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ABSTRACT

This thesis presents results of studies conduqted on banks of kelp

stranded on-avsandy beach at Kommetjie on the west coast of the Cape
Peninsula. The physical and chemical character of the beach are related

to variations in the standing stocks and productivity of macro-, meio—€aﬁna
and bacteria as determined from aguantitative survey conducted on a mbnthly
basis throughout 1981. Tracer experiments were carried out to esfablish
the partitioning of dissolved'organic matter between the different . faunal
elements {(namely bacteria and meiofauna) present in the sand below decompos-
ing kelp. Finally, a description_of the flow of energy through the wrack

bed ecosystem is given.

Chapter 2 presents results on the physical and chemical charaqter of the
beach. The following éépects were investigated: tempefature regime,
saturation df the sediment, the range in size of sand grains, changes in the
depth of the water table duriﬁg_a tidal cycle, the intertidal distribution
of interstitial nutrients,'the average volume of sea water filtered into the
beéch and Finally,an estimate of the guantity of kelp cast ashore within one

year.

Ambient temperatures at midday ranged between 1406 in wintér to 26°C in
'summer, whilst in the wrack bed and sand below, temperatures were slightly
lower, between 139C  and 21OC. The sediment was most saturated (40-100%)
30cm from the surface at the swash zone at the time of low spring tide.
Higher upshore maximum saturation was reached 30cm above the water table
[9;80%1 and at the surface at the HW mark, the sand was hever more than 8%
saturéted. The median particle'diameter of sand grains ranged bétween

ZBB-ZBgum with very low phiquartile deviation and near zero skewness values.



During an entire spring tide cycle, the water table lay just below the
surface between the swash zone and the middle of the beach. However, from
here iandwards, the water table dropped dramaticelly from an average depth
of less than 1cm to 62cms. Fluctuations in the groundwater profile lagged

" behind the incoming tide by 1 hour and behind the receding tide by 4 hours.

The total volume of sea water filtered into the beach during a single spring

tide was 3,02m3 m-1 d_1 and this input was concentrated between mid and high

water. The total volume per tidal cycle was 1.58m3 m_1. The surf zone
at Kommetjie is approximately 40m wide with an average depth of 0,16m giving
3
a total volume of 6,4m per metre of shore. This means that at a filtered
3 17 -1

volume of 3,02m~ m d , the whole surf zone would be filtered every second

day.

The flbw and ebb of a spring tide had no obvious influence on the tidal dis-
tribution of dissolved interstitial nutrients. Meaned data show wide

standard deviations, emphasising the patchy distribution of nutrients. There
was a marked concentration of iporganic nitrogen at the high water mark where
kelp accumulated. Here, at a.depth of 60cm,ammonia-nitrogen was 538,5%pg—at. 1‘4,
nitrites 4,4§pg~at. 1-1 and nitrates 11211,9%pg-at. 1_1 while downshore concen-
trations dropped to less than 1% of that at HW. Silicates reached a maximum
of 5,8@pg—at. 1—1, 10m above the low tide mark and inorganic phosphates ranged
from 3,76 to 10,06pg-at. 1_1. Dissolved organic carbon (DOC} and total carbon
reached maximae of 33,3%pg ml—1 and 88,§pg m1—1 respectiVely. - The concen-
trations of inorganic nitrogen énd DOC in interstitial water beneath decompos-
ing kelp are far higher than values found in the water of offshore kelp beds,

surf water -and on sandy .beaches devoid of wrack.

Maximum kelp deposition on Kommetjie beachoccurred in winter (240kg wet mass

- ) -1 .
m 1) and the mean standing stock was 83,5kg m . The total deposition rate

was calculated as 2179kg wet mass m—1 yr 1 based on an estimate of 14 days



for the complete replacement of kelp on the beach.

Chapter 3 presents results on the numbers and biomass of organisms utilizing
stranded kelp on the beach. A total of 35 macrofaunal species (4 amphipods,
2 isopods, 7 molluscs, 4 dipterans and 18 coleopterans] were recorded amongst

drift kelp. The amphipod, Talorchestia capensis dominated for most of the

year boﬁh in terms of numbers and biomass. Variations in macrofaunal biomass
closely followed the pattern of kelp input, indicating that the fauna

migrates to areas of maximal food deposition. There is a reversal of the
usual vertical distribution pattern in ihtertidal habitats, in which diver-
sity and biomass both increase towards the sea. Here the highést biomass

and greatest species diversity is rather found at the driftline, and progres-
sively declined downshore. Thisvcan be attributed to the terrestrial origin

of most faunal elements and the concentration of food at the top of the beach.

The meiofauna was dominated by nematodes and oligochaetes, which were concen-
trated in the mid- and high-tidal levels, where kelp lay on the surface or
was buried in the sand. It appears that meiofauna are concentrated in these
areas because of the availability of dissolved and particulate‘organic matter
they utilize as food. = Bacterial biomass showed an inverse relationship to

that of meiofauna, indicating possible grazing pressure. .

The mean standing stock estimates for macrofauna, meiofauna and bacteria were
2257; 623; 861g dry mass m~1 of shoreline respectively, giving a biomass

ratio of 3,6:1:1,5, Turnover rates suggest that bacteria may account for 71%

‘of annual productivity, meiofauna 15% and macrofauna, 14%. Despite the energetic
imporfahce of bacteria, amphipods, followed by fly larvae, are the most impor-
tant primary consumers of surface kelp. However, much of this kelp is returned

to the sand as faeces, since both forms have low assimilation efficiencies.

The input of faeces, together with the mechanical breakdown of kelp by grazers,



presents a rich supply of suitable particles to meiofauna and bacteria for
further mineralization. The separation of the epifauna and infauna trophic

elements is discussed.

Chapter 4 presents data from tracer experiments in which undisturbed sand
bores, containing natural populations of bacteria and meiofauna, were exfrac-
ted from beneath decomposing kelp and incubated with D-(1-14C]mannitol, a
polyal and primary photosynthate of the two dominant species of kelp stranded.
In terms of carbon values, an inverse tidal distribution exists between
meiofauna and Eacteria in the field, suggesting a close trophic interrelation-

ship where meiofauna graze heavily on bacteria.

The above observation was supported by tracer experiments in that, as
meiofaunal uptake of label increased, that of bacteria decreased. However,
in the sand cores grazing by meiofauna did not decrease bacterial numbers, but
rather stimulated the‘maintenahce of a stable populatidn. Although bacterial
activity decreased, the overall retension of label by these microbes was

three times that of meiofauna per gram dry mass at the end of a 24h ihcubation
period. This indicates that bacteria play the major role in absorbing

dissolved organic matter in the beach sediment.

The uptake rates of meiofauna increased as the concentration of 14C—-mannitol
was raised from tpl to 4pl m1_1 sea water. In addition, there was a distinct
partitioning of labelled material between different meiofaunal groups.
Oligochaetes displayed the highest activity, followed by nematodes and
turﬁellarians. This resource partitioning is closely related to differénces
in nutrition, although essentially all three groups seem to ingesf dissolved

organic matter via bacteria.

Chapter 5 presents a final synthesis of information in this thesis and from

\



other sources on high kelp-input beaches and compares the composition,
biomass and distribution of the fauna and the energy flow pattern with those

described for open sandy beaches devoid of wrack.

In terms of energy values,‘kelp input onto Kommetjie beach represented

4:x 108 kJ m—1 yrfq. This material profoundly effects the composition, bio-
mass and distribution pattern of the fauna. The macrofauna consists primarily
of semi-terrestrial amphipods, kelp fly larvae and Coleoptera, that are con-
centrated around the driftline, plus some carnivores isopods at lower levels.
Herbivorous macrofauna are thought to consume 71% of the keip depésited and

are preyed upon by birds, isopods and carnivorous Coleoptera that together

take 63% of herbivore biomass, or 25% of production, annually.

The remaining kelp, plus the-Faeces>and excretory products of the macrofauna,
enter the sand columh énd support a bacterial standing crdp of SB61g m—1 (dry
mass). The food supply to the bacteria is sufficient to allow a turnover
rate of 70 times per annum. Assuming the meiofauna, which has a standing
stock of B24g m_q, feeds entirely.on bacteria, it would consume 32 times the
bacterial standing stock per annum.  Most of ﬁhe carbon entering the system

is respired as CO., while the nitrogen may ultimately be returned to the sea.

2
Unlike some beaches, that have been shown to generate their own surf zone
phytoplankton blooms, these rely almost entirely on imported materials and

play little role in returning nutrients to support production in adjoining

aquatic systems.

The thesis ends with an Appendix listing data not included in the main text.
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Approximately seventy percent of the southern African coastline consists of

long stretches of exposed sandy beaches (MclLachlan et al, 15819} which lack

vast off-shore kelp beds due to the instability of the sandy sea-bed. However,
from Cépe Algulhas on the south coast to Liilderitz on the west coast, rocky
shores are a common feature and here the coastal waters support dense beds

of macfophytes and the adjacent shores receive large guantities of stranded

kelp.

The topography of the Cape Peninsula, in the south-western Cape, consists
largely of geological series of Table Mountain Sandstone and Malmesbury

Shale which extend subtidally and provide a stable platform for the attachment
of macrophytes. On the west coast of this peninsula, kelp beds dominated

by Ecklonia maxima and Laminaria pallida have been a focus of study for the

past eight years., This work was initiated by an interest in harvesting kelp
on a commercial basis to provide fertilizer and alginic acid, an emulsion
stablizer used extensively in industry. However, before commencing this
enterprise, it was necessary to investigate the effect harvesting could have
on several commercially exploited populations which form part of the kelp bed
system (such as the rock lobster, an industry with‘an annual revenue of

R19 million, pers. comm., Fisheries Devélopment Corporation). Over the years
much infofmation has been gatﬁered on the primary production of these beds
and the biology and ecology of resident fauna, culminating in a review by
Newell et al (1882). One of the key guestions which arose from this work
was: What is the fate of exported kelp material which is stranded on the

adjacent shore?

Koop and Field (1980, 1981) have investigated the fate of kelp washed onto
rocks and found that most of this material is consumed by a single organism,

the supralittoral isopod, Ligia dilatata. Recent studies on kelp stranded on

small sandy beaches between rocky headlands have shown that here a far more



complex system is in existence as the sandy environment necessitates a
three-dimensional approach. Two of the main primary consumers of this

stranded material have been investigated, principally the amphipod Talorchestia

capensis [Muir, 1877) and larvae of the kelp fly, Fucellia capensis (Stenton-
Dozey and Gri%Fiths, 1980). A one month survey of the macrofauna assoéiated
with stranded kelp and the rate at which this material -was degraded was also
undertaken by Griffiths and Stenton-Dozey (1981). Koop and Griffiths (1982)
studied the relative significance QF the macro-, meio- and micro-fauna and
recently the fluxes in material arising from decomposing kelp have been.investi-

gated (Koop et al, 1982a, bl.

However, there is no information on the seasonal fluctuations within the system
or on the flow of energy through the different trophic groups. This thesis
provides data on the seasonal variations in composition, distribution, abun-
.dance and biomass of the macro-, meio-fauna and bacterie and their relative
.contributions to the beach economy in terms of standing stocks, productivity
and energy flow. The role of stranded kelp.in a sandy beach ecosystem is
emphasised by comparing the data with that availabie on east coast beaches

where the main.energy input is in the form of phytoplankton.



CHAPTER 2

‘Description of the physical and chemical character

of a sandy beach receiving stranded kelp
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INTROBUCTION

The west coast of the Cape Peninsula is characterised by vast offshore

kelp beds dominated by Ecklonia maxima Dsbeck and Laminaria pallida

(Grev.) J. Arg., with small patches of Macrocystis angustifolia and

many understorey algal species (see Field'gz al, 1980a). Much of this
kelp is ultimately uprooted and stranded on the nearby coastline
‘where 1argé banks of wfack accumulate at irregular intervals on both
rocky and sandy shores. One such stretch of coast is the Kommetjie
area (34008‘5, 18019’E] where sandy beaches are indispersed between
"rocky headlands of Table Mountain Sandstone. The shoreline is aligned
almost south-west/no;th-east and is exposed to onshoré swells from the
South Atlantic. The particular sandy beach under study in this thesis
{(fig. 2.1), is bordered to the south by a 200m long rocky peninsula
which extends subtidally to provide a platform for the attachment of large

macrophytes.

Wherever the supply of stranded kelp is regular and consistent, a charac-
teristic intertidal fauna exists which depends on this material as a

primary food source. The rocky intertidal isopod, Ligia dilatata

survives solely on kelp (Koop and Field, 1980, 1981), while on the sandy
beaches the trophic interrelationships of the rich intertidal community

depends mainly on wrack as a source of primary production (see Chapter 3).

To help qualify the biotic component of a sandy beach at Kommetjie,
éertain physical and chemical parameters were recorded during a year-
long survey. This chapter presents data on the temperature regime,
satgration of the sediment, the size range of sand grains, the average
volume of sea water filtered into the beach, changes in the depth of
the water table during a tidal cycle, and the intertidal distribution

of dissolved nutrients. Finally monthly estimates are made on the

guantity of kelp cash ashore at Kommetjie.
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MATERIALS AND METHODS

Physical parameters

Each month, at the time of ;ow sbring tide, the noon temperature of the
air, and under wrack 5anks. laying at Lw; MW, and HW was taken. In
additidn, temperature and percentage saturation of the sand at 30cm depth
interVals were measured whenever sampling the interstitiael fauna. In
determining the water content of the sediment, wet sand samples were
WBighed, dried at 60°C for 4 days and then reweighed, the difference. being

expressed as a percentage of the maximum water loss (i.e. % saturation).

One set of dried sand samples was used to establish the size distribution
of particles. The sediment from each tidal level and vertical depth, was
passed through a séries of sieves, ranging from coarse (2mm) to fine
(212pm) Sub-samples thus separated were weighed and the cumulative
percentage contribution from the coarse to fine size classes calculated.
This plotted against phi values (McManus, 1963), provided information on
median particle size (Md @), coefficient of sorting (QD @) and skewness

{Skg @), (Morgans, 1956).

The volume of sea water filtered into the beach

This parameter was determined dqring a complete spring tidal cycle on
2/06/1981. The volume of sea water filtered through the beaéh was measured
using the method of Riedl (1871) as modified by MclLachlan (18978). This
essentially involves measuring the volume of water flushed into the sand by
a series of swashes at different points in the tidal cycle. Details of

the methods used in the field are given by McLachlan (1979). Only the

theory and mathematical interpretation of results are discussed here.

In theory, it is assumed that a wedgé of unsaturated. sand is complétély

filled with water from a single swash passing over it (fig. 2.2). The



(@  edge of swash

@,@ old and new formed boundaries between

saturated and unsaturated sand respectively
WT water table
ldh  dimensions of the wedge shaped area of sand

(FW) filled with water by the swash illustrated

Fig. 2.2. Diagrammatic representation of the filling, by an incoming
swash, of a wedge of unsaturated sand positioned perpendicular

to the shoreline on a sandy beach at Kommetjie, Cape Peninsula.



dimensions of the wedge, namely the distance the swash travels over the
unsaturated sand (1) and the depth of the water table in this sand (h)
are integrated with the amount of air space available for filling (termed
the saturation gap (p(y))}) to obtain the volume of water filtered. This

relationship if expressed mathematically as follows:

Total volume filled by a =Sl th”p(y]dydx
wedge forming swash o o

(McLachlan , 1979)

“where 1 = 1length of wedge forming swash
h = initial depth of the water table below the
sand surface at the highest point of the swash
ply) = (% saturation gap above the water—table]/100
d = the base 'of the wedgF along theinitial water-
table (d is assumed/to equal 1].
and the width of the wedge is taken as 1m.

The above double integratioﬁ was computerised {Programme I, Appendix A)
and the Qolume of water filtered through the beach expressed as cubic
metres per metre of shoreline per hour. The total volume for one tidel
cycle was obtained by integration using linear interpolation as shown in

Programme II (Appendix A).

Beach profile

On the 3/06/1981, .the depth of the water table was recorded each hour at
10m intervals up the shdre. The beach slope was measured from the low
tide mark to the highest swash line according to the method of Day (1969).
A 3-dimensional diagram was then_plottéd relafing changes ihlthe depth of

water table to time and tidal height.

Interstitial nutrients.:

Interstitial water samples were collected each hour at 10m tidal intervals



to depths o? 30cms to the water table during the spring tidal cycle of
3/06/1981. Two 20ml samples were extracted from each site using a stain-
less steel needle, 30cm in length and with an internal diameter of 3mm.

The lest 3cms of the needle were perforated with a series of 0,5mm diameter
holes while at the opposite end, a 20ml syringe with a plunger was fitted

to withdraw samples.

The interstitiél water was filtered through 25ﬁm Whatman GF/C filters and
the filtrate frozen prior to analysis. Samples were analysed for ammonia
(NH44+-NJ. nitrite (NO, -N), nitrate (NO-N), phosphate (Po43'-PJ and
silicates (SiD4~-Si] on a Technicon AutoAnalyser II. The results were

expressed in HE -at. 1_1 (=Fmole 1_1J. The analytical procedures are

summarised in Table 2.1, together with the standards used.

in addition to the above nutrients, samples were analysed for the presence
of DOC (dissolved organic carbon]. An automated method, suitable for

use on the Technicon AutoAnalyser II recently developed at the Sea Fisheries
Institute and described by Mostert ( 1383 ) + was followed. Briefly

the method involves the oxidation of both organic and inorgenic carbon com-
pounds (i.e. total carbon] to carbon dioxide, using a solution‘of potassium
persulphate and a low fregquency ultra-violet light source. In a separate
treataent the inorganic carbon fraction is oxidised to carbon dioxide using
sulphurib acid. Carbon dioxide diffuses through a gas-permeable membrane
into a highly coloured, weakly buffered phenolphthalein solﬁtion, which is
proportionally discoloured and measured by inverse colourimetry. poc

(Mg m1-1) is found using the difference in total and inorganic carbon concen-

trations.

The total cérbon standard used consists of 30mg oxalic acid and 30mg
sodium carbonate made up to 1 litre with artificial sea water. The inorganic

carbon standard consists solely of 30mg sodium carbonate 1_1.



Table 2.1 Summary of the methods for analysis of nutrients in sea
water ((see Stickland and Parsons, 1972; Grasshoff, 1978).
Nutrient Method Standard
NH44+-N reacts in alkaline medium with hypochlorite 2 He -at.1—1
to form monochloramine which in presence of ammonium
phenol and suitable catalyst (e.g. nitro- sulphate in
prussidel), yields indophenol blue read at N- free water
530nm |
NDB—-N conversion to nitrite using copper-cadmium 15 Jats -at.1-1
reduction column - reacts with sulphanila- potassium
mide to form diazo compound which couples nitrate in
with a diamine complex to form a red azo N- free water
dye read at 520nm
NOZ-—N as for nitrates, but without the reduétion as for nitrates
process
PD43_-P reacts with molybdate reagent to form 1,5 }_,g_at',l-vI
heteropoly-acid:- this is reducéd to potassium
molybdenum - blue complex using ascorbic dihydrogen phos-
acid: intérference from dissolvéd silicate phate in artifi-
avoided by maiﬁtaining pH below 1,0; ‘cial sea water
absorbance measured at 660mm using ARISTAR
(Merck) grade NaC1
51044-—81 silicomolybdic acid formed by similar - 25 pg—at.1-1

sodium silico-

reaction to.one above; read at same'frequency;
interference from dissolVeq'phOSphatesvavoid- fludfidetin
é'd‘byi\'m'ain‘téining.ﬁpH at 2,0 artificial sea

water made up using

ARISTAR (Merck)
grade NaC1



Collection of kelp

To establish the quéntity of kelp cast ashore at Kommetjie during one
year, monthly samples of fresh méterial in the process of being deposited
at the swash line were collected at the time of low spring tide. Five
random 1m2 guadrants were removed from a large area; (a 300m stretch of
beach) to compehsate for patchy deposition. Each quadrant was wet
weighed in the field. The mean weight times 300m was then regarded to
represent the total quantity of fresh kelp present on the day of sampling.
This value, expressed per running metre of beach, was later increased by
an estimated rate for the total replacement of stranded kelp in order to

reach a monthly figure.

"RESULTS AND DISCUSSION

Temperatures

During the monthly visits to the study site, air temperatures varied from
26°C in January to 14°C 1in July with a mean of 19°C (Table 2.2). The
temperature range in the wrack beds was lower, with a maximum of 21°C in
summer and a minimum of 12,7OC in winter. The old, dried kelp piles lying
upshore generally retained higher temperatures than those further downshore
(see Appendix B}. Temperatures in the sand column ranged between 13,30C to

20,8°C during the year and little difference occurred with depth (Appendix B}.

‘Water content of the sand

At the time of low spring tide, the sand wag most saturated 30§m below the
surface in the lowervintertidal area (40 - 100%), thus illustrating the
direct influence of the incoming waves on the water gradient here (Table2.3).
‘Higher upshore the water from the previous tide has drained through the
interstices and therefore maximum saturation was reached 30cm above the water
table (33,4 - 79,8% at Mw and 9,0 - 35,7% at HWS). At MW the deep wrack
piles aid inbretaining moisture in fhe surface layers of the sediment, whilé

at HWS the thinly dispersed, dried wrack affords little protection and thus



Table 2.2 Mean monthly fluctuations in the temperatures of the
air, in wrack banks and in the sand at Kommetjie beach,
Cape Peninsula, during 1981. (See Appendix B for
original data).

X = mean of temperatures measured in wrack at 3 tidal
heights (n = 3).
* = mean of temperatUres measured in sand at 30cm depth
intervals to the water table at 3 tidal heights (n = 8].
Month ' Temperature (°c) at midday
ambient in wrack * in sand
January 26,0 21,0 19,5
February 21,0 22,3 2ﬁ,8
March 25,0 23,3 -
April 24,0 20,0 19,3
May 24,0 16,0 16,0
june 17,0 12,7 -
July 14,0 12,7 13,3
August | 16,0 14,0 13,3
September 15,0 13,0 -
October 16,0 18,0 18,3
November 18,0 22,7 18,5

December 17,0 22,3 | -



Table 2.3 Fluctuations in the water content (% saturation) of sand
at different tide levels and vertical depths on Kommetjie
beach, Cape Peninsula, during low spring tides.

Month Tide % saturation of sand at 30cm
level depth intervals to the water
table
c - 30 30 - 60 60 - 90
January LWS 67,4 48,7
MW 39,8 43,0
HWS 5,7 9,0
February LWS 40,2
MW . 27,8 42,3 39,6
HWS 1,3 27,2 35,5
April LWS - 60,9 54,7
MW 44,0 79,8
HWS : 9,4 19,6
May _ LWS 64,0
MW 41,3 47,9
HWS 6,8 23,0 30,2
CJuly LWS 100,0 43,0
' MW 31,3 44,3
HWS - 9,4 29,4
August LWS 44,5
MW 37,2 34,9
HWS 13,2 20,2 35,7
October LWS 83,6 42,8
MW ‘ 20,9 33,4
HWS 7,0 -~ 30,0
November LWS 41,1
B MW e 31,1 41,7

HWS 7,8 12,1 24,3

28



a saturation level of 9,4% was never exceeded.

Water table

Changes in the depth of the water table as a function of distance upshore

(0O - 40m) and time (each hour within a spring tide'oyole] are illustrated in
figs. 2.3(a) and (b) as a 3-dimensional and corresponding contour plot
respectively. Between the swash zone and the middle of the beach, 20

metres upshore, the sand was saturated just below the surféce during the
entire tide cycle (fig.2.3(a)). However, within the next 20 metres landwards.
the water table dropped dramatically from an average depth of less than 1cm
to 62cms (fig.2.3(b)}. This change may be attributed to the steeper beach
slope‘of 1/12 betwegn the 20m and 40m stations as compared to 1/19 lower

down the shore.

On the day measurements were taken (3/06/1981), early low tide was at
10.00h, high tide at 16.00h and the late low at 22.00h, four hours after

the last data were recorded. At the uppermost station (40m), the peak

water table lével (32cm from surface) lagged behind tidal high water by

one hour, while the water table low (77cm) lagged three to four hours behind
garly low tide [fig>2.3(b)). Lag periods decreased with distance downshore
of the high water mark. The elevation of the groundwater profile is thus

out of phase with the oceanic tidal flow.

A similar observation as above was made by Lanyon-et al (1982) on sandy
beaches in Australia using time-series curves and they suggested a

reason for the assymmetrical change in the depth of the water table

with tidal flow. As the tide rises, swash wave inundation of the unsat-
urated sand.increases in frequency and in proportion with the ground-
water recharge. However, on the falling tide the water-table is in an
effluent state and fewer swashes inundate the unsaturated sand. This is

supportéd by dafa collected when estimating the volume of sea water filtered
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Fig. 2.3(a). A three-dimensional view of changes in the depth of the water
table as a function of time and distance upshore at Kommetjie

" beach, Cape Peninsula.
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Fig.. 2.3(b). Corresponding éontour'pldt of fig.2.3(a) illustrating the depth
of the water table in cms. as a function of fime and distance

‘upshore on Kommetjie beach, Cape Peninsula.



through Kommetjie beach (see Table 2.5]. Here, the number of wave swashes
passing over unsaturated sand on the incoming tide far exceeded the fre-

quency on the outgoing tide.

Sediment characteristics

The median particle diameters of sand grains lying at ali tidal levels to

the depth of the water table were very similar, ranging from 286 to 286um

(Table 2.4). Thi; falls in the category of medium sized grains (500 - 250pm

or 1-2@) (McLachlan, 1977a). Very low phi quertile deviation (Qd @) and near zero
skewness (Skg @) vélues indicate that for the entire beach .2 high propor-

tion of the particles fell in a narrow range around the median and that there

was equal sorting of particles both larger and smaller than the median.

As there is good mixing of sand graiﬁs throughout, Kommetjie beach can be

regarded as exposed {Cox, 1976]).

The range of grain size does not preclude the existence of true interstitial
life, as the values are far above the barrier of 200um postulated by Wieser
(1953 ) to separate burrowing forms from true interstitial meiofauna. Other
authors suggest different limifs. McIntyre and Murison (1973) suggested an
optimum particle diameter of 230um, while Huling; and Gray (1976) noted that

an:interstitial fauna can be found in sand with. median particle diameters of

125 - SOOpm.v

The volume of sea water filtered into the beach

THe saturation gaps in the beach sand at Kommetjie were given by the following

linear regression: .
saturation gap (%) = 0,007h + 0,0017 (r = 0,763 p <,01;7 d.f.)

This showed that the saturation gaps ranged between 15-39% from 20cm aboveée the
. water table to the surface whilst pore spaces were saturated just above the

water table (0,82 - 2%).



Table 2.4 The horizontal and vertical distribution of different

sized sand particles on Kommetjie beach, Cape Peninsula.

(Md Hm = median particle diameter in Hms Md @ = mean
particle diemeter in phi values; Qd @ = sorting

coefficient; Skg @ = skewness)

Tide Depth into Particle diameter
level sediment
(cms.) Md pm  Md g Qd @ skq @
LWS 0 - 30 280 1,85 0,25 0,00
30 - 60 280 1,85 0,25 0,00
MW 0 - 30 268 1,92 0,23 0,00
30 - 60 268 -+ 1,92 0,21 - -0,06
60 - 90 286 1,83 0,23 0,00
HWS 0 - 30 266 1,95 0,18 -0,03
30 - 60 286 1,83 0,19 0,01

60 - 90 285 1,82 0,18 -0,03



Table 2.5 follows the tayout in MclLachlan (1978) and presents results obtained
during a day's observations of a spring tide. It can be seen that the fre-
quency and Qimensions of the wedges increase from a minimum on the incoming
tide to a maximum before high tide. The greatest input of see water
(O;Bmsm-1hr_1] is thus on the late incoming tide and this coincides with the
highest frequency in swasﬁes (16,98 second intervals). The total inpu£ for

3

. g
the spring tide (3,02 mm d 1] was concentrated between mid and high water,

a distance of 20 - 35m. The total velume per tidal cycle was 1,56m3m_1.

The surf zone at Kommetjie is approximately 40m wide with an average depth
of 0,16m giving a total volume of 6,4m3 per metre of shore. This means
that at a filtered volume of 3,02m3m-1d_1, the whole surf zone would be filtered

every second day.

In deriving the volume of éea water filtered through Kommetjie beach, a number

of points should be noted:

1) the values recorded are minimum, asAtHe bottom of a wedge is
often not straight as assumed in the calculations, but hollow
(Riedl, 1971);

2} no allowance 1s made for small volumes of water pumped through
saturated sand by the pressure of the waves (Riedl et al, 1972);

3} not all wedges considered in the calculations were necessarily
filled with water by an incoming swash;

4i as measurements were taken when the tidal range was the greatest
(spring tide] the volume filtered per day is greater. than it

would be at neap tides.

3 -1

MclLachlan (1979) estimatedvan average volume of 10m™m d%1

filtered through
eastern Cape beaches with slaopes between 1/26‘and 1/29, meén wave heights of

1 - 1,2m and swash periods of about 16 - 25 seconds. Here the range in the

volumes filtered per tidal cycle measured during spring tides was 3,73 -



Table 2.5

Time start
Time end
Tide

Summary of readings of frequencies, lengths (mean = 1) and heights (mean = h)
of wedge-forming swashes on Kommetjie beach during a spring tide on 2.08.1981,
with the resultant volume of sea water [m3] filtered through a 1m stretch of

beach per hour. Readings were taken over 15mins., within each hour.

0 = outgoing; I = ipcoming; E = early; M = mid; L = late.

09h15 10h15 11h15

12h15  13h15 14h15  15h15 16h15 17h15
09h30 10n30  11h30 12h30  13h30 14h30  15h30 16h30 17h30
- Low EI EI MI LI LI High ED MO~
0 0 1 14 48 53 13 9 21
0 0 1,57 1,15 2,34 1,17 2,35 1,06 1,07
0 0 3 16 40 63 23 15 12
0 0 0,0004  0,0141 0,4965  0,8045 0,0909  0,0443  0,0262

18h15
18h30

Lo

19h15
18h30

Lo

19



5,43m3m_1. At Kommetjie beach, with a steeper beach slope (1/15) and a mean
wave height of 2m, the range in the time between swashes was far greater

(17 secs. - 2 mins.), resulting in a lower volume input. This reduction in
the number of swasﬁes reaching the beach may be the result of the buffering
effect of the offshore kelp beds and kelp debris in the surf. Inshore swells
were often reduced from 2m to less'than 0,5m before reaching the shore (pers.
obs.). The Cape east coast lacks large kelp beds and hence no barrier exists

between the shore and oceanic swells.

In considering the factors influencing filtration volumes on three Cape east
coast beaches.with difference physical properties, it was concluded that maxi-
mum input would be on a very exposed steep beach of coarse sand with a narrow
surf zone and high wave frequency during a stormy eguinox épring tide
{(McLechlan, 1878). Under these conditions values may exceed 20m3m_1d—1. In
relation to these characteristics, Kommetjie beach represents an environr-

ment with moderate physical properties, but the impact of the kelp beds on

the expected input volume must also be considered as an influencing factor

here.

Interstitial nutrients

In the initial sampling programmg the aim was to determine any influence tidal
rhythm may have on nutrient.concentrations in the sand column. Thus samples
of interstitial water were extracted at’hourly intervals during.one tidal
.cycle. Unfortunétely no pattern emerged and data were meaned for each site.
This resulted in lafge standard deviations (Teble Z.6), which indicate patchy
distribution of nufrients in thevinferstitiai environment of a beach covered
with wrack. As kelp_decays. pockets of organic material become buried in
the sand and here bacterial activity creates irregular concentrations of

the by-products of decomposition. The incoming andDutgoiﬁgtide obviously

had little effect in dispersing this material through the sediment.
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Table 2.6 continued

vertical penetration of samples (cms) - -at 10cm intervals upshore

Nutrient

poc . : 15,1 2,1 12,55 6,83 .18,83 11,08 5,63 13,22 33,33

}g ml_1 ' - (2,97] (11,33) (3,87) (15,48) (20,34) (4,56} (7,48) (13,21}
n=1 n=2 n =4 n=3 n==~6 n==56 n=2=~6 n =256 n==~6

Total carbon 53,2 35,35 86,50 47,30 60,58 . 44,43 39,78 48,9 71,82

fg m1-1 - (11,95) - ' (34,57) (6,85) (21,97) (25,02) (5,64) (7,64) (15,52)

. n =1 n= 2 n=4 n=3 n=2~6 n==5 n==~6 n =256 n==58

e



Nevertheless a clear pattern was observed in the intertidal distribution

of the nutrients (Table 2.6). The most remarkabie feature was the great
concentration of all forms of inorganic nitrogen at the high tide mark

(40m station), especially at depths below 60cm. Here ammonia-nitrogen
reached a mean value of 538pg—at.1—1, nitrites 4,46pg—at.1_1 and nitrates
1211,94pg-at.1—1, while downshore concentrations dropped to less than 1% of
that at HWS.. From the 30m station seawards, nitrite levels remained
relatively constant and no vertical gradient was observed. Nitrates, however,
gradually declined downshore,‘although at each sampling site there was a
slight increase with depth into the sand column. By contrast, concentrations
of ammonia-nitrogen showed marked tidal variations. After a dramatic decline
from the uppermost station to the next site 10m seawards, levels increased be-
fore declining once again towards the swash zone. Generally concentrations
werevhighest 30cm from the surface, the inverse of the vertical gradient at

HWS.

The concentration of dissolved organic carbon (DOC) followed a similar verti-
cal and horizontal distribution as observed for ammonia-nitrogen and nitrate,
although the the maximum, 33,3§pg ml_q, reached 60 ~ 80cm below the surface
at HWS, was not so dramatically different from concentrations lower down the
beach. The values"for total parbonlwere similar at all tide leQels,

(35,35 - 86,50ug m1-1], decreasing with depth except at HWS when, like DOC

and inorganic nitrogen concentrations, there was an increase.

Silicates reached a maximum of 5,8@ug—at.l-1, 10m above the low tide mark and
v , f v ,

thereafter concentrations generally declined to HWS, Inorganic phosphates

ranged from 3,76 to 10,08pg—at,1-1. Values declined slightly with depth

but no clear tidal distribution was observed.

At the time of sampling, the largest accumulations of stranded Kélp were at
the high tide mark (i,e. 40m station in Table 2.6). This coincides with the

high levels of inorganic nitrogen and DOC recorded here and thus indicates



the release of leachates from decomposing kelp at the surface. Koop et al
_(19823) conducted a microcosm experiment at Kommetjie and found that total
carbon can reach 5640 HE ml—'l direcfly below the decomposing kelp. Since no
such concentration was recorded in this study, it appears that nearly all the
carbon percolating from thé surface ié rapidly utilized by the interstitial fauna.
Fﬁrther, the marked increase in the concentrations of D8C and inorganic
nitrogen with depth at HWS suggests that most of the leachates are utilized

in the first 60cm of the sediment and that below this depth, there is an
accumulation of both inorganic and orgenic material. Since nitrite and nitrate
levels were exceptionally high here, it is evident that nitrifying bacteria can
still oxidise ammonia-nitrogen. The accumulation of nutrients,especially
nitrates, below 60cm may also be due to the scarcity of meiofauna (Koop and
Griffiths, 1982) which are known to directly absorb dissolved ﬁatter (e.g. Chia

and Warwick, 1969; Meyer-Reil and Faubel, 1980).

The high concentrations of inorganic nitrogen and DOC in interstitial water
beneath decomposing kelp are in marked contrast to values found in kelp beds

or oceanic water, surf water, and on sandy beaches devoid of wrack (see

Table 2.7). Carter (1983) reports maximal values of 5 }Jg—at.l_lI for
ammonia-nitrogen and 22 ,_lg-at.lulI for nitrates in kelp bed water during periods
of upswelling on the west coast of the Cape Peninéula. Here, DOC levels reach
22 pg m1-1 when strong wave acfion fragments kelp fronds and subside to less

than 1 pg ml‘ll with the onset of calmer weather.

Low inorganic nifrdgeﬁ concentrations were alsc observed in the surf and
interstitial waters of some Cape.south'and west ‘coast beaches and while values
from the Natal coast were slightly.higher, even these are not.equal to the
maximae -at Kommetjie. Phosphate concentrations on these beaches and in off-
shore kelp beds are similar to thosé.at kommetjie, whereas the silicates reach
higher levels. Since the beaches presented in Table 2.7 receive offshore

and surf phytoplankton as a nutrient source, the higher\levels of silicates



Table 2.7 A comparison qf-the fange of nutrients found associated with oceanic water and intertidal habitats on

sandy beaches devoid of wrack.

4+

Standard deviations, when presented, are given in brackets.

Nutrient range (minimae, maximae, mean and SD)

3-

4~

{552~ 9,8)  "(0,1.~'1,3)

- 0.,4)

| NH, =N . NO, N NOg TN PO,” -P ) 510, -st Doc . |
Localit ) Pg-at. 1 ‘pg—at. 1 Pg—at. 1 He-at. 1 He-at. 1 Mg ml Literature
SOUTH AFRICA Seurce
Oudekraal oceanic water 1,6 - 5,1 0,7 - 21,9 0,6 - 5,2 2,0 - 22,1 0,1 - 22,0 Carter, 1983
(west coast) i
10 Cops west  SUrf water ~ 0,3 £0,2) 11,7 (4,4) 1,7 (0,4) 13,6 (6,0)
coast beaches interstitial 0,2 (0,1) 10,4 (8,7) 7,6 (5,7) 23,3 (17,2) Orren et al,
water =L 2
. , 1881
10 Cape south SUrf water 0,2 (0,2) 5,8 (3,0) 1,2 (0,8) 5,2 (2,5)
coast beaches interstitial 0,2 (0,2) 27,7 (19,8) 3,2 (1,5) 18,3 (10,5)
water
Brighton  surf water 54,0 (24,0) 3,9 (1,7) 33,0 (20,0)
beach, .
Natal coast  interstitial oo 0 440y 2,8 (1,9) 72,0 (72,0) OLiff et al,
: water 1870
ENGLAND
_ ,sea_\gra’ger_' 5,7 (9,2) 0,3 (0,2) 5,2 (5,3) 0,8 (0,2)
Llanddona t table
beach ;:o?r . 7,9-70,9 0,1-0,6 0,6 - 3,3 0,5 - 3,5
~(3,672.23,4} (0,1.~ 0,8) (0,4 - 2,4) (0,3 - 2,5) Pugh et al.
1974
seawater 2,6 (3,6) 0,1 (0,1) 3,5 (3,3) 0,6 (0,3)
Newborough 1
beach water table 55 _ 459 0.1 - 0.9 1,6 - 20,2 1,1 -1,8
pool .o - N
(2,0 - 9,4) (0,2 =



may arise from the frustule remains of diatoms.

Included in Table 2.7 are examples of two clean sandy beaches in Anglesey,
England (Pugh et al, 1974). The velues recorded here show that even on a
worldwide scale, the concentrations of inorganic nutrients on beaches which
receive no kelp are all within the same order of magnitude. This furthér
illustrates the impact that decaying wrack has on enhancing interstitial
nutrient concentrations at Kommetjie. In Chapter 3 it will be seen that

this in turn supports a very rich biomass of meiofauna and bacteria.

Kelp deposition

In attempting to determine the quantity of kelp cast ashore at Kommetjie
during the course of one year, an estimate of turnover rates is required.»
Koop and Field (1980) énd KDDD‘EE.EE [19829) estimated an eight day cycle

of replacement, in which period approximately 80% of kelp present passed
through the grazer and microheterotrophic pathways. Although an initial
rapid loss in kelp mass was also observed by Griffiths and Stenton-Dozey
{1981), total degradation was oﬁly completed after two weeks. It is there-
fore believed that the totalvreplacement of kelp has a fourteen-day cycle,
coinciding with spring tides and this has been used to estimate the guantity

of kelp cast ashore annually.

Maximum kelp deposition occurred in winter (Table 2.8), a feature common along
the Cape west coast (Muir, 1977; Koop and Field, 1980) when large offshore
swells and onshore winds‘uproot whole plants and drive them ashore. The mean
standing stock calculated from Table 2.8 was B83,5kg wet mass mh1, with a

total deposition rate of 2178kg m-1 yr—1, a value very similar to that

established for a nearby rocky shore, namely 1200 - 1800kg m_1 yr_1
(Koop and Field, 1980). The offshore kelp bed at Kommetjie is approximately
700ha in area (Koop et al, 1982a). It has a standing stock of 23030 tonnes of

Ecklonia maxima and 17248 tonnes of Laminaria pallida (Field et al, 1980§Q of




which 10% (Simons and Jarman, 1881) and 15% {(Jarman, pers. comm. ¥) respec-
tively may be exported annually to the adjacent 3km shore. This represents
4830 tonnes of stranded kelp or 1630 m_’l yr_q. This value is also similar

to thet recorded above and supports the estimate of turnover time.

: -1
Table 2.8 The wet mass of kelp (kg m ) sampled at monthly intervals
from the swash zone along a 300m stretch of beach at Kommetjie,

Cape Peninsula during 1981.

Months _ Mass of kelp
(kg m_q]
January 36
February 80
" March 184
April 43
May 78
June ' 240
July 116
Auguét 38
September 18
October 76
November 38
December - 55

X N.G. Jarman, Seawsed Laboratory, Sea Fisheries Institute, Sea Point,

South Africa.




CHAPTER 3

A year-long survey of the fauna associated with

stranded kelp on a sandy beach
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INTRODUCTION

Seventy percent of the southern African coastline consists of sandy beaches
(McLachlan et al, 1381a), but these receivea little attention until

Brown's publicétions (1964, 1971a,b) on the general ecology of beaches

around the Cape Peninsula. Since then McbLachlan (1977EjE,v19801, Dye (1979),
McLachlan EE.El1979'1981EJE)‘ Dye et al (1981) and Woolridge et al (1981)
have investigated the physical parameters and fauna of eastern and southern
coast beaches and Bally (1981}, those of beaches along the west coast

-north of the Cape Peninsula. All these are clean open beaches which re-
ceive only erratic deposits of macrophytes. The only form of primary
production arises from offshore blooms of phytoplankton with the occasional

stranding of carrion.

By contrast the west coast of the Cape Peninsula has extensive offshore

kelp beds dominated by Ecklonia maxima and Laminaria pallida. Newell et al

1

(1882) have reviewed the available information on primary productivity,
standing stocks and ecologial energetics of consumer organisms inhabiting
these beds. Some of the uprooted kelp plants are stranded on nearby shores,
providing a rich source of energy for the intertidal fauna. One particular
area along this Coastliné, Kommetjie, has been a focus of study for the past
few years. Several of the primany consumers of stranded kelp have been

investigated, principally the amphipod Talorchestia capensis (Muir, 1977),

the isopod Ligia dilatata (Koop and Field 41980, 41881} and larvae of the

| kelp fly Fucellia capensis (Stenton-Dozey and Griffiths, 1980J. A one month

survey of the macrofauna associated with stranded kelp and the rate at which
this material was dégraded was also undertaken by Griffiths and Stenton-DBozey

(1981). Koop and Griffiths (1982) studied the relative significance of the



macro-, meio-fauna and bacteria and recently the fluxes in material arising

from decomposing wrack havebeen investigated (Koop et al. 1981a,b).

This chepter presents results of a year-long survey conducted at Kommetjie
to establish the seasonal pattern in composition, distribution, abundance
and biomass of macro-, meio-fauna and bacteria and their relative contribu-
tions to the beach economy in terms of standing stoc¢k and productivity.
Fluctuations in the fauna are correlated with the deposition rate of kelp

~ material.

MATERIALS AND METHODS

Beach zonation

In zoning the beach, three stages of kelp degradation were recognised at

the time of low spring tide, namely those in whiﬁh deposits were old, in the
process of decay and fresh.[see Plate 3.1). The position of these correspon-
ded to HWS, MW and LWS respectively and’this.zonation generally followed

the pattern suggested by Dahl (13952), but in this case it was subjected to
the condition of surface wrack rather than using indicator species of the

fauna to determine zones.
Macrofauna

Four random D,2m2 guadrants were collécted monthly from each zone at the

time of low spring tide. Since many species, notably kelp flies and beetles,
are véry motile, each quadrant was initially enclosed with a plastic tank,
sprayed with insecticide via astoppered inlet and left for 10 minﬁtes befére

kelp and sand to a depth 6? 15cm were transferred to plastic bags (see P1a£93.2]u
Samples from each zone wé;e pooled énd the fauna indentified to species,

counted and oven dried at 60°C and then .ashed -at 460°C for 5 hours to estab-

lish ash free dry mass (AFOM). A table of the mean individual dry mass of

common species is given in Appendix O.






Meiofauna

Once eVery three months, four random sand cores were extracted to depths

of 30cm and 60cm from each zone using a stainless steel corer 30cm in length
and 1Ocm2 in cross section. It was not considered necessary to sample
beyond this depth as Koop andvGriFFiths (19623'fbuaa “that 97% of the meio-
Faﬁna éssociated with a nearby wrack bed at Kommetjie was concentrated in
the upper 60cm. A ZOUml subsample was removed from the pooled cdreé and
fixed in 5% Formélin. Animals were separated from the sand in a modified
Oostenbrink apparatus (Fricke, 1979), stained with rose bengal and counted
under a dissecting microscope, a.distinction being made between the major
taxonomic groups. Counts were increased by 10% to account for extraction
loss (Fricke, 1979}. Biomass for a taxon was determined by placing a hun-
dred representative individuals on each of three silicon glass cover slips
which were oven-dried at SUOC to constant weight before ashing at 460°C for
5 hours. All weights were determined using a Mettler ME 30 microbalance.
The mean individual dry mass (Appendix B) was used to convert numbers to
biomass. The less frequent meiofauna were given an arpitary mass of O‘ng

per individual (MclLachlan 1877b, cJ.
Bacteria

Bacterial densities were establishéd quarterly from four random sand cores
extracked at 30cm depth interval to the water table in each zoﬁe using the
‘same stainless steel corer described above. From the cores, which were
mixed for a sampling Site. a 10ml subsample was preserved in 10ml of 10%
formalin in sterile seawater. To remove bacteria attached to sand grains,
the samples were sonicated three times in é DAWE Sonicleaner type 6442A.
After eéch sonication, a sample was shaken vigorously for five seconds and

left for 10 seconds to allow sand and heavy debris to settle before the

supernatant was decanted into a separate autoclaved vial. Hereafter 10ml



of10% formalin in sterile seawater was added. This resulted in 30ml of
accumulated 1iquid which enabled numbers to be related back to the original
sand volume. Few bacterial cells are damaged during sonication as Koop

(1982) found that 98% of dislodged bacteria could still be counted.

The supernatant was analysed for bacterial numbers by the ADDC (acridine
orange direct cbunt) method, which has been widely used elsewhere (Hobbie

et al, 1977) and in work on the Cape west coast kelp beds>[Field gj;g{,‘qgqu;
Linley et al, 1981; Koop, 1982; Stuart, 1982). However, recently a new
method has been developed using 4'6-diamidino-2-phenylindole (DAPI) which

enable better distinction between bacteria and background interference

(Porter and Feig, 1980). .

Polycarbonate nucleoporg filters (47mm diameter; O,%Pm pore size) were used

to retain bacteria for counting. These filters were prestained in a solution
of 1g irgalan black in 1 litre of 2% acetic acid for 10 minutes (Hobbie et al,
1977) to reduce background fluorescence when viewed under an epifluorescent

microscope. Each filter was rinsed three times in sterile distilled water

and then placed on a millipore pad (AP1004751) which was kept moist by

adding a few drops of 1% Photoflo (Kodak) surfactant both above and below.

A known volume of supernatant, stained in 5ml acridine orange for 10 minutes,
was poured onto a prepared filter under vacuum (0,8atms)}.” Half a filter
was placed on a élass slide coated with a low Viscosity immersion o0il (Nikon)
before adding more oil and a cover slip. The slide was viewed under a

Zeiss standard 18 microscope fitted with a 1000X magnification 0il immersion
lens, an epiflucrescent condenser, an HBO 50 Watt mercury burner, a 455-500
band pass~excitgr filter, é 510 beam splitter and a LP 520 barrier filter.
The field diameter was adjusted to ihclude ZQ—SD bacteria within each of

20 randomly chosen fields. Bacterial density was then calculated as follows:



Bacterial density. = S.106.n cells m1-1
S.V
where S = working surface area of filter (mm2]
n = mean number of cells per field
s = area of microscobic field (szJ
v = volume of sample filtered (ml)

from Mazure (1378)

Bacterial biomass was determined from 20ml samples of interstitial water
collected from each zone with a sterile syringe. Each sample was fixed
with 1ml of 2,5% glutafaldehyde and then incubated at 5°C for no more than
fourteen days before processing. The samples were then prepared for
scanning electron microscopy by a combination of methods outlined by

Linley et al, (1881) based on work by Todd and Kerr (1872), Paerl (1375)
and Bowden (1977). A portion of a 20ml sample was filtered onto a poly-
carbonate nucleopore filter (D,ZFm pore size; 25mm diameter) under a slight
vacuum. The filter paper was then supported between two magnets to enable
transfer during desalination [passage through decreasing concentrations

of sterile autoclaved seawater: 100, 75, 50, 25 and 10%, with 10 mins

in each, ending with 2 washes in distilled water) and dehydration (passage

through increasing concentrationé of ethanol: 10, 20 .........90,1002 with

20 minutes in each, ending with two washes in ethanol).

The samples were kept immersed in ethanol before being critical point dried
and mounted on stubs for coating with a ZDD/fjlayer of gold/palladium under
vacuum. The specimens were viewed on a Cambridge S180 scanning electron
microscope and photographed. From the micrographs, the proportion and
dimensions of rods (11r Zh Pm3] and cocci [423 T3 Fmsl were gstimated
using‘vernier calipers. Using a-specific gravity for bacterial cells of . -

1,1 (Luria, 1960) the biomass was calculated as follows:



Wet biomass = N.v.SG mgl_1
108
where N = number of cells ml-1
v = mean bacterial cell volume gpmal

SG

specific gravity of bacterial cells

from Linley et al (1881).
Wet mass was converted to dry mass and carbon equivalents by multiplication
factors of 0,2 and 0,1 respectively (Luria, 1960; Troitsky and Saorokin,
1967; Sorokin and Kadota, 1872). The above wet to dry mass conversion
factor should however be treated with caution as Davies (1981) has re-
cently established two new factors of 0,068 for Pseudomonas strains and
0,049 for Vibrio straiﬁs among kelp-attached bacteria in the waters

of the west coast kelp beds.

RESULTS AND DISCUSSION

Macrofauna

Thirty-five maqrofaunal forms were recorded, comprising 4 species of
amphipods, 2 isopods, 7 molluscs; 4 dipterans and 18 coleopterans (see
Appendix C for complete list of species). The talitrid amphipod, Iglgz—.

chestia capensis was dominant for most of the year and accounted for over

80% of macrofaunal numbers {(fig. 3.1(al). This species is common in wrack
beds and responsible for most of the primary consumption of surface material
{see Chapter 5). Other amphipods present in order of .abundance were

.Talorchestia quadrispinosa, Paramoera capensis and Gitanopsis pusilla.

Both species of isopods, Exospaeroma truncatitelson and Eurydice longicornis

were restricted to the low tide swash zone, where they feed on organic matter

and prey on small living enimals such as Taloréhestiag Their numbers
and biomass declined drastiéally-during the winter és is reflected by their

N





















Tar.e 3.1 continued

) ‘Zones and their res- Number Biomass Total number

Month . . .

pective widths in 3 -1 ,

. x 107m g.dry mass of species

metres e
September N LWS : 38 86,00 26,83 2

D MW : 1G 1,08 2,52 5

0 HWS : 7 18,64 36,56 5
October N LWS : 17 327,82 371,53 6

MW : 9 583,80 2419, 49 11

0 HWS : 8 1241,60 4532,54 10
November N LWS : 16 88,27 49,06 T 12

D MW : 12 123,10 312,93 17

8 HWS : 13 37,38 78,86 14
December N LWS : 17 56,95 19,77 g

8] MW : 13 111,69 140,30 15

0 HWS : 14 9,22 16,66 17
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CHAPTER 4

Utilization of the kelp leachate, D-mannitol,

by sandy beach bacteria and meiofauna









Fig. 4.1.
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Apparatus used to replace interstitial sea water originally
present in a 30ml sand core extracted from beneath decomposing
kelp on Kommetjie beach, Cape Peninsula, with sea water
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kelp on Kommetjie beach, Cape Peninsula. Uptake was manitored for
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%pl ml sea water).
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24 hours at three different concentrations of lab81[1F1' %pl and
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Table 4.1

Incubation

time (hrs])

12

24

The number of bacteria (X109] associated with 30ml
of sand in the presence of meiofauna and 14C-mannitol
for different incubation periods. C = controls;

E1 and E2 = parallel experimental samples.

Concentrations of D-(1-14CJ mannitol
Sample (Fl ml-1 sea water) and corresponding

bacterial densities [x109]

91

ipmozm ap
C 11,08 7,99 10,12
E1 9,20 11,10 11,49
E2 10,03 10,10 10,94
C 13,80 12,10 9,08
E1 12,46 . 15,39 10,64
E2 10,64 12,29 7,74
C 11,11 14,92 14,19
E1 11,15 17,45 12,08
E2 10, 86 13,79 9,95
C 9,32 15,47 14,38
E1 12,46 20,68 15,91

E2 9,74 16,34 13,08
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Fig. 4.5. Uptake rate of D-[1-14C]mannitol by interstitial oligochaetes
(disintegrations per minute (DPM) x 104 g-1 dry mass) in the
presence of an in 8itu population of bacteria and other meio-
fauna extracted from beneath decomposing kelp on Kommetjie
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CHAPTER 5

CONCLUSION : Kelp wrack and the flow of energy

through a sandy beach ecosystem
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Fig. 5.1. Energy flow diagram for a sandy beach with high kelp input at

Kommetjie, Cape Peninsula. Figures in boxes are mean annual
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annual input in kJ m_1 yr- . Arrows show annual flows in

kJ m-1 yr-q.
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Beaches of this type are thus not closed ecosystem (cf. McLachlan‘Ezlgl,
1881b), but energy sinks, which rely upon imported debris to support

internal food chains and which return only limited inorganic nutrients

to the sea.
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APPENDIX A

Programme 2 continued:

150 T2=T

160 V2=V

170 NEXT

180 T=12.43

190 Vv=Vv1

200 V3=V3+(V+V2)m(T-T2)/2

210 LPRINT "TOTAL VOLUME PER TIDAL CYCLE IS";
V3 "CUBIC METRES PER METRE STRIP”

220 LPRINT " "

230 V4=V3%24/12.43

240 LPRINT "TOTAL VOLUME PER DAY IS " ;Vv4 "CUBIC
METRES PER METRE STRIP”

250 END
1 0
2 4.12227E-03
3 .0140657
4 .496546
5 . 804459
5 .0808356
7 .044313
8 .0261712
9 0
10 0
11 0
12 0

TOTAL VOLUME PER TIDAL CYCLE IS 1.48061 CUBIC METRES
PER METRE STRIP

TOTAL VOLUME PER DAY IS 2.85879 CUBIC METRES PER METRE
STRIP |
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APPENDIX B

Fluctuations in the temperature of the air, in wrack banks and in the
sand at 30cm depth intervals to the water table at different tide levels
on Kommetjie beach, Cape Peninsula.

Temperature (°c) at midday

Month and
tide level ambient in wrack in sand at different depths (cms)
0 - 30 30 - 60 60 - S0
January LWS 26 20 16 17
MW 19 17 17
HWS 24 26 24
February LWS 21 21 19
MW 22 21 21 21
HWS 24 22 21 21
March LWS 25 21
MW 22
HWS 27
April LWS 24 21 18 18
MW 21 20 19
HWS 18 21 20
May LWS 24 15 15
MW 14 15 15
HWS 19 17 17 17
June LWS 17 11
MW 12
HWS 15
July LWS 14 12 13 14
MW : 13 12 14
HWS 13 13 14
August LWS 16 14 14
MW 13 12 13

HWS 15 13 14 ‘ 14
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APPENDIX B continued

Temperature (°c) at midday

Month and
tide level ambient in wrack in sand at different depths (cms)
0 - 30 30 - 60 60 - 80

September LWS 14 13

MW 13

HWS 13
October LWS 18 18 17 18

MW 18 18 18

HWS 21 20 19
November LWS 18 18 15

MW 20 16 20

HWS 30 20 20 20
December LWS 17 21

MW 20

HWS 26





















APPENDIX D continued

COLEDPTERA

Pachyphaleria capensis (L)

Pachyphaleria capensis (A)
Aleochara salisipotens (A)
Cafius xanthaloma (A)
Acritus lightfooti
Pachylopus sp. (A)

Cercyon maritimus (L)
Cercyon maritimus (A)
Colpomelopus basicornis (A)

Limata sp. (L)

MEIOFAUNA

Nematoaes
Oligochasetes
Harpacticoides
Turbellaria

”Others”

BACTERIA *

Mean for rods and cocci

dry mass (mg)

per individual

1

3,102
0,653
0,534
3,470
0,360
6,505
1,480
1,821
1,289
2,983

dry mass (ug)

per individual

0,12756

1,189
3,374
0,428
2,243
0,500

X

10-6
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AFDM (mg) per

individual

2,900
10,241
0,513
3, 364
0,205
6,270
1,361
1,505
1,000
2,700

AFDM (ug) per

individual

0,987
2,909
0,200
1,885
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