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GENERAL INTRODUCTION

1. Geographical patterns and their control

Recently, there has been much debate about the present geographical distribution of
marine organisms. Although it was van den Hoek (1975, 1982a, b, 1984), Pielou (1977,
1978, 1979), Vermeij (1978), and Michanek (1979, 1983) who revived interest in the subject
of marine biogeography, the concept had already become familiar in the middle of the 19th
century. It was the British marine zoologist and paleontologist Forbes who said: "The student
of history follows, with intense interest, the march of a conqueror, or the migration of a nation
.... yet, absurd as it may seem tocfliese-who have notthéught-of such things before, there is
deeper interest in the march of a periwinkle, jand the progress of a limpet" (cited in Liining

1990).

Two pioneers of the biogeography. of marine algae (manine phycogeography) were the
Swedish phycologist F.R. Kjellman (1883) and the North American phycologist W.A. Setchell
(1920). Kjellman was interested in the comparison of Northern Hemisphere floras, while
Setchell emphasized the rdle of temperature in algal distributions. Setchell (1917) gave a
history of phycogeography before 1900, and since then, entire symposia have been dedicated
to the subject of seaweed biogeography (e.g. The Vth international Seaweed Biogeography

Workshop held in Cape Town, July 1993).
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It is not surprising that terrestrial biogeography has been well documented, and Pielou
(1979) especially gives an extensive account thereof. It is so much easier and less costly to
explore the world's forests and mountains, than it is to explore sea shores or the canyons of
the deep oceans or even the shallow subtidal zone. Biogeography of the marine realm has only

relatively recently become a somewhat popular topic of research among marine scientists.

There appear to be three chief contrasts between the marine and terrestrial
environments which affect their biogeography profoundly (Werger 1978, Pielou 1979).
Firstly, the world's ocean is continuous and composed of a fluid medium in constant
movement; different parts of it can therefore never be as isolated as can the separate parts
(continents and islands) of the worid*s-iafid Slrface. SecOndly, the vegetation responsible for
primary production in the open sea is simpie microscopic phytoplankton, consisting of minute
floating organisms (diatoms, dinoflagellates, etc) dispersed through the water; it does not, as
does the vegetation of the land, form a large structural environment. Third, the ocean is far
more three dimensional; a far greater fraction of the marineg reaim is light-limited and its local
properties as they affect the organisms present, vary more markedly with depth as well as with

geographic location (Pielou 1979, Nybakken 1988, Liining 1990, Norse 1993).

The contrasts between marine and terrestrial biotas are equally striking.
Taxonomically, marine organisms present far more variety than terrestrial organisms; in the
fauna of the sea, all but one animal phylum is represented and on land, fifteen phyla lack
representation (Norse 1993). While the land is species diverse (most of the phenomenal

species diversity comes from the phylum Arthropoda), the sea is phylum diverse (Norse 1993).
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This and all the above-mentioned contrasts should be borne in mind as we consider the

biogeography of the sea.

During the past twenty years, the benthic marine algal flora of the Northern
Hemisphere has been subject to extensive floristic analysis (van den Hoek 1975, 1982a, b,
1984, Adey et al. 1976, Masaki et al. 1982, South 1987, Breeman 1988, Prud'Homme van
Reine and van den Hoek 1988, 1990, Stam et al. 1988, Bot et al. 1989, Whittick et al. 1989,
Kooistra et al. 1992, Chen and Chen 1993, Pearson and Davison 1993, van Oppen et al. 1993)
with the result that the general distribution patterns of species are reasonably well known. It
is only in the past ten years that extensive work has begun in the Southern Hemisphere (Harlin
et al. 1985, South 1979, Peters anid-Bresman 1993} with-fituch work concentrated around
southern Africa (Branch 1984, Bolton 1983, 1986;1987, 1994, Bolton and Anderson 1987,
1990, Bolton and Levitt 1985, Bolton and Stegenga 19811, Anderson and Bolton 1989, Bolton

and Lutjeharms 1993, Critchley et al. 1994, Farrell et al. 1994, Bustamante 1995).

The study of the biogeographical distribution of marine organisms around the coasts
of southern Africa was pioneered by Stephenson (1948). In his studies of intertidal
communities, Stephenson concluded that three distinctive provinces could be delineated: a
cold temperate west coast, a warm temperate south coast, and a subtropical east coast. A re-
assessment of the seaweed flora of the west coast however, suggests that it is better described
as warm temperate, although its flora is still distinctive from the south coast flora, and with
a sharp discontinuity in distribution patterns related to temperature regimes, in the vicinity of

Cape Agulhas (Bolton 1986, Bolton and Anderson 1987, Bolton and Stegenga 1987, Liining
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1990). This notion had already been suggested by Ekman (1953) and Briggs (1974).

The geographical distribution patterns of marine organisms are controlled by a number
of factors, including sea water temperature, salinity, nutrient stress, light, water movement,
past events or history (e.g. continental drift), biological interactions, etc (Lubchenco 1980,
Hay 1981, Lubchenco and Gaines 1981, Gaines and Lubchenco 1982, Branch 1984, Hockey
and Branch 1984, van den Hoek 1984a, b, Bolton 1986, Bolton and Anderson 1987, 1990,
Bolton and Stegenga 1987, South 1987, Breeman 1988, Liining 1990, Prud'Homme van Reine
and van den Hoek 1988, 1990, Anderson and Bolton 1989, Kooistra et al. 1989, McClanahan
1992, Karban and Strauss 1993, Norse 1993, Peters and Breeman 1993). These factors may
be defined as barriers since they-ebsiruct-species'dispersal(Rapoport 1982). Since the
distribution patterns of many specigs arg so distinet, it}is €asy to imagine the existence of

barriers.

Sea water temperature has beef carfinially emphasisedin the literature as an overriding
factor controlling the distribution of seaweeds. The evidence for the control of seaweed

distribution by sea water temperature can be divided into two categories (Bolton and Anderson

1990):
L. correlations of floral discontinuities with discontinuities in ambient temperature
patterns (van den Hoek 1984, Branch 1984, Bolton 1986, Bolton and
Stegenga 1987, South 1979, 1987, Bolton and Anderson 1990);
o detailed laboratory studies in culture linking physiological temperature

tolerance limits to geographic distribution limits (Bolton and Anderson 1987,
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Breeman 1988, Anderson and Bolton 1989, Peters and Breeman 1993, Breeman

and Pakker 1994,Gierdien 1994).

Salinity too may be important as a controlling factor in determining species
distributions in some geographical regions (Harlin et al. 1985, Kooistra et al. 1989, Liining
1990, McClanahan 1992). Not only does a salinity barrier prevent most aquatic plants from
passing from marine to freshwater habitats and vice versa (Hay and Gaines 1984), but it has
a significant effect on survival and growth of marine organisms (Zimmeman and Rechenik
1991, Chen and Chen 1993), growth of invertebrates (Laughlin 1983), and even fertilization
success (Bush and Weis 1983). It would not be difficult to predict that control of distribution
patterns by reduced salinity would besmiporiant-in-areas-with-latge river influxes, and tropical
areas experiencing unpredictable typhoons; high salinity would be important to seaweeds

adapted to high intertidal pools.

Apart from temperature and salinity ] there.are’a host of other physical factors which
have been shown to control distributional patterns. These include desiccation tolerance
(Vermeij 1978, Kooistra et al. 1989), nutrient stress (Lobban et al. 1985, Coutinho and
Zingmark 1993), light (Lining 1990, Péres-Lloréns et al. 1993), water movement (Bolton
1986, Bolton and Levitt 1987), hydromechanical adaptations (Vermeij 1978), the degree of
separation of the shallow-water areas and in particular of the continental shelves of the
landmasses (Werger 1978, Pielou 1979), and the existence of solid substrate along any coast
(Hay and Gaines 1984, Liining 1990). Examples of simultaneous control of species

distributions by the interactions of more than one factor are common (MacArthur 1972,
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Vermeij 1978, Rapoport 1982, Hay and Gaines 1984, Chen and Chen 1993) but are less well

worked out.

Besides the factors already mentioned, there are a variety of instances where
temperature and salinity have failed to account for distribution patterns (MacArthur 1972,
Pielou 1979, Masaki et al. 1982, van den Hoek 1984, Mendoza and Cabioch 1986, Breeman
1988, Bot et al. 1989, Peters and Breeman 1993). In detailed laboratory studies in culture
linking physiological temperature tolerance limits to geographic distribution limits, quite a few
species' thermal responses could not account for their geographical distributions (Breeman
1988; A.K. Peters, personal communication). Laughlin (1983) studying the effects of varying
factorial combinations of temperature-and salinityon-farval-growth of the horseshoe crab
Limulus polyphemus (Linnaeus), found that lowest survival occurred at combinations of low
temperature and low salinity. Nevertheless, the larvae are sufficiently provisioned with yolk
to survive the prevailing ranges of these variables in the habitat where adults normally deposit
eggs. Laughlin suggests that other snexamined physicali factors, or more likely biological

factors such as predation or competition among the feeding larval stages and adults, are

important for larval survival of L. polyphemus.

Similarly, apart from temperature or salinity control of species distributions, there
appear to be few possible other reasons for some species' geographic distribution patterns.
These may include different survival strategies of a species or its reproductive phases (Breeman
1988, Peters and Breeman 1992, van Oppen et al. 1993); differential capability for deep water

dispersal (Pielou 1979, Childress 1995); differential response to physical disturbance (Wilce
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1963, unpublished manuscript, Dayton 1971, 1975, Menge 1976, Hay 1981, Hooper and
Whittick 1984, Keats et al. 1985, Liining 1990); and biological control of species distributions
(MacArthur 1972, Vermeij 1978, Lubchenco and Gaines 1981, Gaines and Lubchenco 1982,
Rapoport 1982, Hockey and Branch 1984, Kikkawa and Andersen 1986, Nybakken 1988,
Klump and Polunin 1989, Liining 1990, Branch et al. 1992, Johnson 1992, Anderson et al.

1993, Karbon and Strauss 1993).

Different survival strategies of species (or of their reproductive phases) in response to
environmental stress have even been suggested to control some species' geographical
distributions. Experimental temperature tolerance studies in algae (Breeman 1988) have
shown that both Northern and South€im-HemiSphere gametophytes of Desmarestia viridis O.F.
Miiller can survive for extended periods at temperatures of 26 to 27°C (Peters and Breeman
1992). The microscopic gametophyte is more tesistant to environmental stress than the
macroscopic sporophyte. Resistant microscopic stages in algae such as D, viridis may provide

a mechanism for continuous coastal migration (van Oppen et al. 1993).

Deep water dispersal should also not be excluded as a mechanism for continuous coastal
migration (Pielou 1979). If a species' tolerance of low light intensities, low temperatures,
elevated hydrostatic pressure, and decreased O, is high, such a species could survive by deep
water dispersal. Animals should find it easier to disperse via deep water since they apparently
have less of a problem coping with low temperatures, low light intensities and elevated

hydrostatic pressure (Childress 1995).
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Physical disturbances have continually been emphasized as having important effects on
the abundance and geographical distribution patterns of many sessile species (Wilce 1963,
unpublished manuscript, Dayton 1971, 1975, Menge 1976, Hay 1981, Hooper and Whittick
1984, Keats et al. 1985, Liining 1990, Keats 1991). In particular, exposure to wave action
(Dayton 1971, 1975, Menge 1976, Hooper and Whittick 1984) and ice scour (Wilce 1963,
Hooper and Whittick 1984, Keats et al. 1985, Keats 1991) have a major influence on the
distribution patterns of seaweeds. Dayton (1971) studying the geographical distribution
patterns of algae of the Olympic Peninsula region of Washington State along a gradient of
physical exposures, indicated that Postelsia palmaeformis Ruprecht dominated in exposed
areas, while Fucus distichus Linnaeus and Gigartina papillata (C. Agardh) J. Agardh
dominated in sheltered to moderatety expeosed areas. Fustheritore, what becomes obvious, is
that in exposed areas, interspecific competition for space mediates the replacement of species
while in relatively sheltered areas, predation influences pattemns of space utilization (Dayton
1975, Menge 1976). Wilce (1963) studying the benthic algal vegetation of north-west
Greenland, particularly of the Thuig District-and; Disko Bay, eoncluded that the dissimilarities

in the floras were due to two factors, one of which was ice scour.

As well as physical factors, the dynamics of the euphotic zone are governed by
biological factors such as competition between species, and the activity of herbivores and
predators (MacArthur 1972, Vermeij 1978, Lubchenco and Gaines 1981, Gaines and
Lubchenco 1982, Rapoport 1982, Hockey and Branch 1984, Kikkawa and Andersen 1986,
Nybakken 1988, Keats 1991, Klump and Polunin 1989, Liining 1990, Branch et al. 1992,

Johnson 1992, Anderson et al. 1993, Karbon and Strauss 1993). Even body form has been
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suggested to determine species distributions (Vermeij 1978, Branch 1981). The encrusting
coralline alga, Leptophytum foveatum Chamberlain et Keats is a thin coralline undoubtedly
having a fast lateral growth rate which possibly accounts for the coralline's dominance of the
lower shore on the South African west coast (G.W. Maneveldt, personal observation).
Furthermore, Keats and Maneveldt (1994) have shown that this coralline is able to retaliate to
competitive overgrowth by thicker encrusting algae. These factors may very well allow this

species to broaden its geographic range.

2. Ecological interactions on a geographical gradient

Physical factors, in particular-Sea-water temperatiire;-has continually been emphasized
as an overwhelming factor controliing the distribution of seaweeds (Branch 1984, van den
Hoek 1984, Bolton 1986, Bolton and Anderson| 1987, 1990, Bolton and Stegenga 1987, South
1987, Breeman 1988, Prud'Homme yan Reine and van den Hoek 1988, 1990, Anderson and

“Bolton 1989, Kooistra et al. 19893 MeClanahan 1992, Peterssand Breeman 1993). There are
however cases where it has been found that several seaweed species have higher temperature
optima in laboratories than in their natural habitats (Breeman 1988, Peters and Breeman 1993).
It therefore becomes obvious that other factors (biological) may determine their true field

boundaries.

Although it has been suggested that biological factors can influence large-scale
geographical distributions (Lubchenco 1980, Hay 1981, Lubchenco and Gaines 1981, Gaines

and Lubchenco 1982, Hockey and Branch 1984, Liining 1990, Karban and Strauss 1993),
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there are only a few known cases with well documented evidence supporting this hypothesis.
Hay (1981) showed that because of differential competitive abilities, sand-plain algal genera
are better adapted for temperate areas than are reef-slope genera (since there are relatively
fewer grazing species of fish in temperate regions) as long as they are not selectively removed
by reef-associated grazers. Similarly, Hay and Gaines (1984) demonstrated that the primary
barrier to the successful transport and establishment of shallow water Caribbean seaweeds
appears to be herbivore activity along with the lack of reef-generated refuge areas on the
Pacific coast, and not the salinity of the Panama Canal. Wethey (1983) also showed that the
northern limit of the barnacle Chthamalus fragilis Darwin was set not by factors directly
related to cold acting on C, fragilis. Rather, it appears to be set by cold which allows the
dominant competitor, the barnacle-Semibalanus balaneides (Linnaeus) Newman et Ross, to
exclude C. fragilis from its refugé;"South ofits northern limit, C, fragilis survives because
S. balanoides is excluded from the high shore where it dies from desiccation or heat stress.
Brenchley and Carlton (1983) studying the interaction between native mud snails and
introduced periwinkles in the New England,intertidal, zone;»showed experimentally that the
historical change in the distribution of the mud snail [lyanassa obsoleta Say was due to

competitive exclusion by introduced Littorina littorea Linnaeus.

kA Herbivores and the control of abundance, competitive dominance, and

morphology of algae

If there is one truism that has developed from experimental studies on rocky shores,

it is that herbivores have the capacity to control the structure and dynamics of communities
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(Stimson 1970, 1973, Branch 1971, 1975a, b, c, Dayton 1971, 1975, Ayling 1981, Lubchenco
and Gaines 1981, Lubchenco 1978, Paine 1984, Johnson and Mann 1988, Chapman and
Johnson 1990, Dethier et al. 1991, Sousa and Connel 1992, Foster 1992, Anderson et al.
1993). Besides denuding rock surfaces, limpets, littorines, sea urchins and other herbivores
may potentially prevent the establishment of seaweeds. Herbivory is also thought to be a
primary factor in maintaining the between-habitat diversity of seaweeds (Lubchenco 1978,
Ayling 1981, Hay 1981, 1984, Johnson and Mann 1988, Worthington and Fairweather 1989).
Herbivory has also been hypothesized to be important in maintaining distributional boundaries
on a geographic scale (Lubchenco 1980, Hay 1981, Lubchenco and Gaines 1981, Gaines and

Lubchenco 1982, Liining 1990, Hawkins et al. 1992).

On a local scale, algal diversity isnotably the one factor most affected by herbivory.
Lubchencoﬁ( 1978) has stated that the effect of herbiviores on lo¢al species diversity patterns is
confusing, in part because few experimental studies (e.g. Keats et al. 1991) have been done.
In some instances, herbivores appear te increase algal divessity (Dayton 1975, Lubchenco
1978, Hay 1981, Breitburg 1984), decrease algal diversity (Dayton 1971, Lubchenco 1978,
Steneck 1983, Dethier et al. 1991, Foster 1992), or both (Paine and Vadas 1969, Lubchenco
1978). The answer to understanding such variable results may reside in understanding
characteristics of both the herbivore(s) (e.g. foraging rates, densities, etc.) and the plant(s)
(productivity, rates of competitive displacement, etc.) (Lubchenco and Gaines 1981).
Subsequently, Lubchenco and Gaines (1981) developed an "intermediate intensity of
herbivory" hypothesis which may be likened to the intermediate disturbance hypothesis

probably first formulated by Joseph H. Connell (1978).
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Herbivores have even been suggested to affect the geographic patterns of algae ((Hay
1981, Sousa et al. 1981, Gaines and Lubchenco 1982, Hay and Gaines 1984, Foster 1992,
Vadas and Elner 1992) and influence assemblage structure. According to Foster (1992) there
are great differences in the biota at the latitudinal extremes of the north-east Pacific (the coasts
of California, Oregon, and Washington [ca. 32° - 50°N]). Sousa et al. (1981) suggested that
reduced grazing at more northern latitudes may be one reason why, in the low intertidal zone,
there are more kelp assemblages in the north and more turf assemblages in the south.
Furthermore, Dethier and Duggins (1988) have shown that even if community composition is

similar, the effect of grazers can be quite different in different geographical regions.

It is generally well known that-tropical habitals have-Simailer and more calcified plants,
while many temperate habitats are dominated by the Laminariales, Fucales, Durvilleales and
Desmarestiales (Gaines and Lub¢henco| 1982, Liining 1990). Numerous authors have
suggested that an increase in the intensity of herbivory in the tropics, have favoured small size
. and calcification of algae (Dawson, 1966, Earl,1972a, b,-Menge and Lubchenco 1981, Brosnan
1992); herbivorous fish are apparently more common in the tropics, while invertebrate grazers
dominate temperate regions (Dawson 1966, Earl 1972a, Lubchenco and Gaines 1981, Gaines
and Lubchenco 1982, Sousa et al. 1981, Brosnan, 1992). Crustose céra]line algae in
particular, although they live in a variety of habitats, tend to thrive in tropical areas (Dawson
1966, Gaines and Lubchenco 1982), dominating these environments of intense herbivory
(Adey 1973, Steneck 1982, 1983, Breitburg 1984, Sousa and Connel 1992, Dethier 1994,
Steneck and Dethier 1994). D.W. Keats (personal communication) states that corallines

dominate equally well everywhere; they are just not covered by kelps on coral reefs. Kelps
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are however a very prominent feature in temperate and colder water habitats (Gaines and

Lubchenco 1982, Liining 1990).

There is however, probably only one well documented case supporting the hypothesis
that herbivory may influence large-scale geographic distributions. Several dominant, shallow-
water seaweeds from the Caribbean are physiologically capable of transiting the freshwater of
the Panama Canal, surviving both the marked salinity changes, and the required time spent in
freshwater. Even though boats provide a direct method of transport for the seaweeds through
the canal, Hay and Gaines (1984) found that herbivory (and the lack of reef-generated refuge)

is the primary barrier to the successful transport and establishment of these seaweeds.

Competition among seaweeds 15| yetjanother biological interaction that is often
controlled by herbivory and the role pf herbivory in influencing plant competitive interactions
is a well known phenomenon (Dayton 1975, Lubchenco 1978, 1980, Lubchenco and Gaines
1981, Quinn 1982, Paine 1984, 1990, Steneck 1985;.1986, Stengck et al. 1991, Dethier 1994,
Steneck and Dethier 1994). One might argue that the coexistence of many plant species is
dependent upon the chronic disturbance by herbivores. Among encrusting algae, which
compete for space mainly by overgrowth (Paine 1984, Steneck 1985, 1986, Steneck et al.
1991, Maneveldt 1992, Keats and Maneveldt 1994, Keats et al. 1994a), herbivores may
prevent monopolization by one or a few competitive dominants (Quinn 1982, Steneck 1985,
1986, Steneck et al. 1991); herbivores often cause competitive reversals in encrusting algal

communities (Paine 1984, Steneck et al. 1991).
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Even along a broader geographic scale, herbivores may allow competing plants to
coexist by selectively grazing the competitively dominant alga. Such a case was supported by
Lubchenco (1980) who suggested a factor other than cold water for the latitudinal distribution
of Fucus serratus Linnaeus. Fucus serratus occurs from Nova Scotia to Greenland to the
European Atlantic shores. This range coincides with intense limpet grazing which according
to Lubchenco presumably prevents the red algae Chondrus crispus Stackhouse and Gigartina
stellata (Stackhouse) Batters from monopolizing space in the low intertidal zone; it is in this
zone that E, serratus coexists with these competitively dominant algae. Outside this range, in
the absence of intense herbivore-induced disturbance, C, crispus and G, stellata continue to
dominate the low intertidal zone and competitively exclude F, serratus. Even though this
suggestion has not been tested expérimentally,-it-certainty tighlights the possible importance

of herbivory in the control of comipetitive dominance along a geographic gradient.

In addition to controlling the, species. diversity. {and abundance in particular) and the
competitive abilities of algal stands, herbivores have the capacity to control the morphology
of some algae (Steneck & Adey 1976, Steneck 1985, Steneck and Paine 1986, Dethier et al.
1991). Coralline crust morphology in particular has been shown to be affected by herbivory
(Steneck and Adey 1976, Steneck and Paine 1986, Littler et al. 1995). Studying the role of
the environment in the control of morphology in Lithophyllum congestum (Foslie) Foslie, a
Caribbean algal ridge builder, Steneck and Adey (1976) showed experimentally that besides
water motion and light, grazing by parrot fish also influenced the development and branch
form of L. congestum. They further showed that all individuals of L. congestum below a

depth of 0.25m showed net losses of their thalli due to grazing. Pseudolithophyllum
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whidbeyense (Foslie) Steneck et Paine on the other hand develops irregular protuberances as
a result of healing grazer-induced wounds (Steneck and Paine 1986). In the absence of
grazers, this crustose coralline alga's surface is smooth. Furthermore, when irregular crusts
were transplanted into herbivore-free environments, a smoothing of the crusts surface
morphology was observed. It has even been reported that many fleshy algae may increase
their survival under intense herbivory by incorporation of a crustose phase or basal system in

their life history (Lubchenco 1980).

On a larger scale, Littler et al. (1995) recently showed that the intimate association
between the chiton Choneplax lata (Guilding) and its primary prey, the encrusting coralline
alga, Porolithon pachydermum (Fostie) Foslie,results-in-a-mutualistic association. The
coralline serves as a predictable source of food and refuge Substratum, while the grazing
activity of the chiton results in increased biomass and accretion of the alga, and simultaneously
removes superior competitors that can oyergrow and smother or shade the coralline. More

strikingly, the grazing activity of the,chiton ¢ompletely aiters the morphology of the coralline.

4, The ecology of Patella cochlear Born. and Spongites yendoi (Foslie) Chamberlain

in South Africa

The pear limpet Patella cochlear reaches its highest abundance along the South and
southern West coasts of South Africa where it dominates the lower eulittoral zone by achieving

densities of over 3600 individuals per m™ (Branch and Griffiths 1988). At densities above 300

per m?, it excludes most other species, leaving only a band of encrusting coralline algae
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(Branch 1975b, 1976, Branch et al. 1992) and a garden of Gelidium micropterum Kuetzing
or Herposiphonia heringii (Harvey) Falkenberg. Whereas species richness and biomass tend
to increase in a downward direction, in the lower eulittoral zone they are abruptly reduced
(Branch and Branch 1988, Branch and Griffiths 1988), increasing again in the sublittoral

fringe.

The high densities of P, cochlear appear to be maintained as a result of its territorial
behaviour (Branch and Griffiths 1988). Territoriality is defined here as the prolonged
occupancy of an area and its defense against intrusions by other species (Stimson 1973). This
behaviour is considered an adaptive response to intense intra- and interspecific competition for
algal food (Stimson 1970, 1973, Branich-19754, b, 1976,-1981,-1982, Creese and Underwood
1982, Hockey and Branch 1984, Kinmp-and Polunin 1989, Branch et al. 1992, Wright and
Shanks 1993), and it has been repeatedly established| that these limpets may regulate the

abundance of littoral zone algae (Branch and Griffiths 1988, Keats et al. 1994a).

Selection for territorial behaviour would be based on the advantage it confers on the
territory holder. Two possible advantages to individuals as a result of defending territories
are, the protection of a thick algal film (Stimson 1970, Branch 1975a, b, Branch and Griffiths
1988, Branch et al. 1992, Klump and Polinin 1989, Wright and Stank 1993), and the
maintenance of a sufficiently large smooth grazing surface (Stimson 1973, Steneck 1982,
Steneck and Paine 1986). It may be a combination of these features which allows P. cochlear

to maintain such high densities.
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Territories of adjacent P, cochlear are known to touch but apparently do not appear to
overlap, as indicated by narrow ungrazed strips between territories (G.W. Maneveldt, personal
observation). These narrow ungrazed strips often become filled in by the encrusting algae
Ralsia verrucosa (Areschoug) J. Agardh or Spongites impar (Foslie) Chamberlain which are
in turn prevented from overgrowing the limpet territories by the grazing activities of these
limpets (G.W. Maneveldt, personal observation). Unless disturbed, the P, cochlear territories
are very stable and longevity is high, up to 30 years (Branch and Newell 1978), favouring a
low metabolic rate relative to other patellid limpets (Branch and Newell 1978, Branch 1979),
slow growth (Stimson 1973, Branch 1974b), and a low reproductive output (Branch 1974a,

1976).

P._cochlear relies on a highly specific assocration with 2 fringing "garden" of fine red
algae (Branch 1971, 1975a, b, 1976, 1981, Branch and Griffiths 1988). Usually this
comprises G, micropterum or less often H, heringii. Branch and Griffiths (1988) further state
that these algae are extremely productive.and potentially can supply all the energetic needs of

the limpet.

There does however exist at the base of the mid- and lower eulittoral zones, a species
of encrusting coralline alga Spongites yendoi which notably grows in association with P,
cochlear throughout the Western Cape (Branch and Branch 1988, Keats et al. 1993, 1994b).
Seagrief (1967), Branch (1971, 1975a, b, 1976), and Branch and Newell (1978) have recorded
P._cochlear grazing on S. yendoi (as Lithothamnion). Earlier, Branch (1971, 1975a, 1975b,

1976) had gone as far as stating that P, cochlear feeds almost entirely on S. yendoi (as
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Lithothamnion); later (1980), reporting on the energy requirements of P. cochlear, he states

that P. cochlear cannot survive on S, yendoi alone. Steneck and Branch (unpublished
manuscript) have however indicated that juvenile P. cochlear rely on S. yendoi for all their

energy requirements as they lack gardens of their own. This study will determine whether
S.yendoi, which occurs much further north along the West coast, may indeed be as important
a supplement to P. cochlear as G, micropterum or H. heringii, irrespective of the limpet's size

group. Furthermore, it will be determined whether P. cochlear is the primary grazer of S.

yendoi along this coast.

Spongites yendoij is one of the most abundant West and South coast intertidal encrusting
coralline algae (Chamberlain 1993, Keats et al. 1993,-1994a) It is a relatively thin species
that grows abundantly from the mid-to lower eulittoral zones on rocky shores throughout
South Africa (Chamberlain 1993, Keats et al. 1993,/ 1994a, b)! At its upper limits, S, yendoi
forms thin sheets mainly in crevices and pools (Chamberlain 1993, Keats et al. 1993), while
in the lower eulittoral zone, it forms refativety thicker sheets pryopen rocks and is often found
growing on the shells of the molluscs P. cochlear, P. argenvillei Krauss, P. granatina
Linnaeus, Oxystele sinensis (Gmelin), Turbo sarmaticus Linnaeus, and T_._gdam Gmelin
(G.W. Maneveldt, personal observation). Somewhat thicker and protuberant expanses of S.
yendoi are often also found growing on the sheltered vertical aspects of low shore rocky
outcrops (G.W. Maneveldt, personal observation). P. cochlear shells are often coated with
thalli of the marine lichens Pyrenocollema spp.' and S. yendoi frequently even grows over the

lichens (D.W. Keats, personal communication; G.W. Maneveldt, personal observation).

! This is probably a new species of marine lichen (Y. M. Chamberlain, personal communication).
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Individual thalli of S. yendoj are usually not discernible because of extensive fusion of margins
(Keats et al. 1993). The thallus of S. yendoi is frequently heavily grazed by P. cochlear

(Keats et al. 1994a, b).

Apart from Steneck and Adey's (1976) Caribbean algal ridge builder, and Steneck and
Paine's (1986) boreal northeastern Pacific examples, there are no documented cases of
herbivores controlling the morphology and abundance of encrusting coralline algae on a local
scale, and only one recent study of this nature on a larger scale (see Littler et al. 1995); there
are no studies of this nature along a geographic gradient. The present study hopes to
determine whether herbivores have the capacity to control both the morphology and abundance

of algal species along a geographic gradient.
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Abstract. The territorial pear limpet, Patella cochlear, occurs along the South and
southern West coasts of South Africa, while one of its primary prey, the encrusting coralline
alga, Spongites yendoi, occurs much further north along the West coast. This has presented
the ideal situation to develop and test hypotheses concerning the importance of grazing in the
ecology of encrusting coralline algae along a geographic gradient.

Variation in the abundance of P, cochlear has various implications for the morphology
and ecology of S, yendoi. The coralline comprises the major portion (roughly 85 %) of the
limpets diet while fleshy algae (Gelidium micropterum) comprise roughly 7 % of its diet.
Grazing by the limpet reduces the thallus thickness of the coralline producing a relatively
smooth coralline; in the absence of herbivory, or under low grazing frequencies, the coralline
is thick and highly protuberant. Asfaras-evergrowth (interfereénce) competition is concerned,
grazing reduces the corallines competitive ability; as far as exploitative competition is
concerned, grazing enhances the corallings competitive ability (increased growth rate means
increased rate of substratum occupancy). Grazing also reduces the fecundity of the coralline.
Manipulation experiments support the obsgrved geographic trends.

Although grazing is commonly perceived as a negative factor in marine ecosystems,
the intimate herbivore-coralline association between P. cochlear and S. yendoi shows
characteristics of a facultative mutualistic association. Grazing increases the corallines' lateral
growth rate; thinner forms of the coralline grow significantly faster (0.58 + 0.24 mm.month™)
than thicker forms (0.10 + 0.02 mm.month™). An increased lateral growth also resulted in
the thinner form of the coralline being very abundant on South and southern West coasts
occupying as much as 79 % of all surfaces in the lower eulittoral zone; there is thus a positive

correlation between limpet and coralline abundance. Preliminary nutrient analyses reveal that
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the coralline is equally high in organic content per volume as compared with the limpet's

garden of G. micropterum and possibly also Herposiphonia heringii.

gradient; growth rate; herbivore-coralline association; herbivory; morphology: Patella

cochlear; Spongites yendoi; thallus thickness.
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INTRODUCTION

With a few notable exceptions (Brenchley and Carlton 1983, Wethey 1983, Hay and
Gaines 1984, Dethier and Duggins 1988, Foster et al. 1988, Foster 1990, Andrew and
Underwood 1992, Schaff et al. 1992, Kennelley and Underwood 1993, Steneck and Dethier
1994), ecologists rarely have the opportunity to study interactions at levels beyond the "within
ecosystem" scale. As a result, the importances of changes in biotic interactions along
geographic gradients remain a little explored area of ecology and most often generalizations
from small scale studies have been applied to entire regions to explain certain observed
patterns (Kennelley and Underwood 1993). _An.example where such generalizations have
proven false was provided by Foster/(i990); Foster sought to-determine whether the generally
accepted causes of intertidal zonation and factors affgcting subtidal kelp assemblages along the
Northeast Pacific coast were true for-the ‘eentral-and northern Californian coast. He found
instead that the algal assemblage strircture was:ighly ¥anable as were its causes, and stated
that "the generality of commonly atcepted’ Causes ........ may be an illusion based on
assumptions of environmental homogeneity”. Foster (1990) then suggested that geographic
studies were the most realistic way to evaluate our understanding of ecosystem assemblage
structure. The purpose of this research therefore, is to examine the consequences of changes
in the abundance of two strongly interacting species, a limpet and its coralline food, along a

geographic gradient.
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Encrusting coralline algae are important occupiers of space in shallow, hard-bottom,
marine environments, yet there have been relatively few studies of interactions involving
encrusting coralline algae (Adey and MclIntyre 1973, Paine 1984, Steneck 1982, 1983, 1985,
1986, Dethier et al. 1991, Steneck et al. 1991, Keats et al. 1993, 1994a, b, Keats and
Maneveldt 1994), and only two (Steneck and Paine 1986, Steneck and Dethier 1994) have
examined such interactions along a geographical gradient. There have however been
discussions on interactions involving encrusting coralline algae from several biogeographically
distinct localities (Steneck and Watling 1982, Steneck 1983, 1985, 1986). Encrusting algae
usually show distinct hierarchies of competitive superiority in which thicker crusts and those
with raised margins are superior competitors over thinner crusts and those with adherent
margins of equal or greater thallys-thickness (Paine 1984 -Steneck 1986, Maneveldt 1992,
Steneck et al. 1991, Keats and Manaveldt 1994), The nature of the competitive hierarchy can
however change in relation to the abundance of iéxcavating herbivores and the intensity of their
grazing (Quinn 1982, Paine 1984, Steneck 1985, Dethier et al. 1991, Steneck et al. 1991).
One observation common to many;of the studies imvolving engrusting coralline algae, is that
corallines are often the only algal form to thrive under, and often even require, intense
herbivory (Adey 1973, Steneck 1982, 1983, Breitburg 1984, Sousa and Connel 1992, Dethier

1994, Steneck and Dethier 1994).

Limpets (Mollusca, Gastropoda) are important grazers and many of them include
encrusting coralline algae in their diets (Branch 1971, 1981, Steneck 1982, 1983, 1986,
Steneck and Watling 1982, Paine 1984, Steneck and Paine 1986, Steneck et al. 1991). They

are even known to form associations with encrusting coralline algae (Steneck 1982, Steneck
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and Paine 1986, Steneck et al. 1991). It has been suggested by Steneck (1982) that the limpet
Tectura testudinalis Miiller and the encrusting coralline alga Clathromorphum circumscriptum
(Stromfelt) Foslie for example, have coevolved toward an interdependency since there are a
number of apparently specific adaptations between these two organisms. The population
density of T. testudinalis is highest on the coralline alga and the association apparently has

mutual advantages for both organisms.

Three similar associations have been reported from the Eastern North Pacific. The
limpets Lottia pelta (Rathke) (= Collisella pelta) and Tectura scutum (Rathke) (= Notoacmea
scutum) preferentially graze the encrusting coralline alga, Lithophyllum impressum Foslie
(Steneck et al. 1991). In low-shore-tide-pools of the-same-shore, the limpet Acmaea mitra
(Rathke) Eschscholtz preferentially | grazes | another || encrusting coralline alga
Pseudolithophyllum whidbeyense (Foslie) Steneck ¢t Paine (Steneck and Paine 1986, Steneck
et al. 1991) and significantly alters the competitive hierarchy along these shores. By

_preferentially grazing P. whidbeyense ~Ar mita xeduces, the thallus thickness of the crust.
Pseudolithophyllum whidbeyense, having a rapid lateral growth, including over its own deep
wounds, subsequently dominates the low shore; the crust overgrows itself, thereby developing
a thicker thallus and improving its competitive success over L._impmssum.(Steneck et al.
1991). Besides their competitive abilities, grazing by limpets have also affected the

morphologies of these corallines (Steneck and Paine 1986, Steneck et al. 1991).
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The South and West coasts of South Africa are characterised by a shore that has been
divided into four zones: the supralittoral fringe (Littorina-zone), the upper eulittoral zone
(upper balanoid zone), the mid-eulittoral zone (lower balanoid zone) , and the lower eulittoral
zone (the cochlear-zone along the South coast, the cochlear-argenvillei-zone along the West
coast) (Branch and Branch 1988). The pear limpet, Patella cochlear Born., and the encrusting
coralline alga, Spongites yendoi (Foslie) Chamberlain, are the most characteristic species of

the lower eulittoral zone (Fig. 1).

The distribution patterns of these two organisms are somewhat similar (Fig. 2).
Spongites yendoi occurs from at least Swakopmund in Namibia, all the way round to the east
coast of Mozambique, just south of¥ilantulos. ~Patelia-Coehlear occurs from Luderitz in
Namibia to just south of Richards Bay (Branch et-al: 1994}, Both organisms reach their
highest abundances along the South dnd southern West ¢oasts of South Africa (Branch 1976,
Branch and Griffiths 1988, Chamberlain 1993). North of Groenriviermond along the West
coast, P, cochlear is progressively replaced by another limpet, P. argenvillei Krauss, which
occurs in equally dense populations (Branch and Griffiths 1988). However, S, yendoi is
abundant well north of Groenriviermond, at least as far as Luderitz, Namibia (G.W.
Maneveldt, personal observation). At its southern extent S. yendoi is relatively thin while
further north of Groenriviermond, an extremely thick, very protuberant form of this coralline
is found. Also, at many South and West coast sites, on the vertical aspects of many sheltered
rocky outcrops lacking any apparent herbivores, the coralline is very protuberant. Variation
in the abundance of P. cochlear therefore has various implications to the morphology and

ecology of the encrusting coralline alga, S. yendoi, and presents the ideal situation to develop
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and test hypotheses concerning the importance of grazing in the ecology of encrusting coralline

algae on a local and along a geographic gradient.

In this thesis a number of questions conceming the interaction between P. cochlear and
S. yendoi were addressed: Is the thicker, more protuberant encrusting coralline alga found
along the South African north West coast indeed S. yendoi? If so, is P. cochlear the primary
grazer of S. yendoi, and does the alga comprise a substantial portion of the limpet's diet?
Does grazing by P. cochlear reduce the thallus thickness of S. yendoi and thus affect its
competitive ability? If grazing by P. cochlear does reduce the thallus thickness of S. yendoi,
does this affect the crusts growth rate? Are populations of S, yendoi more abundant in the
presence or absence of P, cochlear? Pogs-differential-grazing-affect morphological traits in
S. yendoi? Does grazing by P. cochiearaffect fhie fecundify of 8. yendoi? What is the energy
status of S. yendoj compared to the limpets' alg_al garden? Is there a difference in the energy
status of the thin and thick forms of S. yendoi? All of these questions are addressed on a

geographical gradient in relation tg the distribution of P._goghjear.
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METHODS

This study was conducted within the eulittoral zone along a geographic gradient from
the West to the South West coasts of South Africa. The study sites included Port Nolloth
(Northern Cape), Groenrivier (Northern Cape), and Holbaaipunt, South West coast (Western
Cape) (Fig. 3). Collections and measurements were made of thin (plants growing in the mid-
to lower eulittoral zone in the presence of P, cochlear) and thick forms (at Holbaaipunt and
Groenrivier, these plants grow on the vertical aspects of sheltered rocky outcrops lacking any

apparent herbivores; at Port Nolloth, these plants grow in the mid- to lower eulittoral) of S.

yendoi.

To determine whether the thigker, more|protuberant crustose coralline alga found along
the north West coast of South Africa is-indeed 8. yendoi,'a'morphological study of the 2 forms
was carried out. Field collections were made!from all study!sites. Plants were examined as
far as possible when fresh, or were air dried, or fixed in 10 % commercial formalin in
seawater (4 % formaldehyde) and stored in 70 % ethanol: 10 % glycerol: 20 % distilled water
solution. For light microscopy, formalin-preserved plants were decalcified for sectioning in
10 % nitric acid, the thallus was hardened in 70 % ethanol and sectioned at 10-30 um
thickness on a Leitz CO, freezing microtome. Sections were mounted on a microscope slide
containing aniline blue in 60 % Karo syrup. Observations and thallus measurements were
compared with those of Chamberlain (1993, 1994) for identification. For scanning electron
microscopy, air dried material was mounted whole or fractured and mounted on stubs, using

double-sided adhesive tabs (Agar Scientific, 66a Cambridge Rd., Stanstead, Essex CM24
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8DA, UK). The stubs were stored in a desiccator for at least 24hrs prior to examination,
coated with gold for 4-6 minutes in a 5000-V Edwards S150B sputter coater (Edwards High
Vacuum, Manor Royal, Crawley, West Sussex RH10 2LW, UK), and examined with a Hitachi
X650 scanning electron microscope (Hitachi, Ltd., Tokyo, Japan), equipped with a Mamiya
6X7 camera. In cell measurements, length denotes the distance between primary pit
connections, and diameter the width of the cell lumen at right angles to this. Conceptacle
measurements follow the method of Adey and Adey (1973). Thallus terminology follows
Chamberlain (1990, 1993, 1994). Drawings were made from individual representative slide

preparations and are not composite representations.

The grazing scars observed:at-the-suiface-of-the-two-fornis of S, yendoj were examined
under a scanning electron microscope and compared with the distinctive radular marks made
by molluscan grazers. Grazing matks were also simulated by gently scraping the radulae of
the molluscs commonly found op .S, .yepdei gver,a chalk cube and comparing these to the
actual grazing scars. Limpet grazing frequency: (bite rate perjunit area) experiments similar
to Steneck et al. (1991), were carried out. Grazing was measured in the field by recording the
rate at which pencil (graphite) dots were removed from the surface of S. yendoi by P.
cochlear. Dots were 2mm in diameter and their positions were determined by a 100 cm?, 50
cm?, 25 cm?, and 16 cm? perspex template perforated respectively with 81, 36, 16, and 9
evenly spaced holes (results were expressed as percentages). Different sized quadrats were
used since S, yendoi at Port Nolloth and Groenrivier have somewhat patchy occurrences, and
individual patches are often smaller than 50 cm®. The number of dots removed by limpets was

recorded daily for 2 days (n = 15 for each form of S. yendoi from each site). Dots removed
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by limpets were marked again each day in the same place. Ungrazed dots persist for several
days on the coralline surface. Grazing intensity (bite depth) was measured under a scanning
electron microscope. For gut content analysis, the entire gut of 20 individuals from each of
three limpet species and one chiton were dissected and using a dissection microscope equipped
with an eyepiece quadrat divided into 100 squares, the percentage of coralline algae and other
food items found in the gut was determined; coralline "chalk" was not included as contributing
toward the percentage of coralline algae in the gut. All limpets and chitons sampled were

collected from within the "S. yendoi zone".

For margin and thallus thickness measurements of S. yendoi, air-dried material was
used. Crude sections were made perpéndicutar to the growing-margins of the thalli simply by
breaking the crusts between two forceps or using & diagonal cutters or a small hammer and
cold chisel. Using an eyepiece micrometer the thickness of the margins and thalli were
measured under a dissection microscope.  For competitive interactions, approximately 1200
contact zones between two species were randomiy sampled along transect lines run at all sites.
The overgrowth (symbol > on graph) of one species by another was scored as a win for the
overgrowing species against the overgrown species (Fig. 4). Retaliations were also recorded
where species normally overgrown resisted overgrowth or reversed the normal pattern by
regenerating margins and thereby raising their thalli over the encroaching alga (e.g. symbol
A > < Bon graph: A overgrows B, but B retaliates to competitive overgrowth by A)(Fig.
4) (see Keats and Maneveldt 1994). To determine crust thickness at the point of overgrowth,
10 pieces of the margin of each species involved in a competitive interaction were collected.

The competitors' margins were fractured perpendicular to the line of contact, and the thallus
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thickness at the point of overgrowth was measured for both species using an eyepiece

micrometer in a dissecting microscope.

Marginal extension rates of both forms of S, yendoi from all sites were monitored over
a 12 month period at 10-weekly intervals. To measure the lateral growth of S. yendoi, holes
were drilled, away from the margin, through the thallus into the substratum. A numbered,
tagged screw inserted into plastic wall anchors was embedded in the substratum. A second
untagged screw was embedded in the substratum approximately 5 - 10 centimetres from the
margin. The tagged and untagged set of screws represented a transect line (Fig. 5). The
advance of the leading edge of the crust from the tagged screw, indicating growth, was
measured to the nearest 0.05 of a millimetre using plasue-callipers (N = 25 for each form at

all sites).

To measure the abundance of S. yendoj at all sites, a 30 cm x 30 cm perspex quadrat
perforated by 100 holes was useds  The percentage cover of §. vendoi and other algae was
measured randomly along a transect line running more or less perpendicular to the shore at the
various sites. Since P. cochlear territories are so stable, percent cover of all herbivores were

also measured to determine the relative importance of P. cochlear and other herbivores.

To determine the effects of grazing on the general physiognomy of S. yendoi, various
morphological data were obtained. Under a dissection microscope the number of
protuberances per cm’, the protuberance height, the protuberance diameter, and the percentage

of the thallus covered by the protuberances were measured. Protuberance percentage cover
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of the planar area of the thallus was measured under a dissection microscope equipped with
an eyepiece quadrat divided into 100 small squares. Averages per specimen were obtained,
and then the mean for 10 specimens was calculated. This procedure was carried out for all

morphological variants from all three sites.

To determine the effects of grazing on the reproductive output of S. yendoi, a
dissection microscope equipped with an ocular quadrat lens was used. The number of
conceptacles across a 0,25 cm? (0,5 cm X 0,5 cm) area of the crust was measured. An average
for each specimen was measured, and an average for 10 specimens was obtained. This

procedure was carried out for both forms of S, yendoi.

Apart from the various field janalyses, ajlimpet manipyjation experiment was set up to
test against the observed geographic trends. A portion of the randomly selected territories of
P._cochlear were cordoned off by sinking screws into the substratum (Fig. 6). The distance
between screws was sufficiently close to preventythe residentimpet from having access to the
cordoned off portion of its territory. This design essentially represented an area of "0"
grazing. It was assumed then that the remaining uncordoned portion would receive
approximately twice as much grazing since the area was essentially halved. This represented
an area of "2X" grazing. The natural state acted as the control. Fifteen replicates of each of
the three experimental designs were set up. A series of data collections were made after 5
months. These included:

1. Spongites yendoi's thallus thickness;
4 Spongites yendoi's marginal extension (every month for the 5 months);
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3, the general physiognomy, i.e. protuberance data; and

4. the corallines' fecundity, i.e. conceptacle data.

A preliminary nutrient status of S, yendoi was determined and compared against that
of G. micropterum by measuring the organic content per volume. Ten samples for each of the
two forms of S. yendoi and for G, micropterum were used for organic content analysis.
Samples were dry ashed for 16 hours at 450 °C in a Naber L47T muffle furnace (Naber
Industrieofenbau, 2804 Liliethal/Bremen, West Germany) following the procedure of Moore

and Chapman (1985).
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RESULTS

Taxonomy

The thicker, more protuberant encrusting coralline algae found along the South African
North West coast is indeed S. yendoi. The coralline possesses three of the four characters
diagnostic of Spongites Kiitzing namely:

18 simple spermatangia restricted to the floor of the male conceptacles (Penrose
1991, 1992, Verheij 1993)(Figs 7 and 8),

2 a tetrasporangial conceptacle roof which is formed only by filaments
surrounding the sporangial initials-(Penrose and Woelkerling 1991)(Fig. 9);
and

3. the pore canals of the tetrasporangial ¢onceptacles lined by cells that arise from
peripheral roof filaments, protrude inio the pore canal, and are orientated
more-or-less parallel fo kfi¢ iroof “sirface (Perirose and Woelkerling 1992)
(Fig.10).

The fourth distinct character i.e. 'that carposporangia are borne peripherally from the fusion
cell' (Penrose 1992, Verheij 1993), could not be evaluated since no female material was
found. Furthermore, the thick, more protuberant coralline found at Port Nolloth conforms
well to a recent description of the vegetative and reproductive anatomy of Spongites yendoi

(Foslie) Chamberlain (Table 1, Figs 11-31) (Chamberlain 1993, 1994).
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Grazing on S. yendoi

Patella cochlear is the primary grazer of S. yendoi at the Holbaaipunt and Groenrivier
sites. The feeding apparatus and grazing traces of the various molluscs are very distinct (Figs
32-52) and examination of graze marks on the surface of these crusts (Figs 14, 16, and 20) as
well as simulated grazing marks (Figs 33, 39, 45, and 49) show that the grazing scars at the
surface of S. yendoi at Holbaaipunt and Groenrivier are indeed made by P. cochlear. The
majority of the grazing scars on the Port Nolloth population of S. yendoi (Figs 27 and 28) are
made by the smaller P, granularis Linnaeus; some chiton scars were also visible (Fig. 50).
Grazing intensity (depth of bite) of P, granularis is lower than that of P, cochlear (Fig 53) as

the radula of P, cochlear (Figs 35, 41, and 53) clearly penetrates deeper into the thallus of S.

yendoi.

Patella cochlear's distinctive grazing trace, appearing similar to that made by an eight-
pronged garden rake (Figs 32 and 33), is clearly evident at the surface of S. yendoi (Fig. 34).
The grazing scars made by P. granularis;Piargenvillei andichitons, are different (Figs 38, 39,
40, 44, 45, 48, and 49). On soft chalk P, granularis produces two broad grazing strokes
which are relatively close together (Fig 39) resulting from the overlap of its lateral teeth (Fig.
38), the actual grazing scar on S. yendoj's surface is an extremely narrow, superficial, four
to six-stroked grazing trace (Figs 38 and 40). This grazing scar is shallow and has multiple
strokes because only the tips of the teeth are effective at excavating the coralline's surface.
On chalk, P. argenvillei produces a grazing scar similar to that of P, granularis (Figs 44 and
45) and since their radula are somewhat similar in the shape of the teeth ends and the relative

amounts of hardening, one would expect a similar grazing scar on coralline surfaces.
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Although P. argenvillei has a broader radula with larger teeth than either P. cochlear or P,
granularis (Figs 46 and 47), its radula appears to be, like that of P, granularis, relative
ineffective at excavating the thallus of S. yendoi despite its close resemblance to the radula of
P._cochlear; this idea is supported by the presence of relatively thick and very protuberant
individuals of S, yendoi around individuals of P. argenvillei at Groenrivier and sites further
north (D. W. Keats and G.W. Maneveldt, personal observation). Chitons leave two narrow,
relatively broad spaced grazing strokes which penetrate deeper into the thallus of S. yendoi
(Figs 48, 49, and 50). Radulae with shovel-like teeth (P._cochlear and chitons) are deeper
excavators of coralline algae than those with rake-like, pointed teeth (P._argenvillei and P.
granularis). It thus seems feasible to suggest that those molluscs which are relatively
ineffective at excavating coralline:Surfaces, have relativély-high radula-to-shell/body length

ratios (Fig. 53).

Spongites yendoi comprises a substantial portion.(85.40+0.58 %) of P, cochlear's diet
_(Fig. 54). Compared with the coralling, fleshy algae from itsgarden comprise 6.75+0.43 %
of the limpet's diet. The remaining 7.85+0.30 % of the gut contents of P. cochlear probably

comprise a mixture of diatoms, larvae and other microscopic algae and unidentifiable material.

At Holbaaipunt, 86.9 % of the surface of S. yendoi in the lower eulittoral zone is
grazed every 24 hours as compared with 55.05 % at Groenrivier (P < .0001, TWOSAMPLE
TUKEY'S test, hereafter referred to as 'T' test). When comparing the actual rate of the
graphite dots removed per unit area (grazing frequency), that of Holbaaipunt (ca 0.57) is

significantly higher than the grazing frequency at Groenrivier (ca 0.30, P < .0001,
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TWOSAMPLE 'T' test) (Figs 55 and 56). The grazing intensity at Holbaaipunt and
Groenrivier are relatively similar and grazing scars may achieve depths of up to 21 um (Fig.
57). The grazing frequencies at Port Nolloth are so low that even after 48 hrs, the graphite

dots were still visible on the surface of S. yendoi.

in natural populations

Both the margin and thallus in the Holbaaipunt population of S. yendoi are extremely
thin (Figs 58A and B). The thalli of S, yendoi at Groenrivier are thicker than those at
Holbaaipunt (Fig. 58B). There are no significant differences in the margin thicknesses of both
forms of S. yendoi (i.e. thin form in-theldwer eulittoral-and-fhick form on vertical aspects of
rocky outcrops) at either the Holbaarpunt-or Groenrivier sites: (P = .42, TWOSAMPLE 'T'
test) (Fig. 58A); these two populations do, however, hayve thinner margins and thalli than the
Port Nolloth population (B < .001, ANOVA) (Figs 13, 23, 58A and 58B). The margin and
thallus of S. yendoi at Port Nolieth are extremely thick and;have been observed to attain
thicknesses of up to 15 mm (Fig. 31). It is likely that the high grazing frequencies and
intensities experienced by S. yendoi in the lower eulittoral zone at Holbaaipunt have resulted
in the thallus of the coralline being so thin. Reduced grazing frequencies (Fig. 56) yet similar
intensities have resulted in the thallus of S. yendoi at Groenrivier being somewhat thicker than
the Holbaaipunt population. At Port Nolloth, even though P, granularis grazes S. yendoi, the
frequencies and intensities (Figs 56 and 57) are not great enough to significantly reduce the

thallus thickness as in the Groenrivier and Holbaaipunt populations.
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The thin form of S. yendoi found in the lower eulittoral zone at Holbaaipunt grows
significantly faster (0.58+0.24 mm.month™) than the thicker form of S. yendoi (0.18+0.05
mm.month?, P < .0001, 'T" test)) found growing on the vertical aspects of rocky outcrops
lacking any apparent herbivores. A similar trend exists at Groenrivier. The thin form of 8.
yendoi at Holbaaipunt also grows significantly faster than the thick form of the coralline at
Port Nolloth (0.10+0.02 mm month”, P < .0001, 'T' test) (Fig. 59). The thin form at
Groenrivier grows at 0.384+0.08 mm month™ which appears to be slower, but is not
significantly different from the thin form at Holbaaipunt (B = .42, 'T" test). Thick forms of
S. yendoi at all sites grow at roughly the same rate (B = .064, ANOVA). There is thus a
negative correlation between thallus thickness and lateral growth rates (2 =.806, P = .017,

ANOVA) (Fig. 60).

Grazing by P, cochlear also affects the general physiognomy of S, yendoi. Besides
being thicker, S. yendoi in the absence of P. cochlear as well as those experiencing reduced
grazing frequencies, are more protuberant (P = 102 for thin fonms of S, yendoi 'T" test, P =
.087 for thick forms of S, yendoi, ANOVA, see Figs for differences between sites) (Figs 27,
30, 31, 61, and 62). Not only do the protuberances cover a larger percentage of the thallus
of thicker S. vendoi (P = .0084 for thin forms of S yendoi 'T" test, P = .001 for thick forms
of S, yendoi, ANOVA, see Figs for differences between sites) (Fig 61D), but the protuberance
height (P = .009 for thick forms of S. yendoi, ANOVA, see Figs for differences between
sites) and diameter (P < .001 for thick forms of S, yendoi, ANOVA, seee Figs for diferences
between sites) also increases with a decrease in grazing frequency (Fig. 61B and C). Despite

the thick form of S, yendoi at Holbaaipunt having the greatest number of protuberances, and
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the largest percentage of the thallus surface covered by protuberances (Figs 61A and D), these

protubernaces are much smaller than those of the Port Nolloth population (Figs 61B and L)

Conceptacles are generally not restricted to any one part of the thallus of S. yendoi.
Conceptacles may occur on top of protuberances, on the sides and base of protuberances, or
on areas lacking protuberances (Fig. 30) so that the greater the surface area, the greater the
area for conceptacle production (Fig. 62). Populations of S. yendoi in the absence of P.
cochlear have a greater number of conceptacles than those experiencing grazing from E.
cochlear (Fig. 63A). Notably, the Port Nolloth population has the greatest number of
conceptacles per unit area than either the Holbaaipunt or the Groenrivier populations (B =
.013, ANOVA, see Figs for differefices—between—sitesy.—Not only is the number of
conceptacles at the surface of S. ygndoj located withir the Tower eulittoral zone lower at
Holbaaipunt and Groenrivier, but the conceptacles|themselves are generally flattened due to

the more intense grazing activities,of P..cochlear (Fig. 16).

Thallus thic] l hys | fecunds
. N

The margin and thallus thickness of S. yendoi varies with the three experimental
designs (Fig. 58C). Margins and thalli become increasingly thicker upon limpet exclusion (B
< .001, ANOVA, see Fig. 58C for differences between sites). Spongites yendoi grows
significantly faster under increased grazing conditions ("2X" grazing) than under "Normal”
and "0" grazing conditions (P < .001, ANOVA) (Fig. 64C). The margin extensions of S,

yendoi under "Normal" and "0" grazing conditions are virtually identical to those of the
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margin extensions of the thin population of S, yendoi at Holbaaipunt (P = .509, ANOVA) and
the thick population at Port Nolloth (P = .969, ANOVA) respectively (Fig. 59). The general
physiognomy of S. vendoi also differs with the three experimental designs (Fig. 61E). Under
reduced grazing conditions ("0" grazing), the thallus surface of S. yendoi becomes more
protuberant (P < .001 for percent cover, P = .002 for height, P = .015 for diameter,
ANOVA, see Fig. for differences between treatments). Even the fecundity under the different
experimental designs differs dramatically (Fig. 63B), with the number of conceptacles being
extremely low under intense ("2X") grazing conditions (P < .001, ANOVA, see Fig. for

differences between treatments).

c e bl

It appears that the competitive ability of S. yendoj s also affected by the presence or
absence of P. cochlear. At Holbaaipunt, with a 32.40:£1.82 % cover of P. cochlear in the
lower eulittoral zone (Fig. 65), S. yendoj is ranked below Ralfsia verrucosa (Areschoug) J.
Agardh in the competitive hierarchy; 93 % of @ll"competitivel interactions between the two
crusts involve R. verrucosa overgrowing S, yendoi (Fig. 66). At Groenrivier, with a reduced
cover (22.86+0.67 %), and reduced grazing frequency of P, cochlear (Figs 65 and 56), there
is the potential for S, yendoi to be the superior competitor; roughly 56 % of all competitive
interactions between S. yendoi and R. verrucosa, involves S. yendoi overgrowing R.
verrucosa. No competitive interactions between the two crusts were found at Port Nolloth,
s0 a possible complete reversal could not be determined (Fig. 66). Thallus thickness is
positively correlated with the rank in overgrowth competition (see Fig. 67 for correlation and

p values).
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Abundance of S. yendoi

There is a positive correlation (? = .813) between P. cochlear and S. yendoi's
abundance; at least in the lower eulittoral zone (Fig. 65). Spongites yendoi achieves its
highest abundance in the lower eulittoral zone at Holbaaipunt (79+2.88 %) when considering
that the coralline encrusts the shells of the limpet as well (Fig. 1), and has its lowest abundance
in the lower eulittoral zone at Port Nolloth (Fig. 65). Spongites yendoi's cover in the lower
eulittoral zone at Groenrivier is somewhat patchy (Fig. 68) and much of the primary
substratum is occupied by Leptophytum foveatum (Chamberlain et Keats) (Figs 65, 68, and
69). Leptophytum foveatum and a species of Peyssonnelia Decaisne are the most abundant
encrusting algae in the lower eulittoral at Port Nolloth and particularly occupy much of the
primary substratum in low shore tide-pools{G.W. Maneveld,-personal observation). While
R. verrucosa occupies much of the ungrazed space hetween limpet territories along the South
coast (Fig. 1), S. impar is characteristically the dominant encrusting alga between limpet
territories along the southern West coast (Fig, 69),  Interestingly enough, as L. foveatum
replaces S. yendoi as the basal encrusting coralline:within the lower eulittoral zone along the
West coast (Figs 68 and 69), S. yendoi characteristically finds a refuge within the ungrazed

portions between limpet territories (Fig. 68).

Nutrient status
Although a large proportion of the volume of S. yendoj comprises calcium carbonate,
there is no difference in the organic content per volume for either of the two forms of S.
yendoi and G, micropterum (P = .858, ANOVA,) (Fig. 70). In G. micropterum, much of
this volume is water. Interestingly, most of the dry weight in G. micropterum is organic

matter (Fig. 70).
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DISCUSSION

The habit and vegetative features of all forms of S. yendoj studied here correspond well
with those reported by Chamberlain (1993, 1994) at both the generic and specific levels (Table
1, Figs 7-31). Chamberlain (1993) found that many variations of S. yendoi, particularly in
external morphology, exist and she suggested that these morphological variants are directly
attributable to habitat factors such as grazing pressure. The present study confirms these

suggestions.

The differences in feeding apparatus of-gastropods and chitons (see Steneck and
Watling 1982) are well known andjgraze marks produced by these herbivores are easily
distinguished from each other (Stenegk 1982; 1983, Steneck an¢ Watling 1982, Steneck et al.
1991). An examination of the different grazing Sears clearly show that P. cochlear is the
primary grazer of S, yendoi. It appearsithatprintarily theshape of the ends of the teeth and
the relative amounts of hardening agents (iron and silicate compounds), and secondarily the
size of the "dominant teeth" and the radula are important. Shovel-like teeth (P._cochlear and
chitons), as opposed to rake-like, pointed teeth (P._argenvillei and P, granularis) are more
effective at excavating coralline surfaces. This feature combined with the relative amount of
hardening agents on the distal ends of the "dominant teeth" (to minimize wear), provide for
a greater excavating capability on coralline surfaces. Large "dominant teeth" possessing all
the above features (i.e. shovel-like and high iron and silicate content as in the radulae of

chitons) are thus the ultimate in an effective rasping tool.
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Molluscs with the most effective excavating capabilities (chitons and P. cochlear) have
the smallest radula-to-shell/body length ratios. This should perhaps not be surprising since the
greater iron and silicate content, and the shovel-like shape of the "dominant teeth" of these two
groups would seem to minimize wear of these teeth. Limpets with pointed rake-like teeth
would certainly have their teeth worn out quicker by a calcareous diet and would thus need a
relatively long radula. In my opinion, despite the larger size of P. argenvillei and its radula
being broader and having larger "dominant teeth" than P. cochlear, the pointed nature of the
distal ends of P, argenvillei's teeth prevents this limpet from being an effective coralline
grazers. It would seem thus that within the Patellacea, the docoglossan radula appears to have
levels of differentiation. Chitons (with polyplacophoran radulae) are superior excavators over
the other herbivorous molluscs and iheii-exCavating-abiliti€s-are probably due to the reduced
number of points contacting the substratum; two to six; depending on the number of cusps
present and the applied pressure of the radula (Figs 48, 51, 52, and 53) (Steneck and Watling
1982). The superior excavating capabilities and. feeding, apparatus of chitons means that they
do not need a long radula. However, gven though B, cochlear is ranked below the chitons as
effective coralline excavators, their high grazing frequencies (and relative high grazing

intensities) make them formidable coralline grazers.

Numerous studies have shown that grazing may affect the thallus thickness and the
morphology of encrusting coralline algae (Steneck 1982, 1983, 1985, 1986, Steneck and Paine
1986, Steneck et al. 1991, Littler et al. 1995). Not only is the grazing intensity (bite depth)
important, of equal importance is the frequency of grazing (Steneck 1982, 1983, Steneck and

Watling 1982, Steneck et al, 1991). The varying grazing frequencies of P, cochlear are the

Page 44



main cause for the differences in thallus thickness and external morphology of S. yendoi. Both
field observations and limpet manipulation experiments support the idea that P, cochlear is the
main herbivore responsible for the differences in thallus thickness of S. yendoi. Even though
chitons have a greater coralline excavation ability than limpets (Steneck and Watling 1982),
and even though P. granularis has been shown to graze S. yendoi at Port Nolloth, these two
herbivores do not graze the Port Nolloth population of S. yendoi often enough to reduce its
thallus thickness as much as P. cochlear does. Reduced thallus thickness resulting from the

grazing activities of P.cochlear, have various effects on the ecology of S. yendoi.

Thallus thickness is strongly correlated with success in overgrowth (interference)
competition and in general, thickef-ertsis-and-those-with-raised margins have a competitive
advantage over thinner ones and those with adherent margins of equal or greater thallus
thickness (Steneck 1982, 1985, 1986, |Steneck et al.||1991; Maneveldt 1992, Keats and
Maneveldt 1994, Keats et al. 1994a). It fallows.then that any factor which potentially affects
crust thickness of competing species jmay mediate their comipetitive success (Steneck et al.
1991, Maneveldt 1992). Grazers have been shown to control the ability of crusts competing
by overgrowth competition (Paine 1984, Steneck 1985, 1986) and competitive reversals
involving encrusting coralline algae do exist (Steneck et al. 1991). Grazing by P. cochlear
reduces the thallus thickness of S. yendoi and subsequently affects the competitive
(interference) ability of the coralline alga. There is the potential for a complete competitive
reversal between Ralfsia verrucosa (the superior competitor to S, yendoi along the South and
south West coasts) and S. yendoi at Groenrivier and north thereof. The tendency for this

competitive reversal already exists at Groenrivier (Fig. 66) and it was expected that
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interactions between S, yendoj and R. verrucosa at Port Nolloth would reveal this competitive

reversal. A complete competitive reversal does however not exist at Port Nolloth since the two
encrusting species of algae do not interact at all, north of Groenrivier. The reason for this is
because along the West coast, the encrusting coralline alga, Leptophytum foveatum becomes
increasingly more abundant and replaces S. yendoi in the lower eulittoral zone north of
Groenrivier, restricting S. yendoi to the mid-eulittoral, a zone which is devoid of R.
verrucosa. Furthermore, it should be noted that all the other competitive interactions retain
the same ranking at the different sites. Consistency of competitive ranking is therefore much

more of a feature than competitive reversals.

It is well known that thinngf-crusts-generally grow-faster than thicker crusts (Steneck
1985, 1986, Maneveldt 1992, Keats et al. 1994b); it 1sjthought that thicker crusts maintain
more living non-photosynthetic célls than do thinner ¢rusts (Steneck 1983) and that this
investment in vertical expansion depletes photosynthate that would normally be used for lateral
expansion (Steneck 1985). The greatergrazing activities of Pi.cochlear along the South and
south West coasts of South Africa result in the thallus of S. yendoi being extremely thin. This
geographical observation is supported by the limpet manipulation experiments and clearly the
thinner crusts grow faster than the thicker ones (Figs 59 and 64). There is no significant
difference between the margin thickness at either the Holbaaipunt or Groenrivier sites, yet
lateral margin extensions of S, yendoi at the two sites differ slightly (Fig. 59). This suggests
that lateral expansion is a function of both the margin thickness, as well as the thallus thickness
away from the margin. Differential grazing frequencies and intensities experienced by S.

yendoi are therefore responsible for the differences in lateral growth rates. Grazing by P.

Page 46



cochlear thus indirectly increases the exploitation competitive ability of S, yendoi by allowing
the coralline to grow rapidly and occupy much of the primary substratum, reducing the

availability of this limited resource.

It has been reported (Keats et al. 1993, 1994b) that S. yendoi undergoes deep-layer
sloughing twice a year, losing up to 50% of its thallus with each sloughing event. Keats et al.
(1994b) suggested that this type of cell sloughing (as compared with epithallial sloughing) is
an effective way of remaining thin because it allowed for higher lateral growth. The present
study has however shown that grazing by P. cochlear is primarily responsible for the thinning
of the thallus of S. yendoi. Furthermore, G.W. Maneveldt and D.W. Keats (personal
observation) have observed the thick-ferf-of-S.vendoi at-Port-Nolloth undergoing sloughing

which also negates deep-layer sloughing as being an effective way of remaining thin.

Thick corallines are more susceptible to invasion.from boring organisms (Paine 1984,
Steneck 1986, Steneck and Paine 1986), “Keats ¢t al, (1993) have shown experimentally that
the thicker Leptophytum ferox (Foslie) Chamberlain et Keats, which was much more heavily
burrowed that the thinner S. yendoi, was more weakly attached. It is thus highly likely that
the thicker, more protuberant form of S. yendoi (which results from reduced grazing activity)
found along the West coast, has a weaker attachment strength than the thinner form at
Holbaaipunt and other South and Southwest coast sites because of its greater susceptibility to
invasion from boring organisms. This presumably weaker attachment strength of the thicker,
more protuberant S, vendoi, could be one of the reasons for the low abundance of the coralline

at Port Nolloth.
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Spongites yendoi reaches its highest abundance in the lower eulittoral when P. cochlear
dominates the lower shore. Numerous authors have also shown that coralline abundance is
usually positively correlated with that of their grazers (Adey and Macintyre 1973, Branch
1975, Steneck 1982, 1985, Branch and Griffiths 1988, Littler et al. 1995). If space is
available for growth, or if it is continually renewed, a thin crust with a faster lateral growth
rate than a thicker crust, could rapidly dominate the shore (Keats and Maneveldt 1994).
Differential grazing frequencies and intensities which have been shown to be responsible for
differences in thallus thickness and lateral margin extensions of S, yendoi, (and subsequently
increasing the corallines exploitation competitive ability) may have thus indirectly affected the

corallines abundance.

Steneck (1982) reported an association between the limpet Tectura testudinalis and the

encrusting coralline alga Clathromorphum gircuinscriptum and|in both tide pools and subtidal
communities, the population density of T. testudinalis is highest on C. circumscriptum.

Steneck (1982) reported that juvenile limpets reeruit preferentially to the alga. Branch and
Griffiths (1988) have also shown that juvenile P. cochlear appear to settle specifically in the
lower eulittoral zone and suggest that one of the cues for such apparently specific settlement,
is that the larvae are responding to the presence of S. yendoi (as Lithothamnion) which forms
such a conspicuous component of the lower eulittoral zone. Many other authors (Morse and
Morse 1984, Morse 1992, Johnson et al. 1991a, 1991b) have documented a number of species
whose larvae have exhibited selective settlement on encrusting coralline algae and Johnson et
al. (1991b), and Morse et al. (1994) have recorded a number of these cases paralleling the

substratum-specificity of settlement, metamorphosis, and recruitment in the natural
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environment. It is often assumed that inducers associated with encrusting coralline algae are
algal in origin (Steneck 1982, Morse and Morse 1984), but an alternate hypothesis is that these
inducers originate from bacteria on the corallines surface (Johnson et al. 1991a). Morse et al.
(1994) have however demonstrated that the apparently specific settlement and metamorphosis
of invertebrates are algal in origin and are specifically in response to a chemosensory
recognition of a morphogen found at the surfaces of certain species of encrusting coralline
algae. Morse et al. (1994) further concluded that this morphogen was a component of the cell
walls of the encrusting coralline algae themselves rather than a product of any non-calcified
microbial epibionts. Whether the question of algal or bacterial origin of inducers has been

resolved, is uncertain, but all authors do agree that the inducing agent is a chemical stimulus.

A more obvious effect of grazing by P. cochlgar ison the general physiognomy of the
coralline. It seems that the geneti¢ disposition of $.yendoj is to produce a lumpy to very
protuberant crust, with protuberances often being in excess of 15mm high and Smm wide (Fig.
31). Grazing by P, cochlear is primarily cesponsible for the pequrrences of large populations
of relatively smooth plants of S, yendoi. This is a common phenomenon as it has been
documented that other grazers influence the morphologies of their coralline food (Hay 1984,

Steneck 1985, 1986, Steneck and Paine 1986, Steneck et al. 1991, Littler et al. 1995).

Grazing by P. cochlear clearly also affects the reproductive output of the coralline.
Since grazing tends to reduce the number of protuberances producing a somewhat smoother
crust, there is less area for conceptacle production. Although "normal” grazing intensities are

not enough to completely remove the conceptacles, manipulation experiments have shown that
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under abnormally intense grazing pressure ("2X" grazing), the limpet has the capacity to
almost completely denude the surface of the coralline of all its conceptacles. Furthermore,
grazing by P. cochlear also reduces the size and even alters the shape of the conceptacles
(Table 1, Figs 16 and 20); even the internal dimensions of the conceptacles are smaller when
the thallus is heavily grazed (Table 1). Since tetrasporangia in S. yendoi characteristically
develop at the extreme periphery of the conceptacles (Chamberlain 1993), any factor reducing
the internal conceptacle diameter, invariably also reduces the number of tetrasporangia

produced.

Although gut contents of P, cochlear comprise almost solely S. yendoi (Figs 53 and
54), Branch (1980), and Branch and-Griffiths (1988) have stated that production and energy
content of S, yendoi (as Lithothaninion) 18 sojlow; that it cannot alone support the energetic
needs of P. cochlear. Branch (1980) further stated that the gardens of red algae thus seem vital
for the densely packed P. cochlear and although they often form only a small fringe around
each animal, their production and energy contents are high. The results of this study show that
S. yendoi is as high in its organic content per volume as G. micropterum. It is thus not hard
to see why juvenile P, cochlear, and adult limpets lacking gardens, survive almost exclusively
on a diet of S. yendoi (G. W. Maneveldt, personal observation). Recent work by M. E. Hay
and Q. E. Kappel (Personal communication) have revealed similar results. They have data
showing that organic content per volume is high in many corallines relative to fleshy algae.
Branch (1980) has however stated that limpets lacking gardens have a higher ash content,
lower calorific value, and lower reproductive output compared to limpets with gardens. It may

be because S. yendoi is relatively slow growing (compared to fleshy algae), that once P.
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cochlear reaches a certain size, the coralline's low production rates cannot support the energy
requirements of the limpet any longer. Spongites yendoi's organic matter per bite is certainly
high enough and the limpet does have the capacity to effectively graze the coralline. It may
even be that the coralline and the garden of fine red algae are fulfilling different energy
requirements and that larger P. cochlear are indeed maintaining an essentially mixed diet of
algae. Other limpets are known to forage and maintain mixed diets of intertidal algae. Kitting
(1980), for example, reports individual plate limpets, Acmaea scutum, preferentially
consuming mixtures of encrusting algae, even when each of these foods is readily available.
Furthermore, Kitting (1980) states that adjacent individuals tend to select the same mixture of
algae while sharing the same foraging area, without intraspecific partitioning of encrusting

algal species.

This examination of the intefaction between P. go¢hlear and S, yendoi, and of that of
other herbivore-coralline associations (Steneck 1982, Steneck and Paine 1986, Steneck et al.
1991, Littler et al. 1995), suggestithat the exact nature of their relationship determines the
strength of the association between the herbivore and its coralline food. Generally, in "strong"
(i.e. where the herbivore and the coralline are most often associated) herbivore-coralline
associations (see Table 2), both organisms benefit mutually by the association (see Steneck
1982, Littler et al. 1995). In such associations, although the grazing frequency is high, the
grazing intensity is relatively low (Table 2). "Weak" associations (i.e. where the herbivore
is associated with a single plant for only a relatively short period) generally involve herbivores
which graze less frequently but produce extremely deep wounds (see Steneck and Paine 1986,

Steneck et al. 1991) (Table 2). There seems thus to be an inverse relation between the strength
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of the association and the intensity of grazing and a positive correlation resulting with the
frequency of grazing. By reducing the intensity of grazing under conditions of high grazing
frequencies, herbivores in strong associations with coralline algae are able to maintain the
algae and assure a continued and abundant food supply under these high grazing frequencies,
the alga itself to some extent benefitting by the association. One such benefit would be an

increase in its productivity (e.g. Littler et al. 1995).

In conclusion, the interaction between Spongites yendoi and Patella cochlear shows
characteristics of a facultative mutualistic association. Both organisms clearly benefit from
their association. The limpet has an abundant and dependable source of food while the
corallines' benefits are two-fold (Fige=7t).~Firstly, grazing-by-Pa cochlear reduces the margin
and thallus thickness of S. yendoi which then grows faster, increasing the corallines
exploitation competitive ability and inyariably results in the corallines' dominance of the mid-
and lower eulittoral zones. Secangdly, thinper crusts are less susceptible to boring by
burrowing organisms which results'in the thinner-crusts haying higher attachment strengths
than the thicker crusts (Keats et al. 1994b). A stronger attachment possibly also increases a
crust's chances of dominance of the shore under conditions of high physical disturbance.
Keats et al. (1994b) have also shown experimentally that grazing by P. cochlear is clearly the
main factor preventing the surface of S, yendoi from being overgrown by fleshy algae.
However, there are also negative aspects to the association between S, yendoi and P. cochlear
(Fig. 71). As crust thickness is important in the competition for space, grazing by P. cochlear
results in S, yendoi being overgrown by almost all the other encrusting algae with which it

comes into contact. There is thus a trade-off of better exploitation competitive ability against
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weaker interference competitive ability. Grazing also reduces the fecundity since the surface
area for conceptacle production is essentially reduced. This presumably results in a lower
recruitment ability of the coralline. A more notable effect ofl grazing is that thin forms of S.
vendoi are much less protuberant, this having a direct influence on the fecundity since
conceptacles are produced on the protuberances as well. A thinner crust invariably also means
less storage space for photosynthates which might otherwise be stored and later used to recover
from disturbances. It should be emphasized that P, cochlear often grazes well below the layer
of meristematic cells. Spongites yendoi is, however, capable of regenerating a new layer of
meristematic cells below the damaged tissue (Keats et al. 1993). It cannot be denied that P.
cochlear has a profound effect on the ecology and morphology of S, yendoi and that grazing
contributes to the coralline being a very-obvious-feature on-Soutli-African South and Southwest

coasts.
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Table 1.  Comparison of the two forms of encrusting coralline algae with those of South African species of Spongites Kiitzing. All measurements are in um;

characters in bold are particularly distinctive; na = not applicable.

S. discoideus S. impar S. yendoi S. vendoi Thick coralline
FEATURE (Chamberlain, 1994) (Chamberlain, 1994) (Chamberlain, 1993) (Holbaaipunt-thin) (Port Nolloth)
Habit Epilithic Epilithic\epizoic Epilithic\epizoic Epilithic\epizoic Epilithic\epizoic
General physiognomy Flat, developing orbicpiar- Kiat; becoming Flat to warty Flat to warty Warty to highly
protrusions crested\convoluted protuberant
Thallus construction Dimerous\monomerous Monomerous Monomerous Monomerous Monomerous
BASAL FILAMENT CELLS
Length 14-16 na pa na na
Diameter 5-16 na na na na
ERECT FILAMENT CELLS
Length 4-17 na na na na
Diameter 4-11 na na na na
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MEDULLARY CELLS
Length
Diameter
CORTICAL CELLS
Length
Diameter
EPITHALLIAL CELLS
Maximum number
length
Diameter
Trichochytes
MALE CONCEPTACLE CHAMBER
Height
Diameter

Roof thickness

na

na

4-17

4-11

17-31

52-91

18-52

5-25

10-27

: < {:6 -. - 33
UNIVERSITY of the
WESPEFRN capfomme

35-40

150-200

35-50

52-60

117-169

33-39

http://etd.uwc.ac.za

10-37

3-9

5.5-12

3-10

3-8

Common

48-61

120-172

30-40

12-34

5-8

6-10

3-10

3-10

Common

47-62
122-260

29-62



CARPOSPORANGIAL CONCEPTACLE CHAMBER

Height
Diameter
Roof thickness

maximum no. cells in
gonimoblast filament

52-65

146-200

91-100

7

TETRASPORANGIAL CONCEPTACLE CHAMBER

Height
Diameter
Roof thickness

Pore canal cells

TETRASPORANGIUM
Length
Diameter

OLD TERTASPORANGIAL

52-65
169-190
35-100

Short papillae

35-50
13-26

Yes

CONCEPTACLES BECOMING BURIED

IN THE THALLUS

z i 4 = .
LI NI BIN NIN BIN Wi
= g - s "]

52-109

138-234

39-78

'
C

Long, very thin

Pe{pillae to long

UNIVERSITY of the

-1 flaments
WESTERN CAPE

55-119

36-38

No

filaments

43-78
15-47

No

http://etd.uwc.ac.za

63-120

136-211

30-43

Papillae to long

filaments

29-78
15-45

No

63-158

142-303

37-56

Papillae to long

filaments

58-115
16-74

No
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Table 2. Comparison of the intensity (bite depth) of grazing on corallines by various herbivores, in relation to the strength of their assocation with
the corallines. "Strong" = most often associated, "Moderate” = commonly associated and "Weak" = associated with a single plant for a relatively

short period (Adapted, with permission, from R. S. Steneck and G. M. Branch, unpublished manuscript).

Coralline-Herbivore Herbivore Mean length Coralline intensity REGION
Association species (mm) species (um)

Strong' C. lata 23 Po. pachydermum +10 W. North Atlantic
Strong’ P. cochlear 42.9 $Silyendoi 15.4 W & SW South Atlantic
Strong? T. testudinalis 15.4 €. circums¢tiptumn 17.4 W. North Atlantic
Moderate* L. pelta 22.5 L..impressum 32 E. North Pacific
Moderate* T. scutum 22.5 L. dmpressum 32 E. North Pacific

Weak’ L_textilis 30 S. yendoi 45.5 W. South Atlantic
Weak*” A._mitra 21 Ps. whidbeyense 213.7 E. North Pacific

Key to Herbivore genera: C, Choneplax, A. Acmaea, L. Ischnochiton, L. Lottia, P. Patella, T. Tectura

Key to coralline genera: Po. Porolithon, C. Clathromorphum, L. Lithophyllum, Ps. Pseudolithophyllum, S. Spongites

Key to references: 1 - Littler et al. 1995, 2 - This study, 3 - Steneck 1982, 4 - Steneck et al. 1991, 5 - Steneck & Paine 1986
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FIGURE CAPTIONS

Figure 1. The pear limpet Patella cochlear dominates the lower eulittoral zone along with
the encrusting coralline alga, Spongites yendoi. Territories of adjacent limpets are known to
touch but apparently do not overlap, as indicated by narrow strips (A) between territories,

ungrazed by P, cochlear.

Figure 2. The geographical distribution patterns of P. cochlear, P. argenvillei and

Spongites yendoi and the location of study sites (1 = Port Nolloth; 2 = Groenriviermond; 3

= Holbaaipunt).
Figure 3. Map of the locations of study areas,
Figure 4. Diagrammatic model of overgrewth compefitior in encrusting algae. (A) A

thicker than B and therefore overgrows B. (B) A thicker thar B, but B has a raised margin
which is raised above the thickness of A and therefore B overgrows A. (C) A and B of equal
thickness and thus reach a competitive standoff. (D) A thicker than B, but B retaliates by

regenerating thallus margins.

Figure 5. The method of using tagged and untagged screws to measure lateral margin

extension in encrusting algae.
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Figure 6. The method for manipulating limpets. Side (A) of the screws effectively
represents the "0" grazing portion while side (B) of the screws represents the "2X" grazing

portion.

Figures 7-10. Three of the four features diagnostic of Spongites Kiitzing.

Figure 7. A spermatangial conceptacle.

Figure 8. Spermatangial initials (arrow) each bearing two elongated spermatangia that
round off when released.

Figure 9. Roof of tetrasporangial conceptacle (arrowheads) beginning to grow in from the
periphery. The tetrasporangial initials (shaded), and the old thallus layer still covering the
conceptacle (arrow) are visible.

Figure 10. A mature tetrasporangial|conceptacle. ||Note that the pore filaments are

orientated more-or-less parallel to the surface of the con¢eptacle.
Figure 11.  The habit of the thin form of 8. yendoi fromHplbaaipunt.

Figures 12-17. Thallus features of the thin form of S. yendoi.

Figure 12.  Surface of the S. yendoi.

Figure 13. The margin of the thallus showing the medulla (M) and the cortex (C).
Figure 14.  Surface of S. yendoi showing tetrasporangial conceptacles (arrows). Note the
grazing scars and concavity left by a shed conceptacle (arrowhead).

Figure 15.  Vertical fracture of the outer cortex showing epithallial cells

(arrowheads) , subepithallial initials (i), and cell fusions (F).
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Figure 16. A tetrasporangial conceptacle of S, yendoi.
Figure 17.  Vertical fracture of the medulla and lower cortex showing terminal initials (T)

and cell fusions (F).

Figures 18-20. Thallus features of the thin form of S. yendoi.

Figure 18.  Vertical fracture of a tetrasporangial conceptacle showing the pore canal (P) and
tetraspores (7).

Figure 19.  Vertical fracture of a spermatangial conceptacle showing the pore canal (P).

Figure 20.  The grazer damaged surface of S. yendoi. Note the flattened conceptacle (K).

Figure 21.  The habit of the thick-form-of-S.yendoifiom-Port Nolloth.

Figure 22-26. Thallus features of the thick form of S| .yendoi.

Figure 22.  Surface of 8. yendgi showing.a trichocyte (T).

Figure 23.  The margin of the thallus;showing the medulla (M) and the cortex (C).
Figure 24.  Vertical fracture of the outer cortex showing epithallial cells (arrowheads),
subepithallial initials (i), and cell fusions (F).

Figure 25. Vertical fracture of the medulla and inner cortex showing cell fusions (F).
Figure 26. Vertical fracture of the thallus of S, yendoi showing the medulla (M) and the

cortex (C).
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Figures 27-31. Surface of the thick form of S. yendoi showing the protuberance and
conceptacle detail.

Figure 27.  Surface of S. yendoi showing tetrasporangial conceptacles.

Figure 28. A tetrasporangial conceptacle. Note the superficial grazing scars (arrows).
Figure 29.  Vertical fracture of a tetrasporangial conceptacle showing the pore (P) and a
tetraspore (T).

Figure 30.  Conceptacles (arrowheads) may occur on the tops of protuberances, on the sides
of the protuberances, at the base of the protuberances, or even on areas lacking protuberances.
Figure 31.  The thallus of the thick form of S. yendoj is extremely protuberant and may

often reach thicknesses of 15mm.

Figure 32.  The radula and hypothesized grazing|trace of Bi cochlear. Shading shows the
relative amounts of hardening agents, Numbets indicate the number of grazing traces made
by the "dominant" teeth. The homologous teeth of gach species are labelled as follows: ct,

central tooth; It, lateral teeth; mt,\marginal teeth.

Figures 33-37. Grazing scars and radula of P, cochlear. Numbers indicate the number of
grazing traces corresponding to those of Figure 32.

Figure 33.  Simulated grazing trace of P, cochlear.

Figure 34. Actual grazing scar made by P. cochlear.

Figure 35.  Vertical fracture of S. yendoi showing P. cochlear graze marks.

Figure 36.  Radula of P, cochlear as seen under the scanning electron microscope.

Figure 37.  Radula of P, cochlear as seen under the light microscope. Note the different
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amounts of hardening agents.

Figure 38.  The radula and hypothesized grazing trace of P, granularis. Shading shows the
relative amounts of hardening agents. Numbers indicate the number of grazing traces made
by the " dominant" teeth. The homologous teeth of each species are labelled as follows: ct,

central tooth; It, lateral teeth; mt, marginal teeth.

Figures 39-43. Grazing scars and radula of P, granularis. Numbers indicate the number of
grazing traces corresponding to those of Figure 38.

Figure 39.  Simulated grazing trace of P. granularis.

Figure 40.  Actual grazing scarinade by P.granularis.

Figure 41.  Vertical fracture of . vendoi showing P, granularis graze marks.

Figure 42.  Radula of P, granulars as seen under theé scanning electron microscope.
Figure 43. Radula of P. granularis.as seen.under. the light microscope. Note the different

amounts of hardening agents.

Figure 44.  The radula and hypothesized grazing trace of P, argenvillei. Shading shows the
relative amounts of hardening agents. Numbers indicate the number of grazing traces made
by the " dominant" teeth. The homologous teeth of each species are labelled as follows: ct,

central tooth; lt, lateral teeth; mt, marginal teeth.
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Figures 45-47. Grazing scars and radula of P. argenvillei. Numbers indicate the number of
grazing traces corresponding to those of Figure 44.

Figure 45.  Simulated grazing trace of P. argenvillei.

Figure 46.  Radula of P, argenvillei as seen under the light microscope. Note the different
amounts of hardening agents.

Figure 47.  Radula of P. argenvillei as seen under the scanning electron microscope.

Figure 48.  The radula and hypothesized grazing trace of Acanthochiton garnoti. Shading
shows the relative amounts of hardening agents. Numbers indicate the number of grazing
traces made by the " dominant" teeth. The homologous teeth of each species are labelled as

follows: ct, central tooth; It, laterdl-teeth:mt,-marginal-teeth:

Figures 49-52. Grazing scars and radula of A, gamofi., Numbers indicate the number of
grazing traces corresponding to these.of, Figure,48.

Figure 49.  Simulated grazing fracé of A. garaon.

Figure 50.  Vertical fracture of S. yendoi showing A, garnoti graze marks.

Figure 51.  Radula of A, garnoti as seen under the scanning electron microscope.

Figure 52.  Radula of A. garnoti as seen under the light microscope. Note the different

amounts of hardening agents.

Figure 53.  The radulae and grazing details of the various herbivorous molluscs commonly

found associated with S. yendoi (N = 20 individuals for each species).
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Figure 54.  The percentage of the various food types found in the four herbivores commonly
found on S. yendoi (A = P. cochlear, P < . 001, ANOVA; B = P, granularis, P = .063,
TWOSAMPLE 'T'test; C = P. argenvillei; D = A. gamnoti, P < .0001, TWOSAMPLE 'T"'

test, Means with the same letters are not significantly different).

Figure 55.  The percentage of the surface area of S. yendoi grazed over two days at the

three sites (Means with the same letters are not significantly different).

Figure 56.  The grazing frequency experienced by S. yendoi over two days at the three sites

(Means with the same letters are not significantly different).

Figure.57.  The intensity of grazing experienced by S. yendoi at the three sites (B < .001,
ANOVA, Means with the same letters are not significantly different - Individual 95 percent

[PCT] confidence index's [CI's] for means based-on paoled. standard deviation [STDEV]).

Figure 58.  The margin (A) and thallus thickness measurements (B, B < .001 for thick
forms, ANOVA; P = .64 for thin forms, TWOSAMPLE 'T'test) of the two forms of S.
yendoj at the three sites, as well as the margin and thallus thickness measurements (C) under
limpet manipulated conditions (Means with the same letters are not significantly different -

Individual 95 PCT CI's for means based on pooled STDEV).

Figure 59.  The marginal extension rates of the two forms of S. yendoi at all sites.
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Figure 60.  The relationship between the thickness of the thallus away from the margin and

the lateral margin extension rate.

Figure 61.  Protuberance data from all sites under natural conditions (A-D), and under
limpet manipulated conditions (E) (Means with the same letters are not significantly different -

Individual 95 PCT CI's for means based on pooled STDEV).

Figure 62.  The nature of the thallus at and away from the margins in the two forms of S,

yendoi at (A) Holbaaipunt, and (B) Port Nolloth.

Figure 63.  Mean number of coneeptacies-at-the-surface-of' S._yendoi at all sites under
natural conditions (A), and under lifapef manipulated ¢ondifions (B) (Means with the same
letters are not significantly different - Individual 95 PCT Cl!s for means based on pooled

STDEV).

Figure 64. Marginal extension rates of S, yendoi under limpet manipulated conditions.

Figure 65.  Coralline and herbivore abundance throughout the mid- and lower eulittoral

zones at all sites.

Figure 66.  Percentage overgrowth interactions among intertidal encrusting algae from all
sites (MESO = Mesophyllum engelhartii; SPIKEY = Synarthrophyton sp.; FERO =
Leptophytum ferox; YEND = Spongites yendoi; RALF = Ralfsia verrucosa; HILD =
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Hildenbrandia lecannellieri; PEYS = Peyssonnelia sp.; FOVE = Leptophytum foveatum) and
their rank within the competitive hierarchy (1 ranks lowest; 5 ranks highest). The algae
separated by the "/" sign have received equal ranking because they do not compete; it could

not be determined which of these algae was the superior overgrowth competitor.

Figure 67.  The relationship between thallus thickness and overgrowth ranking for the

intertidal encrusting corallines at all sites.

Figure 68. S. yendoi's (Y) cover in the lower eulittoral zone at Groenriviermond is

somewhat patchy, much of the primary substratum being occupied by L. foveatum.

Figure 69.  Much of the primary substratum within the lower culittoral zone along the West

coast is occupied by L. foveatum with strips of |§. impat|(S) occurring between limpet
territories. From the central tg . the northern West coast, S. yendoi's cover becomes

increasingly patchy, much of the goralline being:restrigted, torthe shells of limpets.

Figure 70.  The nutrient status of the two forms of S, yendoi and G. micropterum (Means
with the same letters are not significantly different - Individual 95 PCT CI's for means based

on pooled STDEV).

Figure 71.  Schematic diagram of the positive and negative effects of grazing by P, cochlear

on S, yendoi.
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GENERAL DISCUSSION

Although the evidence and support of physica | factors determining species boundaries
and abundance along geographic gradients are overwhelming (Wilce 1963, unpublished
manuscript, Dayton 1971, 1975, Menge 1976, Vermeij 1978, Werger 1978, Pielou 1979,
South 1979, 1987, Bush and Weis 1983, Laughlin 1983, Branch 1984, Hay and Gaines 1984,
van den Hoek 1984, Hooper and Whittick 1984, Harlin et al. 1985, Keats et al. 1985,
Lobban et al. 1985, Bolton 1986, Bolton and Anderson 1987, 1990, Bolton and Levitt 1987,
Bolton and Stegenga 1987, Breeman 1988, Anderson and Bolton 1989, Kooistra et al. 1989,
Liining 1990, Zimmeman and Rechenik 1991, McClanahan 1992, Chen and Chen 1993,
Breeman et al. 1993, Coutinho and-Zingmark 1993, Péres-Lloréns et al. 1993, Peters and
Breeman 1993, Gierdien 1994), there has recently however been an accumulation of evidence
supporting the biological control of species Boundaries and| abundance along geographic
gradients (Lubchenco 1980, Hay 1981, Sousa et al. 1981, Whethey 1983, Brenchley and
Carlton 1983, Hay and Gaines 1984)... Afterram examination of all this work, it seems
reasonable to conclude that general delimitations are controlled by the physical environment,
while the finer, actual species delimitations are biologically controlled. It is thus possible to

recognize patterns in marine biogeography, more specifically, primary and secondary patterns.

I refer to primary patterns as that existing when groupings of distinct species may be
recognised. This type of biogeographic pattern would consider only species absence or
presence. More specifically, primary patterns would be controlled by physical factors of

which sea water temperature has been shown to be extremely important.
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Secondary patterns describe the relative abundance of a species within its geographic
range, the species richness within a single geographic location, species dominance, how much
endemism exists, the productivity, biomass, etc. It is at this lower level that biological factors
such as predation and competition may play integral parts in the dynamics of the species niche.
Although Spongites yendoi occurs beyond the geographic range of Patella cochlear, it is at this
lower level that the limpet has controlled the abundance of the encrusting coralline alga within

its geographic range.

This study has shown that within the study area, there is a positive correlation between
the abundance of the limpet and that of the coralline. OQutside of the study area, the trend is
also consistent with these findingse—-¥-Chamberlain-(personal communication) reports that
beyond the eastern boundary of the limpet; 8. yendai, althoughstill being present, is extremely
rare, having a discontinuous, extremely patchy distribution. At Port Nolloth and beyond, S.
yendoi's abundance also decreases dramatically, the coralling having the lowest abundance of
_ all intertidal encrusting algae found atjPort Nolloth(G.W . sManeveldt, personal observation).
At Swakopmund in Namibia however, S, yendoi is again the most abundant intertidal coralline
(G.W. Maneveldt, personal observation). Spongites yendoi's high abundance is no doubt due
to the corallines extremely thin thallus which grows fast laterally; S. yendoi's thallus is thin

because the coralline experiences severe sand blasting along the Namibian West coast (G.W.

Maneveldt, personal observation).
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This and other studies (Sousa et al. 1981, Whethey 1983, Brenchley and Carlton 1983,
Hay and Gaines 1984) are but a few that have shown experimentally that biological factors can
control species abundance and distribution along geographic gradients. There are no doubt
however, many other biological interactions which have not yet been examined and which will
in time prove to strengthen the idea of the biological control of species abundance and

distribution along geographic gradients.

One such an interaction, which surprisingly has not been examined experimentally, is
that between seaweeds and their host specific epiphytes; certainly such associations lend
themselves to the concept of the biological control of species distributions (A.K. Peters,

ii Chamberlain for

personal communication). The encristing coralline-alga-Pneophy

example, occurs only on the seaweed | (Osbeck) Papenfuss (Chamberlain
1994). Other than the Western Cape Province, South Africa, the distribution of this epiphyte
elsewhere is unknown (Chamberlain 1994). _Along the South African coast however, E.
maxima appears to control the distibution of P, keatsij., Three other species of red algae
epiphytic on E. maxima namely Carpoblepharis flaccida (C. Agardh) Kuetzing, Polysiphonia
virgata (C. Agardh) Sprengel, and Suhria vittata (Linnaeus) J. Agardh have geographical
distribution patterns identical to E. maxima (Branch et al. 1994). Ecklonia maxima has
however been reported from St. Paul Island in the southern ocean and since this island has a
number of other seaweed species in common with South Africa (Papenfuss 1942), it seems

likely that some, if not all, of these epiphytes could coexist there in association with E.

maxima.
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Similarly the encrusting coralline alga, Clathromorphum tubiforme Y. Chamberlain,

R. Norris, D. Keats et G. Maneveldt, has been found to occur epiphytically on the fronds of
three species of Amphiroa (Chamberlain et al. 1995). It may well be that epiphytes like C.
tubiforme and P. keatsii, being newly described species which are ecologically little known,
have geographic ranges which do not coincide with their algal host. Certainly epiphytes such
as C. flaccida, P. virgata and S, vittata however, which have geographic ranges which
coincide exactly with their algal host, lend themselves to the concept of the biological control

of species geographic distributions.

Host specific species occuring epizoically have also received similar attention. The
whelk, Nucella squamosa (Lamarckj-is-the-chosen-habitat-of the-hydroid Hydractinia altispina
Millard and grows nowhere else (Richards and Thorpe 1988). The bryozoan Alcyonidium
nodosum O'Donoghue lives exclusively| on|shells of the whelk, Bumupena papyracea
(Bruguigre) and has a geographic range almost identical to.that of the whelk (see Branch et al.
1994). Rio and Cabioch (1988) have éveén postulated that aysters are the vectors of transport
of the seaweed Caulacanthus ustulatus (Turner) Kuetzing to its new northern limit near Roscoff
on the north coast of western Brittany (northern France); two years earlier, the seaweeds

northern limit was Biarritz on the southern west coast of France.

It is thus plain to see that there are many other symbiotic associations which clearly
favour the biological control of species geographic distributions. In fact, the concept of the
species niche (or 'realized niche') is based almost entirely on the control of species boundaries

by biological factors such as competition and predation. If biological factors can control the
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vertical boundaries of species, why not their geographic boundaries.

The regulation of community structure by herbivores is a well documented phenomenon
in both aquatic and terrestrial environments. Marine herbivores, for example, have
consistently been shown to control the vertical distribution, abundance, diversity, composition
and biomass of algal communities (Dayton 1975, Lubchenco and Gaines 1981, Steneck 1983,
Branch 1971, 1975a, 1981, Branch and Griffiths 1988, Keats 1991, Eekhout et al. 1992,
Littler et al 1995). However, not all marine herbivores have negative impacts on the seaweeds
they graze; many have been shown to increase the abundance (Adey and Macintyre 1973,
Steneck 1982, 1985), diversity (Dayton 1975, Lubchenco 1978, Hay 1981, Breitberg 1984),
and productivity or biomass (Branch1971:-1975a,-1981,-Sieneck 1982, Littler et al. 1995) of
their algal food. By grazing its coralline food, Patellacochlcar reduces the alga's thallus
thickness enabling it to grow faster (increasing its|productivity) and thereby increasing the
corallines abundance. Productivity in Spengites yendoi is thus also grazer dependent. Grazers
~ increasing productivity is poorly degumented for:the marine environment and only two other
known cases exist of herbivores increasing the primary productivity of their coralline food (see
Steneck 1982, Littler et al. 1995). In contrast, grazing as a regulator of primary productivity
is well documented for the terrestrial environment. Grassland ecosystems, for example, are
highly productive ecosystems under continual herbivory (McNaughton 1979, 1985,
McNaughton et al. 1988, Seagle et al. 1992). More recently, Van der Heyden and Stock
(1995) have even documented an increase in productivity in non-succulent shrubs under low

grazing frequencies.
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The effects of grazing on the gross morphology of plants are also well documented for
the terrestrial environment. While the presence of some insects produce plant galls (beside
physical protection, galls often provide a higher quality food than the plant would ordinarily
offer), and the harvesting activities of leaf-cutting ants are often capable of denuding trees of
all their leaves (Edwards and Wratten 1980), the grazing activities of mega-herbivores such
as elephants, are particularly well documented (e.g. Jachman and Croes 1991). Recently for
example, the impact of elephant and in particular goat grazing on succulent thicket, has
received considerable attention (see Stuart-Hill 1992, Moolman and Cowling 1994). Elephant
grazing tends to result in relatively low growing shrubs since these herbivores browse from
the "top downwards". Goat grazing, by contrast, result in shrubs taking on an umbrella shape

due to the "bottom up" grazing behaviour-of goats (Stuart=Hili~1992).

In order to successfully understand gertain ecological processes, we have to realize that
we need to expand our ideas and our studies beyond the small "within ecosystem” scale. Many
authors (Foster 1990, Underwood;and Kennelly 1990, Kennelly and Underwood 1993) have
already expressed the need to do this and expand our observations to experimental testing of
observed trends. The present study, and several others (Sousa et al. 1981, Dethier and
Duggins 1988, Keats 1991, Eekhout et al. 1992, Kennelly and Underwood, 1993, Bustamante
1995) have, without doubt, greatly enhanced our knowledge of ecological processes within and
more importantly, between ecosystems. Since most generally accepted ecological theory have
been based on small-scale "within ecosystem" studies, and since it has been shown that similar
communities can behave quite differently depending on their geographic locations (Dethier
and Duggins 1988), the need for large-scale, geographic studies has become apparent. How

else can we successfully evaluate our understanding of ecosystem assemblage structure.
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