, and this suggestion is supr:orted by the results from the April 
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transect (Fig. 37) where there was a drop in t..'l.e annonia concentration 

as one noved off the end of the reef into open water. 

Amronia has received little attention in comparison to the alternative 

sources of inorganic nitrogen and other nutrients regarding its role 

in phytoplankton production. Parsons et al. (1977) cite E9pley et al. 

(1969) who found that certain phvtoplankton soecies take up i'UTIT"Onia 

preferentially as a source of nitroqen, presunably because it may be 

used directly for amino acid synthesis through trilll.Samination, while 

nitrates and nitrites rrust first be reduced. It is possible that a 

similar situation exists for t.he macrophytes, w-hich may involve the 

uptake of much of the e.xcreted armonia. 

5.3.2 Nitrates 

Although the phytoplanktcn re::iuires a nurrber of essential inorganic 

nutrients, the suppliGS of nitrates are invuriably utilised in a 

greater proportion relative to phosI.Xlates and silicates (Parsons, et 

al., 1977) . Throughout the sunmer and autumn, nitrate concentrations 

on the reef wei.--e generally less than 1 µg at N/1 (Fig. 3, 23); such 

levels are considered to limit phytoplankton production (Strickland, 

1960) . As rnenti0'1ed in  sc-ctian 5 .2 .1, there was evidence of sorre nit.....rate 

_replenishment fran richer, offshore waters. 

?here are no imrediately apparent reasons as to why ccncentrations of 

nitrates over the reef were higher in winter (Fig. 3, 30) . Tromp and 

Horstman (in press) have been unable to detect illlY ui:welling in winter. 
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It is possible that Hie increasa:l flav of fresh water into False Bay 

via Sandvlei, together with. effluent from t..'1-ie se.werage works on 

Zeek.oevlei, might have sone infl�nce. Grindley (pers. cann.) has 

encountered diatom blooms in the discoloured waters errerging from these 

two vleis which .S'.l'.J9"ests that they are ric.11 in nutrients. In May, 

August and September I observed. plumes of this dirty water hugging the 

coast and travelling from Sandvlei in the or:po5ite direction to the 

general water flav in the bay, past Dalebrook to.vards Kalk Bay. The 

May monthly sampling coincided with the appearance of such a plUTIE at 

Dalebrook and this might account for the h.igh concentrations of all four 

nutrients recorded on the reef. 

5.3.3 Phosphates 

Sumrer levels of orthophosµ-iates (Fig. 23) were little different from 

those recorded in winter (Fig. 30) , rarely dropping to a level which 

might be considered limiting. Concentrations were slightly higher in 

outgoing water, suggesting that there is sare regeneration of this nutrient 

on the reef. 

It is interesting to compare nitrate and phosphate concentrations with 

values from a kelp bE:rl on the west coast of the Ca:i;:e Peninsula, which is 

strongly inflt.enced by the up,velling of nutrient-rich, Benguela curre.11t 

water close inshore (Andra.vs et al., in press; Field et al., in press). 

The latter workers recorded nitrate values ranging from less than 1 µg at/1 

up to 18 µg at/1 after a pericd of up,velling. Nitrate concentrations 

higher than 10 µg at/1 (Fig. 3) were extrerrely rare over the Dalebrook 
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reef; ho.vever, mean phosf{late concentrations at Dalebrook, 1,5 yg at/1 

(Table 2), were little different fran those recorded in the kelp bed. 

5.3.4 Silicates 

Marked seasonal trends were evident in the concentrations of silicates 

in solution (Fig. 5), und like nitrates, these were highest in winter. 

In surrmer, silicates, although not as depleted as nitrates, were generally 

lo.v, considering that the phytoplankton was dominated by diatcrns which 

have a high requirement for silica. Trano and Horstman (in press) 

corrm::mly recorded values e...xo..---eding 20 i..g 1.t/l off the nnuth of False Bay 

in sumncr. In D:cernber there was strong evidence of silicate rcplcnish­

m:mt f ran richer offshore waters, with values of 20 pg at Si/1 recorded 

at the offshore reef station Mean annual concem:rations over the reef 

were 5 - 8 µg at Si/1 (Table 2), ·dhic.1-i were close to the lONest levels 

recorded by Field et al. (in press) in a Cape west coast kelp boo. 

Hutchings (unpublished data) has found that. on the west coast levels 

tend to rise as high as 20 µg a1../l after strong westerly winds as sedirrent 

is. lifte:rl up and mixed ti.�ough the water column. In the shallo:.r waters 

round the Dalebrook reef, where t.�e sedirrent is easily stirred up, one 

would expect silicates to be continually entering solution and to 

regularly approach values of 20 µg at/1. 

Fielding (unpublished data) has canpared the sumner and winter production 

rates of the four mcst irrportant seat-1eed species at Dalebrook. In 

view of the seasonal variation in the availability of nitrates and 

silicates over the reef it is interesting to note that he found 
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prcx:luction rates were higher in surrmer in all four species. 

To surrrna.rise, µicsphates rarely fell to levels which might be considered 

limiting to i;nytoplankton prcx:luction and are possibly regenerated on the 

reef. 'Ihere is good evidence that m.ich of the armonia in solution is 

2.ur.cchthonoIB, rather :.han ii-rported from offshore. The higner nitrate 

and silicate concentrations in incoming water and at the offshore station 

sugJest dlat these nutrient.3 are being imported from richer, offshore 

waters. over the reef they are possibly taken up by the rnacrophytes to 

be exported fran the reef ecosystem in the detrital fraction. Minerali­

sation and regeneration will then occur elsSNhere. 

'Ihe influence of sewerage and fresh waters might ac(X)unt for the higher 

nitr-tc and silirate ccnc:2r,trations in winter and the appeara11ce of a 

body of water rich in all four nutn.ents over the reef in May. 



125 

5.4 PHY'IOPI.ANKTCN BIQ.'1ASS AND PROOOCTION 

From Octooer through to April, the nitrate concentrations (Fig. 3, 23) 

over the reef were generally low. It is not surprising, therefore, 

that the fhytoplankton stocks were also la.,; during this period (Fig. 6, 

24). '!he influences of uµ,.,elling on chlorop,.yll concentrations at Dale­

brook have already been discussed (Section 5 .2 .1) . Chlorofhyll levels 

were highest at the offshore station and on incaning tides (Fig. 7). 

Primary production experirrents (Table 4) revealed that very little 

Ei'lytoplankton production took place in the vicinity of the reef in 

sumrer. '!his means that in surrmer rrost of the phytoplankton present 

over the reef was produced offshore. Griffiths (unpublished data) has 

rrcni tored levels of particulate matter in suspension over the large 

beds of Cfio'tomljW.M me/ucuona.U!i at Bailey's Cottage, 2 kilaretres 

north-east of Dalebrook. She found that the nurrbers of phytoplankton 

cells increase::l after a strong onshore wind. All this is strong evidence 

that in spring and surraner the onshore wind-driven currents may advect 

phytoplankton from offshore into the intertidal waters on the north-

west coast of False Bay. Here they will make a large, albeit infr�ent, 

contribution to the focd requirerrents of the filter feeders on the shore. 

In winter the water over the reef was richer in nitrates (Fig. 3, 30) 

and silicates (Fig. 5, 30) which accounts for the higher chlorcphyll levels 

(Fig. 31) . Griffiths (unpublished data) also recorded large nurrbers of 

phytoplankton cells at Bailey's Cottage in May, July and August. Bailey's 

Cottage lies between Sandvlei and Dalebrook and is therefore also 

influenced by the plumes of discoloured water moving along the coast from 
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the nnuths of Sandvlei and Zeekoevlei. In vietJ of the higher nutrient 

concentrations at Dalebrook in winter, it is pcssible that sone autoch­

thonous phytoplankton production may take place, but this unlikely to 

approach that by the large seaweed conmunity on the reef. 

Although :fhytoplankton bianass may be dependent on the concentrations of 

nutrients in solution a number of days before, the series of cross 

correlations calculated for each daily sampling T?rogramre failed to 

reveal any lagged relationship;. This is not surprising on an axp::>sed 

shoreline, such as Dalebrook,where one water mass is unlikely to remain 

over the reef for a sufficiently long period of ti.rre for such relation­

ship; to be ai;:parent. 



5.5 PARITCULATE MATl'ER 

127 

'Ihere were significant nonthly differences in the dry mass of TPM and 

PCM in suspension over the reef (Table 8); levels ai;:peared to be 

slightly higher in wmter than s1..ITIIT'er. 'Ihis trend was nore m:rrked in 

the daily sampling programre, v.here the rean surcmer values of TPM and 

PCM were 2,1 mg/1 and 1,4 mg/1 (Fig. 26) respectively and equivalent 

winter values of 3,5 mg/1 and 1,6 mg/1 (Fig. 33). This is strange in 

that the water over the reef is generally calrrer in winter when the 

wind blot1s offshore (Fig. 29) . McQuaid (in prep.) has found that the 

bionass of G,<.gaJvt.,i.,ia. hy.o:tlux and Ge,Ucuwn piuid.oidv.i, the two nost 

irrportant seav;eeds at Dalebrook, is highest in sumn,:?r. They enter a 

senescent phase in late autumn, with the biarass falling to its lOtJest 

levels in winter. This ll'eans that considerable arrounts of macrophyte 

material are release:i as particulate organic detritus during the winter, 

which might account for these seasonal differences. The influence of 

water with high seston loads £ran Sa.-idvlei and Zeekoevlei must also not 

be discountErl. 

Although the dry mass of PCM rarely dropped belOtJ 1 mg/1, this value 

was lOtJ in relation to other South African inshore environrrents. Field 

et al. (in press) recorded a rean dry mass of PCM of over 2 mg/1 in 

-a kelp bed; they also found that peaks in the mass of TPM coincided with 

the largest swells. Schleyer (1979) working in the extrerrely turbulent, 

Natal waters , recorded rrean annual particulate organic carbon val\ES of 

3, 5 m:J/1 which is probably equivalent to well over 5 rrg PCM/1. Bailey's 

Cottage is nore expaserl than Dalebrook and Griffiths (unpublishe:i data) 
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recorded a mean dry mass of PCM of 5 - 6 m:;r/1, ranging as high as 

10 mg/1. She encountered lru:ge annunts of sand in suspension, in the 

region of 12 m;J/1. 

At Dalebrook approximately 75% of the PCM was smaller than 100 µm 

with little change along the transect line. At Bailey's Cottage this 

value was only 60% (Griffiths, unpublished data), again probably the 

result of greater tw:bulence retaining larger particles in suspension. 

By CO.'lparison Mullin <1965) working in the oceanic waters of the 

Indian Ocean found that 75% of the particulate organic carbon in 

surface waters was snuller than 33 \JID. 

'lhe analysis of variance (Table 8) indicated that there were no spatial 

or tidal differences in the am:::unt of particulate matter at each of the 

three stations on the reef. This does not rrean that there was no 

rroverrcnt of material into and out of the system. Unlike an estuary 

where the tidal inflU2nce merely causes the water to f lo..--, in and out of 

the system and ,;.me.re this water moverrent can be quantified, e>..-posed 

coastal areas such as Dalcbrook are !::ubject to ccnsic!erable latera.1. 

rrove11ents of water. This is clearly evident when observing plurres of 

dirty water, no more than 150 metres wide, moving along the coast past 

Dalebrook from Sandvlei. Such movecrents will result in the transport 

of particulate matter parallel to the coast with large, undetected gains 

or losses for the Dalebrook reef ecosystem. 
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The role of detritus in aquatic ecosysterr\5 has received considerable 

aL.,:Lntion in cue lc:.st deed.de. J0.Jging fran the literature, there appear 

to be fSN aquatic environments in which the arrount of living particulate 

natter in suspension exceeds that of detritus. 'Ihe only r,:ossible 

exceptions ,.u:c 1.:-:,;ions or o ,a5l..al U[.>.·1eJ.l.Lng, sucn as che &-mguela system 

off the Cape west coast, wnere phytoplankton stocks may reach 50 µg 

chlorophyll a/1 which is equivalent to 7 mg organic matter/1 (Andre,,s 

et al., in press). During these blcx::,ns, conditions capable of sup:;x:>rting 

the high rates of pri.rrary prcxru.ction are invariably short-lived and 

mortality rates escalate as nutrient concentrations fall. 

In this study the anount of detritus has been estimated as the difference 

betwoon total P0,.1 and the sun of phytoplankton and bacterial organic 

matter. This i?rocedure has a number of shortccminqs, for the bioI!BSs of 

microzooplankton has not been considered and the results are dependent 

on the carbon : chloropb.y 11 ratio of the [)hytoplankton. 'Ihis value is 

a function of temperature, nutrient concentration, illumination and 

si;:ecies canp:sition and may fluctuate betwren 15 and 130 (Strickland, 

1960). In this study a value of 60 has been selected on the grounds 

that at Dalebrook the nutrient concentrations were lo.v and the light 

intensities high. Ho.vever, the contribution by phytoplankton to the 

POM was generally so lo,., (see Fig. 21, 27, 34) that any change in the 

carbon : chlorophyll ratio was unlikely to have influenced the results 

substantially. Only in the April transect (Fig. 43} was this p::>tential 

error p::::,ssibly inportant. A further difficulty results from t11e presence 
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of chloroftlyll degradation products, which absorb light at wave lengths 

similar to chloror:nyll (Strick.land, 1960). Again, in via,.; of the lCM 

chloroftlyll concentrations over the reef, absorbance by these degradation 

products was 1:-elieved to be negligible. 

Methods currently used to separate plank.tonic and detrital organic matter 

are based on t}1e rreasurement of bioche..rnical conponents specific to all 

living organ:i.sm.5 such as albwren (I.enz, 1977) or adenosine triphosphate -

NIP (Holm-H2 .... "1Sen and Booth
i 

1966) ATP has an advantage over chloro:fllyll 

in that it is absent from dead cells and detritus. It also occurs in 

fairly unifom concentrations in micro-organisJTS, regardless of environ­

rrental stress (Holm-Hansen, 1972) makin:J the deternu.nab..on of microbial 

bianass fairly accurate. Although the analytical procedure is relatively 

quid< and suited to the processing of large rn.mbers of sarrples , it was 

impractical in terms of the available apparatus. 

These lirritations should not be all(ft'ed to detract from the dominance 

of the seston by detritus (Fig. 21). Mann (1976), in revie,.,ing the 

role of marine macrophytes in t...r1e food web, states that in system:; 

approaching steady state, 90% or more of the production enters detrital, 

rather than grazin:J food chains. 'Ihere is a well-established macropi.yte 

conm.mity at Dalebrook. The water over the reef is very shalla.,,, and the 

prevailing wirrl is onshore. This crnbination of factors will ensure 

the erosion and abrasion of considerable anounts of macrophyte material. 

Considering that the :fllytoplankton stocks in the vicinity of the reef 

were la.v, much of the detritus in suspension was probably of macrophyte 

origin. 
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The arrount of detritus in suspension over the reef never diopped belOII 

0,5 rng/1. The analysis of vari2.nce (Table fl) has shOIIIl that tides and 

localities had no significant effect on the dry mass of POM in the 

wat'c?r. C'.hlor�yll concentrations were slightly higher in the incaning 

water and at the offshore station, which, by difference, means that 

there was fractionally more detritus in t.'1e outgoing water and at the 

inshore station. In the April transect (Fig. 43) there was a high 

detrital load over the reef which fell in the waters beyond the reef 

and renained more or less constant along the transect. All this suggests 

t.'1at the reef is a source of saTE of the detritus in suspension. 
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5.7 MICR)SC()PIC EXAMINATICN 

Under the microscope rrost of tJ1e detritus ai:peared as old aggregates, 

with a low incidence of fresh, clearly-identificable macrophyte and 

phytoplankton detritus. 'Ihis suggests that i.m[::ort fran surrounding 

areas provides the bulk of non-living material over the reef. Diving 

at Dale)rcok and on other e..�rnd coas':lir .. �s -.. t · s not llI1coraro,1 to 

find larqe arrounts of macrophyte material being swept over the reef 

as macroscopic debris . '.Il1is debris tends to collect in recesses on 

the reef where there is a sufficient reduction in water movement. 

Fenc.�el (1970) has mon.1.torcd che dcca�ition or vrganic detritus 

from t.li.e turtle grass, Tlia..f.a,� !>-ta ti!.� tu.cu.nw11. He found that the 

detritus is colonise:l by a large micrcbial corrmunity consisting mainly 

of bacteria, fungi , act:Lncrnycetes, small flagellates and to a lesser 

extent, ciliates. This attracts detritus feeders which consume the 

micro-orgaru.sffs and at the same till'e decrease the particle size of the 

detritus. This rreans that bv the tirre it enters suspension as particles 

of 200 pm and smaller, the detritus has undergone considerable 

rrodification. '.Ihis process may take several days, during which ti.Ire 

the material rnay be carried sor:c distance fran its source. It is, 

therefore, not surprisin:J that only a small fraction of the detritus 

is identifiable as beinq rnacrq_:hytic. 

'I.he fractionally greater detrital loads inshore and on the outgoing 

tide may be largely accounted for by the higher numbers of faecal pellets 

at the inshore and middle stations, and their abse:i. . ..:e from the offshore 

station on the incomi.n:J tide. 
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A prcblem that is canrron to all studies of pa_rticulate matter is thc:;t 

the actions of sarrpling and f il tcring tend to break up the delicate 

flocculent aggregates and chains of µ1ytoplankton cells . This gives 

a false impression of the particle size distribution. Mucus strands 

with entra� rnat:P..-ri.21, o:te.'1 !-;eVeral raillim::tr� long, We!.--S ubser-:ed 

in SUSP=nsion under calm conditions. 'Ihese strands were particularly 

CCITIT'Orl in the phytoplankton bloom in the April transect. The strands 

were extremly delicate, hen(X} their reference in the literature as 

marine "sna,.,", and it was not surprising that they were never seen in 

the turbulent water over the reef or under the mJ.croscoP=. 
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5.8 PARI'ICLE SIZE DISTRIBUTICN 

The particle size spectra produced by the Coulter Counter sho.ved an 

alrrost logarithmic decrease in the numbers of particles with increasing 

particle size, a feature noted by Sheldon and Parsons (1967}, Zeitzschel 

(1970) and Field et al. (in press). HONever, particles ranging in 

diarreter from 10 to 30 µm were present in high concentrations , and those 

particles which contributed the greatest voll.llre were around 15 lJlTl in 

diameter (Fig. 20) . 

A striking feature of all the curves (riq. 14 - 19) was the decline in the 

concentration of particles apJ?roximately 60 µm and bigger. At first 

this was thought to be an artifact, the result of processing swall 

volunes ( < 5 ml) of sample through the instnnnent. Ha,..,ever, increasing 

the sanple volw-re to 15 - 20 ml did not alter the shay;;e of the curves 

cbtaine:L It would appear that this effect is real but it is difficult 

to explain, as the gravirretric analysis revealed that 25% of particulate 

m:i.tter was retained by a 100 µm mesh net. zeitzschel (1970), working 

in'the Gulf of california, also recorde::1 a sharp decline in particle 

volurre at diarreters of a;:proxiroately 65 µm. 

Concentrations of particles 5 lJlTl in diarreter, the lower limit of rreasurerent, 

were fairly high. It would be profitable to extend the range of particles 

measure::1 dONn to sizes approaching bacterial cells. Coulter Counter 

tubes are available with both smaller and larger ay;;ertures, but accurate 

dilutions with particle-free seawater are necessa:ry 'When using a 70 µm 

or 100 µm tube. 
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The particle sizE' s�ctra revealed that when t:hf' PG.'1 o::mprised alnost 

entirely detritus, there tended to be  an even di.stribution of particles 

of diarreters 6 to 40 µm. 'Ihe height of the curve was dependent on the 

.:.rramt of detritus present, i.e. high in May (Fig. 16) and le . ..; Li 

Septerrber (Fig. 19) • A peak in the curve indicated an increase in 

t:1c :1tL1i'ler of part.i.clGs over a fairly narro.-1 size range. This aweared 

to coincide with chloro-phyll concentrations exceeding 2 i1g/l; it was 

usually over the particle size range of 10 to 20 µm (Fig. 14, 18) and 

was prcbably due to the prese.m::e of an increase in the numbers of un1.fo.rm 

sized phytoplankton cells in the sarm_:>le. Very fe-1 phytoplankton cells 

were visible in the May samr,les (Fig. 16) and yet chloro�yll concentrations 

were extrerely high (Fig. 6) . 'lhe oarticle size spectra for these samples 

sha-1Erl a peak at 6 Lffi. It is the ref ore highly likely that there were 

large nunbers of naked, ultraulankton which burst when dried on the 

filters prior to microscopic examination. 

Zeitzschel (1970) analysed the quantity, corrpc:sition and distribution 

of susp.mdect particulate matter in the Gulf of California. Using 

the Coulter Counter he found that particulate volWTe of particles 2 -

150 µm in diarreter vms significantly correlated with such pararreters as 

seston dry mass, particulate carbon, r:nytoplankton camon and chloropi.yll 

a. Sir:ti.lar correlations between particle volume and chloro[-hyll a and the 

< 100 µm fractions of the TPM and PCM were evident in this study in 

both the sunmer (4 .2.1) winter (4 .2.2) daily sarrpling and the April 

transect (4.3.1). 

It would app::xu- that the bulk of the PCM lies within a size r3nge suitoble 
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for ingestion by filter Feedi. "lg animals on the reef. HCMever, this 

suggestic:n can only be confinned when rrore is kna-m of the particle 

size requirerrents of the filter feeders on the reef. 
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It has been suggested (Saunders, 1972), that the reason why detrital 

stocks exceed those of living organic matter, is that rruch of the 

material is refractory and cannot be broken do.vn and utilised as an 

energy substrate by heterotrophs. Plant material consists largely of 

structural polysaccharides or other structural polymers, e.g. lignin. 

The ability to hydrolyse such cor:pounds is rare anong animals, and when 

ingested, these canpounds usually pass unchanged through the digestive 

system. Hylleberg Kristensen (1972) investigated the activity of 

digestive carlx:hydrases in 22 shallo.v-water, marine invertebrates. 

Only one case of rroderate alginase activity was found. 

Another important characteristic of macrophytes is c1 lo.v nitrogen and 

'fhosphorous content. Mann (1972) cites Russell-Hunter (1970) who 

states that, with the exception of ruminants, all animals of all trophic 

levels so far investigated have adult nutritional requirements for 

protein which correspond to a C : N ratio of less than 17. Both bacteria 

and phytoplankton with ratios in the region of 6 (Strickland, 1960; 

Mann, 1972) handsooely meet these requirerrents. Niell (1976) has 

investigated 24 species of benthic, intertidal algae and found. that their 

C : N ratios are much higher, with values for sare bro.vn algae in excess 

of 17. Similarly the camon : phosphorous ratios are very high in macro­

phytes ( ~ 200) conpared with micro-algae ( ~ 3 0) and bacteria ( ~ 27) 

(Spector, 1956; cited by Mann, 1972). Unfortunately no values are 

available for the POM in suspension over the reef. 
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Bacteria display a nurrber of propertes whid1 make the-n the priirary 

decrnpos:�.:;,; :.:.i .:-.;,:; 1tic ecosystems. 'rhese micro-organisms p:>ssess 

the enzyrre systems necessary to hydrolyse structural plant ccrrpounds. 

'!hey are able to assimilate organic matter, ni ..rates and phosµ1ates in 

solution and at the sanE tirre decorrpose nutrient-poor plant tissue. 

Complexes consisting of detrital particles and colonising bacteria are 

a rich source of the essential nutrients readily available to the 

filter feeders. 

Newell (1965) and Hargrave (1975 and references cited therein) have 

dc."nOnstrated that in many detritus feeders, little of the ir.gested 

material is digested; it is the att.:i.ched micro-org<lnisrrG which are 

assimilated. A cyclic [i1encrnenon is established, .vhcreby the detritus 

md fnecal rr.attcr are recolonized b�1 bacteria and these particles re-

enter the food web. It is possible that a similar situation exists 

for the filter feeding an.i.Irels at Dalebrook, which ma.y e:>q)lain v.ny 

much of the detritus was old and unidentifable. 

'!he nurrbers of bacteria in the water over the reef were high, 4 - 16 

5 x 10 cells/ml. Mazure (1978) and Field et al. (in press) reported 

similar values from a kelp bed on the west coast of the cape Peninsula. 

Schleyer (1979) recorded an annual rrean of 19 x 10
5 cells/ml in Natal 

littoral waters. He .  found that 90% of the cells were cocci whose 

volurre was an order of magnitude smaller than the rrean bacterial volurre 

(0,1 - 0, 4 µm3) at Dalebrook. This meant t.1-lat although bacterial 

counts from Dalebrook were lcr..,er than those £ran Natal waters, t.he 

bacterial biomass was higher. 
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In this study it was found that, on average, only 5% of the bacteria 

were attached to particles, though this still constitute::!. a large 

number of cells (0,3 x 105 cells/ml}. Ferguson and Rublee (1976), 

Mazure (1978) and Schleyer (1979) found a higher incidence of attached 

cells - close to 20% of the total number of cells. In this study the 

colonised particles were generally snall aggregates, around 15 µm, or 

films srraller than 5 µm. Occasi0,.11aliy larger detrital aggregat?...s (20 to 

60 µm) were found with up to 150 attached bacteria. It was not 

possible to est.iJPate the abundance of these particles in such a small 

sa.rnple, but they certainly constituted a rich nutritional source for 

filter feeding animals on the reef. 

Wiebe and Paneroy (1972) found that more than 50% of the recognizable 

cells in freshly-taken sarrples were coccoid in shape and often very 

small. When incubatErl there was a marked. decrease of cocCi and 

an increase in red fonns. 'Ihey suggestea. that the small cocci, free­

living in natural populations, are dornunt. Ferguson and Rublee (1976) 

found that 80% of the cells were small cocci. They ooncluded that these 

cells, with their high surface area to volurre ratios, were better suited 

to using dilute nutrients than the larger rods. 

Schleyer (1979) :rronitored the assimilation of c
14 

labelled glucose by 

bacteria, 90% of which were free-living coccoid fornE. 'Ihe results 

sha,,red. that these cells were not do:rmant and accounted for rrost of the 

glucose assimilated. In tlus study the sanples collected over the reef 

on the April transect were daninated by rods. It was not uncarmon to 

find two rods attached, possibly due to recent cell division, and it 
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is unlikely that these cells were donnant. 'Ihe bacterial population 

in the offshore waters of the September transect was largely small 

cocci. It is feasible that these cells were close to a donn:mt state, 

as there was neitlter a large macrofhyte nor y;nytoplankton population 

in the i.rrmediate vicinity to provide the necessary nutrients. Mazure 

(1977) found the bac'""t-eria within a kelp bed. were dominated by rods, 

but tiny cocci were rcost camon 1 km and further offshore. 

Although the daily sanpling (Fig. 25, 32) sho.ved that there was 

considerable day-to-day variation in the rn.umers of unattached bacteria, 

the results supported the seasonal trends evident in Figure 8, where 

the densities were highest in late sunmer. Mazure (1978) has found 

that the seasonal cycle in bacterial bianass correlated with that of 

the fhytoplankton. At Dalebrook, where the fhytoplankton stocks were 

extrerrely small, it is not surprising that no such correlation was 

evident. In the daily sanpling progranrnes correlations were sought 

between bacterial densities, both free and attached, and the < 100 µm 

fraction of the PCM in suspension on the day of sanpling and up to 

four days before. There was no indication that the bacteria were 

dependent on the arcount of PCM present. 

In vie.v of the high incidence of free bacteria in the water, there nust 

be a large source of dissolved organic matter to supply these cells 

with the necessary netaboli tes. There is considerable evidence that 

rcacro:r;hyte corrmunities provide this material. Mann (1972) cites 

Sieberth and Jensen (1969) and Khailov and Burlakova (1969) who found 

that under experinental cmditions seaweeds released. up to 40% of the 



141 

products of gross [hotosynthesis in soluble fonn. Fielding 

(unpublished data) found that the producticn rates of the four 

rrost i..rrq;x)rtant seaweeds at Dalebrook were higher in surrrer than 

winter. 'Ihis may ac:xmnt for the real<. in numbers of free bacteria 

(Fig. 8) in late surroer. 

Hcwever, the increase in the numbers of free bacteria at the offshore 

station parallels the trend shewn by the i;nytoplankton and ar:pears to 

contradict the concept of IXM given off by the macroJ?hytes and animals 

on the reef, providing a rich bacterial grCMth medium. There is no 

obvious explanation as to why the rn11rlbers of attached cells should be 

highest at the inshore station. Inshore the water is the rrost 

turbulent over the reef and it is nossilile that this moverrent increases 

the chances of a bacterial cell being brought into contact with a 

detrital particle. 

Zobell and Feltham (1937) have shcw.n that ,\1yWtv� can survive and grew 

on a bacterial diet. 'Ihey used cultured bacteria which tend to be 

larger than those occurring naturally and at a concentration of at 

least 5 x 10
8 

cells/ml, which is considerably in excess of the densities 

at Dalebrc:x::>k. �rirrents have shcw.n that a variety of filter feeders 

can feed directly on iolanktonic bacteria of cnncentrations between 0,02 

and 0,2 rrq/1 dry weight (Sorokin, 1971). These include cladocerans, 

sponges and sorre polychaetes. Fenchel and J¢rgensen (1977) add tunicates 

and sorre larrellibranchs to this list. At Da.lebrcok bacterial 

concentrations fluctuaterl between 0,05 and 0,18 rrg organic matter/1 with 

a rrean of 0 ,09 rrq/1, which corresEXJnds to a dry weight of close to 0, 1 mg/1. 
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So it would appear that there is sufficient bacterial biomass to 

sufPC)rt filter feeders, provide:l they are able to extract the free 

bacteria from the water. 

There is an imp.::>rtant consideration that must not be overlooked. Unless 

the filter feeders are able to rarove the individual bacterial cells 

frc,n , .. he water, then th"!SC r:u.cr::>--<J-...--;m1 r, .5, with t.h..;tr lv.rge rn..mbers 

ar.d -apid metabolic rates, will respire muc.1--\ of the ass.uni.lated t:0:1 and 

represent a substantial energy sink. 
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5.10 DISSOLVED OffiANIC MATIER 

Concentrations of IXM are believed to be an order of magnitude greater 

than particulate matter in seawater (Wangersk.y, 1965; Parsons, 1975) . 

Schleyer (1979) recorded mean dissolved and particulate organic 

carbon values of 14,8 rng/1 and 3,5 mg/1 respectively in the littoral 

waters of Natal. Rates of OCN production in Dalebrook wc.1.. -.r.:.; are 

expected to be high due to macrO!)hytic activity and the release of lXM 

during digestion, excretion and senescence all along the food web. 

Ogura (1975) hclS found the ccncentration of lXM in coastal waters of 

Japan tu be about 2, 7 mg/1, 24% of which was of lo . ..r r.olecular weight 

( < :,(X)) • 

It is these carpounds, amino acids, peptides, lipids and carbohydrates 

which constitute the substrate for bacterial metabolism. Jannasch ard 

Pritchard (1972) have evidence that in certain natural waters the 

concentrations of these canpouncls may not be high enough for efficient 

uptake by micro-organisms. Williams (1975) agrees in part with this 

concept but adds that as soon as the concentrations of these ass:i.mJ.lable 

organic �ds increase, they are rapidly reduced to t.-ieir microgram 

arrounts by microbial uptake. 

Velimorov et al. (in press) have found that the laminarian seaweeds 

Edie.orua. ma.x.i.ntt and Lami.naJUa. paLtida, comron on the southe.,,.""11 shores 

of False Bay, release approximately 75% of the dissolved organic 

fraction as mannitol, a lo.-1 molecular weight, acyclic polyol. In 

incubation exper:i.ments bacterial numbers rose fran 10
5 cells/ml to 
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109 cells/ml within five hours, and the concentrations of ffi3.11nitol 

dropp:rl rapidly. Andr8'1S et al. (19 71) and others have recorded 

bacterial assimilation efficiencies for glucose of as much as 65% 

and even as high as 80% for certain amino acids . At Dalebrook it would 

appear that the large nurroers of unattached bacteria are converting 

a substantial fraction of the prima.ty photc:synthate and secondarily 

produced, dissolved organic materials into microbial protoplasm. 

'!he 00M also carprises larger, more a::irrplex corrpounds such as poly­

saccarides and proteins, rrany of which may be resistant to bacterial 

decanposition. Khailov and Finenko (1969) state that these comr;x:>unds 

exhibit high surface activity with the result that they are easily 

adso:rbed on tD particle surfaces. 'Ihese authors believe that bacteria 

are only able to decanpose these surfactants after their adsorption on 

to particulate matter. Not only do detrital aggregates provide such a 

substrate but inorganic particles may also be involved. 

W"lile organic decomposition basically involves a reduction in 

particle size, it is believErlthat this adsorption phenarenon might 

form the basis for a process whereby particles are created and 

enlarged ,Ul !>.au (Riley, 1970; Parsons, 1975) . Observations and 

experilrents referred to by Riley (1970) indicate that particulate 

matter may be formed on air-water interfaces and within the water 

column by aggregations of smaller particles, together with adsorption 

of colloidal and dissolved organic matter. Parsons (1975) states 

that bacteria are alrrost certainly involved arrl the secretion of 

bacterial sl:ines will tend to trap other particles. 



A large nunber of bacteria attached to particles, especially in July 

a..ricl Angus!:, ware found E!T'bedc.ed. in tiny films of mucus whooe extremities 

were hardly visible. It is possible that much of this is secreted 

by the bacterial cell and initiates particle formation and the 

bacterial clumping response which has ·been obsei:ved by Seki (1971) . 

It seers that the PCM and In'1 are not rrerely interr:roiary steµ:; in 

the breakdc:wn of livin:J matter into inorganic elements, but nay be 

inv0lvcd in t.'1<1 "CTe2.tion11 of te.: ?cJ:-'-....i.cles ur.d ..m ir.c::::-eas':? in the 

size of existing ones. 
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The large, rcx::ky shore ecooystem at Dalebrook li€s on the north-west 

coast of False Bay, where it is exposed to wave action and 

bent.hie fauna is domi.na ted by filter feeders, ra th.er than grazers , 

and therefore particulate organic matter in su.spension prcbably 

constitutes the rrost irrportant e.11crgy input to the system. 

'Ihe mass of PCT•1 rarely drcpped belcu 1 rrg/1 and 60 - 90% of this 

was detritus. Much of this detritus was thought to originate from 

the l.:i.rgc, i n  tertid.:u sea.1e2d ccrmuru.. ty, ho,,mver ::ri.croscopic 

examination shavEri that IrOst of the detritcll particles were in 

an advanced state of decorrposi tion and there was little fresh, 

easily identifiable plant rr.aterial. 'Ihis suggests that the 

particles undergo substantial m::xlification, and in the process nuch 

of the autochthonous detritus ma.y be e.xr.x::>rted from t.1-ie system. 

lhere were large numbers of bacteria in suspension. 'I'he majority 

of these were found free in suspension, where they were possibly 

rrctabolising the 00."1 released by the macrophytes and other rre.rrbers 

of the reef camruni ty. Macrophyte detri ::us is of limited 

nutritional value to the filter feeders. Ha,..,ever, protein enrich­

rrent was provided by significant nurrbers of colonising bacteria. 

For a large part of the year (October to April) concentrations of 

nitrates and silicates were lo.v. Consequently there was little 



147 

autodlthonous IX1ytoplan..1<ton proo.uctjcn c:nd chlorophyll concentrations 

over the reef were la.,,. '!here was strong evidenc-e of nutrient 

replenishrrent during this pen.oo, together with the influx of 

large phytoplarkton stoc!w frc:.n off-:;!10..:·c. 'J.1,�s phenarenon appears 

to be associated with up,vellin:J of nutrient-rich water in the 

south-eastern sector of the bay, under the influence of strong 

south-easterly winds. 

It is difficult to account for the higher nitrate, silicate and 

chlorophyll conrentrations in t.'le winter (May to August) . 'I.he 

effects of setJcra1e effluent and increase::l fresh •.-,ater outfla,.1 a 

fa-1 kil�t=es ::rom D.:llebrook ,:ust be eY.Ll.mine::l. 1n winter sorre 

autoc.hthonous r:nytoplankto.'1 prcxiuction will take r_:ilace, but this 

is unlikely to approach that of the macrophyte ccm:nunity. 

At Dalebrook, detritus is the largest source of organic input to 

the reef ecosystem, as the biomass of :£i1ytopla'1kton appears to be 

unable to su:;::port the lurge filter feeding camunity. 
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