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ABSTRACT

=

The ecology of three sandy beaches on the west coasf of Soufh Africa is
examined in this thesis. The first chapter constitutes an introduction
to the subject and presents a brief review of studies carried out on
beaches 'in South Africa in order to place this thesis into its proper
context. In the second chapter, methods of sampling sandy-beach macro-
fauna (in particular sampling strategies) are briefly reviewed and
discussed. For this study it was decided to adopt a grid sampling

strategy, and the value of this strategy was tested.

In the third chapter the éedimenfological.characferisfics of the beach
were examined in considerable detail in order to determine whether
these différed between beaches, between zones and seasons on individual
beaches. I Characteristic differences were found for all the above

cateqories, and the reasons for these are discussed in detail,

Two zonation cLassfficaTory schemes for intertidal sandy-beach-fauna
have been proposed: that of Dahl (1953) and that of Salvat (1964).
The zonation of organisms on west coast beaches is described in
chapter 4, and the results obtained are discussed in the Light of the
above zonation schemes. Using cluster analysis, ordinafiqn and
information statistic techniques, Salvat's zonation scheme was found
to best describe the situation on the west coast, and its advantages

over Dahl's scheme are discussed.

Chapter 5 deals with the biomass and densities of macrofauna and
meiofauna on the three beaches studied and discusses these results in
relation to season and\resulfs obtained on beaches elsewhere. On a
very broad basis, it is fodnd that the results from west coast beaches
fall within the rahge of results obtained elsewhere, although they
'rank among the higher values. The results also show that mean
individual mass of organisms is related to beach exposure - the mean

mass increases with increasing exposure.



The respirafory metabolisms of the three dominant isopod species are
examined in chapter 6. Using multivariate analysis, the éffects of
mass, temperature and activity on respiratory rates were .determined

for each species, Analysis of the results showed that the activity
potential of each species differed, and this was correlated with

the deqgree of exposure of the zone inhabited by each species. Thus
the species living at the top of the shore showed a High activity
potential while that living at the bottom of the shore had the lowest
activity potential. The results and the reason for these differences
are discussed and related to-the differences in the conditions per-

taining in each species' environment,

Traditionally, sandy beaches are investigated by means of one or two
transects across the beach, and the results extrapolated to the
remainder of the beach. The results obtained in chapter 2 show that
there is considerable variation in biomass and density values along

the beach, but a special study of this was made in chapter 7. This
showed that all species in fact have an frregular distribution both
along and across the beach. . These distribution patches are géscribed
for all species on all three beaches in this chapter, In addition,
interspecific competition and predator-prey relationships were investi-
gated, to determine whether these had any influence on the distribu-

tions of the species concerned.

Animal-sediment reiafionships are investigated in chapter 8 and two
major types of relationship are described. The first or gross type
occurs where species are excluded from a beach due to unfavourable
grain size, or where the intertidal position of all the species is
affected by the sediment coarseness. The second type is where
species or size-classes within speciés select particular grades with-
in a particular intertidal zone. Animal-sediment relationships

are discussed for each species, although these were not detected in

all cases.

In chapter 9 the biogeography of the sandy beach genera occurring on



west coast beaches is investigated. It was found that genera
generally made up of intertidal species consisted of fewer species,
with generally larger distribution ranges, than genera that tended

to consist mainly of sub~tidal "species, Of the 15 genera investi-
gated in this chapter, almoéf all ‘had a greater percentage of speciés
occurring Trbpically fhan‘in temperate and arctic and antarctic
climatic zones. When these percentages were corrected for coastline
"length or oceanic area, however, the concentrations of species were
found to be highest in temperate zones, in all cases. The reasons
for these findings are discussed in the light of Bretsky and Lorenz's
(1970)‘fheory pertaining to genetic-~adaptive strategies and mass

~extinctions.

Finally, in chapter 10, the results of this thesis are synthesized
and placed into the context of existing knowledge on sandy beach
ecology. In addition, trends in sandy beach studies are discussed

and future fields of research outlined.
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CHAPTER 1

INTRODUCTION

The intertidal zone has long been of great interest to biologists for
it is in this region that the two principal Llife-supporting media (i.e.
the ferresfrial and -aquatic environments) meet, creating a complex
range of intermediate conditions. fn this zone, organisms that are
essentially harine have entered the terrestrial environment To-varying
dégrees, alfhodgh all either depend upon a regular reéubmergence by the
tides or depend on a localized environment created by the tidal cycle.
In a similar manner some ferrestrial organisms have entered the marine
environménf. "For certain marine groups, the inTerTidal_éone_has been
~a route for colonizing the terrestrial environment (Brusca, 1966;
Hurley, 1968). | | |

Because the intertidal zone encompassés a séf of conditions ranging from
almost permanent submergence to almost permament emergence, individual
groups of plants and animals have adapted to specific zones of exposure
within the intertidal area. The resulting zonation has been very well
documented on rocky shores (e.g. Stephenson and Stephenson, 1972) and
extensive studies have been undertaken on the morphological, physiblogi—
cal and behavioural adaptations of intertidal organisms (see NéweLL,

1976 and 1979_for recent reviews).

The intertidal zone of sandy beaches has been studied much less extensive-

ly for a number of reasons. Firstly the fauna is specially adapted to



burrow into the substrate, and is therefore usually invisible at

low tide, the time when it is most convenient for biologists to sample.
SecondLy, the beach fauna has less spectacular adaptations to survive
periods of emersién since the sand confers considerable protection

against heat and desiccation to intertidal organisms.

i Neverfhelesé, zonation classificatory systems for beaches have been pro-
posed (Dahl, 1952; Salvat, f964) and discussed (Pichon, 1967; Wifhers;
1977). In éddiiion,‘a considerable body of LIferaTure on beaches and

their fauna does exist, but these studies are only rarely as refined and

conclusive as similar studies undertaken on the rocky intertidal.

This does not mean that the study of sandy beaches is unnecessary, or
that it should be substituted by further studies on rock shores, On
" the contrary, a study of the ecology of sandy shores is of particular
interest since the habitats present a different set of conditions to

which the colonizing species have adapted in a variety of ways.

The South African west coast is.chiefly influenced by the cold-water
Benguela current which flows in a northerly direction parallel to the
coastline carrying cold water as far north as central Angola (Hart and
Currie, 1960). This current, consisting of both south Atlantic gyre
water and cold upwelled water, makes these waters "the coldest in all
Africa" (Brown and Jarman, 1978), This upwelling has resulted in one

 of the world's greatest fishing grounds.

BfogeographicaLLy, the west coast has been cléssified as cold-temperate
(Stephenson and Stephenson, 1972; Brown and Jarman, 1978) although
Ekman (1953) and Briggs (1974a)cdnsidered it to.be warm-temperate. For
the purposes of this study the west coast will be considered to consist

of the area lying between Cape Town and the Orange River (Fig. 1.1).

Some 80 to 90% of the shores in the area designated are sandy and rocky
headlands along this coastline are far and few between., The majority

- of the beaches are long and very exposed to wave action, the fetch of
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incoming waves being several hundred kilometers across the south At-
lantic (Shillington, 1978). Most of the beaches are backed by dunes
and are thus permanent features of the coastline, unlike some west
coast Cape Peninsula beaches which may be washed away completely

during the winter (Brown, 1971a),

As noted earlier, sandy beaches in Soufh‘Africa, as in the rest of

- the world, have received much less attention from biologists than

have rocky shores, This is in spite of the fact that soft shores
~dominate the South African coastline.  Summers et af. (1976) and
Underhill et af. (1980) estimate that of the 1829 kilometers of shore-
Line between the Olifants River mouth on the west coast and the Kei
"River mouth on the east coast, 48 percent consists of sandy beaches

and 20% of mixed sandy and rocky shores.

For the Natal coast, the only published reports are those of OLiff
et al., (1967,.1970) which give the results of a baseline study of
meiofaunal numbers and of the chemistry of interstitial beach water,
and Dye ef al. (1980) who carried out brief surveys of four Natal
beaches. Unfortunately much of OLiff's work remains unpublished.
The only reporf'on Transkeian beaches is that of Wooldridge et af.

(1980) in which three beaches are briefly suryeyed.

A considerable amount of work has been carried out.on south coast
beaches in recent years. This area, lying between the Kei River and
Cape Agulhas, has been particularly intensively studied in the
vicinify of Port Elizabeth by Dr A. MclLachlan and hIS'cb—workers.
McLachlan (1977a, b, c, d; 1978) and McLachlan and Furstenberg (1977)
| have carried out surveys on both macrofauna and meiofauna as prelim-
.ﬁinary studies. Migration of meiofauna and macrofauna is reported
by McLachlan et al. (1977) and (1979) respectively, while McLachlan
(1977e) has studied the effects of iron ore dust pollution on
‘beaches in Algoa Bay. In addition, McLachlan (1980a) reports on the

zonation of both macrofauna and meiofauna.



'iThe energefics of sandy beaches in the eastern Cape has been discussed
by McLachlan e af. (in press) and McLachlan (1981),  McLachlan
prdposes a partially closed cellular system whereby dissolved and
Tparficulafe organics from the surf zone provide the food for inter-
{idalgfauna.' Nutrients regenerated by the intertidal fauna wduld
then have sufficient residence times in the surf zone to cause 1-

| phyfoblankfon blooms, which would, in turn, be the food source of fhe-

intertidal fauha.

individual species studied include the white mussel - Donax serra of
which Hanekom (1975) has studied the general biology, Dye (1979a) fhe
respnrafory physuology and McLachlan and Hanekom (1979) the buology,
. ecology and seasonal fluctuations in biochemical composition. The
‘growfh and reproduction of Donax sordidus discussed in both Mc-
Lachlah (1979a) and MclLachlan and Van der Horst (1979). The latter
_papeF-aLSo deals with growth and reproducfuon of the whelk Bullia
. nhodOAtoma, wHile MclLachlan, Cooper and van der Horst (1979 discuss fhe
~grow+h and producflon of that species. Dye and McGwynne (1980)
discuss the effects of temperature and season on the respiratory rates
of B. ahodOAtoﬁa,fB. digitalié and B. puta, while Dye (1980a) reports
on the respifafory physiology of the mysid Gastrosaccus Pbammodyteé
“and Wooldridge (1981) has carried out an exhaustive study of the popu-
Lafioh:sfrucfure'and dynamics of this species, McLachLan.(1980b)
refers to the occurrence-of Oeypode in this region.- Dye (1979b) has

E also esflmafed fhe distribution and abundance of profozoa on two

beaches, and +|daL variations in biological oxygen demand (Dye, 1980b),
while McLachLan, Wooldridge, Schramm and Kunh (1980) make estimates of
_fhe shore birds of the easfern Cape, and the impact their feeding has

on the macrofauna

FinaLLy; on a more physical basis, MclLachlan, Dye and Van der Ryst

(1979) investigated vertical gradients in the fauna and oxidation in
- two beéches,‘McLachlan (1979b) has calculated the quantities of sea
water filtered through local beaches and Mclachlan (19800)‘proposes

an exposure rating system for beaches.



The'§oufh,¢basf—wesf coast overlap area lying between Cape Agulhas and
Kommétjje on the Cape Penfnsula (Brown and Jarman, 1978) has been
invegfigafed at Mufzenberg and around the Cape Peninsula (Brown, 1964,
1971a; Brown and Jarman, 1978) while Boland (1974) worked on the

macrofauna at Kommetjie. Winterbottom (1967) sampled from the surf

- - zone at Muizenberg, while Brown (1971b, 1973), Brown and Talbot (1972),

Kensley (1972, 1974). and Muir (1977) have examined several of the more

~important species inhabiting these beaches.

Brown (1971b) reviewé the considerable amount of work carried out on
the prosobranch:whelk Bullia to that date.. Subéequenf studies
:incLude Brown and Currie (1973), Brown et af. (1974), Banks (1975)

. and Cufhberg et al. (1976a, b) all of which investigate The effects of
variéus po[LuTanfs on the snail. Brown (1978, 1979a, b), Brown and

, Da Sllva (1978) and Brown et al. (1978) examine various aspects of

- oxygen consumption in B. digitalis and B. melanoides. In addition,

J.NeweLl;and Brown (1977) describe the structure of the whelk's '
GSbhradiUm,_whiLe Trueman and Brown (1976) analyse Buffia's locomotion.
Most recently, Brown (in press) reviews existing knowledge on the

biology of this genus.

Brdwn and Talbot (1972)vhave made a study of the psammophilous mysid
Gastrosaccus psammodytes and the oniscoid isopods Tylos granufatus and
T. capensis héve had aspects of their biology, ecology and behaviour
studied by Kensley (1972; 1974). More recently, Marsh and Branch (1979)
~found harked ciccadfah and circatidal rhythms of oxygen consumption in
T. gaahulatuA. _In addition Muir (1977) has calculated the energy
‘budget of the supralittoral amphipod Talorchestia capensis, while
Sfehioﬁ—DoZeY.and Griffiths (1980) and Griffiths and Stenton-Dozey
(in‘préss) have investigated the biology of the kelp fly Fucellia
,_capenAAA, and |fs role in the degradation of kelp stranded on sandy

.beaches

- qulufion studies on the beaches of the Peninsula include a survey of
Camps Bay beach by Eagle et af. (1977) while King (1974) investigated



the effects of oil pollution on Talorchestia following reports of mass
mortalities in this genué associated with oil on beaches (Stander, -
1968), On the physical side, Colvin (1969) measured the oxygen con-
tent of the interstitial waters of some of these beaches, In addition
Orren et al. (in press) and Fricke et al. (submitted for publication)
have examined the physical conditions and meiofauna on ten beaches on
the Peninsula and the south and west coasts. Finally Koop et af. (in
préss)‘and Koop and Griffiths (in prep.) have investigated the role of
bacteria in the degradation of kelp in a sandy beach microcosm and the

relative significance of macro-, meio~ and microfauna on Noordhoek beach.

Thﬁs fhe'beééhés of the Cape Peninsula have been émong the most

intensively studied in South Africa.

Along the west coésf; as defined above, detailed studies have been
carried out: at Saldanha Bay and Langebaan Lagoon where ‘the effects of
varying'degfees of exposure on the compdsifion of beach faunas can be
observed (Day, 1959; Carr, 1976). The beaches at Langebaan Lagoon |
were found to shbw'many estuarine characteristics despite the absence
of a salinity gradient (Day; 1959).  Thus much of the work on South
African estuaries (e;g.‘Day, 1967a; Mclachlan and Grihdtey, 1974; Dye
and Furs+enberg, 1978; -Dye et al., 1978; Dye, 1978a, b, c; and see
.Day, 1981, for review) has considerable relevance to shelféred or
Low-energy beaches. This type of beach is, however, relatively

" uncommon along the South African Littoral.

The only published studies of a west coast sandy beach species-are
vThose of De Villiers (1975a, b) which reports on the reproducfion;
distribution, growth and population dynamics of the mussel Donax
serta with a view tfo confrot[ing the commercial exploitation of that
species, and'Hédgson, in press, who has investigated autotomy and

regeneration of siphons in that species,

~Currie and Cook (1975) carried out baseline surveys including an

intertidal sand beach on the future site of the Koeberg nuclear power



station, just to the north of Melkbosstrand. Cuthbert et af. (1976b)
investigated cadmiﬁm concentration levels in Bullia collected from
Melkbosstrand, while Van As el af. (1975) looked at trace element
cohcénfrafions‘in a variety of animals including Donax. Finally,
Brown (1958) has reported on the results of a brief survey of the
macrofauna of a beach at the mouth of the Orange River. Apart from
These'few érficles, no other work has been published on the ecology

or fauna of beaches on the west coast.

In South Africa, biomass studies on a seasonal basis have been carried
out for meiofauna by McLachlan (1977¢) and for Donax serwua, D. sorndidus,
Bullia rhodostoma and Gastrosaceus psammodytes (McLachlan and Hanekom,
1979; MclLachlan, 1979a;  McLachlan, Cooper and Van der Horst, 1979;
Wooldridge, 1981, respectively).

fhé above reviews the present state of biological knowledge concerning

South Africa's sandy beaches. It also shows that there remains much

to be examined and learnt about the ecology and biology of these

beaches and their fauna. Apart from the paucify of published data on
fhé beaches on the Natal and west coasts, there is a lack of informa-

| fioh,on the energetics of such beaches. Many aspects remain to be

~ investigated. These include the relationship between the sediment-
ology of beaches and their constituent fauna, the energetic require-

| ments of the fauna, variations in its biomass and turnover and its

geographic distribution.

The answers to these questions will lead to a better understanding of

: .fhe_sorf of environment beaches present to their infauna, and how

that fauna adapts to this environment,

ALl the above studies, however, were carried out on the relatively
warmer south coast, and this thesis represents the first such study

for the colder west coast. tn this thesis, a number of aspects of
sandy beach ecology are examined. Since one of the major difficulties

in the study of  sandy béaches has been the absence of a truly



representative sampling method, various methods are first discussed
and a grid sampling technique is proposed. Most of the resulfs.in(_

this thesis were obtained from sampling grids.

The sedimentology Qf the beaches was examined in detail on a seasdnal

baéis, in order to Qb+ain quantitative descriptions of the beach

sediments. The_zohafion of macrofauna on the beaches is discussed

next, and various'proposed sandy beach zonation schemes are compared.
The zonation proposed by Salvat (1964) is shown to be the most

acceptable suggested to date.

From organfsms collected seasonally from the above mentioned sampling
grids; numbers, biomasses and calorific values were obtained. From
this dafé, mean annual values of the species involved were calculated,
in addifioh, an analysis of the patchiness of macrofauna in the

intertidal zone is included.

Respiromeffy has Beeh carried out on the three main isopod species
found on west coast beaches and the effects of size, +emperafufe and
activity, together with an activity budget, are presented. These
'résulfs are presénfed as response surfaces and described by equations.
From these resulfs and from seasonal bfomass and number data,

population respirations for the species have been obtained.

The biogeographic and zonational distributions of macrofaunal species
are also examined, with a view to placing the above findings into con-
text. Faéfors that might Limit these distributions are also
examined.  The numbers and vertical distribution of meiofauna on
wesf—éoasf-beaches was also investigated for the first time. Meio- ,
faunal data was collected chiefly for purposes of comparison both with
the macrofaunal data and with other beaches, especially the South

African ones investigated by McLachlan (see above).

-Finatly, the findings of this study are synthesized and presented to-

“gether with recent ideas and concepts on the ecology of sandy beaches.
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CHAPTER 2

-~ SAMPLING METHODS

fntroduction

Theré‘afe Limitations to any sampling method used on sandy beaches.
‘Thevchief of these is that the macrofauna (and meiofauna) cannot be
seen during low tide - which also happens to be the only time that it
‘is pracficable‘+o collect from the -intertidal zoné. This applies

particularly to exposed or high-energy beaches.

It is fherefofe impossible to locate concenfrafiohs of animals without
first digging out many small sand samples and sieving out the animals
| from :them, Since the distribution of sand-beach fauna is notoriously
.patchy (e.g. Hayes, 1977; Gerlach, 1977; Moran, 1972; Pichon, 1967;
Ansell et al., 1972), to carry out the above procedure would be
excessively time-consuming for the Limited time that is available for
sampling. ' . ‘ |
The vast majority of workers have therefore sampled along a transect,
often taking several-keplicafes in order to correct for any patchiness
(e.g. Penchaszadeh, 1971; Achufhankufty,‘1976;' Trevallion et ak.,

. 1970; Dexter, 1972, 1974, 1976, 1979; Rees, 1939; De Villiers,
1975b}.'PLaff, 1977; Gauld and Buchanan, 1956; Fincham, 1971, 1974,
1977; Pichon, 1967; Mcintyre and Eleftheriou, 1968; Southward, 1953;

Wood, 1968; McLusky et af., 1975; and Dwivedi et af., 1973).



11

Because of the heavy'labodf ihvolved, single transects are usually
taken, except where ifiappears Likely that the beach fauna will

differ along the beach, as, for example, on beaches in small bays (e.g.
. Wood, 1968; :Fincham, 1971; Mcintyre and Eleftheriou, ]968).

In this study, however, long and uniform beaches were chosen deliberate-
ly, in order to reduce the number of variables that might influence

macrofaunal distribution and biomass.

The dhly“long—shore studies of intertidal macrofauna are those of
Dauer and Simon (1975), Moueza and Chessel (1976) and Moran (1972).
- Dauer and Simon (1975), however, draw their conclusions on the along-
‘shore distribution of Polychaete worms from three transects
irregularly spaced along the shore, Moueza and Chessel (1976)
studied the aléng—shore distribution of a single species - the
bivalve Donax trunculus. From data collected from a large number of
sfafioﬁs, they were able to show considerable variation in the biomass
~of that Specieé along the beach. Moran (1972) inves}igafed’fhe
microdistribution of the mysid Gastrosaccus mediterraneus across and
along a small section of beach on the Mediterranean coast of |Israel.
_ Finally, Corey (1970) employed a grid sysfem on an ifreguLarly—
shaped pockeT beach (Kames Bay, Scotland) in order to determine the

intertidal distribution of the cumacean = Cumopsis goodsind,

" The Sampling Grid

In order to sample 5uccessfutly from all tidal levels while‘accounfing
for patchiness in faunal distribution along the beach, it was there-

fore necessary to combine the two strategies and sample from a grid.

- The size and shape of this grid was dictated by a number of considera-
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tions.. It was considered essential to carry out all the collecting
during one period of low tide, since the density of animals at any
one point may not be fixed. If, therefore, sampling were under-
taken over TWQ consecutive periods of low tide, it is conceivable
that two different populations might be sampled. Or ifvfhere were
- two populations within the grid area, the same population might be

samp[ed fwice, Either possibility would produce erroneous results.

The heceésify to sample during a single low tide restricted the
number of samples that could be taken and eventually a grid of six-
teen sampling points was decided upon. It was just possible for .
two WOrkers to samble from this grid during one period of low tfide,
" while three or four people could accomplish the sampling programme

comfortably within three to four hours,

Eéch‘sample comprised a fairly large area 50 x 50 cm) so that
replicates would not bé necessary. Although many workers have been
content to sample from the top 10 to 20 cm of sand (e.g. Stephen,
1929; Eleftheriou and Jones, 1976; WEThérs{ 1977; Trevallion et ak.,
1970; .Jones, 1974; Ansell et al., 1972; Schuster-Diedrichs, 1956;
- Seed and Lowry, 1973 and many others), a few (e.g. Dexter, 1969,
1974; Vohra, 11971) have limited sampling tfo the top 5 centimeters
of sand, In this study, it was decided to sample to a depth of

35 cm, since some species burrow to a considerable depth at low tide,
The giant isopod Tyfos granulatus would have been missed completely
had sampling not been carried out to this depth, thereby seriously '

affecting the biomass values.

Thus one sampling session involved the Siffing of a total of 1,40 m?
of sand from various parts of the beach through 1 mm mesh sieves, and
the removal of all the macrofauna therein., The area of beach-

~sampled was 4,0_m’.

In order to test the validity of the grid method as opposed to the

replicafe'method, on one occasion at each beach three replicates of



the above sizekwere collected at each grid‘poinf._ The results
obtained indicate fhéf fhe variation between grid points for any
particular tidal level is greater than the variation of the replicates
at any grid point (Figs 2.1a,b,c). The main exception is in the
uppermost zone (the zone of drying), where there is considérabte

variability due to random distributions combined with low numbers.

The. sampling grid consists of four transects of four sampling points
each along the beach (Fig. 2.2). The positions of the stations in
the various tidal levels were so chosen as to fit into Salvat (1964)
“and Pollock and Hummon's (1971) four zones of drying sand, retention,
| resufgence and saturation (see chapter 4). | The positions of these
zones can be determined by eye in the field with relative ease,
although mistakes were occasionally made at the beginning of the

study.

‘Alfhough Ansell (1972), Kay and Knights (1975), Myren and Pella (1977),
Warwick and Price (1975) and Hibbert (1977) have all used grid
'sahpling techniques of variations thereof, all These.sfudies héve

been either of subtidal regfons or of mudflats, Other than Moran's
(1972) study of the microdistribution of G. mediterraneus mentioned
above5'jhi$ study is the first using the grid sampling method on an

intertidal sandy beach.

The results obtained from the present sfudy'show that macrofaunal
distributional patches can be quite large in view of the size of the
samples taken and the similarity of the replicates. Moran (1972)
found Gastrosaccus mediferraneus to occur in patches measuring

" between a few meters and several tens of meters in width, as was

~ found for G. psammodytes by Brown and.Talbot (1972). Pichon (1967)
notes that Donax elfegans occurs in lens-shaped patches of between
three and five meters in diameter. A grid sampling system fs:
therefore supefior to the traditional transect method provided that
it is spread over a sufficiently large area, It is simpler to use

, +hanvfhe stratified systematic sampling advocated by Scherba and



Similarity (%)

Similarity (%)

14

MELKBOSSTRAND

100

80 1

601

40 1

201

" ZONE OF DRYING : ZONE OF RETENTION

100

80 1

60 1

40 |

201

~~ ZONE OF RESURGENCE ZONE [OF SATURATION

Figure 2.la ' Dendrograms showing similarity between samples taken within

' ’ the four intertidal zones at Melkbosstrand. Identical
numbers (e.g. 4, 4, 4) represent replicate samples taken
within that zone..




ROCHERPAN

100

L]
804
_. 60] l
o . . ,
>
i)
g ] |
H 40
-
-~
E
-
7]
201
ZONE OFVDRYING ZONE OF RETENTION
0
100 4 44 2 2 2 3 3 3 1 1 1 4 4 4 3 2 2 3 2 3.1 1

(=)
(]

Similarity (%)
>
Q

N
. O

ZONE OF RESURGENCE : ZONE OF SATURATION

08 -

Figure 2.1b Similarity dendrograms for Rocherpan



16

YSTERFONTEIN

4 4 4 3 3.2 3 2 1 1 1 2 4 3 2.3 1 4 4 2 1 2 3

100 : : [__J | l ! F ]
g ’ 1 '
80 +
]
60 4
2 l
>
4+
T 401 )
o
3 i
E B
o]
O]
20 1
ZONE OF DRYING - ' o ZONE OF RETENTION
o :
4 4 4 2 3 -3 2 3 2 1 1 1 4 3 4 4 2 2 2 3 '3 1 1

100 | o T . , [J

[2))
o
A

Similarity (%)
-3
o

201 L

ZONE OF RESURGENCE ' ZONE OF SATURATION

ﬁigure 2.1c Similarity dendrograms for Ysterfontein



17

NOILYHYNLYS JO 3INOZ
: mozwwmammm 30 3NOZ
NOILNILIY 40 INOZ

seevee s e

ONIANG 30 aNOZ




18

Gallucciv(1976). | Although not necessarily preferable, it is ‘
probably also easier fo use than stratified random sampling, where

the correct positioning of the strata boundaries is fmporfanf.

Locéfing the grid points within Salvat's four zones ensures that
’inférfidaLly'zoned animals are always sampled. The other alternative
would be to émploy fixed gridvpoinfs. The zonational positions of
these, however, are likely to vary depending on wave, weather and
tidal conditions, as well as on seasonal changes in beach profiles,
Since the majority.of-fhe intertidal fauna is mobile,'if can be
expected that species will select their zonational levels according

to prevailing conditions,

- Many species have been found to do just that (e.g.‘LQesch, 1957;
 Brown, 1961; Pichon, 1967; Wade, 1967; Ansell and Trevallion, 1969;
Enrighf,ﬁﬁ963; Fish, 1970; Fish and Fish, 1972; Klapow, 1972a;
Alheit and Naylor, 1976 and MclLachlan, Wooldridge and Van der'Horsf,
1979), often ué]ng highly complex endogenous rhythms (Klapow, 1972b),
'This suggests that These species are selecting parficdlar environ?
mental conditions. As will be shéwnAin chapter 3 (Sedimentology),
 +he énvironmenf determines sediment particle size distributions as
~well, and therefore the grid system of sampling is equally suitable

for the collection of sediment and meiofauna samples.
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- CHAPTER 3

SEDIMENTOLOGY

Introduction

In physical terms, a beach can be defined as "the zone of unconsolidated
sediment that exfends from the uppermost Limit of wave action to the Llow-
tide mark" (Davis, 1979, p.238). In any study of sandy beaches, it is

: desirablé, therefore, to investigate the physical and chemical properties
of the beach sediments.. - Examination of these properties in the case

of ecblogical studies gives indications as’ to the environment experienced
by the infauna of the beach, and addifionally, the physical properties

themselves can determine the nature of the fauna colonizing the beach,

Fine—grained beéﬁhés are deposited by relatively low-energy currents,
which means that a relatively higher proportion of organic detritus
canVSeffle out, Small sand grains provide greater surface areés for
colonization by bacteria (Meadows and Anderson, 1966; 1968) and thus

the organic content of sand (i.e. organic detritus plus bacteria) from
fine-grained beaches is genérally higher than that of coarser-grained
ones. Fine beaches are usually more gently sloping than coafse—'
grained beaches (Bascom, 1951) and thus offer wider intertidal areas for
colonization by macrofauna. Large populations of Species can therefore

" establish themselves in the various intertidal zones.

During low tide, fine-grained beaches drain slowly, thus imposing
Little desiccation stress to intertidal macrofauna, The depth of the
black anoxic layers in Low-energy beaches decreases with decreasing
drainage.abilify of the sand (Webb, 1958) and oxygen levels are
‘appreciably higher in well-drained coarse-grained beaches that in finer
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grained beaches where porosity is lower (Colvin, 1969).

Macroféunat animals on fine-grained beaches also need to expend less
energy in ﬁéinfaining position (owing to relatively slower currents)
and burrowing into the sand is considerably easier than on coarse-

grained beaches,

Coarse—-grained beaches.arevdeposifed'in relatively high-energy environ-
ments ahd have é relatively lower organic content.- The area available
for coLonizafion by macrofauna is also smaller, because the beach is
'sfeepér,‘and maintaining correct zonation on the consequently narrower
beach becomes more critical.  These beaches drain rapidly at low tide,
producing greater deéiccafion stress to animals in the upper intertidal
zone, | On the ofher hand, because there is greater water movement on
'These beaches, greater amounts of both oxygenafed water and air circulate
Through the sand and the beaches themselves are weLL—oxygenafed as a

consequence.,
Thus a study of the sediments of a beach_can reveal a number of features,

1.~ The calcium carbonate content of the sand reflects the sediment's
derivation - whether it is partly or mostly composed of bioclastic

sediment (e.g. derived from moLLﬁscan shells or other skeletal carbon-

ates) or whether it consists mainly of ferrlgeneous sediments such as

quartz and felspar (Davns, 1979).

2. The grain size variation of the sand can be analysed and a number
- of its aspects are reflections of the material that is available
to build the beach and the energy that maintains the beach.

- a) The mean grain size gives the degree of fineness or coarseness
of the beach. : This is in part a function of the aspect of
:The beach and of the water currents that bear sediments to the
beach, either in suspension or as bed-load (Komar, 1978)
and deposit them there (Davis, 1979). |
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b) The degree of sorting gives the size range of the sand grains
forming the beach. A poorly sorted beach (one with a large
range of grain éizes and a high sorting value) would suggest
that a wide range of depositional conditions occur there, or
that a mixture of sediments of different origin is present in
the sample. A well-sorted beach, on the other hand, would
jmpLy more constant depositional conditions, or that the beach

is built up of previously well-sorted sediments.

c) Skewness measures deparfureé from log-normal (Gaussian)
distributions, Strongly skewed curves may indicate the

presence of one or more additional sediment types in the sample.

d) Measures of kurtosis indicate the degree of peakedness of a »
normal curve, Leptokurtic distributions (i.e. those with a
very narrow or pointed peak) may be composed of two normal
distributions with the same mean but different variances, while

, plafykﬁkfic curves (with a wide or flattened peak) might be
composed of two normal grain size distributions with similar

variances but different means (Zar, 1974).

3. The beach slope for beaches of any given mean grain size depends on
fhé energy reaching it. Thus beaches that are protected are

‘steeper for any particular mean grain size than exposed ones (Bascom,

1951); The beach sLope can therefore act as a useful indicator of

exposure provided‘fhaf the mean grain size is known,

The above characters can therefore serve to describe a beach, and thus

the envi(onmenf in which sandy beach macrofauna Live,
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Maferialé and Methods -

Sand samples,fo a depth of 20 cm were collected during low spring tide
from each'sampling’poihf in the sampling grid described in chapter 2
aneLkbosSfrand,sterfonfein and Rocherpan. This procedure was
repeated on each collecting trip so that a record. of sediménf changes
could be obtained simultaneously with the biological samples. Sand
samplestwere fraﬁsporfed to the laboratory and stored in labelled

plastic bags.
Each sample'was processed as follows:

1. The saﬁp[e was mixed and split using a sand splitter, down to a
. volume of appféximafely 50 ml. This sand was then placed in
dialyéis tubing and képf in running water for 2 to 3 days in order to
remove>sal+s. g Affer diaLysis'fhe sand was dried in a drying ern at
60°C for4+WO'days,'and then further split to a volume of about 5 ml.

2; .rHaLf of this volume was placed in a predried crucible and weighed
before being.pLaced in a muffle furnace for 3 hours at 450°C

{not highef' to avoid decomposition of calcium carbonate). After

cooling, the samples. were reweighed to determine the amount of organic

carbon lost by incineration,

3. Hydroéh[oric acid was then added to the muffled sand to dissolve
the calcium carbonate.  After washing and drying, the sample was

‘again weighed to determine the decline in mass.

4. The other half of the‘sand sample was dropped down a settling
column for particle size analysis., The design and operating
procedure of this column are described by Flemming (1977)., After pro-

cessing data obtained from a cumulative settling curve with a psi-

transformation computer program, the following parameters were obtained:
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Deci les

Mean particle size of sample
Median particle size of sample
Sorting of sample -
- Skewness

Kurtosis

lh addition a sizlerequency histogram of 0,1 phi intervals and a
cumulative curve on a log-normal scale are plotted by the program. The
laffer'permifs fhe_differentiafion of a sample into cdmponenf normal .
distributions (Cassie, 1954; Harding, 1949). '

The settling column was chosen for particle-size determination in
preference to the more traditional sieving method for a number of
reasons. Firéfly; considerably more information could be extracted
from data obtained from the settling column in a relatively short time,

and these could be obtained from small sand samples.

Secondly, the results obtained are more precise, owing to the higher
resolution of the method.  Thirdly, it was felt that settling column
data would be more meaningful to this study, than data obtained by
sieving methods since, in sieving sediment samples, irregularly-

shéped particles .retained by a sieve of a particular mesh-size are
assumed to be‘eqUivalenf to spheres of a diameter greater than that
mesh-size.. Thus a plastic disc and a glass marble of the same diameter
would be placed in the same category. Similarly a branched spicule .
and a spherical bead of the same overall diameter would be classed
together. In both these examples however, the hydraulic properties
"of‘fhe two are very-different indeed. - In order to make sieved particle
size results hydraulically meaningful it would be necessary to

describe the sediment further with such parameters as specific gravity,
spheriéity,‘shépe etc. all of which would involve making>complicafed

and often vague approximations.

The hydraulic particle size or 'settling size' (Flemming, 1977) is
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much more relevant in characterising marine or even aeolian sediments.,
Dropping'sédiménfs down a water column immediafély separates out the
samples acchdihg.To their Reynolds number which is a function of the
densiff of the Qarfiéle, the diameter of that parTicLe,‘The velocity

at which it travels through the water column and the viscosity of

”Thé water, It is these characteristics which determine the deposition

~ of sedimenfslin‘fhe,nafuyal environment,

- Thus ih'Trying_fo_charécferizé marine sediments, it is more meaningful
To'employ settling size rather than directly measured particle size.v
As far as macrofauna<is concerned, many species burrow by setting up.

a current ofvwaier which displaces The-sand particles and enables the
orgéhism to penetrate the substrate (e.g.'Brdwn and Talbot, 1972;
Watkin, 1940) and for these species, seftling size has the greater

‘ relevance. - For species which burrow by physically displacing sand
parficleé by. applying mechénical force, there is no particular advanfage 
in either method of obfaining particle sizé, since this data must be
supplemented with particle shapes, packing characferiéfics, thixotropy,
dilatancy etc, which it was not possible to determine in this study.

Beach slopes were measured using an Abni Llevel for determining angles
of depression and elevation, and a tape-measure for.measurihg hori-
zon?al_diéfances. Kndwing the angle of depression and the distance
across the surfacé of the beach between two points, the elevation can

‘bevcalculafed_using the formula:

sin@ X distance between points = elevation

where 6 is-fhe angle of depression or elevation,

This mefhod is considerably quicker and simp[er in the field than v
' 1ha17advocated by Day (1974) in that it does not require a horizon for

sighting againsf, and can be undertaken singlehandedly.
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. Results

Distinguishing between the beaches

A visual inspection of the three beaches indicates that those at Melk-
bos ‘and Ysterfontein are composed of fine sand and that at Rocherpan
of medium grain sand Detailed analyses (Appendix 1), however, show

both seasonal and.positional differences within each beach.

Plots of percentage organic carbon versus percentage calcium carbonate
show three distinct groupings which seldom overLab (Fig. 3.1).  The
sands from the beach at Rocherpan show the lowest proportions of both
organic carbon and calcium carbonate, followed by sands from Melkbos- -
.'sfrandvand Ysterfontein. The relationship between these two para-

: mefers'is_lineaf; with an average correlation coefficient of 0,95.

The ranges of percentage organic carbon and percentage calcium carbon-
~ ate for samples from each beach are listed in Table 3.1, From this
it .can be seen that sands from the three beaches are separated easily

on the basis of these two parameters.

‘Beaches - Range of % organic C Range of % CaCO3
Rocherpan 0,08 - 0,42 - 1 - 17
Melkbosstrand 0,24 - 0,87 21 - 38
Ysterfontein 0,40 - 1,30 30 - 59
Tablé 3.1: Ranges of‘percenfages of organic carbon and calcium carbon-

ate for the three beaches.

{

The size ranges .covered by the deciles of each sample were plotted,
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Figure 3.1
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giving some indication of sorting (the greater the range the poorer
the sorting). Plotting all the sand samples resolved them into the
same groups as the visual inspection had. There was Little overlap

in the decile ranges between these two groups.

A plot of median grain size versus sorting (the standard deviation of
phi values) yields similar results to the decile plot, although

‘ occasfonally the two fine-grained beaches separate out (Fig. 3.2).

This is due to both differences in median grain size and differences
in sorting. In general, however, the sorting of the three beaches

is similar and it is the hedian grain size parameter that distinguishes

the coarse beach from the two fine ones.

’Mason'ahd Folk (1958) ploffed-skewness (the asymmefry of a normal curve)
against kurtosis (-the degree of peakedness of ‘a normal curve) to
distinguish between beach and dune sands. However these two para-
meters are of no use whatsoever in distinguishing between the sands

from the three beaches (Fig. 3.3).

Mean. and median grain size measures are usually fairly similar in
value for ahy one sample. ‘Bofh are measured on the phi scale |
(Table 3.2). Whereas the mean gives the average grain size of the
sample, the median gives the middle measurement of a cumulative curve
of percenfages of grain sizes, and is always equal o The 5th decile
or 50th percentile. If the mean is greater than the median, then

the distribution curve is positively skewed, but if it is less, the
curve is negatively skewed, assuming a normal distribution (Zar, 1974).
Plotting mean against skewness can therefore give some idea of the
coarseness or fineness of a sample, and how it conforms to a normal

distribution.

When mean and skewness of samples from the three beaches are plotted
against each other (Fig, 3.4), it can be seen that the main differ-

entiating factor is the mean sand grain diameter. This always
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TABLE 3.2: Conversion from phi to millimeters (After Page, 1955)

Diamefer Diameter Sand .Diame+er Diameter Sand

| (phi) (mm) Size class (phi) (mm) Size class
1,00  2,0000 v 1,00 0,5000 _ Coarse _
-0, 90 1,8861 E 1,10 0,4665 |
-0,80 1,7411 R 1,20 0,4353 M
0,70  1,6245 Y 1,30 0,4061 E
0,60 1,5157 1,40 0,3789 D
0,50  1,4142 C. 1,50 0,3536 1
-0,40  .1,3195 0 1,60 0,3299 u
-0,30 11,2311 A 1,76 0,3078 M
0,20 1,1487 R 1,80 0,2872

-0, 10 1,0718 S 1,90 0,2679

0,00 1,0000 E 2,00 0,2500

0,10 0,9330 2,10 0,2333

0,20 0,8705 C 2,20 10,2176

0,30 0,8123 0 2,30 0,2031

0,40 0,7579 - A 2,40 0, 1895 F

0,50  0,7071 R 2,50 0,1765 1

0,60 0,6598 S 2,60 - 0,1649 N

0,70 0,6156 E 2,70 0,1539 E

0,80 0,5743 2,80 0,1436

0,90 0,5359 2,90 0, 1340

0,1250
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Figure 3.4
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separates the medium-sized Rocherpan grains from the finer Melkbos-
strand and Ysterfontein sands, and occasionally also separates the
sands from the latter two beaches (Fig. 3.4e, f). Skewness values
usually do_nofnseparafe the sands into their beaches of origin, and

are therefore of no value for fhis purpose.

Plots of sorting against skewness (Fig. 3.5) show that in general the

samples from Rocherpan are slightly more poorly sorted than those from
Thevofhér two beaches; There‘is, nevertheless, considerable overlap

between all three beaches and it is therefore not possible to use

this method to defermtne the beach of origin of any single sample

Plotting the differences between the 90th and 10th percentiles, 99th
and 1st percentiles and last and first regisfers (i.e., coarsest and
finest sand grains) against sorting all failed to resolve the sands
into their beaches of origin. The above measures are essentially
similar to sorfing,_buf cover different Spectra of grain size

distribution.

In_summary it can be said that of the parameters measured (percenfage
- organic carbon, percentage calcium carbonate, deciles, median '
diameter, mean diameter, sorting, skewness, kurtosis, difference
between 90th and 10th percentiles, difference between 99th and 1st
percentiles and difference between coarsest and finest particles) only
the first two were of any use in consistently distinguishing between

sands from all three beaches.

Figure 3.6 shows the slopes of the three beaches.. The beach at
'Rocherpan is distinctly the steepest one. The two finer beaches are
less steep, the one at Melkbosstrand often being wider and with a
gentler gradient fhaf-fhaf at Ysterfontein. The profiles of all
three beaches were usually concave with the exception of the Rocherpan
beach which was occasionally convex between the high—wafer spring and

high-water neap tide marks.
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Distinguishing between sands within the beaches

Every sand sample poésesses an uanue combination of characteristics,
so there is never ény diffiéulfy in distinguishing between individual
samples. The purpose of this section is to determine whether sand
collected from various intertidal zones differs in any consistent

manner.

In order to determine this, the samples were agéin tested by plotting
various.combinations of parameters against each other, but this time

~ the tidal level of origin was also noted.

Plofffné fhe percentage drganic carbon against percentage calcium
 ¢arb6nafe shoWs that there is considerable overlép between sands from
vérfous intertidal Llevels (Fig. 3.7a). = Nevertheless, a certain amount
of segregation does occur, in that sands from lower tidal levels show
both higher caLcium carbonafé and organic carbon levels than those from
‘fhe upper infer{idal (Fig. 3.7b).

A plot.ofvmeanbgrain size against skewness does not show any distinct
‘trends for sands from different tidal levels. But if samples are
sorted into their beaches of.origin as well, it can be seen that in
general sand samples from the upper beach are more positively skewed

than those from the lower tidal levels. This agrees with the findings
of Mason and Folk (1958) and Shepard and Young (1961), but the
differences are too slight to permit reliable differentiation (Fig. 3.8).
The mean grain size also does not vary consistently or markedly with
tidal Llevel (Fig. 3.8b)'alfhough it can be seen from this figure that

the sandsvfrom Ysterfontein are slightly finer than those from Melk-

bosstrand.

The median grain size does not véry consisfenfly with tidal level
‘either, but in plots of median grain size against sorting (Fig. 3.9)

and sorting against skewness (Fig. 3.10), the sorting of sediments from
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the lower tidal zones is shoWn_fo be poorer. Finally, sands from the
high-water mark show the widest range of kurtosis values, and this

range decreases down towards the low-water mark (Fig. 3.11).

Seasonal variations.

Table 3.3 shows the results of seasonal variations in the measured
paramefefs_fdr the whole beach. ALl of these, with the exception
of the median grain size, are plotted in Figures 3.12 - 3.17.

Slight seasonal trends can be detected and these will be discussed

Later.

Figures 3.18 to 3.24 show these seasonal‘variafions broken down to
incLudé tidal Llevels of origin. Figure 3.18 shows that there is a
consistent seasonal variation in the median sand grain size, as also
occurs with the mean grain size (Fig. 3.19). in both cases there is
a distinct coarseaing of'fhé beach in winter, The seasonal plots of
sorting (Fig. 3.20) again show that usually sands from the Llower
intertidal are less.well sorted than those - from the upper intertidal.
The sorting value tends to increase in winter. The skewness plots
'(Fig. 3.21) also show that sands from the lower intertidal tend to

be more negatively skewed than those from the top of the beach. The
séasonal variations in skewness are considerable, hoWever, and do not

vary consistently.

Kurtosis values (Fig. 3.22) for the three beaches also vary consider-
~ably. There does not seem to be any definite pattern to the
seasonal variations of this parameter. The plots for percentage
organic carbon and percentage calcium carbonate again reflect each
other closely (Figs. 3.23 and 3.24 respectively). Again, samples
from the lower beach are shown to have higher proportions of both

organic carbon and calcium cafbonafe, almost throughout the year.
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o

- The results of regression analyses between various characteristics
are listed in Table 3.4.

TABLE 3.4

Regression analyses between various related parameters

Parameters compared

Regressidn Slope

< y r2 Y =3 * 3y X
% Organic C % CaC0; 0,9951. - -6,79 + 63,49x
% drganic C  Mean diameter 0,8463 = 1,405 + 1,30x
4 Qrganic C.  Median diameter 0,7347 -0,97 + 3,76x.
% CaCOy Mean diameter 10,8933 = 1,53 + 0,02x
% CaCO, Median diameter 0,8772 = 1,55 + 0,02x
Sorfihg ‘.'fMean diameter .0,9989 = 5,57 + -11,269x
Sorting Medién diameter 0,9999 = 0,51 + -0,09x
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Man-made sediments
i _

Since a fairly Largeinumber of plastic pellets or beads are found on the
beach occasionally, bspecially near the drift-line, it was decided to
identify these uSihgifhe flame and smell tests of Carpenter (1976).
The results of these tests showed 96,8% of the pellets by weight were of
high density polythene, 1,7% of cellulose acetate and 1,5% of poly-
- propylene. S

o :
On no occasion duridg.fhe sampling period were concentrations of the
extent described bnyregory (1977) for New Zealand beaches encountered,
other than his'vatué for Ninety Mile beach. The only glass material
found, consnsfed of well abraded pieces measurung up to 25 mm in
"diameter. Forfunafely, west coast beaches are generally free of tar
balls (Orren and Eaéle, 1979). Thus, the only man-made contributions
to the sedimenfology of west coast beaches are happily of an inert and
harmless nafure and :in sufficiently smalt quanflfles to be of no.

ecologicatl sngnlflcance.
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Discussion

The>éands of the three beaches can be differentiated on the basis of a
number of parameters, although these differences are not all immediately

obvious.  After separating the sands visually into medium and fine sand

categories, Théy can be‘separafed further into medium sands with an over-

all mean grain size of 1,60 phi for Rocherpan and fine sands of overall
mean grain sizes ofi2,25 phi for Melkbosstrand and 2,31 phi for Yster-
fonfein. The Latter two values are so close together, however, that
it is not possibLevfﬁ determine which beach a sand sample came from
~on the basis of mean-grain size or diameter alone, Overall median.
grain sfze for Roghérpan was 1,61 phi, for Melkbossfrand 2,27 phi and
2,31 phi for Ysterfontein. Again, the median grain size values for
" Melkbosstrand and sterfohfein are too similar fo be disfincfive.

The sorting values for the three beaches tended to be similar with an
overall mean value of 0,362¢ for Rocherpan which was more poorly
sorted than Melkbosstrand and Ysterfontein (0,303¢ and 0,3000 res-
pectively). Sands from Melkbosstrand tend to be more negatively
skewed (mean skewness -0,130) than those from Rbcherpan (-0,103) and
Ysterfontein (-0,048).

The distribution cufves of sand samples from Rocherpan and Ysterfontein
were platykurtic (KG ="0,65 and 0,68 respecffvely), while those of
Melkbosstrand were more leptokurtic (KG = 1,15).

The percentage of calcium carbonate in the sand differs markedly in the
three beaches. At Rocherpah the overall mean percentage was 6,175%,
at Melkbosstrand 27,218% and at Ysterfontein 41,330%. Finally,
~overall mean percentages of organic carbon in the sand were 0,213% at
'Rocherpan,‘0,513% at Mélkbossfrand and 0,770% at Ysterfontein.
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TABLE 3.5 ~ Mean values for organic percentage of calcium carbonate

in the three beaches.

Beach %'Organic C % CaCOy vg;gggéSBZ. Mean grain size
" Rocherpan 0,213 6,075 3,514 1,60 phi |
Melkbosstrand 0,513 - 27,218 1,895 2,25 phi
Ysterfontein 0,770 41,330 1,877 2,31 phi

As mentioned before, there is a linear retationship between these last
two parameters., There are two possible reasons for this. Since the
sands Wifh higher proportions of calcium carbonate also tend to have a
smal ler mean gréin size (see Table 3.5), it could follow that they
simply support greafer numbers of bacteria and ofher’microorganisms
(Meadows and Anderson, 1966, 1968; Anderson and Meadows, 1978) owing
to the gréafer surface area available, This does happen, as has been
shown by Dale (1974), although not invariably (Meyer-Riel et af.,1978).

Since most calcium Earbonafes are of organic origin (Blatt et ak.,
1972), however;vfhere‘is a good possibility that the organic carbon
detected in the sand samples is of the same'origin as the calcium
carbonate. Gehman (1962) showed that ancient (i.e. pre-Holocene)
limestones had a mean organic‘confenf of 0,24%, which originated from
organisms in the environment at the time of deposition (Blatt et ak.,:
1972).

Price et al. (1976) have shown that organic confents of estuarine bi-
valve and gastropod shells averaged 4,6% and 3,0% respectively, a large

proportion of which was present even after many years of exposure.
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In addition, Wiener et ak. (1976) were able to elucidate shell protein
structure from 80 million year old bivalve shells. Gaudette et al.
(1974) have suggested a possible influence of calcium carbonate contents
on organic carbon'values, and most recenfly Cameron et af. (1979) have’
found similar values in freshwater bivalves (2,26 to 3,82%) to those
found by Price’ et af. (1976).

The literature cited above thus suggests that there is a considerable
amount of organic carbon trapped in calcium carbonate laid down by
organisms, which is only lost as the sheLls or skeletons arevbroken
down. This is supported by calculations made to determine the percent-
agevorganic content of the calcium carbonate from the beaches studied.

The resulfs are listed in Table 3.6.

The median diémeferfis included to show that the possible effect of
surface area on bacterial settlement and hence on measured organié
carbon cannot be excluded. This is because the high ratio of organic
cafbon fo'calciﬁm carbonafe'fér the Rocherpan beach may merely be a
function of fhe'relafively small percentage of calcium carbonate in

 fhose sands.

From the results given by'Dale (1974), however, it can be calculated
that for fine inférfidal sands of 2,24 to 2,90 phi, the bacterial bio-
mass made up an average of 0,0026% of the weight of the sediment.
There is no reasoh to expect bacterial biomass of vastly larger

magnitude in west coast sediments.

The organic carbon must therefore be derived mostly from the calcium
carbonate. A visual inspection of sands from the three beaches shows
" a substantial number of recognizable shell fragments, which probably
constitute the major part of the calcium carbonate. Given this, the
explanation for the high ratio of organic carbon fo calcium carbonate
at Rocherpan is easy to find. Driscoll (1967) has shown that shells

abraded by coarse sands develdped rougher'and more irregular surfaces
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than those abraded by finer sands, suggesting that the resultant part-
icles were also coarser for coarse sands and finer for fine sands.
Again, this is evident when the sands from the three beaches are

.inspected.

Since the breakdown of shells leads to the loss of organic carbon
trapped in those shells, it follows that shell-derived calcium carbon-
ate from fine-grained beaches must have a Lower proportion of organic

carbon than that from coarse beaches.

V‘The study area also has many carbonate deposits (Tankard, 1976) which

may contribute to the total calcium carbonate content of the sand.

The differences in grain size between the Rocherpan beach and the other
two beaches studied may be explained by the presence of the Cape sub-
marine canyon, lying 28 km west of Cape Columbine (see Fig. 3.25).
Tankard (1976) suggests that this has affected sedimentation along the
St Helena Bay coastline by écfing as a sediment drain, as occurs off
southern California (Reed et af., 1975). Thus, finer sediments may
hof be available for deposition in this area, explajning the coarse-

ness of the sand at Rocherpan.

Finally, there is a good correlation between sorting and the mean and
median grain sizes of the three beaéhes (Table 3.4). It should be
noted that sorting values of 0,360 to 0,300 are indicative of well-
sorted to very well-sorted saﬁds on the standard sorting scale
(Flemming, 1977). Walger (1962) showed that the mean grain size has
a strong éffeéf on. the degree of sorting; fine sands of mean grain
éiZes of 2,5 +o'3,1 phi are the best sorted, with sorting becoming
progressively poorer on either side of this size range. The results

obtained here fit Walger's findings.

One might expect to find differences in the sands obtained from differ-
ent levels of the beach. At the top of the beach, in the zone reached

" only by waves of the high-water spring tides, one would expect to find
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a large proportion of dune sand, which has been tfransported and sorted

by aeolian action. This sand would also be subject to thermal and
chemical weathering. The occasional wave of cold seawater running
over hot sand would add to this weathering. Only a small proportion

of hydraulically transported and sorted sand would be found at this

Llevel.

At lower levels, the proportion of marine transported and sorted sand
would become progreséively more important, while the proportion of
dune sand would decrease. Even if most of the sand on the beach
were of dune origin, the influence of hydraulic sorting processes

~ would increase towards the low-water spring tide mark. Differences
invmean.sand grain size, median sand grain size,'sorfihg, skewness,
kurtosis, percentage calcium carbonate and percentage organic carbon

for four intertidal levels are lListed in Table 3.6.

As can be seen there is a general tendency for the mean diameter to
increase towards the low-water springs level., The median diameter

increases in the same way.

The sands towards the fopvof the beach are better sorted than those
lower down. This is consistent with the trend observed by Schiffman
(1965) for coarser sand to be found in the transition zone lying in
between the swash and surf zones (Fig. 3.26). I+ was from this zone
"that the Lowest samples were collected in the present study. The
transition zone corresponds to the area where the backwash reaches ifts
maximum velocity (Fig., 3.26). In this region there is a broad
velocity spectrum (Schiffman, 1965) and consequently poorer sorfing
of the Sedimehfs. It is important to realize that the position of
this zone varies both daily and with the lunar tide cycle (Clifton

et al., 1971). Thus traces of this zone, in the form of coarser
sand, can be found over a large proportion of the intertidal area,

| mixed in with or overlain by finer sand.

The sands of the Rocherpan and Ysterfontein beaches become progressively
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more negatively skewed towards the low water mark. This trend is also
found in the Melkbosstrand samples but is less obvious. This finding
is in agreement with those of Mason and Folk (1958) and Shepard and
Young (1961), who found that dune sands tended to be more positively
skewed than beach sands. As mentioned before, on a beach the samples
from near the high-water mark would be expected to have a higher pro-
portion of dune sands than those from lower down, and this expecta-

tion now seems confirmed.

Kurtosis values seem to vary almost randomly (Table 3.6) for the three
beaches. They appear to be slightly higher in the upper beach than

in the lower beach, but in no consistent manner.

There is a very definite trend on all three beaches for the pro-
portion of calcium carbonate to increase down the beach. This
suggests two possibilities. The first is that the calcium carbonate
is derived somehow from the marine environment - either from broken-
up shells or from carbonate deposits being eroded subtidally, Since
beach deposition in the intertidal zone is almost always followed by
erosion (Duncan,.1964), the calcium carbonate levels in sand on the
upper beach would never be as great as in the lower beach. Only
when berms are deposited at fhé top of a beach as the result of a
storm (Bascom, 1951), are lower beach sediments deposited in quantity '
at the top of the beach. Because these displaced sediments are out
of the reach of most tides, they are slow to erode, and consequently
high calcium carbonate levels may be found at the top of a beach for

a while.

The second possibility is that calcium carbonate in the sand at upper
levels and in dune sand is leached out by atmospheric weathering.
This probably does occur, but to a lesser degree than the first

process.

Driscoll (1967) has shown that for a given beach, shell abrasion is

strongest in the swash zone and least in the sublittoral zone.
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Abrasion of shell haferiat on a beach wiLL continue until such a time
as it becomes fine enough to be removed by hydraulic transport.
Therefore the rate of abrasion determines the "survival time" of
shell material or other calcium carbonate on the beach. At levels
that are submerged most of the time fin the intertidal zone between
low-water springs and low-water neaps), this "survival time" is
longer than in those areas subjected to wave action most of the time
(between low-water neaps and high-water neaps). Calcium carbonate
in the Zone between high water neaps and h?gh water springs will have
travelled through fhé previous zone, while the effects of erosion and
atmospheric weathering would'furfher reddce the proportion of calcium

carbonate in the sand.

The percen#éée of organic carbon also increases towards the lower
tidal levels. The relationship between organic carbon levels and
those of calcium carbonate has been discussed already, although the
tidal level may affect bacterial biomass and hence, fo a very slight
degree, organic carbon. Meadows and Anderson (1966) found greater
concentrations of microfauna and microflora on sand grains from mid-
and low-tide levels, while Meyer-Riel et al. (1978) showed a weak
correlation between water content and bacterial biomass. Such
effects would influence the organic carbon percentages only very
slightly, however,

Correlations between the various parameters and fidal level are shown

in Table 3.7.

The beaches studied showed profiles that were mostly concave.  Thus
the slope at upper tidal levels is generally steeper than at Lower
levels (Fig. 3.6). This' is due to differences in relative exposure
from the Low-water mark fto the high-water mark. Bascom (1951)
found that for any given sand-grain size, the slope of a beach
increases with increasing protection, and flattens with increasing
exposure, The slope at any givén point on the beach is determined

therefore by the amount of wave¥energy reaching: that point,
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- Regression analysis between parameters and tidal levels

Tidal levels vs. Paramefer

X

Beach

Regression r?

Slope

= 3, + a,%

|

Tidal Levels

" "

" t

Tidal levels

Tidal levels

n "

1" 1"

- Tidal Llevels

"t "

Tidal Llevels

" 1"

Tidal levels -

Skewness

Kurtosis

py)

0,63
0,99
0,23

0,25
0,92
0,12

0,83
0,40
0,77

0,85
0,24
1,00

0,53
0,69
0,05

0,94
0,71
0,90

0,85
0,61
0.95

1,56 + 0,00x
2,21 + 0,00x
2,29 + 0,00x

1,60 + 0,00x
2,23 + 0,00x
2,31 + -0,00x

0,42 + -0,00x
0,32 + -0,00x
0,32 + -0,00x

-0,21 + 0,00x
-0,15 + 0,00x
-0,13 + 0,00x

0,46 + 0,00x
0,91 + 0,01x
0,64 + 0,00x

8,91 + -0,06x
29,05 + ~0,04x
44,84 + -0,08x

0,29 + -0,00x
0,55 + -0,00x
0,86 + -0,00x
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Since, at any given moment, the greatest amount of wavé energy is-
found at the base of the swash zone and this progressively decreases
higher up the beach (Schiffman, 1965), it follows that the slope at the
higher levels is greater than at the lower Llevels. This produces the

concave prOfiLé of beaches.

The above may appear to be a contradiction of previous statements that
coarser sand grains are deposited in more exposed environments than fine
sand grains, and that coarse-grained beaches are steeper than fine-
grained ones. This is only an épparenT contradiction, however.

Bascom (1951) found that for any given grain size, the slope increases
wi+h'incr9ased protection, within Limits that are dictated by that

grain size, This means that there are two opposing factors influenc-
ing the beach slope aﬁd making it possible for exposed beaches to be
found with génfler slopes than more sheltered ones, as was observed

by Brown (1971a) and McLachlan (1977a).

The grain size of a beach may also depend to a Large extent on the
material available., Thus, where fine sand is removed from the system,
as appears to be the case at Rocherpan, unusually coarse sediment may

be déposifed at sites that may not be especially exposed.

Seasonal changes for the three beaches do not appear to be very great.
Figures 3.18 to 3.24 show the fluctuations observed. over the study
period. For all three beaches there is an increase in the mean and
median grain size during July and.AugusT, probhably due to.the effects
of winter storms. This is followed by a gradual decrease in grain

size until the following winter,

" In parallel with this cycle is a fluctuation in the sorting of the beach
sediments. All three beaches show a gradual decrease of sorting

~ values until July and August. Then two of them show a sudden increase,
_ reflecting poorer sorting and a wider range of sand grain sizes.

'Again, this is due to the effects of greater wave energy depositing

‘coarser material on the beaches during winter.
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The overall values for skewness and kurtosis varied randomly through-
out the year. The percentages of calcium carbonate and organic carbon
paralleled each other closely, as might be expected. At Rocherpan

and Melkbosstrand calcium carbonate levels increased in winter, suggest-
ing a recruitment of shell particles to the beaches, probably due to
mortalities and washing up caused by the winter storms. At Yster-

fontein this trend is not as clear.

Some information is gained when seasonal variations of the parameters
are plotted for each tidal level (Figs. 3.18 to 3.24). For instance,
it can be seen that at Rocherpan the greatest seasonal fluctuations in
| median and mean grain sizes occur at the low-water mark, while higher
up these variations become less pronounced. Furthermore, when calcium
carbonate levels increase in winter, if is the samples from the low-

water mark that show the greatest increases.

Conclusion

The overall picture of the sedimentology of the three beaches is one of
'exposed sand beaches, that encounter high-energy waves throughout the
year, with a slight increase in winter, ALL three beaches are

backed by coastal dunes and the intertidal zone forms a definite trans-
ition zone between aeolian and hydraulically-sorted sands. The
influence of this transition on the sedimentology of the beaches is
described in detail, and an attempt will be made in a subsequent
chapter to discuss the effects of these characferisfics on the fauna

that inhabits these sands.
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CHAPTER 4

ZONATION

Introduction

Zonation patterns occur in all marine animals and most terrestrial ones
inhabiting the intertidal zone dufing part or the whole of their Llife
cycles. The reason for this zonation is that there is a whole range
of conditions across the intertidal zone, imposed by varying degrees

of daily immersion and emersion, Thué organisms select the zone in
which fhéy are able fo'find food, survive, compete and reproduce most
effectively. This basic pattern of intertidal zonation is further
complicafed'by the lunar tide cycle in which tidal amplitudes vary
between the extremes of spring and neap tides. The Llatter distinction
mainly affects slow-moving or sedentary animals between the high-water

neap and spring tide levels.

Zonation occurs on both rocky and sandy shores and has been extensively
reviewed for the former by lLewis (1964), Stephenson and Stephenson
(1972) and Newell (1976, 1979).

Newell (1976, 1979) has pointed out that zonation of sandy shore
animals is dictated by lunar and daily tidal cycles in a similar manner
to the zonation of rocky shore species. Because of the burrowing

habits of the inhabitants of sandy shores, their zonation patterns
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have been much»moré difficult to determine than those of rocky shore
organisms.  Stephen (1929, 1930) was among the first to recognize
that zonation existed on sand beaches and subsequenf to his work a .
number of sfudles observed this on other beaches (e.g. Newcombe,

- 1935;° Waiknn 1942, Brady, 1943 and Southward, 1953),

Dahl (1952)xwas the first to propose a universal zonation scheme for
exposed sand beaches. He suggested three intertidal zones defined
‘in terms of the fauna Living in each zone. The supralittoral zone
"is.characferized by the presence of air—breathing crustaceans with
eiiher talitrid amphipods or ocypodid decapodé being the dominant

types..

The mid(iiforal.zone'is,characferized by cirolanid isopods (e.g. Cirolana,
Eurydice}, although haustoriid amphipods may also be found. The

lowest. zone is the éubliitoral zone, characterized by the hippid crab
Emeiita’in.fhe Tropicé, oedicerotid and haustoriid amphipods‘in the
temperafe'norfhernvregions,'oedicerotid amphipods in temperate

.-southern regions, lysianassid amphipods in the arctic and phoxocephalid
amphfnods in‘thé southern hemisphere, as well as.a diversity of

,'molluscs and pochhaefes on all beaches (Dahl, 1952),

Dahl's intertidal zone classificafion for sandy beaches has been
widely acéepfed with reservations and modifications. Pichon (1967),
'for example, found fallfrlds and ocypodids coexusflng in Madagascar,

“ as did Macnae and Kalk (1962). in Mozambique and Wade (1967) on West
|nd|an beaches. Plchon (1967) and Wade (1967) also found cirolanid

: ISOpOdS mlxed w1fh ‘these air- breathing crustaceans, as did Gauld

and Buchanan (1956) in Ghana. o

_ Jones (1971; 1974) and Eléffheriou and Jones (1976) found that Kenyan,
Saudi'Arabian_and Indian cirolanid isopods (genus Euﬁydice) varied
‘+heir ionafion bofh‘according to species and to locality within a
single species (Eleftheriqu and Jones, 1976).  Thus, cirbLanid

jsopéds tend to be found not only in the zone classified by Dahl
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(1952) as midlittoral, but in parts of the supralittoral and subtittoral

as well,

Again, Dexter (1972) found "Cirolana mayana" (Excirolana braziliensis -
tGlynn et al., 1976) from the high-water spring fide'mark almost down to
the low-water mark on Panamanian beaches, while Schuster-Diedrichs

(1956) found Ocypode, talitrids and "Cirolana salvadorensis" (also
Excirnolana bnaziﬁienéié)'occqpying the zone around the high-water mark on.

surf beaches in El Salvador.

In generél, cirolanid isopods are found in Dahl's midlittoral zone (Trev-
allion e£ af,,1970) - at least on high-energy beaches. On a slightly

more sheltered beach than the type classified by Dahl, Wood (1968),

in New Zealand, found cirolanid isobods absent from the midlittoral,
although they do occur in other New Zealand beaches (Morton and Miller,
1968; Fincham, 1974, 1977).

Dahl's subliffofélVis-charaéferized by a diverse fauna, as well as by
certain charaéfefisfic crustaceans. This appears to be the case
generally (e.g. Pichon, 1967) but both Gauld and Buchanan (1956) and
Philip (i974) found higher diversities in the midlittoral than in the
sublittoral, in addition, phoxocephalids occur not only in the south-
ern hemisphere, but have also been reported from the sublittoral of
beaches in the northern hemisphere in Ghana (Gauld and Buchanan, 1956),
North Carolina (Pearse et af., 1942; Dexter, 1969) and the Atlantic
and Pacific cdasfs of Célombia, Costa Rica (Dexter, 1974), Panama
(Dexter, 1972, 1979) and Mexfco (Dexter, 1976). Dahl's classificatory
system therefore appears. to hold in the majority of exposed beaches, _

with local exceptions to some of his rules.

It does not alwéys hold in more sheltered beaches, as was found by
Epelde~Aguirre and Lopez (1975) in Coronel Bay, Chile, where cirolanid
isopods were confined to the sublittoral, occurring together with
gEmenita and some polycheates. érown (1973) found a sphaeromatid isopod
replacing a cirolanid speéies on sheltered, fine-grained beaches of |

the Cape Peninsula.
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Pichon (1967) re-states Dahlfs frdpical zonation scheme as follows::

" a superior zone with talitrids and ocypodids (the
one not excluding the other as suggested by Dahl, to
whom the ocypodids would be the tropical equivalents
of the talitrids);

- a middle zone containing an isopod, an amphipod, a
species of midlittoral Donax and a species of Nerdne;

- the lowest zone remains poorly characterized except
by the presence of Callianassa." (Translated from
Pichon (1967) p.90.)

Whereas Dahl (1952) had proposed a zonation scheme similar to the
rocky-shore plan of Stephenson and Stephenson (1949), i.e. based on the
fauna colonizing the various zones, Salvaf_(1964, 1966, 1967) proposed
a zonation system based on the physiéél parameters responsible for
zonation. This system is not subjécf to zoogeographical and distri--
butional Limitations since it is not dependent on the presence of
characteristic taxonomic groups. Yet the zones are still recognizable
by the species faund in them and Dahl's zonation can be superimposed
easily on Salvat's scheme. The latter, however, is more universally

applicable than the former.

Salvat divided the beach into four levels based on the degree of
moisture in the sediment. The uppermost zone is of dry sand, only

reached by large waves at high-water springs, or by spray.

Below that is the zone of retention which is reached by all tides.
Gravitational water on the beach is lost at emersion, but water of
retention is conserved. Considerable fluctuations in temperature may

occur here during low tide and the sand is well-drained and oxygenated.

The next zone, the zone of resurgence, is subjec+ fq considerable water
movement both on the incoming tide and on fhe oufgoihg tide. As the
- tide ebbs, gravitational water being lost from the zone of retention

flows through the sand of this zone and appears at the surface of the
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of the beach as streams, similar to the freshwater rivulets caused by
rainstorms reported by Brown (1971a). Salvat defined this zone as
extending shorewards as far as the water table lies within 20 cm of
the surface, since the macrofauna in this area will still encounter

the same hydrodynamic conditions as lower down in the same zone.

The zone of saturation is permanently saturated with water, but in this
level intferstitial water circulation is reduced considerably. This
results in poorer’oxygenafion of the sand and may lead to the formation

of a black sulphide (i.e. anoxic) layer on sheltered beaches.

The work of Pollock and Hummon (1971) on cyclic changes in interstitial
water Confénf in a semiprotected beach in Massachusetts has confirmed
the existence of Salvat's four levels. Pollock and Hummon did,
however, subdivide the uppermost zone into a zone of dry sand and a

zone of drying sand. The zone of dry sand is almost completely terres-
trial and only receives seawater rarely, while the zone of drying
receives seawafé} more frequently and loses capillary water by evapor-
ation. The latter zone conforms to the region of salt-hardened sand

reported by Bascom (1951).

Withers (1977) is the only sfudy to date, other than those of Salvat
-(1966, 1967), to make use of Salvat's zonation scheme in describing
the intertidal distribution of soft-shore macrobenthos. Although the
zones of resurgence and saturation both fall into Dahl's. sublittoral
zone, Withers found a distinct separation of -species between these

two zones.
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Methods and Materials

In order to determine the distribution of species across the inter-

tidal area of the three beaches studied, samples were taken from the
grid described in chapter 2. From these and other, less intensive,
collections, a picture of the intertidal zonation of soft-shore

macrofauna was developed.

To test the association of species into zones, dendrograms were
generated by a computer program that used a Bray-Curtis similarity
matrix and log-transformed data of species numbers. From the simi-
larity matrix, a further program constructed two-dimensional ordination
diagrams using multidimensional scaling and éalculafing the stress

produced by reducing the multidimensional scaling to two dimensions.

An information statistic program then compared the species' presence,
absence and numgers for each grouping derived from the ordination
diagrams‘and showed at 90 and 95% confidence levels which species are
characteristic for each zone, and at what densities. The results
obtained from the information statistic program should be treated with
a certain amount of caution, however, For example, the isopod
Excirnolana natalensis is an indicator species of the zone of drying on
fine-grained beaches, but is not always present in sufficiently large
numbers to be significant at the 90 or 95% confidence levels. Its
presence in a sample is indicative of the zone of drying, but its

absence is not indicative of the other zohes.
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Results and Discussion

In the present study, little was found that was at variance with the
Literature on zonation in sandy beaches. Figures 4.1 and 4.2 show
the zonation of species on the three beaches of the west coast of

South Africa studied here.

At the high-water mark (Dahl's supralittoral and Pollock and Hummon's
zone of drying), a mixture of ferresffial and marine adapted animals
is evident.  Thus, on all three beaches, the tenebrionid beetle
Pachyphaleria capensis and the carabid beetle Acanthoscelis
nugdconnis are found as well as coleopteran and dipteran larvae, often
in association with washed-up kelp. The terrestrial isopod N{iambia
sp. also wanders down to this level at low tide, and occasionally

into the zone of retention below, On one of the beaches (Melkbos-

strand), lumbricid oligochaetes are also found, espeéially after rain.

The marine derived macrofauna in this zone consists of the giant

isopod Tylos granulatus, the talitrid amphipods Talorchestia capensis
and T. quadrispinosa, Excirofana natalensds, a cirolanid isopod, as well
as, on occasion, the cirolanid Pontogeloides Latipes. The first

three species are air-breathing (the herbivorous and scavenging Tyfos
are often found around washed-up kelp) but Excirolana and Pontogeloides
are frue marine isopods that survive in this zone by migrating up and
down the beach with the spring to neap tide cycle. The presence of
these cirolanids indicates that this zone is Pollock and Hummon's

zone of drying rather than the zone of dry sand.

The zone of retention (or Dahl's midlittoral) actually supports a
Lower diversity of species than the zone of drying. The reason for
this is that the terrestrial species are not habitually found here,
and in fact the diversity of marine species is greater in this zone

than in the one abhove it (Fig. 4.3).
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This zone is characterized by great densities of the spionid sedentary
polychaete Scolelepdis squamata on two of the beaches (Melkbosstrand
and Ysterfontein)., Scolefepis is the only sedentary species found on
these beaches*. Associated with this polychaete are large numbers

of juvenile Donax serra, a bivalve that adopts intertidal zonation
between various size-classes (De Villiers, 1975b)., At Rocherpan,
both Donax and Scolefepis are absent from this zone. ALl three
beaches support Eutrydice Longicornis (another cirolanid isopod) and
Pontogelfodides at this level, the former being found in great numbers
(up to 8000 per m?) associated with Scofefepis. At Rocherpan,
Eurydice is largely replaced in importance by Excirolana natalensis,

which becomes the dominant species.

During low tide, some tferrestrial species may extend down to the zone
of retention. Thus Taforchestia and Niambia are occasionally found
here. Muir (1977) has shown that zonation between adults énd
juveniles of T. capensis occurs, but densities of that species are
several orders of magnitude lower on the west coast beaches than at
Muir's study site at Kommet jie and therefore insufficient data was

collected to confirm his findings quantitatively,

The zone of resurgence (part of Dahl's sublittoral) supports a greafér
diversity of species than the previous zones, although numbers and
biomass per unit area may be lower than the zone of retfention. Species
also found in higher zones are Scofefepis (rarely), Donax, Eurydice,
Pontogeloides and, at Rocherpan, Excirolana.- Scolelepis is again

- absent at Rocherpan. Other species found at this level are Pseudhar-
pinia excavata, a phoxocephalid amphipod, Urothoe grimaldii, an hausto-
riid amphipod and the cumacean Cumopsis robusta. At Melkbosstrand

and Ysterfontein the polychaetes Sigalion capense and Nephiys capensis
and occasionally the psammophilous mysid Gastrosaccus psammodyies are

also found in this zone,

¥ It.should be noted at this point that the distinction between the genus

- Scolelepdis and Nerdme, which Pichon (1967) mentioned as characteristic
of the "middle zone", is indistinct and subject to debate among
taxonomists (Hartman, 1959).



76

The zone of saturation supports large numbers. of Gastrosaccus and
Pseudharpindia, as well as Eurydice, Urothoe, Cumopsis and Donax. All
three beaches also carry the scavenging prosobranch gastropod:Bullia
digitalis, although it is rare at Rocherpan, and the nemertean Cere-
bratulus fuscus. At Rocherpan, small nematodes (unidentified) were
also found, while at Melkbosstrand Sigatfion and NephtyA occurred, as
well as the occasional Austrocuma platyceps, a cumacean.

Species Llists for the three beaches are shown in Tables 4.1 and 4.2,

Using part of the data obtained from the biomass collections, simiLarify
analysis using the abundance-weighted Bray-Curtis similarity measure

was employed, Selected dendrograms and fwo-dimenSibnéL ordination
diagrams cLéarly_separafe species numbers and distributions into the
four zones mentioned above (Figs 4.4, 4.5 and 4.6). Indicator species
derived from the information statistic program are lListed in Tables 4.3,
4.4 and 4.5. '

Thus each of the four zones has its own distinctive association of
species, as was shown by Salvat (1964) at Arcachon. As might be
expected from a mobile fauna, however, there is often some overlap into

other zones by a few individuals of indicator species.

Only one specific account on the zonation of South- African sandy beaches
(that of McLachlan, 1980a) has been published at the time of writing.

- Brown (1964, 1971a) and McLachlan (1977¢c) present generalized descriptions
of where some of the macrofaunal species are to be found, and Trevallion
et al. (1970) have drawn up a rough zonation table from information in
Brown (1964). Brown and Jarman (1978) reproduce a‘zonafional diagram

of Muizenberg beach in False Bay from unpublished work by Brown without
comment, MclLachtan (1977b) presents a zonation table for the macro-
fauna of a sheltered and an exposed beach near Pbrf_Elizabefh. Mcl.achlan
(1980a) does the same for sivaeaches in the same area, but concentrates

on ‘méiofaunal zonation.
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TABLE 4.1 Common species of the exposed beaches of the

west coast

Species

Rocherpan Melkbosstrand Ysterfontein

Oligochaetes
Pachyphalerdia capensis
Acanthoscelis ruficornis
Insect larvae

Niambia sp.

‘Talorchestia quadrdi-
Apinosa

Talorchestia capensis
TylLos granulatus
Excinolana natalensis
Eurydice Longicornis
Pontogeloides Ratipes
Scolelepis squamata
Donax Aseura

Sigalion capense
Pseudharpinia excavata
Nephtys capensis
Cerebratulus fuscus
‘Gastrosaceus psammodytes
Urothoe grimaldii
Cumopsis robusta
Austrocuma platyceps
Nematodes

Bullia digitalis

Total species

+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ +
+ + +
+ +
+ + +
+ +
+ + +
+ + +
+ + +
+ + +
+ +
+ + +
+ + +
18 23 22
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TABLE 4.2 Species found on beaches on rare occasions
Species Rocherpan Melkbosstrand Ysterfontein

Trichodactylus sp. +

Perdioculodes Longimanus +

Choromytilus merddionalis o

Burnupena delalandid + +

Exosphaeroma truncatitelson | +

Sipunculid ' +

Bullia Laevissima - ‘ , *

Calanoides carinatus . ‘ .

Maera inaequipes +

Paramoera capensis ' .

Corophdium ascheruscium A . +

Chevalia aviculae +
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TABLE 4.3 Information Statistic Tests - MELKBOSSTRAND
(++ = 95% significance, + = 90% significance)

Species Significance
Subset 1 Subset 2

Zone of Drying Zone of Retention

TyLos granulatus ' ++ 28 0
Excinolana natalensdis 2 0
OLigachaete + 3 0
Insect larva 1 0
Scolelepis squamata ++ 0 1491
Ewrydice Longicornis ++ 0 132
Pontogelodides Latipes ++ 0 12
Donax sernra + 0 4
Zone of Retention Zone of Resurgence
Scolelepis Aquam&Ia ++ 1491 0
Eurydice Longicornds ++ -~ 132 320
Pontogeloides Latipes o 12 1
Donax serra S . ++ 4 111
Gastrosaccus psammodytes ++ 0 13
Cumopsis nobusta ' ++ 0 0
Sigalon ecapense -.:: - - o+ 0 3
Pseudharpinia excavata + 0 3
: Zone of Resurgence Zone of‘Safura?ioh
- Eurydice Longdicornis ++ 320 24
Pontogelodides Latipes | 1 0
Gastrosaccus psammodytes ++ 13 | 298
Donax serra T+ 11 33
Sigalon capense 3 4
Pseudharpindia excavata S+ 3 15
Urothoe grimaldid . ++ 0 18
Bullia digitalis + 0 11
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TABLE 4.4 Information Statistic Tests - ROCHERPAN

Species

Significance

Frequency

Subset 1

Subset 2

Zone of Drying

Zone of Retention

TyLos granulatus ++ 14 0
Excinolana natalensis ++ 18 59
Talonrchestia spp. ++ 41 0
Niambia sp. ++ 35 3
Eurydice Longicornis +e 0 19
Pontogeloides Latipes - 0 5
Donax serna 0 1
Pdeudharpinia excavata + 0 4
Zone of Retention Zone of Resurgence
Exciolana natalensis +e 59 15
Niambia sp. + 0
Ewrydice £ong£conhi4 +e 19 114
Pontogeloides Latipes 5 4
Gastrosaccus psammodytes ++ 0 49
Donax serra ++ 1 723
Cumopsis robusta + 3
Pseudharpindia excavata ++ 167
Zone of Resurgence Zone of Saturation
Excirolana natalensis 15 8
Eurydice Longicornis -+ 114 15
Pontogeloides Latipes 4 1
Gastrosacews psammodytes ++ 49 12
Donax sernra ++ 723 53
Cumopsds nobusia + 3 0
Pseudharpinia excavata R 167 42
Cenebratulus fuscus ++ 0 6
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the time of sampling. This should be borne .in mind since Prus (1970)
and others have shown that intraspecific variations of calorific

values can depend on size, season and developmental stage.

Seasonal collections were made from each beach over a period of 18.
Qonfhs. Thus, seasonal variations in numbers, biomass, ash and
calorific values were obtained. On one occasion on each beach a
further 16 samples were taken at random from within the sampling grid.
These results, in combination with the data from the grid, permitted
a detailed analysis of the three-dimensional distribution of sandy
beach macrofaunal species and the results of that study are discussed

~in chapter 7,

For comparative purposes, ﬁeiofauna was colleéfed from the sémpling
grid to a depth of 30 cm at the same time as the additional 16 macro-
faunal samples were collected. Subsequently, meiofauna was samp led

on all three beaches to 30 cm below the water table, for which

standard 10 cm? ‘area stainless steel corers were used as recommended

by A. McLachlan (pers. cbmm.). ‘Thé meiofauna were relaxed in
magnesium chloride, preserved in formalin and then elutriated from

the sand using a modified Oostenbrink extractor (Fricke, 1980). After
staining, the meiofauna were counted and identified under a bino- '

cular dissecting microscope.

Results and discussion

One of the commonest methods used to preéenf biomass values in the
Literature, is to convérf all results to a value per square metre

of beach (e.g., Eleftheriou and Nicholson, 1975; Mclintyre, 1970;

Seed and'Lowry, 1973; Dexter, 1972; Withers, 1977; Edwards, 1973a,
b; - Croker et af., 1975). The other way of reporting biomass is fo
give figures per metre strip of beach (e.g. McLachlan, 1977a, b),
although this method has been used less frequently until now.
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From the diagram ih Brown and Jarman (1978), the most notable differ-
ence is that the marine component of the fauna seems compressed sea-
wards and therefore concenffafed into the Lower half of the beach.

This could be because Muizenberg is a less exposed beach than those of -
the west coast and hence the swash does not run as high up the beach.
The presence of Exosphaeroma Truncatitelson (Brown, 1973) and
Callianassa at Muizenberg confirms this impression.

The fauna listed by McLachlan (1977b and 1980a) is similar to that found
on the beaches of the Cape Peninsula (Brown, 1971a) and the west coast
beaches of this study, with a few éxcepfions. Eurydice Zongicoahib
extends to the high-water mark, while Excirolana natalensis is absent,
even though Port Elizabeth Llies well within the latter's geographical
range. Also absent from this level are Tyfos and Talorchestia. In
the midlittoral zone (zone of retention), the polychaete Glycera
convoluta is found, while Nephtys sp. and Arabella inicofon are also
found in this zone on the sheltered beach. On the exposed beach,
McLachlan found Donax sordidus together with D, serra, although the
Latter species océupies a lower intertidal position than the former
(McLachlan, 1980a).

At the low-water mark, Donax sordidus, Gastrosaccus psammodyzes, Bullia
rnhodostoma and B. digitalis were found, as well as the mole-crab

Emerita austroagricana. Eurydice is not replaced by Exosphaeroma

on the sheltered beach as occurs on some Cape Peninsula beaches (Brown,
1973). '

~ On these east coast beaches, therefore, the general scheme of zdnafion
is similar to that found on west coast beaches. The differences noted

above are mainly due to biogeographical and distributional differences.

On a world-wide basis, the most notable features of the South African
west coast beaches are the absence of ocypodid and hippid crustaceans
at the high and low water marks respectively. Both Ocypode and



86

Emerdita are restricted to warm temperate and tropical waters (Dahl,
1952; Efford, 1976), so the absence of these two genera from west

coast beaches is probably due to low ambient temperatures.

It is interesting to speculate on the gaps left by the absence of these
two decapods. Emenita is a filter-feeder and its niche is probably
largely filled by Donax, a genus that occurs with Emerdita elsewhere
(e.g. Trevallion et al., 1970; MacNae and Kalk, 1962). Kensley
(1974) notes that the northernmost distribution of Tyfos granufatus

on the west coast barely overlaps the southernmost spread of Ocypode
curson in northern Namibia, while Wolcott (1978) has shown that Ocypode
quadrata is mainly a predator, only 10% of its dietary intake being
from scavenged material. On the other hand, Kensley (1974) has shown

that Tyfos is mainly a scavenger.

Tylos granulatus and Tylos capensis are the largest intertidal isopods
in the world and one reason for their large size may be the absence

of predatory chpode and the fact that they are able to scavenge

without competition from that genus, It may be, therefore, that

TyLos granufatup replaces Ocypode cursor on west coast beaches in a
manner similar to the replacement of ocypodids by talitrids as suggested
by Dahl (1952), '

The predatory role of Ocypode is probably filled by the sanderling
Crocethia alba, preying on small invertebrates, the black oystercatcher
Haematopus moquind and the southern black-backed gull Larus domdinicanws
which feed on Donax to a considerable extent, The sanderling has

also been found to crop Donax siphons on eastern Cape beaches (Kuhn,
1978; MclLachlan, Wooldridge, Schramm and Kuhn, 1980), while in

Jamaica and Texas this species has been observed feeding on small Donax
spp. (Wade, 1967; Loesch, 1957). Other birds feeding on intertidal
invertebrates include the curlew sandpiper Calidiis ferruginea (Puttick,
1979), the white-fronted sand plover Charadrius marginata (A. Crowe,
pers. comm,) and the silver gull Latus novaehollandiae which has been
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observed to feed on talitrids and kelp flies at the drift Line

(J. Cooper, pers. comm.). Many of these birds probably scavenge as
well, but their activity is confined to the daytime, leaving a night-
time scavenging niche to be filled by TyLos. J. Cooper has observed
that there seems to be a reduction in numbers of gulls in the inter-
tidal zones of tropical areas in comparison to the beaches of the west
coast of South Africa (pers. comm.) and this may be due to competition

in both scavenging and predation by ocypodids.

The zonation shown by the three species of cirolanid isobods with
respect to one another is also of interest. Although cirolanid isopods
are found on the majority of exposed beaches (Dahl, 1952; Trevallion
et al., 1970; Penchaszadeh, 1971); only single species are usually
found.  Where geographical distributions overlap, there may be a
succession of one species by another as is the case on the west coast

of India (Eleftheriou and Jones, 1976) between Ewtydice indicis and

E. peraticis. In Britain, Ewwdice pulchra and E. affinis occur
together in mixed populations occupying the same zones (Jones and
Naylor, 1967; Withers, 1977) although in France, Salvat (1966) re-

ported that these species occupy different zones.

This is also the case in Madagascar where Pichon (1967) found Excirofana
natalensis in the zone of drying and E. ordentalis in the zone of
retention. In Kenya, Jones (1971) found both a succession of species

along an exposure gradient and a zonational succession,

A similar situation is found on west coast beaches. As reported by

~ Brown (1973), the sphaeromatid isopod Exosphaeroma truncatitelson
replaces Ewrydice Longicornis on more sheltered beaches, while this study
has shown that Excirolana natalensis replaces Ewrydice on coarse-grained
ones. Both Brown (1973) and this study have shown that Pontogelfoides

Latipes occurs in small numbers on all beaches.

On west coast beaches zonation also occurs between the three cirolanid
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isopod species, Eurydice Longicornis is the most pelagic of the three
species, often béing found in large numbers at the surface up to one
kilometer offshore above sandy bottoms (C. Brownell, pers. comm.).
Eurydice occurs intertidally in all the zones except the zone of drying,

in densities of up to 8000 per square metre,

Pontogefodides Latipes is found in low numbers in the zone of resurgence
and in greater numbers in the zone of retention, while it is usually
absent from the zones of saturation and drying. Finally, Excirolana
natalensis ontyloccurs in the zone of drying on fine-grained beaches,
but occupies most of the intertidal zone in coarse-grained ones, where
it is the dominant species. This suggests that there is some com-
petitive exclusion between these three carnivorous and scavenging

species, especially on fine beaches between Eurydice and Excirofana.

Intertidal zonation of a particular species on the basis of size or age
has been found in many sandy beach species. Stephen (1930) had
observed this phenomenon in Cardium edufe and Tellina tenuis. Since
then, zonation by size has been found mainly in molluscs, for example,
in the filter-feeding gastropod 0L{vella biplicata (Edwards, 1969) and
in the bivalves Donax denticulatus (Wade, 1967), D. faba (Alargaswami,
1966) and D. serra (De Villiers, 1975b; McLachlan and Hanekom, 1979),
In addition, zonation by size has been noted in the isopod Excirolana
braziliensis (Glynn et al., 1975; Dexter, 1977) and in the hippid
decapod Emendita asiatica (Philip, 1974).

Zonation by size on west coast beaches was most notiteable in Donax
sAouva. De Villiers (1975b) notes that small individuals of this species
are found near the top of the beach, with the size of individuals
gradually increasing towards the low-water mark.  Hanekom (1975) found
Little zonation by size in this species on east coast beaches - if
anything, the smallest size class occurred Llower down the beaches than
did the larger ones. McLachlan and Hanekom (1979) note that the
intertidal size-class distribution of Donax serra on east coast beaches

is the reverse of that observed by De Villiers on the west coast.
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On a few occaéions in this study, it was found that the lower beach
had both Llarge and very small individuals of Donax (1,9 to 5,0 mm in
length),  Those higher up the shore measured from 4,5 to 29,0 mm in
length (Fig. 4.7). On these occasions, therefore, the situations
described by both De Villiers and Hanekom could be found.

From these resu(fs, the following zonational Llife-history of Donax serra
on west coast beaches may be hypothesized. Very small mussels settle
out from the veliger larval stage near the low-water mark (in the zone
of saturation), As they grow above a certain size, that may depend

on the mussel's ability to gain a firm footing in the substratum (Wade,
1967), they migrate up to the zone of retention. After reaching a
size in the zone of retention that may be determined by prey selection
by the gull Larus dominicanus or by being too lLarge for successful
predation by fish at Lower intertidal levels or by an ability to
compete effectively with larger individuals, the mussels move down the
beach to the zone of saturation or to the subtidal fringe. De
Villiers (1975af-found that individuals éf Donax sernra reach maturity
when- they a??ain'37,0 to 54,0 mm in Llength, This suggests either that
individuals move into the zone of saturation and sublittoral fringe at
the onset of sexual mé?urify, or that sexual maturity is delayed until
the animals move into these zones, which would be more suitable for

spawning.

Edwards (1969) Llists differences in osmotic, temperature and desiccation
tolerances as the reasons for segregation by-size of individuals of’
OLivella across the intertidal zone. In the case of Donax, physio-
Llogical differences in resistance to environmental extremes are unlikely
to account entirely for the two-fold size sbr?ing found in this

species, The ability to maintain zonation mentioned by Wade (196€7)
must be added to Edward's Llist.

| suggest that small individuals are highly susceptible to predation by
fish. Therefore, as soon as the mussels are sufficiently large to

maintain a zonational position, they migrate up into the zone of
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retention, where the time durihg which they are vulnerable to these

predators is much reduced.

A size may be reached when the Donax become too large to be taken by
the majority of predatory fish, or sufficiently large to become a
.worthwhile prey item for the black-backed gull, or both. At this
stage the mussels move downshore again, into the zone of saturation or
into the subtidal fringe. Once in these permanently water-covered
zones, the animals attain sexual maturity. It is probably energetically
advantageous to delay sexual maturity until this stage, since spawning
can then occur at any time, whereas in the zone of retention, spawn
release would have to coincide with periods of high tide. The amount
of time available for feeding in the lower zones is also greater, and
this constitutes a further selective advantage to large individuals
occupying these areas. The increased quantity of food available could

also be a prerequisife for reproduction.

Some size-based zonation was also observed in Eutydice Longicornis in
that the larger fndividuals'seem to occur maihly lower down the shore.
Unlike Donax, however, mature individuals wefe found in the zone of
retention, Excirofana natalensis did not show the clear-cut zonation
described for E. braziliensis by Glynn et al. (1975) and Dexter (1977).

The zonation exhibited on sandy beaches on the west coast of South
Africa therefore follows the pattern shown by exposed beaches elsewhere
in the world. Zonation occurs not only between species, but also

between size-classes within some species across the intertidal zone,



82 %

CHAPTER 5

BIOMASS AND NUMBERS

Introduction

The numbers and biomass of organisms on sandy beaches reflect a number
~ of features about these beaches. Numbers are an indication of the
concentrations of organisms presenf on a‘beach While biomasses may
reflect the degree of permanence of thesé numbers. While high
numbers may simply be due to a large settlement of juveniles, there is
no indication that these juveniles have settled in the correct en-
vironment, and their presence on a beach may be purely accidental.
This is seen on rocky shores in particular, where heavy settflements

of mussels or barnacles can occur in zones from which they are soon

eliminated by more successfully competing species (Newell, 1979).

Although settlement in the wrong»zbhe seldom occurs on sandy shores,
because most species remain mobile; f+ does happen that large numbers
of a species may settle on beaches of unsuitable degrees of exposure.
The presence of such incorrectly settled juveniles would also be
temporary., Biomass figures Can,mfherefOre, show the relative

permanence of these numbers since it is highly unlikely that large
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numbérs of adult organisms would settle on an. unsuitable beach, and
since it is improbable that juveniles would reach maturity in an
unfavourable environment. Finally, biomass and density values are
indicators of the richness of beaches and show their impoqfance both

as habitats for the species constituting the beach fauna and as

feeding grounds for predators such as birds and fishes.

Methods and materials

Samples were collected from three sandy beaches on the west coast of
South Africa (at MéLkbossfrand, Ysterfontein and Rocherpan) using the
grid sampling method of which a detailed description is gﬁven in
chapter 2, Animals were removed from the sand by means of 1 mm mesh

sieves and after collection were preserved in formalin unfil they

could be processed. In the laboratory, the collected organisms
were sorted into species and then counted, weighed, acidiéed, dried
and reweighed. The animals were then ground into a fine powder and
incinerated in a Phillipson microbomb calorimeter in order to obtain

calorific values.

The procedure for obtaining calorific values was as follows: animals
were acidised in hydrochloric acid in order to remove calcium carbon-
ate - a major source of endothermy in bomb qalorimeffy (see Paine,
1966). Once all effervescence had ceased for approximately 10
minutes, the samples were washed in fresh water and oven-dried at

60°C for two days. The dry samples were then ground up in a dental

mill until finely powdered. These were then made into pellets for
combustion in the microbomb calorimeter. !

‘ |
I+ should be noted that all the individuals collected from each
sampling. session were ground up and mixed together beforelsubsampteé
were taken for calorific analysis. The results obtained, therefore,

reflect the energy value of a mixed population for each species at
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the time of sampling. This should be borne .in mind since Prus (1970)
and others have shown that intraspecific variations of calorific

values can depend on size, season and developmental stage.

Seasonal collections were made from each beach over a period of 18
months,  Thus, seasonal variations in numbers, biomass, ash and
calorific values were obtained. On one occasion on each beach‘a
further 16 samples were taken at random from within the sampling grid.
These results, in combination with the data from the grid, permitted
a detailed analysis of the three-dimensional distribution of sandy
beach macrofaunal species and the results of that study are discussed

in chapter 7,

For comparative purposes, meiofauna was collected from the sampling
grid to a depth of 30 cm at the same time as the additional 16 macro-
faunal samples were collected. Subsequently, meiofauna was samp Led

on all three beaches to 30 cm below the water table, for which

standard 10 cm?® area stainless steel corers were used as recommended

by A. McLachlan (pers. comm.). The meiofauna were relaxed in
magnesium chloride, preserved in formalin and then elutriated from

the sand using a modified Oostenbrink extractor (Fricke, 1980). After
staining, the meiofauna were counted and identified under a bino-

cular dissecting microscope.

Results and discussion

One of the commonest methods used to present biomass values in the
Literature, is to convert all results to a value per square metre

of beach (e.g. Eleftheriou and Nicholson, 1975; Mclntyre, 1970;

Seed and Lowry, 1973; Dexter, 1972; Withers, 1977; Edwards, 1973a,
b; Croker et af., 1975). The other way of reporting biomass is to
give figures per metre strip of beach (e.g. McLachlan, 1977a, b),

although this method has been used less frequently until now.



Neither method gives the reader complete information on its own; the
first gives an indication of the mean'"densify" of the biomass,

while the other gives one an idea of the carrying capacity of the
beach. Figures expressed in the former way tend to be given the

same weighting as' if they had been expressed in the Latter manner, i.e.
they take the place of total biomass values, in the minds of both
authors and readers. Although obviously an erroneous interpretation,
this nevertheless occurs because of the associative and collocative

meanings (Leech, 1974) of the term "biomass per metre squared".

Furthermore, this average per square metre gives the impression that
such densities might be found anywhere across the beach, whereas in
reality the effects of intertidal zonation impose a completely
different distribution pattern. Chapter 7 shows that distribution
patterns also vary along the beach. Thus the terms "numbers or
biomass per metre squared" are really more indices of beach "rich-

ness" than conveyors of real values if used on their own.

Tables 5.1 and 5.2 show the maximum densities and biomass values
obtained for all the macrofaunal species during the course of this
study. While these values reflect extreme concentrations, they
show the possible ranges that may be encountered on west coast sandy
beaches. As can be seen, both very high densities and biomass
values occur on occasion. It is interesting to _note that the
highest densities of all the most important intertidal species (i.e,
Tylos, Pontogeloides, Eurydice, Scolelepis and Donax) were found at
Ysterfontein, as was the greatest overall density of organisms.

The lowest densities tended to be found at Rocherpan. There was a

similar difference between the beaches for maximum biomass values.

Although of interest, the above results only represent extreme
values. Of greater significance are the mean annual values found
on these beaches. Total biomass values per metre strip of beach,
per square metre of beach and the mean annual widths of the beaches
are listed in Table 5.3 These results too, show that Ysterfontein

is the richest beach in terms of faunal numbers and biomass, while
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TABLE 5.1 Maximum densities (m-2) of all species of macrofauna.
Underlined values indicate greatest densities
encountered for that species.

Density (No. m %)
Species -
Melkbosstrand Rocherpan Ysterfontein

Tylos granulatus 68 32 ‘ 100
Talonchestia capensis 28 360 32
0Ligochaetes 48 - -

Excirolana natalensis 48 584 72
Niambia sp. - 4 56 40
Pontogeloides Latipes 184 44 584
Euryddice Longicornis 2400 . 188 8956
Scolelepis squamata 4636 - 7216
Donax serra 1700 v 1316 - 1748
Gastrosaccus psammodytes 1340 336 936
Sigalion capense 12 - 12
Pseudharpinia excavata - 116 3% 16
Urozthoe grimaldii ' 132 24
Cumopsdis robusta 280 8 112
Cenebratulus fuscus 12 20 8
Bublia digitalis 204 A 1 76
Nephtys capensis . 32 - 8

- ALl species 5794 1680 11608
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TABLE 5.2 Maximum biomass values (grams acidised dry weigh)‘.m"2
of macrofaunal species from three beaches on the west
coast of South Africa. ‘

Biomass (g.mnz)
Species
Melkbosstrand Rocherpan Ysterfontein

TyLos granulatus 13,7884 0,5492 0,3592
Euwwydice Longicornis 0,6592 0,1196 2,7280
Talorchestia capensis 0,0884 0,4356 0,0360
Scolelepis squamata 10,7920 - 32,7892
OLigochaetes 2,1624 - -

Pontogeloides Latipes 1,7244 0,9200 4,9676
Donax serra 68,4444 19,9532 65,5224
Gastrosaccus pasammodytes 1,0972 1,4712 1,9198
Sigation capense 3,3152 - 2,0704
Paeudharpinia excavaia 0,0500 0,2100 0,0104
Excirolana natalensis 0, 1640 2,9004 0,3428
Bullia digitalis '3,3528 0,2846 9, 7260
Urothoe grimaldid 0,0136" 0,0008 0,0068
Cumopais robusta - 0,0264 -0,0008 0,0012
Cenebratulus fuscus 0,3256 90,1572 0,2448
Niambia sp. 0,0024 0,0124 0,0052
Nephitys capensis 0,0480 - 0,0264
ALl species 68,5144 23,7220 70,3700
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TABLE 5.3 = Mean annual values for Melkbosstrand, Ysterfontein and
Rocherpan of biomass per metre strip of beach, biomass
per metre squared of beach and widths of beaches.

Mean annual- values Melkbosstrand Rocherpan Ysterfontein
Biomass (g.m—1 of beach) 324, 3009 92,4819 682,5707
Biomass (g.m_2 of beach) = 3,6033 1,8874 11,4333

Width of beach (m) 90,0 49,0 59,7
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Rocherpan is the poorest, despite the fact that the beach at Melkbos-
strand is, on average; some 60% wider than at Ysterfontein, it

must be concluded, therefore, that differences in mean sediment size
- and possibly shelter account for the differences in biomass and

~numbers supported by these beaches.

Table 5.4 gives a breakdown of the mean annual biomass per metre strip
of beach into the constituent species, while Table 5.5 shows the .
percentage of the total biomass made up by these species. It can be
seen from the latter table that the five most important species
constitute 90% of the total biomass at Melkbosstrand, 96% at Rocher-
pan and 98% at Ysterfontein. These species are Donax seuia (all
three beaches), Scolefepis squamata (Melkbosstrand and sterfoﬁfein),
Excirolana natalensis (Rocherpan), Ewrydice Longdcorndis (Melkbos- -
strand and sterfonfein), Pontogeloides Latipes (Rocherpan), Bullia
digitalis (Melkbosstrand and Rocherpan), Sigalion capense (Yster-
fontein) and Gastrosaccus psammodytes (Rocherpan).

The relative importance of these species is not constant throughout
the year as is apparent from Table 5.6 It can also be seen that
fluctuations in the total biomass value are mainly caused by

changés in the relative importance of Donax to the total value.
These changes can be ascribed to several factors: seasonal fluctua-
tions, longer term fluctuations of the type described by De Villiers

(1975b) and fluctuations caused by patchiness (see chapter 7).

The effects of patchiness have been minimized to a certain extent

by the use of a sampling grid stretching a considerable distance

(up to 150 m) along the beach (see chapter 2). it is not known
~what the larger-scale distribution patterns are, however, nor is it
known if these patterns are repeated or not. In other words, it is
quite possible that patches may be missed even when sampling

150 metre wide strips of beach.

Since the great majority of studies on beaches have been carried

out :using only one or two transects, however, the results of this
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TABLE 5.4 Mean annual biomass per metre strip of beach for each
species of macrofauna and total mean annual macrofaunal

biomass.

Biomass (g.m"1 of beach)

Total

Species-
Melkbosstrand Rocherpan  Ysterfontein

TyLos granubatus 16,3330 1,2235 0,3373
 Eurydice Longicornis 10,3946 0,9238 ' 22,3827
Talonchestia capensis 0,0632 0,4908 0,1219
Scolelepdis squamata 76,4707 - 244,4799

0Ligochaetes 3,8292 - -
Pontogeloides Latipes - 7,2436 2,4537 10,7833
Donax serra 170,5344 76,3281 370,9755
Gastrosacews psammodytes 2,8697 2,2702 3,5728
Sigalion capense 10,0378 - 11,3975
Pseudharpinia excavata 0,3398 0,6563 0,0379
Excirolana natalensis 0,3733 6,3200 0,7595
Bullia digitalis 18,3323 0,747 16,4121
Urothoe grimaldid 0,0495 0,0001 0,0071
Cumopsis robusta 0,1622 0,0025 0,0420
Cerebratulus fuscus 0,2100 0,1907 0,1025
Niambia sp. 0,0005 0,0269 0,0034
Nephtys capensis 0,2834 - 0,0688
324,3009 92,4819 682,5707
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TABLE 5.5 Percentages of mean annual total biomass for each species.
Figures in brackets indicate the five most important
species in terms of biomass on each beach.

Percentage of mean annual total biomass

Species
Melkbosstrand Rocherpan Ysterfontein

Tylos granulatus '5,0364 (4) 1,2967 (5)  0,0494
Euydice Longicornis ~ 3,2052 (5) - 0,9989 3,2792 (3)
Takonchestia capensis 0,0195 0,5307 0,0179
Scolelepis squamata | 23,5802 (2) - 35,8175 (2)
0Ligochaetes ‘ 11,1808 - -
Pontogefoides fatipes 2,2336 2,5970 (3) 11,5798
Donax sevia | 52,5852 (1) 82,5330 (1) 54,3498 (1)
Gastrosaccus psammodytes 0,8849 2,4548 (4) 0,5234
Sigalion capense 3,0952 - 1,6698 (5)
Pseudharpinia excavata ~0,1048 0,7097 0,0055
Excirolana natalensis 0,151 16,8338 (2)  0,1113
Bullia digitalis 5,6547 (3) 0,8078 2,4045 (4)
Urothoe grimaldii 0,0153 0, 0001 0,0010
Cumopsis robusta 0,0500 0,0027 0,0062
Conebratulus fuscus ~0,0651 0,2062 0,0150
Niambia sp | 0,0001 0,0291 0,0005

" Nephiys capensis ~ 0,0874 - 0,0101
Others | 2,0865 0, 9995 0,1592

Top 5 species 90,0617 95,7183 97,5208
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study are still comparable with those of other studies. Table -

5.7 Llists the results obtained both by other workers and from this
study for a +ofal.of 105 beaches. Although many other beaches
have been studied, those investigations were all either of a
qualitative nature, or else only single species or groups were .
studied. I+ will be seen that the results obtained from the west
coast of South Africa fall well within the fanges obtained from

other beaches, both in terms of animal densities and biomass.

Tables 5.7 and 5.8 show that there is a fairly general trend in
sandy beaches as determined by their degrees of exposure, Although
there is considerable variation in all the parameters listed, it
should be remembered that nearly all exposure ratings given tend

to be subjective. It is quite probable that assessment of exposure
differs from one author to another. Secondly, the exposure
categories are very broad, covering.a wide range of exposures and
fhirdiy, no account is taken of latitudinal variations. For these

reasons, ‘the results given in Table 5.8 can only be called trends.

To obtain more definite results, considerably more information is
needed; The use of McLachlan's (1980c) scheme for rating exposure
would probably give excellent results, given the required data.

Even with the information presently available, however, two frends
are clearly apparent, these being the increasing diversity of sandy
beach species and the increasing fineness of sand associated with
increasing shelter, This is to be expected,. since sheltered
beaches offer more stabie environments than do high energy ones.
Although these two trends are esbecially clear, they do not preclude

~ considerable ranges of results within these categories.

The major result of interest in Table 5.8 is the unexpécfedly Llow
biomass found on beaches rated as.moderafely'expOSed (medium
energy). In- fact, it seems that high énergy beaches generally
support higher biomasses than do medium energy ones. One possible
reason for this is that high energy beaches have a higher food

input than do medium energy ones, while the cost of zonation
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TABLE 5.7 Mean grain size, density, biomass, exposure and
species diversity values for macrofauna reported
in the literature.
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maintenance might not increase to the same degree. High energy:
beaches also have wider intertidal zones than do moderately exposed
ones given the same slope - and this' is probably also a factor of

importance,

Although the biomass is higher on exposed beaches, densities are
Lower, impLyihg that larger drganisms tend to occupy higher energy
beaches than medium energy ones. (Mean masses of ofganisms are
5,56 x 10> g on the former type and 2,26 x 107> g on the latter).
Evidence supporting this can be found in chapter 4, where it is
shown that juveniles of the bivalve Donax serra are only able to
occupy the intertidal zone itself once they have reached a certain
size, Lack of suitable biomass and densify data for sheltered

beaches does not permit the calculation of valid estimates.

One can conclude from the abbve, that high energy beaches. tend to
support larger organisms.than medium energy ones. In the main,
large animals have a slower turnover than small ones and it seems,
~ therefore, that although moderafely-exposed beaches support Llower
biomasses than exposed ones, the annual production of animals.on

the former type is probably higher. . ' .

Figure 5.1 shows the fluctuations of the total biomass during the
study period and the biomass fluctuations of the individual species
on all three beaches. All species show fluctuations, some of

them quite considerable, although no seasonal pattern of fluctuation
could be detected in Tylos, Talorchestia, Sigalion, Excirolana,
Bullia, Urothoe- or Cumopsis. A summer biomass peak was found in
oligochaetes at Melkbosstrand, while autumnal or early winter peaks
were found in Niambia and Nephiys. The species showing peaks in
winter were Euwrwyddice, Scolelepis, Pontogeloides, Donax, Gastrosaccus,
. Pseudharpinia and Cerebratulus. 1t is very Likely that longer term

fluctuations are superimposed on these patterns.

Natural populations often show substantial variations in numbers and

biomass both seasonally and from year to year. - On the west coast,
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Koop (1979) and Koop and Field (1980) found considerable seasonal -
variations in the rocky-shore isopod Ligia dilatata, while Muir
(1977) found that both numbers and biomass of the amphipod
Talonchestia capensis varied not only seasonally, but also according
to a longer-term cycle. Such long-term variations have been ob-
served in many organisms including noctuid moths (Swerdfeger in
Solomon, 1976), the bivalve Tellina ftenudis (Mcintyre, 1970), the
gasfrdpods Oxystele vardiegata and Littordina africana knysnaensis
and the alga Gigartina radula (McQuaid, 1980) to cite only a few

examples.

Other studies such as those of Coe (1955), Loesch (1957) and Edgren
(1959) have shown large number and biomass fluctuations in various
species of Donax. Thus it seems likely that sandy beach organisms
other than Talorchestia and Donax are also affected by these longer-

term fluctuations.

It is well known that most sandy beach species are highly mobile, a
matter of nécessify if they are to maintain zonation. Of the
species collected on the west coast beaches, only 6ne, Scolelepis
squamata, is sedentary, but even this species is not obliged to be
sessile, and Behrends and Michaelis (1977) have described the fracks

left by this polychaete when it moves across sandy surfaces.

Since long-shore distribution has been shown to be patchy (chapter
7), there is a possibility that different populations are being
sampled from one season to another. The answer is not knowh, but

it seems most unlikely that, given the fact that long shore trans-
portation of sediments takes place along all beaches, organisms
should maintain their positions along the beach as well as in their
preferred intertidal zones. The assumption must be made, therefore,
that the samples collected are representative of the whole beach

and that similar results would be obtained if the same sized

samples were collected from other sites along the beach.

The vertical distribution of the macrofauna in the sandy beaches
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studied are shown in Figure 5.2, This shows that, in the tfop

30 cm of sand on the beaches, between 47 and 67% of the macrofauna
in terms of numbers is concentrated in the top 10 cm of beach sand.
The lowest percentage for the top 10 cm (47%) was recorded at
Rocherpan, where the coarseness of the sand would be expected to
result in more rapid percolation of water through the beach resulting
in less water being retained and consequently lower humidity in the
top few centimetres, It appears, therefore, as if organisms avoid
unfavourable conditions in the uppermosf'leveis of sand at Rocher-
pan by burrowing deeper. It is also interesting to note that the
beach with the finest sediment (Ysterfontein) had the highest pro-
portion of animals in the top 10 cm of sand. On all three beaches,
a general decrease in numbers was noted with increasing depth,

however.

This contrasts with the vertical distribution of the meiofauna
(Figure 5.3), where the distribution continued well below the top
30 cm of sediment, and only somex67% of the meiofauna actually
occur in the top 30 cm of the three beaches studied. Similar re-
sults have beeh found by McLachlan and Fursfenberg (1977) and Koop
and Griffiths (in prep.)., Figure 5.4 shows the distribution of
meiofaunal biomass over the top 30 cm within the sampling grid for
each beach., These results show some of the variafions'#hat may
occur between samples.. One hesitates to éompare }hese results
with the studies on macrofaunal patchiness, however, since only 16
samples of meiofauna were taken on each beach. as opposed to 32
macrofaunal samples, Nevertheless, it appears that patchiness in
~distributions 6f meiofauna are just as prevalent as among macrofauna

(see chapter 7).

The résults in Figure 5.4 are also of interest in that they show a
finer. resolution of the vertical distribution, since values are
given for every 10 cm instead of every 30 cm .in Figure 5.5 and
Table 5.9, One final feature apparent in Figure 5.4 is the very
low biomass of meiofauna in the top 20 cm of sediment at the low

water mark at Rocherpan. This region was subject to wave action



Percentage of macrofauna

100

Melkbosstrand

Rocherpan

Ysterfontein

Figure 5.2

Depth

(cm)

0 - 10 10 - 20 20 - 30

Depth distribution of macrofauna in the top 30 cm

of sediment.



Percentage of meiofauna

109
80

704 Melkbosstrand
601 |
501
40-
30

201

101

401 4 Rocherpan

30

20

101

- 90

Ysterfontein -
801

70-
601
504
40
30
20

- 104

0+0-30 . 30-60 60-90 90-120 120-150150-180'180-210"
Depth {(cm) .

Figure 5.3 Depth distribution of meiofauna on the three beaches.



110

Figure 5.4 Distribution of meiofaunal biomass at the three beaches
in the top 30 cm of sediment,

Axes are as follows: «x distance along the beach
y = distance across the beach

= biomass of meiofauna
(x 5000) in g.m™2,
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Numbers of meiofauna per 100 cm® from the three beaches.

TABLE 5.9
Values in brackefs indicate results from samples below
the black, anoxic layer.

: 1 2 3 4 5

Depth of  (high water (low water

sample . K

(em) mark) 4 mark)

\ MELKBOSSTRAND
0 - 30 757 652 162 196 406
30 - 60 157 39 81
60~ 90 43 2
90 - 120 18
ROCHERPAN
0 - 30 92 1071 2347 291 22
30 - 60 83 919 812
60 - 90 63 430
80 ~ 110 - 323
90 - 120 20
120 - 150 17
140 - 170 30
YSTERFONTEIN
0-30 817 1255 59 75 53
15 - 45 - . - 52
30 - 60 67 1707(12)
60 - 90 56 (13)
90 - 120 2
120 - 150 (0)
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at the time of sampling, and this fact, combined with the coarséness
of the sediment, has resulted in the meiofauna either being washed
out of the sediment or migrating to deeper levels. This type of
migration has been described by McLachlan et af. (1977) and Boaden
(1968).

In the majority of casés where meiofaunal densities were determined
down to the water table (see Table 5.9 for results), the highest
densities were found in the top 30 cm of sediment, followed by a
steady decrease in numbers until either the water table or (as at
Ysterfontein) an impermeable layer of clay was reached that resulted
in anoxic condifionsf Occasionally, however, these Treﬁds were
reversed, although no consistent factors could be found to account

for such reversals.

When total numbers in the sediment lying between the surface and
30 cm below the water table are plotted (see Figure 5.5), the
beaches at Rocherpan and Ysterfontein show low densifies.af the
high and low water marks and high densities in between. At
Melkbosstrand, however, the highest values were found at the high
water mark and there was a general decrease in densities towards low
water (except at low water itself). This distribution is in
accordance with the findings of Koop and Griffiths (in prep.) for
beaches with high kelp input, and suggesis possible similarities
with such beaches., The absolute values, however, suggest an im-
poverishment of meiofaunal densifies in the. area between the tide:

marks.

The results for meiofaunal biomass at Melkbossirand in Figure 5.4
show no such trends,. however., The anomalous results may, therefore,
be the consequence of unusual circumstances such as the attraction

of the mid-beach meiofauna away from the transect line to an

adjacent area by decomposing matter in the manner reported by Gerlach

(1977) on beaches in Bermuda.

The meiofauna consisted primarily of nematodes, which constituted
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 over 80% of the total numbers. Other groups (in order of decreasing
importance) were the harpacticoid copepods (15%), oligochaetes

(2%), flatworms, gastrotrichs, polychaetes and amphipods. in
addition, several species of diatoms were observed, although it was
not known whether these were indigenous to the infertidal area,

These included pennate diatoms (similar in appearance to Synedra)

and triangular centric ones similar to Entogonia. The centric
species’ occurred méinly in samples from Rocherpan, while the others

occurred on all three beaches.

It is interesting to note the correlation between numbers of harpac-
ticoids and the mean grain sizes of the beaches. - In these studies,
the greatest densities of harpacticoid copepods.were found at
Rocherpan (also the coarsest beach) while numbers were substantially
lower at Melkbosstrand and Ysterfontein. This is in agreement

with other studies, such as those of Bally et af. (1980), McLachlan
and Furstenberg (1977) and Mclachlan (1978). .|t appears from

these studies that intertidal sands finer than 2,6 phi are virtually

devoid of harpacticoids,

Figure 5.6 illustrates the increasing proportion of nematodes in
sands of increasing fineness, and the corresponding‘decrease in
importance of harpacticoids. ~Although the data from the Sfrand
(see Bally et al., 1980) is from a beach in FaLse.ﬁay to the east
of the Cape of Good Hope, it nevertheless serves to illustrate the
point. The proportions of oligochaetes and‘ftafworms remain
relatively constant throughout the spectrum of sediment fineness,
as does the proportion of other groups, although the actual

" composition of this category may vary with the sediment.

The results from the Strand are from sediments near the Limit of
being capable of supporting meiofauna in terms of fineness |
(Hulings and Gray, 1976). There was, nevertheless, a substantial
meiofauna in most of these sands, with densities of 600 individuals,
100 cm—3 being encountered in some sediments. - |t should be noted

that Fricke et al. (submitied for publication) found on average a 1:1
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ratio of nematodes to harpacticoids (regardless of sediment size)

in their study of 10 uhpollufed beaches on the south and west coasts
of South Africa. Orren et af. (in press) note, however, that | |
these beaches were all characterised by a paucity of macrofauna

"such as bivalves, polychaete worms and crustaceans", a feature
definitely not characteristic of the beaches studied here. The
environmental conditionspermitting the substantial macrofaunal
populations to settle and survive on the beaches described in this
thesis may, therefore, also account for the discrepancies befweén

the results obtained in this study and those of Fricke et af.

Many workers have referred to a meiofaunal. "thiobios" Limited to
anaerobic conditions (see Wieser, 1975 for a review). One of the
major groups in this would be the nematodes, while Wieser (1975)
states that harpacficoid copepods appear to be one of the least
resistant groups to anoxicgcondifions. . The concept of a meio-
faunal "thiobios" Limited to the anaerobic sulphide system found ‘in
marine sands has recehtly been rejected by Riese and Ax (1979) and _
is still being debated (see Boaden, 1980 and Riese and Ax, 1980), but
this does not preclude differential resistance to anaerobic con-
ditions between various taxa, and this has.been described by
Lasserre and Renaud—Mornanf (1973). Since fine grained sands have
a lower porosity than coarse graihed’ones (Webb, 1958), the circu-
Lation of water fhrough fine sands is consequenfly’slower, resulting
in poor oxygenation of these sands. The decrease in harpacticoid
numbers with increasing sediment fineness may, therefore, also be

a consequence of reduced oxygen availability. Thus physiological
as well as the physical Limitations discussed by MCLachlén.(1978)

probably affect the composition of meiofaunal populations.

One further possibility concerning harpacticoid-sediment inter-
relationships is that copepods may prefer particular sediment

grades because of the microbes attached to these sediments. This
was found by Ravenel and Thistle (1981) in a study on two sub-

tidal species, although the field distribution of one'of the species

also appeared to be influenced by predation and hydrdgraphic conditions.
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The biomass values obtained show that the standing stock of the meio-
fauna on the three beaches was at least some 2,3 times that of the
macrofauna at the time of collection and twice the mean annual macro-
faunal-biomaés.~ The macro- and meiofauna values are compared in
greater detail in Table 5,10, which shows that the relative importance
of the meiofauna appears to increase with mean beach sediment
diameter, These values only reflect parT.of the meiofauna's
importance, since Gerlach (1971) estimates that meiofauna has approxi-

mately three times the turnover rate of macrofauna.

The impor tance of the meiofauna in terms of biomass and furnover
"naturally gives rise to the question of whether there is any inter-
action between it and the macrofauna. McLachlan et af. (in press)
state that these constitute two systems that are independent of
each other. In this view there would be no significant predation
of meiofauna by macrofauna, although meiofaunal scavengers would
presumably feed on dead and decomposing macrofauna under suitable

circumstances.

There is, however, a certain amount of evidence that refutes this
view, Warwick and Price (1975) were unable fo account for the high
biomass and production of Nephtys hombergi on the basis of predation
on macrofauna alone, and concluded that meiofauna must also form

an important part of the diet of that spécies. -Bell and Coull
(1978) found that the grass shrimp Pafaemonetes pugio both preyed on
~and regulated meiofaunaL populations. Riese (1979) found moderate
predation by macrobenthic juvenile crabs, hermit crabs, colonial
hydrozoans and a polychaete in fhe.Wéddeh Sea, Hummon eX af.
(1976) found that differential aggregations of meiofauna on a beach
in Delaware were associated with the presence of maturing eggs of
the horseshoe crab Limufus.

Fish are also known to feed on meiofauna and occasionally seem tfo
exert considerabie influence on individual specfes. Thus Sibert
(1979) found a close relationship between prey and predator in the
.case of the copepod Harpacticus uniremis and juvenile chum salmon
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{Oncorhynchus kefa) in a west Canadian estuary. It also appears
likely that the mullet L{iza r{ichardsoni, found on South African
coasts, feeds on meiofauna since Masson and Marais (1975) found
nematodes, foraminifera and "crustacean remains" in addition to
diatoms in the stomach contents of that species, while Blaber (1976)

found Mugil cephalus feeding on diatoms and some harpacticoids.

The above references show clearly that meiofauna-macrofauna inter-—
vacfions do occur, although they have only rarely been quantified.

. A considerable amount of study still needs to be undertaken to
quantify . these relationships, both on sandy beaches and in other
environments. | The role of the microbial fauna and flora of sandy
beaches also needs considerably more inveéfigafion, although initial
studies have now been. carried out, Tietjen (1980) has reviewed
the existing knowledge on microbial-meiofaunal interrelationships,
but he sths that very Little is known on this subject. . Tietjen
suggests that a substantial pfoporfion of the meiofauna may feed
directly on microorganisms, while Meyer-Riel and Faubel . (1980) found
that high meiofaunal biomasses correlated with low bacterial masses,
and vice versa, in agreement with Tietjen's views. Tietjen also
proposes secondary interrelationships and it would appear, therefore,
that there is a direct link between the meiofauna and the micro-
fauna of sandy beaches. The interrelationships between the three
categories of beach fauna, however, remain virtually virgin fields,

for the time being.

The range of calorific values in animals is 3,3 to 9,4 kcal.g_1
ash~-free dry weight (13,81 to 39,35 kJ.g_1 ash-free dry weight)
according to Cummins and Wuycheck (1971). The results obtained

~ from the sandy beaches on the west coast are presented in Figure 5.7
and all results fall well within this range. Cummins and Wuycheck
found the average value to be 5,6 kcal (23,41 kJ) which is slightly
lower than the average of 23,94 kJ.g-1 found for the species

investigated here.

- D. Griffiths (1977) mentions that calorific values may -depend on
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Figure 5.7 Seasonal variations in calorific values (kd. g_])
and percentage ash (excluding shell weights of
molluscs) for the macrofaunal species encountered

on the three study beaches.
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the size or mass of the animals involved. Figure 5.8 shows the
effect of plotting the log of the mean mass of individuals of the
various species encountered in this study against their calorific
value in kJ.g_l. The resdlfs show a correlation between these two

parameters which follows the equation:

y = 20,61 - 1,33x

where:
x = Log of mean individual mass in grams;
y = calorific value in kJ.g_]

The regression coefficient r was 0,69 and was significant (P 0,005).

It appears, therefore, that the calorific value per unit weight of
sandy beach organisms is a function of their size, at least within

the environmental conditions and size range measured.

One general feature in the results obtained should be noted. This
is that the highest calorific values were usually obtained from
very small samples - samples so small, in fact, that replicates
could not normally be taken to check for possible error. The high
values obtained occasionally may, therefore, be a function of the
small samples used, There is, however, an alternative explanation:
species that show substantial variations in population densities on
beaches may not enjoy continuous recruitment. and, therefore, as
each cohort approaches maturity, the .numbers in the cohort decline
through natural mortality, while, at the same time, energy is stored
in individuals in anticipation of reproduction, This would account
for both the high energy values obtained and the small size of the
samples collected. Variation in calorific values of this sort has

been noted by Prus (1970) for many aquatic animals.

D. Griffiths (1977) found certain differences in calorific values
in crustacea that depended on the predictability of their environ-

ments and of their food supplies. According to D, Griffiths,



128

30;
281
= 26
o o
S
= ) A O
o 24 o o A a
> o) A
©
>
0 22; A
-
o
o .
= 201 O
(@
181
16 v - T T P
-4,0 -3,0 - -2,0 -1,0 0,0
Log Mass (g)
Figure 5.8 Plot of mean individual mass of species against
mean calorific value
A carnivores and scavengers
O filter and deposit feeders
a

herbivores



129

organisms living in environments where food supply was unpredictable
would be expected to show a greater variation in calorific values
than those enjoying predictable food supplies, and at the same time
to have the capacity to develop much higher calorific values. Those
animals living in unpredictable environments would be opportunists.
From the evidence to hand, Griffiths concluded that this was, indeed,

the case.

While no calorific values for the meiofauna were obtained, Sikora
et akl. (1977) obtained a mean value of 6,1174'kcal.g_1 ash-free
dry weight or 25,44.kJ.g—1

nematodes account for over 75% of the meiofauna on west coast sandy

AFDW for meiobenthic nematodes. Since

beaches, this value is‘probabLy a reasonable measure for the whole

meiofauna as well,

The food available to organisms on west coast sandy beaches is a
relatively unknown factor, at present. Koop (1980) showed a
seasonal pattern in the deposition of kelp at Kommetjie, a beach
immediately adjacent to lLarge kelp-beds. Although a similar
seasonal stranding pattern can be expected on the beaches studied
here (since they all face’roughLy the same direction as Kommetjie),
the quantities of kelp deposited would be substantially lower,‘and
the fauna of the beaches is not, in fact, dominated by the

deposition of kelp.

‘One notable feature of west coast beaches, however, is the regular
deposition of thick banks. of marine foam, especially during the
winter months., The origin of this foam is not known, although it
fs highly probable that it is generated either from kelp beds or
phytoplankton blooms. Velimirov (1980) has reported on fhe\
formation and chemical composition of kelp-derived foam and found it
to be stable for up to two days in nearshore waters after the
cessation of onshore winds., This Long period of stability means
that the foam can be transported over considerable distances by

suitable winds and waves before being stranded.
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Although no measurements of the foam deposited on the three study
beaches were made, substantial quantities were observed to be
washed ashore and large banks, up to 40 cm thick, were frequently
seen, and on occasion the whole beach was covered with such

deposits. Velimirov found bacterial densities of 3,45 x 109 cells.

ml—1 of foam suspension, calorific values of up to 15,39 kJ.g‘_1
ash-free dry weight and biochemical compositions averaging 22,05%

protein, 10,76% Lipids and 3,07% carbohydrates.

Foam formed in the presence of phytoplankton (Maynard, 1968)
following upwelling is probably also deposited on west coast shore
- when wind directions are suitable. Thus foam is likely to repre-
sent a substantial seasonal input into the intertidal sandy beaches
on the west coast. - This may also be reflected in the generally
higher nutrient concentrations found on these beaches (as opposed

to those of the south coast) by Orren et al. (in press).

The overall results of the studies outlined in this chapter have
shown that the beaches of the west coast of South Africa fall within
the range of densities and biomasses previously reported for macro-
and meiofauna on sandy beaches elsewhere in the world. The beaches
studied here, however, rank among the richest, both in terms of
density and biomass. This richnéss may be due to several factors,
including their location along a coastline where upwelling occurs
regularly enhancing production in nearshore waters, while at the

same time being reléfively free of deleferious potlution,



CHAPTER ©

RESPIRATORY METABOLISM OF THE

DOMINANT ISOPOD SPECIES

introduction

Respiration can be considered as the process of faking oxygen from the
environment and returning carbon dioxide to it (Abercrombie et al.,
1973). Most larger marine animals do this through respiratory organs
- the gills. Since respiration Is an oxidative process in which
energy is released by the organism to carry out its Life functions, '
respiration rate is an indirect measure of the energy consumption of
Life. Respiration has therefore beenh called ‘energy expenditure" by
Newell et al. (1977) and "respiratory metabolism" by Phillipson (1966).

~Cirolanid isopods are among the most successful colonizers of the
intertidal zones of sandy beaches all over the world (Dahl, 1952). On
exposed beaches of the west coast of South Africa, three species are
found, these being Eurydice Longicornis, Pontogeloides Latipes and
Excirofana natalensis. These species have wide geographical ranges,
Euryddice occurring from Lideritz (Day, 1974) to the Transkei (Branch

and Grindley, 1979), Pontogefoides from Mauritania (Brian and Darteville,
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(1949) to Natal (Day, 1974) and Excinofana from the west coast (this
study) to Madagascar (Pichon, 1967).

Brown' (1971a) has remarked that the isopod Exosphaeroma truncatitelson
is replaced by Eutrydice on exposed beaches, while Pontogeloides,
although present on most beaches in small numbers, seems to be most
abundant near rocks. Pontogefoides also occurs at the Congo River
mouth (Brian and Darteville, 1949) where it adopts a tubiculous habit,
in Lake Sibayi (Allanson et af., 1974) and at the mouths of smatl
estuaries between Cape Agulhas and False Bay. This study has shown
that Excirofana natalensis partly replaces Eurydice on coarser, better-
drained beaches (see chapters 4 and 8).

The three species are present on all three beaches studied, although in
varying numbers and at different intertidal lLevels. The most pelagic
species is Eurydice fLongdicoanis, which occupies the zones of saturation,
resurgence and retention, particularly at Melkbosstrand and Ysterfontein,

Eurydice is also “found .off-shore in Large numbers (C. Brownell, pers.

comm.). Pontogeloides Latipes occupies the zones of resurgence and
retention at Melkbosstrand and Ysterfontein, and the zone of resurgence
and the lower part of the zone of retention at Rocherpan. Finally,

Excirolana natalensis mainly occupies the zone of drying and retention
at Rocherpan, with only a few individuals being found in the lower zones.
On the other two beaches, Excirofana is only found in very small numbers

in the zone of drying,

The three species thus occupy a gradient from the subtidal almost into
the terrestrial environment, ALl are carnivorous and water breathing,
but each species encounters different conditions and periods when
activity and feedihg can take place. A study of the respira+ory

metabolism of these animals might, therefore, reflect the above-mentioned

zonation,

Studies on the respiration of intertidal animals have been numerous, the

majority being concerned with rocky shore animals (see Newell, 1976 and
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1979 for reviews). Although rocky shore intertidal macrofauna
encounter stress periods of similar length to those experienced by
sandy beach animals, the nature of the stresses are different and

intensities probably much greater.

Respiration studies of sand-beach animals have concentrated on molluscs
(e.g. Trevallion, 1971; Ansell, 1973; McLusky et af., 1975; Hanekom,
1975; Edwards, 1973b; Ansell et al., 1978; Brown, 1979; Brown and
da Silva, 1979; MclLachlan, 1979a; Brown et af., 1978 and Dye, 1979a)
and crustaceans (e.g. Edwards and Irving, 1943; Edwards, 1973a;
Johnson, 1976b; Ansell et af., 1978; Dame and Vernberg, 1978 and Dye,
1980a). Edwards (1973a and Shumway (1979) have carried out some of the

few studies on soft-shore intertidal polychaete respiration.

The only measurements of respiratory metabolism in cirolanid isopods

to date have been those of Johnson (1976b) on Cinofana hargorddi, an
intertidal species; Skjoldal and Bakke (1978a, b) and deZwaan and

Sk joldal (1979) on the anaerobic énergy metabolism of Cinolana borealis,
and Shafir (1978) on the respiration of Ciaolana.fmp04iia, a subtital

species Living in kelp holdfasts.
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Methods and Materials

Animals collected from Thexfield were placed in a Gilson Differential
Respirometer as soon as possible, Animals were collected from those
beaches on which they were most abundant. Thus Eurydice and Ponto-
geloides were taken from Melkbosstrand and Ysterfontein, and Excirofana

from Rocherpan,

After equilibration, respiration readings were taken for periods of
six to thirty-six hours. Initially, measurements on each species
were recorded for at least 24 hours to determine any activity or
respiratory rhythms, as were found by Shafir (1978). Since no con-

sistent rhythms were observed, shorter runs were then carried out,

It was not deemed necessary to acclimatize animals to particular temp-
eratures prior to respirometry, since it was felt that in the field,
intertidal aniéals are never subjected to constant temperatures for
longer than a few hours. Dame and Vernberg (1978) have provided
quanfifafive confirmation of this view, Usinghfwo species of infer-
tidal crab, they found significant differences in respiration rates
between animals that had been acclimatized to constant temperatures
and those kept under cyclic temperature regimes prior to the experiments.
They concluded that "any previous estimates of the role of oxygen con-
sumption in energy budgets of a species and/or a community might be in
error, unless the influence of cyclic temperature on respiration has

been determined" (Dame and Vernberg, 1978, p.195).

The problem of monitoring activity levels during the experiment could
not be resolved., In an attempt to constrain animals' movements, some
runs were made with sand in the flasks into which the isopods could
burrow, Runs were made both with and without supernatant water, the
Llatter to simulate conditions at low tide. These runs were made with

blanks containing sand only as controls.
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After the experiment, animals were killed, measured, dried, acidised,
washed, dried again and weighed, in order to determine oxygen con-
sumption against mass, Respiration runs were repeated over a range

of temperatures.

" Gilson respirometer results must be converted to standard temperature
and pressure (273° K and 760 mm Hg) for comparative purposes. - The

following formula is used:

-

microliters gas exchanged at STP = 273 (P - Pw) Vg

o (DF
760 T
where P = barometric pressure in mm Hg,
Pw = vapour pressure of water at temperature T,
T = temperature in K° at micrometer,
Vg = microliters gas change measured with micrometer,
The value for P& must be looked up in a table. ‘If the water is in

contact with the atmosphere (as it was in these experiments), the
corresponding vapour pressure is slightly higher,  The new value can
be obtained by adding a small incremeanFM to the value given in the
table. APw is calculated as follows for temperatures between 0 and
40° C:

100 4P = 0,0775 - 3,13 x 1074

—_— e N 07

P
W

where t = temperature in °C,
(Washburn, 1928).

A coréecfion is also necessary for T in equation (1), The temperature
at the manometer does not necessarily equal the experimental temperature

in the water bath, Indeed, the difference between these two

x From: Directions for operation, Gilson Differential Respirometer.
Gilson Medical Electronics, Inc. Middleton, Wi.
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temperatures increases the lower the experimental temperature. . For
example, if the experimental temperature is 5°C, the temperature at the
manometer can range from 25 to 30°C or more due. to heat given off by
Lights and the cooling apparatus. Correcting volumes of gas exchanged
to S.T.P. using a T value of 30°C (303° K), therefore, bears very
Little relation fo volume changes in the flask at 5°C (278° K).

It is not realistic either, to use the experimental temperature value
for T since the effects of high temperatures on air at the manometer
and in the connective Tygon tubing of the apparatus cannot be ignored.

The answer obviously lies somewhere between these two extremes.

To obtain a realistic and workable value for T it is necessary to know
the volume of air in the flask that is in the water bath at the
experimental temperature. This air will have the same temperature as
the water bath, The volume of air in the Tygon tubing and below the
manometer fluid must also be known, and will have the manometer -

temperature,

The ratio of volume of air in the flask to total volume of air on the

reactive side of the manometer can then be calculated.

Vv = a
_'"_]'anome.rer >-- Y 0..-....-.-‘.(3)
Viotal
where Vmanomefer_= volume of air in Tygon tubing and manometer,
Vfofal = Volume of air in flask, tubing and manometer,

a = constant for one flask.

T can. then be calculated as follows: ;

T = (Tmanomefer - Texp. ) a + Texp. ........ creseraesen (4)
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where Texp = experimental temperature in °K,

T = temperature at manometer in °K,

manometer .

This new definition of T can be substituted for the one given in
equation (1), The importance of this correction is shown in the

following hypothetical examples:
Using an experimentally obtained respiration rate of 1000 Oz/g/hr
at an experimental temperature of 5°C, manometer temperature of 30°C

and pressure of 754,00 mm Hg.

a) When T = temperature at manometer in °K,

n

microliters gas exchanged at S5.T.P, = 273 (P - Pw) Vg

760 T

273 (754,00 - 31,82) 1000
760 x 303

]

]

856,15 Oz/g/hr

b) When T = experimental temperature in °K,

H

273 (754,00 - 6,545) x 1000
760 x 278

microliters gas exchanged at S.T.P,

965,80 L 0,/g/hr

c) When T = (Tmanomefer - Texp.) a + Texp. as in equation (4)

where a = 0,3.

I

273 (754,00 - 10,87) x 1000
760 x 285,5

microliters gas exchanged at S.T.P,

935,00 L 0,/g/hr.
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The value obtained in example a) is 8,4% lower than that in c). The
value from b) is 3,3% higher than that from example c), while b) is

12,8% higher than the value from a),

These differences are all impdrTanT, especially when results are com-
pared with those obtained by other methods. It should be noted that
for a given flask size, differences will be greatest at low tempera-
tures and will decrease as experimental temperature approaches that of
the manometer. At any given temperature, the differences will
increase the smaller the ratio of volume of fubing and manometer to

total volume (i.e. a) becomes.

The results obtained were converted to mass-specific respiration rates.,
An immediate problem was that there were no regular periods of high or
Low activity, Each hourly reading consisted of oxygen consumptions
from animals that were active or inactive fto varying degrees. Mean
rates showed wide ‘scatters and it was offé; not possible to obtain
satisfactory méss—specific respiration rate to mass relationships. In
order to circumvent this problem, therefore, it was decided to use only
the lowest readings obtained from the Gilson as indicative of a low
rate that approaches the animal's basal metabolic rate. The degree

to which this rate does approach the basal metabolic rate (BMR) s

not known, but, as will be explained later the minimum rate is probably

a conservative esfimafe of BMR.

Active rates were obtained as follows: the animals were placed in
Gilson flasks and, after equilibration, readings were taken at 10
minute intervals for an hour, after which the flask shaker was speeded
up to its maximum rate. This ensured that the animals were agitated
to a degree resembling natural conditions as the swash washes across
exposed beaches. Readings obtained in this way were consistently
high, On occasion, high readings were also obtained prior to shaking,
showing that these were not a result of improved gas-exchange brought

about by increased shaking.
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Regressions of mass-specific respiration rates against mass were
obtained separately for active and inactive animals by means of a
computer program, Response surfaces for each species and er active

and inactive animals were then plotted by the SACLANT contouring and
three-dimensional .graphics package. Equations for the three-dimensional
surfaces and also for the effect of activity (using arbitrary activity
values of 0,1 and 100) were obtained with a step-wise regression

computer program from the Madison Academic Computing Center.
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Results

Figure 6.1 shows the relationships between mass and respiration rate,
and between mass and mass-specific respiration rate for a given temper-
ature and level of activity, These. relationships may be expressed by

equations in the form:

R=awb . ) e % 8 0 & 8 3 s (5)
where R = respiration rate (ml 0,/hr),
a = intercept on the y axis,
W = ash-free dry mass of animal (g),
b = exponent,

in the case of respiration against mass, and

Rt e e (6)
W

where R/W = mass—-specific respiration rate (ml 02/g/hr).
These can be rewritten as:
log10R = log1oa + b.Log1OW . cerecaans (7)
and log1OF%_= log10a + (b-1) Log1ow | BEEEEERERE (8)
for equations (5) and (6) respectively,
Table 6.1 shows the equations obtained for all the temperatures and
activity levels measured in the three isopod species. The effects of

temperature, size and activity on mass-specific respiration rates are

shown in Figures 6.2 to 6.7. These figures represent the effects of
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TABLE 6.1 Equations for mass-specific respiration regreSsion lLines
- in the three species of isopod studied

Species Ii?geffé)' Activity specific nggirafion ?
Eungydice Longiconnis 8,0 0,1 R/M = 0,00924 7 0,950
. 10,0 0,1 R/ = 0,020 97 0,810
12,5 0,1 R/M = 0,0138w 269 0,960
14,0 0,1 R/W = 0,0316W 0,60 0,895
16,0 0,1 R/W = 0,0288n 0s6 0,923
18,0 0,1 R/W = 0,0501W 0762 0,929
20,0 0,1 R/W = 0221800+ % 0,768
6,0 100 R/M = 0,0295W 0,62 0,966
10,0 100 R/W = 0,2089W 024 0,918
14,0 100 R/W = 0,2388W 0742 0,955
16,0 100 R/ = 0,21630 07 - 0,963
18,0 100 R/W = 0, 14450 0724 0,962
20,0 100 R/ = 0,27610 977! 0,924
Pontogeloides fatipes 22,0 0,1 R/M = 0,0537W 0727 0,967
10,0 0,1 R/M = 0,00920 0747 0,986
12,5 0,1 R/W = 0,0501w" 0,316 0 852
14,0 0,1 R/W = 0,0977w 9,20 0,993
17,5 0,1 R/W = 0,1107w~ %27 0,975
20,0 0,1 R/W = 0,0324w 0170 0,968

continued -
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TABLE 6.1 (continued)

. Tempera- - Mass 2
Species ture (°C) Activity specific respiration r
Pontogeloides Latipes 12,5 100 R/W = 0,5105% 0763 0,984

(continued) ~0.63
o 14,0 100 R/W = 0,54200 07 0,987
15,0 100 R/W = 0,4688W 0260 0,985
17,5 100 R/W = 0,69180 072> 0,989
20,0 100 R/M = 0,3105w 9266 0,992
22,0 100 R/W = 0,1734w 0272 0,993
Excirolana natalensis 12,5 0,1 R/M = 0,0076w 076 0,988
14,0 0,1 R/W = 0,0105807 70 0,990
15,0 0,1 R/W = 0,0178W 026 0,995
17,5 0,1 R/ = 0,01100 0281 0,967
20,0 0,1 R/W = 0,0966W 0728 0,945
22,5 0,1 R/W = 0,03310 0743 0, 886
12,5 100 R = 0,17220" 078 0,925
-0,86
14,0 100 R/W = 0, 1330W 0,953
17,5 100 R/W = 0,23230 08 0,986
19,3 100 R/W = 0,1837w 0,78 0,988
20,2 100 R/M = 0,1578W 0223 0,879
22,5 100 R/W = 0,2636W 0267 0,949
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size and temperature in animals with minimal activity (Figs 6.3, 6.5
and 6.7) and in active animals.(Figs 6.2, 6.4 and 6;6). As can be
seen from these figures, there is a general decrease in mass-specific
respiration rates with increasing size in the classical manner dis-
cussed by Schmidt-Nielsen (1975). The effects of Temperafure.vary

¢

with species.
Using a stepwise regression pngram, the following equations were ob-
tained for the response surfaces in Figures 6.2 to 6.7.

For active rates of Euwwydice Longicornis:

Log10 mass-specific oxygen consumption (ml/mg/hr)

15,4735

30,0942 log temp. (°C)
1,8470 temp. (°C)

0,9506 log dry mass (mg)
3,7862 x 1072 temp.?
3,6084 x 1072 dry mass

1,5590 x 1074 temp.®  ..iiiiinn.. (9)

+

3+

3+

The multiple correlation coefficient for this equation was 0,9881.
This means that the equation accounts for 99% of -the variation of the
log mass-specific oxygen consumption in the data on which the formula

is based.

For inactive rates of Eurydice Longicornis:
Log mass-spectfic regspiration rate
= ~3,4796
+8,2382 log temp.
-4,9684 log dry mass

continued -
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+

1,1392 dry mass
0,5491 temp.

0,1363 dry ma552
1,1195 x 1072 temp.

2

+

+ 7,2650 x 107> dry mass- ........

(Multiple correlation coefficient for equation (10) = 0,9504)

For active rates of Excirofana natolemsis:

Log mass-specific respiration rate

- + 327,5374

635,1482 Log temp.

44,9607 temp.

1,2946 femp.2

0,2751 log dry mass3

1,6570 x 1072 temp.>

+ 2,8740 x 107> dry mass ........

+

+

Multiple correlation coefficient for equation (11) = 0,9947.

For inactive rates of Excinolana natalensis:

Log mass-specific respiration rate

-+ 7,4829
- 11,5587 log temp.:

0,5587 temp.

0,3812 log dry mass

0,9144 x 10°% temp.

0,7652 x 1074

0,1208 x 1074 dry mass ........

+

2

+

(Multiple correlation coefficient for equation (12) = 0,9512.)

Log dry mass x temp.
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For active rates of Pontogeloides Latipes:

Log mass-specific respiration rate

- +0,2913 x 1074

1,9788 log temp.

0,7145 log dry mass

0,0339 temp. |

0,3045 x 1072 dry mass

0,4367 x 10°% temp.> e (13)

+

(Multiple correlation coefficient for equation (13) = 0,9977.)

For inactive rates of Pontogeloides Latipes:

Log mass-specific respiration rate

= + 1202,6000

2,5193 x 10° log temp. V

1,9358 x 10° temp. |

- 33,9840 log dry mass x log temp.

28,0870 log dry mass

5,9372 Temp.2

0,6737 log dry mass x temp. .

£ 0,7973 x 1072 temp.>  ereeereennnnn (14)

+

+

+

(Multiple correLafion coefficient for equation (14) = 0,9770.)

Although the temperature ranges studied are not quite the same for all
three species (see Figs 6.2 to 6.7), it is evident that the species
respond differently to temperature. Thus the minimum respiration rate
of Eurydice fLongicornis increases slightly between 8 and 10°C followed
by a constant rate which fs maintained until 16°C. Above that temper-
ature, the respiration rate increases exponentially, to 20°C. The

active respiration rate increases steadily between 8 and 20°C.

Both minimum and active respiration rates of Excirofana natalensis show
a peak at 17,5°C, with a steady decline on either side. Similarly, the
respiration rates of Pontogeloides Latipes show peaks at 15 and 17,5°C
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for the active and inactive rates respectively.

When arbitrary activity values of 0,1 for the inactive rates and 100
for the active rates are included in the data handled by the stepwise

regression program, the following equations are obtained:

For Ewrydice Longicornis:
Log mass~specific respiration rate

- - 72,6980
+ 1,2569 x 10° Log temp.
- 10,8380 log dry mass
- 5,1025 tfemp.
- 0,7877 log temp. x activity
+ 0,6025 dry mass
+0,1241 x 1074
+ 0,6599 x 107 log temp. x activity
+ 0,2032 x 1078 activity?
- 0,8108 x 10712

’remp.4

activity’ e (1)

(Multiple correlation coefficient for equation (15) = 0,9002.)

For Excirolana natalensis:
Log mass-specific respiration rate

- - 3,8902 |
~ 2,0879 log dry mass x log temp.
+ 1,6591 dry mass
+ 0,7447 x 1072 temp.?
- 0,2752 x 10
- 0,1940 x 10
-~ 0,3746 x 10
+ 0,2634 x 10
+ 0,6949 x 1078 activity?

+ 0,5793 x 1078 dry mass’ e, (16)

femp.3 ‘
activity/temp,
activity x log temp.

-3
-3
-4
—: activity/dry mass

(Multiple correlafion coefficient for equation (16) = 0,9377.)
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For Pontogeloides Latipes:
Log mass-specific respiration rate

= - 6,2303
- 6,9325 log activity x log temp.
+ 5,2415 log activity
+ 2,268 log activity x log dry mass
- 0,6881 dry mass x log temp.
+ 0,1644 temp.?
+0,1854 x 1072 dry mass x temp.
+0,5779 x 107
- 0,5566 x 107
- 0,8578 x 107°
+0,4132 x 1078 activity?

dry mass2
Temp.3

log dry mass x activity

(Multiple correlation coefficient for equation (17) = 0,8960.)

Discussion

Figure 6.1 shows that the isopods studied show the usual effect of body
size on respiration rate, i.e. metabolism increases with increasing

body size, while mass-specific metabolism decreases.

The slopes for the regression Line equations (exponent b) Llisted in

Table 6.1 differ considerably from the average value of 0,75 found by
Hemmingsen (1960) for metabolic rate against body mass, or - 0,25 for
mass-specific metabolism against mass. In theory, the value of b

varies depending on the relationship between metabolism, mass and surface
area (Newell, 1979), Where mass-specific metabolism varies proportion-
ally with body mass, the value of b approaches - 0,01, while where it

depends on surface area, it is - 0,33.
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Most of Thé slopes given in Table 6.1 fall below the latter value, but
Lie within the range found in such intertidal animals as Littordina
Littorea (Newell and Roy, 1973), Ligia oceanica (Newell et al., 1976),
Ligia dilatata (Koop, 1979), Bullia melanoides and B. digitalis (Brown
et al., 1978) and Donax serra and D. sordidus (Dye, 197%), as well as
the subtital Citolana imposifa (Shafir, 1978). |

The formulasobtained from the stepwise regression program and which
describe the surfaces in Figures 6.2 fto 6.7, all tend to show that temp-
erature has a greater influence on respiratory rate than body mass.

This is the reverse of the findings by Newell and Roy (1973) and Newell
et akl. (1976) in Littorina and Ligia.

|f activity is considered in addition to the other two parameters (i.e.
temperature and body mass) it becomes apparent from equations (14)-(17)
that activity is the Least important of the three parameters affecting
metabolism in Eurydice. In Pontogelodides, on the other hand, activity
has a greater effecf on rate of respiration than either temperature or
body mass, while in Excirolana the influence of activity is of intfer-
mediate importancei It is evident from the results obtained that the
habitats of the three species have a profound effect on their

respiration rates.

Eurydice Longdicornis shows a supression in the rate-temperature curve
when it is inactive, which is remarkably similar to that obtained by
Brown and da Silva (1978) for Bullia digitalis. Figure 6.8 compares
rate-temperature curves for these two speéies. Suppression of the rate-
temperature curve is an energy conservation mechanism which usually
extends over the range of temperatures normally encountered by the
animal., If'is, in éffecf, a reduction in the animal's sensitivity to
temperature, and has been shown 1o oceur in many intertidal species
(Newell, 1979).

The two isopod species from the higher shore, Pontogeloide$ and Ekcinoﬁana,
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both show active metabolic peaks in the 15 - 18°C range. Above these
temperatures, respiration is probably suppressed as an energy conserva-
tion measure. Unfortunately, the range of temperatures over which
respiration of these two species was measured was not sufficient to
determine whether an increase in respiration rate occurred above 22,5°C,
There is a strong poséibilify that these species show suppression of
respiration over a wider thermal range than do the lower-shore

Eungdice. Such a difference has been shown by Griffiths (1977) in

rocky-shore anemones.

Under normal conditions, however, sand is a very effective insulator
against temperature fluctuations. Figure 6.9 shows temperature records
taken over a low tide period at Rocherpan in the zone of drying
occupied by Excirolana. The figure shows that temperature variations
at the surface gradually disappear with increasing depth. Similar
results have been obtained by Newcombe (1935), Johnson (1965) and
Pollock and Hummon (1971).  These results show that even in the most
extreme inferTf&aL zone, occupied by only one wafer—breafhing specieé,
the evaporaTive-cooling of fhe sand insulated the infauna from high
temperatures. It is thus very unlikely that sandy beach intertidal
isopods encounter the high temperatures experienced by rocky shore

animals.

Thus, while it is not possible to see what mechanisms control the shapes
of the rate-temperature curves from the data obtained, the fact remains
that within the temperature ranges measured-(i.e. the normal range

experienced by the isopods) respiration EaTes decline steadily from the

peak values, in both active and inactive animals.

Halcrow and Boyd (1967) have shown that by plotting the routine rate
of oxygen consumption for a range of temperatures against the standard
rate, the scope for activity can be obtained. Newell (1979) has
obtained a potential range of activity for the animals used by Halcrow
and Boyd. He comments that the greatest scope for activity occurs at

a temperature well within the range of tolerance of the organisms.
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The problem with applying this technique to sandy beach isopods. lies
in the definition of "routine" rates, and its measurement. The total
amount of oxygen consumed over 24 or 48 hours might be considered a
good measure of a routine rate. But the conditions inside a respiro-
meter are not representative of nature. Since activity has a very
great influence on oxygen consumption (see Newell (1979) for review,
also this .study), the acfivify of an animal in the réspiromefer shoul.d
parallel that of an animal in its natural habitat during the measure-
ment of a 24 or 48 hour routine rate, The studies of Shafir (1978)
and Marsh and Branch (1979) show that this does occur under certain -
circumstances. In the three fsopod species studied here, however,
endogenous respiratory or activity rhythms were not expressed in the

respirometer, as can be seen from Figure 6.10.

Nevertheless, there is a considerable body of Lliterature showing the
existence of circatidal and circumlunar rhythms in other species of the
genera Eurydice and Exdicrolana (Jones and Naylor, 1970; Fish and Fish,
1972; Enright, 1972; Klapow, 1972a,b; Alheit and Naylor, 1976;
Macquart-Moulin, 1977), '

What is the behaviour shown by isopods under natural conditions? Brown
(1973) has described the activity rhythm of Eurydice Longicornis, while
an illustration of the probable Llifestyle of Excirolana natalensis

is given below. Similar acfivify rhythms are likely to occur in other

species.

Excirolana buries itself in sand near the top of the beach (in the zone.
of drying) as the tide recedes. As Figure 6.9 shows, the temperature
rises gradually throughout the period of exposure if this occurs in the
daytime, even at 4 to 8 cm depth where the isopods are buried. Evapo-
rative cooling keeps the temperature of the sand fairly low, but is
possible that on hot, windless days, the temperature may rise to 20°C
or more. Whatever happens, the isopods are virtually trapped in the
sand during the period of exposure, since digging in moist sand requires
considerable effort, It was found that captive isopods rarely dug to
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a depth greater than 1 cm below the surface if placed on damp sand.

The animals, therefore, are unlikely to move much during low ftide, thereby
saving considerable energy (Newell, 1979). Captive animals kept in moist
sand were sometimes found to come to the surface at night and to wander
about.  This méy act as a mechanism to avoid remaining stranded high up
the shore during a period of decreasing tidal amplitude. Movements
across the surface of an exposed section of the beach can only be under-
taken at night when desiccation is reduced. Presumably such movement
would take place at high tide, when the isopod stands a better chance of
being caught by the swash. Naturally, the time for which water-breathing

isopods can walk about in the air, even at night, is strictly Limited.

With the incoming tide, the animals are either washed out of the sand or
leave it deliberately. Alheit and Naylor (1976) and Macquart-Moulin
(1977) both report that if captive Ewrydice |E. pulehra and E. affinis
respectively) were provided with sand, individuals could remain permanently
buried. Thus an environmental stimulus of some sort is probably im-
portant in cueing the onset of swimming. Furthermore, King (1951) has
shown that up to 4 cm of sand can be removed by a single swash—-backwash
cycle on exposed beaches, thereby increasing the Likelihood of mobi Le

infauna getting washed out of the sand.

Other environmental stimuli such as the sharp drop in temperature shown in
Figure 6.9 may also trigger a swimming response. "Enright (1965) has
tried to trigger swimming responses in Excirofana chiltond in a number of
ways but, with the exception of mechanical stimulation, all failed. He

does not mention trying thermal stimulation, however.

During high tide, the animals presumably forage for food, while maintaining
their positions on the beach and making sure that they are not washed

off the beach altogether. This is a period of high activity when the
animals must expend considerable energy in swimming. Klapow (1972b)

has suggested that Exciaoﬁana»buries itself in sand on the receding tide

to ensure that it will be washed out at the next high tide, even during
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a period of decreasing amplitude. This would imply that the animals
migrate up and down the beach with the spring-neap-spring tidal cycle.
Such migration has been observed in Ewrydice pulchra (Fish, 1970),
Excinolana chiltoni (Klapow, 1972a) and Excirolana braziliensis (Dexter,
1977), Figure 6.11 indicates that the same thing occurs in Excirofana
natalensdis.

Once the tide has receded from the upper half of the beach, the population
lies buried and inactive until the following high tide. There are,
however, a number of unknown factors complicating the picture. It was
found that animals kept in capfiyify could survive long periods (2 to

3 months) without food, and Enright (1972) reports that an individual of
E. chiltoni survived for 6 months without food. This may mean that for

a considerable period after feeding, the animals remain inactive even on

the beach, simply remaining buried in the sand.

In the absence of a complete activity budget in free-living animals it
is therefore not possible to define, let alone obtain, a "routine"

respiration rate for sandy béach isopods.

Newell (1979) shows the relationship between routine and standard rates
and how this determines both the scope for routine activity and the
potential range for activity, In the three species of isopod studied
here, it was not possible to do the same thing., When active rates are
plotted over the standard rates, however, a scope for maximum activity
is obtained. This reflects the energy that is potentially available
for escape, foraging, maintaining zonation etc. which may well be very
important in intertidal animals subject to varied and considerable

stresses,

The scopes for maximum activity in the three species are shown in Figure
6.12 for a standard animal of 2,5 mg. It is interesting to note that
there is a gradation jn scope for activity from Eurydice, the low tide
species with the lowest scope for activity, through Pontogefoides, to
Excirolana, the highwater form with the greatest scope for activity.
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It would appear from this that scope for activity is proportional to

the harshness of the environment occupied by the animals, One possible
reason for the relatively low scope for activity in Eurydice may lie in
the fact that Eurydice of 2,5 mg are adults whereas individuals of that

mass in the other two species are juveniles.

A comparison with metabolic rates of a sub-tidal cirolanid species would
be of interest but UnforTunaTeLy, the only respiration study on such an
animal is that of Shafir (1978) and the data is not presented in a format

comparable with the one used here.

Branch and Newell (1978) have shown a similar zonation in metabolic
activity in limpets of the genus Patefla. They investigated three
species occurring on the same shores but favouring different intertidal
zones, In all cases, metabolic activity was optimized for the parti-
cular conditions prevailing in their zones. Branch (1979) found

similar adaptations in a fourth species.

The inference is, Theréfore, that the metabolic capabilities of infer-
tidal animals are modified according to the environment. Newell (in
press) suggests that food availability also plays a considerable role in
whether organisms adopt a "conservationist" or "exploitative" strategy
in regulating metabolism at various temperatures. The data obtained
here are not suitable for investigating how this happens in sandy beach
isopods, although it was noticed that one or two individuals showed
consistently high respiration rates, perhaps because they were adopting

a different strategy to the norm.

Conclusions

Mass-specific metabolisms in The +hree isopod species studied show

relationships to body size similar to those of a variety of intertidal
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animals as well as to a closely-related sub-tidal cirolanid.species.

The effects of temperature, body-size and activity on respiratory meta-
bolism were investigated, and it was found that these parameters varied
in relative importance according to species. In all cases, temperature
had a greater influence than body mass, but the effect of activity
varied from species to species. The effect of activity was least im-
portant in Eutydice and rather more important in Excdirofana, while in
Pontogelodides activity, activity-temperature and activity-body mass

interactions were the most important factors influencing respiration.

These differences are postulated to be related to differences in the
intertidal environments occupied by the three species. The scope for
activity of the three species is shown to be greatest in those animals
lLiving near the top of the intertidal zone (i.e. in the zone experiencing
the greatest environmental variability and the least predicfabili}y).

The scope for activity probably represents a "reserve" to cope with
unfavourable conditions or situations. Suppression of metabolism
appéars to occur in all three species, although it is most evident in

the rate-temperature curve for Eurydice.

In conclusion, it can be said that both activity pofenfials and respi-
ratory responses to temperature are modified according to the environ-
mental factors which occur in the intertidal zones normally occupied by

these sandy beach isopods.
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CHAPTER 7

THE PATCHY DISTRIBUTION

OF SANDY BEACH ORGANISMS

Introduction

The fauna of sandy beaches has long been regafded'as notoriously pafchy.
Patchiness has been found poth in meiofauna (e.g. Gerlach, 1977; PLatt,
1977; Giere, 1979; OGray and Rieger, 1971) and in maqrofauna (e.g. Moran,
1972; Gray, 1971; Pichon, 1967) and appears to present a universal
problem to researchers working on sandy beaches. To date, no studies
have been carried out on the problem, other than Moran's (1972) study on

the microdistribution of Gastnosaccus med4{teraneus.

In an attempt to provide more information, this problem was investigated
on the three beaches along the west coast of South Africa described in

previous chapters. The aims of the study were, firstly, to see whether
patchiness does occur to any significant degree and, secondly, to attempt

to quantify the degree of patchiness.

Methods and Materials

Sixteen random samples were collected from within the sampling grid on
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each beach in addition to the usual sixteen grid samples (see chapter 2),
Each sample comprised a 0,25 m?* quadrat excavated to a depth of 30 cm.
The sand was washed through a 1 mm mesh sieve that retained the macro-
fauna. The positions of the randomly chosen sampling sites were mapped
out and grid references were calculated for all 32 sampling sites.

After sorting (see chapter 5) had been completed, the results were fed
into the SACLANT graphics display package programme together with the
associated grid references. The SACLANT programme produces both three-
dimensional displays and contour diagrams for each set of inputted data.
The resultant diagrams were then compared with each other.

For the first section of this chapter, patches were determined by eye.
In the second half, however, the mean number of individuals per square
metre was calculated for the zone in which a particular species was
present. Areas with densities above this mean value were then desig-
nated patches. Although this method failed to resolve all the patches
it was adopted in-order to treat all species in an identical manner

when considering interspecific relationships.
Note on the interpretation of figures:

Figure 7.1 shows a sample of the figures appearing in the remainder of
this chapter and chapter 8. it should be noted that for reasons of _
clarity, all three beaches have been plotted to an.approximafely equal
size, although the areas sampled in fact measured 150 x 71,4 m at Melk-
bosstrand, 150 x 86,1 m at Ysterfontein and 78 x 42,3 m at Rocherpan.
Thus, while the contour diagrams for Melkbosstrand and Ysterfontein are
to the same sca[e, those for Rocherpan are to a larger scale. These
contour diagrams have all been plotted as they would appear from the air
~directly above the sample area. The horizontal or x axis runs parallel
to the shore, while the vertical or y axis runs across the beach at
right angles to the shore. The upper margin of the contour diagram lies
along the high water spring tide level and the lower margin at low water

springs.
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On some of the contour maps, isometric Llines representing negative
values will occasionally be seen. These "depressions", which are also
visible in some three-dimensional figures, are artefacts of the computer

programme, caused by a steep decline in values.

The three dimensional diagrams are all viewed from a point offshore 30
degrees to the right of the crossbeach axis and 35 degrees above the
horizontal. The vertical "mountains and valleys" in these figures are
an expression of the contour values in the contour maps. In this
chapter, they represent numbers of individuals per square metre and bio-
mass per square metre, but in chapter 8 they have also been used to show

the distribution of some sedimentary characteristics.

In order to emphasize features, the vertical scale of the three-dimension-
al diagrams has occasionally been multiplied by a factor: less than 1 in
order to reduce the scale; greater than 1 to magnify it. When used, the
value of this factor is given in brackets in the legend below the 3-D

figure.

A comparison of the number and biomass figures in this chapter will give
some indication of the relative size compositions of the populations
studied. in figure 7.1, for example, the "mountain" in the right half
of the figure is roughly to the same scale in both the number and biomass
representations, whereas the "mountain" to the left is much higher in the
number diagram. This means that although there are high numbers in this
area, the biomass is not correspondingly high, implying a Large number of
individuals of low mass. In this chapter these are referred to as

' juveniles' for convenience, but it should be remembered that they might

simply be adults of a smaller size class.
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Results and Discussion

Inspection of figures 7.2 to 7.4 shows that the fauna of the various
beaches is not evenly distributed. At Melkbosstrand (fig. 7.2) the
bulk of the biomass is concentrated in the mid-tidal region - mainly in
the Lower portion of the zone of retention (see chapter 4). Even with-
in this zone, however, disfribufion is discontinuous, two patches being
apparent, each one measuring between 50 and 70 metres in length. A
smaller patch of relatively high biomass lies at the high-water mark but
the rest of the intertidal region is distinguished by low biomass values

of under 29;m-2.

Figure 7.3 shows the total biomass at Ysterfontein. A single patch, some
100 metres long is shown, occupying the same zone as the patches at Melk-
bosstrand. Finally, in figure 7.4, the biomass at Rocherpan is magni-
fied five-fold to emphasize the patchiness. Here there are two patches,
both in the zone of resurgence and the one that falls entirely within

the area studied measures 31 metres in length. The second patch, the
entire extent of which is not known, is at least 34 metres long. The
reason for the presence of these patches in the zone of resurgence at
Rocherpan rather than in fhe zone of retention is discussed in chapter 8.

A single glancé at any one of these figures is sufficient to show the
complete inadequacy of the singleffranseéf method of sampling discussed
in chapter 2, It is obvious from the figures that a single transect can
either hit a patch or miss it; it can either cut across the peak or
across a lower slope. In each case different values are obtained and
fhe dangers of extrapolating results obtained in this way fo,applylfo
entire beaches are clear. There is no substitute for intensive

sampling in sandy beach ecology.

In the following section, the patchiness found in individual species on

each beach will be described.
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Figure 7.2.
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Figure 7.3.
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Distribution of total biomass at Rocherpan

. Figure 7.4.
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TyLos agranulatus

At Melkbosstrand (fig. 7.5), parts of two patches were sampled, each
portion measuring some 64 metres in length. The widths of these patches
is not known, since only Tylos in the intertidal area were sampled.

Brown (1971a) mentions that on the Cape Flats, Tylos capensis may wander
several kilometres inland, although in general species of this genus are
considered halophilous (Roman, 1977) as opposed to truly terrestrial.

In this case, however, it is clear that only the seaward fringe of the
distribution has been sampled. The teft-hand patch in figure 7.5 con-
sists of a greater proportion of juveniles than occurs in the rest of

the distribution, as can be seen by comparing the number and biomass

figures with each other.

At Ysterfontein (fig. 7.6), a relatively small patch in terms of numbers
has been sampled, measuriné some 78 metres in length. The beginnings '.
of other patches are seen on the edges of the sampling area, including a
numerically important one to the right. The size composition of the
sampled population or populations appears to be fairly constant through-
out the area sampled.

At Rocherpan (fig. 7.7) an intertidal patch of Tyfos was sampled
measuring some 45 metres along the beach and 20 metres across it. This
pafch consists mainly of juveniles, but the seaward edge of a second
patch of adults was also sampled. The border of a third patch of
Juveniles appears at the right of the figures. Thus it would seem

that on this occasion, juveniles were occupying a lower intertidatl
position than were the adults. Tylos granulatus, therefore, shows a
patchy or discontinuous distribution on all three beaches studied.

These results are similar to those obtained by Hayes (1977) for Tyfos

punctatis on the west coast of North America.
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Oligochaetes

Oligchaetes are only found at Melkbosstrand (fig. 7.8), where their
distribution extends into the zone of drying. Two small patches each
measuring some 40 metres in length are found, although these may simply
represent the edges of a Lérger patch occurring further inland, It is
apparent that the size distribution of oligochaetes is uneven, the right
half of the figures apparently having a higher proportion of juveniles
than the Left half.

N{amb{a sp

Insufficient numbers of the terrestrial isopod were collected from Melk-
bosstrand to permit interpretation. But at Ysterfontein (fig. 7.9) and
Rocherpan (fig. 7.10), distinct patchiness was observed. On the former
beach, a part of one patch, measuring some 50 metres along the beach and
28 metres in width was sampled. In this case, the size composition of
the poputation is uniform. At Rocherpan, however, one patch consists of
Juveniles, while the edge of another patch is composed of much larger

animals. The patch of juveniles is 33 metres Long.
As in the case of the fwo species already mentioned, the distribution of

Niamb{a shown in these figures represents only the seaward fringe of the

distribution.

Talonrchestia capensis

Two relatively smatl patches, measuring some 45 and 57 metres in length
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were found in the distribution of this amphipod at Melkbosstrand

(fig. 7.11). At Ysterfontein, a single larger patch 104 metres long was
found, of which one section consisted of a greater proportion of

Juveniles than the rest (fig. 7.12). Finally, at Rocherpan (fig. 7.13),
two patches, the one measuring approximately 25 metres and the other at
least 40 metres, were found. Both patches have similar size compositions.
On all three beachesifhese patches are centered on the high-water mark,

Muir (1977) fodnd this species closely associated with stranded kelp, its
main food source. At his study site at Kommetje, both occurred in large
quantitlies, but stranded kelp is considerably rarer on west coast beaches.
Generally, however, Talorchestia is found in greater concentrations in

the vicinity of stranded plants. The relative paucity of this food is
reflected in the small maximum size attained by individuals on these
beaches (35 mg) when compared with the 50 mg adults at Kommetje (Muir,
1977).

Excirolana natalensis

At Melkbosstrand (fig. 7.14) and Ysterfontein (fig. 7.15), this species

is found from the high water mark to about one third of the way across the
intertidal zone (see chapter 4). At Melkbosstrand a single aggregation,
110 x 22 m occurred within the study area. At Ysterfontein a single
patch was also found within the study area measuring 70 x 25 metres.

On both these beaches, numbers and biomass of Excirofana were low when
compared with the values at Rocherpan (fig. 7.16), where it is the
dominanf'isobbd species. Here no discrete patches are evident, the
distribution extending over most of the beach, although numbers are quite
low near the low water mark. The long-shore distribution of numbers is
relatively consistent and, although there are areas of increased

density, these are nof.sufficienfly conspicuous to merit the term 'patches'.
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Distribution of Talorchestia capensis at Melbosstrand

Figure 7.11:
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Cohort distribution may be patchy, however, as suggested By the biomass
plot. 1t would thus seem as if the size-class composition of the.popu-
Llation varies considerably along the beach, although it is not possible
to determine this more exactly. It is not possible, either, to assess

the extent of these size-class aggregations since they blend with others.

Pontogelodides Latipes

A single patch measuring 85 x 28 metres was found in the zone of retention
at Melkbosstrand (fig. 7.17). This seems to consist of a larger pro-
‘portion of juveniles than are present in the remaihder of the distribution
area. A similar situation occurred at stekfonfefn (fig. 7.18), where
the patch measured 89 x 31 metres within the sampled area. I f, however,
the peak is assumed to be at the centre of the patch, it would measure

150 metres along the beach.

Figure 7.19 shows that at Rocherpan, Pontogeloides was distributed into
two patches which were at different intertidal levels. These two '
patches showed different size-class compositions, the one from the zone
of retention having a.smaller proportion of large animals than the one
from the zone of resurgence. The dimensions of these two patches were

35 x 25 metres and 17 x 9 metres respectively.

Scolelepis squamata /

On both beaches where this deposit or detritus feeding polychaete was
found, it showed a patchy distribution within the zone of retention.
The patches measured 68 x 42 metres at Melkbosstrand (fig. 7.20) and
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Figure 7.17:

Distribution of Pontogeloides latipes at Melkbosstrand
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Distribution of Pontogeloides latipes at Ysterfontein

Figure 7.18:
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196

60 x 36 metres at Ysterfontein (fig. 7.21). The size~class distribution
seemed fairly uniform on both beaches. On west coast beaches this
species is strictly intertidal although Edwards (1973a), Hartmann-
Schréder (1971) and others have found it extending to depths of 45 m in

other parts of the world.

Donax serna

This bivalve is the most important species in terms of biomass on all
three beaches, as well as one of the most important numerically (see
chapter 5), Its size-class zonation has been described in chapter 4.

At Melkbosstrand (fig. 7.22), two distinct patches were encountered in
the study area, the denser one measuring 70 x 30 metres and the other

55 x 30 metres. The size-class composition of the patches does not
appear to vary significantly along this beach, or the one at Ysterfontein
(fig. 7.23). Here the single patch measured 135 x 47 metres and, as at

Melkbosstrand, occupied the zone of retention.

Different zones were occupied by the patches at Rocherpan (fig. 7.24),
however, where they were found in the zones of resurgence and saturation.
On this beach a complete patch of mainly juvenile animals was sampled,
measuring 58 x 18 m, as well as a portion of a second patch which also

inctuded some larger animals.

Eurydice Longicorndis

At both Melkbosstrand and Ysterfontein (figs 7.25 and 7.26 respectively)
Eurydice occurred at nearly all intertidal levels., On these two beaches
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Figure 7.22:
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it is the most important species numerically. At Melkbosstrand only a
portion of the patch was sampled, one. that probably measured some

100 x 50 m, assuming the peak to lie in the centre of fﬁe patch.  Com-
parison of fhelnumber and biomass figures sHows the patch to consist
Largely of juvéniles. At Ysterfontein a single patch was sampled in

the zone of retention, measuring 130 x SO;m; while in the zone of satura-
tion part of a smaller patch wéé sampled, which appeared to have a lower

proportion of juveniles than the large patch.

At Rocherpan (fig; 7.27) two patches were sampled, the smaller one
measuring 25 x 20 m, while the targer one (of which only a portion was
included in the study area) probably measured about 50 x 25 m. On this
beach Eurydice is absent from the higher intertidal zones and the patches
were centered on the zone of resurgence. As can be seen from figure
7.27, . the size-class composition of the two patches differed, the smaller

bafch having relatively fewer juveniles,

Paeudharpinia excavata

This amphipod occupies the lower half of the intertidal zone on all three
beaches. At Melkbosstrand (fig. 7.28) it appears as if the very edge

of a patch has been sampled. The distribution is otherwise uniform along
the beach in the study area. There is a clear increase in density from
mid-tide low water, suggesting that the intertidal zone represents only
the fringe of Pseudharpinda’s distribution. An essentially similar
pattern was found at Ysterfontein (fig. 7.29), alfhough here a small

patch of 50 x 21 m was also found, In both these beaches, the size-class
composition of the population seemed fairly uniform. At Rocherpan

'(fig, 7.30), however, the segments of patches along the low-water mark
seemed to consist of juveniles, while those in the zone of resurgence

were made up of larger organisms. The only patch measured in its

entirety measured 22 x 13 m.
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Distribution of Eurydice longicornis at Rocherpan

Figure 7.27.
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Distribution of Pseudharpinia excavata at Melkbosstrand
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Gastrosaccus psammodytes

This psammosphilous mysid did not show any marked patchiness in its
distribution at Melkbosstrand (fig. 7.31), although there was some uneven-
ness. As in the case of Pseudharpinia, the intertidal zone represents
the fringe of its distribution. Wooldridge (1981) has shown that
zonation occurs between various size-classes of Gastrosaccus but in this
study insufficient data and no subtidal samples were obtained to show
this. At Ysterfontein (fig. 7.32) a portion of a patch was encountered
the dimensions of which were approximately 71 x 27 m. This consisted
mainly of juveniles while a greater proportion of adults was present
elsewhere. Insufficient animals were collected at Rocherpan to permit

study.

Sigation capense

This polychaete was relatively evenly distributed across the lower half
of the beach both at Melkbosstrand and Ysterfontein (figs.7.33 and 7.34).
At Melkbosstrand a single patch measuring 35 x 15 m was found at the
upper edge of the zone of resurgence; this may have been caused by a
decaying organism buried in the sand and attracting individuals fo the
area. The size-class composition of the population in both beaches

was uniform.  S{galion too, is absent from Rocherpan.

Bullia digitalis

This gastropod is highly mobile and Brown (1971b) has described both its
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- Figure 7.31:

Distribution of Gastrosaccus psammodytes at Melkbosstrand
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Figure 7.32:

Distribution of Gastrosaccus psammodytes at Ysterfontein
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Figure 7.34:
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considerable sense of chemoreception and the aggregations that occur in
the vicinity of food. Patchiness in this species therefore occurs
continually, except when there is a complete absence of food or an
evenly-distributed abundance of it. Both at Melkbosstrand (fig. 7.35)
and Ysterfontein (fig. 7.36) patches measuring 50 metres in length
occurred along the low-water mark. The size-composition was similar in

both cases. Bullia is only found occasionally at Rocherpan.

Other Species

Low numbers of the amphipod Urothoe grimaldidi, the cumacean  Cumopsdis
robusta, the polychaete Nephtys capensis and the nemertean Cerebratulus
fuscus prevented any conclusions from being drawn on the distribution of
these species. With the exception of Nephtys (which does not occur at
Rocherpan), these species occur on all three beaches. The data
collected on the other, less intensive, sampling sessions, indicates

that the distribution of these species is patchy as well.

A comparison of the distribution of the patches shows certain features

of inferest. Figures 7.37 to 7.39 show the distributions across the
beach of patches of carnivores, deposit and filfér feeders and terrestrial
scavengers at Melkbosstrand, Ysterfontein and Rocherpan respectively.
These figures should be "read" in the same way as the contour plots

previously used in this chapter.

It witl be seen that the patches of potentially cémpe+ing species do
overlap to a certain extent, particularly in the case of the carnivorous
species. There is rarely a complete ovérlap of patches, however,
-suggesting that areas of high densities of one species are avoided by
competing species. Where this does not appear to hold, as in the

cases of the filter feeders Gastrosaccus and Pseudharpindia, or among

the terrestrial orgahisms, it is probably because true competition does
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Distribution of Bullia digitalis at Melkbosstrand
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not take place since these animals probably feed on different categories
of food. Alternatively, the densities of competing species may be

too Low for them to exert any influence on each other.

Thus lumbricid oligochaetes feed on organic remains in soil and sand
(Dales, 1967) as well as diatoms and sediment-filtered plankton (Giere,
1975), while Talorchestia feed on washed-up kelp (Muir, 1977) and Tyfos
both on stranded kelp and other organic detritus (Kensley, 1974) There
may also be different feeding preferences in the two crustaceans related

to the decomposition state of the kelp.

The cirolanid carnivores, however, all feed on similar prey. Monod
(1930) reports that Pontogefoides will even attack bathers, while the
author has had the same experience with Eurydice. Both these species
as well as Excirofana have been kept alive for several months in the
laboratory on meat scraps. It is thus apparent that all three species
are highly opportunistic feeders with catholic food preferences and
therefore likely to be in ¢ompefifion with each other. On all three
beaches it appears as if the concentrations of the cirolanid isopod

species are separate to a certain degree.

At Melkbosstrand there is no overlap at all between Excirofana and
Eurydice patches (although it must be remembered that the definition

of "patches" as used in figures 7.37 - 7.39 is purely arbitrary), while
the aggregation of Ponfogefoides Llies to one side of Exeirolana although

occupying the same zone.

it is evident that both zonation and competition affect the distribu-
tion of these species - chapter 8 will show how sediments can further

influence it. Similar separations occur at Ysterfontein and Rocherpan.

The distribution of Donax relative to that of Scolefepis is harder to
determine. Although patches of these species occupy slightly different

zones on both beachés where they occur together, at Melkbosstrand it
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......

. Distribution of patches of carnivores, filter and deposit
feeders and air-breathing organisms (overleaf) at
Melkbosstrand. Shading represents distribution of
patches. Pale shading = 1 species; dark shading =

overlap of 2 species; black shading = overlap of 3.
species.
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Figure 7.37 (contd) Distribution of patches of carnivores, filter and
' deposit feeders and air-breathing organisms
at Melkbosstrand.
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Figure 7.39 Distribution of patches of carnivores, filter and deposit
feeders and air-breathing organisms (overleaf) at
Rocherpan. ' ’
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Figure 7.39 (contd)
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appears as if the two species are associated with each other, while at
Ysterfontein fhe reverse seems to be the case. Neverfheless,von both
beaches Thefe are areas where high dehsi}ies of both species are to be
found. It would therefore seem as if compefifion between these two
species only occurs when both species are present in very high
densities. High densities of Donax may then Limit the colonizing space
available to Scoﬁeﬁeﬁié. ' o

I't should be noted that only Eurydice, Scolelepis and Donax occur in
consistently high numbers on west coast beaches. At Rocherpan, |
Excinofana is at times also present in high densities. The other species,
however, rarely approach these densities. Thus competition between
Gastrosaccus, Pseudharpinia and Urothoe is not Likely to occur since

areas available to these species are probably reduced to a critical level

only occasionally,

The distributional predator-prey relationships are also of interest.
Figure 7.40 shows the distributions of Euwrydice patches with respect to
those of Donax and Scolelepis at Melkbosstfand and Ysterfontein.  On

the former beach, Euﬁydice were concentrated over one patch of Scofefepis
and over one of Donax but not over the other patches of these two
species. At Ysterfontein the concentration of Ewrydice mainly followed
that of Donax although there was some overlap with Scolelfepis patches as
well. At Rocherpan there was almost complete segregation between
Excinofana and Donax, although this is probably mainly due to the
different zones inhabited by these two species. Euryd{ice patches did

occur where fthere were high concentrations of Donax, however.

in the case of the distributional relationship between Eutryddice and
Scolelepss another possibility in addition to a straightforward
predator-prey relationship should be mentioned. I+ must be assumed

that the polychaete is not totally immune to predation by carnivorous
isopods, otherwise the patterns of association would not persist for

very long. However, Thijssen et al. (1974) have shown that in the
Wadden Sea, ScoZeZepZA.Aquamaia formé the main prey item of fhe flatfish
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Relative distributions of patches of the most abundant
carnivore and filter and deposit-feeding species at
Melkbosstrand and Ysterfontein., - Shading as in

Fig. 7.37.
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Pleuronectes platessa.  Since Scolelepdis lives in 15 - 30 cm long
vertical tubes and is extremely fragile, it is very unlikely that
predation by flatfish results in the removal of the entire animal. 1t
is more probable that portions of the body and tail wodld remain in the
burrow, since Scofelfepis feeds by waving relatively short tentacles
attached to the head in the water while submerged (Behrends and
Michaelis, 1977). These headless remnants could well be a source of
food for Euwrydice. Birds are known to feed on Scolelepis at low tide
(Croker, 1970) and this too could result in food items for scavenging

isopods.

Although there is some overlap of distributions between Excirofana and
the terrestrial species, this only occurs at low tide, when Excirofana
are inactive and buried in the sand. No direct relatjonship thus

exists between the distributions of air—bfeafhing animals and those of

water breathing ones.

While there may be certain other relationships between predator and
prey, particularly in the zone of saturation, these are not detectable
by the method used above. The reason is that Euwrydice in particular
occurs in densities of up to one order of magnitude greater than do the
species characteristic of the zones of. resurgence and saturation.

Since the highest Euryd4ice densities are in the zone of retention, the
distribution of this species in the lower zones is-nof reflected in
figures 7.37 to 7.40. In order to determine the existence of predator-
prey relationships in the zones occupied by Gastrosaccus, Pseudharpinda
and Urothoe it is necessary to examine the distribution of Ewrydice
exclusively in these zones. For this, patchiness of Eurydice was
determined in the same way as before, but only data from the zones of

resurgence and saturation were used.

.The results obtained by this method show higher concentrations of
potential prey species in areas where Eutrydice concentrations are

comparatively low, except at Rocherpan (where concentrations were low in
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any case). Whereas it is possiblé to discuss predator-prey relationships
in terms of relative distributions in the cases of Eutydice, Donax amd
Scofelepis, however, it should be remembered that while Eurydice is

highly mobile, the two prey species are considerably less mobile.
Gastrosaccws, Pseudharpindia and Urothoe, on the other hand, are highly
mobile.  Thus, while it is reasonable to expect Eurydice, as the mobile
predator, to be associated with its less mobile prey, no such expecta-

tions can be held when the potential prey is equally or more mobile,

The patterns of predator-prey concentrations in the zones of resurgence
and saturation at Melkbosstrand and Ysterfontein suggest an active
avoidance by the prey of its predafors; This, however, must remain in
the realms of pure speculation, since the relative mobilities of the
species involved are not known. The other possibility, of course, is
that where Eutydice occurs in high concentrations, the number of prey

organisms is reduced by predation,

Conclusions

This chapter has shown clearly that the distributions of intertidal
benfhic macrofauna on sandy beaches is highly uneven. These irregu-
Larities of longshore distribution have been quantified where possible,
and compared with the Little information existing from other studies.
Finally, the comparative distribution of patches of the various species
represented has been investigated on the basis of éompefi?ive and
predator-prey relationships. Both types of interspecific interactions
seem to operate on-sandy beaches, but these only become apparent when

high densities of organisms are involved.
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CHAPTER &

ANIMAL-SEDIMENT INTERACTIONS

fntroduction

It is very difficult fo distinguish animal-sediment interactions in sandy
beaches from those of zonation. This is because, in addition to the
zonation exhibited by macrofauna (chapter 4),sediment characters show
slight zonation effects (chapter 3). As far as intertidal sandy beaches
are concerned, therefore, animal-sediment interaction studies must be
restricted to comparisons between beaches that lie within the same bio-

geographical province, and to comparisons within particular zones.

There can be no doubt that animal distributions are affected by sediments,
as shown by a considerable body of literature. Most of the evidence
deals with subtidal benthic communities (e.g. James and Gibson, 1980;
Sanders, 1958, 1960; McNulty et al., 1962; Driscoll, 1975; Warwick

and Davies, 1977; Biernbaum, 1979). Intertidal evidence is scantier
and less direct. Carr (1976) showed some correlation between particle
sizes and faunal distributions, although she noted that most of these
 effects were probably due to differences in amounts of shelter at the
various sites she stfudied. A similar conclusion was reached by Elef-
theriou and Nicholson (1975) to the effect that particle size is an

indicator of exposure, but is not sufficient to characterize beaches and
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explain faunistic differences. This ié in fact the difficulty with
all sandy beach data. Although McLachlan (1980c) has proposed an
exposure rating scheme for beaches, this is not always satisfactory
(Bally et af., 1980). It is the only system available at present, but
its resolving power is unfortunately insufficient to allow distinctions
to be made between the effects of exposure and those of sediments on

beach organisms.
The purpose of this chapter is fo consider the implications of changing

sediment composition on faunal distribution, both within a single beach

and between beaches.,

Methods and Materials

Number and.biomass data on the macrofauna from the three beaches (see
chapter 5) were compared with the results obtained from sediment analysis
(chapter 3). Only data obtained on the one occasion on each beach

when sixteen random samples were collected as well as the usual grid
samples were used. Using the SACLANT contouring and three-dimensional
plotting programme, the disfribufions of sediment characteristics

across the beach were plotted - to be compared later with the patchiness
diagrams described in chapter 7, Comparison of these figures showed
any correlations that might exist between mean sand-grain diameters,
sorting of the sediments, percentage by mass of organics and percentage
by mass of calcium carbonate present in the sand and the animal distri-

butions in terms of numbers and biomass.
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Results and Discussion

As is shown in chapter 3, mean grain sizes of the beaches at Melkbos-
strand, Ysterfontein and Rocherpan are 2,25, 2,31 and 1,60 phi
respectively, Of the species occurring on these beaches, only oligo-
chaetes and the polychaetes Scolelepis squamata, Sigalion capense and
Nephtys capensis are not found on all three beaches. The oligochaetes
are terrestrial and are probably only present at Melkbosstrand because
of favourable humidity conditions in the dunes behind the beach and the
extension of these conditions fo the edge of the intertidal area
(oligochaetes are absent from the other two beaches).

The three polychaete species are absent from Roéherpan and seem to be
excluded on the basis of the particle size of the beach. Thus, some-
where between 2,25 and 1,60 phi lies a cut-off point beyond'which these
polychaetes do not penetrate, although the Limiting grain size probably
varies from species to species. The reason for this cut-off point is
Likely to be the increased difficulty of burrowing in a coarser-grained
sediment. On a purely subjective basis, it was evident during the
meiofaunal studies that it is much easier to drive a meiofauna corer
into fine sand than coarse sand. In addition, since coarse sand is
usually better drained than fine sand, it follows that during periods
of exposure, coarse sand will be relatively drier than fine sand and,
as Chapman (1949) has shown, the dilatancy or "hardness" of unsaturated
sands is higher than that of saturated ones.

Burrowing orgahisms would obviously also encounter these conditions.
Thus the energetic cost of burrowing on coarse-grained beaches, together
with the usual energetic requirements for feeding, reproduction and
respiration, would simply outweigh the energy obtained from food.
Although Trevor (1978) has determined the energy expenditure of Nephtys
CiﬂlOéq during burrowing, he does not specify the grain size of the
sediments used during the experiments. In any event, food is less

available on coarse-grained beaches than on fine-grained ones.  This
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applies both to the detritus-feeding Scofefepis and to the carnivorous
or scavenging Sigalion and Nephityas.

The lack of food is in part a function of the increased wave action and
‘higher porosity of coarse-grained beaches (resulting in less deposition
and greater erosion ahd removal of detritus) and partly due to the
increased slope usually associated with such beaches (see Bascom, 1951
and chapter 3 of this study). An increase in slope means a decrease
in intertidal area and a consequent decrease in numbers of intertidal
prey organisms. In the case of deposit or detritus feeders, an increase
in slope also implies a faster backwash and removal of detritus. Con-
versely, the amount of backwash on coarse-grained beaches is reduced,
since more swash water percolates into the sand, taking the finer
detrital material with it. This further reduces the food available to

deposit and detritus feeders.

Thus it can be seen that a number of factors combine to render coarse-

grained beaches unsuitable for benthic polychaetes.

One further gross difference in the macrofauna attributable to animal-
sediment interactions has been observed on west coast beaches.

A(ready partly described in chapters 4 and 6, this is the change in
dominance of the isopod Eurydice fLongicornis in the finer grained beaches
by Excinolana natalensis (another isopod) in the coarser ones. A
similar situation has been described by Brown (1973) for the replacement
of Eurydice to Exosphaeroma truncatitelson on fine-grained sheltered
beaches, although it is not known to what extent this is due to the
effects of increased shelter rather than purely sedimentological

differences.

The most Likely reason for replacement of Ewrydice by Excirolana on .
‘coarser beaches is sheer size. On the west coast,Excirolana grows

to a very much larger size than does Eurydice. Even juveniles of the
former species are as large as adults of the latter. Table 8.1 shows

the average masses of individuals of both species on all three beaches
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throughout the sampling period.

The increased size and consequent additional power of Excirolana are
very necessary for burrowing between large sand grains. The larger
size also confers an increased resistance to desiccation, since the
surface tc volume ratio is decreased. = Desiccation resistance may be of
considerable importance on coarse-grained beaches since these drain much

more rapidly and completely than do fine-grained ones.

These are the gross, easily observed effects directly attributable to

animal-sediment interactions.

A comparison between distribution patterns of sediment characteristics
and animal numbers and biomass holds certain dangers. In particular,
the danger exists that correlations will be made between distribution
pattern similarities that are entirely dus to intertidal zonational
effects. Chapters 3 and 4 have shown that both animals and certain
sedimentological characteristics exhibit zonational frends. In a
comparison such as this one, therefore, it is long-shore similarities

that must be looked for.

A further point fo be borne in mind is that while animals may prefer
sediment characteristics that have certain absolute values, two conditions
apply to these preferences. The first is that, as has been shown in
chapter 3, a beach is made up of those sediments that are available for
beach construction, and its sedimentary characteristics are a function

of the characteristics of the beach building material. vlnferfida[
organisms must therefore colonize a beach regardless of ifs character-
istics, within certain Llimits, and compromise wifH the sediments avail-

able to them.

Secondly, the preference of certain characteristic values may be modu-
lated by other variables which have not been measured. For example, a
particular grain size may be preferred because it is easily burrowed

into and confers reasonable protection against thermal stress and
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desiccation. {f the same animals were to colonize a beach of brown
or black, volcanic sand, the beach would, however, absorb much more
heat in the daytime, and temperature fluctuations and desiccation rates
would be much higher. A finer-grained sand might then be preferred by

those organisms and their tolerance limits would have been altered.

The above example shows that there is probably a very large number of
variables affecting intertidal animal-sediment relationships. Many of
these may only come into effect under conditions of competition for
resources with other species, whose distribution in furn would also
have been influenced by sediment characteristics, either directly or
indirectly. In this study, | have only investigated four variables.

A description of the animal-sediment relationships for all the species

commonly occurring on west coast beaches follows.

Figures 8.1 to 8.3 show the sediment characteristics for Melkbosstrand,
Ysterfontein and Rocherpan respectively., The interpretation of these
figures has been discussed in chapter 7. At Melkbosstrand, ithe general
trends of increasing fineness and better sorting of the sediment from
low water to the high-water mark are obvious. In addition, the slight
decrease in percentage organics and percentage calcium carbonate from
low water to high water are also apparent, as is the correlation between
these two factors., Certain localized differences are evident, however,
There are noticeable along-shore variations in all four sediment
characteristics. The characteristics at Ysterfontein show similar
trends to those at Melkbosstrand, except for the percentage organics
which only show a slight similarity in their distribution pattern with
percentage calcium carbonate. Finally, at Rocherpan there is a con-
siderable variation in sediment diameter both along and across the

beach (Fig. 8.3). In general, however, the frend is similar to those
of the other beaches, while the remaining characteristics also show

trends comparable to those at Melkbosstrand and Ysterfontein.

On all three beaches, -total biomass distributions are largely a function

of the distribution of Donax serra (see chapter 5). As will be seen
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' Figure 8.1.
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Figure 8.1.
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Sediment characteristics at Ysterfontein
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Figure 8.2.
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(contd.)
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later, this species is not influenced by sediment characteristics
within individual beaches and therefore nc correlations between total
macrofaunal biomass and sedimentairy characteristics can be inferred.
On the larger scale (i.e. differences between beaches), total biomass
is considerably lower on the coarse~grained beach at Rocherpan than on

the two finer beaches.

Tylos granulatus

On all three beaches, this air-breathing isopod seems to favour the
coarser-grained sediments available fo it. fn each case (Figs. 8.4 to
8.6) the distribution peaks coincide with areas of coarser sand along
the high-water mark. This is to be expected, since coarse-grained
sands drain better than fine ones and, therefore, the chances of indi-
viduals being suffocated in moist or saturated sand at this level are
reduced. Holanov and Hendrickson (1980) have shown that Tyfos granulatus
burrows down into sand to reach moisture contents of 1,0 to 2,5%.

They have-also shown that sands which are relatively dry on the surface
may reach the above moisture contents within 5 - 10 cm depth. Kensley
(1972) and this study have shown, however, that Tylos gramulatus
burrows to depths of 30 cm in order to avoid predation, environmental
extremes and washing out to sea by the high tide (Kensley, 1972).

Thus, coarser surface sands and, by implication drier ones, are

actively selected for burrowing into, in order to avoid excessive

moisture levels at the preferred depths.

Because the sand is drier as a result of its relative coarsenéss, it
is also easier to burrow into than moister sand. Chapman (1949) has
~shown that moist sand is also more dilatant than saturated sand, and
it is thus energetically advantageous to Tylos granulafus to inhabit

drier sands.

The above-mentioned pattern of correlation was clearest at Ysterfontein

/
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(Fig. 8.5) and Rocherpan (Fig. 8.6); it was present to a lesser degree
at Melkbosstrand (Fig. 8.4)., The ranges of sediment diameters
apparently favoured were 2,08 - 2,61 phi at Melkbosstrand, 2,35 ~ 2,70
phi at Ysterfontein, and 1,32 - 1,71 phi at Rocherpan. '

Oligochaetes

As mentioned previouély, these ferrestrial annelids were only found at
Melkbosstrand, where they favoured fine sand (Fig. 8.7) of 2,26 phi
diameter or smaller, although they are also present in coarser sediments.
This correlation is fto be expected, since fine sand has better water
refention characteristics (Newcombe, T935), thereby reducing the chances
of desiccation, In addition, fine moist sand would be an easier

burrowing medium than moist or dry coarse sand,

Niambia sp.

There is no correlation between +he distribution of sediment character-
istics and this terrestrial isopod at Ysterfontein (Fig. 8.8). At
Rocherpan (Fig. 8.9), however, it appeared as if it favours areas of

high organic content. Species of the genus Niambia are normally found

in commensal relationships with anfs (S, Taiti, pers. comm.) and seem

to wander into the intertidal zone on the surface of the sand at low tide,
possibly to scavenge. [f this is so, Ndiambia would favour areas where

organic detritus is available, i.e. along drift Llines.

Although present at Melkbosstrand, only a single individual was
cotlected during the intensive sampling session. At Rocherpan, Niambia
is concentrated on areas where the percentage of organics in the sand
exceeded 0, 15% and that of calcium carbonate 5%. At Ysterfontein no
such pattern was observed, however. These differences, therefore,

are either due to the fact that organics are available at Ysterfontein
in sufficiently high quantities throughout the zone of drying

(0,30 - 0,88%) not to necessitate an active search for areas relatively
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rich in organics, or the correlations at Rocherpan are coincidental.

Scolelepdis squamata

As mentioned above, Scofefepis is not found at Rocherpan due to the
coarseness of the sand. The species is present on the other two finer
beaches, although sand grain size does not appear to affect its distri-
bution. The distribution of these animals does coincide, however,

with areas of high organic content (see Figs. 8.10 and 8.11). This is
an expected result, since these polychaetes are deposit feeders and
would favour areas rich in organics. On the other hand, it is also
possible that the polychaetes themselves increase the organic content

of the sand by excretion, defacation and decomposition of dead organisms,
Since these are largely sedentary organisms and the beach is a relatively
mobile environment, patches "naturally" rich in organics may not remain

so for very long.

"1t should be noted, however, that Scofelepis does move on the surface

of the sand occasionally, possibly more frequently at night than in the
daytime, leaving characteristic trails (Behrends and Michaelis, 1977).
Which of the above alternatives operates operates would therefore depend
on both the stability of sediment characteristics with time and the
frequency with which Scofefepis shift their positions along the shore.

Pontogeloides Latipes

At Melkbosstrand and Ysterfontein (Fig.s 8.12 and 8.13), Pontogeloides

favours coarser sand, on the lLatter beach to a very marked degree. At
Rocherpan (Fig. 8.14), no such trend was observed, although there was

a sLighf correlation between distribution and areas of low organic con-
tent. On the two fine-grained beaches, this isopod favoured mean sand
grain diameters of 2,20 - 2,22 phi and 2,40 - 2,45 phi at Melkbosstrand

and Ysterfontein respectively, whereas at Rocherpan the requirement for
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of the sediment at Melkbosstrand

Figure 8.10
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Figure 8.12 Relationship between distribution of Pontogefoides Latipes and mean sediment diameter at Melbosstrand
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coarseness has épparenfly been satisfied. On the latter beach,Ponfo-
gelodides distribution peaks were found in sands of 1,56 - 1,68 phi,
although both finer and coarser sands were available within the zone
occupied by the species. At Rocherpan, the coarseness of the sand has
also shifted the intertidal position occupied by Pontogeloides seawards
relative to the zones occupied on fhe other two beaches.

Donax serra

At Melkbosstrand (Fig. 8.15) and Ysterfontein (Fig. 8.16), Donax distri-
bution appears to be independent of sediment characteristics. At Rocher-
pan (Fig. 8.,17), however, sediments just seaward to coarser sediments
were favoured. This might be a function of the steepness of the beach
and consequent high rates of erosion. Rocherpan was the only beach
where Donax were observed being washed out of the beach by strong back-
wash, Where sand is coarser, the backwash is weaker, since.coarse sand
allows more water to percotate into the beach (Grant, 1948; Duncan,
1964), thereby making the areas selected energetically favourable for
maintaining zonation. Because of the coarseness of the sand at Rocher-
pan, the position occupied by Donax is seaward to those occupied on the
other two beaches. As was pointed out in chapter 3, however, wave
action increases from the high-water mark to low water, so some com-
promise between enefgy expended on maintaining zonation and protection

from desiccation is in operation.

Eurydice fLongicornis

This species, the dominant isopod in terms of numbers at Melkbosstrand
-(Fig. 8.18) and Ysterfontein (Fig. 8.19), shows a preference for fine-
grained sand on these beaches. - At Melkbosstrand this preference is
very marked (finer than 2,18 phi), while at Ysterfontein, where the
sediments are fairly uniform in the area occupied by Eurydice, the
Llong shore edges of the distribution peaks coincide with an increase in
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HEAN SEOIMENT OIRAMETERS (PHIJ €X 50) YSTERFONTEIN

DONAX SERRA NUMBERS (X 0,04] YSTERFONTEIN

MEAN SEDIMENT DIAMETERS (PHI)

DANAX SERRA NUMBERS

YSTERFONTEIN

YSTERFONTEIN

Relationship between distribution of Donax serna and mean sediment diameter at sterfonfein'

Figure 8.16
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MEAN SEOIL

MENT DIAMETER (PHI) (X t0D) NELKBOSSTRAND

EURYDICE LENGICCRN1S RUMBERS (X0.0S) HELKDOSSTRAND

EURYDICE LONGICORNIS' NUMBERS MELKBOSSTRAND

MEAN SEDIMENT DIAMETER (PHI) MELKBOSSTRAND

Fiaure 8.18 Relationship between distribution of Eurydice Longicornis and mean sediment diameter at Melkbosstrand



MEAN SEDIMENT OIRMETERS (PHI) (X ©0) VYSTERFONTEIN

EURYDICE LENOJCORNLS NUMCERS (X 0.05) YSTERFONTEIN

EURYDICE LONGICORNIS NUMBERS' YSTERFONTEIN

YSTERFONTEIN

MEAN SEDIMENT DIAMETERS (PHI)

Figure 8.19 Relationship between distribution of Eurydice Longicoanis and mean sediment diameter at Ysterfontein
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the coarseness of the sand (coarser than 2,35 phi).  flthough this
speéies is also found at Rocherpan (Fig. 8.20), it is no longer the
dominant isopod species there. No correlation between sediment
diameter and distribution is noted at Rocherpan, but, as in the cases of
Donax, Pontogelodides and Excirolana, the zone occupied by Eudydice-is
shifted seawards relative to the other two beaches. The preference for
~fine sand is understandable in view of the small size of Euwrydice,

which measure and weigh approximately one tenth of Pontogefoides and
Excinolana. As was noted in chapfer:7, the patches at Melkbosstrand
and Ysterfontein consist largely of juveniles, which would be expected

to show a still greater preference for fine sand.

Gastrosaceus psammodytes

No clear correlation between sediment characteristics and distribution
is apparent for this mysid at either Melkbosstrand or Ysterfontein.
Although Gastrosaccus is also found at Rocherpan, only a single indi-
vidual was found on the occasion that these collections were made.

Brown and Talbot (1972) have shown that individuals of this species
'prefer'coarse sediments with mean diameters of 0,55 - 0,75 mm (i.e. 0,85
- 0,45 phi) as opposed to even coarser ones, but finer grades of sand

were unfortunately not tested.

Nephtys capensis

Both at Melkbosstrand and Ysterfontein, no correlations were observed
between sediment characteristics and distributions. This po[ychéefe
too is absent from Rocherpan, for the reasons outtined for Sigalion.

Nephtys was atso found in very much finer sand by Bally et af. (1980)

- on a sheltered beach in False Bay, where sediment diameters ranged from

3,08 to 3,61 phi.

[
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Paendhorpinia excavaia

At Melkbosstrand (Fig. 8.21) this amphipod favoured finer sand of mean
diameters less than 2,18 phi. At Ysterfontein (Fig. 8.22) the coarser
beach sediments available were selected, although these, with a mean
diameter of 2,30 phi were still finer than those at Melkbossfrand.'
Finally, at Rocherpan (Fig. 8.23), Pseudharpinia appeared to select the
finer sediments in places.. It would thus appear that the preferred

diameter for this species lies between 2,18 and 2,30 phi.

Rubkia digitalis

No correlations could be inferred between this species' distribution and
the sedimentary characteristics studied, although Brown (1971b) found
that juveniles of Bullia digitalis were unable to burrow into sand
coarser than -0,49 phi. This is considerably coarser than any
sediments found on the beaches studied. Although Bullia were collected
" on several occasions at Rocherpan, no individuals were found during

this particular sampling session.

Other species

No correlations were found between sedimentary characteristics and

the distribution of the nemertean Cerebratulus fuscus (which was only
collected at Ysterfontein on this occasion although it normally also
occurs on the other two beaches), the polychaete Sigalion capensis, the
isopod Excinolana natalensis, and the amphipod Talorchestia capensis,
while Urothoe grimaldii seemed to prefer areas of fine sediment at Melk-
bosstrand (Fig. 8.24). This species too, occurs on the other two.
beaches normally. Finally, the cumacean Cumopsis robusta is found

on all three beaches, but on the occasion of these sampling sessions, a

total of only five individuals were caught on all three beaches.
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PSEUDHARPINIA EXCAVATA NUMBERS KNELWBOSSTRAND

MEAN SEDIMENT DIHHETER (PH1) (X 1G0) -MELKBOSSTRAND

MEAN SEQIMENT DIAMETER (PHI) MELKBOSSTRAND

10 o0

PSEUDHARPINIA EXCAVATA NUMBERS MELKBOSSTRAND

Figure 8.21 Relationship between distribution of Pseudharpinia excavata and mean sediment diameter at Melkbosstrand
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MEAN SEOIMENY DIAMETERS (PH1) (X $0) YSTERFONTEIN

PSEUDHARPINIAR EXCAVATA NUMBERS (X 2) YSTERFENTEIN

PSEUDHARPINIA EXCAVATA NUMBERS YSTERFONTEIN

YSTERFONTEIN

MEAN SEDIMENT OIAMETERS (PHI)

Figure 8.22 Relationship between distribution of PAeudhaApihia excavata and mean sediment diameter at Ysterfontein
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These results show that there are two types of animal-sediment inter-
actions to be found on intertidal sandy beaches. The first type is
where gross differences from beach to beach, or possibly in areas of
markedly differing aspect and exposure on a single beach, actually affect
the presence, absence, dominance or loss of dominance of species. In
these cases it is chiefly the sand-grain diameters that exert an influ-
ence. A more subtle interaction is the shifting landward or seaward

of whole intertidal zones because of the influences exerted by sediments
on the microeﬁvironmenfs of macrobenthos. Here organisms have no choice
available to them, The environmental conditions of the beach either
permit a species to occupy that beach, or they do not. This type of
relationship in intertidal areas has been observed by Vader (1965),
Withers (1977), Bloom et al. (1972) and Seed and Lowry (1973).

The sécond.fype of animal-sediment interaction occurs within individual
beaches. In this case, the colonizing organisms on a beach are able

to select sediment characteristics that vary over a comparatively small
range and also within a relatively small area, easily covered by the
highly mobile beach fauna. But it should be stressed that the

selection of this second type 6f characteristics is of no immediate or
short~term survival importance. Rather, it is over the longer term that
such selection may give organisms the edge over competing individuals or

species.

The Latter type of animal-sediment relationship has not been described
before for an éxposed or high-energy beach. It is interesting to note
that Grange (1977) in his study of animal-sediment relationships on the
intertidal flats of Manakau Harbour, New Zealand, found that deposit
feeders favour the finer sediments, carnivores and scavengers prefer

the intermediate grades, while suspension feeders are more abundant in
coarser sediments. This had been found previously in sub-tidal sedi-
ments by a number of workers, includfng Sanders (1958, 1960), and

Young and Rhoads (1971). Grange found that in the intertidal zone, the

preferred grain size of suspension feeders was 1,90 phi, rather coarser
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than had been found for subtidal benthic communities. The most
important suspension feeder on west coast beaches, both in terms of
numbers and biomass is Donax Aerra and in both finer grained beaches,
no sediment preferences were observed, At Rocherpan, coarser
sediments of 1,44 phi were preferred, although sediments of 1,71 phi
(i.e. approaching Grange's optimum diameter) were available within the

zone occupied by Donax.

On the other hand, on the occasion that this data was .collected, both
biomass and numbers of Donax were higher at Melkbosstrand, where grain
size was 2,10 - 2,30 phi, than at Ysterfontein where the sand was finer

(2,35 - 2,40 phi). This would be in agreement with Grange's findings.

The difference in optimum grain size for deposit and suspension feeders
found by Grange was also apparent on west coast beaches. Densities of
the deposit or detritus feeder Scofefepis squamata were higher at
Ysterfontein (where sands of 2,40 phi were occupied) than at Melkbos-
strand (2,30 phi). Grange (1977) calculated the opfimal grain size
for deposit feeders as 2,60 phi. Grange's optimum of 2,40 phi for
scavengers and carnivores may apply to Eurydice Longicornis which
usually occurred in greater densities at Ysterfontein than at Melkbos-
strand, although not on the occasion that the samples under consideration
were collected. It does not apply to Excirolana natalensis, however,
as has been discussed earlier, and no difference was noticed in
densities of Pontogefoides on the two finer beaches, although this

species was considerably less numerous at Rocherpan.

Conclusions

This chapter describes two different types of animal-sediment inter-

actions. The first of these consists of the relationship between the
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whole beach (i.e. the gross characteristics of the beach sediments)
and the organisms that colonize it. The second type involves sedimentary
characteristics on a lesser scale that occur within a beach and which

present colonizing organisms with limited choices.

Not all organisms were found to be affected by sedimentary character-
istics within the range found on the beaches studied. The majority of
the species did, however, show a relationship with the sediment of at

least one of the two types, and these relationships have been described.
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CHAPTER 9

BIOGEOGRAPHY

Introduction

The chapter on zonation (chapter 4) has already shown that particular
types of animals can successfully colonize intertidal sand only within a
range of environmental conditions and that this gives rise to character-
istic intertidal zonation patterns. Since individual species also

have resiricted geographical distributions, the value of any ecological
study decreases successively as it is applied to new sites more and

more distant from the original site.

Fortupately, there is a way in which such effects can be minimized.

On the crudest level, the earth can be divided latitudinally into a
number of climatic regions, such as po[ar, temperate and tropical
zones. Since organisms are adapted to their environments, one could
not expect a specific result obtained from a polar region to hold true
in the tropics, although it might be reasonable to expect a similar

result at another polar site.

The environments inhabited by intertidal animals are muéh more subtle

- than fhe.above crude climatic divisions. While temperature is
generally regarded as the most fmporfanf parameter determining distri-
butions of marine orgénisms (Vermeij, 1978), the general latitudinal
distinction between temperature regimes is often modified locally. For
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example, the west coasts of Africa and South America are washed by
cold, northward-flowing currents that lower temperatures to such an
extent that the distributions of temperate species extend well into

the tropics.

Other natural constraints affecting the distribution of marine organisms
in general are land barriers and salinity. In addition, benthic
organisms are influenced by depth and type of substrate, as well as
geographic barriers. Sandy beach animals are also affected by ex-
posure, desiccation and other stresses imposed by tidal cycles. Any
study of sandy beach faunal distributions that is based on the
assumption that environmental factors affect distribution, must take

the above factors into consideration.

One further factor is that species colonizing new sites can only do

so provided that fhey can compete - successfully with other, already
resident species (Vermeij, 1978). - Thus the distribution of a species
can be lLimited by the presence of another species occupying a similar

niche in adjacent areas.

The histories of the above-mentioned distributional barriers are of
some importance as well, since these can account for many apparent
paradoxes in biogeography. The isthmus of Panama, for example, has
not been in uninterrupted exitence long .enough (3,5 million years -
Woodring, 1968; Saito, 1976) for faxonomicallyréignificanf morpholo-
gical differences to have developed between Atlantic and Pacific
populations of the sand beach isopod Excirolana braziliensis. The
same applies to a large number of molluscan species (Vermeij, 1978).

Biogeographers recognize a number of biogeographical provinces or
regions in which the species assemblage of a particular environment
remains relatively constant. This will define the Limits within
which an ecological study has the greatest relevance. Regions with.
similar or equivalent species assemblages will be valuable for

comparative purposes, showing what sort of results might be expected
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from a similar system. Finally, a comparison of results from com-
pletely separate and different biogeographical provinces will place
these into perspective relative to each other, from which a greater
understanding of both systems and their differences may follow.

This particular study started with the purpose of mapping known distri-
butions of the specfes found on South African west coast beaches.

The next point of ‘interest was to identify the factors controlling
these distributions. Finally, it was decided to test the hypothesis
of Bretsky and Lorenz (1970). This was based on a large body of
evidence suggesting that environmental variability regulates genetic
variability, and on Sanders's (1968) differentiation between physically-
controlled communities with Low species diversity and biologically
accommodated communities with high diversity., -Bretsky and Lorenz
proposed that environmental stability promotes selection for homo-
zygosity, i.e. genetic diversity is reduced. HeferogeneoUs and
"unpredictable" environments would support species with a high genetic
variability, as insurance for species survival. Long~term selection
for homozygosity would lead to fine adjustment into specialised niches,
but would also increase the vulnerability of species or populations to
large-scale or local environmental changes respectively, thus leading

to extinction of species or isolation of populations.

Since phenotypic differences usually express genotypic differences,
it can be assumed that species described on taxonomic bases such as
structures of mouthparts, shapes of appendages, etc. are genetically
different to other, similarly described, species. Although certain
features occasionally used by taxonomists may be environmentally
induced; these usually have a genetic background as well (M. Picker,
pers. comm. ). Furthermore, since sandy beach genera tend to special-
ize for particular intertidal zones, and the intertidal area itself
" represents a very substantial environmental gradient, it was felt
that a study of these genera, occupying as they do environments of
different degrees of stability, would provide an ideal opportunity
for subsfanfiating.of refuting the hypothesis put forward by Bretsky
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and Lorenz.

~ Such an approach would also pfovide cohsiderable insight into the
mechanics of speciation of benthic intertidal organisms, and from

- this into present-day distributions and diversities.



274

Methods

Total species lists for each of the genera found on sandy beaches on
the west coast of South Africa were compiled and their distributions
were drawn up aftfer an extensive liferafure survey using Biological
Abstracts and the Zoological Record back to 1864. The genera studied

are listed in Table 9.1,

Where possible, the habitat occupied by the species was also noted.
From hydrographic tables and world temperature and salinity charts,

sea surface temperature and salinity values were collated. Mean
monthly data were used, since monthly maximum and minimum values were
not available for all afeas. It was nevertheless felt that the range
of mean monthly values would give some indication of actual ranges
experienced by intertidal organisms. Air temperatures were not used
since their effect on animals would vary firstly according to zonation,
secondly according to local humidity and thirdly according to aspécf
and exposure of beaches. While air temperatures may be very important,
it would require detail several orders of magnitude greater than

is available for a study of this nature.

A number of environmental data characteristic of coastlines were added
to this information. These were: annual precipitation, annual

solar radiation, degree of prevalehce of frost and tidal ranges, all
within the distriu..tion ranges of the species under consideration.
Values for tnese categories were obtained from Davies (1972). In
addition, the distributions wefe expressed in terms of latitudes and
in terms of approximate extent of range in kilometres. When the
genera were compared with each other, the number of species per genus
and the percentage of species per genus occurring in Ekman's'major
biogeographic provinces (see Hedgpeth, 1957 for map) were also noted.

Similarity analysis was carried out on both species within genera and
on the genera as entities themselves, using a computer programme that

employs a Bray-Curtis similarity matrix. The values were alL'log—
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-and the number of species per genus

List of genera found on South African west coast beaches

Number of species

Phytum/Sub-Phylum Class/Order Genus per genus
Crustacea " Isopoda TylLos 21
Ewrydice 35
Excirolana 17
Pontogeloides 2
Amphipoda - Pseudharpinia 12
Talorchestia 44
Urothoe - 32
Mysidacea Gastrosaccus 37
Cumacea CumopALs 7
Austrocuma 1
Mol tusca Gastropoda Bullia 29
Bivalvia Donax 89
Annelida Polychaeta Nephtys 96
Sigalion 16
Scolelepis 27
* Heteronemertea Cerebratulus 93

Nemertea
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transformed in order to even out the weighting between types of data
consisting of low numbers and those with high values. The simi-
larity analysis does not actually compare genera and species - rather

it compares the environments that support them,

Certain reservations exist about the methods outlined above, and

these should be borne in mind when considering the results., Firstly,
distribution records are extremely patchy and incomplete. Certain
areas such as western Europe, the United Sfafes, India and South
Africa have been relatively well studied while very Little data exists
for areas such as China, Indonesia, Australia and large parts of South
America and Africa. Secondly, the assignation of a species to a
particular genus is often highly subjective. There is considerable
debate among taxonomists as to the status of many species, especially
among the polychaetes, but also among the other groups. Depending

on the taxonomic view taken, the total number of species in a genus
can fluctuate widely; where debate currently exists, the wider view
was always taken in this study, since it was felt that even if some
genera were actually complexes of genera, there must nevertheless

-exist a high degree of relatedness within those complexes.

A third problem is that the very existence of some species is doubtful.
Species described from the 19th and early part of the 20th centuries
were often so poorly characterized that it is sometimes impossible

to identify them on the basis of modern taxonomic keys, especially in

cases where the type specimeéns have been destroyed or lost.

Finally, it should be noted that certain groups have always been more
poputar among taxonomists than others. The reasons for this are many
and include aesthetic appeal (molluscs), durability of identifiable
features (molluscs and crustaceans), presence of taxonomically useful
"morphological features and size. Groups possessing one or more of

these attributes have been relatively well studied. Fashions in
working on various groups has also resulted in disproportionate

attention being devoted fo certain groups and this has been further
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QompLicafed by the steadily increasing shortage of taxonomists in

general.

While .more and better data would be desirable in .a study such as this,
the best use must be made of what is available. As taxonomic and
biogeographical knowledge improves, numbers of species will probably
increase tne distribution ranges will certainly do so. Thus the
results and conclusions that follow are based on a present minimum,
which, with f{me and further study, can only improve in both qualify
and extent. '
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Results and Discussion

‘Table 9.1 shows the total number of species assigned to each genus.

It can be seen that there is considerable variation in these numbers.
.The actual references and distributions for each species can be found
in Appendix 2, THe genera may cover a wide range of intertidal zones,
but they can be divided essentially into three categories. These
are: (1) Te}resfrial genera (Tylos and Talorchestia); (2) inter-
tidal and nearéhore genera (Excirolana, Pontogelodides, Cumopsis,
AuAtaocdma, Scolefepis, Eurydice]; (3) genera to which the inter-
‘fndal zone only represents the Landward ‘edges of their- dlsfrlbufuons
(Pseudharpinia, Urothoe, Gastrosaccus, Bullia, Donax, Nephty/.s,
Sigalion and Cerebratufus). Categories (2) and (3) could also be
defined as follows: genera in which the majority of species are found
cintertidally and genera in which fhe_majorify of species occur sub-

tidally, respectively.

The inclusioh of Donax into the latter category requires a certain
amount of explanation, since many of the species are truly intertidal.
There are, however, many subtidal species and, in addition, many of

the intertidal species spend only a part of the Life.cycle intertidally.
Thus, in Donax serra, it is the juvenile stages that are intertidal

{see chapter 4).

Finally, most of the tropical intertidal species migrate up and down
the beach following the tides, which means that they must remain in
. the swash zone whatever the state of the tide. Although Donax does
not entirely fit into cafegory (3), therefore, this is nevertheless a

more suitable category for this genus than (2).

As can be seen from Table 9.2 genera in category (3) consist of many
more species than do those in category (2). Even in Monod's (1930)
view is taken that Pontogefoides is a sub-genus of Excirolana, and
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TABLE 9.2 Mean number of species per genus for three categories
of intertidal sandy beach genera

where: (1) = Terrestrial genera; (2) = Intertidal and nearshore

genera; (3) Sub-tidal and offshore genera

Mean number of

Category Constituent Genera species per genus
(1) Tylos, Talorchestia 33,0
(2)  Excirolana, Pontogeloides, Eurydice,
Scolelepis, Cumopsis, Austrocuma 14,8
(3) Pseudharpinda, Urothoe, Gastrosaccus,

Buflia, Donax, Nephtys, Sigalion
Cerebratulus _ 50,2
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Austrocuma is omitted because it is only recently described and con-
sists of a single species at present (Day, 1978), the mean number of
species per genus in category (2) is 22, less than half the value for
category (3). The difference between the means of these two cate-
gories is significant at the 95% confidence level.

Levinton (1973) and many other workers have investigated genetic
variability in.marine invertebrates from a wide range of environments.,
The evidence obtained suggests that environmental variability
regulates genetic variability and this evidence led Bretsky and Lorenz
(1970) to propose the hypothesis discussed earlier. The results
listed in Table 9.3 lend substantial support to their theory. The
genera of category (2) all experience desiccation and environmental
variability vastly greater than do the animals of the third category.
The first category could itself be subdivided, since Tylos Llive
exclusively in the supratidal fringe and backing dunes (Roman (1977)
calls TyLos a halophilous genus) and fhereforé occupy a region of
considerably greater environmental variability and unpredictability
than do Talorchestia, a genus including many truly terrestrial species
(Hurley, 1968); Twice as many species of Talorchestia as Tylos have
been described to date.

The number of species per genus in the above categories is important
because, according to the hypothesis of Bretsky and Lorenz, the

number of species in a genus is partly a function of the environmental
stability which that genus enjoys. It can be safely assumed that

all genera of more than a single species are derived from a single
species - i.e. they are not of "polyphyletic" origin. The division
and diversification of that single species into the constituent
species of a genus as we now find it would therefore, according to

~ the hypothesis, depend in part on the degree of environmental stability
that the original species encountered. Species living in a stable
environment would be more vulnerable to localized environmental
disruptions resulting in local extinctions and isolation of popula-

tions. These_isolated populations would then adapt to environmental
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Table 9.3 Showing the effects of environments of different degrees
of variability on the number of species in various
taxonomic groups '

Number of species per genus (mean)

Taxon

_ Category 1 Category 2 Category 3

Crustacea 33 12,4 27

Polychaeta - 27 56

Amphipoda 45 - 22

| sopoda

21 18 ' -
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conditions specific to the area they now occupy, and eventually
evolve into distinct species. Thus an original species with a
relatively wide distribution, could eventually give rise to a

large number of localized species, each adapted to local conditions.

A "founder" species occupying a zone of considerable environmental
instability, on fhe'ofher hand, would be far less vulnerable to
localized disruptions in its distribution, since the species would
have had a higb degree of heterozygosity in the first place, in order
to cope with its unstable environment. This species would, therefore,
possess a greater degfee of genetic flexibility than the homozygous
"founder" species from the stable environment with the result that,
firstly, the distribution of the species is less likely to become
fragmented resulting in isolation of populations, and secondly, even
in the event of such interruptions, the species will have a greater
ability to recolonize the decimated areas, thereby renewing contact

with temporarily isolated populations.

For these reasons, relatively long-established genera would be
expected to consist of a Large number of species if inhabiting a
relatively stable environment, and of a lower number of species if
occupying a more diverse one. Similarly, the distribution ranges

‘would be expected to be greater in the case of the heterozygous genera.

it could be argued that speciation rates might differ from one phylum
or group to another. While there is no evidence to suggest fhis
(palaeontological records are usually a function of the morphological
suitability of the group to fossilization), it is a factor that should
be borne in mind., Table 9.3 lLists the within-group differences in

the number of species per category.

These results merely show trends since in several of the above cases
only single genera are involved. The trends are not substantially
different to those shown previously, however, and it can be concluded
that although fhefe>may be slight differences in the degree to which
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the environment influences speciation rates in various taxonomic

groups, the general trends remain the same.

The environments occupied by the 14 généra investigated in this study
varied to a certain extent. If the number of species occupying

arctic, northern cold temperate, northern warm temperate, tropical
southern warm temperate, southern cold temperate and antarctic zones

are plotted, then the distribution is as shown in Figure 9.1. The

only genué that does not occupy any of the northern zones is Buflia.

The reason for this is that its disfribuffon is confined to the northern,
western and south-western Indian Ocean, with three species also

extending up the west coast of South Africa, possibly as far as Angola.

ALl the other genera appear to have penetrated both hemispheres, and
most are evenly distributed in these hemispheres. Only two of the
genera studied have penetrated into both ércfic and antarctic
environments, however. The genus Urothoe shows an uneven distribu-
tion between the hemispheres and its distribution is of interest.
According to Bousfield (1970), this is one of the more primitive groups
- of the Haustoriid amphipods,'and, although it probably originated in
the northern hemisphere, along what now is the coast of Norfh America,
it has been gradually displaced from that region by more effectively
adapted amphipods of the sub-family Haustoriinae. While this
replacement has béen taking place, the genus has spread info the
southern hemisphere, with the result that there are now more species

there than in the north.

The genus Bullia has apparently not spread far from its centre of
origin as yet.  Most genera in Figure 9.1 have the greatest proportion
of their species in tropical environments, a fact that would be
expected from classical studies on diversity as related to environment.
The actual values, howevef, vary considerably from one genus to the
other. Donax and Buflia have 52 and 50% of their species occupying
tropical environments respectively, but the other genera showing this

type of disfribufidn have considerably lower proportions of tropical
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species. These are as follows: Tylos - 40%; Excirofana - 39%
Cumopadls - 36%; Urothoe - 34%; Gastrosaccus and Sigalion - 324
Cerebratulus - 31%; Talorchestia ~ 29%; Nephtys - 22%. Tropical
oceans and coastlines, however, both constitute over 40% of the total

oceanic surface and coastlines of the world.

Thus only Donax, Buflia and possibly Tyfos and Excirolana show any
concentration of species in the tropical areas. The genus Pseud-
harpinia has its distributional focus in southern cold temperate
latitudes, which are occupied by 25% of its species and in northern
cold temperate regions (19%). Euwrydice is concentrated in northern
warm temperate environments (33% of its species), while Scofelepis is

concentrated in northern cold temperate zones (26% of its species).,

Figure 9.2 shows the distribution of the various zones described

above (modified from Hedgpeth, 1957). Figure 9.3 shows the approxi-
mate percenfagés of the total world coastline and oceanic area in

each zone. If Figure 9.1 is compared with Figure 9.3 the distribution
of the genera studied in relation to the length of coastline and
oceanic areas can be better understood. The ratios of percentage
species to percentage coastlines and percentage of oceanic area are
listed in Figure 9.4 and heighten the differences in distributions

between these zones.

The reason both coastline length and oceanic areas have been plotted
in the latter figure, is that certain species are associated with
coastal environments, while others may be associated with abyssal
ones. The results are essentially similar in both cases, however,

although the actual yalues do differ slightly.

The most notable feature of Figure 9.4 is that none of the genera

under consideration have undergone increased speciafion in tropical
areas., In fact, the majority of genera, show lower diversity in the
tropics than in any other zone except the arctic and antarctic. It is
always the temperate zones that show the greatest diversity proportional

to area.
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While this result is unexpected, it should be remembered that all
the genera studied have species occurring in the cold temperate
west coast of South Africa. There is thus a certain amount of bias
towards the above finding. ALl these genera, fhérefore, show a
marked degree of bipolarity, a common feature in genera adapted to

temperate zones (Hedgpeth, 1957).

The results of the cluster analysis on species within genera, show
findings similar to those described above, although finer sub-divisions

of the climatic zones are apparent.

Figure 9.5 shows the results of the cluster analysis on the genera.
Most notable is Bdllia, which has the lowest similarity to the other
genera, largely because all its species are concenfrafed within a
relatively small area, with comparatively little -environmental
variation. In fact, Bullia has the greatest concentration of species

per unit area or unit of coastline of all the genera studied.

Nephtys and Cerebratulus show considerable similarity in the environ-
ments they occupy - both have worldwide distributions in all climatic
zones. In the same way, Pseudharpindia and Urothoe are clustered
together, since both genera are mainly distributed in the southern
hemisphere and both extend into antarctic zones. Aside from these
groupings, little additional information is yieldéd by the cluster

analysis.

Although these results do not confirm Bretsky and Lorenz's hypothesis
irrefutably, they do lend it considerable support. Perhaps the main
criticism of both their hypothesis and that of Sanders (1968) is

the use of the term "stability". A considerable amount of recent
work has in fact shown that localized instabilities and disturbances
may actually enhance diversity in an ecosystem., The general tenor
of these recent findings has been that regular localized disruptions
can result in the removal of a dominant species from a small area,

giving the opportunity to less-successfully competing species to
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settle and reproduce before being once again eliminated from that
area by the dominant species. It has }hus been argued that environ-
mental instability actually promotes diversity and that Sanders's
concept of the interaction between envirdnmenfal stability and
diversity is incorrect (see Dayton, 1971; Dayton and Hessler, 1972).
This, however, is only because two independent meanings are being

supplied to the term "stability".

On the one hand, Sanders used the word to denote a constant environ-
ment, in other words, the opbosife to the type of environment where
huge fluctuations of temperature, nutrients, etc. occur which result
in sudden, short-lived blooms of organisms. The other sense in
which stability has been used is to impart a condition of environ-
mental placidity, peace and complete constancy. in.this sense,
wave-driven logs or storms which dislodge small colonies of a
dominant species of barnacle from the intertidal zone are symbols of
instability, and it is this instability which increases diversity,

since it provides settling.spaces for non-dominant species.

Perhaps a better term is needed to denote both these types of
stability. A word expressing environmental regularity or predicta-
bility is required. The non-dominant species in the above example,
after all, survive only because patches of dominant organisms are
cleared by localized instabilities with sufficient regularity to
enable generation after generation of non-dominant organisms to
sefflé and reproduce. Since "environmental predictability" is a
rather anthropomorphic term with teleological implications, | would
suggest that "environmental regularity" be adopted and substituted
for the word "stability" in Bretsky and Lorenz's hypothesis.

1t should be stressed that regularity is not a term designed to apply
only to areas such as intertidal zones, which Bretsky and Lorenz
termed a "stable and rigorous" environment. The sequence of events
described above can.and does occur in non-rigorous environments such

as coral reefs as wgll'(Day, 1977).
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Sandy beaches show both predictable and unpredictable environments.
The macrofauna of high energy sandy beaches, however, generally

en joy a much less regular environment than does that of rocky shores.
The reason for this is that sandy beaches themselves are not stable
structures. Brown (1971a) mentions that certain beaches on the west
coast of the Cape Peninsula may disappear completely in winter.

While the beaches inQesfigafed in this study are permanent features
of the coastline, they are nevertheless highly mobile environments.
King (1951) has shown that up to 4 cm of sand may be removed by a

single wave on high-energy beaches.

It is common knowledge that waves washing up shores are not regular
in height and energy. Unusually high-energy waves normally occur
several times an hour and these can deposit organisms high up the
shore and, on a receding tide, leave them stranded for a considerable
length of time. This undoubtedly occurs, despite the high mobility
of the fauna. Those animals Living high up the shore are particu- '
larly susceptible to such stranding, and it is to their advantage

if they are able to tolerate a wide range of conditions, since
extremes of desiccation and temperature are likely to be encountered

while stranded.

Klapow (1972a) has shown that Excinofana chiltond, Living at the top
of the shore, possesses extremely complex fortnightly moulting and
reproductive cycles as well as a highly develdped tidal rhythm. In
chapter 6 it was shown that E. natalensdis, alsq living at the top of
the shore, had a substantially higher activity potential than did
other cirolanid isopods Living at lower levels. These facts indicate
that animals living in less regular environments do evolve adaptations

to these conditions.

"The ability of a species to adapt to a varied environment or to a
wide range of environments is not a function of a single set of genes
that confers versatility to that species, it is rather a function of

a wide range of geﬁes extant within that species. Thus a wide
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genetic diversity within the species enables it to survive in an
irregular environment.

The hypothesis put forward by Bretsky and Lorenz in 1970 caused a.
considerable amount of controversy, particularly those sections of

it dealing with mass-extinctions.  The main problem with the theory
was the "lack of voluminous evidence" (Bretsky, 1973, p.{57).
Attempts to disprove the theory by Ayala et al. (1973) and Valentine
et al. (1973) were considered inconclusive (Bretsky, 1973; Levinton,
1973).

Since then, further evidence has accumulated supporting both sides of
the argument, Both Valentine and Ayala (1975) and Siebenaller
(1978) found a relatively high degree of genetic variability in deep-
sea environments that could be cansidered stable and non-rigorous fn
Bretsky and Lorenz's terms. Siébenaller does mention, however, that
deep-sea organisms tend to be generalist feeders rather than special-
ized ones, suggesting fhaf;fheif food supply is irregular and varied
at least, and perhaps that deepfseéﬁenvironmenfs are less regular for

organisms than is assumed.

On the other hand, Levinton (1973) found differing genetic variabilities
in molluscs from different depfhsdgnd environments. Furthermore,
Alexander (1979) reported differentiation of generic extinction rates

in articulate brachiopods from the upper Ordovician-Devonian periods.
Alexander attributed these dnfferences to heterogeneity of the

ecologies of the three taxa investigated. Narrow-niched reef genera
had short ldngevifies when compared with those of offshore non-reef

genera. Y .

There is no doubt that further eonflicting evidence will yet be found.
The evidence that does‘supporf Bretsky aqd Lorenzfs hypothesis shows
that the theory doés explaih céh#afn events, while the other evidence
highlights flaws and indicates that it is incomplete as it stands at

present. The evndence presenfed in this thesis lends the theory a

"l
.-

!
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certain amount of sﬁpporf, but suffers from a paucity of genera and

mainly a lack of ecological data on the species involved.

As is so often the case with problems of a biological nafure; the
information necessary for their resolution is largely lacking and

researchers must content +hémselves with partial answers for the
time being. '
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CHAPTER 10

SYNTHESIS

Sandy beaches as ecosystems

Sandy beaches are ecological systems that usually depend on imported
carbon.  Although some diatoms may be present and Wicks (1974) has
reported the presence of the nitrogen-fixing bacterium Azotobacter on
beaches in Florida, sandy beaches are generally poor in autotrophs.
~Thﬁs beach food-chains are based on imported matter, rather than on
carbon produced within the system. As a result, no direct grazers
occur in sandy beaches; those herbivores that are found here feed on
pfimary producers that have been imported from outside the system.
These herbivores could thus be termed "herbivorous scavengers'.

This kind of primary consumer occurs within all three categories of
organisms found on sandy beaches, i.e. macrofauna, meiofauna and micro-

fauna.

The importance of the primary consumers on sandy beaches is thus
directly dependent on the input of food into the beaches. On the west
coast of South Africa, high energy beaches with both low and high
primary producer inputs are found. Those beaches with a low input

of such organic matter have been the subject of this thesis, while
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those with high inputs are found associated with kelp beds. Koop
et al. (in press) have investigated the fate of stranded kelp on
such beaches and have shown bacteria to be directly responsible for the
mineral ization of some 72-74% of the kelp beached. Although herbi-~ |
vores such as Talorchestia and Tyfos consume considerable quantities
of the kelp, as do the larvae of the kelp fly Fucellia capensis
(Stenton-Dozey and Griffi+hs, 1980) much of this material is voided as
faeces and is also consumed by bacteria. Bacterial carbon production
is estimated a}'26-28% of the beached kelp carbon.

Koop et ak's figures indicate that bacteria are the major consumers
on high primary producer input beaches, The role of bacteria on other
beaches has yet to be investigated, but there is no reason to suppose

that they are not important.

Two major differences are to be noted between these two types of beach,
however, The first is the difference in inputs of organic material
from primary producers discussed above. The second is the high
biomass of primary consumers such as filter feeders and of secondary
consumers on the Llow input beaches. As was shown in chapter 5, the
carnivorous component constitutes up to 45% of the total biomass on
these beaches, although it is usually in the region of 20%. While
this is a high proportion, it should be stressed again that beaches
are normally dependent on imported food and this applies to secondary
consumers as well as primary consumers. The carnivores in fact

double as scavengers on these beaches.

It is Interesting to note that even some of the primary consumers
TyLos and Talorchestia) can and do feed on stranded animal material
when this is available (Kensley, 1974; Muir, 1977). This high degree
of opportunism is indicative of the unpredictabillty of the sandy
beach environment for macrofauna. It also supports the idea of a

system that is largety dependent on imported organic matter.

Work by Lewin and her'colteagues on the chemistry and plankton of surf
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zones (e.g. Lewin et af., 1975) has shown that cyclical blooms of phyto-
plankton (particularly diatoms) occur in certain circumstances. These
surf-zone blooms appear mainly off sandy beaches as has been observed

by both Gunter (1979) and MclLachlan (1981). Mclachlan has gone on to
suggest that water circulation patterns off sandy beaches are sufficient-
ly cetlular to refain nitrogenous waste products excreted by beach

fauna (see also McLachlan et af., in press). The concentration of
these waste products in the wafer-is built up by the cellular circula-
tion patterns ﬁnfil there is sufficient to produce a phytoplankton
bloom. The phytoplankton organisms, both living and dead, form the
bases of sandy beach food chains according to this hypothesis. Mclach-
lan indicates that the above sequence of events is cyclical and occurs
with sufficient frequency to maintain the entire ecosystem. While

this pattern of events undoubtedly occurs wherever the conditions are
suitable (such as along the northern coast of False Bay), no evidence

of such cycles was encountered on west coasf beaches. it would appear,
therefore, that MclLachtan's cyclical beach ecosystems are not the rule
in sandy beaches. Indeed, beach macrofauna havé not evolved any
special forms to expltoit such systems but have rather retained the

ability to survive outside them,

On the three west coast beaches studied, kelp input was low and inshore
circulation patterns did not appear to be cellular. These beaches
thus appear to lie in between the types investigated by Koop and Mc-
Lachtan, if they are-classified on the basis of the origins of organic
matter,  The macrofauna is far more important in terms of both biomass
and diversity than at Kommet jie, while the biomass is lower than was
found on comparable Port Elizabeth beaches (MclLachlan, 1977a, d).

Zonation on sandy beaches

As in the case of all organisms living between tide-marks, sandy beach

fauna exhibit inferfidal.zonafion. In this thesis four zones were
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demonstrated, corrésponding to those described by Salvat (1964) and
Pollock and Hummon (1971) on the basis of physical conditions. The
subdivision of beaches into intertidal zones is only a convenient way:
of partitioning them into recognizable areas, since there are wide
transitional éreas between the zones. This is par+icularly the case
Ain‘high energy éandy beaches where fhe fauna is mobile and indeed the
zones themselves aEe mobile. ALl this mobility leads to a mixing of
zones in the wide intermediate areas. Thus zones in the classical
sense, of inférfidal areas dominated by a few species optimally
adapted to the environmental conditions found therein, are only evident
in fairly narrow bands along the beach. On exposed sandy beaches,
therefore, intertidal zonation as expressed by the macrofauna is made
up of a gradual succession of one set of species by another along a

gradient of physical conditions.

Although the zones shown by Pollock and Hummon (1971) have quite sharp
cut-off points, these positions are only fixed at one particular moment.
The zones migrate up and down the shore with the ebb and flow of tides
and with the lunar tidal cycle. Since the macrofauna is mobile, it
can follow these zones as they move up and down the beach (MclLachlan

et al., 1979), thereby remaining in a relatively constant environment,

Adaptations of sandy beach organisms to the environment

In chapter 6 it was shown that closely-related isopod species from
different intertidal levels showed adaptations in thier respiratory
physiology appropriate to their intertidal zones of origin. This type
of adaptation has already been shown in lLimpets (e.g. Branch‘& Newell, ,
1978) on rocky shores, but it should be remembered that the majority

of rocky shore organisms cannot follow the shifting tides. A great-
er degree of adaptation is required in rocky shore organisms, there-
fore, since each-organism experiences what would.constitute a range

of intertidal zones to the mobile sandy shore animals. Of the ‘sandy
beach macrofauna, only SéolelepiA is semi-sessile, and even these
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polychaetes can migrate up and down their burrows to follow the tidal
cycles. MclLachlan et af. (1977) have shown that meiofauna too, show

a vertical migration in the sand in response to the lunar tidal cycle.

Most high~energy sandy beach organisms, therefore, have only been
required to develop physiological adaptations of a relatively Low
degree, due to the particular physical nature of their environments.

It is thus not surprising that cirolanid isopods, the dominant, most
ubiquitous group on high-energy beaches worldwide, are also of the most
primitive groups of isopods (Kussakin, 1973)., These near-archetypal,
scavenging isopods are in some ways the marine parallels of such
primitive, omnivorous and unspecialized but highly successful and adapt-
able mammals, the opposums and rats. It is interesting that these
mammals also become of great importance in disturbed, unpredictable

environments.

There can be Little doubt that sandy beaches constitute unpredictable
environments even to the organisms that inhabit them, Some of the
arguments for this are outlined in chapter 9, but there is one further
factor to be taken into consideration. Excluding the dimension of time
(é dimension which Klapow (1972a) and others have shown to be well-
handled by beach fauna), sandy beach organisms live in a ftruly three-
dimensional world. In their environment, these dimensions can be trans-
lated as: (1) depth burrowed into sand; (2) position occupied up'fhe

shore, and (3) position occupied along the shore.

While there are ehvironmenfal cues enabling organisms to locate them-
selves in the first two of these dimensions, there are none for the
Llast one. Indeed, long-shore currents and long-shore drift may cause
entire populations to be washed off a beach and may account for the
irreqularity and frequent disappearance of populations reported by many

workers,

Although there is considerable evidence that populations of sandy beach
organisms can survive the effects of storms and hurricanes on their
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intertidal habitats (e.g. Croker, 1968; Saloman and Naughton, 1977;

Yeo and Risk, 1979) despite the considerable damage to beaches and
shore structures that accompany such events (Morton, 1976; Saloman and
Naughton, 1977), | believe that the abovementioned longshore drift
constitutes a much more insidious threat to the survival of populations
of these animals. This drift could ffansporf populations along the
beach, possibly infé areas that are less favourable for particular
species'and'ev?nfually right off the beach into hard shores.

It is difficult to imagine what environmental cues could be used by
sandy beach organisms to detect their location in the longshore plane.
The whole functjon of zonation is to permit organisms to select a
particularly favourable environment, but the cues enabling anihals to
determine their intertidal position arevvirfually the same along the
entire iengfh of the beach, -~ Different cues would therefore have to

be used, such as sand grain size or degree of physical exposure. As
was shown in chapter 8, however, there is patchiness or irregularity

in the distribution of sediment characteristics along the beach so only
ma jor changes could be used as positional clues. Since the sediments
fhemselQes are mobile it is unlikely that such characteristics would be
of value for this purpose. The degree of physical exposure is highly
~ variable even at a single point along the -beach because it is affected
by the state of the tide and by the weather both inshore and offshore.
Small organisms measuring at the most 8 cm in length (in the case of
Donax) would have no means of assessing the degree of exposure pertinent
to their position along the beach. !t thus appears that sandy beach

organisms are not able to determine their along-shore positions.

A quotation from Gould's (1980) essay "Size and Shape" illustrates
the prdblem involved in conceptualising microénvironmenfs occupied

by small .animals in general:

"We are prisoners of the perceptions of our size, and rarely
recognize how different the world must appear to small animals,
Since our relative surface area is so small at our large size,

we are ruled by gravitational forces acting upon our weight.
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But gravity is negligible to very small animals with high surface
to volume ratios; they Live in a world dominated by surface
forces and judge the pleasures and dangers of their surroundings

in ways foreign to our experience', (Gould, 1980, p.173).

In chapter 8, it was shown that certain species have a distinct prefer-
ence for parficular'grades of sand. The areas with the unfavoured
sediments are, however, not devoid of organisms, they merely show Llower
concentrations. This may well be the result of circumstance such as

a receding tide leaving individuals stranded in an area of Lless
favoured sand. Such animals have no.alfernafive but to cope with their
new environment and it appears that they cope sufficiently well to
survive.  This may seem a contradiction of previous statements con-
cerning the relative degrees of physiological adaptations undergone by
rocky and sandy shore fauna. Random events such as stranding in areas
of less favoured sediments may occur several times or even several
dozen times in the Llifetime of an organism, The ability to cope with
such events is not a function of special .adaptations but rather the
reverse - a lack of specialization permitting the organism to remain

a generalist,

This crucial distinction explains why, on rocky shores of the west

coast of South Afriéa, there are some 80 common species of macrofauna
and over 250 species altogether (McQuaid, 1980), while similarly exposed
sandy beaches support only 15-20 species, and underlines a fundamental
difference between the fauna of hard and soft shores. In any eco-

system, there are fewer niches for generalists than for specialists.

The biogeographical distributions of macrofaunal genera occurring on
west coast beaches are examined in chapter 9 and the results of that
study support the idea of sandy beach species béing generalists. The
relatively low numbers of species in the mainly intertidal genera as
opposed to those of genera that are chiefly subtidal, indicates that
sandy beach species tend to be "genetic generalists" as well. The

apbarenf high degree of heterozygosity within these species may also
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be a consequence of the inconsistency of the sandy beach intertidal

environment,

It was mentioned earlier that sandy beaches are dominated by fairly
primitive, non-specialist groups such as the cirolanid isopods, In

one part of the world, however, a more advanced group has appeared in
recent geological time. This is along the east coast of North America,
where haustoriid amphipods of the subFfamIly Haustoriinae have undergone
adaptive radiation to a substantial degree and now occupy a wide range
of filter-feeding niches (Bousfield, 1970), Bousfield notes that in
the northern Gulf of Mexico, only one of ten species of this subfamily
occurring there also occurs in beaches on the open Atlantic coast, while
none of the other 16 Atlantic species are found in the Gulf. Since the
intervening barrier (i.e, the Florida penlnsuta) dates only from the
Plelstocene, Bousfield concludes that the species differences between
these two regions have evolved over the last one million years.

This contrasts with the slow rates of evolution of species to either

side of the Panama land barrier, which is at least 3 million years old.
Here a considerable number of species, including members of the genera
Excirofana and Donax have not diverged sufficiently to be considered
morphologically distinct by taxonomists, despite hoficeable differences

in the Pacific and Caribbean marine environments (see Dexter, 1974, 1976).

The opportunity for adaptive radiation to take place in the Haustoriinae
was probably provided by the development of the north Atlantic ocean
from an estuarine basin, some 100 million years ago. This resulted

in the isolation of the region from most competing crustacean types

and adaptive radiation became possible as a consequence (Bousfield,
1970).. Bousfield speculates that Haustorius arenarius, the only
species of the group to have reached western Europe, may undergo adapt-
ive radiation there, and eventually supplant more primitive. groups

along the eastern shores of the Atlantic as well. These developments,
however, Llie in the frustratingly distant future.
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Factors influencing the distribution of beach organisms

The sedimentological studies discussed in chapter 3 show clearly that
sandy beaches possess sedimehfary characteristics that are intermediate
to those of subtidal "and sup}afidal sediments.  Furthermore, these
characteristics range from being very similar to those of subtidal
sediments at the low water mark, to being very similar to the
characteristics of dune sediments at the high water mark, and the trans-
ition between these two extremes can be observed across the intertidal
zone., The very substance of sandy beaches, therefore, is affected by

its intertidal position,

The relationships between sediment coarseness, beach slope and degree
of exposure have often been misunderstood, and they are discussed in
some detail in chapter 3. As a result of fhese'hﬂerrelationships, it
can be concluded that beaches of a given degree of exposure may be
made up of either coarse or fine sénd, depending on what is available,
The slope will vary according to both the grain size and the energy

of incoming waves; Iincreasing grain size tending to result in steeper
beach slopes, while increasing wave energy tends to flatten these, and
.af the same time favouring the deposition of sediments of increasing
diameter, The degrée of exposure also tends to affect the average
size of the macrofauna. that can settle successfully, as outlined in
chapter 5. On exposed beaches there appears to be a lower size Limit
(which varies from species to species), below which organisms fail to
remain in the sediment and are washed out to sea. Since this size
Limit increases with increasing exposure, the biomass of beaches is

also affected by degree of exposure.

From a survey of beaches studied elsewhere, It appears that high

energy beaches on the west coast of Scuth Africa rank among the richest
in terms of biomass and densities of macrofauna, possibly due to the
nutrient subsidy that is provided by the Benguela upwelling system to

the inshore waters of this coasfline. As Ts usually the case, the
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meiofauna found in this study was considerably more important than the

macrofauna in. terms of biomass and production.

The distribution of organisms on sandy beaches has always presented a
problem to investigators since the animals are not usually visible in
their undisturbed natural environment. Because of the apparent uni-
formity of the sand ‘surface, many workers have assumed.equally uni-

form distributions of animals within the sand, although others have
observed irregularities and patchiness in distributions. Chapter 7
shows just how prevalent and extensive this patchiness is, and emphasizes

the dangers of biomass data based on results from single transects.

In chapter 8, some of the possiblelcauseé of this patchiness are
discussed and it appears that different species are affected by differ-
ent factors and criteria, - These include exclusion from certain grades
of sediment on the basis of structural limitations of the organisms,
preference of certain sedimentary characteristics, competition, avoid-
ance of areas of high predator concentrations, selection of areas of.
high prey concentrations and combinations of both these factors and

-zonation,

Further studies on patchiness need to be carried out before a complete
understanding is achieved. These include the effects of sand humidity
(which will partly reflect zonation) and measurements of inter-

stitial oxygen and nutrients. Intensive studies over a period of
several days would also yield information on the degrees of permanence

and mobility of these patches.

With the present state of knowledge, however, it is possible to say
that both sediment characteristics and macrofauna show irregular
distributions superimposed on the basic zonational patterns described
in chapters 3 and 4.  In chapter 7, it was also shown that the com-
position of populations within species is irregular. Thus it seems
that young animals of a species aggregate within an area that may be
selected for its sediment characteristics, intertidal position or

position relative to that of suitable prey or potential competitors
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and predators. As these cohorts grow, their preferences for particular
sedimentary characteristics or their ability to compete or resist
pfedafion may change, resulting in a certain segregation of size-
classes within that species. This gives rise to further complexities
in the distribution pattern and presents additional problems in any

affempts to study the population dynamics of beach macrofauna.

Mean sediment diameter was also found'fo affect the composition of the
meiofauna (see chapter 5); nematodes become increasingly important
‘with decreasing mean grain size, while the proportion of harpacticoid

copepods becomes smaller,

Trends in sandy beach studies

Studies on sandy beaches have multiplied substantially over recent
'yéars. Not only are individual studies néw becoming more numerous,

but many new fields and techniques are being applied to these investi-
gations. During the decade of the 'sevenfies, studies on energetics

of individual species became fashionable, and.energy budgets were
determined for a variety of organisms (e.g. Hayes, 1974; Johnson, 1976a,
b; Muir, 1977). The popularity of this kind of sfudy:is now fading
in'favour of studies covering entire systems (e.g. Edwards, 1973a, b;
Ansell et akl., 1978; Munro et af., 1978; " Mclachlan et af., in press)
and studies approaching problemé from new angles. The studies of

Koop et al. (in press) outlined earlier are an example of the latter
type. Scannfng electron microscopes, carbon ahalysers, gas-liquid
chromatographs, settling columns and microbomb calorimeters all permif
the analysis of large numbers of small samples, frequently also involving
. new and more sophisticated techniques, which ensure that results

become more representative than has hitherto been possible,

Other examples include measurements of benthic metabolism such as those
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of Dye (1980b) who found a direct correlation between biological oxygen
" demand and the state of the tides, and Pamatmat et af. (1981) who
studied heat production, ATP concentrations and electron transport
activity in sandy beach sediments in order to determine the overall

metabolism of the fauna and flora of such sands.

Most recenf'frends involve studies on the meio- and microfauna. This
not only applies to intertidal benthic fauna but to subtidal ones as
-well., This is obviously an afea that has Seen largely unstudied and
the interrelationships between these categories will dohbfless prove
to be both véried and complex (see Tietjen, '1980 for a short review on
existing knowledge). It is interesting that the studies on the meio-
and microfauna are proceeding largely in the absence of detailed taxo-
nomic information. This has necessitated the holistic approach to
ecological studies advocated by Odum (1977). Although this is perhaps -
admirable, and knowledge is being gained on‘how these communities behave
as enfifies,»fhe underlying mechanisms will only become clear when a
more reductionist approach can be adopted on the basis Qf more detailed

taxonomic ‘information.
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APPENDIX - 1

Results of detailed sedimentological anatyses on sands collected
seasonally from the beaches at Melkbosstrand, Ysterfontein and
Rocherpan. '

The letters M, Y and R represenf the thres beaches listed ébqve

(1]

respectively, while the last two letters and numbers are grid refer-
ences. The last number represents the tidal level (1 = zone of
drying, 2 = zone of saturation, 3 = zone of resurgence, 4 = zone

of saturation). The letter X indicates 2 randomly taken sample.
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Sample Medi‘an. Mean Sorting SkéwneSs ' Kgﬁosis Orgafic C  caCo,
25.8.76
RIAT 1,575 1,603 0,291 0,154 0,616 0,117 2,943
RiBI 1,589 1,585 0,304 -0,126 0,180 0,123 V3,729
RICI 1,708 1,682 © 0,348  -0,154 0,133 0,09 3,308
RID1 1,650 1,657 0,304 -0,087 0,660 - 0,105 1,891.
R1IA2 1,172 1,715 0,277 0,065 0,214 0,111 13,352
R1B2 '_ 1,837 1,844 0,240 ©-0,062 0,246 0,117 2,762
RIC2 1,519 ° 1,540 0,306 0,067 ~0,091 0,155 3,639
R1D2 '1,744 1,763 0,235 0,234 0,063 0,089 1,517
CRIA3 1,580 1,557 0,402 -0, 127 0,542 0,237 6;806
RIB3 1,545 1,546 '0,344 0,015 0,361 ._6,177 5,234
R1_C3 N o Resul ¢ E
RID3 1,495 1,334 0,636 -0, 305 0,242 - 0,316 - 17,89
R1A4. 1,614 1,600 0,348  -0,066 0,373 0,125 5,381
"R1B4 1,419 1,296 0,530 ~0,133  -0,740 0,576 29,025
RICA 1,364 1,311 0,430 -0,102  -0,481 0,302 13,449
R1D4 ' 1,379 1,317 0,490 0,035 -0,419 0,341 15,042
27.7.76 .
MIAl 2,285 2,279 0,282 -0,395 2,542 0,350 26,059
‘M1B1 2,255 = 2,243 0,298 -0,182 1,343 0,442 26,355
M 2,237 2,220 0,318 -0,313 1,772 0,427 25,166
1D 2,311 2,313 0,284 0,045 0,770 0,321 - 27,671
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' ngple Median Mean Sorting Skewness Kurtosis Orgaﬁic ¢ Caéos
27.7.76 (cohfd)
M1AZ2 =~ 2,283 2,219 0,262 | -0,282 2,027 0,452 24,816
‘M1B2 2,265 2,256 0,320 -0,317 2,235 0,525 27,501
MiC2 2,300 2,305 0,287 -0,121 1,294 0,431 29,159
MID2- 2,288 2,248 0,352 -0,972 6,470 0,414 ° 33,172
M1A3 2,143 2,154 0,315 0,114 -0, 131 0,486 28,816
M1B3 2,200 2,178 0,302 -0,436 2,173 0,476 25,130
- MIC3 2,155 2,159 0,330  -0,074 0,739 0,521 26,042
M1D3 No Results
M1A4 2,212 2,160 0,394 - ~0,429 2,283 0,452 28,902
M1B4 2,246 2,228 0,323 —6,307 1,229 0,485 26,264
MiB4 2,246 2,228 0,323 -0,307 1,229 0,485 26,264
M1C4 2,280 2,260 0,303 ~0,201 0,351 0,490 26,591
M1C4 2,280 2,260 0,303 ;0,201 0,351 0,490 26,591
M1D4 .2,289 2,317 0,243 ‘ ;0;254 0,433 0,469 24,402
9.16.76
Y1A1 2;324 2,335 0,261 -0,026 - 0,574 0,432 24,377
1Bt N o Resul ts
Y1C1 '2'237 2,208 0,356 -0,458 2,166 0,737 40,827
Y1D1 2,196 2,185 0,315 -0,036.  -0,062 0,515 30,361
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Re s ul t s

VSémpLe Median® Mean Sorting Skewness Kurtosis Orgafic c CagO3
Y1A2 N o Resul ts
Y1B2 2,329 '2,307 0,293 :—0,180 -0,008 0,654 50,415
Y1C2 2,359 2,332 0,327 -0,407 | 1,193 0,802 46,953
Y1D2 2,257 2,269 0,260 0,059 0,293 0,696 42,164
Y1A3 2,174 2,093 0,475 -0,288 0,062 0,998 42,550
Y1B3 2,074 2,064 0,458 -0,194 0,223 0,795 50,277
Y1C3 2,375 2,369 0,306 -0,265 1,338 0,873 50,439
Y1D3 2,287 2,295 0,324 -0,189 1,184 0,859 45,937
Y1A4 2,216 2,220 -0,298 -0,070 0,104 1,435 40,538
Y1B4 2,222 2,190 0,377 —Q,164 0,245 0,801 40,100
Y1C4.‘ 2,377 2,353 0,338 -6,282 1,203 0,916 50,882
Y104 2,269 | 2,257 0,350 -0,316 1,546 1,164 57,195
7.11.76
| . M2A1 2,400 2,409 0,229 “0,049 0,889 0,480 25,272
M2B1 2,285 2,279 0,282 -0,395 2,542 - -
M2C1 2,386 2,415 0,226 0,331 1,027 0,451 23,349
M2D1 2,400 2,420 0,208 0,173 0,328 0,473 24,027
M2A2 2,358 2,372 0,205 ,040 0,676 0,360 25,446
M2B2 2,314 2,314 0,250 0,008 0,284 0,475 27,147
M2C2 2,375 2,371 0,283 | 01,007 8,976 0,484 26,259
- M2D2 N o
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16

Sample  Median Mean Sorting Skewness Kurfosis Orgaﬁic ¢ Ca503
M2A3 2,299 2,289 0,270 '-0,088 0,387 0,519 20,042
M2B3 2,325 2;314 0,272 -0, 101 0,035 0,510 29,313 -
M2C3 2,368 2,376 0,217 0,012 0,171 0,503 25,155
M203 2,312 2,260. 0,349 -0,477 1,681 0,547 32,212
M2A4 2,037 .2,021 0,446 -0,122 0,031 0,603 35,609
M2B4 2,266 2,266 0,341 -0471 1,576 0,633 21,840
M2C4 2,285 - 2,267 0,294 -0,079 0,034 0,600 25,007

. M2D4 2,253 2,242 0,306 -0,250 g,813 0,578 33,001
22.1i.76

R2A1 1,741 1,735 0,280 -0,381 2,757 0,238 2,402
R2B1 2,158 2,320 0,468 . 0,537 -0,095 0,206 3,17
R2C1 1,643 -1,661 0,319 0,367 1,188 0,208 3,509
R2D1 1,708 1,686 0,309 -0,303 1,448 0,248 4,386
R2A2 1,712 1,721 | 0,242 0,009 0,042 0,164 2,142
R2B2 1,885 2,001 0,471 0,688 1,712 0,120 .1,486
R2C2 1,866 1,879 0,238 ‘0,073 1,210 0,108 1,323
R202 1,763 1,772 0,342 0,129 3,291 0,116 1,407
R2A3 1,703 1,629 0,490 -0,481 1,043 0,310 13,542
R2B3 1,689 1,706 0,242 0,176 0,671 0,073 3,546 |
R2C3 1,689 1,552 0,525 -0,336 -0,025 0,290 1,187

© R2D3 1,727 1,692 0,367 —0;534 1,883 0,158 5,473
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Sample Median Mean Sorting Skewness Kurtosis Orgaﬁic c Cagos
R2A4 1,678 1,614 0,442 ;0,246 0,088 0,331 12,946
R2B4 1,576 1,521 0,402 -0,288 0,557 0,202 10,296
R2C4 1,642 1,564 0,461 !—0,451 1,048 0,241 8,441
R2D4 1,635 1,638 0,284 -0,036 1,490 0,164 2,256

7.12.76

Y2A1 2,358 2,323 0,352 -0,928 8,071 0,799 39,580
Y2B1 2,397 2,410 0,254 0,313 1,509 0,786 39,347
Y2C1 2,229 2,243 0,369 - 0,012 0,229 0,628 29,782

Y201 2,201 2,204 0,350 -0,017 0,746 0,700 36,052
Y2A2 2,333 2,347 .0,257 -0,021 0,585 0,544 37,245
Y2B2 2,388 2,401 0,199 0,079 0,294 0,889 41,844
Y2C2 2,167 '2,154 0,332 —0;128 0,357 0,768 33,024
Y202 2,131 2,145 0,301 -0, 104 1,064 0,702 33,276
Y2A3 2,264 2,265 0,319 -0,185 0,382 0,909 38,114
Y283 2,263 2,471 0,550 0,076 -1,370 0,838 37,753
Y2C3 o R e s‘.u L t s
Y2D3 2,156 2,134 0,349 -0,336 1,708 0,732 34,329
Y2A4 2,281 2,290 0,313 -0,022 0,690 0,728 42,050
Y2B4 2,193 2,161 0,387 -0,196 0,089 0,589 33,928
Y2C4 2,198 2,176 0,338 -0,176 0,379 0,944 37,860
"Y2D4 2,325 2,288 0,296 -0,332 0;437 1,024 41,434
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% %

Sample Median Mean Sorting Skewness Kurtosis Organic C  CaCO

3

22.1.77
M3A1 2,412 2,445 0,348 ,064 0,431 0,502 24,817
M3B1 2,311 2,305 0,261 -0,017 0,514 0,656 25,029
M3A2 2,283 2,303 0,237 0,151 0,160 0,484 22,873

0Ot her Samples L os t

5.2.77

R3A1 1,594 1,585 0,351  -0,366 2,026 0,143 2,131
R3B1 1,712 1,726 0,251 6,144 0,002 0,105 2,457
R3C1 1,695 1,724 0,257 0,267 0,828 0,102 1,354
R3D1 1,806 1,825 0,258 0,251 0,181 0,131 1,834
R3A2 1,696 1,723 0,332 0,368 1,931 0,137 3,213
R3B2 1,587’ 1,579 0,355 -0,079 -0,120 0,173 4,350
R3C2 1,748 1,775 0,263 0,172 | 1,039 0,106 1,545

~ R3D2 1,621 1,632 0,300 -0,019 0,492 0,146 3,973
R3A3 - - - .- - 0;343 10,704
~ R3B3 1,596 1,594 0,346 ~0,088 | -0,2i3 0,218 5,176
R3C3 1,614 1,622 0,376 0,379 1,89 0,106 2,241
R3D3 1,764 1,776 0,259 ‘0,018 1,177 0,177 6,821
R3A4 1,738 1,704 0,382 -0,258 . 0,251 0,321 4,902
R3B4 1,693 1,616 0,481 -0,333 0,935 0,334 6,543
R3C4 1,691 1,609 0,497 -0,318 0,691 0,317 5,410

R34 1,797 1,745 0,446 0,272 0,345 0,269 5,104
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Samplev Med?an Mean Sorffng Skewness Kurtosis Orgaﬁic ¢ CagOB
19,2.77

Y3A1 2,398 2,414 0,224 0,071 0,317 0,451 37,3178
Y3B1 2,359 2,381 0,250 0,107 0,367 0,713 38,421
Y3C1 2,360 2,389 0,235 9,080 0,069 0,696 39,155
Y301 2,349 2,374 0,245 0,210 0,339 0,710 38,187

 Y3A2 2,437 2,441 0,261 -0,117 0,901 1,030 41,311
Y3C2 2,474 2,557 0,435 0,455 1,027 6,870 43,903
Y3D2 2,459 2,400. 0,282 —0;075 0,808 0,634 44,914
Y3A3 2,365 2,359 0,308 -0, 365 1,898 0,885 43,220
Y3B3 2,404 2,365 0,382 -0,566 2,476 0,855 44,989
Y3C3 2,349 . 2,372 0,258 0,182 0,283 - -
Y3D3 2,354 2,379 0,252 -0,101 0,414 0,913 39;446
Y3A4 2,480 2,489 0,276 -0,271 2,603 0,948 48,705
Y3B4 2,425 2,448 0,362 -0,318 3,530 0,958 45,933
Y3C4 2,284 2,309 0,298 f0,136 0,496‘ 0,465 38,863
Y3D4 2,467 2,477 - 0,258 10,017 0,974 0,866 41,036

19.4.77

M4A1 2,395 2,418 0,238 0,223 1,380 0,462 25,081
M4B1 2,442 2,460 0,219 0,262 1,309 0,533 25,182
M4C1 2,381 2;409 - 0,305 0,030 0,820 0,509 25,658

. M4D1 2,450 2,480 0,325 0,197 -0,269 0,519 24,734
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Sample Median Mean Sorting Skewness Kurtosis Orgaﬁic'c Ca§03
M4A2 2,303 2,412 0,187 0,152 0;268 0,599 23,345
M4B2 2,389 2,414 0,256 | -0,065 - 2,364 0,310 23,507
M4C2 2,455 2,473 0,223 - -0,122 1,607 1,408 22,308
M4D2 2,442 2,443 0,211 0,016 0,742 0,328 22,320
M4A3 2,303 2,291 0,279 -0,339 1,528 0,650 24,422
M4B3 2,338 2,344 0,253 -0, 107 0,967 0,650 27,540
M4C3 2,377 2,396 0,249 0,225 0,375 0,534 27,248
M4D3 2,362 2,352 0,298 -0,114 0,638 0,628 25,778
M4A4 2,300 2,269 0,344 -0,378 1,249 0,598 32,089
M4B4 2,408 2,416 0,263 0,107 0,626 0,385 32,041
M4C4 2,285 2,238 0,384 -0,445 2,140 0,474 29,334
M4D4 2;211 » 2,131 0,404 -0,251 -0,235 0,744 29,279

4.5.77
R4A1 1,549 1,544 0,347 | -0,225 0,958 0,161 5,377
R4B1 1,700 1,700 0,298 40,169 1,119 0,126 4,601

R4C1 1,574 1,593# 0,289 '0,010 0,222 0,185 4,835
R401 1,669 1,713 0,300 0,267 0,848 0,115 1,199
R4A2> 1,577 1,604 0,291 . 0,142 0,778 0,128 3,341
R4B2 1,727 1,708 0,271 -0,413 2,419 0,122 2,959
R4C2 1,698 j,723 0,271 0,127 0,087 0,104 2,188

- R4D2 1,744 1,769 0,243 0,234 0,676 0,132 1,601
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Sample Median Mean Sorting  Skewness Kurtosis Orgaﬁic C Ca§03
R4A3 1,695 1,719 0,270 0,107 0,685 0,134 2,160
R4B3 1,694 1,684 0,255 -=0,07 0,057 0,104 3,662
R4C3 1,568 1,555 0,381 - ~0,203 1,086 0,162 4,532
R4D3 1,679 1,710 0,243 0,223 -0,267 0,090 1,601
R4A4 1,577 1,577 0,309 -0,198 1,165 0,181 3,665
R4B4 1,582 1,589 0,348 -0,078 0,629 0,143 3,176
R4C4 1,714 1,697 0,344 -0,439 - 1,987 0,144 3,985
R4D4 1,687 1,705 0,320 0,185 0,721 0,160 3,281
18.5.77
Y4A1 2,299 2,321 0,265 0,030 0,003 0,561 38,713
Y4B1 2,229 - 2,247 0,31 0,045 0,514 0,721 35,032
Y4C1 2,299 | 2,314 0,289 -0;003 0,473 0,737 35,962
Y4D1 2,128 2,161 0,279 0,256 0,594 0,475 40,974
Y4A2 2,367 2,379 0,283 ~0;119 0,316 0,914 41,003
Y4B2 2,297 2,305 0,265 -0,137 0,651- - 41,477
Y4C2 2,21 2,280 0,302 . 0,041 0,447 0,817 37,647
Y4D2 2,276 2,227 0,294 -0,279 1,809 0,678 36,540
Y4A3 2,411 2,426 0,288 0,030 0,255 | 0,925 43,262
Y4B3 2,383 2,371 0,340 ~-0,072 -0,068 0,879 44,538
Y4C3 2,212 2,151. 0,388 -0,461 0,747 0,946 42,471
" Y4D3 2,233 2,241 0,290 -0,168 0,281 0,829 32,794




322

% 4

Sample Median Mean Sorting Skewness Kurtosis Organic'C  CaCO

3

Yans 2,485 2,467 .0,285 0,229  -0,008 1,181 54,395
Y4B4 2,230 2,152 0,496  -0,781 3,481 1,117 51,867
Y4c4d 2,397 2,397 0,319 - -0,369 1,897 1,055 44,173
YaD4 2,299 2,285 0,325 0,388 1,498 0,728 41,917
18.7.77

MSA1 2,229 2,186 0,372  -0,639 3,292 0,498 29,280
M5B1 2,277 2,273 0,114 0,324 0,489 24,700

M5C1 2,242 2,223 0,351  -0,368 1,954 0,482 29,345
M5D 1 2,340 2,320 0,245 . -0,341 1,046 - 24,920
M5A2 2,173 2,161 0,289  -0,269 1,053 0,470 26,651
M5B2 2,155 2,144 0,281 0,164 0,549 0,492 28,015
Msc2 2,199 2,175 0,316  -0,085 0,210 0,437 27,284
M5D2 . 2,104 2,090 0,408 -0, 468 2,768 0,468 30,273
M5A3 2,196 2,187 0,293  -0,083  -0,490 0,319 28,210
MsB3 2,212 2,173 0,372  -0,275 1,165 0,601 29,988
M5C3 2,185 2,170 0,345 0,116 1,007 0,527 29,705
MSD3 2,140 2,092 0,372 -0,279 0,69 0,537 29,623
M5A4 2,116 2,046 0,388  -0,406 0,581 0,510 28,903
M5B4 2,266 2,243 0,301 0,354 . 1,170 0,560 30,075
Msc4 2,132 2,081 0,426  -0,774 4,747 0,585 30,737

" M5D4 . 2,160 2,149 0,327 -0,206 0,579 0,572 30,664
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Y5D1

Sample' Median Mean Sorting Skewness Kurtosis Orgazic c CagOS
31.7.77
R5A1 1,443 1,450 0,317 5—0.093 0,246 0,179 3,362
R5B1 1,512 1,525 0,287 -.=—4 ~.636 0,112 2,391
R5C1 1,585 1,584 0,317 -0,109 1,103 0,110 3,233
R5D1 1{558 1,592 0,294 0,206 0,711 0,129 0,680
R5A2 1,519 1,518 0,317 -0,116 0,213 - 5,707
R5B2 1,385 1,386 0,365 -0,084 0,174 0,249 7,289
R5C2 1,328 1,274 0,422 -0,178 -0,332 - -
R5D2 1,523 1,497 0,334 - -0,316. - 0,952 0,153 3,014
RSA3 1,477 1,414 0,464 -0,179 -0,139 0,299 13,122
R583 1,358 1,274 0,521 ~-0,086 -0,541 0,355 17,969
R5C3 1,571 1,503 0,404 —0{298 -0,074 0,256 9,875
R5D3 1,488 1,440 0,39 -0,222 0,016 0,179 7,469
R5A4 1,224 1,194 0,459 0.00¢c ~ -0,168 0,788 26,029
R5B84 1,077 1,089 0,601 0,027 -0,757 0,570 28,572
R5C4 1,634 1,568 0,424 10;583 1,673 0,422 16,572
_R5D4 1,447 1,454 0,383 10,112 0,555 0,269 6,994
16.8.77
Y5A1 2,285 2,297 0,295 0,149 0,649 0,642 35,310
Y581 2,337 2,363 0,265 0,109 0,837 0,642 34,846
. Y5C1 2,287 2,305 0,233 0,216 0,159 0,403 44,534
2,311 2,355 0,239 ‘—,404 0,705 0,668 34,599
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Sample Median Mean - Sorting _Skewness ~ Kurtosis Orgagic c CagO3
Y5A2- 2,201 2,200 0,346 0,069 -O,le 0,558 35,315
Y5B2 2,184 2,197 0,366 ;0,192 0,488 0,548 33,481
Y5C2 2,268 2,298 0,274 0,343 1,228 0,647 32,444
Y5D2 2;286 2,308 0,330 "0,208 0,464 0,636 33,487
Y5A3 2,259 2,271 0,311 0;053 0,261 0,484 36,205
Y5B3 2,299 2,307 0,225 0,121 -0,012 - 0,707 34,308
Y5C3 2,241 2,285" 0,245 0,384 0,906 0,447 37,294
Y5D3 2,314 2,336 0;229 0,361 0,853 0,653 35,218
Y5A4. 2,245 2,235 0,339 -0,271 1,142 0,750 40,643
Y5B4 2;204 2,204 0,298 | -0, 146 0,649 0,654 35,963
YSC4 2,282 -.2,304 0,234 0,213 - 0,110 '+ 0,603 36,036
Y5D4 2,264 2,288 0,251 . 0,157 0,767 0,687 36,120
13.10;77
M6A1 2,090 2,074 0,431 ~0,204 0,018 0,595 31,064
M6B1 2,337 2,227 0,313 -0;387 2,835 0,541 27,074
MeC1 2,224 2,238 0,281 b,OOZ 0,977 0,535 26,941
MeD1 2,213 2,219 0,266 -0,076 0,508 | 0,529 27,390
M6A2 2,204 2,192 0,339 ;0,526 3,233 0,655 26,377
M6B2 2,282 2,283 0,274 ;0,190 3,446 0,622 26,061
M6C2 2,219 2,230 0,237 0,045 —0416 0,487 26,138
AM602 2,225 2,255 0,260} 0,423 - 2,079 0,580 26,343
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Sample = Median Mean "Sorting  Skewness AKurfosis Orgaiic ¢ Caéos
M6A3 2,261 2,274 0,254 f-o,ooé 2,473 0,632 25,069
M6B3 2,187 2,208 . 0,312 0,166 1,435 0,505 29,232
M6C3 2,172 2,170 0,266  -0,084 0,360 0,700 27,267
MeD3 2,262 2,234 0,315  -0,410 1,336 0,245 29,290
M6A4 2,108 2,134 0,436 0,178 1,874 0,866 32,830
MeB4 2,052 2,072 0,308 0,092 0,067 0,641 27,333
M6C4 2,185 2,189 0,319 0,171 0,977 0,385 30,597
MED4 2,265 2,246 0,258  -0,245 1,499 0,597 27,316
27.10.77
RGA1 1,533 1,553 0,349 0,246 1,825 0,144 . 2,376
R6B1 1,636 1,643 0,366 0,070 1,987 0,190 7,150
R6CI 1,473 1,408 0,456  -0,304  -0,002 0,224 9,249
REDI. 1,411 1,405 0,351 76,082 0,040 0,210 5,687
R6A2 1,605 1,594 0,350 ;0,151 0,410 0,152 9,943
R6B2 1,726 1,729 0,307  -0,062 0,950 | 0,095 3,282
R&C2 1,705 1,721 0,367 0,198 1,219 0,100 2,809
R6D2 1,483 1,468 0,389  -0,074 0,106 0,228 3,301
R6A3 1,618 1,582 0,399  -0,235 0,119 0,219 9,351
R6B3 1,461 1,410 0,426 0,228 0,108 0,207 6,958
R6C3 1,691 1,680 0,376  -0,112 0,150 0,293 5,443
"R6D3 1,703 1,696 0,343  -0,160 0,683 0,251 5,902

-



326

Sahple Median Meanrnjséffing Skewness - Kurtosis Orgaﬁic c ,Ca§03
R6A4 1,743 1,686 0,477 —0,242.. 0,459 0,289 10,726
R6B4 1,639 1;599  0,441 -0,347 0,871 0,405 9,105
R6C4 1,645 1,594i,-0,426 ~0,362 0,697 0,358 11,331
R6D4 1,745 1,722 j10,357 | -0,273 0,705 0,3147 7,529

12,11.77
Y6A1 2,311 2,296 - 0,302 :50,796 ' 6,539 0,714 41,060
Y6B1 2,447 2,447‘;16,266 0,589 5,724 0,763 42,347
Ye6Cl 2,460 3,038 0,982 0,397 ~1,270 0,707 44,787
Y6D1 2,419 2,445 :0,222 - 0,301 .-0,762 0,644 38,870

Y6A2 2,400 2,402  0,257 -0,173 0,737 0,862 47,446
Y6B2 2,42 2,432 ..0,254 0,143 0,774 0,818 42,159

- Y6C2 2,349 .2,351‘_H0,271 -0,357 3,881 0,575 40,939
Y602 2,379 2,367 0,287 -0,754 6,704 0,578 43,793
Y6A3 2,323 - 2,300 0,309 —0,261: 0,424 0,871 48,583
Y6B3 2,340 2,320 0,285 -0,243 0,148 0,888 51,402
Y6C3 2,356 2,376 0,256 0,163 0,289 0,884 47,173
Y6D3 2,373 2,371 0,285 -0,190 1,126 0,831 45,893
Y6A4 2,355 2,333 0,341 -0,195  -0,012 0,953 54,198
Y6B4 2,428 2,454 0,207 -0,300 0,056 1,078 54,585
Y6C4 2,312 2,323 0,282 -0,050 = 0,242 1,046 55,477

- Y6D4 2,345 2,350 0,279 -0,065 0,622 0,588 56,410
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% %

!

|
N R o |
Sample  Median M?an Sorting Skewnes; Kurtosis Organic C  CaCO

3
o 13.10.77
MeX1 2,044 2,¢57’ 0,340 0,014  —0,094 0,534 30,350
M6X2 - % - - - 0,496 27,551
M6X3 - - - - Co- 0,364 32,069
Mex4 2,106 2,117 0,322  -0,017 0,630 0,483 27,367
MeX5 2,297 2aé83 0,285 0,184 0,357 0,869 28,243
MeX6 2,268 2,281 0,267 0,021 0,158 0,618 27,432
MeX? 2,250 2,250 0,272 0,136 0,225 0,451 25,702
MeX8 2,155 2,172 0,263  -0,010 0,003 0,559 25,641
MEX9 2,250 2,230’f10,307 0,240 0,991 0,469 28,538
MEX10 2,242 2,275:: 0,261 0,165 0,329 0,477 26,343
MeX11 2,181 2,181 0,202 0,047 0,534 0,489 26,216
MEX12 2,342 2,338 0,226 -0,047 - 0,063 - 27,657
MeX13 2,125 2,107 0,403  -0,089 0,140 0,481 27,204
M6X14 2,131 2,087 0,382 - -0,380 1,159 0,597 27,427
MeX15 2,149 2,162 0,302  -0,101 1,830 0,470° 26,480
MEX16 2,264 2,276~ 0,269 0,083 0,574 0,421 28,356
27.10.77
ReX1 1,692 1,7Q5 | 0,291 0,094 0,028 0,125 2,300
ReX2 1,652 1,645 0,356  -0,208 1,055 0,105 2,055
R6X3 1,689 1,670 0,349  -0,289 0,782 0,265 4,428
Réx4 1,667 1,644 0,387 0,204 1,052 0,208 6,888

R6X5 1,673 1,586 0,490 -0,281  -0,239 0,401 11,834
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: . . 5 %
Sample Median Mean Sorting Skewness Kurtosis Organic C  CaCO

3

R6X6 1,514 1,450 0,484 -0,150 -0, 166 0,321 17,659
R6X7 1,575 1,577 0,330 -0,114 0,424 0,187 4,502
R6X8 1,533 | 1,496 0,379  -0,291 0,495 0,161 2,498
R6X9 1,649 1,628 0,345 0,310 0,804 0,178 6,186
R6X10 1,744 1,753 0,308  -0,003 2,256 0,075 2,720
REX11 1,326 1,292 0,449 -0,081  -0,048 0,257 12,863
R6X12 1,756 1,825 0,487 0,067 0,769 0,061 2,412
R6X13 1,864 1,859 0,310 0,740 6,775 0,088 2,006
R6X14 1,644 1,650 0,364 - -0,063 0,147 0,113 4,629
R6X15 1,505 1,468 0,438 ‘—o,ozs 0,005 0,206 7,695
REX16 - 1,640 1,659 0,318 . 0,056 0,755 0,117 2,084
12.11.77
Y6X1 2,382 2,382 0,287 -0,022 0,137 0,809 54,045
Yéx2 2,257 2,265 0,239 -0,033 0,129 0,741 43,942
Y6X3 2,299 2,287 0,316 —0,44{ 2,292 0,839 51,806
Y6X4 2,436 2,450 0,188 0,264 0,604 0,749 41,377
Y6X5 2,354 2,376 0,213 0,176 0,198 0,823 42,188
Y6éX6 2,381 2,394 0,225 0,053 0,166 0,794 46,109
Y6X7 2,337 | 2,322 0,306 -0,640 4,606 0,572 45,210
Yex8 2,361 2,367 0,275 ~0,056 0,220 0,926 50,041
Y6X9 2,299 2,304 0,285 0,270 2,254 0,763 41,033
Y6X10 2,383 2,388 0,243 -0, 250 1,902 0,793 43,944

Y6éx11 2,376 2,388 0,225 0,001 0,627 _ 0,707 41,220
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. , . . S %
Sample Medlan Mean Sorting Skewness Kurtosis Organic C CaCO3
Yexiz 2,376 2,388 0,225 -0,080 0,074 0,900 43,370
Y6X13 2,344 2,339 0,299 -0,099 0,615 0,793 54,238
Y6X14 2,408 2,417 - 0,214 0,108 -0,146 0,812 47,989
Yéxi5 2,336 2,359 0,209 0,162 0,087 0,857 43,627

Y6X16 2,330, 2,345 0,230 0,024 0,979 0,658 46,533
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APPENDIX 2

Species distribution list of west coast sandy beach

genera.
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