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1.

INTRODUCTION"

Early work on the rocky intertidal zone of the Cape Peninsula
was carried out largely by algologists and was c'oncerned'with listing
of species (eg. Barton, 1893; Delf, 1921; Levyns, 1924) and investiga-
tion into distributional patterns (eg. "Murray, 1893, cited by Stephen-
son, 1944). During the 1930's and 1940's the field expanded enormous- -
ly both taxonomically with the extensive algal work of Papenfuss, and
ecologically.  Experimental work was carried out on recolonisation
(Bokenham and Stephenson, 1938) and, following initial work by Bokenham
and Neugebauer (1938), an understanding of some of the causes of verti-
cal Zonation -in the intertidal zone was derived (Broekhuysen, 1942;
Stephenson, 1943). | |

During this period the extensive and illuminating work on the
‘biogeography of the South African intertidal was carried out by Step-
henson and his associates at the University of Cape Town. This unique-
ly camprehensive work (summarized in Stephenson, 1939, 1944, 1948) ser-.

E ~ ves as the basis for our present urderstanding of distributional pat-

terns along this coast. Again the algologists were advanced in this _

field and the studies of Isaac (1937) on the algae of the west coast of . -'

the country implicated the biogeographic significance of temperature
gradients. The generalised algal Zonation patterns derived during

| this work foreshadowed to a great extent those derived by Stephenson

1 (1939) for the biota as a whole which are still used as a model of

. zonation today. |

o ~ Since then ‘ecological work on the rocky intertidal shores of
the Peninsula has been 'la_rgely autecological (eg. work on limpets by
‘Branch, 1971, 1975a, 1975b, 1976 and on mussels by Griffiths, 1977) or .
geared towards the testing of statistical methods (eg. Field and Mac-
Farlane, 1968; Field and Robb, 1970). "

» With the shift towards an undérsténding of ecosystems in terms
of energy flow and current concern over the effects of pollution fur-
ther needs have arisen.  Although Bright (1938) and Eyre (1939)

have provided detailed descriptions of single localities in the Penin-
sula and Isaac (1937) has examined a muber of Atlantic coast sites -



in terms of algal distribution a survey of the major beach types for
the whole Peninsula is lacking.  Such work may be useful far the
pre:iiotion of biotic corditions on unexamj_ned beaches, and thus of
pre—disaster corditions on subsequently polluted beaches. It may
-also be useful as a baseline study for further energetic studies.
However, information of this type can fulfil these functions only if
an understandmg of the urderlying causes of community structure is
derlved

The terms "cammmnity” and "community structure" are used
here in the sense defined by Menge (1976). Commmity is taken to
mean the directly or- indirectly interacting assemblage of organisms
(in this case macro—organlsms) occupying a partlcular habitat (in
this instance rocky shores) Camunity structure entails such
attributes of the commmlty as patterns of distribution, abundance,
trophic relationships and species diversity.

Cammunity structure may be expected to be affected by both
biotic and abiotic factors. Although there is currently considerable
Jnterest in biotic Jnteractlons as major forces in caommunity structu-
ring (eg. the work of Menge, 1976; Dayton, 1971, 1975; Paine, 197la;
Menge and Sutherland, 1976 etc.) little work has been carried out on

" this locally. Similarly while Stephenson (1944) and Isaac (1937)

~have reoogniséd the possible importance of various abiotic factors
there have not> yet been any quantitative studies on the effects of

. interactions of major abiotic‘ factors on rocky beach cammnities, be-
- yord a setd—@zantitative.study in Natal by Jackson (1976).

There is a wide diversity of beach types in the Cape Peninsula
and the présent‘ work was designed to examine .".oommmiti_es_ on rocky shores
subjected to different combinations of physical conditions. Although
the often profound influence of biotic interactions is fully recognised
their investigation falls beyond the scope of this work. These are

" however taken into account at a generalised level.

~ Extensive work on the effects of isolated physical factors by
prev1ous authors and consideration of local conditions indicated that

the most important physical factors to be considered were temperature, '



substrate ard the degree of wave exposure. An examination of beaches
subjected to varying conditions of these three factors provides a broad
survey of intertidal comditions on rocky shores in the Cape Peninsula.
It may also yield some insight into the relative importance of these
factors and their interactions as revealed by commnity structure ard
trophic structure. This may then give a better understanding (on a
quantitative basis) of the relative importance of trophic campartments
urder varying conditions. The nost relevent points of interest for
further energetic studies may thus be indicated and a preliminary un- "
derstanding of the types of energy flow patterns may be derived.

Of course ecosystems vary temporally as well as spatialiy.
This may be due to seasonal or longer term changes in the system. A
framework describing seasonal changes ﬁnder undisturbed conditions is
thus required. This may provide a background for an understanding of
future changes due to human interference and also form the groundwork

for certain aspects of annual energy budgets.

In order to mni{:orAsome of these seasonal changes Dalebrook:
beach in False Bay was selected as a convenient, "typical" exposed beach
where vertical zonation is clear.  Seasonal changes in biomass, zoﬁation
and calorific value of the major primary producers were monitored. In
addition the population size and camposition of the two aburdant gastro-
pods Oxystele variegata and. Littorina africana Knysnaensis at Dalebrook
were examined on a seasonal basis and factors influencing their zonation

investigated.

- This thesis thus attempts to give an understanding of inter-
tidal conditions in the Cape Pem_nsula in terms of spatial and seasonal
variations. in rocky shore corrmunltles and falls into two distinct parts-'

1. A general survey of intertidal conditions and an J.nvestlgatlon _
- of the interactions of certain phy51cal factors on rocky shore
communities. '

2. - An investigation of seasonal .changes in the polpulatioris'of'
certain abundant algae and gastropods at Dalebrook.



PART I

CHAPTER ] : STUDY AREA AND METHODS .

This section entails a survey of intertidal conditions

the Cape Peninsula including:

A description of vertical zonation in the Peninsula as
a whole derived from the different beach types examined.

An examination of  trophic abundance on these beaches and

the relative significance of different trophic campartments.

An inVestigatioh.into the interactions and effects of wave
exposure, substrate and temperature on beach cammunities.
This forms the main thrust of Part I and throughcut this
section trends in response to these factors are highlighted.
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Map of the Cape Peninsula showing the four intertidal
biotic regions (A-D) recogniséd by Stephenson (1944)
(see text). Inset shows Ehe three intertidal provinces
of South Africa (Stephenson, 1944);

1 = East coast (Upangazi to Port Edward),

2 = South coast (Port Elizabeth to Cape Agulhas),

- West coast (Kannetjié to Port Nolloth).
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= Table Mountain Sandstone

= Cape Granite -

9o’ = Consolidated beach rock
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STUDY ARFA

nggggature

The coast of South Africa experiences almost pure semi-diurnal
tides with a tidal range of approximately 2m. The ihtertidal biota
has been divided by Stephenson (1944) into three main regions (see
fié. 1.1).. These follow a temperature‘gradient from the sub-tropical
east coast through the south coast to the cool Atlantic west coast.
The south coast biota (Port St. John's to Capé Agulhas) is camposed
of_an eést coast cdmpoﬁent spreading south fram Natal, an endemic
south coast carponent and elements of the west coast biota extending
eastwards. The west coast biota (Port Nolloth to Kammetjie) is
dominated by cold water sSpecies with a few south coast species which
disappear farther_north. A'very few east coast species are also

present. A number of ubiquitous forms are common to all three biota.

_ The Cape Peninsula and False Bay (from Kammetjie to Cape

" Agulhas) are considered by Stephenson (1944) to form a transitional
area between the west and south coast biota. Although the exact
position of the boundary between these two biotic provinces has been
disputed the concépt of an overlép region has been accepted by most
authors (Brown and Jarman, 1978).

The situation is complicated because False Bay forms a pocket
of very warm water out of sequence with the trend of temperatures along
the coast. Populations characteristic of colder water exist both
- east and west of False Bay. Although in the northern part of the
Peninsula temperatures are on the whdle cooler on the west coast than
on the east coast (Fricke and Thum, 1975) the difference is much less

distinct towards the southern tip of the Peninsula.

Stephenson (1944) has divided the peninsular intertidal
biota into four regions (fig. i,l). These regions are based on tem-
perature effects causing trends in,the'intertidal populations:
A Cape Town to Kommetjie - roughly typical west coast’
B Kcﬁnetjie to Cape Point —,wést coast with increasing south
© coast camponent. | |
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C  Cape Point to Kalk Bay - modified south coast with important
west coast influence. , _

D  Kalk Bay to Muizenberg - similar to south coast east of Cape |
Agulhas with reduced west co:st elements., - This region extends
beyond the Peninsula at least as far as Strandfontein.

' _ For the purposes of this study only two temperature regimes

were initially distinguished : cold (predaminantly west coast biota)

and warm (predominantly. south coast biota).

Substrate

Geologically the Cape Peninsula cansists of Table Mountain
Sandstone (TMS) overlying Malmesbury Shale and Cape Granite (fig.l.l)
Cape Granite is the only cammon igneous réck type present. All three
of these rock types are exposed at various sites and all are fairly
hard. Each rock produces a typical beach form due to characteristic

weathering.

TS is very stable chemically and weathers slowly. Grain
size is small as the rock is ca@OSed of weathered quartz grains laid
down by sedimentation and cemented by silica. It lies in almost
horizontal beds and weathers into blocks generally forming broad,
gently sloping beaches. |

Malmeébury Shale has a very small grain size being originally
formed fram small silt and clay. particles subsequently baked to horn-
fels by adjacent granite. It lies in -steeply sloping or almost ver-
tical beds and weathers as jagged, parallel ridges of rock running '
towards the sea and separated by gulley-like dips. . These dips often
form long, deep pools and allow an upshore extension of the lower
zones. Shale usually forms gently ‘sloping beaches. Exposures of -
shale occur only on the west coast of the Peninsula.

Cape Granite is coarse grained, usually with a rough surface.
It occurs as huge rounded exhumed boulders, forming intertidal rock
faces 'whi_ch are mainly steep or vertical and only rarely form inter-
tidal pools ‘ '



In addition to these hard rocks outcrops of very soft con-
solidated beach rock occur along the northern coast of False Bay,
notably at Strandfontein. Here the rock has a friable, crurbling
nature and forms a long,;laijlatfonm very much dissected by erosion
and surrounded by long stretches of sandy beach on either side.
'Erosion effects produce a jagged surface with a camplex network of
small hollows and pools in the lower parts of the beach.

Wave exposure

The entire coastline of South Africa is very exposed. The
west coast of the Peninsula and False Bay are subjected to continuous
'heavy swells due to north-west winds in winter and south-east winds
in sumer. The fetch for either wind is several thousand miles.

Local topography and aspect result in conditions of greater cr lesser
exposure. For this study. beaches were classified as either exposed

or shéltered on the basis of long term observation and familiarity'wifh
the coastline. Aspect and topographic effects were taken into account
in this classification alonngith subsequent observations of wave action
during conditions of strong onshore swells. In European terms these
categories would probably approxunate to moderately and exposed/very
exposed oondltlons._
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METHODS -~

Preliminary examination of beaches revealed two important points:
(a) there is a wide diversity of beach types and each of the beaches
examined was itself extremely heterogenous; ,
(b) use of line transects assumes the heterogeneity of a beach to follow
a two—dimensional pattern, varying with vertical height and distance fram
the sea. In fact, however, horizontal position across the beach is also
extremely important as the intertidal zones do not usually form regular
bands of consistent breadth across the beach, but consist of a mosaic
of roughly hamogeneous zones.  Because of this a straight line down the
beach is likely to either miss same zones altogether or distort their
apparent significance by passing through particularly wide or narrow
parts of each zone. This error may be minimised using a series of
parallel transects at each beach. . However, this requires prohibitively
more timé, resulting in less detailed sampling and is subject; to a

lesser degree, to the same criticisms as single transects.

To obtain a more accurate estimate of species biamass on the
beach as a whole rather than along transect lines, each beach was mapped
using aerial photographs in conjunction with field measurements. While
this does not affect species biamass measurements for each zone it has
important implications when the beach is considered as a whole as will
be discussed in Chapter two.

Although the major zones (eg. cochlear, balanoid etc.) were cbvious
it was found that’these were often extremely heterogeneocus. Consideration
- of these as hanogeneous zonés would leadvto»often gross misrepresentation
of species abundance on the beach as a whole, again an important_pOint

in the section on similarity analysis (Chap. 4). Separate "zones" were

therefore recognisedfas approximately hamogeneous sub-cammunities identified

by the dominance of different species.

Although this nethod:entails a more intensive sampling‘of each
beach it is felt to yield much more accurate results when used in conjunc-
tion with mapping techniques. The heterogeneity of beaches and the sig-

nificance of variation across the beach may be seen in figs. 1.5 - 1.15.

s -
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TABLE 1.1 CLASSIFICATION OF BEACHES

NAME ABERE- TEMPE- EXPOSURE SUBSTRATE
VIATION | ° RATURE h ' ’
Sea Point- SPT C E . Malmesbury
Shale
Oudekraal A OKA - C S Granite
Oudekraal B OKB C Granite
Robben Island{ ROB C E Malmesbury
’ : » Shale
Olifantsbos OFB C. S Table Moun-
tain sand-
stone
Kametiie KoM C S ™S
Buffels Bay A| BFA W s ™S
Buffels Bay B| BFB W S ™S
Froggy Pond A| FPA W S Granite
Froggy Pond B| FPB W E Granite
Dalebrook DBK W E TMS
Strandfontein| STR W E Beach rock
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Beach selection

A range of combinations of'different cehditions of wave ex-
posure, substrate and temperature exists around. the Cape Peninsula.
Unfortunately same of the possible carbinations are not found in the
Peninsula. For example Malmesbury Shale outcrops occur only on the
west coast and consolidated beach rock occurs cnly along the north
coast of False Bay. |

Twelve beaches were therefore selected to cover as wide a
spectrum as possible of these camnbinations, including six west coast
beaches and six False Bay beaches (see Table 1.1 for a sumary of

conditions on the'beaches selected) .

Sampling

At each beach a transect was laid down from approximately |
HWS to IWS during conditions of spring tides. A transect profile
was derived following the techniques of Day (1969) and the major
zones and subzones identified. Topographic conditions often resul-
ted in same zones lying off the transect line so during sampling this
line was not étrictly adhered to.. The vertical height of such zones
was then measured indeperndently. Transects thus represent not so
much a straight line as a "camposite" profile including all zones..
Identified zones were sampled quantitatively by scraping 1 m2 or 0,25
? quadrats supplemented by belt transects within each zone where
larger species with markedly clumped distribution occurred. . Where
necessary duplicate quadrat samples were taken but for many zones
single large samples were used. This was partially because the
tremendous heterogeneity of beaches necessitated large numbefs of
samples and paftially‘because zones were recogniséd on the basis of
being very distinct subcammunities.

Sam?les'weré processéd innediétely when possible or élse pre-
served in 5 % formalin and subsequently sorted to species level.
Dry weights were obtained by 6venidry1ng'at 60°C for at least 24
hours and weighing to ,0001 g. Heavily calcified species were trea-
‘ted with 1 molar HNO3,tb remove inorganic material before d;ying :
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and in the case of limpets the shell was removed before drying and
weighing. - ' -

Length/weight curves based on power curve equations were
drawn up for the larger,'moré common species (Table 1.2) so that only
length measurements were subsequently required. This proved to be
particularly time saving in the case of cammon calcified species.

The mussel Kellya.rubra and the winkle Eatoniella niger are both very
small ( << lmm) and often very numerous. For each of these species
a mean acidised dry weight was derived for three samples of 100 indi-

viduals. (Table 1.2) These species were subsequently counted and
dry weight derived by'extrapolation. '

Studies on enerqgy flow hinée on biamass values and these
were used in subsequent analyses. = Data on numbers of individuals
give no indication of the levels of biamass involved and are often
impossible to obtain for algae so that carnparative analyses including

algae are not feasible.
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TABLE 1.2 : BODY SIZE/ACIDISED DRY MASS REGRESSION EQUATIONS
FOR SOME COMMON INTERTIDAL SPECIES. "

(y = acidised dry mass; x = maximum length or, for species marked with

*, maximum diameter).

SPECIES REGRESSION EQUATION COEFFICIENT OF DETER-
MINATION  (r?)
Aulacamya ater y=0,00049503x} 1 9832 0,96
Choromytilus y=0,00732176x°78241 0,86
meridicnalis
Perna perna y=O,OO26O2l9xl’3402 0,86
Gastropoda _
Burnupena spp. {=0,00000714x> 71940 0,9
Fissurela mutabilis  y=0,00009937x> 2% 0,80
*Oxystele sinensis  y=0,00114377x’ 081 0,77
*Oxystele variégata y=O,OOOOl445x3’5980 O,.98
Patella barbara y=o,oooooes9x3'2537 0,90
Patella cochlear y=0,00001987x° + 9692 0,88
Patella granatina  y=0,00831103xt7%483 - 0,67
Patella granularis y=0,00012590x2-’2035 0,92
Patella longicosta  y=0,00012851x> 0898 0,87
Patella oculus y=0,00038411x> 1868 0,98
Siphonaria aspera y=O,00005673x2’6378 0,69
Siphonaria capensis y=0,00044894x /7% 0,74
Siphonaria deflexa  y=0,00010551x° 2344 0,89
Echinoidea ‘ - _
‘Thais dubia y=o,0019453lxl'7181 0,92
 *Parechinus angulosus y=0,00041724x> /2472 -.0,95

mean acidised dry mass for 3 samples of 100 individuals :

Eatoniella nigra

" Kellya rubra

0,0081g
 0,012469g
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CHAPTER 2 ': ZONATION

INTRODUCT ION

Isaac (1937) has given a detailed déscription of algal
zonation for the north/central and southern regions of the west coast
of the Peninsula. Detailed descriptions have also been given of the
intertidal zone at Oudekraal (west coast) and St. James (False Bay)
by Bright (1938) and Eyre (1939) respectively. Subsequently Stephen-
son (1939) produced a general model for biotic zonation in the South
African coast as a whole which is still in use. Despite this work
and the generalised deséription of the Peninsula given by Stephenson
(1944) a quantitaﬁive survey of different beach types in the Peninsula
is still lacking. ' ' |

In this chapter a generalised account of zonation and the
occurrence of the major species is given. This is derived fram the
description of zonation and species abundance at the twelve beaches

examined.

GENERALISED INTERTIDAL ZONATION IN THE CAPE PENINSULA

The following basic pattern of zonation was found to apply. It~
accords with the models produced by Isaac (1937) and Stephenson (1939,

1944) and each beach conforms ' to a greater or lesser extent.

1. Subtidal algal fringe

This is generally an algal fringe which is wholly subtidal al-
though occasionally it carbines with the lower cochlear zone to form a
separate cochlear/weed zone. Usually a single algal species damina-
tes but at same beaches several species share daminance. Cammon dami-

nant species are Bifurcaria brassicaefommis (both coasts), Champia

lunbricalis (particularly the west coast), Plocamium spp. and Hypnea
spicifera (especially False Bay)., This zone often yields a very high
bicmass of algae and contains an extremely rich camplex of associated
fauna of small crustaceans, errant polychaetes and small molluscs

among the fronds and holdfasts. Whenever large quantities of -algae
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are mentioned in any of the lower intertidal zones the presence of

this fatna is implied. Amphlpods and Isopods are particularly |
important, especially Hyale spp., Lzsmnassa Spp. ,@g@ ; '

Caprellina longicolis and Paramoera capensis among the amphipods. and
Dynamenella spp. (particularly D.huttoni and D.australis), Exosphaerama
spp. (notably E. laeviusculum and E.varicolor) and Cymodocella sublevis
and C. pustulata among the isopods. Among the polychaets Syllis spp.,

Platynereis dumerillii and Pseudonereis variegata are abundant. Small

molluscs present generally include Gibbula spp., and Tricolia spp.
Small nematodes may also be cammon.

On exposed beaches dense camunities of filter—feeders
generally occdr in this zdne. These camunities are dominated by
the mussel Aulacomya ater in conjunction with the barnacle Octameris
anqulosa on the west coast and the tunicate Pyura stolonifera and the

rmussel Perna perna in False Bay.

2. Cochlear Zone

This zone is usually clearly defined, being campletely
daminated by Patella cochlear and small algae. . These include encrus-

ting and coraline forms such as Jania sp., Lithophyllum spp. and es-

pecially Arthrocardia sp.” as well as Splachnidium rugosum, Cladophora
capensis, Gelidium pristoides and Gigartina stiriata. Symbiotic amphi-
pods associated with P. cochlear also occur (Branch, 1975a). In same
cases varying densities of P. cochlear and the local abundance of other

species (such as Aeodes orbitosa). warranted the recognition of separate

lower, middle or upper cochlear zones. = Strandfontein is the only
beach lacking P. cochlear (see below) and P. barbara occupies the equi-

valent zone here.

3. Balanoid zone

This is the middle region of the shore extending fram the
cochlear zone to the Littorina zone at the top of the éhore.

The balanoid zone is usually clearly divisible into lower,
middle and upper camponents although sane species (eg. Oxystele .



17.

variegata,‘Kellya rubra;'EatOniella niger and Patella granularis) are

often common over the entire balanoid. ‘Great diversity appears in

thlS zone and different canplexes of spec1es were recognlzed as sepa-
rate zones where necessary

"(a) Lower balanoid

A large variety of algae is generally present including

Hypnea spicifera, Plocamium spp., ‘Gelidium Sppl;'Pteros;phonia clojophylla,

Gigartina spp., Aecdes orbitosa and Arthrocardia spp. Certain animal

groups are also important here, notably limpets (eg. Fissurella mutabilis,

Patella granatina, P. granularis, P. oculus, P. barbara and P. longicostis)

and often whelks (eg. Burnupena spp. and Thais spp., particularly B.
delalandii and T. dubia). Large colonies of sedentary polychaets such

as Gunnarea capensis and Pamatoleios kraussi sametimes occur. = Barnacles

are generally very sparse but Balanus algicola and Octameris angqulosa

may be present.

(b) Middle balanoid

Fewer species of algae are present here, but Gelidium pris-

toides, Ulva sp. and Gigartina spp. are often abundant. Mussels and

whelks are also fewer while barnacles (mainly Octameris angulosa and

Tetraclita serrata) became ‘important especially on exposed beaches.

Patella granularis and Oxystele variegata became more abundant here

and the limpets Slghonarla Spp. and Helcion pectunculus are sanetimes

present

(c) Upper balanoid

The few algae present'(usually only Porphyra capensis) are

generally not abundant Barnacles especially Tetraclita serrata but

now including Chthalamus dentatus tend to be abundant as do SlEhonarla

SppP. and often H. Eegtunculus. On same beaches separate zones in the
Upper balandid occur.. Siphonaria may daminate large areas, especially
if many shallow pools are present, forming a separate Siphonaria zone.

Dense clumps of the alga Porphyra capensis may also be present, shel-

“tering numerous amphipods, usually Hyale grandicornis or H. diastema.
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Overlap of this Porphyra zone w1th the Slphonarla or Littorina zones
sanetimes occurs. ’

4, Littorina zone

This represents the llttoral fringe and 1s~generally exclu-
51vely occupied by the w1nkle Littorina africana knysnaensis, which
~often attains great density. Scattered specimens of Thais dubia may

also be pfesent. ' T

5. Pools

Althouéh isolapéd pools do not occur on granite beaches, due
to their topogfaphy, they are more or less cammon throughout the bala-
noid zone on other beaches, and were divided into lower, middle and
upper balanoid podls. Pool species richness declines in the upper
regions but Qenerally remains higher than the richness. of surrounding
zones. Poolsvcén be.very rich in species but are often daminated
by algae(eqg. glgg spp., Gynmogongrus dilatatus, Aeodes orbitosa,

Cladophora spp., and Gigartina spp.). The urchin Parechinus angulosus,

anemones suchvgs Pseudactinia flagellifera and Bunodoscma capensis and

small chitons (eg. Acanthochiton.garnoti and Chiton nigrovirescens)

are frequently abundant. Other forms generally present include aste-
roids (eg. Henricia ornata and especially Patiriella exiqua), limpets

(eg. Helcion pruinosus and Crepidula porcellana), ophiuroids (especial—
ly Amphipholus squamata and Amphlpolus 1nteger) and small winkles
(Trlcolla spp )

, The amphipod'and isopod fauna of pools is often rich and
other cammon balanoid species are often very numerous in pools (eg.
Oxystele variegata, Burnupena spp., SlEhonarla spp and sometlmes

various mussels)

SPECIES RICHNESS

Species richness declines in these zones in an upshore
direction on all beaches (figs. 1.2-1.4). This is probably due
to high niche heterogeneity in the lower shore coupled with more
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-

extreme and less stable conditions at the top of the littoral zone
(Newell, 1979).

An important additional point is that on all except two
beaches (Kamretjie and Olifantsbos) richness is lower in the cochlear
zone than -in adjacent zones. This is due to domination of this zone
by Patella cochlear. ' P. cochlear is absent fram Strandfontein but is
replaced by P. barbara and the same effect occurs in the equivalent
zone here (fig. l'.2) . Algal biamass is generally very low in the coch-

lear zone due to grazing (see p.73) and this probably results in a de—
Crease in niche availability. At both Kametjie and Olifantsbos zonal
patterns of aigal bicmass are unusual (p. 77 and figs. 1.30 - 1.32) and
there is a direct correlation with patterne of species richness. The
importance of niche availability is further indicated by the high spe-
' cies richness of the upper balanoid at Froggy Pond B (fig. 1.2). This
zone is daminated by a very dense bed of Octomeris angulosa which offers .

a wide range of microhabitats to smaller forms.

DESCRIPTION OF THE BEACHES EXAMINED

In the followmg section the more Jmportant phy51cal and
biotic features of each beach are brlefly described. Maps are prov1ded
and beach profiles are included in the section on trophic zonation (p.59).
Fig."1.16 shows a generalised profile form for \the three major substrate

types. X
A total of 3lO species were 1dent1f1ed and are listed, along
with the trophlc campartment to which each species was allocated in Table
1.3 (Appendix 1). The number of sub-camunities on each beach varied
considerably depending cn heterogeneity and a total of 113 were recdgnised
between all 12 beaches. The resultant data matrix of species vs. sub—
r'ccmnunities is thus 'vexy large. . Although analyses were performed on the
full matrix the data are therefore ccmpressed for presentation. Species
biamass values are given as mean bicmass .m for all zanes occupied on
each beach in Table 1.4 (Appendix 2). The species are coded according
to the list number given in Table 1.3. A full data matrix of species
bicmass in each zone on each beach is housed in the Zoology Department |

of the University of Cape Town. | ‘ »
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1. WEST COAST

Robben Island (ROB) (see fig. 1.18).

An exposed beach of Malmesbury Shale. The long alternate
ridges'and gulleys, formed by the characteristic weathering of this
rock, run perpendicular to the shore line. The beach is steep in
the Littorinazone then slopes gently across the balanoid zone to
the cochlear zone which is also steep. ' The subtidal fringe of algae
mergés with the cochlear zone forming two separate coéhlear/weed
sub~zones above the cochlear. The lower of these (mid-cochlear) is

‘a zone of extremely dense Bifurcaria brassicaeformis (the dominant

subtidal species at Seapoint). - This is backed by an upper cochlear
zone with large\éuantities of Champia lumbricalis‘(thevfringing'spe—’
cies at Oudekraal B). The lower balanoid is daminated by the bar-
hacle Tetraclita serrata.

_ Aerial photography and mapping of this beach were not pos-
sible due to the presence of a high security prison on the island.

Seapoint (SPT, fig. 1.5)

This is a gently sloping exposed beach of Malmesbury Shale.
It i$ structurally. similar to Robben Island with altemate ridges
and gulleys which cause zones to be exténded up or down the shore
 resulting in a camplex mosaic of zones. Dense beds of Bifurcaria

' brassicaeformis form a subtidal'fringe to the relatively narrow coch-

 lear zone. No distinct mid-balanoid is present, this being replaced
by an extended lower balanoid. A large number of elongated, deep
pools are present, particularly in the lower balanoid, containing a

- large variety of species., - Scattered patches of Porphyra capensis

occur in the Littoria zone.
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FIGS. 1.5 - 1.15 Maps of 11 beaches examined showing intertidal zonation.

O

A

= Siphonaria zone

subtidal fringe: .
= cochlear zone = Porphyra zone

= Lower balanoid Littorina zone

M ~ M\ -

= Mid-balanoid pools

= Upper balanoid

Subdivisions of the maj‘or zones are denoted 1,2 etc.
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Oudekraal

Two beaches were examined at Oudekraal as they provide a
good example of an exposed and sheltered beach closely adjacent’ and
camposed of the. same substrate (Cape Granite).

Oudekraal A (OKA, fig. 1.%)

Th_‘LS is a. sheltered beach lying in a small bay It slopes
quite steeply below the Littorinmzone so that the lower zones are
narrow. The beach is' camposed of small granite boulders approxi-
mately 0,3 - 0,5 mm in diameter, the larger rocks forming isolated
units of mid balanoid within the low balanoid (see map). The in-
_stability of the substrate results in'a lower species richness, par-
tlcularly of sedentary species and limpets, only 4 limpet species
occurring here. The absence of an algal infratidal fringe, the low
algal richness and the consequent poverty of epifauna may also be_
attributed to this. - Water drains away between the boulders so that

no pools are found here.

Several species are ocmnon beneath the rocks however and
oligochaets are espe01ally abundant beneath the kelp debris towards
the top of the beach. ‘ '

Cudekraal B (OKB, fig. 1.7)
An exposed positicn near the end of a small pramontory. The

beach is composed of huge granite boulders of up to 10 m diameter. The
dense Champia lumbricalis beds forming the subtldal frlnge are rich in

species housmg a partlcularly large varlety of polychaets. ~ The mid-
balanoid is backed by a long gulley running parallel to the shore and o
subjected to powerful surge effects. Fllter—feeders are abundant, _
particularly in the mld—balan01d and gulley
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Kametjie (KoM, fig. 1.8) .

The beach examined here lies almost perpendicular to the
preddminantly ﬁorth—west onshore swells and is consequehtly sheltered.
It is ccmposéd of a flat platform of Table Mountain Sandstone broken
up by a number of 1arge.squarish rocks (around 6 feet high) in the
Littoria zone. The cochlear zone is ill-defined and merges with the
éubtidal'fringe to form a cochlear-weed zone. Above this is a separate
and scattered upper cochlear/weed zone containing much Aecdes orbitosa.
A narrow but distinct zone occurs at the upper-middle balanoid junction.

The upper balanoid is formed by}én extensive Siphonaria zone where this

genus is extremely abundant. A separate Porphyra zone also occurs.
Shallow pools are cammon in both the lower balanoid and Siphonaria

zones.
Olifantsbos (OFB, fig. 1.9) -

A sheltered beach at the southern end of Olifantsbos bay,
forned by a long, gently sloping tongué of Table Mountain Sandstone
forming a small peninsula. It is éurrounded, particularly to the
south by a dense bed of Champia lumbricalis. A large number of pools

occur in the balanoid as the beach is fairly flat on top, though slicht-
ly steeper around the margins. - The upper balanocid is particularly
diverse and was divided into a number of distinct zones. Siphonaria

is abundant in these zones.

2.  FALSE BAY

Buffels Bay

Two beaches were examined here as they provide a camparison of
a beach of small boulders (BFB) and cne camposed of huge blocks of rock
(BFA).  Both beaches are camposed of Table Mountain Sandstone.

Buffels Bay (BFA, fig. 1.10)
Both Buffels Bay beaches lie in a medium-sized bay and are

relatively sheltered. BFA is compoéed of a series of largé rectangu-
lar blocks of TMS of up to about 6 — 8 m in length. A very dense
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OLIFANTSBOS

Fig. 1.9
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bed of Bifurcaria brassicaeformis fringes the beach and parts of the

lower balanoid are daminated by Bifurcariopsis capensis, forming a

separate zone. The mid balanoid is diverse and is divided into a
number of distinct, homogenous sub-zones. These are daminated by
Siphonoria spp.; Patella granularis/Tetraclita serrata and Helcionv

pectunculus/Oxystele variegata/Patella oculus respectively. The

uppermost of these zones is littered with small boulders which are
almost devoid of algae and sedéntary forms. H. Pectunculus and
O. variegata are abundant here. Parts of the Littorina zone are
isolated by sand.

Buffels Bay B (BFB, fig. 1.11)

This beach is mofe gently sloping and sheltered than BFA.
It is camposed of small relatively unstable boulders (about 0,3-0,5 m
in diameter) and in consequence species richness is low. As with the
other boulder beach, OKA, sedentary forms are not abundant and no frin-
ging weed bed occurs though in this case a large offshore kelp bed of

Ecklonia maxima extends nearly to the cochlear zone. (Two extensive,

but shallow and partiéularly barren pools are found in the lower bala-
noid. The rocks forming the bottam of these are much smaller, about

10 am in diameter and only Parechinus angulosus is cammon.) The

presence of occasicnal large boulders results in odd outcrops of the
Littorina and mid-balanoid zones low down on the shore (see map).

\ Froggy Pond

The occurrence of two beaches on oéposite sides of a granite
outcrop at this site allows a camparison of an exposed and a sheltered
warm coast, granite beach. The boulders on both beaches are particularly
large, being up to about 15-20 m across. - o a

Froggy Pond A (FPA, fig. 1.12)

This beach is on the leeward side of the set of boulders and is
sheltered. It is flattish in the lower regions becaning steeper in the upper
zones along the face of a large boulder. A wide and very dense bed.of -

Bifucaria brassicaefomis (containing an exceptionally wide diversity of
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BUFFELS BAY B
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worms, small molluscs and crustaceans) blends into the lower cochlear
forming a separate cochlear/weed zone. The zones rise in a clear
sequence fram the cochlear zone to the steeper and narrower balanoid
zones. Few filter-feeders are present except for a narrow band of

Tetraclita serrata in the upper balanoid. Two long deep gulleys run

up fram the cochlear to the Littorina zone containing a separate and
distinct biota.

Froggy Pond B (FPB, fig. 1.13)

This lies on the seaward side of the same set of boulders
and is exposed to considerable surge effects due to the SE swells. It
is rather steeper than FPA but similarly levels off slightly at the
bottam of the shore; A fringe of algae is present, camwposed of a

nunber of species (notably Plocomium cornutum and Pterosiphonia

cloiohylla)in contrast to FPA. P. cochlear is low in abundance and
the cochlear zone is small, much of the lower region being occupied

by various filter-feeders including mussels and Pyura stolonifera.

Two distinct low balanoid zones occur.

No distinét mid balanoid occurs and the upper balanoid is

very clearly divided into an upper zone where Octameris angulosa is

very dense and a lower zone of lower density. The individual barnacles
tend to be much smaller in the upper of these two zones. -

The»whole beach is dominated by filter-feeders and O.
angulosa extends, in reduced numbers, down into part of the lower
balanoid. :

Dalebrook (DBK, fig. 1.1d)

, A long, flat, gentiy sloping beach of Table Mountain Sand-
stone, exposed particularly to south-east swells. The cochlear zone
drops sharply to an extremely wide and gently sloping subtidal fringe.
The algae of this fringe are much less dense than in most cases and

| include a variéty of species. These support a wide range of polychaets,
cfuétaceans and small molluscs. A long gulley containing numerous

Parechinus angulosus and many other species extends from the cochlear

zone up to the Siphonaria zone.
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The lower balanoid is dominated chiefly by Gigartina radula

and the mid balanoid by Ulva sp., Gelidium pristoides and dense colonies

of Tetraclita serrata. There is a distinct, wide Siphonoria zone

within which a set of rocks support a separate upper balanoid biota.
The Littorina zone is backed by another set of rocks at about the
MHWS mark.:

Strandfonﬁein (STR, fig. 1.15)

, This is an exposed beach. It is very gently sloping and
is camposed of very soft consolidated beach rock flanked on either
side by miles .of sandy; beach. This rock is very easilyv eroded giving
a rough, uneven surface of small pits and projections. This in tumm
results in a network of small, shallow pools, particularly in the low
and middle balanoid.

A subtidal fringe of Plocamium corallorhiza occurs at the
bottom of the beach on scattered rock outcrops surrounded by sand.
Patella cochlear is absent, probably due to the nature of the substrate
as will be discussed. The lower balanoid and "cochlear" zones are
daninated by large numbers of the faster growing P.barbara. A dense
belt of Caulerpa filiformis in a sandy bottamed gulley separates the
lower and middle balanoid zanes. Although Tetraclita serrata is
abundant, particularly in the middle balanoid, it does not form dense
beds due to the easily eroded nature of the substrate. ‘Instead it

occurs as scattered clustexs of individuals.




38.

le3m™

'Z\wﬁ—’gm .
‘204”

et®

Fig. 1.14

Z-‘ZM ':["‘24"

DALEBROOK
‘ 8m

1

-]

(]




39.

. STRANDFONTEIN

s : Sand




'40'

CHAPTER 3 : TRENDS IN TROPHIC COMPARTMENT BIOMASS

INTRCDUCTION

Beach cdmnunities consist of an airay of species which, by
their very profusion, make a clear understanding of biotic éonditions
difficult. In order to gain insight into the functional structure of
these camunities their camplexity may be reduced by examining trophic
carnpartments rather than individual species. Information oh the bio-

mass of these canpartments may then be considered in terms of :

- a) trends in trophic bicmass on different beach types;
b) vertical zonation of trophic campartments.

Forvrthe purpos;es of (a) all species were allocated to one |
of seven trophic campartments (see Tables 1.3, 1.4 in the appendices).
Mean biomass .m—2 for each beach as a whole was then calculated for
each species as described in the similarity analysis section (p.90),

allowing characterisation of each beach according to trophic daminance.

In part (b) measured biamass values were used directly to

calculate absolute trophic biamass in each zone.
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TABLE 1.5 ~ NUMBER OF SPECIES REPRESENTED IN EACH
" 'TROPHIC COMPARIMENT

Exposed Beaches - ) o Sheltered Beaches
- spT| okB| ROB| FPB| DBK |STR OKA |OFB |xoM |BFA |BFB| FPA

Primary 18 9| 16| 10| 24 | 12 ‘16 | 19 | 18 9 3| 16
producers ' ”

Herbivores | 24| 16| 21| .17| 31 | 22 12 | 23 | 30 | 27 | 20| 25
Filter- 7 8| .8} 20| 19 12 2 11 8 9 | 7 19
| feeders - N

Omivores 41 4 4 2 2 3 0 2 o 2 2 3
Detritivore§ 7| 8| - 8 6| 10 6 || - 2| 6 8 5 4 7
|Scavengers | 18| 12| 13| 16| 21 | 17 9 |17 {26 |2 | 15| 19
Carnivores | 20| 24| 20| 27| 30 |16 | 3 {23 |28 | 20 | 12| 28
TOTAL 9¢ | 81{ 90| 98| 137 | 88 44 101 |118 | 9% | 63| 117
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(a) TRENDS ‘IN TROPHIC BIOMASS

An important point revealed by this analysis which will be
reiterated in the following sections is that each compartment is often
daminated in terms of bidnass, by one or only a few species. Trends
in trophic bicmass thus tend to reflect biamass trends in these major
species. Furthermore there is generally no correlation between the
number of species present in each campartment (Table 1.5) and the
actual bicmass of that cczrpart:menti (Table 1.6).

‘Two. further prelJ.m.mary points are obv10us : Flrstly, fram
VTable 1.6 it can be seen that total bicmass is markedly low for the
two boulder beaches OKA and BFB due to instability of substrate. A
t-test between total bicmass of these and remaining beaches indicates
biamass to be 51gn1f1cantly lower on the former P< 0 ,01).  This
reduction in biamass.is most obvious for the algae, in agreement with
the findings of Isaae (1937) that algae are least ‘dense on beaches
form'ed fram small boul_ders; Algae are extremely sparse on these two
beaches end'.no subtidal algal fringe ' occurs. Similarly the seden-
taxry filter—feeders are greatiy impoverished in both richness and
biamass (see below). It is noticeable however that the abundance

‘of”rrbre mobile herbivores remains similar to that of other beaches.

- Secordly, total biamass is significantly higher for exposed

- than sheltered beaches (Table 1.7). Froggy Pond A has an unusually
high average biamass for a sheltered beach due largely to the extensive
and very dense bed of Bifurcaria brassicaeformis ffihging the beach.
Algae at FPA form 90,62 % of total bicmass (the highest value for all.
beaches) and are so abundant as to raise mean total bicmass.

Analysis of variance to test for further trends in trophic
bicmass is inappropriate as not all possible carbinations of factors
exist and therefore t-tests were carried out on each campartment.
t-tests were used to campare mean biamass of : .

warm vs. cold beaches, exposed Vs. sheltered beaches

- granite vs. TMS beaches, granite vs. Malmesbury shale beaches
and  shale vs. TMS beaches.. ' '
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TABLE 1.7 : VALUES OF P DERIVED FROM t-TESTS BETWEEN

MEANS OF TROPHIC BIOMASS

L]

Trophic chﬁpartme.nt

"COMPARISON

Warm/cold Exposed/ Igneous/
Sheltered Sedetentary

Primary producers > 0,05 > 0,05 > 0,05
Herbivores > 0,05 = 0,05 > 0,05
Filter-feeders > 0,05 < 0,01 > 0,05
Omnivores A > 0,05 < 0,01 = 0,05
Detritinres > 0,05 "> 0,05 _> 0,05
Scavengers >.0,0S > 0,05 > 0,05
Carnivores > 0,05 < 0,05 > 0,05
Total bicmass > 0,05 < 0,05 = 0,05
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Of all these tests the only significant differences were found
in exposed vs.- sheltered camparisons (Table 1.7). Filter-feeders and
amivores showed differences at 99 % confidence level and carnivores at

95 % level. In all three cases bicmass was higher for exposed beaches.

It is clear that exposed and sheltered beaches differ in bio-
mass of different trophic campartments. Thus although species camposi-
tion may differ considerably on different beaches there appear to be two
main "functional types" of beach revealed when the community is defined
in terms of trophic campartment biomass.

Sheltered beaches

Excluding the two boulder beaches, (Oudekraal A and Buffels
Bay B), sheltered beaches are daminated, in terms of biamass, by primary
producers which form between 70 and 90 % of total biomass. On the two
boulder. beaches algae form only approximately 30 % of total bicmass. On
the remaining sheltered beaches, mean algal biarass is in the region of
200-300 g .m—2. The extensive, dense subtidal weed bed of Froggy Pond A

results in a higher mean biomass for this beach.

Herbivores form the msﬁ abundant faunal carponexlt.: While bio-
mass of these is relatively more variable than of algae, values are gene-
rally between 20 and 50 g .m 2, the highest being at Kametjie (66 g .m 2).
Déspite lower total bicmass values the two boulder beaches do not have de-
pressed herbivore biamass. Consequently herbivores form a larger percen-
tage of total bicmass. ‘

The biamass of filter—-feeders .is markedly low for sheltered
beaches, averaging only 7,23 g .m—_2. This is presumably due to de;:reased

feeding efficiency in less turbulent corditions.:

Carnivore biamass is also particularly lbw for sheltered beaches,
due possibly, to associétion with filter—-feeders (see below, p.82). Sca-
vengers, anhivofes and detritivores form minor trophic _compartments in
decreasing order of abﬁndance. Bicmass is low for all three of these but
significantly lower for amnivores on sheltered than exposed beaches_._ This
again is due in part to association with filter-feeders as will be dis-
cuésed below.
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Sheltered beaches are thus generally daminated by algal and
herbivore populations.: Filter-feeder bicmass is low but, with the
exceptions of Olifantsbos and Buffels Bay B, forms the third most
abundant camponent. Carnivore biamass is also low and scavengers
are more abundant on mbst of the sheltered beaches. Omivores and
detritovores form a low percentage of total bicmass.

[y

Exposed beaches

Filter-feeders form a much larger proportion of exposed beach
bicmass and at three of these, Oudekraal B, Froggy Pond B (FPB) and
Dalebrook (DBK), becdmé the most abundant trophic compartment oversha-—
dowing even the algae.. Bicmass of filter-feeders is extremely high
at same beaches (eg. 1361 g .m 2 at FPB and 1058 g m 2 at DBK) , domi-

nating the entire cammnity.

~ Algae show no significant difference in bicmass campared with
sheltered beaches and are of similar levels. Likewise herbivores,
which now became the third most abundant camponent tend to be of simi-
‘lar abundances as on sheltered beaches except that the value for
Strandfantein is particularly high (172 g .m 2, see below p.77).

Carnivores are significantly more abundant and on most exposed
beaches rank before scavengers in abundance. Omivores are also sig-
nificantly more abundant and on exposed beaches are almost as abundant
or more so than scavengers. Detritivores still form a relatively

minor component of these communities.

To summarise, exposed beaches are daminated by fllter—feeders
" and algae, in contrast to sheltered beaches. ‘Herbivores, although at
similar abundances as on sheltered beaches form a smaller percentage
of overall bicmass on exposed beaches. Carnivores are generally more
abundant than.scavengers'and-omnivores attain similai or higher values
than the latter. However these minor trophic compartments still form
only a small fraction of total blcmass.

Within the framework of these two basic types each beach has

its own peculiarities. The main variations are mentioned below.
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Seapoint  conforms to the basic exposed pattern kut has a noticeably
lower filter-feeder bicmass than other exposed beaches. This
is larcjely due to the unus'uallyr low biamass of the important -
barnacle Tetraclita serrata on the upper shore.

Strandfontem - an exceptlonally high herbivore blomass is found here,

’ formed largely (75-87 %) by Patella barbara. This is thought

- to-be a consequence of unusual substrate conditions (see
below, p-126 ). Although filter-feeder bicmass is quite high
the dense beds of barnacles found on other exposed beaches do
not occur here. This toc is thought to be an effect of the
very soft substrate. |

In order to géd_n a better understanding o_f these trophic com-
partments and the trends they show in response to varying physical para-

meters,-each campartment can now be examined in greater detail.

. Primaxl producers

v Biomass of this campartment is particularly low for the two
boulder beaches (OKA and BFB) due to substrate instability as described
above (p.47 ). Strandfontein has a relatively low bicmass. The ex~
tensive Littorina, upper and middle balanoid zones are all virtually
devoid of algae. Also there is a relatively low biomass in the lower

balanoid, except where Gelidium pristoides forms a separate sub-zone.

The low algal biomass is thought to be due to a sand-scouring effect
as the rock 1s surrounded by sahdy beaches. A similar effect is de-
scribed by Daly and Mathieson (1977) . The extremely friable nature
of the substrate (consclidated beach rock) is an additional impediment
to algal growth. ' Unsuitability of substrate thus accounts for low
algal biamass on these three beaches. '

On the remaining beaches lower biamass is found on the two
‘beaches which lack a distinct sub-tidal weed fringe, Kammetjie and
Robben Island, on both of which a merged cochlear/weed zone occurs.
(Note that a fringe is also missing fram OKA and BFB). A sub-tidal
fringe is not only a source of great species richness, it also makes
a very important contribution to total primary producer biamass.
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Although the fringe at Dalebrook is less dense than all
others it is very extensive. Algal density in the lower balancid is
high here and these two points result in a mean algal biamass comperable
to the other beaches. | |

’ Desgpite the observation by Levyns (1924) that Table Mountain
Sandstone forms a much more favourable substrate for algae than granite
no significant difference was found between the biamass of algae on dif-
- ferent rock types (Table 1.7). Similarity analyses based on data for
algae alone show no grouping of beaches on the basis of substrate (see
Chap. 4). ' '

. Herbivores

Fig. 1.16 shows a graph of total herbivore biamass ;m—z versus
beach inclination and suggests a cofrelation between these two factors.
Ranking these beaches according’to herbivore biamass indicates that they
may be divided into four groups, in:order of decreasing biomass:}(Table
1.8)

Strandfontein, Kametjie, Dalebrook and Olifantsbos.

Robben Island and Seapoint. |

. Oudekraal B Buffels Bay A, Froggy Pond A and Froggy Pond B,
' Oudekraal A and Buffels Bay B.

> W N P

Highest herbivore bidmass“.m.—2 occurs in groups 1 and 2, which
are all gently sloping beaches, ard these two together show a significantly
- higher herbivore biomass‘than group 3 (P<0,05). - Although groups lad
2 do not have significantly different means for herbivore bicmass (P>0,05)
the two ridged Malmesbury shale beaches of group 2 do have intermediate
values which are significantly higher than those of .group 3 (P<<0,05).

. Group 3 consists of very steep beaches made'np of huge grenite
boulders and herbivore biomass .nFZ is lowest for this group.. Although
BFA is a Table Mountain sandstone beach it too is camposed of huge boul-

~ ders with steeply sloping or vertical faces. -
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" TABLE 1.8 : PERCENTAGE COMPOSITION OF HERBIVORE BIOMASS

- S AR | ' o Most abundant.
Group I Patella spp. SlEhonarl; Spp. O_xz stele spp. .-Total herbivore
- : species in de-
creasing order
OFB 87,52 5,37 2,68 95,57 | P.cochlear
KOM 82,35 10,08 0,29 92,72 [P._granatina
DEK 58,66 6,45 23,25 88,39 | O.variegata,
‘ P.cochlear
SR 84,67 . 3,09 4,86 92,62 |P.barbara,
- s . P. granularis
Group II ‘ , ,
ROB 86,06 4,94 0,36 91,36 |P. cochlear
SPT 77,28 0,88 14,14 92,31 {P.granularis,
' P.cochlear
Group III o
OKB 75,86 0,38 5,18 81,42 |P.granularis
BFA 45,56 1,28 31,52 78,36 |P.barbara,
P. oculus,
O.variegata,
, P.cochlear
FPA 73,45 0,47 12,36 86,28 |P.barbara
P.cochlear
FPB 69,93 1,22 12,77 83,92 |P.granularis,
P.barbara
Group IV _ v
OKA 80,34 14,89 0] 95,23 {P.cochlear
e : P.granularis
BFB 30,65 0 47,93 178,58 |O.variegata,
. o ' P.oculus
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Oudekraal A and Buffels Bay B may be included into groups 3
and 1 respectively on the basis of herbivore bicmass ;nfz. These
- two beaches are however generally aberrant as they offer unstable
'substrates. The'compositioh of herbivore bicmass does not conform to
the pattern evident for the remaining beaches and they are therefore
classified into a separate group. ‘
' A:correlation thus exists betweeh beach shape and herbivore
biomass. Although 49 species are included in this trophic campartment
‘many%of them are small species such as amphipods etc. On all beaches
' the:bulk.of herbivore bicmass (78 - 95 %) is foarmed by Patella spp.
Oxystele spp.‘and‘SiEhonariaYSPp.‘ Examination of table 1.8 reveals.
several important points. ' ‘ -

l.> The percentage of herbivore biomass formed by Patella spp.'is
greater in groups 1 and 2 together than in group 3 (P << 0,05). Note
however that at Dalebrook a large'population of O. variegata detracts

- from the.significance of the Patella spp. Buffels Bay B and Oudekraal
VHA (group.4) are both boulder beaches and Patella Spp. are not very
‘abundant on either.‘ At BFB the more mobile Oxystele variegata is

very abundant so'that'overall herbiVore bicmass remains high. At OKA
however O. w. ariegata is not abundant so that although Patella spp
bicmass is low it still forms the bulk of herblvore bicmass.

2. ' SiEhoharia spp. are most important ingroup 1 (P << O 05)  This
-1is also 1nd1cated by the fact that separate Slphonarla zones occur only
- on beaches in group 1.

'Ih_group 2 Robben Island has recognisable Siphonaria pools
" (though not a separate Siphonaria zone) and Siphonaria spp. are more
inportant.here than at Seapoint. Siphonaria spp. are of very limited
 significance in group 3. - '

To sumarise, the long'flat beaches"(group 1) have a higher
‘“herbivore biomass and are generally dominated (in terms of herbivore:
bicmass) by Patella spp., particularly P. cochlear and P. granatina.
Where substrate is unsuitable for P. cochlear (at Strandfonteln) it
is replaced by P. ‘barbara.
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Beaches in Group 2 are intermediate in having a moderate

- biamass of herbivores and Patella spp. are still the most abundant
herbivores. These are the two Malmesbury shale beaches which, though
still broad and gently éloping, have a very characteristic form due to
the weathering of- this rock type. (see above). At Rabben Island P.
cochlear is the most abundant Patella species and an extensive and
heterogenous cochlear zcne occurs as described above. At Seapoint

P. cochlear is second in abundance to P. -granularis, due tc both the
restricted nature of the cochlear zone, which is encroached on by the
Bifurcaria zone in its lower reaches, and to the extensive lower and
upper balanoid zanes where P. granularis is abundant, particularly in
the upper balanoid.

- Group 3 is camposed of beaches consisting of huge boulders so
that the lower zones particularly tend to be much steeper and thus
narrower. than on the other beaches. ‘Herbivore bianass is l’owest for this
. group and the contribution of Patella spp._is generally reduced. P.
- cochlear becames less Jmportant here as the cochlear zone is more restric—
ted and other species of this genus (especially P. barbara and P. granularis)
became more important. O. variegata makes a greater contribution and
Siphonaria spp. decline campletely in significance, due to the: absence
of suitable flat stretches of rock on the upper beach.

Although; densities of Patella spp. and O. variegata within the
~zones they occupy tend to be higher for groups 1 and 2, the effect iof
beach shape on overall herbivore bicmass is partially due to its influence
on. the width of zones. on very steep beaches the lower zones in particu-
lar tend to be very narrow. Consequently although the density of herbi-
vores within these zones may be moderately high their cantribution towards
total biamass of the beach is reduced. '

Finally it is important to note that a correlation between
herbivore and macroalgal biamass is not implied. Many of the major
herbivores feed on lichens or diatam films (ég. Patella granularis, P.

granatina (Branch, 1971), Siphonaria spp.,(pers. obs.) or on encrusting

. algae such as Ralfsia spp. or Lithothamnion spp. (eg. P. cochlear, P.
longicosta, (Branch, 1974)). S . | -
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3. Filter-feeders

Bicamass values for filter-feeders were 'showﬁ above (p. 46 )
to be significantly higher for exposed beaches (P<0,0l). As with
other trophic compart:nents. this is not correlated with a greater number
of species. For example although Froggy Pond A has the third highest
m;fmber of species in this campartment (Table 1.5), it has a very low
bicmass of filter—feeders (Table 1.6). Bicmass is particularly high
for Froggy Pond B (which has extremely dense beds of Octameris angulosa)
and Dalebrock (whére dense beds of Pyura stolonifera and of Tetraclité
serrata‘occur) . The high value at Cudekraal B is due mainly to the

presence of Aulacamya ater and 0. angulosa plus same T. serrata in the

upper balanoid.

_Increased filter-feeder bicmass on exposed beaches has also
been found by Southward and Orton (1954) and Jones and Demetropoulos

(1968) and is probably associated primarily with greater water movement,

facilitating feeding. Octameris angulosa was found both in the present
work and in that of Field and MacFarlane (1968) to be a good indicator
of exposed conditions (see below). 0 '

Filter-feeders are particularly important as they campletely
~ daminate exposed shores and on same beaches even exceed algae in biamass.
Such abundance of one particular trophic campartment has a profdund
effect on the camunity as a whole. Not only do filter-feeders campete
with other forms for space but they also offer a varied and camplex mlcro-

enviromment for smaller spécies of crustaceans etc.

Even when present at low bicmass many of the major filter- )
feeder speciés tend to form very dense populatioris ranging fran small,
scattered clumps to huge sheet-like populations on exposed beaches.

- This is due to the gregarious habit of the larvae, which are induced

»by the presence of adult forms to settle where others of the same species
.(or__in sane cases other _specie>s) are alréady present (Krjight—Jones and

Stevenson, 1950; Crisp and Knight-Jones, 1953; Knight-Jones, 1953;
‘Wilson, 1968; Larman and Gabbott, 1975). Filter-feedérs thus cause
both ‘structural and functional differences to cammnities when ‘present |
at high bicmass. ' .
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On ranking beaches according to the total number of filter-
feeder spec'iés present, theré is no correlatioh with actual biamass.
With the exception of the two Buffels Bay beaches (BFA/BFB) however:
warm beaches show a significantly higher number of species than cold
beaches (P<0,0l). ' This is presumably due to overlap of the west
and svouth' coast biota in False Bay (see below). The low number of

species at Buffels Bay may be due to sudden and severe changes in

water temperature caused by to_ngues of cold water which extend around

Cape Point into False Bay as far as Buffels Béy, resulting in a lowered

number of species., Filter-feeder richness at BFB as at OKA, is par-
ticularly low as this is a boulder beach with low overall richness as
described. ’ ' ' '

Carnivores

This cartpartﬁnent also shows significantly higher biamass on

. exposed beaches (P<<0,05). Again higher biamass is not associated

with a greater number of species. Carnivore populations are camposed

- of both species which may prey directly on filter-feeders (eg. whelks

such as Thais dubia) and smaller species such as errant polychaets,
pycnogonids etc. It seems likely that these smaller carnivores feed

on small crustaceans etc. which may be more abundant in the various

,niicrohabitats offered by filter-feeder populations. Thus increased -

carnivore bicmass on exposed beaches may be due in part to association

with increased ‘filter-feeder bicmass. This is brought out in more
detail -in the section on zonation of trophic campartments (see below) .

Qmnivores

The amivore campartment contains a small number of Species

which are mostly of dubious trophic status. t-tests indicate a signi-

ficant difference between amnivore bicmass .m—2 of exposed and sheltered

beaches. However the errant polychaete Pseudonereis variegata foms a

 large percentage of o_mniVore bicmass on most beaches (Table 1.9 ). Trends

in amivore bicmass are thus dominated by trends of biomass for P. variegata.
This species is most cammon among algal tufts or in clumps of mussels or
barnacles (Day, 1969) and shows significantly higher bicmass on exposed
beaches (P<<0,0l). If P. variegata is amitted fram this trophic cam-

partment no significant trends are revealed in amivore biamass.
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TABLE 1.9 : PERCENTAGE OF TOTAL OMNIVORE BIOMASS FORMED BY PSEUDONEREIS VARIEGATA

Ebéposed beaches - Sheltered beaches
SPT|{- OKB! ROB| FPB| DBK| STR §OKA |KOM OFB |BFA |BIB FPA

Tot. Omivore _ .
biomas:sz : 6,04, 6,86 5,85{13,60(4,03 2,37 410,25 O 0,25(0,27(0,03 | 0,14
g mT<) ' ‘
% formed by {99,78(98,20{95,05/88,46| 100 |75,68 100, © | 91,96/ 100; 100 | 37,14
P.variegata : o

6. Detritivores

This campartment is also dominated in terms of bicmass by a single
species, the urchin Parechinus angulosus (Table 1.10). Although P. angulosus

- is included in this campartment for convenience it is not a true detritivore
in the usual sense. Juveniles do.feed largely on detritus but adults feed

primarily on large pieces of algal debris (Greenwood pers. com. bl979) .

The only cold water beach showing a large detritivore bicmass is
Seapoint, again formed largély (91,44 ) by P. angulosus. If Seapoint is cmitted
fram a comparisbn of amivore biamass on cold and warm beabhes, they are fournd to
differ at 99 % significance. 2Again this reflects a trend in bicmass of one par-

ticular species.

The absence of P. anqulosus fram the warm beach Froggy Pond B is due
to the absence of pools and the very steep slope of this granite beach. Although
Froggy Pond 'A is z;lso a granite beach it is much flatter in its lower reaches and
P. angulosus occurs in the subtidal fringe. '

TABLE 1.10 : PERCENTAGE OF DETRITIVORE BIOMASS FORMED BY PARECHINUS ANGULOSUS

Cold beaches Warm beaches i
SPT| OKA| OKB | ROB_|OFB | KoM || BFA | BFB | FPA | FPB DBK| SI
Tot.Detri- - -
tivore 4,42 0,04 | 0,37] 0,39 |0,07{ 0,31 | 2,12} 5,61} 5,84(2,65 2,25] 4,
biamass . -
(g .m2)

% formed by | 91,44 | O 91,70 | 62,86 | O 0 195,06{99,51|84,48|0 |45,58{98,
P.angulosus ' : : :
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- Finally no trends were apparant for scavenger bicmass on
different beach types. No correlation was shown with exposure, tem-
perature, substrate, beach form or the abundance of other tophic vcom— '
partments. ' ' '
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(b) ZONATION OF TROPHIC COMPARIMENTS

The camponent species of each trophic campartment may be ex-
 pected to have broadly similar biological requirements. Physical con-
ditions alter in different regions of the beach influencing species |
presence and thus biological interactions. Trophic compartment bicmass
may thus be expected to reflect changes-in physical conditions. For
example intertidal algae may be limited by desiccation and high light
intensities in the upper regions or low light intensities in the lower
regions. Similarly filter-feeders may be restricted by the duration
of submergence and thus feeding time in a particular region, or by com-
petition for primary space with algae and so on. ' In order to examine
the effects of vertical height on the various trophic campartments the
bicmass for each campartment was calculated for each of the zones re-

’ cognised.’ In contrast to the previous section the data used in these
calculations are derived fram measured bicmass for each zone and not
mean biomass for the whole beach. For the purposes of this analysis
rock-pools were amitted as they interfere with general trends in con-
ditions up the beach.

For convenience the basic type of beach shape for each substrate
are shown schematically in fig. 1.17. Figs. 1.18 - 1.29 show the
zonation of trophic campartments on each beach. A number of trends

are discernible.

1. Primary Producers

Algal bicmass is generally maximal at the bottam of the shore
-although -areas of high algal bicmass occur in the upper regions when Por-
phyra capensis is present. Desiccation and high light intensities, to

which algae are very susceptible (Levyns, 1924) in conjunction with herbi-
vore grazing pressure are probably the main limiting factors towards the

top of the shore. Porphyra however can withstand prolonged periods of dry-
ing and may thus colonise much higher regions. Although algae and filter-

_ feeders may camwpete for primary space (eg. Paine, l97la§ such campeti- ’
tion is likely to limit mainly the latter. Not only can algae utilise
filter-feeders as a substrate but their fronds are likely to produce a



Fig. 1.17
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Schematic representation of beach profiles for
different rock types.

Although local topography is obviously important the
majo__r rock types show the following general weathering
forms:

Granite - huge exhumed boulders forming very steep
rock faces.

Table Mountain Sandstaone - flat, gently sloping beaches,
sanetimes steplike due to weathering in large
blocks.

Malmesbury Shale - again fairly flat but characterised
by long parallel ridges formed because of
tilting of the bedding planes. These ridges
run perpendicular to the sea. |

- In addition there are beaches formed fram much softer

consolidated beach rock along the north coast of False
Bay. These are wide and extremely gently sloping.
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Granite

Sandstone/’Shale

Fig. 1.17
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Figs. 1.18 - 1.29. Profile diagrams of 12 beaches examined showing
bicmass of the seven trophic campartments

cansidered.
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- blanketing effect detrimental to the feeding of same filter-feeders.
Movement of the frands when sukmerged may also be important by preven-—
ting or interfering with the settlement of larvae.

In the lower regions bicmass is usually highest in the sub- |
tidal fringe, if present, or in the lower balanoid zone. These fringes
are ‘usually dominated by particular species (especially Bifurcaria

brassicaeformis + Champia lumbricalis, Plocamium corralorhiza and P.

cornutum) at extremely high densities. The influence of heavy grazing
on algal biomass is well documented (eg. Southward, 1969; Branch, 1971;
Dayton, 1971). BiCmass of algae in the cochlear zone is generally low
and algae tend ﬁo be denser both above and below this zone on almost all
beaches (see figs.1.30-1.32), this is probably due to heavy grazing of
spores by Patella cochlear which campletely dominates this zone. Although
P. cochlear is absent fram Strandfontein, P. barbara seems to fulfill a

similar ecological role. Algal biamass is again low where P. barbara

is abundant.

Lower balanoid algal bicmass is almost invariably lower than in
| the subtidal frj_ngés but may still attain high values and is generally
higher than in the cochlear zone (figs. -1.30-1.32). Important lower
balahoid species include gl_\}_a spp., Gelidium pristoides, and Gigartina

radula. On oold water beaches, Arthrocardia sp. is sametimes abundant in

this zone as is Agodes orbitosa which may form distinct sub-zones (eg.
Kammetjie) . Neitl:ler of these algae is abundant in the lower balanoid of
warm beaches alﬂloﬁgh the former is generally abundant in vthe cochlear zone.
Sub-zones of the low balanoid are also formed on same beaches by particularly
" dense beds of Bifurcariopsis capensis (Buffels Bay A), Champia lumbricalis
(Robben Island), Bifurcaria brassicaeformis (Robben Island, Buffels Bay B,
Froggy Pond B) and Gelidium pristoides (Strandfontein). |

_ A pattern thus emerges of very high algal bicmass in the sub-
tidal_hfringe_, decreasing dramatically in the cochlear zone due to grazing

and increasing again in the lower balanoid.

The exceptions to this pattern are Froggy Pond A, Olifantsbos .
and Kametjie. Algal bicmass on the first two of these does decrease

dramatically in the cochlear zcne but fails to increase again in the lower
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| balanoid. This may be due to a reduction in wave exposure leading to
increased desiccation rates as both of these beaches are sheltered.
Kommetjie is also sheltered with a reduced biamass in the lower balanoid.
P. granatina is particularly abundant in the lower balanoid here and may
have a grazing effect similar to that of P. cochlear. - Kametjie is also
unusual as the cochlear zone is very poorly developed and overlaps with
the. subtidal fringe to form a cochlear weed zone. Similarly the coch-
lear zcne at Olifantsbos is scattered and poorly defined. P.cochlear
tends to be more abundant on exposed shores (Branch, 1975a) and the
unusual condition of the cochlear zone at these two beaches may be due

to their sheltered nature.
The effects of P. cochlear on algal bicmass and the consequent
lnfluence on species rlchness (p. 18 ) highlight the J_mportance of this

key lower shore species.

2. Herbivores

Although the herbivore campartment contains many species
biomass is dominated by the large limpets (see above). Highest biamass
occurs in the cochlear zone where P. cochlear may reach extremely high
densities. At Strandfontein , where.P. cochlear is absent, herbivore
bicmass is dominated by P. barbara which occupies the equivalent zone.
Biamass may also be high in the mid or upper balanoid.  High bicmass
in these zones is usually attributable to a small number of species.

P. granularis is abundant in the mid balanoid at Oudekraal B and Strand-
fontein, in the upper balanoid at Oudekraal A, Froggy Pond B and Sea-
pomt and also in the Porphyra zone at Olifantsbos. The w:Lnkles O_xxstele
variegata and 0o. tigrina form the bulk of herbivore biamass in the mid
balanoid at Buffels Bay B along with P. oculus. O.v i_egata also reaches
high levels of bicmass in Porphyra zone and, in conjunction with Helcion
@ctunculus, in the upper balanoid at Olifantsbos. ' It also forms the

' bulk of herbivore biomass in the upper balanoid at Froggy Pond B.

Although Siphonaria spp. are often very numerous on the upper
shore they rarely produce a high biomass due to their small 51ze. One
exception to this is the Siphonaria zone at Olifantsbos, where Siphonaria spp.

" density is very high.
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Thus high herbivore bicmass in different zones may be largely
ascribed to limpet and Oxystele distribution, the main zones being:

cochlear zone - P. cochlear

mid balanoid - P. granularis, sametimes O. variegata
and P. oculus.

upper balanoid - P. granularis, O. variegata, H. pectunculus.

The lower balanoid is generally dominated by algae and herbivore

bianass is usually low.

There are 2 important exceptions to this. At both Kammetjie and
Strandfontein algal bidmass is unusually low in the lower balanoid and
herbivore bicmass is high.. Again this is due primarily to limpet abun-
dance. At Kametjie the bulk of low balanoid herbivore biamass v(94 ,09 %)
is formed by P. granatina. At Strandfontein P. barbara daminates the lower

balanoid including the region which would be occupied by P. cochlear on
other beaches. The reascns for this are discussed below (chapter 4).

3. Filter-feeders

As filter-feeder biamass is markedly higher on exposed beaches -
(Table 1;7) zonational trends are more readily observed by examining these
beaches alone. The trends recognised do however apply to sheltered
beaches as well. |

Examination of the profiles reveals that filter-feeders tend to
form low and middle/high shore populations. ILow shore populations are

" daninated by mussels in conjunction with barnacles and on same beaches

the tunicate Pyura stolonifera. Mid and upper shore populations are dami-
nated by barnacles. It is interesting that the COchiear and lower bala-
noid zones generally have reduced biauass of filter-feeders. This is
presumably due to grazing of larvae by limpets in the former and the
blanketing effect of dense algal populations in the latter.

Fram Table 1.11 it can be seen that different species tend to
daminate on cold and warm beaches. This may be sumarized as follows:
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(i) Cold beaches : low zones (subtidal fringe, cochlear and scmetimes
lower balanoid) are daminated by Octameris angulosa and

Aulacomya ater. Upper zones (mid and upper balanoid) are
daminated by Tetraclita serrata. At Seapoint (SPT) upper

shore filter-feeder bicmass is low and T.serrata is joined

here by O. @ﬂ?_@-

(1i) Warm beaches : low zones at Froggy Pond and Strandfontein are domi-

nated by Pyura stolonifera in caonjunction with the two mussels

A. ater and Perna perna. At Dalebrook mussels are less im-

portant and O. angulosa is abundant in the subtidal fringe.
The middle and upper zones are again dominated by T. serrata
at Dalebrook and Strandfontein and by O. angulosa at Froggy
Pond B. S

Thus we can see that low zone populations are camposed pri-
marily of é ater along with O. angulosa on cold beaches and with P.
stolonifera and P. perna on warm beaches. The single exception to this
is Dalebrook where mussels are not abundant. The upper zones on all -
beaches are daminated by the barnacle T. serrata which is joined by
O. angulosa at Seapoint. O. angulosa replaces T. serrata in the upper
balanoid at Froggy Pond B where it forms 98,79 % of filter-feeder biamass.
O. angulosa is a particularly interesting species as it is found only -
on exposed shores and is thus a good indicator of exposed conditians.
-~ The unusually dense population of O. angulosa at Froggy Pond B may be
indicative of particularly exposed conditions.
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4, Carnivores

Highest carnivore bicmass generally occurs in z;nes\whéi ‘b\\\\\\

filter—feeder biamass is high, although not all dense filter-feeder
populations are associated with high carnivore populations (fig. l\33)
Carnivore biamass consists largely of errant polychaets and gastropods <
Only the latter (eg. Thais spp. ) are capable of preying on mature bar-
nacles or mussels.

It seams likely however that the polychaets may feed on smaller
~ species sheltering among the filter-feeders (increased biomass of many
of the smaller species where filter-feeder biomass is high has been
mentioned), and perhaps on very small juveniles of the filter-feeders
themselves. For example very small mussels have been fourd in the
gut of errant polychaets (pers. obs.).

Carnivore biamass thus follows a similar pattern to that of .
filter-feeders and is higher on exposed beaches. Although a direct
relationship between biamass of filter-feeders and carnivores is not
implied an indirect relationship may exist. Thus the coefficient of
determination between filter-feeder and carnivore bicmass is low
(r = 0,70) but a trend is still apparent. '

5. Omivores

Omnivore populations are primarily low shore, the bulk of biamass

being camposed of Pseudonereis variegata as described above. P. varie—

gata is most cammon among algal tufts or beds of filter-feeders. Same

mid or upper shore populations of amivores do occur however:

1. At Olifantsbos the holothurian Cucumaria frauenfeldii occurs in the
mid balanoid forming a small omnivore population. ’

* 2. At Froggy Pond B the lower balanoid population is formed by P. varie-

~ gata and the holothurian Thyone aurea among the dense weed beds while

the larger upper shore population is due to the abundance of P.varie-
gata among the dense Octameris- beds.

6. Detritivores

Low shore populations of detritivores occur on both warm and cold
shores and are largely associated with algal beds. = These populations
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vary in camposition according to their zonation. Parechinus angulosus
generally accounts for the bulk of detritivore bicmass at Seapoint and on
warm beaches, as described, and is usually found only in the lowest zones

or in pools ard gulléys. The remaining detritivore species tend to be
zoned as follows: : ' |

In the subtidal fringe sedentary polychaets are important. Among

L]

these the most abundant are Cirriformia capensis, C. sp. and Orbinia sp.

Cochlear zone populations are largely camposed of ophiuroids such as

Amphipolus integer and Amphipholis squamata. These also occur in the lower

balanoid populations along with C. capensis. Various amphipod and isopod
species (eg. Janiropsis palpalis and Stenetrium sp. (Isopoda) and Amaryllis
macropthalma and Ischyrocerus anguipes (Amphipoda) occur among the algae
of both the low balanoid and the subtidal fringe.

On warm beaches upper balanoid populations of detritivores also
occur and include the sedentary polychaets Pherusa laevis (upper balanoid)

and Orbinia angrapequensis (in same upper balanoid pools).

~ Thus there.are low shore populations on both warm and cold beaches
consisting of P. angulosis or polychaets and ophuiroids along with some
amphipods and isopods. Upper balanoid populations composed of polychaets,

occur on sdne warm beaches.
7. Scavengers
Scavenger populations are camposed largely of isopod species, a

few amphipods and the whelks Burnupena spp. Crustaceans are common among
algae where same species may be very abundant, particularly the amphipod

Paramoera capensis and the isopods Dynamenella huttoni, Exosphaercma
laeviusculun and E. varicolor.  Burnupena is generally common below mid

tide and the most common species is B. delalandii, which also preys on
living winkles (see Chap. 7). Scavenger populations occur in almost

all zones. There is no obvious zonational effect on scavenger bicmass
beyond a decrease with increasing height and a slight tendency for bicmass
~ to be higher where algae or filter-feeders offer a more favourable micro-
habitat. | |
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Zonation patterns for 12 beaches on the Cape Peninsula,
South Africa, are described and the diversity of beach
types and the extreme heterogeneity of each beach is
emphasised.

Two boulder beaches were considered (Oudekraal A and Buffels
Bay B). The substrate on these is unstable and results
in a particularly low mean biamass and species richness.

Total biamass was found to be higher for exposed beaches
and different patterns of trophic daminance prevail on ex-
posed and sheltered beaches. Biamass is daninated by algae

on sheltered beaches. Filter-feeders, carnivores and ami~

. vores all have a higher bianass on exposed beaches. Filter-

feeders are particularly important and daminate biamass on
most exposed shores. Carnivore biamass is thought to be
indirectly related to the biamass of filter-feeders.

Omnivore biamass and detritivore biamass are daminated by
Pseudonereis variegata and Parechinus angulosus respectively.
Trends of biamass for these two cawpartments therefore

nerely reflect trends in the biamass of these two species.

Herbivore biamass was found to be higher on broad, flat beaches
than on very steep shores. Patella spp. constitute a sig-

nificantly higher proportion of herbivore biamass on the former.

Two basic types of beaches can therefore be distinguished:
exposed and sheltered. Differential trophic daminance probably
leads to fundamentally different patterns of energy flow on
these two types. '
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Strong zonatiocnal trends were found in both species richness

and the bidmass of the most important trophic campartments.
Richness declines farther up the shore. Herbivore and algal
bicmass are also highest at the bottam of the shore. Algal
bianass declines sharply in the cochlear zone, probably be-

cause cf grazing effects. This leads tco a decrease in species
richness in this zone. On exposed beaches filter-feeder ‘
bianass is high in the subtidal fringe where mussels, particularly

Aulacamya ater, and on warm beaches, Pyura stolonifera are im-

portant. Filter-feeder biamass is also high on the upper shore

where barnacles, particularly Tetraclita serrata, predaninate.

Certain species émerge as being of particular importance to
energy flow through these intertidal cammnities. These include

Aulacawya ater, Tetréclita'serrata, Patella cochlear, P. granatina,

P. granularis, Oxystele Vériegata and the algae Bifurcaria

brassicaefomis, Gelidium pristoides, Ulva spp. and Gigartina

radula.

Reduction of both algal biamass and species richness in the

cochlear zone indicate the importance of P. cochlear as a key

species in structuring the cammunities of the lower shore.
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CHAPTER 4 : SIMITARTITY ANALYSIS OF BEACH TYPES

- ' INTROCDUCTION

Examination of trophic campartments yields same understanding
of the major trends of cammnity structure in response to the three
physical factors under consideration. By summing species data into
trophic data, however, a considerable amount of information is lost.
’I‘rophic data does not include Ainformation on differences in species

camposition.

Different beach types may be related in the nature of their
trophic structure. - But they may reveal completely different rela-
tionships when species camposition is considered instead. This again
raiseé the problem of the vast complexity of these communities. It
is possible to consider distributional patterns of the major species.
It is however very difficult to include information on the many minor
species which all contribute, in less obvious ways, to the canpleXi‘ty
of biotic interactions and micro-environment. For example, two beaches
may support beds of a particular algal species and yet the epifauna
and associated smaller algae may be canpletely different. While the
more abundant species have a daminating biotic effect these smaller
species may each have significant influences. Biotic richness is
| due largely to these smaller species and differences in their campo—
~ sition may be Jmportant

Tt is necessary to consider all species if we are to maximize
information usage J_nexam.mlng beach cammunities. This problem is
campounded by the fact that not only species preserice but also the
abundance of each species is important.

A data matrix on the scale of the one generated in the present
study may only be fully utilised with the aid of ‘mathematical analysis.
Indeed this analysis itself is-extremely cunbersame without the use of
a camputer system.

In order to campare beach biota under different conditions in
terms of the abundance of all species recorded the data were examined
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using a camputerised. s:mllarlty analysis. The choice of analysis
. strategy is itself important and will be considered below.

FUrther aspects of these oannunltles were 1nvest1gated by
deriving (a) Species rlchness, diversity and evenness; and

(b) Indicator species for different phy81cal condltlons
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- Much attention. has been paid in the past to the effects of
various physical factors on rocky intertidal species and cammunities.
In particular, work has been carried out on isolating and examining
the effects of temperature, wave exposure and substrate. This sec-
tion is an examination of the inter-actions of these three factors in
J.nfluencmg rocky intertidal communities (ie. the assemblages of spe—

cies occupying rocky shores) in the Cape Peninsula.

Temperature

_ Temperature has long been recognised as a major factor gover
ning species distribution (eg. Isaac, 1938; Stephenson, 1944; Crisp
and Southward 1958; Lewis, 1965). Some possible mechanisms for tem—

perature-based control of distribution have been examined by, for
example, Orton (1920), Hutchinson (1947), Southward and Crisp (1956) ,
Crlsp (1957), Southward (1955, 1958a), Lewis (1964). . -

Within a given temperature regime the type of substrate ard
degree of wave exposure may have important modifying effects on the
camunities preSent.

Substrate .

Stability of substrate is obviously important, boulder beaches
may s_ubject the species present to rolling and crushing effects during
rough weather. Given a stable substrate, the type of rock is im-
portant in terms of weathering and settlement of ‘sedentary forms.
Suitability for colonization may _depend on species preference (Moore and
Kitching, 1939), either due to different larval responses (eg. Barnes
and Powell, 1950) or sub-optimal conditions for adults Larval re-
sponses may be influenced by substrate hardness (Southward ard Crisp, 1954-
Stephenson, 1961; Stephenson and Searles, 1960) and smoothness (Crlsp and
Barnes, 1954; Hatton, 1938, quoted in Moore and Kltchlng 1939; Barmes
_and Powell, 1950).  Angle, colour and light reflécting properties of
the substrate may also be important (Pcmerat and Reimer, 1942; williams
G.B., 1964). Adult forms may be affected by destécation on very porous
rocks (Mocre and Kitching, 1939) or interference with locamotion on very
- rough. surfaces (Southward and Orton 1954). Harlin and Lindbergh- (1977)



89.

observed no significant differences in settlement of algal spores on
substrates of varying particle size. They did however.find that with
time, significant differences in population developed due to the dif-
ferent particle size preference of the species examined. In addition
to these direct effects substrate affects beach morphology (due to
characteristic weathering of different rock types) and may thus in-
fluence exposure. Very steep shores tend to experience more violent
wave actioﬁvetc.(Lewis, 1964). Conditions on adjacent areas may also
be important. For example, nearby sandy beaches may lead to a sand
scouring effect on rocky shores (eg. Daly and Mathieson, 1977).

sure

The degree of wave exposure has effects operating at two levels,
wetting and damage (Southward, 1958b). Increased exposure results in a
larger spray zone and an upward extension of vertical distribution for
most species. Waves are important in supplying nutrients, removing
- wastes, mixing of gases etc. However excessive exposure leads to
physical damage or removal of species. Consequently areas with a strong
tidal flow but no violent wave action support very rich and diverse cam~
munities as theyvexperience the advantages of good water exchange without
the disadvantages of wave damége (Lewis, 1968). Species have different
exposure preferences and there are species which are positively, nega-
tively or not correlated with increased exposure. Filter-feeders
such as barnacles and mussels usually increase in size with increased
exposure (Moore, 1935; Southward and Orton, 1954; Jones and Demetropoulos,
1968). The size and density of molluscs has also been correlated with
the degree of exposure (Meyer and O'Gower, 1963; Crapp, 1973; Branch, 1975a;
Heller, 1976). o '

Wave exposure, in cambination with dessication effects has
a ﬁajor influence on algal distribution patterms (Dayton, 1971). Grubb
(1936) showed that each daminant algal species has a definite optimum
range of exposure‘beyond.which it does not flourish. Kingsbury (1962)
found an increase in the number of species of algae in Massachussets
with increased exposure although the total bicmass remained roughly
constant. In contrast to this, Southward and Orton (1954) found that
algal distribution and abundance at Plymouth decreased with greater
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exposure and Hallfors et al (1975), working in the Baltic sea, found
_that'bicmasé of both plants and animals was lower in very exposed
rather than moderately exposed sites. These discrepancies may be due
to different tolerances of the species examined (the sites being geo-
graphically widely separated) or the analyses may have been based on
different degrees of exposure. Although various effects of exposure
are widely recognised, quantifiéation of the degree of exposure is a
matter of same difficulty. Exposure may be measured in physical
terms (eg. the tu.rbulométer designed by Field, 1968, plaster of Paris
"clod cards" used by Doty (l9l7la) or measurement of drag by Jones and
Demetropoulos, 1968) or it may be scaled according to a biological
scale (eg. Ballantine, 1961; Taylor, 1971). For biological expo'su.re
scales, exposure is considered as a trend in the composition of the
shore flora and fauna. The abundance of common species on well known
shores is used to produce a cawparative scale of exposure for bther
beaches in the same region (Ballantine, 1961). Fhysical measurements
should be taken over a period of at least a year while there are, so
far, biological scales for only a few very local areas. Most work
is of a comparative nature where beach A is considered to be more ex-—
posed than beach B etc. In the absence of physical measures beaches
can usually be ranked according to exposure on a subjective basis.
Although subjective, such assessments are generally accurate within
the local context, and can lead to meaningful results.

Conditions of exposure, substrate and temperature in the
study area have been described above (p.7).

METHODS

_ Bicmass data were collected for all recognisable zcnes and
subzones on each beach as described above (p.10). Species bicmass in
different zones on the same beach generally véries considerably. In
'order td campare beaches with each other a measure of biomass of each
~ species on the entire beach is required. ’Ebctrapolation of bicmass
fram each "zo'rnle to the whole beach on the basis of the érea of each
zone brings in the problem of the size of each beach. Extrapolation
was theref'ore'carried out by considering the prdportion that each zone
formed of the whole beach.
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The maps produced for each beach (figs. 1.5 - 1.15) give an
accurate measure of the areas occupied by each zone, which were deri-
- ved as a percentage of the total beach area for every zone, using a
cambination of stereoscopic matched pairs of aerial photographs and
local topographic surveys. The photographs were kindly taken by Mr.
H. Rither of the Department of Land Survey, U.C.T. and were taken at
an ave.rage height of 1000 feet (scale 1:2000).

The percentage of each zone was used as a weighting factor
for biamass values using a simple camputer programme. Biamass for
every species in each zone was multiplied by this factor and divided
by 100 (as the percentage is a fraction) to give a mean bicmass for
the whole beach. '

eg. Consider species x which has a mean biamass of
300 g/m2 in zone y. Zone y constitutes one third
of the total beach area. The mean biocmass of x for -
‘the whole beach is then derived as :- |

bicmass x percent _ 300 x 33,33
100 100

100 g/m2

Total mean biomass of each 'species was then obtained by sum
ming the mean bicmass derived from each zone. In this way the data
matrix of 113 zones versus 310 species was reduced to one of 12 beaches

versus 310 species which was then used in the similarity analysis.
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ANALYSES

Cluster-analysis

The raw data matrix contained bicmass values for 310 species
at 12 beaches. = Due to the absence of species fram many beaches the
matrJ_x contained a high proportion of zero values. Analysis was done
by means of classification. This is a method of deciding whether
individuals (ie. beaches) may validly be grouped into sets and if so
to delineate these sets (Kendal, 196G6). Classification i.nvblves the
erection of a similarity matrix based on a measure of similarity be—
tween samples -and a clustering of the samples ‘into sets on the basis
of the similarity matrix. '

The similarity measure used was the Czekanowski coefficient,
defined by Bray ard Curtis (1957) as

- . 2W
¢ atb
a = sum of quantitative measures of all species in cne sample _
b = sum of quantitative measures of all species in second sample
w = sum of lesser values for those species cammon to both _,samples.
Thus if both samples have identical scores for all species C = 1.

This is a coefficient of association which excludes\ double-
zero matches. Inclusion of double-zero matches implies that two
samples are similar if they both lack certain species. In a very hamo-
genous system this may be valid, however in a heterogenous system it
can.lead to nonsensical conclusions. 'IheECze.nkanowski coefficient is
based on quantitative rather than presence/abéence scores. This is
more efficient in data ﬁtilisation and is more realistic ecologically.
Biamass values were converted to log bicmass values Vbefore analysis
following Field (1971) and Field and MacFarlane (1966), as this pre-

‘vents swanping of the data by very high values (Field, pers. cam.1979).

: The main clustering methods have been reviewed by Williams
(1971).  The choice of method is important as the intensity of clus-
tering of the data is as much a property of the analytic method used
' as of the data itself. The polythetic "group average" technique was
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chosen. Polythetic techniques examine all attributes of each sample
unlike monothetic methods which use single attributes as dichotamous
dividing points between groups. The groups average strategy joins
two samples at an average level between the two groups and is inter-
mediate in its clustering intensity between the Nearest Neighbour and
the Furthest Neighbour techniques. The chief advantage of such a
space conserving strategy is that it does not impose enhanced clus-
tering which may lead to misclassification of the data. In addition
the problem of the group-size depexﬁence of space dilating strategies
- does not arise (Stephenson et al, 1972). Although same information
loss or distortion has been shown for this strategy (Hall, 1969a) this
is usually minimal (Hall, 1969b) and it has been successfully used by
Field (1970, 1971) and Campbell and Moll (1976). ’

Anaiyses were performed on the full data matrix using the
Group Average, Furthest Neighbour and Nearest Neighbour strategies
yvielding results in the form of derdrograms. Interpretation is dif-
ficult when three variables are involved. To’clarify the importance
of particular variables, separate analyses were performed on selected
groups of beaches with one variable in common and on all beaches using
data on single trophic campartments only.

Multi-dimensional scaling (MDSCAL)

Use of derdrograms gives an easily understandable interpreta-
tion of data. However, the disadvantage of representing the informa-
tion in a large data matrix by a dendrogram classification lies in the
distortion inherent in fitting a one—dimensional model to the data.
This may be overcome by application of a multi-dimensional scaling
technique (MDSCAL) which may be based on the same matrix of similarity .
values as the cluster analysis. Multi—-dimensional scaling is a means
of deriving n points whose interpoint distances gecmetrically represent
the experimental dissimilarities of n cbjects (Kruskal, 1964). In this
study the points represent beaches. The interpoint distances equate
to overall eocological differences between beaches as revealed by varia-

tions in species bicmass.
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These points may be plotted to give a geametric configquration
in one or more dimensions. In doing so we again imposé a dégree of
distortion on the data which decreases as more and more dimensions are
considered. Consideration of 310 dimensions in this case would result
in zero distortion as variation according to all attributes (ie. 310
spécies) could be represented. This of course negates the basic pur-
pose of analysis, which is to render the data into a more comprehen-
sible form. A canpramise is possible by measuring the distortion or
"stress" imposed on the data by considering any particular number of
dimensions. Stress is a measure of how well the 1,2 or multi-dimen-
sional configurationvderived fits the data. The stress value may be
campared with a scale where percentage of stress is equated to a good-
ness of fit evaluation ranging fraom "poor" to "perfect" (eg. Kruskal,
1964; Kruskal and Carmone 1969). Application of these labels must
be guarded (Arabie, 1978) but the basic worth of the algorithm still
stands.

The similarity matrix derived by the Czekanowski coefficient
was subjected to a multi-dimensional scaling analysis using a camputer
programme written by Kruskal. In this analysis 1-6 dimensions were
considered.  Although MDSCAL with more than 2 dimensions allows a
less distorted representation of data than cluster analysis, it gives
no indication of percentage similarities between groups. Also, the
results, with more than 3 dimensions, are difficult to represent or -
interpret visdally. General consideration of the data is therefore
based on dendrogram analyses. MDSCAL analysis is used to derive an
idea of the distortion involved in data presentation and also to aive

a better insight into the true configuration of dendrogram results.

Information statistié and U-tests

Indicator species characterising water temperature, wave
action and substrate type were derived using the information statistic
for hypothesis testing or I—test. Each attribute of a pair of samples
" makes a contribution to the total information difference between the



95.

samples. If this contribution is large enough the attribute may

be used as an indicator attribute for one of the sets at a known level
of confidence (Lambert and Williams, 1966; cited in Field, 1969).

The confidence limit used was 95% and I-tests were carried out on
presence/absence data. 'Significant. differences in bidnass of each
species in different sets of beaches were examined using the non-
parametric Mann-Whitney U-test. The members (or species) of both
sets are listed together in order of descending biamass and each..
member is assigned a rank value according to this list. U is then
calculated as :

U = nn, + n, (nl + 1) - Rl
2 (Siegel, 1956)

where ny and n, give the size of the two samples or sets of stations
and Rl is the sum of the ranks assigned to sample 1. Again the 95%
confidence limit was used. Biamass varies considerably between dif-
ferent zones on the same beach. In order to campare bicmass between
beaches, mean bicmass values for each entire beach were used rather
than mean biamass within the specific zones only. This has the dis-
advantage of using a derived value rather than a measured value. It
does however give a more realistic assessment of bicmass for the whole
béach as the zones occupied by any ane species may form only a small
proportion of total beach area. '

A species may show significant differences in either or both
of these analyses. Thus three possible contingencies arise:

1) +ve in presence/absence test; -ve in U-test. Such species may
 occur as only 1 or 2 specunens at each beach in one set but not the
other. Species occurring in very low numbers are susceptible to

sampling errars and are thus poor indicator species. ‘

2. +ve in U-test but -ve in presence/absence test. Such results,
indicate that although the species occurs in both sets it is sig-
nificantly more abundant in one. It thus indicates trends in
abundance rather than acting as a true indicator species.

3. +ve in both tests. Such species may be regarded as good indicator
species as they occur in a significant majority of the stations of
one group at significantly higher biamass. '
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Diversity -

Diversity of a camunity has two aspects: species richness
and species evenness. ‘Richness (ie. the "areal richneés" of Hurlbert,
1971), gives the number of species present but no indication of their
'relative abundance (ie. evenness of the cammunity). Evenness was
obtained using the Shannon-Weaver index of diversity for each beach.
This is defined by Pielou (196%8) as :-

H = -C  .P.log P.
373799 ¥

where P is the probability of a randamly chosen individual fram the
sample being species j .. . In this case Pj'is the probability of 1g.
of dry material fram the beach being formed by species j ie. Pj is

the proportion of the total biamass constituted by species j. The

log base e was used and C taken to be 1 following Pielou (1966).

Evenness indicates whether all species are equally represented

or only a few species daminate in terms of biamass. It is derived as :-

J = H
logs

where H is the diversity of the sample (or camunity) and s is total

(Pielou, 1969)

nunber of species present (or richness).

Hurlbert -(1971) has pointed out the theoretical failings of
diversity indices such as H and contests their "hard" usefulness. They
do however give an effective indication of camunity diversity. H may
be influenced by certain properties of the data itself and can only
be used for data on a cammon taxoncmic level such as the species
(Hughes, 1978). |
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RESULTS

1. Cluster analysis

(@) Analysis based on data for all species.

In the first analysis temperature was removed as a variable

by considering only cold beaches and then only warm beaches.

Cold beaches divide clearly into two sets cawposed of three
exposed and three sheltered beaches respectively (fig. 1.34a), corres-
pording exactly with the exposure ratings. In the warm beach analysis
two sheltered beaches are separated. The sheltered beach FPA however
is linked with the exposed beaches (fig. 1.34b). In neither of these
analyses is any pattern shown according to substrate.

The significance of substrate and temperature were next exa-
mined by performing cluster analyses on (i) exposed or sheltered beaches
only ard (ii) ignecus or sedimentary beaches only. '

(i)  Sheltered beaches separate into a set of cold and a set of warm
beaches (fig. 1.35b) showing no pattern according to substrate.
For exposed‘ beaches the pattern is similar though less clear due to
- the inclusion of the warm beach FPB with the cold beachés (fig. 1.35a).
BAgain no pattern is revealed if substrate is conside._ted;

These analyses, in conjunction with the warm/cold analyses indicate
that although substrate may have autecological effects or even im-
portant effects on whole groups of species (eg. filter-feeders at
Strandfontein, see below) its influence on the commnity as a whole

is masked by the effects of temperature and exposure.

| (ii) Interactions of the latter two factors are partially revealed by the
igneous/sedimentary analysis. Grouping of ignecus beaches (fig. 1.36a)
shows the two exposed beaches OKB and FPB to be linked. The two shel-
tered beaches FPA and OKA are not linked and FPA is associated with
the exposed beaches. Initial grouping' is however on the basis of
exposure. The sedimentary beaches appear to be divided initially

on the basis of exposure, so that the sheltered beaches KOM and OFB
are linked, and secondly, according to temperature. The two cold
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~ Fig. 1.34-1.42 Results of dendrogram analyses on biamass data,
S e carried out using the Group-Average analysis
’ except where stated. ' ' ‘ '

!
K
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exposed beaches ROB and SPT are grouped separately fram the two warm,
exposed beaches STR and DBK (fig. 1.36b). This pattern is however

- confused by the warm, sheltered BFA/BFB pair Wthh are associated
with the exposed ROB/SPT palr

A full analy51s for all twelve beaches reveals more clearly the
interaction of phy51cal factors

 Analyses according to groupeaverage and furthest—neighbour |
techniques give identical groupings at different levels of similarity
(figs. 1.37, 1.38a). Nearest-neighbour analysis gives almost the same
groups fused in a different sequence (fig. 1.38b). This sequence makes
less ecological sense overall so that the theoretical grounds for using

a groupeaverage strategy'are borhe out in this case.e

The group-average dendrogram (fig. 1.37) .shows three main '

sets?—

1) - Exposed beaches (both warm and cold) plus'FEA;_
2) ' The paired Buffels Bay beaches.

3) Cold, sheltered beaches.

These setS‘shoW no pattern according to substrate. Set 1
shows an example of the groupwaverage effect oh data Fram the simi-
- larity matrix (Table 1.12) it can be seen that SPT is most sxmllar to
ROB. ROB and OKB however have' a higher similarity and SPT has a reduced
affinity for the fused ROB/OKB pair. The reason for the inclusion of
FPA-in this group is unclear. Omission of FPA fram the analysis leaves
the pattern.identical. Within this set beaches are grouped according
to temperature, except'for the anamolous FPA/SPT grouping.

. Set 2. - BFB is unusual (belng a very sheltered boulder beach)
and if BEA is amitted from the analys1s BFB is completely 1solated
(flg 1.39).

BFA has 1ts closest afflnltles w1th BFB (Table 1. l2) and the
© fused pair is isolated due to the group—average effect as a separate
set of warm, sheltered beaches.

We can see .then that the beaches are separated according to
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expcsure (except for FPA).  Within set 1 subdivisicn is on the basis
of temperature. The sheltered beaches are also separated according
to temperature. Due to the abnormality of BFB they form two sepa-

rate sets rather than subdivisions of a single set.

(b) Analyses based on data for selected species only.

‘ : A dendrogram based cn data for filter-feeders only (fig.
1.40) groups all the exposed beaches together. - Strandfontein is
however less closely linked than the remaining exposed beaches.
This is explicable in terms of substrate conditions (see below).

| The possibility of reduced algal bicmass and richness on gra-
‘nite beaches suggested by Levyns (1924) and Isaac (1937) was examined
by considering data on algae only (fig. 1.41). This reveals no cor-
relation between algal biomass and substrate. Basically the same major
sets are revealed as in the analysis based on all species (fig. 1.37)
with the exception that the cold exposed beach OKB is included with the
cold sheltered beaches of set 3. These sets are linked differently
however and the two Buffels Bay beaches of set 2 are linked to the ex-
posed beaches of set 1. The warm, exposed DBK/STR pair are isolated.

An analysis based on only the 45 species showing highest bio—
mass (discussed below) shows exactly the same grouping as the dendro-
gram for all species but at higher levels of similarity (fig. 1.42).

2. Multi-dimensional scaling.

The results of MDSCAL using 2-dimensions are given in fig.
1.43.  Stress for this analysis is 0,21, this is rated as "fair"
(Kruskal and Carmcne, -1969) and indicates that the configuration of
these points fits the data well. As data on so many variables (or
species) are involved this implies a remarkably low degree of dis-
tértion. Fig. 1.43 may be envisaged as a normal dendrogram viewed
fram above in 2 dimensidns and facilitates an understanding of the
dendrogram. The cIosé relationship between the three sets of ex-
posed beaches which form set 1 in the groupFaverage dendrogram ana-
‘lysis on all species (fig. 1.37) are clearly revealed. Again FPA,
alﬁhough sheltered, is closely integrated among these exposed.
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' Fig. 1.43 Two—d_imensichal MD-SCAL ordination showing sets .
1-3 derived from fig. 1.37. ‘Stress = 0,21.
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beaches. ‘The positions of sets 2 and 3 relative to each other and the
exposed beaches are interesting and confirm the isolated condition of
- set 2. '

3. Richness. (Table 1.13)

 Ta) Values for the boulder beaches OKA and EFB are particularly
low as these offer an unstable substrate. Furthermore the lowesf'values
for False Bay occur at Strandfontein where the soft substrate is easily
eroded (see below) and at Buffels Bay which is subjected to tongues of
cold water from the Atlantic current syStem as described. Richness at
these four beaches (OKA, BFB, BFA, STR) is found to be significantly
Jower than for the remaining beaches (P<< 0,05).

&) A camparison of west and east coast beaches shows no signi-
ficantbdifferences.even if the above four beaches, which are aberrant for
various reasons, are cmitted. The overlap region between south and west
coast biota described by Stephenson (1944) includes False Bay and the
west coast as far as Kametjie. Richness is found to be significantly

higher in this overlap region than for the remaining cold beaches (P<< 0,05).

Q) No significant difference is found between richnesé>of igneous
and sedementary beaches. Although Day (1959) found exposéd_beaches to be
richer than sheltered beaches this was not found in the present study.

- Day's findings however arevbaséd on beaches in Langebaan lagoon where

"much less extreme conditions of exposure prevail.

4. Evenness (Table 1.13)

(a) . The three beaches with unstable or easily eroded substrates
(OKA, BFB, STR) show significantly higher evenness than the remaining
beaches (P<< 0,01). v o -

- () N . If these three beaches are cnutted, cold. (i.e. west coast)
beaches show significantly. hlgher evenness than warm (ie. False Bay)
beaches (P<: 0] Ol) : '

(C) Flnally, if species are ranked actordlng to blanass for each -
’beach and bicmass of the tenrost.abundant species is summed they are

found to account for 90 % of total biamass on each beach. Furthermore,
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if the ten species for each beach are listed, it is found that a total

of onlyi 45 species is involved. Thus 45 species (out of a total of

310) account for approximately 90 % of total bicmass an all twelve
beaches examined. These species, the rans of the ten most abundant
on each beach, and the percentage of total biamass 'they form, are given

" in table 1.14.

>

TABLE 1. l3 SPECTES R’[CHNESS (S) AND EVENNESS (J) ON THE TWELVE

BEACHES EXAMINED.

West Coast = , False Bay

ROB SPT OKA OKB KOM OFB BFA BFB FPA FPB | DBK STR
s 90| 98| 43| 81| -118| 1ol 90 | 63 | 117 | 99 | 137 88
3 | 0,88190,8647|1,40281,2007 |1,0660|1,0195 |0,6193|1,22100,5792 |0,6332 |0,7815|1,2217

Information statistic and Uétests

A nuwber of indicator species and species showing trends in
abundance were revealed. The results of warm/cold beach camparisons

(Table 1.15) conferm with findings of Isaac (1938) and Stephenson (1944)

and present distributional records (Day et al, 1970; Simons, 1976;

U.C.T. records). A total of 32 species show significant trends in
abundance in response to temperature. These form a mixed group of
which 12 are more abundant on cold beaches and 19 are more abundant

on wamm beaches.

Exposea/shelte.red canparisons provide only one indicator
species (Table 1.16). This is Octameris angulosa which was also found
by Field and MacFarlane (1966) to be a useful indicator of exposed

. oond_ltlons No mdlcator species for sheltered conditions are re-

vealed. There is, however, a group of 36 species showing abundanoe
trends in response to exposure. Almost all of these, .(30 out of 36)
show significantly greater bicmass on exposed than on sheltered beaches.
These include 25 of the 45 species with highest bicmass.
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TABLE 1.14 : THE TEN SPECIES SHOWING HIGHEST BIOMASS AT EACH BEACH EXAMINED

(Species are listed according to the zoogeographic affinity fram east coast to
Figures indicate the bicmass rank at each beach. Mean .

west coast species.

% of total biamass formed by the 10 species for each beach = 92,38 2) v 0nvsen e,
| v
SPECIES B S B Bl S E & Bl E A & Z(basedongigpiiggy
| Q944)—> 738 s
‘Caulerpa filiformis 3{ East coast dying out in. °’~‘
' i ' south coast
- Laurencia flexuosa 71 Local east/south coast
Sargassum 9
heterophyllum
Perna perna 10 East-West coast dying out
Plocamium cqrallorhiz' 3} 10| 4 E(Jigtt:ecgi:‘e dle)?]i.g;a )
- Siphonaria deflexa 6
Acanthochitan garnotd 10| South coast passing Cape
Bunodcsoma capensis 61 9 6 Point
Gelidium pristoides 5 5 5 ’
Patelia cochlear 1 3] 4 910
_P. oculus 10
Bifurcaria 1 1 111142 South-West local
brassicaeformis '
Centroceras clavulatun 10 Ubiquitoﬁs
Octarneris angulosa 8 21 2 6 11 2
* Parechinus. angulosus 8 -(note' P. granularis (higher
Fatella barbara o] )| || Een o et e
P. granularis 5 10110 10 fera (higher biomass in
Pseudoneries 10 8 9 False Bay).
variegata .
Pyura stolonifera "91 81 6
Tetraclita serrata _ 81 71 41 6110 1
Ulva ép. 3 9
Balanus algicola West-South cbast (ie.
Gigartina radula 8 4 30 |3 ;ﬁﬁg‘)‘s in Cape
Helcion pectunculus
Oxystele variegata 2 5
Ploéamium cornutum 31
Pérphyra capensis 21 8
Pseudactinia. 9
. flagellifera -
Splachnidium rugosum 3

{Continued)
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B
SprcTES CEEEEEIEE EEEL e
Aeodes,o.rbitosa : 917 1 West coast passing' Cape Po:
Champia lumbricalis 5 |
Chramytilus |7 (biamass higher on West co:
meridionalis : of Peninsula, with exceptic
Gigartina stiriata 6,lQ 516 153 2 6 of G. stiriata).
Gymnogongrous 3 :
- dilatatus
Patella granatina 5 712
. ' Bifurcariopsis 2
R capensis € ‘
_’ Burnupena papyracea Biomass high only in False
. ¥ Jania sp. Bay)
“S“xf’_‘ 'Tape_s corrugatus 8 g
<9 Arthrocardia sp. - 4 6 3| 4 4 7 E (Biomass high on b
Aulacanya ater 41 |1 4 a coasts of Peninsul
Burnupena delalandii | 9 | 5 5
Cladophora capensis ' 9 &~ (High biamass only
Dicurella sp. 7 on west coast of
Gigartina scabiosa Peninsula)
©of total biamass | o ) o ol ol ol ol @) | 13| 1)
omed by ese 20| 3 A A 3 3 i 4 o ol ] o 3
Spp. 1 -
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TABLE 1.15 : INDICATOR SPECIES AND SPECIES SHOWING BIOMASS TRENDS IN
RESPONSE TO TEMPERATURE AT 95 % CONFIDENCE LEVEL.

(I-sp = good indicator species; B signifies greater bicmass on exposed
(E) or sheltered (S) beaches. * denotes one of the 45 spp. showing
highest biamass).

SPECIES - Presence/ Biamass Conclusions
' absence
ALGAE
* Aeodes orbitosa + + I-spC
* Champia lumbricalis - + B-C
* Cladophora capensis - + B-C
* Gigartina stiriata + - Poor I-sp—C
* Gymnogongrous dilatatus + I-sp-C
* Porphyra capensis - B-C
PLATHYHELMINTHES _
Polyclad sp. - + B-C
POLYCRAETA
Lumbrinereis coccinea - + B-W
Iysidice natalensis - + B-W
Perenereis. capensis + + I-spW-
Platenereis dumerillii - + B-W
Dodecaceria pulchra - + B-C
Pamatoleios kraussi + + I-sp-W
TSOPODA | |
Dynamenella australis - B-C
D. dioxus + I-sp-W
Iaié pubescens + - Poor I-sp—-W
Paridotea ungulata o+ + I-sp—C
AMPHIPODA o
hyale diastema I-spW
“H. grandicornis I-spC
TANATDACFA | .
.Leptochelia barnardi + + I-sp-W
ERACHYURA
Plagusia chabrus - + B-Ww
PELECYPODA .
Thecalia concamerata + + I-spW
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SPECIES Presence/ Biamass Conclusions
o absence - T

GASTROPCDA
Bu.rnupena lageriaria + + I—Sp-w
Crepidula porcellana + + I-sp-W
Oxy'stele sinensis + + I-sp-W
* .0. variegata - + B-W
* Patella barbara - + B-W
* P.oculus | - + B-W

- Siphonaria capensis + - Poor I-sp-C
Tricolia neritina - + B-W"
ECHINOIDEA o B
* Parechinus angulosus - - + B-W
TUNICATA.
* Pyura stolonifera + +

I-sp—W
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TABIE 1.16 : INDICATOR SPECIES AND SPECIES ‘SHOWING BIOMASS TRENDS
' CONF]DEI\IZE

(I—sp

"IN RESPONSE TO THE DEGREE OF EXPOSURE AT 95 %

LEVEL.

——

posed (E) or sheltered (S) beaches.

* denotes cne of the 45 spp. showing highest bicmass .)

. Good indicator species; B 51gn1f1es greater bianass an ex-

*

) D .

huttoni

Contd./ :

SPECIES Presence/, Bidnass Conclusions
, absence .
* Aeodes orbitosa - + B-S
*  Arthrocardia sp. - + B .E
* Bifurcaria brassicaeformis - + B-E
* 'Champia lumbricalis - + B~-E
* Cladophora capensis - + B-E
*  Gelidium pristoides - o+ B-E
* Gigartina radula - + B-E 7
*  Gymnogongrous dilatatus - 4 B-S
*  Pplocamium corralorhiza ~ + B -E
* P. Cornutum - + B-E
* Pterosiphonia clorophylla - +. "B-E ?
* Ulva sp. ' - + " B-E
' PORIFERA
Hymeniacedon perlevis - + B - E
ANTHOZQCA |
*  Bunodosama capensis ~ C o+ B -E
' POLYCHAETA _
Euphrosine capensis ~ + B-E
* Pseudonereis variegata | - B-E.
Syllis variegata - B~-E
IRRIPEDIA .
Balanus aigicola - + B-E
B. maxillaris - + B-E
- * Octcmerls angulosa + + I-sp.-E
* Tetraclita serrata ' - + 'B-E
ISOPODA ]
Dynamenella australis - "B-E".
- B-E
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- TABIE 1.16 (continued)

SPECIES C ~ Presence/

AMPHIPODA

Paramoera Capensis
AMPHINEURA '
Acanthochiton gai'noti
PELECYPODA

* Aulacanya ater

 * Choramytilus meridionalis
* Perna perna '
GASTROPODA

Fissurella mutabilis

* Patella cochlear

* P. granatina

* P. granularls

Pyrene Kraussi

Thais dubia

Tricolia capensis |

TUNICATA

Pyura stolonifera

4+ o+ + + o+ o+ 4+

o

W W W W W W W

o I o

n uE®n®n R
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DISCUSSION

Although physical conditions set the basic pattern of species
distribution and biomass, biotic factors may be expected to have an
often marked influence. The influence of Patella cochlear on algal

richness and biamass is profound and has been discussed previously
(p.73). Likewise a possible relationship between filter-feeder bio-
mass and carnivore bicmass has been suggested (p.81). It seems”
likely that grazing effects may generally be important (c.f. Casten-

- holtz, 1961; Randall, 1961; Southward, 1956; Branch, 1971; Dayton,
1971, 1975; John and Pople, 1973), see chapter 5. Carnivore/prey
~interactions (eg. Connell, 1972; Dayton, 1975;'Menge,-l976; Menge

and Sutherland, 1976) and competition for space between filter-feeders
and algae (eg. Paine, 1971a) may also have locally important modifying
effects on the basic camunity structure.

- The present study is however concerned with establishing how
physical factors determine the basic structure of rocky intertidal
camunities and with the interactions of effects due to different fac-
tors. A number of studies have. been carried out on the isolated
effects of temperature, exposure»and substrate as described above. The
entire beach biota is generally considered in exposure studies, but many
of the investigations of substrate and same of the temperature studies
'have been autecological. Furthermore, few of these studies have been
carried out on a quantitative basis. Interactions of the effects
caused by different factors may be very complex and indeed these fac-
tors may influence each other directly (eg. substrate and exposure) .

The dendrograms provided give a—quantitative basis for cam-
parison of beach camunities. They also reveal same of these inter-—
actions'as effects on the biota as a whole. Substrate effects are
limited -and are overridden by both temperature and exposure effects.
When either of these two factors was excluded fram analys1s grouping
occurred on the basis of the other. So cold beaches were grouped
according to exposure (fig. 1.34a), exposed beaches according to tem-
perature (fig. 1.351), etc. Analyses of beaches with the same sub~
strates (figs. 1.36A, B) indicate exposure to be the»primary factor
controlling grouping. Conseqﬁently in the dendrogram for all'twelve
beaches we find the exposed and the sheltered beaches to be grouped
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separately and roughly‘subdivided into aroups of cold-sheltered,
warm-sheltered etc. (fig. 1.37). :

nggggature

Considering temperature first it is apparent fram Table 1.16
that the biota is mixed and may validly be divided into cold and warm
Watervfaveuring forms. Only 17 species were found to be exclusive
to one or other side of the Peninsula. (Table 1.15) and same species
- previously categorized by Stephenson (1944) on this basis do in fact
appear cn both coasts of the Peninsula. Where this occurs, however,
the species concerned is usually restricted to one or two beaches on
the inappropriate coast.amd is present at low biocmass. Due to the
limited number of beaches (ie. small sample size) on each coast, many
such species do not show abundance trends when subjected to the Mann-
Whitney U-test. Supplementary data from a larger number of beaches
would probably yield positive results for this test fer many more
species. ' Nevertheless 32 species did reveal abundance trends in
response .to temperature. These include both cold water (12 species)

and warm water (20 species) favouring forms.

These canclusions are indirectly suppcrted by the data in
Table 1.14. These data concern the 45 species which between them con-
-stitute approximately 90 % of biamass on all twelve beaches.  They all
fit well into the regional categories allocated to them by Stephenson
”'(1944) This indicates that where they do occur outside their regional
categories they form only a small percentage of total bicmass. A fur-
ther 10 of these 45 species are unclassified by Stephenson (1944)
These fall into three goups.

1. 4 species which are more important in False Bay - these speeies all
* show a distribution around both sides of the Cape Peninsula accor-
- ding to present records (Day et al, 1970; Simons, 19763 U.C.T.
krecords) The biamass patterns shown in this study are probably
vdue to the limited mumber of beaches examined.

2. -3 species which are important on both -sides of the Peninsula -

this agrees with present distributional records.
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3. 3 species which are important only on the west coast - ' all of
these have a distribution fram South West Africa to Cape Agulhas
‘(Simons, 1976). A greater significance on the west coast is
therefore to be expected. )

A higher species richness within the area of overlap of the
west and south coast biota might be expected. It is interesting
therefore.that there is no significant difference in the means of
-species richness on the east and west sides of the Peninsula; Stephen-
son (1944) however cansidered this overlap to extend up the west coast
of the Peninsula as far as Rametjie (see description of study area
" p. 7 ).If Olifantsbos and Kametjie are therefore grouped with the
False Bay beaches richness is significantly higher than for the re-
maining west coast samples (P<0,05). Low richness within False Bay
was found at Strandfontein and Buffels Bay B, due to substrate conditions
(see below), and also at Buffels Bay A. Buffels Bay was the most -
-southerly of the areas sampled and lies only 5—6 km north of Cape Point.
Extension of tongues‘of cold water into False Bay as far north as Buf-
fels Bay occur at irregular intervals (Atkins, 1970). This may result
in sudden fluctuafions in water temperature. Such fluctuations may
be unfavourable for stenothermal species leading to a reduction in

- species richness.

Total beach biamass shows no significant trends in response
to temperature, despite the temperature associated increase in richness.
As this overlap region represents the extreme limits of distribution for
many species fram both the overlapping biota they are often present
at véry low bianass. This is confirmed'by the higher evenness of cold
beaches outside the overlap region. Although richness is greater in
False Bay, most species are preseht at very low biamass resulting in

danination of the cammunities by relatively few species and lowered

© evenness.

The importance of Cape Point as a primary d;viding point be-
tween the south:and west coast Biota and of False Bay and the southern
Atlantic coast of the Peninsula.as an area of overlap are thus confirmed .
on a quantitative basis.. The influence of temperature on a éannunity
- level therefore, appears to be concerned with species camposition and
richness and to a lesser extent with bicmass trends of same species.
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sure

Richness and species camposition of the camunities investi-
gated may be explained in texms of tempérafure effects. The degree
of wave exposure has an éxcluding effect on only one species (Octameris
‘angulosy-, Table 1.16) and so interferes minimally with the basic
patterns of spec1es canposition established by temperature. However,
a species need only be represented by a single individual to be present
in the camunity. Certain key‘ species may be present at very low
bicmass and still perform functions critical to other species or even
to the camunity as a whole. In the absence of detailed studies on the
bioclogy of most of these species however it is reascnable to assume that
actual abundance is more important than the mere presence or absence of
a species. The Czekancx;rski coefficient yields dendrograms. based on
bicmass scores. These indicate that exposure is the overriding abiotic
factor in structuring the camunity (fig. 1.37). Exposure must there- |
fore strangly influence the actual biamass of species though not neces-
sarily their presence or absence. This was found to be true for same
36 species which showed abundance trends in response to the degree of
exposure (Table 1.16). Although this is a small fraction of the total
nutber of species recorded it includes 25 of the 45 species s_howing
highest bicmass. The degree of exposure thus influences the bidmass
of species forming a large proportion of total biamass on all twelve beaches.
 The importance of these speci'eé is brought out most clearly by the dendro-
gram based on data for these 45 épecies only (fig. 1.42) which reveals
exactly the same grouping (at higher levels of similarity) as data for
all species (fig. 1.37).  Of the 26 species showing abundance trends
in response to exposure 30 have a higher bicmass under exposed conditions
résulting in significantly higher total bicmass on exposed beaches (P<0,03).

, This implies that shelter preferring 'spec"ies can occur on ex-—
posed beaches at 'high bicmass. Species which prefer exposed corditions
however can extend into sheltered areas only at low bicmass. This in
turn suggests that the biota as a whole is geared to exposed conditions
and has blologlcal and ecologlcal implications for the: spec1es involved
which may warrant further investigation. For example, the limpet
Patella cochlear is one of these species which has been studied in greater
. detail. It was found here to show higher bicmass on exposed shores and




124.

consequently the cochlear zone is poorly developed on same sheltered
beaches (p.77). This is in agreement with the findings of Branch.
(1975a) and is related to a very high tenacity of the species (Branch
and Marsh, 1978). |

The degree of exposure alsc has a significant influence on
three of the trophic campartments as desérjbed above (see p.45). The
domination of exposed shores by filter-feeders is particularly important
and results in a different pattern of trophic daminance compared with
~ sheltered beaches. This may be expected to have a profound influence
on energy flow througr\i\the cammunity as a whole. Despite this damina-
tion by filter-feeders \exposed beaches do not show a significantly lower
evenness than sheltered beaches. This may be largely due to the fact
that the bulk of filter-feeder biamass is generally made up by several
species. This ard the large fraction of biocmass made up by algal spe-

cies r’esult. in an evenness similar to that of sheltered beaches.

To summarize the effects of .exposure it may be concluded that
while temperature influences the actual species composition of these
cawmmities, the bicmass of most of the species forming the bulk of
intertidal bicmass is influenced by the degree of exposure. ' This re-
sults in a different pattern of trophic daninance and a higher total
bicmass on exposed beaches. = Because of this,exposure assumes the
daninant role in the structuring of these cammunities leading to den-

drogram grouping based primarily on exposure effects.

Indirect evidence fram this study however, suggests the impor-

tance of local _currént conditions and the biological histdry of any
particuilar beach. Both Robben Island and Seapoint are exposed shale
beaches on the cool Atlantic coast. Despite this similarity of physical
conditions they are not directly linked in a dendrogram analysis (fig.
1.37). There are important differences in species bicmass at Robben Is-
land and Seapoint. The trophic compartment profiles (figs. 1.18, 1.19)
indicate a different pattern of trophic dominance on the two beaches. The
daminaticn of the middle and upper regions of Robben Island by filter-

feeders ‘is due to an extremely high bicmass of Tetraclita serrata.
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Seapoint has the lowest filter-feeder bicmass among the exposed beaches
(Table 1.6). Although T. serrata forms much of filter-feeder bicmass
in the upper balanoid its biamass is particularly low  (Table 1.11).

| Robben Island is situated in the middle of Table Bay and this
effect may be due to a different pattern of current conditicns at
Robben Island and Seapoint resulting in a different larval input (c.f.
Behrens Yainada, 1977). In the absence of more than indirect hydro-
graphic evidence (Sillington pers. cam., 1979) however, this remains
a tentative suggestion. As Lewis (1964) has pointed out direct evidence-
on the significance of current patterms is difficult to obtain but indi-
rect evidence based on density, or in this case biamass, measures may
be inferred. @ Although only one species has been considered here it is
an important one and may indicate an important principle. - .

Substrate

No grouping of beaches according to substrate v}as found in any
of the similarity analyses. Likewise same predicted effects of sub-
strate were not found to occur. For example there was no decrease in
algal biamass on granite beaches (Table 1.7) although this was found
by Levyns (1.924) and Isaac (1937). The dendrogram based on data for
algae only (fig. 1.41) does not indicate any trend of species camposition
or biamass in response to substrate type. '

Despite the absence of generalised substrate effects on beach
camunities as a whole certain specific effects were found. Instability
of substrate at the two boulder beaches Buffels Bay B and Oudekraal A was
found to result in a significant reduction in species richness and total
bicmass on 4these beaches (Tables 1.6, 1.13). As may be expected this was
most marked for Sedentary forms such as algae and filter—feeders (p. 43 ).
Also at Buffels Bay B Patella cochlear was much less abundant than P.
oculus and the more mobile Oxystele variegata. Although this beach is
‘shelteredﬂa'nd_'_l_’. cochlear favours exposed conditions (Branch, 1975a) this

may also be explained by growth rates. _P. cochlear has a much slower
growth rate than P. oculus (Branch, 1974) which may result in low abun-
dances on an unstable substrate.
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Similarly Strandfontein has a very soft and rapidly eroded
substrate and is the only beach where a distinct cochlear zone does
not occur. P. cochlear is replaced here by P. barbara which also |
daminates the lower balanoid. Again P. barbara has a much more rapid
growth rate (Branch, 1974). The friable nature of the rock at Strand-
fontein also results in a reduction in species richness and the absence
of dense beds of filter-feeders. Although Tetraclita serrata is
abundant it occurs as scattered clumps of individuals and is not as

conspicuously daminant as in the upper zones of other exposed beaches.

Algal biamass at Strandfontein is the lowest for all except
the two boulder beaches. This may be due in part to the nature of the
substrate. The fact that Strandfontein is surrounded by long stretches
of sandy beach may also have an impoverishing effect, due to sand
scouring. This was found for algae on a similarly isolated rocky
beach in New Hampshire by Daly and Mathieson (1977). Caulerpa filiformis,
however, is resistant to the effecté of sand movements (Simons, 1976)
and is abundant at Strandfontein forming 32 % of total algal bicmass.

Further effects of the substrate at Oudekraal A, Buffels Bay
B and Strandfontein are reflected 'in a significantly higher evenness
than on the other beaches (P« 0,0l) .  Substrate conditions on these
three beaches are unsuitable for any particular biotic forms. - While
same species occur at higher biamass than on other beaches no particular

species dominate the beach so that evenness is relatively high.

The main effects of substrate were thus found to be im-
pox)e’rishxmant of biota due to instability or erosion of the substrate.
This particﬁlarly affects sedentary or slow growing forms and is asso—
ciated with a-decrease in spec1es richness and an increase in the even-
ness of the cdrmunity. Unstable substrates also have specific effects
on the ecolcgy of Patella species. On such beaches P. cochlear becames
less abundant and fast growing species such as P. oculus and P. barbara
form a large.r‘ proportion of herbivore biamass. On the whole however
‘these effects are overridden by those of exposure and s'ubstrate.

The pattern which emerges may be sumarized as follows: -
temperature effects establish the framework of species camposition on

different beaches as well as influencing the biamass of a few species.
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Exposure has an overriding influence.however by affecting the bicmass
of many of the species which daminate bicmass on the beaches examined.
Exposure also has a direct influence on the trophic structure of these
camunities and thus the basic patterns cf energy flow through them.
Thus beaches may be defined firstly according to the degree of exposure
théy experience and then subdivided according to the temperature regime
they experience. Within this framework substrate has specific effects
concerned mainly with instability on friability leading to impoverish-
ment of the cammumity. Also the shape of the beach, determined largely
but not exclusively, ky substrate, influences herbivore biamass (see p. 51).
vaeYOnd this however the actual rock type does not appear to have any
important genefél effects. ' ’ '
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It is difficult to consider more than a few major species
when subjectively assessing the effects of physical factors.
This is even more difficult if interactions between the
effects of a number of factors are to be considered. The
use of a similarity analysis has the advantage that the

- overwhelming amount of information derivable fram beach

transects may be analysed on a quantitative basis and
interactions of a number of variables may be considered.

Beaches were found to group together on the basis of simi-
larity of conditions of primarily exposure and secondarily
temperature. Temperature was found to primarily influence
species richness and carposition. Exposure affects the
bicmass of a large number of the most important species and

thus has an overriding influence on cammnity structure.

‘The degree of wave exposure also influences trophic struc-

ture as previously discussed.

Limited local and autecological effects of substrate were
found. These.particularly concerned instability of substrate

causing a reduction in species richness or biamass. Any

-overall effects of substrate on cammunity structure were

masked by other factors.

An additional influence on beach comunities in the form of
current systems and the biological history of the beaches
is suggested.

The ten species showing highest bicmass on each beach formed
about 90 % of total biamass. A total of only 45 species is-

involved when all 12 beaches were caonsidered.
The importance of Cape Point asva primary dividing point
between the west and south coast biota, and*of‘False_Bay and

the west coast of the Peninsula as far north as Kamnetjie as

~an overlap‘region between these two biota is confirmed on a

quantitative basis.
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PART II

CHAPTER 5 : SEASONAL VARTATIONS H\] BIOMASS, ZONATION AND CALORIFIC
VALUE OF INTERTIDAL ALGAE -

INTRODUCTION

N This section represents the second phase of a base~line study of
vintertidal'conditions in the Cape Peninsula. The first phase entailed
an investigation of general conditions of zonation and trophic organi-

zation on twelve beaches. This included an examination of spatial
variation in intertidal camunities and of the influences of wave ex-
posure, temperature and substrate on these cammmities. Important
temporal variations in these commnities may also be expected. In
this eecond phase an investigation is made into seasonal variations in
the algal community of Dalebrook beach in False Bay and into population
fluctuations in two gastropod species (Chaps. 6 ard 7).

Sare primary production is carried out in the intertidal zone by
attached diatoms and considerable energy is 1nported into the system in
the form of plankton and suspended matter. Macroalgae are among the chief
primary producers present and are an important source of energy for the '
system. They also extensively modify the envirormment by their presence
~ providing shelter for often very rich epifaunas. The energy fixed by
macroalgae may be utilized in the intertidal system by direct grazing
or exported into the marine system by the erosive and dissolving effects
of the sea (eg. Khailov and Burlakova, 1969).

In ordet to understand the potential for energy fixation by algae
and the availability of this energy to primary consumers the answers to
a nuber of fundamental questions are required. _ Information is needed
as to which species are present and whether these vary during the year.
Details are needed of species zonation and standing crop throughout the
year. Finally same evaluatlon of the energetlc quallty of the algal
standing crop is requlred

Seasonal variations of intertidal algal standlng crop have been
reported by a number of authors including Batham (1956), Cronwell and
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Moore (1938), Underwood (1973) and Bokenham and Stephenson (1938).
They are to be expected in temperate climates where there are seasonal
variations in factors influencing growth such as sunlight, air and
sea temperatures. Late summer bloams c<f the dominant lower balanoid
species Gigartina radula at Dalebrook are obvious but no quantitative
work has been done on this. Little is known about the periodicity

or regularity of these bloams or of seasonal variations in the stan-

ding crop of other species and thus of potential food available to

primary consumers.

Similarly there is little knowledge of seasonal changes of
zonation such as those reported by Mshigeni (1977), Lawscn (1957) and
Knight and Parke (1931, cited by Lawson, 1957). This too may be a
factor of same importance to primary consumers. Despite extensive
evidence of seascnal éhanges in the chemical composition of algae the
evidence regarding seascnal changes in their calorific content is con-
flicting. Paine and Vadas (1969) found no seasonal changes in the
calorific value of algae. Mann (1972) however predicted such changes
and they were subsequently recorded by Himmelmann and Carefoot (1975)
‘and Breton-Provencher and Cardinal (1976). Data on this important
aspect of algal seasonality however remain limited. The possibility
of such changes is of particular significance to herbivores as this

involves changes in the energetic quality of the algae.

The present study was initiated to investigate these key
problems: ' '

1.. Do species camposition and daminance remain constant through-
out the year? _
2. Are there regular changes in the bicmass, zonation or calo-
rific content of the mcst abundant species?
3. How are such changes, if any, related to variations in
. growth-influencing abiotic factors?
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Study Area

Dalebrook is an exposed beach in the wénn water False Bay area
(34° 07's, 18° 27'E). - The beach consists of a long (70 m) gently slo-
ping platform of sandstone separated by a nai-row 'gulley fram a large
table-like rock island in the lower cochlear zone. Beyond this rock
the sub~tidal fringe gradually drops away to a depth of 11 m' about 100 m
off-shore.  The upper littoral zone is marked by a second platform
raised approximately 0,3 m above the main beach and bounded upshore by
a series of large rocks marking the MHWS level (see fig. 1.28).

The lower cochlear island is densely populated by Patella cochlear

and there are few algae present due to grazing pressure (see p.73). How-

ever the thick_growths of Arthrocardia sp. and Pterosiphonia cloiophylla

fringe the lower parts of this zone. In the mid-cochlear density of P.
cochlear declines and these species lose their daminance being joined by
clumps of Gelidium pristoides and Ulva sp. along with same Centroceras

. clavulatum and Gigartina stiriata. The lower balanoid zone is dominated

by Gigartina radula with smaller quantities of G. pristoides, Ulva. sp. and
C. clavulatum. G. radula and C. clavulatum drop out towards the mid-bala-

noid zone which is densely covered with G. pristoides and Ulva sp; The

| upper balanoid is daminated by the barnacle Tetraclita serrata amongst

which scattered plants of G. pristoides, Ulva sp. and Chaetangium erinaceun
grow. The upper platform whlch forms the Littorina zone, was originally
bare of macrophytic algae but along with parts of the upper balanoid be-
came colonized by "Porphyra capensis during the course of field work.

METHODS AND MATERIALS

Initial surveys revealed that although sane 24 species of algae .
are present in the study area approxnnately 84,8 & of algal biamass is
‘attributable to 9 species. These are Arthrocardia sp., Centroceras

clavulatum, Chaetanglum erinaceum, Gelidium pristoides, Gigartina radula,

G. stiriata, Porphyra capensis, Pterosiphonia cloiophylla and Ulva sp.
Furth’ermore 63'5 $ of this, or 54 % of total biamass is formed by the four

consplcuous spec1es Ulva sp., Gelidium pristoides, Glgartma radula and

Porphyra capensis.
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These 9 species were monitored for zonation and biamass during
spring low tides every six wéeks for a period of 15 months, fram Sep-
tember 1976 to Decamber 1977. The biamass of each species varies
greatly within the different zmes occupled To allow for this hetero-
geneity the beach was mapped and divided into 11 zones on the basis of
algal speéies daminance (fig.2.6A ). Triplicate samples of algae were
tak!en at six weekly intervals in each zone by scraping 0,25 m2 quadrats
laid down randamly in each zone. = Where distribution was markedly patchy
4 sampies of 0,5 m2 were taken. Due to its extremely clumped distribution
the biamass of Porphyra capensis was derived fram measures of percentage

cover coupled with biamass measures fram areas with 100 % cover.

Samples were subsequently sorted. to species level, and dry
weights obtained by drying at 60° C for a minimm of 48 hours. In all
samples the 9 species under consideration constituted between 80 and
100 % of dry weight. Mean values fram triplicate samples were used
in subsequent calculations. Dried sub-samples were retained in sealed

pottles for calorific analysis.

~ Fram these samples it was possible to monitor both biamass .m-'2
for each zone and total biamass for each species for the entire beach

(calculated fram the areas of zanes where biamass was measured).

Calorific values were cbtained using a Gallenkamp ballistic |
macro-bamb calorimeter, calibrated with thermochemical standard benzoic
acid of known calorific value.  Values for the heavily calcified
species Arthrocardia sp. were cbrrected for endothermy following Paine

(1966) . The carrection factor was derived separately for each month
on the basis of monthly ash content. Ash free weights were obtained
by heating ground samples to 500° C for a period of 5 hours in a muffle

furnace.

cross-correlation analysis

~ Seasonal variations in algal standiﬁg Ccrop may correlate with
seasonal variatians in environmental factors. The most important of
fthese are likely to be tidal height, light and sea temperature. . Sea-.

' "sonal variations in air temperature occur and cover a greater seasanal



range than sea temperatures. However, as Naylor (1976) has pointed
out, the importance of this is reduced in areas where low tides occur
in early morning and late evening, Diwrnal low tides in.this area
occur at 8.00 - 9, 30 a.m. and air tanperatures are therefore presumed
to be of limited significance. Thus sunlight 1ntenSity, sea tempera-
ture and mean height of low tides are li_kely to be the most critical

' variables .

In order to examine correlations between bicmass and these
three environmental factors cross-correlation analyses were performed
between the curves derived for biamass and the concurrent sections of
the curves derived for these factors. The chief advantage of this.
analysis lies in the fact that the two curves may be put out of phase
with one another. 7 This is useful as a refractory period may occur |

between environmental changes and algal response.

Cross—-correlations yield a correlation coefficient by can
~ paring the shapes of two curves. The formula applied for zero lag
is : , '
_ n - -
o > Kmx v -y ;
/')xy _ : L =1 B (Kendall and Stuart,1966)

/( . % v, D

Correlations for lag 1 (when one curve leads the second by an x - axis
interval of onef,'(in this case an: interval of six weeks) or lag 2. (an
interval of 12 weeks) etc. may be derived. This is carried out by

replacing x; with x;é 417 OF X; - etc. X is then calculated for -

L+2
Xipp — ¥, Or X, — X etc. and y is calculated for y, sy -y, or
Yi+2 Y, ete. |

Values of /O range fram -1 (perfect correlation, perfectly out
of phase) to +1 (the two curves are perfectly correlated and perfectly -

in phase).

Generally a correlation value of 0,8 is cansidered a "good"
correlation. In the case of biological data such as these where biamass
may‘be influenced-by all three envirormental factors as well as addi-
tional envir-ohmental or biotic factors correlations well below 0,8 are
to be expected. o
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RESULTS
1. Bicmass

The nine species monitored may be divided int;J dominant and
sub-dominant species on the basis of biomass values and the pattern of
distribution within each zone. The various zones are darﬁ.nated by
Gigartina radula (lower balanoid), Gelidium pristoides/Ulva sp. (mid
balanoid) and Porphyra capensis (upper balanoid). In thelcochlear

zone Arthorcardia sp. shows highest biamass but there is reason to

believe that Pterosiphonia cloiophylla has a daminating effect due to
its taller growth form (see below).

The bulk of total beach biomass is formed by three species
which are permanently present (G. radula, G. pristoides and Ulva sp.)

and by P. capensis which appeared only after the beginning of the
sampling period and subsequently disappeared. Variations in this

community may be divided into seasonal and non-seascnal camponents.
(a) Seasonal variations

Mean bicmass .m'-2 for all species are given in fig. 2.1. The
range of biamass during the year was large in all cases. All species
showed a cyclic pattern of biomass with low levels in winter and (ex-

cept for Centroceras clavulatum)one period of peak biomass per year.

For P. cloiophylla and G. radula only one peak periocd was recorded,
occurring in the middle of the sampling periocd. For the remaining
species however the 15 month sampling period covered two peaks in the
biamass cycle. All of these species showed peak biomass in the same
month for 1976 and 1977. '

Peak biamass occurred in spring (September-Octcber) in the case
~ of Arthrocardia sp. and Chaetangium erinaceum, both species showing mini- -
mm bicmass towards the end of summer. Summer maxima occurred for G.

pristoides (early summer) , Ulva sp. and Glgartma stiridta (mid summer),
P. cloiophylla and G. radula (late summer)ard P. ca@s:Ls (late summer/
autwn) .  The remaining species, Centroceras clavulatum, revealed two
peaks of bicmass, in autum 1977 and again in spring 1977-1978.




135.

*syjuowr T JO potaad e I9A0 suoTienN3onTJ Sseuntq Tebly

s  L.6} M

T°C *h1a

BI1BLIS ‘D

N O S
0.
lN .
o)
O
3
nv Mubu
%)
\.\.m_
g &
~L
i 1 1 1 1 1 1 Q
-G
o)
O
'O*\ w
)
w
W
-Gl Wu\m
ES@OMC_‘_G Q
+02

(BY)) ssewioig

~(B)) ssewolg



(p,3u0D) Tz *b1a

(By}) sseworg

s Ll6} M s 9./6)
- | Se—— | e—
O S NOSV I ITWYWId[AdNDO
Q L 1 1 ' 1 )] A 1 1 1 1 1 1 3 ] O

-G

89

oL m

[&))

w

w

N - L6y =

, S - et (]

‘ sisueded 'd Lo =

A S A SR
— 1 1 _/\\p 1 1 \_. _. _ .., ,h 1 1 ~._‘ ___ O
amst .

o

3

Q)

~ &

rmvw

Q
L09

Binpel "o sepiloisud ‘5

(B)) ssewoig



. 137.

*(p,3U0d) T'z ‘hbra

s L1481 M < 916!
-G
-0l
-G

WNIBNARIO "D

(BM) sseuwlolg

.02



138.

(b) Non-seascnal variations -

In addition to these seasonal patterns of biamass there is evi-
dence of longer term, non-seascnal changes. During the period of sam-

pling new settlements of P. capensis and Ulva sp. occurred.

' - After reaching peak values in March 1977 the percentage cover
and biamass of P. capensis declined dramatically and then stabilized at
low values for the duration of the sampling period. Checks in 1978
revealed that P. capensis declined in bicmass and by February 1979 it
had campletely disappeared from the beach.

- The remaining species revealed considerable differences in maxi- |
mum bicmass between 1976 and 1977. Values were higher during the first
year for Arthrocardia sp., and the dominant species P. cloiophylla, P.

capensis, G. pristoides and G. radula. Higher values occurred during

the second year in the case of Ulva sp. and the sub-daminants C. clavu-

latum, C. erinaceum and G. stiriata. These longer term patterns were

superimposed on yearly periods of high bicmass. Irreqgularity of pericds
of very high biamass was highlighted by G. radula. Despite a massive
bloam in February 1977 G. radula was present at much lower biamass in
February 1978. In February 1979 coverage was only 40 - 45 %, greatly
below the 100 % attained in 1977. Although no measure was taken, bio-

mass .m—2 was cbviously also very much lower.

The five daminant species described all' reached peak biamass
during periods of higher low tides (see fig. 2.3) while the sub-dominants
peaked before or after this period. Different conditions of tidal heights
prevailed in the first and second years and may be related to the dif-

ferent levels of bicmass attained in these two years. (see below) .

2. Physical factors.

Figs. 2.2, 2.3 show seascnal variaticns in sunlight, sea terpe-
| rature and mean low-tide heights (see below) for the yéars 1976-1978. Sun-
light values were obtained for D.F. Malan alrport (appi:oximately 30 km
fran study site) fram the Department of Transport. They are'given as glo—-

bal radiation (ie. direct and reflected radiation) in cal 2 .day_l.
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Sea temperature values were obtaired fram the Maritime Weather Office.
They indicate surface temperature at 0900 hours at Muizenberg (2 km

~ fram study site) and are given as monthly means of daily temperature

readings. Seasonal changes in tidal conditions have been observed by
Lawson (1957) and Mshigeni (1977). These were examined by plotting the
height of the lowest diurnal tide (ie. between 6.00 a.m. and 6.00 p.m.)
for each week. As can be seen in fig. 2.3 low tides tend to be

- higher in sumer and lower in autumn/winter. These data are based on

predicted tide levels (Anon., 1976; 1977, 1978) but the predaminantly
onshore south-east winds of summer and offshoré north-west winds of
winter may be expected to augment these predicted effects. Two further
points arise fram this figure. Firstly, the periodicity of this effect
is less regular than that_of temperature and sunlight (lowest tides occur
in June-July 1976; April-May 1977; and August-September 1978). Secondly,
the low tides for 1976 (covering the first four months of sampling) were
unusually high, no tides below O m béing predicted for this entire year.
A campletely different regime of low tides thus prevailed in 1976 and
1977, presumably due to variations in the interactions of major tide

influencing factors (Shillington, pers. cam., 1979).

Cross~correlations

In order to examine both immediate and delayed correlations

between bianass and abiotic conditions correlations were performed for

lag periods Qfﬁo - 6 each lag period being six weeks (ie. lag pericds

of O - 8,5 months). Biomass is thus ccrrelated with abiotic conditions
which prevailed O - 8,5 manths before collection. The results of these
analyses are given in figs. 2.4a, b and sumnarized in Table 2.1.

(a) Correlation between abiotic factors:

All three factors are Closely»correlated. . Changes in the height

of low tides precede changes in light intensity slightly which in turn
-precede_changes in sea temperature. Thus tide and light changes corre-

late best ‘at lag O as do changes in mean monthly light radiation and
méan monthly sea temperaturé. Because of the slight staggering effect
tidal'changes precede temperature changes and best correlation occurs at
lag 1. Although these changes in abiotic factors are regular,. changes
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TAKIE 2.1 ;

FOR EACH SPECIES EXAMINED

HIGHEST CORRELATIONS BETWEEN BIOMASS AND PHYSICAL FACTORS

(lag periods are shown in brackets and the highest correlation for each

species marked with an asterisk)

Species Tide Light Temp.

1. Positive Arthrocardia sp. *0,2391 (0) 0,1820(0) | =0,0595(5)

correlations Gelidium pristoides *0,7295(0) 0,4525(0) 0,3171(0)
Gigartina radula *0,7309(2)] 0,6766(3) | 0,6859(2)|

Porphyra capensis *0,6660(2)] 0,5240(2) | 0,5556(2)

Gigartina stiriata 0,2019(0)] ©,4189(0) | *0,4502 (0)

Pterdsiphonia 0,4695(5) *0,4996 (3) | 0,4278(2)

cloiophylla

2. Negative Centroceras clavulatum | *-0,5423(6)] -0,4860(5) | -0,4734(4)

correlations | Chaetangium erinaceum | *-0,6077(4)| -0,5673(3) | -0,5422(2)

| vlva sp. -0,6752(5)| *-0,6903 (4) | -0,6837 (3)
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in the height of low tides do not follow a strictly twelve month cycle.
(b) Correlaticn between biamass and abiotic factors.

A refractory period between changes in the physical environment
and the response of algae as manifested by bicmass changes is to be expec-
ted. Consequently bicmass fluctuations frequently correlate best with
changes in abiotic factors after a lag period of several weeks or months.

. Doty (1971b) found that the correlation between algal biamass and abiotic
factors decreased as lég period decreased ie. biamass was more closely
correlated with abiotic conditions prevailing some weeks before collection
than with conditions during the collection period. In the present study
best correlaticns for many species also occurred with a lag period greater
than zero. All three of the factors examined, and presumably other factors,
have some influence on bicmass and correlations with single factors tend

to ke low in same cases. Two main types of relationships are revealed:-

(i) Positive correlations (fig. 2.4a) _
Four of the dominant species showed positive correlations between bio-
mass and abiotic factors. Best correlations with all three factors
occur at O-4,5 months lag. Correlation was highest with tidal height
for Gelidium pristoides, Porphyra capensis and Gigartina radula (Table

2.1). For G. pristoides this occurred at lag O indicating that current
tidal condition is the daminating abiotic factor influencing biamass.
For P. capensis and G. radula bicmass changes follow changes in the
height of low tides after a 3,5 months lag period (ie. lag 2). Bicmass
‘ of Pterosiphonia cloiophylla cor_relates. best with light intensity, with

a 4,5 month lag period. Positive correlation is exemplified in fig. 2.5a
which shows a regression of G. pristoides bicmass against concurrent height
of low tides (ie. tidal height at lag O). Highest correlations for the
two subdcminant species Arthrocardia sp. and G. stiriata are also posi-

tive but are of low values. For Arthrocardia sp. best correlation is

again with tidal height. G. stiriata is the only species for which the
best correlation was with temperature.

(ii) Negative correlations (fig. 2.4b)

This was shown for the two subdominant speéies Centroceras clavulatum

and Chaetangitim erinaceum which are present at quite low biamass

throughout the year, and for Ulva sp. Negative correlation indicates



144,
P. cloiophylla 0s G. nristoides

Tide

6 5 4 3 2 -1 0 6 5 4 3 2 1 9
P. capensis =

Tide

| 5 4
Lag Lag
Fig. 2.4 Results of cross—correlation analyses between algal biamass and

physical factors. Analyses perfommed for lag periods of O-6 x
6 weeks. A @ Species showing positive correlationms. '
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Arthrocardia sp. G stiriata

Fig. 2.4A (Cont'd).
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C. clavulatum . C. erinaceum

Fig. 2.4B : Species showing negative correlations.



- Fig. 2.5 A The relationship between biamass of Gelidium pristoides
and the height of lowest diurnal tides. -

(Positive correlation : r = 0,79).

B The relationship between bicmass‘of M sp. and mean
daily radiation. Bicmass values were plotted against
radiation values fram four sampling periods earlier

- i.e. lag 4.

(Negative'correlation tx = 0,87) ,
Points denoted O indicate lwéred biomass due to
campetition when biamass of G. pristoides was high
(Sept.-Nov: 1976). These points were anitted fram the
regréssion ca.lculation. l
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~that increase in abiotic factors correlates with a decrease in
biomass. Longer lag pericds are involved and absolute correla- -

tion values are, with the exception of Ulva sp., lower.

For C. erinaceum and C. clavulatum height of low tides again appears
to be the dominating factor. Bicmass decreases in response to in-
v Crease in the height of low tides after a lag of 6 and 9 months re-
spectively. Ulva Sp. correlates best with light intensity with a
lag of 6 months. Fig. 2.5B gives an example of negative correla-
tion, showing a regression of Ulva sp. biamass against light inten-
sity at lag 4 (ie. light intensity 6 months prior to each bicmass

collection).

Thus biamass f lﬁctuations may be positively or negatively corre-
lated with the height of low tides, temperature or light intensity. Of
the five dominant species, G. radula, G. kpristoides and P. capensis
correlate most closely with tidal height. Although Ulva sp. and P.

cloiophylla correlate best with light they both also show a high correla-
tion with tide effects. All of these species tend to reach peak bicmass
during periods of higher low tides, as described. All the daminants
except t_J__l_\@ sp. showed positive correlation with abiotic factors. If

the absolute correlation value is considered, ie. the sign is ignored, a
t-test indicates that dominant species show a significantly higher corre-
lation than sub-dominants (P< 0,05), with the exception of P. cloiophylla.
This indicates that biomass of dominant species is influenced to a greater
degree by abioctic factors than bicmass of subdominant species, although
this influence may have a positive or a negative effect on biomass. Cor-
rélation values suggest that the most important of these factors is the
height of low tides. None of the subdaminant species shows a campletely
positive. correlation with the three factors considered. Bicmass of sub-
dominants is generally negatively correlated with abiotic factors althoug_h
best correlation was positive for two specieé. However the lower corre- ”
' lation values indicate that other factors are important in determining

biamass values.
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Zonation

Vertical distribution and biomass in each zone are given for

each species for the duration of the sampling period in figs. 2.6 A-G.

Three forms of change in zonational patterns were observed during 15

"months of sampling.

\

(a)

(b)

Extension of range. -

This was the most common form, occurring in all the mid-tidal

species and, during brief pericds, in P. cloiophylla (fig. 2.6B).
It entailed an up or downshore extension fram the main population
area into adjacent éones where the particular species in question

did not previously occur. Summer extensions of range lasting

' 4-5 months were observed for C. erinaceum, G. stiriata and G.

radula while longer term surmer extensions of 6-7 months occurred

in G. pristoides and Ulva sp. (figs. 2.6A-F). A brief seasonal

upward extension lasting 1-2 months during each spring occurred

in P. cloiophylla,

G. radula and C. clavulatum (figs. 2.6F, G) were the only species

- which showed a downshore extension of range. G. radula extended

both up and downshore during late spring and summer, receding during
winter and extending again the following spring. C. clavulatum
was the only species which extended its range during winter/spring.

- During June and September its range extended both up and downshore

and receded again for the rest of the year.

Zonation changes _ .
These entailed a vertical shift of the zone of distribution of a spe-
cies. They occurred 'only in the mid-tidal subdominant species C. -

erinaceum and G. stiriata. C. erinaceum (fig. 2.6C) was found conly

in zone 7 in spring ard early summer (September-November 1976). From

mid-summer through winter however it was found only farther upshore

- in zones 8 arnd 9 moving dbwnshore again the following spring (Sep-

tember 1,977) . This results in an upshore shift ‘of distributicn
from late sumer through the winter. G. stiriata (fig. 2.6A) occur-
red exclusively in zone 7 during mid-summer (December- February) but
from autum to spring (March-September) it was found only farther
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G. stiriata

uf\\_
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Fig. 2.6
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' Height above MLWS {cm)

Zonation of algal biamass at Dalebrook over a period of 15

months.
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_erinaceum
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Fig. 2.6

{(cont'd)




157.

G .
P. capensis -~ C. clavulatum
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Fig. 2.6 (cont'd)‘
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downshore in zone 5. Thus distributional range was higher upshore

during the summer, an effect similar to the summer upshore extensions
of other species.

(c) Changes in the zone of maximm bicmass.
' These were in same cases very marked and occurred when a species
. occupied a number of zones, usually adjacent to each other. It was-
fourd that the area of maximm density for particular species shif-
ted to different zones at different times of the year. P. cloiophylla
“was the only species for which the area of maximum density shifted
upshore during spring or sumer. Downshore shifts during spring/
sumer occurred for G. radula, Ulva sp. and G. pristoides. . In the
case of Arthrocardia sp. (fig. 2.6B) although maximum density was

fourd at zone 2 throughout the year similar levels of density occur-

red in zone 4 during winter (June, July).

In addition to these seasonal zonational changes long-term non-—
seasonal changes were observed for P. capensis and Ulva sp. as described.
P. capensis first appeared in zone 9 in October 1976 and in zone 11 in
November 1976 (fig. 2.6G). A new settlement of Ulva sp. higher up the

shore than the existing population occurred in zone 10 in May 1977 (fig.
2.6D).

5. Ash content

Percentage ash content varied considerably during the course of
sampling (fic_j. 2.7). BAsh content was lowest during auturn or winter for
almost all species. Thié is in contrast to the findings of Wort (1955)
but agrees with those of Black (1950), MacPherson and Young (1952) and
Himmelman and Carefoot (1975). Two main patterns are evident.

@) Values maximal in spring (October) and decline gradually through

summer to a minimum in winter. This pattern was found for G.

-pristoides, P. capensis, Ulva sp. and C. erinaceum. In the case
of Arthrocardia sp. the pattern was modified in that minimm values

occurred in early autum and ash content rose again through late
autumn and winter, to peak in spring. '
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(b.) Peak values occur slightly later, in sumer. Ash content then de-
clines through autum, again to minimal values in winter. This
was found for P. cloiophylla (with peak values in early autum) and

for G. radula. G. stiriata shows a similar but less clear pattern.

The absence of a clear pattern for C. clavulatum is probably
due to the difficulty in obtaining a perfectly sand free sample for this
filamentous species.  If the very high value for June is discounted as
being due to this,then ash content again seems to peak in October/
December.

6. Calorific values

The calorific values derived are very similar to those obtained
by Beckley (1977) in June for some of the same species on St. Croix Is-
land near Port Elizabeth.

Ash free calorific values are given in fig. 2.8 and were found
to fluctuate considerably during the year. For most species a seascnal

pattern is apparent.

Arthrocardia sp.: maximum values in mid-summer, declining through autum

and winter to minimum values in early spring and in-

Creasing again at the start of the next summer.

Pterosiphonia cloiophylla: values increase fram a minimum in early summer

to maximum values at the end of summer/autumn. A brief
decline in early winter is followed by a winter/spring
increase. Values then decrease to a minimum again in

early summer.

Centroceras clavulatum: minimum values occur in late summer/autum and in-

Crease to maximum values in spring, declining again to~
wards early sumer. The high value for June is due to
the probably erroneously high ash content for that month
(see above). '

Chaetangium erinaceum: an irreqular fluctuation is apparent for this species
’ ‘but values appear to be maximal in mid-summer (December)
during both years.
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DISCUSSION

Biamass changes

- The results of the present study confirm those of Isaac (1937)
in that seasonal changes did not result in any algal zone disappearing,
nor were any of the dcmihant species of any zone replaced by other
Species during part of the year. Although the general character of
the vegetation remains cbnstant throughout the year the beach as a whole
is however daminated, in terms of bicmass, by different species at dif-
ferent times (fig. 2.1).

Isaac (1937) recognised more luxuriant growth at different sea-.
sons and during this study marked changes in standing crop were exhibi-
ted by all species. Most species attained maximm bicmass in spring or
summer as has been found by previous workers (eg. Lawson, 1957; Under-

wood, 1973; Dawes, Mathieson and Cheney, 1974; Mathieson et al, 1976;
| Mshigeni, 1977; Brinkhuis, 1977a; Druehl and Hsiao, 1977 and Santelices,
1977‘) . Although the levels of biomass were considerably different in
1976 and 1977 in almost all cases, most species showed regular peaks of

bicmass in the same month each year.

The case of Porphyra capensis is interesting as it attained

maximum biomass in early autumn and then declined while previous workers
found that it flourishes best during spring or winter (Bokenham and 7
Stephenson, 1938; Isaac, 1938). Beckley (1977) found that plants of '

- P. capensis which settled in June (winter) reached maximm size six
months later. The settlement observed at Dalebrook in October reached
maximum bicmass six months later in March. Growth patterns of this
“species and the time of aettletrerxt may thus account for an autumn peak
of standing crop. Disappearance of the Porphyra zone however was a "
. long term effect rather than a seasonal one and occurred only after ap-
proximately two years from the time of initial settlement (p. 138).

In order to understand seasonal Varlatlons in biomass we must
'examlne the biotic and abiotic factors which may be expected to have an
important influence..
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- Biotic factors

Two forms of biotic interactions are 1mportant in 1nfluenc1ng

algal standing crop; grazing and campetition.

1.

Gra21ng

- Work by Dayton (l975) suggests that interactions of predators and

herbivores generally result in a balance such that grazing is not

-80 intensive as to result ih the exclusion of algal species. Menge

ana Sutherland (1976) also suggest: that carnivore/herbivore inter-
actions may emphasize the apparent importance of campetition in
primary producer associations. It has however been found by
numerous workers that'the effects of grazing can be severe and

that algal biamass can increase dramatically in the absence of
herbivores. Reduction to, or maintenance of, low levels of macro-
phytic algal biamass due to grazing has been demonstrated in the
case of fish (Randall, 1963; John and Pople, 1973), limpets (South—
ward, 1969; Branch, 1971; Dayton, 1971), littorinids (Castenholz,

. 1961) and urchins (Dayton, 1975). Grazing may also affect the

richness and diversity of algal associations. Lubchenco (1978)
has shown that moderately heavy grazing of daminant algal species
in pools can lead to an increase in richness by decreasing the
effects of campetition on sub-daminant species. She also found
however that severe grazing in pools or even moderate grazing on
the open beach leads to a decrease in both richness and diversity

of algal caomunities.

Severe grazing‘bf algae at Dalebrook appeafs.to be limited to a few

herbivores. The urchin Parechinus angulosus, although present in

quite large numbers is primarily a debris feeder and although it
may eliminate sporelings it is restricted to pools and gulleys.
Similarly there is no evidence of large scale intertidal feeding

‘vby fish. ' Limpet grazing however has marked effects where limpet

denSity is high. v Although Patella cochlear feeds primarily on
Lithothamnion spp. (Branch, 1974) grazing of spores leads to drama-

“tically lowered biamass of algae and total spec1esvr1chness in the

cochlear zone (see chapter 2). At Dalebrook a decline of algal
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biamass is obvious in the lower cochlear but in the upper cochlear
limpet density decreases considerably and algae became more abundant.

The fronds of Ulva sp. sametimes show signs of grazing which is pro-
bably due to the abundant herbivorous amphipod Hyale diastema, the
other common species, Paramoera capensis being a scavenger (Griffiths,
pers. cam. 1977). As H. diastema is most abundant among clumps of

Ulva sp. and Gelidium pristoides it is likely that it grazes primarily .
on these two species. ‘

Large populations of the turban shells Oxystele sinensis and O. tigrina

occur at Dalebrookv and probably represent the most important macrophytic
herbivo;ces besides P. cochlear. There is evidence of heavy grazing
of G. radula in particmilar which may be attributable to 0. sinensis
(Fielding, pers. com., 1979). It must be emphasized however that algae
with a sheet-like morphology tend to show high rates of photosynthesis
(Littler and Murray,1974; Brinkhuis, 1977b) ard growth of G. radula
\/ can be very rapid (up to 4,I increase per month per gramme dry weicht
‘ P,) measured by Fielding (pers. cam. 1979)). Biomass becomes so exti‘emely
—_ “high that, although grazing may lower actual monthly biamass, it is
unlikely to influence the .seasonal pattern of standing crop.

Although no attempt was made in the ‘present study to differentiate be—
tween increase in bicmass due to growth and due to new settlement it
was obvious that both effects were important. It is possible therefore
that grazing of algal spores by Oxystele spp. and limpets may impede
seasonal increases in biomass (c.f. Jones, 1948, cited by Connell,
1972;,Cast‘enholz,. 1961; Haven, 1973; Dayton, 1971). As Dayton‘ (1975)
has observed however it seems likely that rapid algal growth (eg. G.
radula) swamps herbivore predation and young plants quickly grow to the
size beyond which they do not suffer mortality at normal herbivore
densities. Despite grazing by 'ngstele spp., G. radula becames very
ab;indant during summer when it attains up to 100 % cover. Density at
these times 1s so high that grazing probably has a negligible effect
von biomass. - The influence of grazing is probably greatest when stan-
ding crop or growth are declining or already low. ' |
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In the upper/middle balanoid (zone 9 on figure 2.6) algal bicmass

is always low. This is probably due to increasiriQ physical stress
higher up the shore but the effects of this are undoubtedly augmen-—
ted by intensive grazing of sporlings by Oxystele variegata which is
particularly abundant in this zone (see Chap. 7). For example

Branch found that removal of herbivores allowed algae to appear in

zones which they had not previously occupied, (unpublished data).

Two effects of grazing at Dalebrook are thus evident:

1) High limpet densities lead to low algal biamass throughout the
year in the lower cochlear zone. In the upper cochlear limpet
density decreases ard rapid algal growth during summer over-
rides the effects of grazing. In zones which are marginally
suitable for algae, grazing by Oxystele variegata helps to

maintain low algal bicmass.

2) In the remaining zones grazing pressure (mainly due to Oxystele
spp. and Hyale diastema )decreases monthly values of algal bic-

mass but is insufficient to influence seasonal patterns of bio-

mass or cause the elimination of major species.
Campetition.

During summer both bicmass and percehtage cover of algae become
extremely high and interspecific competition becomes important.
Competition is likely to involve three main resources: primary

space (Southward, 1956; Dayton, 1971, 1975), light (John, 1969;

" Kain, 1969) and nutrients (c.f. Fitzgerald, 1969; Russell and Fiel=*

ding, 1974: Chapman and Craigie, 1977). Inshore water at Dalebrook
exhibits fairly high phosphate concentration but nitrate levels are

low (Cliff, pers. com., 1979). Little seasonal variation is found

in either nutrient and this may lead to increased campetition when

- biomass is high. However, Dayton (1975) has suggested that con-

stant water exchange in the intertidal zone prevents mineral deple-
tion so that competition for nutrients is minimised. This is

 supported by the findings of Druehl and Hsiao (1977)' and it seems

likely that light and space are the most important factors in com-
petition effects at Dalebrook. ‘
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In the lower cochlear zone pea.k bicmass of Pter051phon1a

- cloiophylla coincides with minimum biomass of Arthrocardla sp.
(fig. 2.1). This may be attributable to Competltlon for light
as the taller P. cloiophylla tends to shade out Arthrocardia sp.
when it becames dense. In the lower balanoid the canopy species
- Gigartina radula is campletely dominant probably because of both
| its large size and the extremely rapid growth it exhibits (see -
p.165). Although free space does exist between the holdfasts
of G. radula the prostrate fronds campletely cover the substrate
at low tide and during submersion a whiplash effect of the fronds
is likely (c.f. Dayton, 1975). The understorey species C.
clavulatum and G. stiriata are both restricted primarily to the
 lower balanoid and reach peak biocmass out of phase with G. radula.
This too may be attributable to a light excluding effect by the:
larger species although different growth patterns may also be

involved.

G. pristoides and Ulva sp. are both abundant in the mid balanoid
zone. Their density suggests possibly considerable campetition

- for both space and light. Ulva sp. however is a rapidly growing,
opportunist species (Bokenham and Stephenson, 1938) and terds to
appear wherever free space becames available. For example areas
in the cochlear zone at Seapoint and the subtidal Plocamium fringe
at Froggy Pond B were cleared during field-work for part I of this
thesis and were subsequently colonized by Ulva sp. G. Eristoideé
seems to dominate the middle balanoid while Ulva sp. exploits sea-
sonal and long;term declines in Gelidium biomass. Biomass of
Ulva peaks only after G. pristoides begins to decline (see fig.2.l).
Likewise blomass of G. pristoides was high in 1976 and low in 1977,
allowing Ulva sp. to attain higher biomass in 1977.

Porphyra capensis is the only macrophyte species present in the

upper balanoid zone and ‘never'occupied more than 30-40 % of the
space' available. Competition obv1ously has no influence on the
biamass of this spec1es.
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Competition far light and space thus appear to be greatest in the

lower zones of the beach, where species richness is greater, and

to have a larger effect on sub-dominant species. Correlation of

bicmass with abiotic factors was significantly lower for the sub-

dominant species (P< 0,05). It seems however that fluctuations

of subdominant biomass may be explained in terms of overwhelming
. competition by the dominant species in the various zones.

Thus bicmass of four of the five dominant species was high in 1976
while the opportunist Ulva sp. and all four subdominants exhibited
higher biomass in 1977.

Dominance in each zone is clearly attributable to one or two species.
'Furthenrore, campetition between dominant species in the same zone
*is reduced by differences in life history which result in peak bio-
mass occurring in different months (eg. G. pristoides and Ulva sp.).
Grazing in the cochlear and upper-middle balanoid zones prevents
spores living long enough to escape mortality by their size. In
~ the remaining zones however grazing effects are overridden by rapid
growth and high biomass of algae and cannot explain fluctuations
in the biomass of dominant algal species. 1In order to explain these-

fluctuations we must consider the influence of abiotic factors.

Abiotic factors

Dominant species all show good correlations with abiotic factors and

- tidal height appears to be the nost important of these. Although bio-

mass fluctuations may be explicable in terms of changes in the tidal re-
gime, light intensity in particular also has an important influence (eg.
the high co_rrelatioh of biomass of Ulva sp. and P. cloiophylla with sea-
sonal light intensity) . " Yearly differences in overall bicmass levels

may be due, in part at least, to differences in tidal conditions as de-

~scribed.  Although periods of particularly high biomass of dominant

species appear' to be related to the tidal patterns the regularity of

" this correlation may only be confirmed by a longer term nonitoring pro-
‘gramme. . Other irreqular factors such as offshore current conditions,
_which can affect settlement, are probably also important. '
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In order to understand the influence of these three abiotic

factors on biamass and possible reasons for the overriding influence of

tidal height in particular, we must examine their direct effects in more
detail. Productivity of algae is, of course related to factors affec-
ting photosynthesis. As suggested above \p 133) the influence of air
teniperature is minimised as low tides occur in the eérly morning and

| the most important factors are light intensity, sea temperature and the
degree of ‘desiccation. Thus seasonal fluctuations in algal bicmass
have been correlated with light and temperature (Conover, 1964; Earle,.
1969; Croley and Dawes, 1970; Mathieson et al, 1976) and with seasonal
tidal effects (Lawson, 1957 ; Umamaheswararao and Sreeramulu, 1964;
Mshigeni, 1977).

1‘

Tidal conditions.

Table 2.1 reveals that the height of low tides was the most impor-
tant abiotic factor affecting biomass for six out of nine species,
including t_hree of the daminants (c.f. Lawson, 1957). This is in
indirect agreement with the findings of Schanbeck and Norton (1978).
The Fucoid algae they examined were limited at the top of the shoi‘e
by the degree of exposure to air which, when coinciding with drying
conditions, lead to damage of the tissues. In the Cape tides are
semi~-diurnal and spring low tides occur between 0800 hrs. and 09.30
hrs. throughout the year so that the frequency of mid-day extreme
low tides does not change seasonally (‘c.f . Mshigeni, 1977). However,
the range of height for low tides varies fram year to year and there
was a pronounced seascnal pattern of higher low tides in summer than

in winter during each year of the study period (fig. 2.3).. .These

variations in the height of low tides corresponded particularly well

to seasonal and yearly fluctvations of dominant species bicmass (p.
149). During 1979 however tides were much higher during the win-
ter manths. Although sampling had been discontinued it was obvious
that winterbiahass of _(_;_ radula was higher than in the winters of

previbus years while there was no late summer "bloam" of G. radula.

Although sunlight and air temperattire follow a _regular cycle, tidal

changes are less consistent. It is apparently the interplay between

“these cyéles which influences algal standing crop. The occurrence
of higher low tides in sumer produces ideal physical conditions
‘leading to very high productivity, as during 1976. When such tidal
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conditions prevail in winter however, biamass values are interme-
diate, being high for winter conditions but well below those de-
scribed above. ' '

The seasonal occurrence of higher low tides has twb important .
effects which may influence productivity: zones are sulmerged for
longer periods during each tidal cycle and zones above MHWN which
are not submerged during every high tide are wetted more frequently
each month. These effects are particularly marked in the lower -
zones. If the three daminant species which correlate best with
tidal height are considered, correlation with bicmass is found to
decrease for the species higher upshore. Thus correlation is best
for G. radula (lower balanoid), declines for G. Eristoides (mid-
balanoid) and is lowest for the upper balanoid species P. capensis
(Table 2.1). | -

Both prolonged submergence and more frequent wetting of higher zones -
may cause an upward extension of vertical range (see below) and may
influence photosynthetic rates and thus bicmass within zones already
occupied. G. radula and several other intertidal algae .at Dale-

brook have been found to exhibit higher photosynthetié rates during
subtmersion at 1-m depth than at the surface (Fielding, unpublished
data). This is presumably related to light intensities at various
depths. The occurrence of higher low tides may thus have a direct
effect on photosynthesis by increasihg the depth of submersion.

Prolonged suhmergence may also influence photosynthesis by amelio-

. rating the high desiccation rates of sumer which are particularly
great locally due to frequent S.E. winds. . Brown and Johnson (1964)

- arnd Brinkhuis (1977b) fournd photosynthetic rates of intertidal algae
to be very similar when in air and when submergéd, It has however
been found that at least same mid and upper shore species attain
maximam photosynthesis after a period of desiccation (Mathieson and
Burns, 1971). This may be extremely important as low natural rates
of desiccstion may result in same species fixing the bulk of their ,
carbon requirements in air (Johnson et al, 1974). ' A relationship has,
however, been demonstrated between the abiiity to resume photosyn-
thesis after desiccation and vertical zonation (Schonbeck and Norton,
1978). Low shore intertidal species suffer reduced photosYnthésis
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when desiccated and photosynthesis of even upper shore species de-
clines rapidly beyond the optimum degree of desiccation (Johnson
et al,Al974). Longer periods of sukmergence may therefore reduce

desiccation of low shore species such as Gigartina radula and cause

‘the degree of desiccation of upper shore species such as Porphyra
- capensis to remain below critical levels for more prolonged pericds.
Both of these effects would result in higher photosynthetic rates
during pericds of higher low tides and thus close correlations be-
tween biamass and tidal height (Table 2.1).

Extended periods of submersion may also have a negative effect on
bicamass if they exceed the tolerance of a species. If intertidal
algae do not experiencé a reqular period of drying of suitable dura-
tion weight loss and death may occur (Biebl, 1962; Ogata and Schramm,
1971). Negative correlation of the biamass of C. erinaceum and C.
clavulatum with tidal height (Table 2.1) may thus be due to excessive
submergence, leading to reduced gas exchange and anoxia (Mntangi and
Farrar, 1978). This effect may also account for én upshore shift

in zonation of G. stiriata during summer (see fig. 2.6A and below).

Light

Light intensity may be expected to directly influence photosynthetic
rates and thus productivity. However biamass of only two species
was correlated best with light intensity (Table 2.1). Algae are par-
ticularly sensitive to light (Levyns, 1924) as indicated by the nega-
tive correlation between bicmass of Ulva sp. and seasonal light in-
tensities (Table 2.1). This is particularly interesting as it sup-
‘ports the findings of Branch (unpublished data) that artificial sha-
ding allows the opportunistic Ulva sp. to grow in zones where it does
not normally occur.

The absence of negative correlations with light for other species
however suggests-that intensities are above critical levels only for
Ulva sp. Low correlations with light for other species (Table 2.1)
point to a surpfisingly weak influence on productivity. This is ex-
plicable by a temperature based séasonal adaptation to low winter
“light intensities so that saturation and optimum light intensities
“decrease during autum and winter (Mathieson and Burns, 1971; Brink-
huis, 1977a, b). This results in higher rates of photosynthesis in
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winter than would be possi_ble without such compensation. Hence
correlations between seasonal light and biocmass fluctuations are
reduced and masked by the response of photosynthesis to other
factors (c.f. Table 2.1). Biocmass/light correlations may also be
reduced by dark fixation of carbon as has been reported for phyto-
plankton (Morris et al, 1971; Taguchi and Platt, 1976).

y Nevertheless photosynthesis does tend to be more rapid when the
| photosynthetic potential is higher in spring and summer (Himmel-
man and Carefoot, 1975; King and Schramm, 1976; Brinkhuis, 1977a).
This pattern corresponds to seasonal growth patterns and for Ptero-
siphonia cloiophylla overrides the influence of other abiotic fac-
tors (Table 2.1).

3. Temperature ‘ _

G. stiriata was the only species for which variations in bicmass
correlated best with seasonal sea temperatures (Table 2.1). Al-
though a synergistic temperature effect éausing winter photosynthe-
tic rates at low temperatures to attain similar levels to summer
rates at higher temperatures has been suggested (Brinkhuis, 1977a),
it seems that light effects are more important (Brinkhuis, 1977b).
Seasonal increases in sea temperature in the Cape are synchronous
with light intensity increases (fig. 2.2) and may increase the abi-
lity of algae to utilize the greater amount of light available in
summer rather than having a direct effect on photosynthetic rates.

To smmérize, biomass of dominant species ‘appears to be controlled

to a large degree by abiotic factors, particularly tidal conditions.
Bicmass of subdominant species varies J'.n"response to the campetitive
effect of the more abundant and generally larger daminant species.
Consequently there is little correlation between subdominant bicmass
and abiotic factors. The correlations which were obtained indicate
that seasonal increases in the height of low tides correlate with

an increase J.n dominant species biomass and a degrease in subdaminant

species biomass.

Zonation changes

Almost all increases in bicmass were accompanied by modifications
to distribution (figs. 2.6A-G). In most cases this entailed an extension
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of range into adjacent zones. The causes of intertidal algal zonation
have been attributed to a number of factors. It is however currently
accepte.d- that lower zonation limits are determined by. complex biological
interactions, including campetition, predation etc. while upper limits
are determined by the ability of species to withstand increasing physio-
logical stresses higher up the shore (see Connell, 1972 and Chapman, 1973
for reviews). In the present work extensions of vertical range were
fourd to .generally occur in an upshore direction in accordance with the
findings of Lawson (1957) and Mshigeni (1977). This may be due to an
| amelioration of increasing sumer desiccation effects by a higher tidal
regime. Downshore extensions were exhibited only by two species.
Gigartina radula in summer extended both up and down the shore, despite
presumed predation by Oxystele spp. (fig. 2.6F). It may be assumed
that this lafge fronded- species can successfully outcampete the smaller
downshore species for light and, with the vigorous growth exhibited,
probably for space as well. A winter reduction in the mumber and size

of fronds allows these smaller species, along with the oppbrtunist Ulva
sp.', to regain dominance during the rest of the year. The second species
to exhibit a downshore extension was Centroceras 'clavulatﬁm (fig. 2.6G).
Reduced summer biomass of this species may be attributed to the smothering
effect of G. radula which occupies the same zones. During winter the

extensive reduction of biamass for all other species allows a temporary
downshore extension of C. clavulatum when its biomass is relatively high
(fig. 2.1). Extensions of this and the other two subdominant species

C. erinaceum and G. stiriata, which are also present at generally ldw
biomass probably indicate an opportunistic exploitation of space left by
‘seasonal recession of the dominant species. Thus seasonal changes in ver-
tiéal range may also be explained in terms of the response of daminant
spécies .to abiotic factors and of subdominant species to varying carpe-

titive pressure from the dominant species.

A summer upshore shift in the range of G. ‘'stiriata in response to
raised tidal lévels agrees with the 'findings of Mshigeni (1977) for Hypnea
musciformis in Hawaii and Knight and Parke (1931, cited by Lawson, 1957)
for algae in the Isle of Man. This is augmented by increased competition
by G. radula in the lower balanoid. As biomass of G. radula becomes high
G. stiriata disappears from the lower balanoid (figs. 2.€A, F).

For five species extensions of range were accampanied or preceded
by a downshore shift of the region of maximum density a month or
so before the range extended upwards (p.158). This is likely to
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Schematic representation of algal cammunity structure at Dalebrook.

e

11 10 -9 -8

1. Subtidal, grazing high, algal diversity high but biamass low.

2.

Lower cochlear fringe, algal diversity low, blcmass of Arthrocardia and
Pter051phon1a moderately high.

Lower cochlear, limpet density very high,grazing intense. Algal bicmass
and diversity extremely low.

Middle cochlear, limpet density low. High algal bicmass. Gelidium and
Ulva dominate and canpete.

Upper cochlear, limpet density intermediate. Algal biamass low except in
summer when rapid growth and settlement of Gigartina radula outstrip
grazing.

Lower balanoid, physical conditions optimal. Grazing intermediate
(Oxystele), growth rates high, biamass of algae very high, daminated by
G. radula. Zonation and biamass regulated by response of daminants to
seasonal changes in abiotic factors and of subdaminants to campetition.

Middle-balancoid, algal bidamass high, dominated by Gelidium and Ulva.

Abiotic conditions and canpetition important.

Upper-middle balanoid, conditions harsh, growth rates low. vGrazing by
-Oxystele leads to low algal bicmass.

9.and 11. Upper balanoid and lower Littorina zones, conditions very harsh.

lO.

Generally only Porphyra is present and may attain high bicmass.

Temporary exploitation of unoccupied space by the tough;, rapidly growing
opportunist Ulva which is outcampeted by Gelidium lower down.
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be related to an increase in photosynthesis with depth, described above.
As low tides became higher the depth and duration of sulmersion increase
most rapidly in the lower zanes, optimising conditions for photosynthesis.
In‘succeeding months low tides continue to became higher and this optimi-

sation of conditions extends upshore beyond the normal limits of range.

The structure and dynamics of the algal cammunity at Dalebrook
are controlled by both abiotic and biotic factors leading to seasonal
and long term fluctuations in species bicmass. Abiotic/biotic factors
assume different degrees of importance in the different zones. These

effects are summarized schematically on page 174.

Calorific value

Considerable fluctuations in the calorific value of the algae
examined occurred during the year. Although a pattern was not clear for

~ some species, values were generally maximal in sumner/autumn and minimal

in spring/winter. Contradictory evidence exists in the literature con-

cerning the seasanality of algal calorific values. Golley (1961) has re-

viewed the literature on the calorific content of ecological materials and

found that there were sighifiéant differences in values obtained for

terrestrial plants collected in different seasons. Paine and Vadas (1969),

however, found that seascnality made no difference to calorific content in

a wide range of algae although they did find phylogenetic trends. Mann (1972)

found seasonal variations of'up to 50 % in the percentage dry weight of kelps.

Calorific values of dry material varied by about 10 % and on the basis of

these findings marked seasonal in the calorific value of fresh material

were predicted. Subsequently Himmelman and Carefoot (1975) found distinct

annual cycles in both dry weight and calorific value of three intertidal

- species in Vancouver and seasonal changes in the calorific value of Fucaceae

- were found by Bretan-Provencher and Cardinal (1976).

Seascnal changes in the chemical ccm9051tlon of algae are well
-documented and alterations in the ratio of proteins to more energy
rich carbohydrates and fats may be expected to affect calorific values.
Algae generally utilize various éarbohydrates as storage campounds.

The characteristic storage products of Rhodophytes (8 of the 9'species
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monitored) are floridian starch, and amylopectin (Dixon, 1973) while
' Ulva spp. use both amylopectins and amylose (Craigie; 1974). Most
work on chemical changes in sub and intertidal algae has been carried
‘out on the brown algae which are so praminent in the Northern hemi-
sphere. The Phaéophyta génerally use mannitol and the polysaocharide
laminarin as storage campounds but seascnal changes in the abundance
of ‘these campounds implies similar changes in the storage products

of red and green algae.

During periods of rapid growth storage carboﬁydratés tend to
be rapidly utilised resulting in minimum values during spring and early
sumer, maximum values occurring in late summer or autum as growth
rates decrease (Black, 1948, 1949, 1950; MacPherson and Young, 1952;
Medcalf et al, 1975). Laminaria longicruris exhibits maximum growth

rates during winter but it too experiences maximum carbohydrate con-

tent as growth rates decrease (Chapman and Craigie, 1977, 1978).

The role of lipids as réserve substances in algae is doubtful
and their importance probably lies in the formation of biological mem-
branes (Wood, 1974). There are however same data on seasonal fluctua—
tions in lipids. Although Collyer and Fogg (1955) found up to 40 %
of dry mass of Prophyridium cruentum was formed by fats, lipid content..
is generally low (1-6 %, Dawes et al, 1974., Munda, 1962) and appears

to vary in a similar manner to carbohydrates. Minimum values occur at

the beginning of the growth period and maximum values towards the end
of growth in late sumer (Wort, 1955; Munda, 1962; Idler and Wiseman,
1970; Zavodnik, 1973a, b). : '

Canversely protein values tend to be max:mal during rapid growth
and decline towards the end of summer (Black, 1948, 1949, l950;> Munda, 1962,
Zavodnik, 1973a, b). Consequently the protein/carbohydrate ratio changes’
seaSonally reaéhin‘g a maximum in the spring/early summer periods of rapid
” growth and déclining with growth rates during sumer to minimum values

in autum (Dawes et al, 1974; Dawes, .1977).

Apart fram the effect of growth period the reproductive cycle
also influences calorific values, though the implications of this are
not perfectly understood as yet. Dawes et al (1974) and Dawes (1977)
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found that carbohydrate values decreased during the early reproductive
period. Although this is unexplained it seems likely that this may
be due to the utilisation of carbchydrates in the formation of repro-
ductive structures. Himmelman and Carefoot (1975) found higher calo-
rific values during sporulation. This was thought to be due in part
to the presence of energy rich spores.

Calorific values may be expected to be higher when the protein/
carbohydrate ratio is lowest. During this study it was found that

values did genefally reach a maximum between mid sumer and autumn.
Although no analyses of chemical camposition were undertaken this
corresponds to peribds of predicted low values of the protéin:carbohydrate/
lipid ratio. The suggesticn of an inverse relationship between growth
rate and calorific value is supported by correlation between bidmass and
calorific content. Although correlation was best at lag O for two

species the remaining species showed best correlation at lag 2 or 3

(5 species) or a negative correlation at lag 2 (2 species). This indi-
cates accurmlation of carbohydrates and fats in the post rapid growth
period (correlation at lag 2/3) and utilization of these storage pro-

ducts as growth increases (negative correlation at lag 2).

Calorific value of algae is, of course, of prime importance to
macrophyte herbivores. Dayton (1975) observed that densities of herbi-
vores were generally well below the apparent carrying capacity of algal
standing crop. The possibility of sametimes extreme changes in the
energetic quality of algae however indicates that carrying capacity may
- vary in more subtle ways than a simple change of standing crop. Further-
more it has been found that same herbivores select algae of intermediate
energetic value as food (Paine and Vadas, 1969). Again, although this
is not felt to be important in the present situation it is possible that
seasanal changes in calorific content of algae may influence he:bivore/
algal relationships.
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SUMMARY

l.

Approximately 85 % of intertidal biamass at Dalebrook was
found to be formed by 9 species including 5 dominant species:
(Gelidium pristoides, Gigartina radula, Porphyra capensis,
Pterosiphonia cloiophylla and Ulva sp.) and 4 sub-daminant
species (Arthrocardia sp., Centroceras clavulatum, Chaetangium
erinaceum and Gigartina stiriata).

No seasonal changes in species daminance were observed and no
Iriajor algal zones were found to disappear seascnally. However,
a. transient Pbrphyfa capensis zone appeared high on the shore
in October 1976 .and disappeared only after two years.

Large bicmass changes were found to occur on both a seascnal

- and long-term basis for all species. Maximum biamass generally

occurred in sumer and was accampanied by extensions of vertical
range. Biamass of all daminants except Ulva sp. was highest |
in 1976. Grazing effects are thought to be important mainly
in specific regions of the beach and campetition between domi-
nants is reduced by peak biamass occurring out of phase where

two daninant species share a zone.

‘Variations in biamass and vertical range of daminant species

show good correlations with abiotic factors, especially the
height of low tides. All dominant species reach peak bicmass

- during periods when low tides are high. This may be related

to increased photosynthesis with depth during submersion.

The biamass of subdaminant species are out of phase with domi-

nant species biamnass and are probably cdntrdlled largely by

campetition effects. Zonatiaonal changes of subdaminants may
also be explained by campetition.

Ash content of all species varies seasonally and’is generally
minimal in winter. Ash-free calorific values also vary on a
seasonal basis, reaching a maximum in late sumer/autum. This

coincides with periods of predicted low values of the pr_otein:
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carbohydrate/fat ratio caused by rapid growth. Thus
calorific value was found to became maximal in the post
rapid growth period, as biamass declined, or to exhibit

an inverse relationship with biamass..
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CHAPTER 6 : POPULATION DYNAMICS AND SIZE DEPENDENT ZONATION
OF LITTORINA AFRICANA KNYSNAENSIS PHIL. (GASTRO-
PODA : PROSOBRANCHIA).

INTRCDUCTION

The periwinkle Littorina africana krnysnaensis occurs around
the coast of South Africa fram Zululand to Luderitz (Day, 1979). The

high resistance to desiccation of L. a. knysnaensis is well known
(Broekhuysén, 194]1; Brown, l960)>and it is abundant even above EHWS

on exposed rocky shores, daminating the beaéh above HWN and character-
ising the Littorina zone. ' L. a. knysnaensis is important in energy
flow in the intertidal camwmnity because of this zonational dominance.
At present there are no data available on the population dynamics of
this species and these.are essential for an understanding of coammunity
energetics on the upper shore. Consequently seasonal and long-term
changes in the population size and age structure were examined at Dale-
brook, along with growth rates, to elucidate the nature of populaticon

changes.

' Populations of L. a. knysnaensis show a vertical size gradient
on the shore as has been found for other species of littorinids (eg.
Chow, 1975; Heller, 1976; Raffaelli and Hughes, 1978). The subject of
size gradients has been reviewed by Vermeij (1972) but the gradient
exhibited by L. a. knysnaensis is the reverse of his model for upper
shore species as mean size decreases in an upshore direction. Size
gradients are an important feature of the population, having a direct
influence on biamass distribution, and the mechanisms maintaining this

size gradient were investigated.
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METHODS

1. Sampling

Preliminary observations revealed thui the distribution of L. a.
iknzsnaensis is so clumpedrthat no accurate estimates of population size
can be made fram data on sub-sampling of small areas. An isolated
poﬁulation,was therefore selected, occubying an area of approximately

160 mz, and séparated fram adjacent populations by bare rocks and gulleys.

The population considered showed a size gradient of decreasing
shell length up the shore. The lower, mid and upper Littorina zones
were daminated by different size classes of animals. These.zones'were
termed A, B and C respéctively and, although they were not physically
isolated fram one ancther, the snails occurring in each zone are refer-
red to as separate "sub-populations" for convenience. Zone A was dami-
nated by large animals and zone B by medium sized animals. Zone C is
the highest of the three and is formed by a set of large boulders in-

" habited almost exclusively by small animals.

‘Sampling was carried out during spring low tides every six weeks
for 15 months from November 1976 to January 1978. During each sampling
session the entire population of each zone was counted. This required
two days but careful checks indicated that overnight migration between
zones was negligible. Size frequency histograms were derived every
six weeks for each zone by measuring the shell lengths of approximately
300 animals from each zone using vernier callipers. Acidised dry
weights were cbtained by removing the shell using IM HCl and drying for
48 hr. at 60°C. Regressions of length against acidised dry body weight
were derived for autum (Mar. 1977), winter (June, 1977), spring (Sept. ‘
1977) and stmmer (Jan. 1978). The data for these regressions were sub-
jectéd to log/log conversion and t-tests used to compare their slqpes

and intercepts.

2. Maintenance of size gradients

. The size gradient exhibited was investigated by examining the
hypothesis that juvenile settlement occurs primarily in zone C and is

followed by gradual downshore migration of the growing animals. If
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this is so then zones A and C may offer sub—optimal corditions for juve-
niles and adults respectively. | Two further hypotheses were therefore
tested; that zone A is unsuitable for juveniles due to a higher inten-
sity of wave action, and that adults, or growing animals migrate down
fram zone C in response to increased food availability farther downshore.

(a)_ Migration

It is extremely difficult to mark individual snails for periods
long enough to reveal age dependent migration (eg. see Darbyv, 1964), but
individuals may be marked with paint spots for up to several months.

This allows the observation of dispersal of specific size classes of
animals placed in zones where they do not normally occur. Samples of
100 juileniles (< 5mm) and 100 adults ( > 7mm) were collected from zones
C and A respectively, marked and released in the revefse zones. . The
release spot served as a reference pbint from which the distance and
compass bearing of each recovered snail were taken daily for 9 days.
Control experiments were carried out by marking further samples of adults
and juveniles and releasing them in the zones in which they were origi-
nally collected. |

(b) Tethering experiments

If zones not nornally- occupied by a par-ticular 'size class are
indeed sub-optimal for that class then a reduced "ecological perfomance“
may be expected if animals are forced to remain in such zones. This
may be revealed as weight vlbss or decreased growth rates or as more
subtle effects such as reduced fecundity ,orAdelay'ed sexual maturation.

To investigate this 100 juveniles and 100 adults were collected
from the appropriate zones. Light nylon leads of 20» can were attached
to the shell of each animal using an epoxy glue. 50 animals of each
size class were then tethered in zones A and C by fixing the free end of -
the lead to the substrate with fibre—glass resin. The animals tethered
in the zones where they were collected thus served as controls for com-
parison with the transferred animals. The tethered animals were reco-

vered after one month and length/acidised dry weight ﬁegressions derived
" for each sample.  t-tests were used to compare the slopes and intercepts
of the curves of the adult sanples and of the two juvenile samples.
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(c) Tenacity and wave action

The relationship between snail size and tenacity was examined
using a technique adapted from Hylleberg and Christensen (1978). Very
light cotton leads were glued: to the shells of animals covering a range
of sizes. The snails were then allowed to adhere to glass plates in
ruhning sea water, Tenacity was measured by running the thread ver-
‘tically upwards over a well oiled wheel and hooking the free end to a
small dish which was slowly filled with sand until the snail was pulled
free of the glass plate. The dish plus sand were then weighed and the
carbined weight plotted against snail length.

Wave action in the three zones was measured on an incaming tide
using a turbulameter (Fleld 1968). Readings were obtained for a mini-
mum of 20 waves over a 5 minute period in each zone. The means for the .
10 highest readings obtained in each zone were used as a camparative
index of exposure following Field (1968).

(d) Food availability

The hardness of the substrate at Dalebrook renders measurement
of microphytic food availability from rock scrapings impossible. An alter-
native estimate was therefore obtained by measuring the rate of settlement
of primary producers on a clean substrate. POlyethylene strips of 15 x 3
cm were roughened with fine sandpaper and then fixed in each of the Litto-
rina sub-zones using fibre—glass matting and resin. The strips were re-
collected after 90 days and cut into 3 x 5 am sections. Chlorophyll on
these sections was extracted by submers1ng them in 90 % acetone for 24
hours in a refrlgerator after sonification to break down the cell walls.
During this pericd the tubes containing the samples were wrapped in silver
foil to prevent light induced breakdown of the chlorophyll. Chlorophyll
a concentration was derived by measuring the optic density of the centri-
fuged_chlorophyll extract at 663,645 and 630 nm using a spectrophotareter.
These values were converted to mg chlorophyll a using the equation

C = 11,64E -2, 16E + 0, lOE (Strlckland and Parsons, 1968)

663 645
where E is the extlrctlon value at the wavelength given by the subscript.
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3. Growth rates

_ To derive accurate growth rates mark and recapture experiments
were carried out. The small size of the animals and the large popula-
tion size rerder ‘marking of individuals impossible. Experiments were
therefore carried out by marking samples of animals of particular size
cléssesAwit_:h paint spots. Normal distribution (checked for in each
sample) allowed the derivation of a mean length for each marked sample.
The growth rates derived are thus changes in the mean value for samples.

Two separate aspects of growth were investigated:
(a) Annual growth

Three size classes were selected to represent small, medium and
large animals: 2-3 mm, 5-6 mm and 8-9 mm respectively. A total of approxi-.
mately 200 animals were marked with a distinct colour for each size class
and the mean length (measured to 0,05 mm) derived. No mortality due to
marking was observed. The samples were replaced on the beach and at
three periods during the following seven months the marked animals were
recovered and the mean length for each size class derived. - Remarking
of animals was carried out whenever nécessary. The total size of the
samples deci‘eased with time due to mortality and removal of paint from
some specimens. After seven months the number of remaining marked ani-
mals had become small and a duplicate experiment was run 6n new samples for
a further seven months. This experiment began in July when few ani-
mals‘of 2-3 mm were present and animals of 3-4 mm were used to represent

the small size class.
(b} Seasonal size spécific growth rates

These were derived for the same three size classes as above.
_Additidml samples of 100-150 animals for each size class were marked
and growth over a period of 50-70 days during each season was derived
“ard éo_nv'ert‘ed to mean length increment per day. Seasonal growth rates
were thus derived for aﬁttmm (March 1978), winter (June ]_.978)., spring
(September 1978) and sumer (December 1978). o
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RESULTS:

1. ' Size distribution and ‘settlement

Fig. 2.9 sumarizes the vertical size trendof L. a. knysnaensis
on the shore. Data for Dalebfook are based on a typical month (Feb. 1977).
Data for the remaining beaches are based on unpublished work by Miss. C.
da Silva and indicate ' that there is a general trend on rocky beaches
for the mean length ofL. a. knysnaensis to decrease up the shore.

Histograms showing size distribution for 15-16 months in each

of the zones examined are given in figs. 2.10 - 2.12.

Zones A - C are dominated by the 7-8, 6-7 and 4-5 mm size
classes respectively, except during heavy settlement. The absence of
animals 7 mm in zone.B and, after June, of animals 5 mm in zone C
is marked, reflecting a progressive downshore migration of animals as

- they grow larger (see below).

The presence of small animals (2-3 mm) throughout the sampling
period indicates continuous recruitment. However distinct periods of
heavy recruitment are obvious in all three zones. -

(a) Small cohorts of mean length 2-3 mm appeared in October 1976
' ' in zones A and B and soon merged with the main population
(figs. 2.10 - 2.12). Although data are missing for this month
for zone C it seems likely that a new cohort also appeared there.

Much larger scale settlement occurred in all zones in June 1977
~ and Decenber 1977. '

(b) The June Settlement comprised a cohort of 3-4 mm suggesting
) that recruitment began between the May and June sampling sessions.

This winter recruitment extended for several fnon_ths and an ill-
" defined cohort still evident in September at zone B probably
. represents the end of this settlement period. -
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- Fig. 2.10 : Size frequency distribution for Littorina africana
' knysnaensis in zone A at Dalebroock at six-weekly
intervals fram November 1976 to January 1978.

N indicates sample size.
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Fig. 2.11 : Size frequency distribution for Littorina africana

knysnaensis in zone B at Dalebrock at six-weekly
intervals fram September 1976 to January 1978.

N indicates sample size.
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Fig. 2.12 : Size frequency distribution for Littorina africana

knysnaensis in zone C at Dalebrook at six-weekly
intervals fram November 1976 to January 1978.
N indicates sample size. -
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(c) During December cohorts of 2-3 mm appeared in all zones. This
settlement continued into January resulting in a further in-
Crease in numbers from December to January (fig. 2.22).

Rapid merging of cohorts and the effects of continuous recruit-
ment render the use of polymodal analysis for growth rates inappropriate.
The histograms do however indicate:

(i). the consistency of size distribution in each zone except during .
settlement and the permanent absence of more than a few large or
medium animals fram zones B and C respectively.

(i1) contmuous recru.ltment revealed by the presence of juveniles through-

out the year

~ (iii) ‘periods of higher recruitment during October 1976 and more markedly
' in June and December 1977. The months prior to and following the
anset of winter settlement in May/June 1977 are therefore referred

to as periacds of light and heavy settlement respectively.

New cohorts appear at 2-3 or 3-4 mm. To assess settlement in
each zone the number of juvenile animals of less than 4 mm was calculated
from size fret;ueneies data and the mean derived for light and heavy
settlement perieds. This is expressed as the percentage of total number
of animals less thanr4 mm in Table 2.2. Many larvae may die immediately
after Asettlement.. These data therefore indicate "successful" settlement
in each zone, that is the number of animals which attain at least 1 mm
in length after settling. |

TABLE 2.2 : MEAN MONTHLY PERCENTAGE SETTLEMENT IN EACH ZONE AND CVERALL
MORTALITY FOR LIGHT AND HEAVY SETTLEMENT ‘“PERIODS.

TOTAL | ZONE SETTLEMENT AND % | OVERALL CHANGE | % MONTHLY
SETTLE- | OF TOTAL IN POPULATION MORTALITY
MENT A B C '

Light 1690  |108,66 105,96 1475,30 -986 23,47

settle- ' (6,43) (6,27) (87,30) '

ment ' . .

Heavy 10509 747,19 3764,32  5997,49 +6206 . 17,87

settle- | (7,11 (35, 82) (57,07) '

ment I PR Al R RIS

Mean 6099 412,'90 1283,23 4402,87 |  +2610 20,67

T ey @lony a2y o

During light settlement recruitment occurred primarily in zone C ”
(87,3 %). . As settlement became heavier however the percentage of total
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I3

settlement in zone B increased considerably.  On the assumption of no
immigration or emigration from other populations a mean mortality may
be estimated for these two pericds. This was calculated as total popu-
lation change minus recruitment (Table 2.2). The results of this are
similar to monthly mortality rates recorded for Tegula funebralis by
Paine (1969). Percent mortality was higher for the period of light

settlement, and in cambination with low settlement rates, lead to an

overall decrease in numbers (see below).

2. Maintenance of size gradients

(@) Migration

Figs. 2.13 and 2.14 show the direction of dispersal of experi-
mental and control animals 1, 5 and 9 days after release. Dispersal of
juveniles placed in zone A (fig. 2.13) is clearly upshore. Local topo—
graphy resulted in an initially less clear pattern for adults placed in
zone C (fig. 2.14) but by day 5 a clear downshore trend was evident.

‘X2 tests indicate non-randam dispersal of experimental animals
(P<< 0,01) but random dispersal of control animals, released within their
normal zones (P> 0,05). Experimental animals also showed steady move-
ment away fram the release point. For control animals movement was
randam and mean distance fram the release point quickly levelled off
(figs. 2.15, 2.16).. Dispersal was more rapid for adult animals due to

their greater size and mobility.
(5)- Tethering experiments

Figs. 2.17 - 2.20 give length/acidised dry weight regressions
for adult and juvenile snails tethered in zones A and C. t-tests in-
“dicate no significant differences in slope between control and experi-
mental samples for either juvenile or adult camparisons (P> 0,05).
The y-intercept is however significantly higher for juveniles in zone -
C than in éone A and for adults in zone A’than in zone C (P<< 0,01)
'iindicating reduced body weight for members of either size class when

tethered in the inappropriate zone.
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Fig. 2.15 : Mean distance (+ S.D.) of marked samples of juvenile L. g.

knysnaensis fram the release point with time.
® = experimental . 0 = control
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~ Fig. 2.16 : Mean distance (+ S.D.) of marked samples of adult L. a.

knysnaensis from the release point with time.
® = experimental O = control.
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ACIDISED DRY WT.(mg)
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. Fig. 2.17 : The relationship between shell length and acidised dry weight
. of juvenile L. a. knysnaensis tethered in the lower Littorina
(zone A). R '

gy = 0,030 x /6875

(r = 0,75)
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Fig. 2.18 : The relationship between shell length and acidised dry weight
of juvenile L. a. knysnaensis tethered in the upper Littorina .
(zone C). ’ ‘

y = 0,0004 x 2:0341

(r = 0,68)
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Fig. 2.19 : The relationship between shell length and acidised dry weight
of adult L. a. knysnaensis .tethered in the lower Littorina
(zone A). - o '

'y = -0,00012 x'l’9482

r = o,_ss‘)
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-F"ig. 2.20 : The relationship between shell length and acidised dry weight
of adult L. a. knysnaensis tethered in the upper Littorina

(zone C). o
.y = 0,00022 x 1847 (. _ 5 91y



206

(c) Tenacity and wave action

The relationship between snail size and tenacity is described
by a steep power curve (fig. 2.21) revealing much greater tenacity in
adult snails. This is supported by the fact that during the tethering
experiments 17 juveniles were torn free of their tethers in zone A.

No adults were lost in this way, nor were snails of either size class
iost fram zone C. Duplicate readings for several snails showed a high
degree of consistency. Wave action was found to decrease in an upshore
direction from zone A to zone C (Table 2.3). ‘

TABLE 2.3 : WAVE EXPOSURE IN THE LITTORINA ZONE MEASURED USING A
 TURBULOMETER (MEAN OF THE 10 HIGHEST READINGS + S.D.)

Z O N E _ :
Exposure :
(revs. sec. 1y | 3:20 £ 0,42 5,10 + 0,88 6,10 + 0,74

(@) Food availability

Productivity étrips removed fram the beach after one month
during a pilot experiment yielded chlorophyll concentrations too low
to be detected using this method.  Even after a period of 90 days the
values obtained were low indicating extremely slow settlement of micro-
scopic primary producers in ‘this zone.  There is, however, a marked

decrease in productivity moving upshore fram zone A (Table 2.4).

TABLE 2.4 : CHLOROPHYLL a CONCENTRATION ON PRODUCTIVITY STRIPS EXPOSED
. * IN THE LITTORINA ZONE FOR 90 DAYS (GIVEN AS MEANS OF 10
VALUES ¥ 5.D.) ' '

_ Z O N E ‘
Upper Middle ~_ Lower

Chlorophyll a ' ‘ , '
concentration 0,30 + 0,10 0,60 + 0,10 - . . l,_20 + 0,20
( pg.ai—?) . ‘ '
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Fig. 2.21 : The relationship between shell 1ength of L. a. knzsnaensm
and tenacity. '

y = 3571x 2?28 (r —0,87)



3. Population dynamics

(a) Total population size

208

Recruitment was minimal and mortality high fram November 1976
to March 1977 (Table 2.2) leading to a slow decline in total popula-

tion (fig. 2.22).

Numbers then increased dramatically during the
winter recruitment period fram May 1977 to September 1977.

Settle-

ment and total population decreased after October 1977 and then rose

again with the onset of summer recruitment (January 1978).

Changes

in total population thus involve a slow decline in the period of low

settlement followed by a rapid increase during periocds of heavy

settlement.

(b) Numerical distribution

Mean size versus densiﬁy is plotted in fig. 2.23 for a typical

month of light settlement and a month of heavy settlement.

Size fre-

quencies in each zone were unimodal and normally distributed during

these months.

Mean lengths were lower for October due to the presence

of many juveniles but there is no apparent correlation between mean

size and density..

This is in contrast to the findings of Branch and
Branch (unpublished data) for Littorina unifasciata.

Table 2.5 gives mean biamass, density, numbers and percentage

. of total population in each zone for February-March 1977 (light settle-
ment period) and September 1977 - January 1978) (a period of heavy

settlement).

TABRLE 2.5 :

BIOMASS, DENSITY AND PERCENTAGE OF TOTAL POPULATION IN

ZONES A-C

(given as monthly means for'periods of light and heavy settlement)

LIGHT SETTLEMENT HEAVY SETTLEMENT
7 ON E ZONE
| A B C a B c
Biamass (g..m %)| 1,3172 0,3782 1,2802| . 0,3398°  0,1997 0,1924
‘Nurer | 1220,33 2835,33  7178,67 |2527,50 11833,75 8909,50
Density .m 2 139,79 47,54 - 280,86 | 289,52 97,52 348,57
% of total 10,86 25,24 63,90 10,86 50,85 = 38,29
pulation . .
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Feb.1677(N = 80¢)
"(’_-_‘ 5.
£ | -
: N
c 2
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4 N i
c 57 |
gg L
“\Oct. 1677
= 1 \{ I =768)
4 R
3 ) T 1 g é L 1,
& 56 100 150 260 250 36O 359
o Density. m 2
Fig. 2.23 : The relationship between mean length of Littorina africana

. knysnaensis and density in different zones for a month of

light settlement (Feb. 1977) and of heavy settlement
(October 1977). Mean lengths are given + S.D.
N indicates total sample size.
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Density increased in all zones during heavy settlement but this
was less marked in zone B as this sub-population extended into part of
the zone which had been previously unoccupied. During months of light
settlement zcne C supported over 60 $ of the total population.  Because
of the patterns of settlement described and migration of growing animals
to the lower zones this value declined in subsequent months and a larger
percentage of total population was found in zone B.

(c) Bicmass

Mean bicmass .m-2 for light and heavy settlement pericds, de-
rived from size frequency data and seasonal length/weight regressions,
is given for each zone in Table 2.5. Size frequency has a marked
effect on biamass due fo the exponential relationship between length
and weight. VConsequently there is no correlation between density
and biadmass, the latter being highést in zone A where mean size is
greatest. Biamass .m—2 decreased in all zanes during heavy settlement
despite an increase in density. This may be explained by patterns of
. size frequency during these pericds. 1In Februaxj//March 1977 large
nunbers of older animals were present (figs. 2.10 - 2.12).  Six months
later however (September 1977-January 1978) many of these had dled and
were replaced by juveniles which made a far smaller contribution to
bicmass. This is reflected in a lowered mean size for each zone in

months of light and heavy settlement (eg fig. 2.23).

4. Growth Rates

(a} Long term arowth

Mean growth rates for two consecutive periods of 7 months and
percentage recovery at the end of each period are éjiven in Table 2.6.
Recovery was low due, in part at least, to loss of paint by an unknown
' 'percentage of the marked animals. Growth rates aiven.are mean values
over several seasons (see below) and declme with size. A lower growth
rate for sample 1 than for sample 4 seems unusual but- ‘recovery for the
former was very low and growth for sample 1 is probably underestimated.
The growth rates cbserved are similar to average growth of L. planaxis
given as 0,02 awmonth (=0,007 mm/day) by North (1954).
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Fig. 2.24 shows mean length for the six marked samples during
two overlapping periods of seven months. Samples 4 and 5 overlap in
their size rarges by the end of six months (December) illustrating how
size dependent growth rates result in fusion of settlement cohorts in
the size frequency histdgrams. Although growth rates for sample 1
were low they indicate that newly settled cohorts of 2-3 mm attain
medium size (5-6 mm) within 7 months. Sample 5 may be considered as
an extension of sample 1 showing that in a further 5 months (ie. a total

of 1 year) animals reach about 7 rm.

Samples 3 and 6 show slow growth for large animals with a mar-
ked decline beyond 9 mm. Extrapolation from these rates suggests that
8-9 mm animals reach maximm size (3 10 mm) only after at least a fur-

ther year's growth.

. We may conclude that newly settled animals reach above 7 mm
- after one year and that 8-9 mm animals reach maximum size after a fur-
ther year. A longevity of approximately 2,5-3 years is thus indicated.
The occurrence of occasional animals of 11-12 mm shows that a few indi-
viduals may live for a further 1 or possibly 2 years, growing at very
slow rates although this may also be explained by particularly rapid
initial growth of these animals. |

The three sub-populations recognised thus consist primarily of
animals of 2 years (zone A); 1-2 years (zone B) and < 1 year old (zone C).

(b) Seasonal growth rates

7 ' Fig. 2.25 shows seasonal growth for small, medium and large
animals. A decline in growth rate for larger animals is again evident.
Growth was minimal for all three size classes during winter and rose
again in spring. For small animals growth became maximal in summer.
This was less marked for medium animals and for large animals growth
was hlghest in spring and actually decllned in summer.

5. Seasonal length-weight regressions

Regressions for autum to summer are given in figs. 2.26-2.29.
The results of t-tests used to compare the slopes and intercepts of the
curves after log-log conversion are presentéd in Table 2.7.



*6L61 ATeniged pue ([T ToquROSQ UsaM3aq sujuow [ JO spotaad wwﬂsummcoo oMy :
JI0J STSUSRUSAW{ PURDTIJIJR BUTIO}JTT. JO soTdures psyaew JO (°Q'S +). UIDUST uesl] : $2°2 614

6L6L | , | 8L61 |
[ @ N © $ ¥ ¢ [ W ¥y w 4 r g

! H

7

214

| () yibua urap

-3




215

‘sTewtue OGT-00T |

Jo o1durs e 103 sAep QL-0S .mo potxed e I9A0 POATISP (°d°S +) JIUSUBIOUT
yabusT ATTep uesw sa3edTpUt juTod yoded *STSUSRUSAUY BURDTIJR PUTIOIIT]

(i g-g) 9bXeT pue (W 9-G) UMTpsw ‘ (W p-g) TTEWS IOJ S93eX YIMOIH Teuosess :

VIWHNS SNjEdS . HILNIM

gz*z *bta

NINLAY




216

TABLE 2.7 : VALUES OF t IN A COMPARISON OF SEASONAL LENGTH-ACIDISED
DRY WEIGHT REGRESSIONS

(d.f. = 65 in tests involving autum sample and 56 in all other tests;
* denotes a significant difference at 5% and ** at the 99% level)

SLOPES |
SUMMER AUTUMN WINTER SPRING
E SUMMER 0,76 0,86 1,78*
‘i | AUTUMN 0,15 -. 0,42 3,36%4
é 'WINTER 0,19 0,35 2,49%%
H | SPRING . 0,47 0,42 . 0,59

No significant differences were found between the intercepts
of the four curves. Likewise the curves for summer (Jan. 1978), autum
(March 1977) and winter (June 1977) showed no significant differences in
slope. Settlement rates and reproductive activity (examined by dissec-
ting adult snails) were very.low in March while animals of the June ard
January samples were spent having presumably contributed to the May/June
and December settlements respectively. Reproductively active animals
were however present before the Decenber settlement in the September
- sample. The slope for this spring sample was significantly higher than
for the remaining curves. This reflects the accumulation of reproduc-
. tive products in the larger, mature animals of this sample (possibly
reinforced by reduéed growth during gonad maturation (Williams, E.E.,
1964a) raising the distal erd of the curve and thus increasing the slope.
Significant differences in iengthﬂneight curves for breeding and non-
breeding seasons have also been found for L. littorea by Grahame (1973).
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y = 0,00000347 x ~' (r = 0,98)
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Fig. -2.27 : Length weight regression for I.._ a. knysnaensis collected in
winter (June 1977). '

y = 0,00000305 x 3+2993

(r = 0,91)
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DISCUSSION

- Populations of Littorina africana knysnaensis in the Cape Penin-

sula exhibit marked size dependence in vertical zonation and continuous

reproduction with seasonal peaks of settleiwciit. The population studied

remained roughly stablé during the first months of sampling followed by

a dramatic increase over the following eight months. In order to examine -

the cause and significance of these changes in the population patterns of 7
zonation, population size and growth rates may now be considered in greater
detail. '

Size gradients

Size dependent zonation has been recorded for numerous other
species of intertidal gaétropods (eg. Lysaght, 1941; Bakker, 1959; ,
Willijams, E.E., 1964a; Bock and Johnson, 1967, Paine, 1969; Fish, 1972;
Crapp, 1973; Lipkin and Safriel, 1971; Raffaelli and Hughes, 1978). This
subject has been reviewed by Vermeij (1972) who recognises two basic
patterﬁs of size zonation. Type 1 applies to upper littoral fringe and
high intertidal species and is characterised by an upshore increase in
" shell size. Type 2 relates to low and mid-intertidal species and entails
a decrease in shell size farther up the shore. These gradients are con-
sidered tobemaintained in response to patterns of post-settlement, pre-
reproductive mortality. These are based primarily on physiological stress
at the top of the shore (type 1) and intensified biotic interactions, in-
cluding predation, lower down the shore (type 2). Heller (1976) has con-

firmed that a downshore increase in shell size in L. nigrolineata and L. rudis

is a consequence of predation pressure but the case of L. a. knysnaensis is

more. canplex.

- Although it is a.supralittdral fringe species L. a. knysnaensis
shows a type 2 size gradient (fig. 2.9). There is no apparent correlation
between density and size (fig. 2.23) though this has been cbserved for L.
unifasciata (Branch and Branch} unpublished data).. Instead the gradient
shown appears to be due to Sepérate éize specific effects on juveniles and
adults. The vittual'absence of juveniles from zone A and their predaminance
_ in zone C are due to much higher rates of settlement at the top of the
beach (Table 2.2). This may be an oversimplification as in this table the
‘number of juveniles present is equated with settlement. It is possible
that settlement is in fact randam but rapidly followed by very high mortality
- in the lower zones. Nevertheless "successful" settlement (the number of

juveniles growing to > 1 mmm) decreases down the shore and accounts for the
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restriction of very small individuals to the top of the shore. At Dale-
brook this effect is augmented by the local topography.. A clear relation-
ship between the size of available crevices and size distribution of L.
rudis and L. neritoides has been demonstrated by Emson and Faller-Fritsch
(1976) and Raffaelli and Hughes (1978). Ti.is relationship also exists at
Dalebrook and appears to be effective through the restriction of juveniles
to zones with narrow crévices. Maximum shelter is offered by the pitted :
boulders of zone C where small animals are most abundant. Crevice availa-
bility decreases in zone B and again in zone A as crevice width and mean
animal size increaée. Where narrow crevices do occur in zone A juveniles

are camon.

There are two reasons for assuming crevice dependence to be un-
related to desiccation effects. Firstly, although juvenile gastropods are
often less resistant to desiccation than adults (eg. Davies, 1969; Coarbs,
1973; Branch, 1975(c)) the resistance of L. a. knysnaensis is extremely
high ard its rate of water loss very low (Broekhuysen, 1941; Brown, 1960).
This is augmented by withdrawal behind the operculum and attachment to the
substratum by a mucous film (c.f. Vermeij, 1973) and even small individuals

- can survive in air for over a month (pers. obs.). Secondly not all beaches
where this size gradient has been observed are characteriséd by greater
‘crevice availability in the upper zones. Juveniles in the upper Littorina
zone would therefore be subjected. to a higher degree of desiccation without
the benefit of high crevice'availability.

HoweQer wave exposure decreases in an upshore direction (Table
2.3) and may be related to gradients in snail size because of the weaker
tenacity of juveniles.(fig. 2.21). For example 17 tethered juveniles were
lost4ffdn Zone A whiie none were lost from zone C. Weight loss of juVe—
niles tethered in zone A (figs. 2.17, 2.18) may therefore be caused by the
interference of strong wave action with feeding. Narrow crevices offer .
- protection fram wave action allowing juveniles to survive where such shel-
_ ter is ayailable. Although juvehiles transferred to zone A rapidly move
upshore (figs. 2.13,‘2.15) it was noticeable that the few animals which

found suitable crevices remained there and did not migrate.

_ A higher resistance to wave action ih small individuals of L.
punctata has been suggested by Palant and Fishelson (1968) and observed
for L. sitkana by Behrens (1972). Chow (1975) however found the reverse
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for L. scutulata. Hylleberg and Christensen (1978) have shown a corre-
lation between size gradients of L. littorea and wave exposure to be
effective through increased tenacity in larger animals, as with L. a. knys-

naensis.

The distribution of juvenile L. a. knysnaensis may therefore bew
explained by zone-dependent settlement, the lower zones being unsuitable
for juveniles in terms of wave action. This does not however account
for the size gradient of adults in zones A and B and their virtual ab-
sence fram zone C. Zone C contains crevices suitable for all sizes of
L. v_q_. knysnaensis and offers very sheltered conditions. Removal of
adults by either wind (Courtney, 1972) or wave action (Behrens, 1972; Walsby,
1977) is very unlikely. . Instead this zonation is caused by downshore mi-
gration of older animals (figs. 2.14, 2.16). Thampson (1968) suggested
that the emersion/sulmersion ratio is of direct importance in intertidal
zonation but this was subsequently disproved for eight species of prosc—
branchs (Underwood, 1972a, b). A high resistance to desiccation and the
ability to survive indefinitely in pools indicate that the duration of
either emersion or submersion in different zones is unlikely to have a

“direct physiological influence on zonation of L. a. knysnaensis.

Underwood (1972b), following Smith and Newell (1955) has. sugges-
ted that food availability in different zones may be important. The
eﬁersion/sﬁbmersion ratio directly affects the time available for feeding,
which only occurs under moist conditions. Although reduced feeding time
at the top of the shore has been suggested as limiting the distribution
of populations of limpets (Frank, 1965), this is compensated for in
- Littorina littorea by more rapid radular action in animals at the top of
the shore (Newell et al, 1971). No data are available on feeding of
L. a. knysnaensis btit there are no macroalgae permanently present in its

zone of distribution. Examination of faeces indicate that feeding is
4probably mainly on lichens, blue-green algae, diatams and small encrusting
algae _(c;f . 'Branch, unpublished data; Castenholz, 1961; Dahl, 1965;

' Foster, 1965; Bock and Johnson, 1967; Nicotri, 1977). Littorina spp.

are extremely tolerant to starvation (eg. Emerson and Duerr, 1967; Hol-
lard et al, "197‘51) but the primary productivity in zone C was so low

(Table 2.4) as to result in significant weight loss in adults tethered

in this zone after only one month' (figs. 2.19, 2.20). Downshore migra-
tion of older animals thus appears to be in response to gradients of food
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availability, As for L. littorea (Hylleberg and Christensen, 1978)

movement towards areas of higher food levels is limited by size depen-
dent tenacity (fig. 2.21) and increased wave action downshore (Table
2. 3) '

The direction of migration may be determined by light effects
(Newell 1958b; Charles, 196la, b, c; Evans, 1965) or by wave movement
after initiation by tidal rise and fall (Barkman, 1955; Alexander, 1960;
Gendron, 1977). It seems however more likely to be simply a movement
away fraom areas of low food availability to areas where food levels are
high (eg. Underwood, 1977). Variations in microfloral standing crop in
the three zones may thus account for downward migration of larger

animals.

Numerical and Biamass distribution

During heavy settlement, recruitment increased in all three
zones, but less markedly in zone C (Table 2.2). This, effect was re-
inforced by inter-zone migration of growing animals resulting in different
patterms of numerical distribution in the three zones during periods of
light and heavy settlement. Percentage of total populatioh and of juve-
niles of less than 4 mm at the bottam of the shore (zone A) remained
fairly constant throughout the year at 10,86 and 6-7 % respectively
(Tables 2.2, 2.5).

During light settlement (pre-May 1977) zone C contained 64 %
of total population and, because of higher settlement rates than in the
-oth‘er zones, 87 % of the juveniies (Tables 2.2, 2.5). During heavy
settlement (post-May 1977) the increase in recruitment was particularly
great in zone B. Consequently the percentage of total ]uvenlles in
zohe C was reduced to 57 %. Migration of growing animals from zone C ”
down to zone B _further'diminlshed ‘the percentage of the population in
.the former which dropped to 38 %, despite an increase in actual numbers
(Table 2.5). | T -

Size distribution has a marked_influence on biamass, conse-
quently biamass distribution did not follow density patterns but was
highest in zone A where larger animals predaminated (Table 2. 5) Because
of the different size dlstrlbutlons found during light and heavy settle-
ment periods, biamass .m , although still hlghest in zone A, was reduced
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in all zones during heavy settlement, when there were few large animals
present.

Changes in populdtion size

» Changes in the size of total population at Dalebrook fall into
- two phases : a period of limited fluctuation involving a gradual ‘decline
from November 1976 to March 1977; followed by a rapid increase beginning
inv May 1977 and leading to a 231 % rise in population over the following
eight months (fig. 2.22) . Population size varies due to the interplay
of migration, mortalit;y and settlemént and drastic changes in cne or

more of these camponents are necessary to account for these fluctuations.

There are two main reasons for assuming migration effects to
be limited. Firstly the population considered was chosen because of
its physical isolation from other populations due to local topography.
Secondly, although Hamilton (1978) found long-term movement of Littorina
irrorata to be primarily parallel to the shore-line, his marked animals
moved on average only 3,99 mm from their original position in 226 days.
Migrations of Litforina Spp. are more generally vertical and often
markedly size dependent (eg. Gowanloch and Hayes, 1927; Lebour, 1945;
Lambert and Farley, 1968; Chow, 1975; Williams and Ellis, 1975; Daguzan,
1976). Lateral movements are usually limited (Newell, 1958a; Underwocd,
1977). 1In the present study marked animals were found in approximately
the same area over long periods of time, as has only been reported by
Colman (1933) and Moore (1937).

Mortality however was found to be higher in the phase of popu-
lation decline (Table 2.2). Predation of L. a. knysnaensis at Dalebrook
is limited to the whelk Thais dlb'ij and only same half dozen of this
species were observed 'in the Littorina zone during the'entire‘ sampling
pericd. The cause of high mortality during this phase thus remains un-
clear. Population size began to increase with the onset of heavy settle-
ment durmg winter (May/June, see figs. 2.10-2.12). This period of peak
rec:rult:nent extended over several months, blending into the sumer peak
recruitment period (December/January) . It must be stressed that the
settlement rates recorded here are in fact rates of "successful" settle-
ment. It is possible that settlement of larvae during the period of popu-
lation decline was much heavier but followed by very rapid mortality so

that relatively few animals grew to 1 mm or over. “In this context it is
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interesting that mortality of animals of greater than 1 mm actually
declined during heavy settlement (Table 2.2).

Reproduction of L. a. knysnaensis was found td be continuous so
that juveniles were presént throughout the year. The rate of successful
settlement however increased enormously after May 1977 resulting in a
rise in population (Table 2.2, fig. 2.22). The period of heavy settle-
ment (May 1977-January 1978) involved two peak pericds, in winter (May/
June) and in summer . (December/January). A wide range of reproductive
strategies exists among the Littorinidae and continuous reproduction by
Littorina spp. has been recorded by Lysaght (1941) and Underwood, (1973)
and, with seasonal maxima, 'by Lambert and Farley (1968) and Faller-Fritsch
(1977) .  The method of reproduction of L. a. knysnaensis is unknown but
examination of reproductively active specimens revealed that mature eggs
are oblong and small, approximately 86,67 um x 83,33um (c.f. maximum
diameter of 80um recorded by Underwood (1974) for mature ova of L.

- unifasciata, which has pelagic larvae). No evidence of viviparous
brooding was _founci. Although these data are inconclusive the small egqg
size and absence of brooding or egg capsules suggeSt reproduction by
means of pelagic larvae. Mileikovsky (1975) has reviewed the literature
and found that most supra or upper littoral littorinids exhib_it vivipa-
rous or pelagic development.

Organisms at the top of the shore tend to show reduced genetic
variability due to strong selectian for resistance to physical extremes
(Newell, 1979). Viviparous reproduction of species such as Littorina
rudis leads to low rates of gene flow and consequently extreme phenotypic
variability in sepérate populations (Faller-Fritsch, 1977). ©Pelagic
dispersal of L. a. hsznaehsis is again implied by the absence of such
local variability in this. species which shows a gradt_lal phenctypic cline
along 2000 miles of coastline (Hughes, 1979). | '

For slow moving forms such as Littorina spp. pelagic larvaé

' ‘represent the most efficient means of dispersal and increasing gene flow.
However settlement of pelagic larvae is strongly influenced by offshore
wind, current and sea temperature conditions. Recruitment may there-
fore be locélly unpredictable and may be unsuccessful for prolonged.
periods (Underwood, 1975a, b). This may account for low settlement and
recruitment prior to March 1977. ' |
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Growth rates

Cohorts of L. a. knysnaensis are recruited at 2-3 mm and during
the entire sampling period no individuals of less than 1 mm were found.
It is unlikely that larvae settle at more than 1 mm. As the 1-2 mm size
class is never abundant (figs. 2.10 - 2.12) settlement must therefore
be- followed by rapid growth to 2 mm. For example Berry (1961) measured
growth fram 0,75 mm to 3,00 mn in 6-7 weeks for the viviparous species L.
saxatilis. Smith and Newell (1955) found that the smallest specimens of
L. littoreé on the shore were 2,5 mm while post-metamorphic larvae in
the plankton never exceeded 0,5 mm. On this basis they postulated sub-
tidal settlement and development of larvae. This was thought to be
followed by continuous recruitment by migration fram this zone. At~
Dalebrock however careful checks were carried out further down the shore,

in the mid-balanoid zone, in the course of a simultanebus study on

Oxystele variegata populations. Although O. variegata of less than 2 mm
were recorded no specimens of L. a. knysnaensis were found below the
normal zone of distribution. Vertical migration of juveniles fram the
subtidal zone may thus be excluded.

After settlement growth decreases .with size, being particulaily
rapid for small animals (fig. 2.25).  Preliminary examinations indicated
that L. a. knysnaensis attains sexual maturity at > 5 mm and lifespan
appears to be 2,5 - 3 years with a few individuals living for 4 or 5
years, as has been found for L. obesa and L. scabra (Canfort, 1957).
Newly settled ahimals grow to 6-7 mm in their first year and approach 10
mm after three years. '

Superimposed on these growth patterns are seasonal variations
in growth rate for any given size class (fig. 2.25). Growth was minimal
in winter for all three size classes examined. Maximum rates however
occurred in sumer for small and medium animals and in spring for large
 animals. This is in contrast to the findings of Regis (1969) that growth
of Monodonta spp. is maximal in summer and minimal in spring. Seasonal
growth rates and different seascnal maxima for ‘the size’ classes are
likely to be related tcS food availability in the three zones occupied.
In Chapter 5 it was found that physical conditions became optimal for
macroalgal growth towards summer but that this occurred earlier in the

year in the lowest zones. A similar effect on the microflora would



228

account for growth rates of the largest animals (lowest zone) peaking
earlier than rates for smaller éni.mals. The difference between spring
and summer growth rates is less marked for medium sized animals (middle
zone) than for small animals at the top of' the shore (fig. 2.25). This
mirrors macroalgal growth patterns on the rest of the beach and may re-
flect a temporally progressive upshore extension of optimum conditions

for microflora in the sub-zones of the Littorina zone.

The population'of L. a. knysnaensis examined showed wide fluc-

tuations in numbers which may be accounted for by the effects of off-
shore ccrditions on the success of settlement of pelagic larvae. Post-
 settlement growth is very rapid but settlement and survival of juveniles
is zone dependent. Intense wave action in the lower zones excludes
juveniles due to their weak tenacity and they exhibit reduced body weight
if forced to remain in these zones. Juveniles are consequently restric-
ted to the upper zones. Food availability is very low on the upper
shore however and adults in these zones show weight loss. The increased
tenacity of grow:.ng animals allows them to migrate downshore to exploit
the greater food resources available. Restriction of juvenilés by phy-
sical conditions to zones which are biologically sub—optlmal for adults
and subsequent migration as the animals grow result in a marked vertical
size gradient which has profound effects on the density and biocmass
distribution of the species.
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- Littorina africana knysndensis exhibits a marked decrease in

shell length up the shore in the Cape Peninsula. This is
caused by preferential settlement in the higher zones (aug-
rmented at Dalebrook by the absence of crevices suitable for
Juveniles lower down) and age dependent downshore migration
of adults. V

Density is highest at the top of the shore (around 348 animals
) but there is no apparent relationship between mean size

or bicmass .m_ and density.

Total population declined slowly fram November 1976 to March
1977 due to reduced settlement and high mortality.  Fram May
1977 to January 1978 recruitment rates were higher and morta-
lity decreased resulting in a 231 % rise in population over 8

months.

Reproduction appears to involve pelagic larvae and is continuous
throughout the year. Settlement success is very variable

ard is pfobably influenced by offshore conditions. There are
however peak periods of settlement in winter (May/June) and
summer (December/January) .

Growth after settlement decreases with size. ‘Juveniles attain-
sexual maturity at approximately 5 mm and grow to 6-7 mm in

their first year. Maximum size of roughly 10 mm is attained

after three years. Nor.mai lifespan is 2,5-3 years.

Growth for all size classes is at a minimum in winter. For
small and medium animals maximum rates occur in summer; for
large animals they occur in spring. This is thought to re-
flect the seasonality of microalgal standing crop in the

different zones occupied by these size classes. -
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CHAPTER 7 : POPULATION DYNAMICS AND SIZE DEPENDENT
ZONATION OF OXYSTELE VARIEGATA (ANTON)
(GASTROPODA : PROSOBRANCHIA) .

INTRCDUCTION

There are four species of O_xzstele found on the east coast of
South Africa of which only three extend as far west as the Cape Penin-
sula. Q. sinensis reaches the limits of its distribution in False Bay
while O. tigrina and O. variegata occur along- the west coast to South
West Africa. 0. sinensis and O. tigrina are low and mid balanoid species
revspectively" while O. variegata (the smallest of the three) is cammon
throughout the balanoid zone.

At Dalebrook, in False Bay, O. variegata is ext.remély abundant
~and is likely to form an important element of the energetics of the inter-
tidal community. In order to assess the importance of this species as
a grazer, data are required on the dimensions and dynamics of the popula-
tion. These include details of seasonal changes in the population in-
cluding changes in both its size, zonation and age structure. They also

include estimates of life expectancy, growth and mortality rates.

Like many other intertidal gastropods 0. variegata exhibits a
distinct size gradient up the shore (c.f. Bakker, 1959; Paine, 1969;
Vermeij, 1972; Coambs, 1973; Bertness, 1977). As in the case of Litto-

rina africana knysnaensis (Chap. 6) this gradient is the reverse of

- Vermeij's (1972) model as mean size increases in an upshore direction.
Vertical size and density gradients imply that the impact of the species
as a herbivore will depend on the zone considered. An examination of
the underlying causes of this size gradient is therefore critical to an .
understanding of the structuring of this population and thus of the
oonm.m;Lty as a whole.

"~ The size dlstrJ_butlon ‘observed was considered to be due to up-
shore mlgratlon of grow1ng animals, after settlement in' the lowest zones,
and was examined in terms of exclusion of juveniles from the upper shore »
and exclusion of adults fram the lower shore (ie. the cause of migration).
Broekhuysen (1941) and Brown (1960) have demonstrated a correlation between
the zonation of intertidal gastropods and their resistance to desiccation.

Juvenile gastropods however often exhibit a’ lower tolerance to desiccation
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than adults (eg. Davies, 1969; Coambs, 1973; Branch, 1975(c)) and this
‘may be expected to influence jﬁvenile zonation. Field observations
suggested the importance of predation in the lower balanoid as a pos-—
sible cause of upshore migration. | |

METHODS

1. POplllathri 'size ‘and structure

0. variegata increases in size up the shore so that the popu-
lation is daminated by different size classes in the lower , middle and
upper balanoid zone. - These zones were mumbered 1-3 respectively. The
animals occupying each zone were considered separately and are referred
to as "subpopulations" for convenience.  Each sub-population was
examined at six-weekly intervals for a 15 month period (Sept. 1976 -
Dec. 1977) in zone 1 and for 13 months (Nov. 1976 - Dec. 1977) in zones
2 and 3. Collections of 250 - 400 animals from each zone were measured
and then replaced on the beach during each sampling session. The
measure of bcjdy size used was maximum shell diameter which is highly
correlated with acidised body weight (y = 0,00001445 x >9800 ; 2

The total area occupied by the species was 420 m2, camposed of
182 m2 in zone 1;149 m2 in zone 2 and 89 m2 in zone 3. ILocalized condi-
tions necessitated a different method of quantifying the population in

each zone.

Zone 1 - Transects were laid down across the beac_:h. These were 1lm wide
' and varied in length so that a suitable number of animals was
collected. '

Zone 2 A fixed quadrat of 2,50m x 2, lOm was established. All animals °

within the area were collected, particular care being taken to
search the tests of dead barnacles (Tetraclita serrata) for
small animals. Towards the end of the sampling period the
quadrat was enlarged to incorporate sufficient animals.

Zone 3 Distribution within this zone was so clumped. that populatlon
v51ze could only be derlved by directly countmg all snails in

_the zone. Total populatlon was calculated by adding this
'-value to those for populatlon in zones 1 and 2, obtaJ_ned by
multlplymg density .m_ by the area of each zane..

= 0,98).
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2. Maintenance of size gradierits

(a) Migration

Migration expefiments were carried out as deécribed in Chap. 6,
100 marked adults ( > 16mm) being transferred fram the upper to the lower
balanoid and the reverse for 100 marked juveniles (<< 10mm). Separate
samples of 100 animals of each size class were replaced in their original

zones as controls.
(b) Caging experiments

4 As in the case of L. a. knysnaensis it was necessary to deter-
mine Qhether adult and juvenile animals had a reduced ecological effi-
Ciency when forced to remain in the zones which they do not normally in-
habit. - Tethering experiments proved to be inappropriate due to inter-
ference by predators (see below). Consequently two stainless steel
cages (20 amn x 20 am, 10 am high) covered with 2mm nylon mesh were fixed
in the lower balanoid and two in the upper balanoid, using fibre-glass
matting and resin. Fifteen adults were placed in each cage for two
weeks after which the cages were relocated within the same zones and
the experiment repeated using 20 juveniles in each cage. ' The bodies
of adult animals were extracted fram their shells, after severing the
columella muscle and shell diameter/dry body weight regressions derived
for the upper and lower balanoid samples. Student's t-tests wefe used
to campare the slopes and intercepts of the two samples. In the case

of juveniles, mortality was checked daily for five days.

In order to i‘elate the results of caging experiments to field
conditions an estimate of food availability in each zone was obtained
using polyethylene productivity strips as described in Chap. 6. = These
yielded a measure of prjmary productivity, in terms of chlorophyll a
concentration, over a period of 90 days. ‘

(c) Resistance to desiccation.

The tolerance of adult and juvenile Q. variegata to desiccation

was investigated by examining :
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(1) The relationship between body size and operculum size. This is
likely to influence the rate of water loss strongly as loss through
the shell is generally minimal (eg. Branch, 1975 (c)). Body
volume was measured by water displacement using a burette, and
the maximum diameter of the operculum measured for a range of

animal sizes.

(Ii) Rates of water loss during desiccation and the relationship between
body size and the lethal limits of water loss. These were deter-—
mined by placing 60 animals of a range of sizes in a desiccator
over silica gel at 20°C.  Each animal was weighed at intervals and
mortality checked over a period of 171 hours. The criterion of
death used was failure to respord to tactile stimulation of the

. foot. Additional-_ animals were desiccated for 4 hours to provide
supplementary data on water loss over this period. At the con-
clusion of the experiment shell-free dry body weight was derived

for each snail by extracting the body fram the shell. The oper-
culum was excluded fram body weight. Rates of water loss were
subsequently expressed as percentage of dry body weight following
Brown (1960). This method equates weight loss with water loss and
does not allow for weight loss due to respiration. This was how-
ever mJ_m_mal as the animals remained completely quiescent during

desiccation experiments.

- (iii) Survival times at low humidities.

Mortality rates of adults (> l6mm diameter) and juveniles (<< 10mm)
at various humidities were obtained by placing 10 animals of each
size class into each of 6 desiccators. | Each desiccator contained
a solution of sulphuric acid of known concentration (measured gravi-
metrically) in the lower campartment. Equilibrium humidity at

20°C over each solution was obtained from the Handbook of Chemistry
and Physics (1975) and mortality checked at intervals as above.

(d) Predation

Attacks on 0. variegata by the whelk Burnupena delalandii occur

only under sul:merged corditions (ie. only in pools or as the tide rises)
:so‘ that observations on natural rates of predation are extremely diffi-
cult. This is augmented by the fact that the shells of animals which
‘have been killed are rapidly washed away. However camparative rates
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may be obtained for the upper and lower balanoid by tethering animals
to the beach (see Chap. 6) in which case the empty shells remain

tethered. Samples of 50 adult O. variegata were tethered at the top
and the bottom of the balanoid zone and mortality checked daily for 9

days. The experiment was carried out on two sepérate occasions.

3.. Growth rates

0. variegata does not exhibit obvious growth rings (c.f. Paine,
1969) and the difficulties of marking individual trochids for long
periods have been pointed out by Darby (1964). Growth rates were there-
fore derived fram cohort analysis of the size frequency data. Histo-
grams of size numbers versus size were examined using the polymodal '
graph analysis described by Harding (1949) and Cassie (1954). The
graphically derived means and standard deviations for each cochort iden-
tified were then entered into the computer programme NORMSEP (Hasselblad,
1966). This programme examines the raw histogram data and fits a nor-
mal distribution to the cohorts based on the means and standard devia-
tions provided. NORMSEP then employs a X 2 test for goodness of fit
between the observed frequencies and the sum of the normal distributions
calculated by the programme (ie. predicted frequencies). These tests
showed no significant differences in all cases (P> 0,05). The camputer
proéranme NHIST written by Mike Ripp of the Department of Envirommental
Studies at the University of Cape Town, was then used to plot the origi-
nal histograms with superimposed normal distribution curves for each
cohort. Due to limitations of this programme the 21 and 22 mm size
classes are amitted fram the figures for zone 3. This involved only 9
out of 3281 animals measured in this zone during sampling and the curves
given are based on data in which they are included.

RESULTS

1. Size Distribution and Settlemeht,

Patterns of settlement, indicated by the occurrence of small
animals, may be most easily understood by considering firstly data summed
for the entire population and then size distribution in each zone separately.
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The population as a whole (fig. 2.30) exhibited a mode of
size distribution around 13-14 mm except during heaivy settlement. Re-
production appears to be continuous as small individuals were ‘present
throughout the year, but there was a marked peak of settlement in
February 1977 when a very large cohort of j-uvenilés appeared (cohort B
on fig. 2.30). - Mean size for this cohort gradually increased due to
‘growth and by September 1977 it had merged campletely with the older
cohort (cohort 2) already present which probably already comprised
several fused cohorts. Smaller juvenile cohorts (C and D) appeared
in March 1977 and Octcber 1977 but these cohorts were both very small
(fig. 2.30) and it is evident that there is one period of large-scale
settlement during the year in February/March.

Size frequency histograms with superimposed curves for normal
‘distribution are provided for each six-weekly sample for the three zones
considered in figs. 2.31-2.33. Each zone contained a bi- or trimodally
distributed population dcminate'd by one particular size class with new
cohorts appearing during settlement.

Zone 1 (fig. 2.31) was daminated by the 14-15mm size class fram Septem-
ber 1976, when settlement began. In September 1976 indivi-
duals fram a previous settlement were present as a 4mm cohort
which merged with the older cohorts by May 1977. During
February 1977 heavy settlement rates had resulted in the
numerical domination of the population by a cchort of 3=4mm
(ie. cohort § on fig. 2.30). These animals grew progressively
and attained 14-15mm in October 1977. Smaller scale settle-
ment also occurred in July and October 1977. The apparent
reduction and subsequent increase of the larger cohort between
February and May 1977 is an artifact caused by the tenporary

- but massive preponderance of juveniles durlng this period.

Zone 2 (flg. 2.32) was also daminated by the 14-15mm size class. Again
settlement occurred in December 1976 - February 1977 but a much
smaller number of juveniles were lnvolved ThlS recruitment
period appeared to be extended (due largely to mlgratlon of
juveniles fram zone 1, see below) and merged with the winter
peak of settlement in May/June 1977. A smaller sprmg settle—
ment also occurred in October 1977.
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Size frequency distribution for the entire population
of Oxystele variegata at Dalebrook at six weekly
intervals fram November 1976 to December 1977. Normal

distribution curves for each camponent cohort were

Fig. 2.30

plotted using the camputer giogramme NHIST. Data on
the last three size classes are omitted due to limi-

 tations of this programme but the numbers involved
were small and curves were calculated fram data in-
cluding all animals (see text). Frequencies were
calculated fram density measures and data fram figs.
2.31 - 2.33." N indicates total population size and
identified cohorts are labelled A-D.
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Fig. 2.31 : Size frequency distribution for Oxystele variegata
in zone 1 at Dalebrook at six-weekly intervals from
September 1976 to December 1977. - Normal distribu-
tion curves plotted for each cohort as in fig. 2.30.

N indicates sample size.
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Size frequency distribution for Oxystele variegata

in zone 2 at Dalebroock at six-weekly intervals
fram November 1976 to December 1977. Normal
distribution curves plotted for each cohort as in
fig. 2.30.

N indicates sample size.
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Fig. 2.33
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Size frequency distribution for Oxystele variegata

in zone 3 at Dalebroock at six-weekly intérvals

fram November 1976 to December 1977. Normal dis-

tribution curves plotted for each cohort as in fig.
2.30. ‘

N indicates sample size.
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Zone 3 (fig. 2.33) was clearly daminated by the 16-18 mm size class |
~even when settlement in the lower zones was high. Settlement
in zone 3 was very limited so that few juveniles appeared.
Summer (December/February) , winter (June/July) and spring
(October) settlements are discernible but less obvious as

very small numbers of juveniles are involved.

‘S'ettlement thus decreased markedly up the shore, the main
settlement period occurring in February 1977 with a much smaller re-
cruitment in May 1977 and a few juveniles appearing in October 1977
(fig. 2.30). The predaminance of progressively larger animals going -
up the shore is attributable to upshore migration between the zones
on size dependent basis, Zone 3 is the highest zone and was dominated
by precisely the size classes absent fram zones 2 and 3 (ie. 16-18 mm).
Animals of up to 22 mm also occurred in zone 3 but were absent frcn
the lower zones. Recruitment is thus due to larval settlement in
zone 1, and in zone 2 to a lower level of settlement and migration
fram zone 1. Recruitment in zone 3 is due almost entlrely to mmlgra—

tion from the lower zones.

2. Maintenance of size gradients
(a) Migration

Transplanting experiments revealed that juveniles or adults
moved to zones of the shore where they do not normally occur rapidly
return up or downshore to their original zones. Data on the direction
of dispersal of marked ahimals for 1, 5 and 9 days after release are given
in -figs. 2.34 and 2.35. Adult animals placed in the lower balanoid
(zone 1) show a very clear movement upshore (fig. 2.34) while juvenlles
placed in the upper balanoid (zone 3) show the reverse (fig. 2.35).

In both cases ’x2 tests indicate non-random dispersal of experlmental
animals (P << 0,001) and randam dispersal of controls (P>>0,05). The
rate of dispersal, expressed as mean distance of recovered animals from
- the point of release, is glven for experimental and control animals in
flgs 2.36 and 2.37. Dlspersal was much quicker for the larger, more
mobile adults, the first of which had returned to its hame zone (a dis-
tance of approximately 27m) within 3 days. After 9 days most of the
recovered adults had returned to zone 3 so that mean distance levelled
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off after day 5. Very few juveniles had reached zone 1 after 9 days
so that mean distance for the sample continued to increase. In both
cases control animals dispersed much more slowly and mean distance

quickly levelled off, reflecting randam dispersal.
(b) 'Caging experiments

Caging of adult and juvenile animals in the reversed zones
resulted in rapidly reduced ecological performance when campared with con-
trol animals caged in their normal zones., Shell diameter/dry body weight
regression curves for lower and upper balanoid samples of adult animals
are given in figs. 2.38 and 2.39. There was no mortality in either sample
and t-tests indicate no significant difference in the slope of the two
regression curves (P> 0,05). The intercept however was significantly
higher for the lower balancid sample (P<< 0,0l). |

Mortality of caged juvenile animals is given for both zones
in fig. 2.40. There was no mortality in the lower balanoid cagés while
38 of the original 40 animals in the upper balanoid were dead within 5 days.

Table 2.8 reveals that primary productivity decreases rapidly
in an upshore direction. It should also be noted that the values obtained
are all much higher than those obtained for the Littorina zone over the
same period (c.f. Table 2.4).

TABLE 2.8: CHLOROPHYLL & CONCENTRATION ON PRODUCTIVITY STRIPS EXPOSED

IN THE BALANOID ZONE FOR 90 DAYS (GIVEN AS MEANS FOR 10
VALUES T S.D.)

Z ONE
Upper .Mmme Lower
Chl. é con-
centration 76,1 + 9,8 117,7 + 4,8 159,4 + 10,6
(ng.cm—z) ' | '

(c) Resistance to desiccation

(1) . The relationship between body volume and opercular diameter is ex-
- pressed as a power curve in fig. 2.41. This relationship indicates
a relativély larger opercular surface area for potential water loss
in smaller animals. |
(ii) = The relationship of body size to rate of water loss is represented
by a steep power curve (fig. 2.42). Rates of water loss over a 4
hour period are very high for small animals, actually exceeding

lethal limits. 1In addition to high rates of water loss small animals
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also exhibit a much lower resistance to desiccation than adults. A
linear relationship exists between dry body weight and lethal percen¥
tage water loss (fig. 2.43). '

(iii) Data on cﬁmulative mortality at low humidities (figs. 2.44 and 2.45)
were used to derive LT50 values (ie. the time required for mortality of
50 % of the samples) for adults and juveniles over a range of humidities
(fig. 2.46). High rates of water loss combined with a low resistance

»  to desiccation lead to a much faster death rate for juveniles than for

adults at any particular humidity. for juveniles increases only

LT
50
slightly as humidity rises, presumably due to their extreme sensitivity

to water loss (fig. 2.43).
(d) Predation -

Figs. 2.47 and 2.48 show predation rates on adults in zones 1 and
3 (lower and upper balanoid respectively) during two separate experiments.
Although these rates are artificially high (as tethering impairs escape be-
haviour) predation is obviously much greater on the lower shore. The whelk
.Burnupena delalandii was observed attacking tethered and untethered O.
- variegata on same 6 or 7 occasions and high predation rates in the lower
.balanoid are attributable to its much greater abundance in that zone.

3. Population dynamics

(@) Total population size

The total population reached a maximum in February 1977 due to heavy
settlement and then declined for the remainder of the sampling period, wifh a
slight increase in May 1977 when recruitment again rose (fig. 2.49). Mortality
of juveniles settling in February-l977 (cochort B on fig. 2.30) was very high
(see below). ‘when these animals merged with the older cohort A in September
- 1977 the carbined cohort remained much smaller than cohort A had been in Novem-
ber 1976 (fig. 2.50). Settlement after February 1977 was limited and recruit-
ment was insufficient to balance mortality. Consequently total population
' declined and in December 1977 it was 3O 80 % lower than a year earlier in
December 1976 (fig. 2.49).

(b) Mortality

Mortality may be estimated fram these data on the assumption that
migration occurs up the shore only and not horizontally into or ocut of the
overall population. This assumption is based on the fact that a very large
area of beach was considered which is physically isolated fram neighbouring

areas by deep gulleys.
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Migration between zones means that mortality can be estlmated
for. the population as a whole but not for each zone separately. To
derive mortality rates size frequency data for the entire population
(fig. 2.30) were subjected to cohort analysis as described for growth
rates. The programme NORMSEP derives the percentage of total population
in each cohort so that the absolute size of each cohort may be derived.
Cohort size is plotted against time in fig. 2.50 for the four cohorts
recbgniéed, Cohort D was sampled only twice, at the end of the sampling
period} and data for cchort C show irregulér fluctuations due to extended
recruitment into this cchort. Data for cohorts A and B however may be
used to derive mortality rates for adult and juvenile animals respectively.
These two cohorts slowly converged due to the effects of age dependent
growth rates.  However they are separable using NORMSEP, even in the
region of overlap, up tbithe point where they cambined to form a single,
| normally distributed cohort in September 1977 (fig. 2.50).  Because of
this each cohort may be treated as a separate unif, experiencing no re-
cruitment and slowly declining in size due to mortality until they combine
in September 1977 to form a large merged cohort. For cohort B recruit-
ment ended after February 1977 as a new juvenile cohort (cohort C) |
appeared in March 1977 (fig. 2.30).

Overlap of cohorts A andlB became particularly great:in July
l977'and mortality of adult animals (cohort A) may be derived for Novem-
ber 1976 - June 1977 as a decline of 3998 animals. This was a drop of
32,64 % fram the November value, in 8 months, yielding a monthly mortality
of 4,08 ¢ or 48,96 % .year—l. Mortality for a newly settled cohort
(cohort B) was much higher with a decline of 4741 animals in 5 months
from February-June 1977. This is 62,18 % of the February value ie.

12,44 % .month_l. Thus mortality of small juveniles is very high but

declines markedly for animals which survive to 13-14 mm.

‘Mortality rates for these two cohorts may be expressed as re-
gressions of numbers against time. Numbers m_2 were plotted on a ioga—v
rithmic scale following Shafir (1978) with time as six-week sampllng
1ntervals in fig. 2.54. The equatlons derived were :

| Cohort A log ;N = 4,07 - 0,03t (r=0,92) .
Cohort B log 1N = 4,12 - 0,16t (r = 0,93)

I

Il
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Total numbers of Oxystele ‘i'rarieg‘ata in cohorts A-D
and the cambined cohort A + B identified fram data
on total population size distribution. Samples were
collected at six-week intervals fram November 1976
to December 1977.
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(c) Numerical distribution

The percentage of total populatlon present in each zone is
given in Table 2.9.

MONTH ~ ZONE 1 ZONE'2 ZONE 3
1976
Noverber 27,89 62,15 9,9
Decenber 18,22 74,74 7,04
1977 | |
February 41,20 54,10 4,60
March 37,20 55,13 7,67
May 40,91 | 53,75 5,34
June 26,23 59,96 13,81
July 26,59 51,73 21,68
September 25,35 59,50 15,15
October ' 29,52 52,20 18,28
'December 29,01 47,9 23,03

~Zone 2 contained the highest numbers as well as highest density
(c.f. Table 2.10)generally forming 50-60 % of total population. Numbers
increased in Zones 1 and 2 during settlement in February 1977. Settle—
ment was particularly heavy in zone 1 and the contribution of this zone
~ to total population rose accordingly (Table 2;9). The limited nature
" of settlemenﬁ in zone 1 after February was reflected in a steady decline
. in mumbers with a slight increase in October 1977 (c.f. fig. 2.49). Like-
wise numbers in zone 2 increased in May 1977 due to settlement and then

continued to decline.

The pattern of numerical distribution in each zone shown in fig.
2.49 provides further ev1dence of migration between zones.  Numbers in zone
1 decreased frcm November to December 1977 despite a small settlement in
' December. This was synchronous with an increase in population in zone 2.
LikeWise between July and September 1977 population at zone 2 increased '
by a number similar to the decrease in zcone 1. '
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Although total population and population in zones 1 and 2
decreased after February 1977 numbers in zone 3 gradually increased
over the same period. This was particularly obvious after May when -
numbers in zones 1 and 2 decreased most rapidly. The increase in
zone 3 did not entirely account for the decline in the lower two zones,
which was partly due to mortality, and there was a drop in total popu- -

la_tion .
(d) Density

Mean densitiés .m_2 for éach zone throughout the sampling
period are given in Table 2.10. Distribution in zone 3 is however
extremely clumped so that density may be locally much greater. There-
fore in dealing with popﬁlation size the total population for each
zone and for the entire area occupied (approximately 420 m2) were
considered. These data follow the‘same pattern as density changes
during the year.

TABLE 2.10: MEAN DENSITY .m 2
MONTH JONE 1 . ZONE 2 ZONE 3
1976
November 26,00 54,00 9,66
Decerber 17,00 65,00 6,83
1977 | . R
February 62,25 - 76,00 7,20
March 42,00 57,99 . 9,00
May 49,00 . 60,00 6,65
June 23,00 49,00 12,59
July ' 22,00 - 39,89 13,72
September | 19,76 43,210 13,78
October . 21,03 34,66 13,55
" December 18,06 . 29,14 : 15,61

(e) Biamass

Mean bicmass was calculated as acidised dry mass .2 from _
size frequencies densities and the length/weight equation and is plotted

* for each zone in fig. 2.51. Bicmass was highest in zone 2 due to a much
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higher density than in zone 3 (Table 2.]l0)and the predomlnance of larger
animals than in zone 1 (figs. 2.32, 2.33).

There was a general decline in bicmass in zones 1 and 2 due to
decrease in numbers caused by migration and mortality. Although den-
sity increased greatly in February newly settled juveniles make a neg-
'ligible contribution to biamass because of the exponential relationship
between size and mass. Decline of biomass thus primarily reflects a
decline in the number of larger animals present. There is a synchro-
nous rise of bicmass in zone 3 as biamass drops in zones 1 and 2 due
to upshore migration fram the lower zones. This effect is marked as
medium and large sized animals are involved. A biamass decline in
zone 3 after July/September 1977 may be attributed to mortality of the

largeét animals which are replaced by smaller immigrants fram below.

4. Growth rates

Growth rates of identified cohorts 1n each zone are indicated
as mean size versus time in fig. 2.52. Merging of cohorts in the size
frequency histograms is clearly brought out here. This occurs when a
younger cohort merges with an older one and results in a lowered mean
size for the cambined cohort (eg. in zone 1 between March and May) .
Similar patterns of decrease in mean size due to merging of cohorts
have also been found by Underwood (1975 (a)).

The oldest cohort in zdne 3 grew slowly but in zones 1 and 2
" the oldest cohort often slowly declined in mean size due to emigration
of the largést animals. Similarly newly settled cohorts can exhibit
a decline in mean size due. to prolonged recruitment of juveniles over
. several months (eg. zone 2 between February and May) .

, Growth curves for the youngest cohorts are all roughly parallel
in .e.ach zone and are steepést in zories l and 3 indicating more rapid
growth. here. 'I'hus growth rates were higher where density was lowest

- (c.f. Table 2.10). The ratio of primary productivity divi_ded by mean
bianass of 9.‘ variegata in each zone (data fram Table 2.8 and fig. 2.51)
gives an index of campetition; low values indicating higher campetition.
This~ index is lower for zone 2 (16,8) than zones 1 (31,9) and 3 (25,4).
Greater campetition for food in zone 2 thus leads to low growth rates.
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Where there is no interference by merging of cohorts the cur-
ves are sigmoidal with most rapid growth between about 5 mm and 14 mm.
No animals of << 2 mm were recorded during the entire sampling period
suggesting rapid growth from settlement to 2 mm.  Animals reach approxi-
mately 14 mu in their first year. Growth after this is slow and extra-
polation fram the oldest cohort in zone 3 suggests that animals reach a
si.ze of 'around 18 mm after épproximately 2 years. Animals of 20 mm
are probably 3-4 years old or individuals showing particularly high

initial growth rates. |

The population is thus characterised by continuous migration
of growing animals upshore fram the lowest zone where settlement is
heaviest. The population shows a different age structure in each

‘zone and may be defined as:

Zone 1 Daminated by juveniles during settlement along with -a. small
residual, presumably breeding population of about 1 year old.

Zone 2 Largely animals of 1 year old or over. - A few juveniles '
appear during settlement but recruitment is largely due to
immigration from zone 1. Very few animals remain for longer
than 1,5 years (ie.>> 16 m). S

Zone 3 Mainly animals of 1,5-2 or 3 years. Very few juveniles
settle in this zone and recruitment is almost entirely due

to migration from the lower zones.

5. Productivity .

Productivity may be estimated fram data on nurbers and mean
size in separate cohorts using the Allen curve method. Smoothed re-
gressions of mean size and mortality against time were calculated and
smoothed Allen cuxvés derived by plotting mean number .‘m-2 against mean
mass for each cohort (Shafir, 1978). Productivity is given by the
area under the Allen curve. ‘

In the case of Littorina africana knysnaensis (chapter 6) this

~was not possible as the irregular nature of recruitment prevented the
recdgnition of separate cohorts. Likewise for O. vérigata extended
~ recruitment into ljuvervlile cohorts and merging of cohorts create diffi- ’
culties. The numbers in cchorts can increase despite mortality (eg.
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fig. 2.50,cohort C) and mean size can decrease despite growth (eg. fig.
2.52, zone 1). In addition adult cohorts often exhibit a decrease in
mean size due to mortality of the oldest animals (eg. fig. 2.52, zone 3).

However regressions _of mean size and of numbers against time
(fig. 2.54) may be calculated for cohorts A and B in fig. 2.50 for
periods of 7 and 5 months respectively -(Dec. 1976 - July 1977 and
February - July 1977). Data on numbers were based on fig. 2.50 and
plotted on a log scale. Growth rates were derived from the growth
curves genératedfor these two cohorts using the NORMSEP programme (fig.
2.53) and converted to changes in acidised dry mass.

. Mean standing crop and mean monthly production are given in
Table 2.11. Turnover was calculated as production + mean biamass for
the same period. Production was calculated fram fig. 2.55.

TABLE 2.11: ESTIMATED MONTHLY PRODUCTION FOR COHORTS A AND B

(calculated fram data for Dec. 1976-July 1977 and Feb.-July 1977
respectively). .

- Cohort | mean standing crop ‘mean monthly production turnover
-2 -2 p
(g .m ) (mg .m °) (5
A 4170,58 313,48 0,0752
B 440,56 199,34 0,4525

Net Productivity is defined (Edmondson and Winberg, 1970;

Shafir, 1978) as the energy produced as an increase in body mass (Pg)
plus reprodﬁctive energy (Pr) . The mean diameter/weight conversion fac-
tor used for O. 'variegvata was based on animals collected in RApril, when
settlement rates were very low and most of the animals were spent. The

- production figure derived above is therefore the Pg fraction of net pro-
ductivity as information on energy loss through reproduction is not in-
cluded. Gross prodﬁctivif:y méy be derived as net productivity plus
respired énergy (Engelmann, 1966). - Although data on respiration rates
are not included here ﬂley have been calculatéd for the same population
by King (1974). -

The rate of production is determined largely by the rate of
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body growth which decreases with size. It is important to realise
therefore that although mean monthly production for this pericd is
higher for cohort A, turnover'(——-EEL—Q is considerably greater for

biamass ‘ ,
the smaller more rapidly growing animals of cohort B (Table 2.11).

Although Allen curves may not be derived for the rest of the
sampling period, mean size for the carbined cohort A + B was found to
decline after September 1977 (fig. 2.53) due to mortality of the lar-
gest animals. Numbers also declined (fig. 2.50) énd net productivity
during this period would therefore be negative, reflecting a declining

population (fig. 2.49).
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DISCUSSION

As with Littorina africana knysnaensis (Chap. 6) O. variegata
exhibits continuous reproduction, but with more marked seasonal maxima
(fig. 2.30), and vertical migration leading to a size dependent zoénation.
Again it is necessary to consider separately the causes and implications
of this zonation, patterns of settlement and growth, and of changes in
the total population.

Zonation

- O. variegata shows a marked size gradient at Dalebrook. Mean
size was found to increase in an upshore direction, the largest animals
never occurring below the upper balanoid where juveniles were extremely
rare. Zones 1-3 were consequently dominated by small, medium and large
animals respectively (figs. 2.31-2.33). Numbers and density were both
found tb be highest in zone 2 (Tables 2.3, 2.10)where the majority of
animals were medium sized; There is therefore no apparent correlation
between size and dehsity. ’ |

Size dependent zonation _of' trochids has been deséri;)ed by
Bakker (1959), Paine (1969), Connell (1972) and Vermeij (1972). Again

as with L. a. knysnaensis, O. variegata does not conform to the patterns

of zonation reviewed by Vermeij (1972) .  Despite being a mid/lower shore
species O. variegata exhibits a pronounced increase in size farther up-
shore. This was also found for the mid-shore species Gibbula umbilicalis
by Bakker (1959). Distribution based on size has been ascribed to size
~dependent mortality due to increased resisﬁance with age to factors such
as osmotic stress or desiccation (Coombs, 1973; Chow, 1975), the effects
of wave or wind action (Behrens, 1972; Walsby, 1977), size dependent
predation (Chow, 1975) or the availability of suitab'l'e(crevices (Emson
and Faller-Fritsch, 1976; Raffaelli, 1978; Raffaelli and Hughes, 1978).

In the case of O. va.fiegata the size zonation exhibited may be
e.xplained more’ sim?ly by a pronounced decrease in settlement higher' up
the shoré, so that the majority of juveniles appear in zone 1, and up~
shore migration of animals as they grow older. This is exactly the
reverse of Paine's (1969) findings for Tegula funebralis which settles
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at the top of the shore and undergoes age-dependent migration down the
shore. The restriction of juveniles to the lower regioris may be
attributed to high rates of desiccation in the upper zones. A large
opercular surface area and circumference relative to body volume (fig.
2.41) leads to very rapid rates of water loss among juveniles (fig.
2.42). This, in carbination with a low tolerance to desiccation in small
animalé (fig. 2.43) results in much higher mortality than among adults.
- under corditions of low humidity (figs. 2.44 and 2.45). Consequently
juveniles which are released in the upper balanoid move rapidly down-
‘share (figs. 2.35 and 2.37) and quickly die if caged in this zone (fig.
2.40). Likewise reduced physical stress and higher food availability
in zone 1 result in a significantly higher body weight for adults in
this zone (figs. 2.38 and 2.39). If not protected by cages however,
tethered animals are preyed upon by Burnupena delalandii much more
rapidly than on the.upper shore (figs. 2.47 and 2.48). Although

tethering causes abnormally high predation rates, natural rates must

also be so high as to outweigh the advantages of life on the lower shore,
as adults placed in zone 1 return very rapidly to their normal zone
higher up the shore (figs. 2.34 and 2.36). An upshore shift in zona-
tion of limpets as an avoidance response to predatory starfish has been
recorded by Phillips (1976) but this is a short term effect and in-
-volves a relatively slight vertical displacement. Upshore migration
would presumably normally be a gradual process as increasing resistance
to desiccation allows growing animals to penetrate higher and higher '
upshore. For example juveniles which occur in zone 2, where algae are
~ very sparse and conditions are dry, are restricted to narrow crevices
and the tests of dead barnacles (c.f. Moyse and Nelson-Smith, 1963;
Reimer, 1976). Migration fram zone 1 to zone 2 may thus be a response
to predation pressure. Campetition in zone 2 is severe however leading
to low growth rates '(see above). This in turn is avoided by further
'migfétion upshore to zone 3 (where campetition decreases) as the resis-
tance to desiccation of the growmg animéls increases. Unlike same
other intertidal gastropods 9 ‘variegata undergoes migration only on an
age deperdent basis and seasonal vertical migrations do not occur (c.f.
Desai, 1966; Nelson-Smith, 1967; Lambert and Farley, 1968; Micallef,
1970; Underwood, 1973). | |
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Settlement and growth

Reproduction of O. variegata appears to be continuous as small
numbers of juveniles were present throughout the sampling period (fig.
2.30). There was however a very marked seasonal peak of recruitment in
summer (February, 1977), when the number of juveniles increased enormously
(fig. 2.30), with less distinct periods of increased settlement in winter
(May/June) and spring (October). Seasonal recruitment has been found
for other species of trochids by E.E. Williams (1964b), Desai, (1966),
Paine (1969, 1971(b)) amd Regis (1969). '

Settlement (that is successful settlement or the number of ju-
veniles survi\}ing to 2 mm) occurred primarily in the lower zones and the
number of juveniles decreased markedly fram zone 1 to zone 3 (figs. 2.31-
2.33). Despite intensive collection and examination of algal scrapings
fram lower down the shore O. variegata was never recorded below zone 1
and, as with L. a. knysnaensis, subtidal settlement followed by upshore
migration may be excluded (c.f. Smith and Newell, 1955).  Settlement
must therefore be followed by very rapid growth (c.f. Berry, 1961) as
animals of less than 2.mm were rare and no animals of less than 1 mm
were recorded. Growth from 2 mm was sigmoidal, being most rapid during
the first year after settlement, fram 5 m to 14 mn (fig. 2.52).  Crowth
then declined to low rates, possibly due to the onset of sexual maturity
canbined with lower food avallablllty in the zones occupled by larger

animals.

Growth rates were highest in zones 1 and 3 and lower rates in
zone 2 are due to the high density. there (Table 2.10) lead‘i_ng to more
 severe campetition for food (c.f. Underwood, 1976). Data for zone 3 -
however are based on the occurrence of very low numbers of j'uveniles
(fig. 2.33) and it may be assumed that young animals grow most rapidly
in zone 1 where settlement was heaviest. Again this may also be re-
lated to the availability of food in each. zone and mcreased environ-
mental stress up the shore. ’

Mortality and Numerical changes:

Normal life span appears to be 2 years (around 18 mm) although |
animals of 20 mm or over may be much older Q(c.'f. Camfart, 1957; Darby,
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1964; Paine, 1969). This is in agreement with the observed adult mor-
tality rate of approximately 4,08 % per month. Numbers of juveniles
declined in zones 1 and 2 after settlement in February 1977 due to a
canbination of high juvenile mortality and migration up the shore (fig.
2.49). 1In zone 3 however there were few juveniles present and num-
bers increased towards thé.end of the sampling period. This increase
reflects both migration, as juveniles fram the February settlement
grew larger and migrated upshoré, and the lower mortality of adults,
which form the bulk of this sub-population. These numerical changes
are mirrored by biamass changes in each zone (fig. 2.51) which showed
a decline in zones 1 and 2 and a gradual increase in zoﬁe 3 towards
the end of the sampling period. There was however a decline in bio-
mass in zone 3 after July 1977 despite an increase in actual numbers
(c.f. figs. 2.51, 2.49). This was due to mortality of the largest
animals and their replacement by larger numbers of smaller animals -
migrating up the shore. |

From fig. 2.50 it can be seen that the cambined cohort formed
by merging of the adult and juvenile cohorts A and B in September 1977
remained smaller than cohort A had been in November 1976. In addi-
 tion the winter and spring periods of settlement (May ard October 1977)
involved only very limited recruitment (fig. 2.30) and did not lead to
an increase in total population (fig. 2.49). Thus mortality duriﬁg
the sampling pefiod outstripped recruitment and total population showed
an overall decline of 31 % fram December 1976 to December 1977. This
was in direct contrast to the increase in population of Littorina

africana knysnaensis over the same period (see Chap. 6).

" This decline is attributable largely to very high rates of
juVenile mortélity.' Even a large number of juveniles make a rela-
tively small contribution to total bicmass. However juveniles are
important not simply in terms of maintaining overall population size
but also because they show a high turnover rate (Table 2.11) and may
thérefore play an important part in energy flow through the population

as a whole.

Although O. variegata is abundant throughout the balanoid
zone, vertical size gradients and zone dependent densities imply dif-

ferential grazing pressure in different regions of the beach. The
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influence of high densities of O. variegata on algal bicmass in the
mid balanoid has been described above (Chap. 5) and it is indicative
of the camplexity of the system that the gradients exhibited by O.
variegata are themselves maintained in part by predation by Burnupena
delalandii. : "



SUMMARY

- Although adult production was higher, turnover (ie. the &
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Size dependent zonation of Oxystele variegata occurs, shell .

size increasing in an upshore direction. This is caused by

‘higher settlement rates at the bottam of the shore, the upper

shore offering conditions too severe for juveniles, partlcu—

larly in terms of de51ccatlon, Juveniles suffer rapld water
loss due to a relatively large opercular surface area and have
a low resistance to desiccation. This leads to high morta-
lity under reduced humidities. As animals increase in size
their resistance to desiccation increases allowing them to
migrate upshore. This is a response to high rates of pre-
dation in the lower zones. Predation is, in fact, so intense
as to override the advantages of higher food availability

and more equable physical conditions on the lower shore.

The existence of a size gradient has a distinct influence on
biamass in each zone. Density is also zone dependent and
consequently the impact of the species as a grazer may be ex-
pected to vary in different zones.

Settlement was continuous but with a very marked peak of re-
cruitment in summer. Growth is most rapid for the first year
after settlement (up to approximately 14 mm) and then declines.
Growth of juveniles was lower in zone 2 than in zcnes 1 and 3,
because of the higher density and more severe competition for
food there. A,normal‘lifespan of 2 years (approximately

18 mm) is implied but animals of up to 22 mm may be older.

Monthly mortality of adults was found to be 4, 08 2 and that of
juveniles 12,44 %. The population of O. variegata at Dalebrook
was fourd to decrease by 30,80 % over a period of 13 months.

Décrease in numbers occurred only on the lower shore (zones 1

- and 2) and was related to high juvenile mortality rates.

Mean monthly samatic production (Pg) was calculated for one ju-
venile and one adult cohort for 5 and 7 months respectlvely.

B

‘ratio) was much greater for juvenile animals.
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" CHAPTER 8 ': SYNTHESIS

- In this study an attempt has been made to define spatial and
temporal variations in rocky intertidal cdmnunities in the.Cape Penin-
sula, South Africa and to examine the causes and significance of these
variations. There is a great diversity of beach types in this area
characterised by specific types of intertidal cammmities and the com-
mﬁnities are themselves very heterogenéus. |

The classic patterns of zonation defined by Stephenson and
Stephenson (1949) apply well to these beaches with the proviso that
they form a simplification of actual conditions. The major zones are
generally obvious and on same beaches they form sequential bands up the
shore. On most beaches however they form a camplex mosaic of zones,
arnd position across the shore is an important consideration in the use
cf transects. These zones may of course be subdivided into an infi-
nite number of sub-zones but a certain degree of division into sub-
cammunities, defined by species daminance, is essential if species

biomass for the beach as a whole is to be accurately assessed.

The cause of vertical zonation has in the past, been attribu-
ted to the occurrence of "critical tidal levels" on the shore where
sukmersion/emersion ratios change suddenly and dramatically (eg. Célman,
1933; Doty, 1946; Evans, R.G. 1957; Lewis, 1964). More recently how-
ever this has been contested by Underwood (1978) who suggests that the
.causes of zonation vary for each species. These causes probably in-
clude factors such as food availability (eg. Underwood, 1972b) and
‘biotic interactions such as active orientation of same species towards
the presence of others (Williams, G.B. 1964; Newell, 1979) or predation

(including grazing) and campetition (eg. Comnell, 196la, b, 1972; Paine,
1971, Cha@nan; 1973; Haven, 1973; Menge, 1976). The effects of tidal
rise and fall are obviously still of considerable importance, operating
through modifications of temperature and particularly desiccation ex-
tremes at different heights up.the beach. For example both total bio-
mass and species richness decrease_towards the supralittoral fringe,

‘the latter probably due to both a reduction in the number of niche
fypes available and increased physical stress (Newell, 1979).
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Camunities may be defined by species vccmposition and bio-
mass. These two parameters were found to be controlled primarily
by sea temperature and the degree of wave exposure respectively.
Tarperature has a zoogeographic influence on species distribution (eg.
Isaac, 1937; Stephenson, 1944; Lewis, 1964; Brown and Jarman, 1978)
and results in a framework of épecies presence on the warm and cold
~ coasts of the Cape Peninsula. This framework is modified by the
~ occurrence of ubiquitous species and overlap of the west and south
coast biota as described by Stephenson (1944) and confirmed on a
qua.ntitativé basis in the present study.

Both warm and cold coast beaches have a similar pattern of
trophic campartment bicmass distribution up the shore. The biamass
of the trophic campartments considered was found to be generally dami- -
nated by one or only a few species and approximately 90 % of total
biamass on the twelve beaches examined was formed by a total of only
45 species. Biomass of many of these species was strongly influenced
_'by the degree of exposure leading to different patterns of trophic
biomass on exposed and sheltered beaches. The majority of species
‘influenced by the degree of wave action favour more exposed conditions,
iwhich is indicative of the generally exposed nature of the whole coast-
line. Cbnsequently total bicmass Was, found to be significantly higher
on /exposed beaches ‘as was biamass of filter-feeders, amivores and
carnivores. Filter-feeders in particular are of great importance and
tend to daminate trophic bicmass on exposed shores. As the actual
species composition of the trophic campartments was largely determined
by the influence of temperature, subdivision of beach types into warm
exposed, cold exposed etc. is necessary. Patterns of energy-flow
through the intertidal camunity may however be expected to differ at
a fundamental level on exposed and sheltered shores and further data on
the major species described may be expected to give a good insight into
these patterns. '

- The basic pattern of'cotrmunity types established by tempera-
.ture and exposure effects is locally modified by unstable or easily
eroded substrate conditions which have an impoverishing influence on
the biota, especially sedentary forms. Local offshore currents may
also influence the biota by affecting settlement rates. '
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Important effects caused by biotic interactions can also alter
cammunity structure. For example, it was found that the lower shore
is structured largely under the influence of Patella cochlear which can
attain very high densities and, through grazing, causes important changes

in species richness and algal bicmass in the cochlear zone.

. Having considered spatial variation in these cammnities it
is essential to realise that important temporal changes also occur.
Both algal and gastropod populations were found to show seasonal

variations overlain by long-term effects.

_ The algal camunity examined consisted of three elements
corresponding to the canopy, underetorey and fugitive camponents de-
scribed by Dayton (1975) .. These were termed daminant species and sub-
daminant species (which were not necesserily canopy or understorey
species respectively) with the oppoftunistic daminant Ulva sp. fulfil-
ling the role of a fugitive species. Both zonation and bidmass chenges
occurred, the structure of the camminity as a whole being dictated pri-
marily by the response of daminants to variations in physical conditions
and of the subdominants and Ulva sp. to campetition with these dominant
species. The most important physical factor examined was the height
of diurnal low tides and biamass of all dominant species showed a high
correlation with these {:idal corditions. Their biamass was greatest
in summer during pericds of increased height’ of low tides. This may
have been due largely to increased photosynthetic rates caused by
greater depth and duration Qf sulmergence.

The height of extreme low tides does not follow a strictly
seasocnal pattern each year however and during the winter of 1979 low
tides were particularly high. Although quantitative samples were not
taken, the bicmass of dominant algae was obviously much higher than in
previous winters. | Similarly during the summer of 1979 tidal heights
were low and algal bicmass appeared lower than in preceding years. It
appears that although algal standing crop fluctuates primarily' in.
response to the effects of tidal factors these effects are augmented
if favourable tides occur during the summer. Algai bicmass is thus
~ influenced by the interplay of tidal factors with the more regular
seasonal changes in llght intensity and temperature.
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Dominant species produced up to 100 % cover in most zones
and the out-competed subdaminants showed higher biamass during periods.
of daminant recession. Competition between dominant - species was avoi-
ded by clear daminance of one or two species in each zone.- . Where two
daninant species occurred in a single zone their bicmass peaked in dif-
ferent months each year. Low tides were markedly higher in 1976 than
in 1977 and dominant species reached much higher bicmass in this year
while sub-dominantsshowed the reverse. The exception to this was Ulva
sp. which was most common in the middle shore where Gelidium pristoides

was daninant. Biamass of Ulva sp. exhibited the same pattern as sub-

dominant biamass, exploiting the recession of G. Eristoides between 1976
and 1977. Although grazing is largely responsible for commmunity struc-
turing in the cochlear zone and may be severe in the case of same béia—
noid algal species, high algal biamass and growth rates swamp the in-
“fluence of herbivores during most of the year. Grazing effects are

- probably most important during periods of low algal bicmass and would
affect absolute bicmass levels rather than influencing seasonal patterns

of abundance.

Duriné periods of increased algal standing crop the bicmass
of.dominant species increased initially at the bottom of the shore where
conditions suitable for rapid growth, especially increased sulmersion
effects, became effective first. This was followed after several months
by upshore extensidn of range during periocds of high biamass. It is .
generally accepted that the upper limits of intertidal algal distribution
are set by the ability of each species to.withstand increased desiccation
. and light intensity up the shore, the lower limits being controlled by
biotie interactions such as campetition (Connell,. 1972; Chapman, 1973).
Spreading_of_species into higher zones may therefore be seen as a response'
 to improved upshore physical corditions. In the case of sub-dominants
however it may,alse have beenvlargely an exploitation of the decrease in

campetition caused by dominant recession. | Gigartina radula and Centro—

ceras clavulatum also extended theif'range downshore as their bicmass in-

creased, the latter in response-to a drop in daminant biamass on the lower
shore'during winter. Downshore extension of the dominant species G.
radula during peak biomass was possible because of its large size and
rap1d growth, allowing it to campete strongly for both llght and space.
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Calorific content, considered on an ash free dry weight basis,
was found to show- a seasonal cycle related to bicmass changes and was
maximal during periods of rapid growth. This corresponds to periods
when the protein : carbohydrate/fat ratio may be expected to be low.
Biamass fluctuations were so great that they form the main influence on
algal standing crop considered as KJ 2. Seasonal change in the
calorific value of algae does however affect the quality of food avail-
able to macrophytic herbivores and may in certain circumstances have an
important influence on herbivore/algal relationships. For example a
seasonal drop in the energy content of food species may be carmpensated
for by a greater intake by herbivores and thus increased grazing pressure.

. The populations of two species of prosobranch gastropods studied
also showed seasonal and long term changes as well as. spatial variation.
Both species showed a marked vertical size gradient, the length of -
Littorina africana knysnaensis decreasing and maximum diameter of Oxystele

variegata increasing up the shore. There was no correlation between
density and size gradients, the latter being the reverse of those which
would be predicted by Vermeij's (1972) generalised model. Vermeij
(1972) has attributed size gradients of intertidal molluscs to physical
- stress at the top of the shore and predation or other biotic effects
on the lower shore. In the cases examined the gradients were caused
by restriction of the juveniles to certain zones by physical effects
(wave action in the case of L. a. knysnaensis and desiccation in the '
case of O. variegata). These zones were sub-optimal for biotic reasons
- (food availability or predation) and the greater physical resilience of
adults allowed them to migi‘ate to the more favourable zcnes fram which
juvehiles were physically excluded, resulting in a vertical size gradient.

Both populétions may be subdivided into three "subpopulations"
vhich were not physically isolated from one another but occupied dif-
ferent zones on the shore. ; |

1. The first subpopulation occurred in the zone of juvenile

recruitment where settlement rates were highest. - No
large animals and few medium sized animals were found in
this zone. This subpopulation occupied the bottom of
the beach in the case of O. variegata and the uppermost
zone in the case of L.a. ‘hﬂz‘énae‘nsis. &
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2. The middle subpopulation was intermediate in both cases,
consisting of medium sized animals with few large indivi-
duals. Settlement also occurred in this zone but was
more limited and much recruitment was due to migration of

growing juveniles fram the first zone.

3. The upper subpopulation of O. variegata and the lowest sub—
population of L. a. knysnaensis represented adult zones |
~ where the animals were largest. There was very limited
successful settlement here and recruitment was mainly due

to migration fram the middle zone.

As may be expected numbers decreased from the first to the last
zone although this did not always correlate with a decrease in density as

the zones were of varying sizes,

Reproduction was continuous in both species with seasonal
periocds of peak settlement. 0. variegata exhibited a distinct summer
-peak of recruitment with much smaller juvenile cohorts appearing in
wihter and spring. Sumer and winter periods of increased settlement
were less obvious for L.a. Knysnaensis and extended over several months.
O. variegata and L. a. knysnaensis also exhibited a non-seasonal long
term decline and increase in populatioh respectively. Settlement of
L. a. knysnaensis increased dramatically in 1977 and lead to very rapid
growth of the population. In the case of 0. variegata population de-
cline was due to high juvenile mortality rates in 1976 so that recruit-
ment rates were not sufficient to maintain the population. Although
total population declined the adult subpopulation at the top of the bala-
noid zone actually increased in numbers during this period. This was
caused by migration fram the lower subpopulation. '

Pelagic larval development with settlement at close to 1 mm
seans likely for these‘twb species and must be followed by very rapid
growth as veiy few animals of less than 2 mm were recorded. Growth
| thereafter was sigmoidal and low growth rates of older animals lead to
rapid merging of age cohorts, particularly in the L. a. knysnaensis
population. For O. variegata growth of newly settled individuals was
lower where density was high, prcbably because of increased campetition
for food. Growth and mortality rates both suggest a normal life span
of 2,5 - 3 years for L. a. knysnaensis and 2 years for O. variegata.
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- CONCLUSIONS

This study was originally initiated as a base-line study of

intertidal cammunities in the Cape Peninsula, as part of a long term
study of the energetics of these commnities. Although the study is

by no means definitive three ‘major conclusions may be drawn.

,

1.

Intertidal cammunities present an overwhelming array of

species occurring at different biamass in different zones.
However an indication of their trophic structure and thus

of the main patterns of energy flow to be expected may be drawn
on the basis. of the degree of exposure experienced at each
beach.

Within this trophic- framework actual species composition
differs on the west and east coasts of the Peninsuia.
Approximately 90 % of total bicmass on each beach may be
defined by considering the ten species showing highest
biamass although other less abundant species may obviously
fulfil important roles in the structure of the cammnity.

Correlations exist between the biamass of daminant algal
species at Dalebrook and seasonal as well as long term
variations in the height of diurnal extreme low tides.
This may allow the prediction of pericds of high daminant
species biamass, and conversely low subdominant biamass,
fram-tidal data. Seasonal changes occur in the calorific
content of the species examined and may affect algal/

herbivore interactions.

Gastropad populations show extreme population fluctuations
on a non-seasonal basis. These may be related to settle-

‘ment success and temporal/spatial variations in the micro-
‘flora. These populations also exhibit marked vertical

size gradients due to the restriction of different size
classes to zones where conditions are optimal due to either
abiotic factors, in the case of juveniles, or biotic factors,
in the case of adults.
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A study such as this must of course be limited by the vast
nature of the subject and work on three major points would be useful
to consolidate these conclusions. '

a)

b)

c)

Although attention has been paid to the importance of

- Patella cochlear in structuring low shore cammnities much

more work is required on the significance of biotic inter-
actions to the patterns of cammnity types outlined. '
Particularly profitable fields of study may include the
effects of grazing by turbinid and limpet populations

and the relationship between carnivore and filter-feeder

populations.

Longer term study is required to confirm the correlations
observed between algal biamass and tidal conditions and
elucidate the effects of the interplay of tidal factors
with light and temperature fluctuations. In addition
it would be of interest to further examine the relation-
ship between photosynthetic rates and depth of sulmer-
gence and to confirm the existence of seasonal changes
in the chemical ccmpbsition of the major intertidal
algal species.

The long term population fluctuations exhibited by
gastropods may be important in terms of grazing inten-
sity. Information on the reproduction and feeding of

' 'Oxystele variegata and Littorina africana Knysnaensis

and of seasonal variations- in microfloral standing

crop would be especially useful.
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APPENDIX 1 (Cont'd)

List Species name Trophic
number _campartments
24 G. pristoides p
25  *Gigartina radula 2
26 T‘G. scabiosa P
27 o ‘G stiriata P
28 - Grateloupia filicina P
29 , Gymnogongrous dilatatus P
30 ' Herposiphonia sp. P
31 '~ Hildebrandia sp. P
32 Hymenenavenosa P
296 Hypnea spicifera P
33  Iridea capensis P
34 Jania sp. P
35 Laurencia flexuosa P
36 | L. glamorata P
37 Pachymenia carnosa P
38 ’ Plocamium corralorhiza P
39 P. cornutum P
40 P. suhrii P
41 Polysiphonia incampta P
42 Porphyra capensis P
43 Pterosiphonia cloiophylla P
286 Ralfsia expansa P
44 Sargassum hetercphyllum P
45 Splachnidium rugosum P
46 Streblocladia corymbifera P
47 Ulva sp. P
_ Porifera
48 o Hymeniacedon perlevis o : F
vActJ'_niaria-hxdrozoa N
49 Kirchehpaueria pinnata C -
. _ "—Anthozoa '
50 ‘Actinia equina - C
51 Anthothoe stimpsoni C
52 Bunodactis reynaudi (ol
53 - Bunodosama capensis - c
54 Pseudactinia flagellifera C

* In an addendum to Simons (1976) key to algal species recently
produced (March 1979) Gigartina radula is replaced by G. hystrix
which may in fact be a species camplex.
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APPENDIX 1 (Cont'd)

65

72

74

List Species name Trophic
number - : canpartments
Stauromedusae '
55 Haliclystis sp. C
Platyhelminthes .
56 Notoplana patellarum . C
57 Polyclad sp. | C
. Nemertea
58 Amphiporus sp. C
59 Cerebratulus fuscus C
60 Lineus olivaceous - C
278 | L. ornatus C
61 L. sp. ' C
62 Nemertean sp. C
63 Zygonanertes capensis C
Sipunculida
304 Golfingia capensis
64 Themiste minor D
T. stephensoni
g Nematoda
274 Nematode spp. D
Polychaeta-errantia
66 Arabella iricolor cauerlea C
67 Bhwania gcodei C
68 Eulalia capensis C
69 Eunice capensis C
70 Euphrosine capensis C
283 Exogone clavator C
71 Exogone verugera - C
| Glycera tridactyla .C.
266 Iepidonotus semitectus C
73 L. cavifrons | C
Lumbrinereis coccinea C
267 ) L. tetraura C
75 . Lysidice natalensis 0
76 Morphysa capensis C
77 M. depressa C
290 M. sanguinea D
78 .Marphysa sp. D
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APPENDIX 1 {(Cont'd)

list _ Species name Trophic
number canpartments
79 -~ Nereis operata ' o] ’
284 N sp. : -0
80 : N. willeyi o
81 ' Paronuphis antartica C
82" - Perinereis nuntia vallata C
83 P. capensis - C
280 Platynereis calodonta C
84 Platynereis dumerillii H
85 Pseudonereis variegata 0
86 - Syllis armillaris C
279 . syllis sp. 1" (c.f. S.amica) C
294 _ Syllis sp. 2° ' o
87 Syllis sp. 3 C
88 7 - 8. variegata C
—-Sedentaria
89 Amphiglena mediterranea F
90 Branchiamma natalensis F
303 B. violacea _ F
91 . Cirriformia capensis | D
92 Cirriformia sp. D
93 C. tentaculata D
94 Dodecaceria pulchra F
95 o Gunnarea capensis F-
96 Loimia medusa D
97 Megalamra quadrioculatum F
98 Naineris laevigata D
99 Nicolea macrobranchia D
100 - Orbinid sp. - D~
101 | Orbinia angrapequensis D
102 Pherusa laevis D
103 Polydora sp. D
104 P. capensis D"
105 Panatoleios Kraussi F
106 . Potamilla reniformis F
- 281 - Sabella penicillus F
107 Sabellastarte longa F
300 Scoloplos johnstonei D
F

108 - Serpulid sp.
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APPENDIX 1 (Cont'd)

Species name Trophic
number campartments
109 Terebella pterochaeta D
110 Terebellid sp. 1 D
111 . Terebellid sp. 2 D
112 Thelepus cornatus F
113 Thelepus sp. | F .
299 Vermiliopsis glandigerous F

- —Oligochaeta |
271 Oligochaeta sp. . D

Crustacea—-Cirripedia
114 Balanus algicola F
115 B. maxillaris F
116 Chthalamus dentatus F
117 Octameris angulosa F
118 Tetraclita serrata F

- ~Isopoda _
119 Cirolana rugicauda C
120 C. incisicauda C
287 C. venusticauda c
121 . Cymodocella pustulata - S
122 C. sublevis S
123 Dynamenella australis S
124 D. dioxus ' S
125 D. huttoni S
308 D. macrocephala S
126 D. ovalis S
127 D. scabricula S
128 - D. sp.. S
- 129 Exosphaerama antikraussi . S
130 E. kraussi S
131  E. laeviusculum s
132 E. planum S
133 E. porrectum . | s
134 Exosphaerama sp. S
135 E. truncatitelson S
136 E. varicolor S
137 Iais pubescens S
138 Glyptidotea lichtensteni S
103 Jaeropsis sp. ' D
139 Janiropsis palpalis D
140 Mesanthura catenula C
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APPENDIX 1 (Cont'd)

List Species Name Trophic
number campartments.
276 Niambia sp. D
141 Paridotea facicola H
142 P. rubra H
143 P. ungulata - H
144 Parisocladus perforatus S
145 P. stimpsoni S
146 Sphaeramene polytylotos S
147 Stenetrium sp. D
= hi a
148 Amaryllis macropthalma D
149 Acra kergueleni F
289 Ampelisca ancmala F
150 Ampithoe africana F
151 A. falsa ' F
152 A. ramondi F
153 Ampelisca diadema F
154 Aristias symbiotica S
155 Calliopiella michaelseni S

156 Caprellina longicolis C
157 Caprella natalensis C
158 Ceradocus rubramaculatus C
271 Coruphium acherusicum B
159 Elasmopus japonicus S
291 Erichthonius brasiliensis F
268 Eusiroides monoculcides c
292 Gammaropsis afra | r
160 Hyale diastema H
161 H. grandicornis H
162 Ischyrocerus ahguipes D
273 I. gorgoniae R D
288 Jammiropsis afra F
270 Jassa falcata D
164 Lembos hypacanfhus- , v F
305 Lysianassa cinghalensis S
165 L. ceratina ‘ S
166 L. variegatav S
167 Macrophisthopus stebbingi S
308 Maera vagans ' C
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APPENDIX 1 (Cont'd)

List Species name Trophic

number ' camnpartments

293 Melita orgasmos C

168 Paramoera capensis - S

169 Podocerus africana Cc

170 P. inconspicuus C

307 Polycaria atolli F

171 Stenothoe sp. C |

172 Temnophlias capensis S

272 Talorchestia sp. H
-Tanaidacea

173 Anatanais gracilis c

174 Leptochelia barnardi C

175 L. savignyi - : C

176 Parapseudes spongicola C

177 . Tanais philetaerus | C
—Leptostraca

178 Nebalia capensis S
TAnomura

179 .Paguristes barnardi

180 P. gamianus

B —Brachyura

181 Cyclograpsus punctatus S

182 Dramidia hirsutissima S

183 Pilumnoides perlatus S

184 Plagusia chabrus S
—Insecta

185 Anurida maritima D

298 " Collambola sp. : D

186 Telmatogeton minor (larvae only) H

. Arachnida-Pycnogonida - '

-187 Achelia quadridentata c

188 Tanystylum brevipes e
~Aranea

189 ‘Desis formidablis C

‘ . Mollusca-Amphineura

190 Acanthochiton garnoti H

191 Chaetopleura papilio H

192 Chiton nigrovirescens H
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APPENDIX 1 (Cont'd)

List Species name : ' Trophic
number canpartments
193 C. tulipa , H
194 Ischnochiton oniscus - , H
-Pelecypoda _, '
195 ‘ Aulacawya ater F
196 | , Chlamys tinctus F
197 * Choromytilus meridionalis F
198 _ Gregariella simplicifilis F
199 Kellya rubra F
200 "Perna perna F
201 Saxicava arctica F
202 Tapes corrugatus F
203 Tellina gilcixristi F
204 Thecalia concamerata "F
—-Gastropoda

205 Afracaminella elongata C
206 Burnupena delalandii s/C
207 B. lagenaria | s
208 B. limbosa S
209 B. papyracea S

- 210 Clavatula sinuata C
211 Conus elongatus B C
212 Crepidula aculeata H
213 C. pofcellana » H
v214 v C. rugosa H
215 Eatoniella nigra H
216 - Fasciolaria lugubris C
217 Fissurella mutabilis H

218 . Gibbula beckeri H
219 : G. capensis H |
220 G. cicer H
221 G. rosea ‘H
222 Haliotis midae’ H
223 H. sanguineum H
224 Helcion dunkeri H
225 H. pectunculus H
226 - H. pruinosus H
227 Littorina africana H
228, . L. kriysnaensis H
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APPENDIX I (Cont'd)

List Species name Trophic
number : v canpartments
229 ‘Marginella capensis C
230 Ocenebria puncturata . H
231 Onchidella capensis H
232 Oxystele sinensis H
233 O. tigrina H
234 0. variegata 'H
235 : Patella argenvillei H
236 P. barbara ' H
237 P. cochlear H
238 P. granatina H
239 ' P. granularis “H
240 P.'longicosta H
241 ' P. miniata H
242 P. oculus H
243 P. tabularis H
- 244 Pyrene Kraussi Cc
245 Siphonaria aSpera» H
246 - S. deflexa H
247 S. capensis H
248 . Thais cingulata C
249 T. dubia C
250 : T{ squamosa c
251 Tricolia capensis H
252 T. neritina H
253 . Tritonallia puncturata C
254 Turbo sarmaticus E
255 ' Turitella capensis H
Echinodermata-Asteroidea _
256 Henricia ornata C
257 Patinella exigua H
| ' —Ophiuroidea
258 Amphioplus integer - D
259 Amphipholis squamata D
260 -~ Amphiura capensis D
D

261 Parechinus angulosuS'l
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APPENDIX 1 (Cont'd)

Specieé name

List Trophic
~number canpartments
~Holothuroidea
262 Cucumaria frauenfeldii 0
263 -Golfingia capensis o
275 Pentacucumis spyridophora | o)
264 Thyone aurea 0
=Tunicata _
310 ‘ .Ascidia sydneinsis. F
265 .. Pyura stolonifera F
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