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Abstract

In South Africa, the indigenous mus$&rna perna is threatened by both an
invasive species and excessive human exploitation.

The Mediterranean musgdtilus galloprovincialis is an invasive species that
has been introduced to many parts of the world&dnth Africa, this species arrived
in the 1970s and spread rapidly along the westtaslhsre today it is the dominant
mussel species. Along the west codét,galloprovincialis is competitively superior
in all aspects to the indigenous mussel speciek,ama result, has displaced some of
them.

On the south coastl. galloprovincialis found more oligotrophic waters,
higher species richness, and a stronger compadtititie indigenous mussel perna.
The rate of spread dfl. galloprovincialis along the south coast has decreased over
the last 10 years and the present eastern limiisafistribution in South African is
East London. On the south coddt,galloprovincialis has not yet completely replaced
P. perna; instead, the two exhibit spatial segregationhwvdt perna dominating the
low shore M. galloprovincialis the high shore and an overlap zone between the two

An experiment on competition was carried out at sitee on the south coast.
The results showed that, on the low shé&gerna is a more dominant competitor for
space tham. galloprovincialis. Also byssus attachment of the two species differs
perna being much stronger thavl. galloprovincialis, which suffers high mortality
due to wave action on the low shore, especiallyjnonospecific beds. As a result,

mortality of M. galloprovincialis through wave action is reduced by the presenée of



perna, which seems to confer protection against dislotg@. However, in the
absence of strong wave actiéh,perna competitivelyexcludesM. galloprovincialis.
Human exploitation along 160 km of coast was exachiny sampling mussel
populations and using aerial surveys to determihergv harvesters were distributed.
Collectors did not seem to discriminate betweercisge The study has shown that
higher abundances of mussels were found in pratemténaccessible sites, while in
unprotected sites mussels were scarce. Coastaknagerves are being proven to be

effective in protecting mussel populations.
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Chapter One:

General I ntroduction

Marine mussels play an important role in intertidammunities (Seed 1976,
1996). Mussels are often keystone consumers artdrbaiors and their ability to filter
selectively and to process large quantities of sndpd material can markedly influence
the dynamics of coastal and estuarine systems, suitisequent implications for local
patterns of biodiversity (Seed 1996). As structyrahd functionally complex entities,
mussel patches provide refuges and suitable halftata broad range of associated
organisms that include representatives from mosthe@inajor invertebrate phyla such as
the Polychaeta, Amphipoda and Nemertea (e.g. Tgach®79, Tsuchiya & Bellan-
Santini 1989, Peake & Quinn 1993, Lintas & Seed4)9® this regard, mussels are well
defined as ecosystem engineers (Lodge 1993, Jainals 1994), because they create
complex beds that structure communities, and asause they are also likely to invade
and alter communities. Examples are the mu&sekensia demissa (Dillwyn) which
facilitates colonization by other species and piesi ecosystem stability, or the Zebra
mussel Dreissena polymorpha, Pallas), which invades and affects freshwatesgstems
by intense filtering (Rosemond & Anderson 2003).

Environmental conditions have a great impact on saudiology, including
differences in spawning periods, reproduction amuvth (see reviews in Seed 1980,
Griffiths & Griffiths 1987, Seed & Suchanek 1992mong environmental conditions,

temperature and aerial exposure (as a functiordaf ¢levation) are key determinants of



the population dynamics of mussels (Griffiths & féitis 1987). Wave action and wave
exposure are also important physical factors imitireg the characteristics of mussel
populations (McQuaict al. 2000, Steffani & Branch 2003a). Filtration rateilsh et

al. 1992, Wildish & Saulnier 1992, Newell & Wildish 98, Newellet al. 2001), food
availability (Griffiths & Griffiths 1987, Hawkins &8ayne 1992) and growiffrox & Coe
1943, Harger 1970, Wildish & Saulnier 1992, McQué&id.indsay 2000) are generally
the most important biological factors determinedaaywe action in mussel beds (Steffani
& Branch 2003a).

Temperate mussel species have a single, majoredhbrd, annual reproductive
effort (Baird 1966, Dare 1976, Thompson 1979, Di¥é&rguson 1984), restricted to the
spring/summer months. This appears to allow symghation with spring/summer bursts
of phytoplankton production that support planktptriz larval development (Seed 1976).
Estimates of the larval life span of mussels rafnge two to four weeks (Bayne 1965,
1976, de Schweinitz & Lutz 1976), a period in whimlrrents could easily spread the
larvae into areas other than that from which théyimated (Lasiak 1991).

The Mytilidae family is widely distributed arountlet world and some 27 species
have been documented in southern African watertbkn & Rippey 1982). Three
indigenous species: the Brown mus$&rna perna (Linnaeus), the Black mussel
Choromytilus meridionalis (Krauss), the Ribbed musselilacomya ater (Molina), and
one introduced species, the Mediterranean mudgelus galloprovincialis (Lamarck)
(Grantet al. 1984, Grant & Cherry 1985), attain sufficient sized density to form
extensive beds on rocky intertidal and subtidafsrem the wave beaten shores (van

Erkom Schurink & Griffiths 1990).



South Africa has a long, wave-exposed coastlinelvbktends for some 2570 km
from the Namibian border (28°S, 16°E) in the wesMbcambique (26°S, 32°E) in the
east (Fig. 1.1). Sea temperatures along the coastietermined largely by two major
current systems. To the east the southerly-flowligglhas Current transports warm (21-
26°C) water close inshore along the Natal coastsbuth of East London (number 9 in
Fig. 1.1) this is deflected offshore by the progrealy widening continental shelf. The
Benguela System of the west coast is characterigedrequent upwelling events
resulting in cooler conditions, with minimum temaemres of 9-10°C being experienced
during summer when offshore winds predominate, avimbximum of 15-16°C occur in
winter, when sun-warmed surface waters are advectethore (Branch & Griffiths
1988). Based on these current systems and the enarganisms found along the coast,
the southern African coastline can be divided thtee major biogeographical provinces:
a sub-tropical east coast region extending southsvés about East London; a warm-
temperate south coast reaching from there to CapghAs (number 6 in Fig. 1.1) and a
cold-temperate west coast region extending norttisvamto Namibia (Stephenson &
Stephenson 1972, Brown & Jarman 1978). Zoogeograli this coast was divided by
Emanuelet al. (1992) into five major zoogeographical areas,lenliasis of rocky-shore
invertebrates. The cool temperate west coast widsrgp two zoogeographic provinces
(the Cool Temperate North-West Coast (Namibia), ICamperate South-West Coast
(Namaqualand)); the warm-temperate south coastretagmed; and, in the Subtropical
East Coast province (Kwazulu-Natal), two sub-proes were separated just north of

Durban (Fig. 1.1).



Sea temperature seems to be the main factor deiagnthe geographical
distribution of the 4 main species of mussels foumdSouth Africa.P. perna is the
dominant mussel species in the sub-tropical easiamm-temperate south coast regions
and on the west coast of Namibia and Angola, thaugi isolated individuals occur on
the upwelling west coast, south of Namibia, andhdbform beds in the area between
False Bay (humber 4 in Fig. 1.1) and central Nam{wan Erkom Schurink & Griffiths
1990). The other three speci€s, meridionalis, A. ater, and M. galloprovincialis, all
attain their greatest densities in the cooler, Uledevaters of the west coast, although all
three penetrate onto the south coast (van ErkorarBéh& Griffiths 1990, Hockey &
van Erkom Schurink 1992, Branch & Steffani 2004).

On the west coast, van Erkom Schurink & Griffith5990) describedM.
galloprovincialis as the most abundant mussel species intertidatiyipying a distinct
band in the mid intertidal that extends as far @8 dm above the low water spring tide
level (LWS). Its density tends to decline toward §\&nd few specimens are found at or
below this level whereA. ater and C. meridionalis are more abundant. Of these two
speciesC. meridionalis is faster-growing and larger thé&nater, and, before invasioloy
M. galloprovincialis, C. meridionalis was regarded as the major intertidal mussel specie
in this region. Sites in the extreme southwesteape such as False Bay, are the only
areas in which sizeable populations of all four sels coexist. Here both. perna and
M. galloprovincialis are almost exclusively intertidal, wit. galloprovincialis occurring
at higher elevationsC. meridionalis and A. ater become more common at lower levels

and predominate sublittorally (Phillips 1995).



Moving from the west coast eastwards, there is aynessive decline in the
abundance of all three west coast species andategupplanted by the warm-water
musselP. perna. On the south coadt,. meridionalis, P. perna andM. galloprovincialis
coexist on the rocky shore®. perna populations at sites such as Plettenberg Bay
(number 7 in Fig. 1.1) in the southern Cape rehelr tnaximum abundance in the lower
mid-intertidal, since they are largely excludedrthe sublittoral fringe by characteristic
dense bands of the limpeBatella cochlear, and the large ascididyura stolonifera. On
the east coast (Kwazulu-Natal and Transkei, se€l Big where the cochlear zone is
poorly developed or absem, perna reaches its maximum abundances in areas of heavy
wave action from the mid intertidal to LWS and tredfter to depths of at least 5 m (Berry
1978), although it is sometimes replaced in theelstwntertidal levels by dense beds of
coralline algae.P. perna maintains dominance northwards along the coasts in
Mocambique (van Erkom Schurink & Griffiths 1990).

Shell characteristics are usually enough to idgntife four main species of
mussels of the southern African shores corre®lyperna has a smooth, brown shell,
while M. galloprovincialis generally has a blue shell that erodes to a wdalkeur andC.
meridionalis has a typically black shell that erodes to a lohieur. The shell shape 6f
meridionalis is narrow and high and is quite distinct from thas P. perna and M.
galloprovincialis, which have similarly shaped broad, elongatedIshélowever, the
shell of P. perna tends to be more elongated and slender than tthat galloprovincialis,
which is squatter with a broad base. Sometimesrotharacters are required for
identification of these two species. For exampla, the west coastP. perna is

uncommon and tends to occur singly amorigsgalloprovincialis, which can also be



brown (van Erkom Schurink & Griffiths 1990). Conims can thus occur, in which case
examination of the adductor scars and shape arereelg The adductor scars (muscle
scars on the interior of the shell and the resgitled ridge) ofM. galloprovincialis are
associated with the presence of an anterior antepas muscle, as well as a resilial
pitted ridge.P. perna has a divided posterior muscle and a resiliaégitidge, whileC.
meridionalis has no pitted ridge and an undivided posterigactdr muscleA. ater has a
very distinctive ribbed shell which makes this nalasnmistakable from the other three
species (van Erkom Schurink & Griffiths 1990, Rpgl1995).

P. perna is widely distributed in the tropical and subticgdiregions of the Indian
and Atlantic oceans. The endemic rangéoberna includes southern India, Sri Lanka,
Madagascar, the east coast of Africa from centrat&mbique to False Bay, and the
African west coast from Luderitz (number 1 in Figl) north into the Mediterranean
from Gibraltar to the Gulf of Tunis, as well as tA#antic coasts of Brazil, Uruguay,
Venezuela, and the West Indies (Berry 1978).

M. galloprovincialisis a fast-growing species with a high reproductivégput and
considerable tolerance for desiccation (Hockey & \Exkom Schurink 1992). This
animal is indigenous to the Mediterranean regionhias established populations on most
continents as an invasive species (Grant & Che®85)1 The presence of this species
along the west coast of South Africa was first régmb by Grantet al. (1984), and it is
thought to have been introduced very recentiyhe1970s (Grant & Cherry 1985).

Most invasions by marine organisms since the €dtin Century are attributed to
transportation in the ballast waters of shippingseds (Williamson 1996, Wonhaghal.

2000). South Africa lies on one of the world’s nreghipping routes between Europe and



the East. A biological invasion occurs when an pig/a or species naturally encroaches,
or is artificially introduced, either deliberatety accidentally, into an area beyond its
previous range (Williamson 1996). It is well docurtesl that invasions by non-
indigenous species can alter the composition ofidommmunities worldwide (Soule
1990, Williamson 1996), and have major effectshanlocal biota and ecosystems. These
influences range from depressing the growth of llopapulations, causing the
displacement or extinction of native species onewerestructuring local ecosystems and
the processes that occur within them such as cadtiopetamensalism, predation and
vertical and horizontal food-chain processes (Afiison 1996, Simberlo#t al. 1997).
An example of such an invasive speciedlisgalloprovincialis, which has successfully
colonised intertidal rocky shores around the wdkidlliamson 1996, Wonhanet al.
2000).

On the west coast of South Afridd. galloprovincialis has almost completely
displaced the dominant indigenous musAelater (Ruiz Sebastiaret al. 2002) and
outcompetes other indigenous west coast speckes,Cli meridionalis although this
species remains abundant at sites subject to garfdam Erkom Schurink & Griffiths
1990, Hockey & van Erkom Schurink 1992). At presevit galloprovincialis forms
extensive multi-layered beds in the intertidal zohexposed rocky shores. In this regard,
M. galloprovincialis has almost certainly increased total mussel bismagice it
occupies both a wider vertical range and attaihiher biomass perfthan the species
it has displaced (van Erkom Schurink & Griffiths909. The main factors contributing to

the success of this invasive species are its higidyetivity, reproductive output,



recruitment intensity, growth rate, its considegaldlerance to aerial exposure and its
ability to grow in dense beds (van Erkom Schurinic&ffiths 1990, 1991).

The warmer conditions of the south and east coais@South Africa are very
similar to the Mediterranean Sea, whéfe galloprovincialis originated. This suggests
that it has the potential to dominate this regiorthie future, at the expense Rfperna
(van Erkom Schurink & Griffiths 1990). As a reswdtcompetitive interaction betweén
perna andM. galloprovincialis on the rocky shores is expected.

P. perna is an exploited species and an important resofwcesubsistence
fishermen on the south and east coasts (Siegitiall 1985, Hockey & Bosman 1986,
Hockeyet al. 1988, Lasiak 1991, Hockey & van Erkom Schurnik 29Rasiak 1993,
1998, Lasiak & Field 1995, Dyet al. 1997). For exampld. perna forms about 80% of
offtake on the Transkei coast (Fieldirty al. 1994), which means that changes in
intertidal community structure are likely to hawepercussions for human populations
(Griffiths et al. 1992). Although there has been considerable relsearthe Transkei, on
the south coast of South Africa, the effect on rmusemmunities of exploitation by
people has not yet been studied.

In some areas, man-mediated introductions of maspexies may have altered
community functioning as severely as has explaitaglsewhere (Carlton 1989, Griffiths
et al. 1992). In conclusion, factors such as human hangesind competition between
space-occupying invasive and native species arecéeq to play important roles in

controlling the distribution dP. perna (van Erkom Schurink & Griffiths 1990).



The aim of this MSc is to investigate factors teatld affect the population
structure ofP. perna on the south coast of South Africa, specificalfyinteraction with
the invasiveM. galloprovincialis and the effects of human exploitation.

This dissertation comprises three parts. The fpstt (Chapter 2) is an
examination of the spread ®f. galloprovincialis along the southern and southeastern
coasts of South Africa based on data collected d&twi994 and 2004. The second part
(Chapter 3) investigates the interaction betwieeperna and M. galloprovincialis in the
intertidal mussel zone to ascertain whether cortipetdisplacement limits the vertical
distribution of either or both species where theyegist on the south coast of South
Africa. The last part (Chapter 4) studies the iflce of human harvesting on mussel
communities on rocky shores along a 160 Km strefatpastline, and the consequences
for both indigenous and invasive mussels specieserims of the viability of mussel

stocks and the expansion of the invasive species.
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Chapter Two:

Current status of M. galloprovincialis invasion along the south

coast of South Africa

I ntroduction

When large numbers of alien, or exotic, species ian@duced into a new
ecosystem, many subsequently become naturalizedthiey establish self-sustaining
populations in natural habitats. A proportion afgbe may become invasive, which means
that they spread independently to untransformedsystems where they may be
responsible for causing an imbalance in the comty(@iriffiths et al. 1992).

Lodge (1993) identified the characteristics of spechat are predisposed to
becoming invasive. The most broadly documented weeecapacity to alter physical
conditions (‘ecosystem engineers’), to prey on gedbus species, or to compete
aggressively for space. However, the best predstems to be simply the history of
species elsewhere: species are likely to be inga$ithey have been shown to be so
elsewhere (Branch & Steffani 2004).

Alien species have been identified as one of th@mtareats to the maintenance
of biodiversity and ecosystem functioning in marsystems (Carlton & Geller 1993,
Carlton 1996, Crooks & Khim 1999, Maekal. 2000). The scale of the invasive species

dispersal is an important factor in determiningirthevasive success (Carlton 1996).
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These species usually arrive at a single localiomf where they spread by larval
dispersal (Branch & Steffani 2004).

Marine organisms have been accidentally and/ontimeally moved around the
world’s oceans since people first began navigatimg seas (Carlton 1999), and the
increase in transoceanic travel of the last centiay/ seen a concurrent rise in the rate of
introductions of alien marine species (Carlton &ll&el1993, Carlton 1996, Cohen &
Carlton 1998, Maclet al. 2000).

Marine introductions may be accidental or intergipmnd the five main sources
of introduction are via deliberate introductions f@od; mariculture or aquaria; in ballast
water in ships; attachment to ships’ hulls (foulorgships); and the Lessepsian migration
of organisms through canals that now unite seagiquely separated by land (Carlton
1999, Branch & Steffani 2004)

The recent increase in prevalence of invasioni®@hiear-shore environment has
stimulated much research into the mechanisms dfrgpbgenic dispersal of marine
organisms, and the ecological and economic impecssich invasions (Crooks & Khim
1999). The majority of this research has, howefeeised on Australia, North America
and Europe (Orensarg al. 2002), with comparatively little being known abouéarine
invasions in other areas, particularly Africa (Rtdminet al. in press).

Large numbers of alien species have been introduoned terrestrial and
freshwater ecosystems in the southern African sufreent either accidentally or as
biocontrol agents (MacDonakt al. 1986). In the marine environment, 22 marine alien
species have been recorded in South Africa (De Mbd&ruton 1988, Griffithset al.

1992) but only ten species are known to support-egthblished populations along the
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South African coast. While the majority of theseaén restricted to harbours (e@ona
intestinalis, Carcinus maenas, Metridium senile) and sheltered lagoons or estuaries (e.g.
Crassostrea gigas, Littorina saxatilis, Sagartia ornata), a single species, the
Mediterranean muss#lytilus galloprovincialis, has spread extensively along the South
African shores (Robinsomt al. in press).M. galloprovincialis and the green crab
Carcinus maenas are the only ones considered “invasive” in tlemse of Vermeij (1996)

in that they have spread and constitute a threiidigenous specie8ut the one that is
most significantly invasive and the most abunddeinamarine species along the South
African coast idVl. galloprovincialis (De Moor & Bruton 1988, Branch & Steffani 2004,

Robinsoret al. in press).

Mussels have frequently featured in lists of alievasive species (McDonald &
Koehn 1988, Hicks & Tunnell 1993, Crooks & Khim P99The mode of dispersal of
mussels is one of the most important factors thabdir them becoming invasive. Their
planktotrophic larvae can be transported in ballager and can also disperse rapidly and
widely from any points of introduction (Branch &efani 2004). The most notorious
mussel invasion worldwide is the Zebra mu$edissena polymorpha, which has spread
from the Black and Caspian Sea basins to most oddeuand eastern North America
(Strayeret al. 1999). Another example is the Brown musBetna perna, which has
colonised the shores of the Gulf of Mexico (HicksT&nnell 1993, Hickst al. 2001),
and the European blue mus$ytilus edulis (Linnaeus), which has colonised several

sites in the Southern Hemisphere (Carlton 1999).

M. galloprovincialis is widespread in the Mediterranean Sea, alongAtfantic

coast of Europe (Gardner 1992) and in northwedtafiwhere it may hybridize with.
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edulis (Beaumontt al. 1989). From its source in the Mediterranedngalloprovincialis
has colonised, as a result of human activity, sg\autlying areas such as Hong Kong
(Lee & Morton 1985), Japan (Wilkingt al. 1983), Australasia (McDonalet al. 1991),
Hawaii (Apteet al. 2000), Mexico (Ramirez & Céaceros-Martinez 199%stvand east
coast of USA (McDonald & Koehn 1988), and the wesast of Canada (where it
hybridises withMytilus trossulus (Gould)) (McDonald & Koehn 1988, Andersah al.
2002), possibly the east coast of Canada (Metrad. 1988), perhaps Britain and Ireland
(where it co-occurs and hybridises with edulis) (Ahmad & Beardsmore 1976) and
South Africa(Grant & Cherry 1985, van Erkom Schurink & Grift1990).

Considering thatM. galloprovincialis has succeeded in establishing itself widely
around the globe; that nearly all introductions iareemperate regions; that all localities
invaded byM. galloprovincialis are where there are large shipping ports; and viable
larvae ofM. galloprovincialis, for example, have been recorded arriving in U8#nf
Japan by way of seawater ballast in ships (Getlat. 1994), it is clear that shipping is
the most probable method of introductionhfgalloprovincialis to the rocky shores of

South Africa (Grangt al. 1984, Branch & Steffani 2004).

There is convincing evidence to suggest Magalloprovincialis was introduced
accidentally to Saldanha Bay (number 2 in Fig. bri}he west coast of South Africa in
about the mid-end of the 1970s (Grant & Cherry 198 Erkom Schurink & Griffiths
1990, Hockey & van Erkom Schurink 1992, Phillips939 Branch & Steffani 2004).
However, genetic confirmation of this species id@ation was only published in 1984

(Grantet al. 1984) and subsequently with a greater sophisbicaising electrophoresis
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by Grant & Cherry (1985), by which time the speaies already the dominant intertidal
mussel along sections of the west coast (Robissahnin press).

It was forecast thatM. galloprovincialis would spread rapidly after arrival
because it is a broadcast spawner and has a piagtie larval stage which allows it to
colonise new areas rapidly (Phillips 1995, BranctS&ffani 2004). Settlement of the
larvae occurs at staggeringly high densities ofai@ million individuals.rif (Harris et
al. 1998). Indeed, after the introduction Bf. galloprovincialis, it has spread and
expanded its range spectacularly (Branch & Steff2®d4). This mussel spread at
expense ofA. ater on the west coast (Grant & Cherry 1985, van Erkechurink &

Griffiths 1990, Hockey & van Erkom Schurink 1992).

M. galloprovincialis spread rapidly after being introduced to the westst and
expanded by approximately 900 km in about 10 yeemsging from Luderitz to
Hermanus on the south coast by 1988 (numbers b améFig. 1.1).M. galloprovincialis,
originating from west coast populations, first agmeel on the south coast of the country
in 1989 (McQuaid & Phillips 2000) as an isolategpyiation in Port Elizabeth harbour
(number 8 in Fig.1.1) in Algoa Bay (Fig. 2.1), wadrwas deliberately introduced for
mariculture purposes (Phillips 1995). The mussehilag in Port Elizabeth used to grow
mainly P. perna, although som&l. galloprovincialis were transported from Saldanha and
grew well in the warmer water conditions at Poiz&beth harbour (van Erkom Schurink
& Griffiths 1990). Following this introduction ind?t Elizabeth, its dispersal was studied
by McQuaid & Phillips (2000). They revealed thahdddriven dispersal of mussel larvae
(as larvae were dispersed like passive particleschimg the speed and direction of

surface currents generated by wind) was responfiblés spread. The predominant wind
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on this stretch of coast is from the southwest, ad consequendd, galloprovincialis
spread primarily to the east. The yearly averageease in distributional range was 42
km to the east compared to 19 km to the west. Thesgs after the introductiom.
galloprovincialis had spread along a total of 223 km of coastlinenfthe initial point of
introduction, although numbers further away wereyview. About 90% of allM.
galloprovincialis occurred within 12-20 km of the source (McQuaidP&illips 2000).
The eastward limit of the distribution ®. galloprovincialis in the first year after its
introduction to Port Elizabeth (1989) lay around970km from the harbour. By 199@.
galloprovincialis continued its expansion and the eastern limiteiased by 56 km, while
in 1991 it increased by only 13 km to reach FislkeRMouth (Fig. 2.1), and no further in
1992 (Phillips 1995, Robinsoet al. in press). Natural spread frokh. galloprovincialis
populations originating from the west coast corgmhispreading eastwards along the
south coast and by 1992 had reached Cape St. Er@igi 2.1). Consequently, by 1992
M. galloprovincialis had a more or less continuous distribution frondénitz on the west
coast to the Fish River Mouth on the south coaSmith Africa, a distance of some 1859

km of coastline (Phillips 1995).

At present,M. galloprovincialis distribution covers most of the west coast of
southern Africa, where it is found in extremely hidensities (>5000 adults3) is the
dominant intertidal mussel species (~96%) in musssdemblages (Phillips 1995,
Robinsonet al. in press), and constitutes 74% of the mussel bisnoa wave-exposed
shores (Hockey & van Erkom Schurink 1992, Griffighsl. 1992) over an extensive area
stretching between Luderitz and Cape Point (numbeasd 3 in Fig. 1.1). On the south

coast it has become established occurring in lal®esity as far east as East London (van
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Erkom Schurink & Griffiths 1990, Branch & Steffa@D04) where the indigenoud

perna dominates (>90%) the mussel abundance (Philligs)19

On the west coadi). galloprovincialis has spread at an average rate of 115km.y
Yin a northerly direction, coincident with the padling flow of the Benguela Current
(Hockey & van Erkom Schurink 1992). Southerly spréas also taken place, but more
slowly at about 25 km3; The rate of spread on the south coast was veridpending
on which part of the coast was considered, but @edsing spread rate to the east
appeared to be the pattern, while the spread nawe Port Elizabeth to the east was only
5 km.y* (Branch & Steffani 2004).

This spread of the invasive species on the sowdbtdtas the potential to change
communities and displace the indigenous mudeterna andC. meridionalis (Phillips
1995). Previous studies have warned of the possiblasion of the southern and
southeastern coast Y. galloprovincialis (van Erkom Schurink & Griffiths 1990,
Hockey & van Erkom Schurink 1992, Phillips 1995)ggesting that it is probably only a
matter of time untiM. galloprovincialis spreads into the Transkei and further along the
east coast of South Africa.

This chapter aimed to determine the current stafuthe eastern limit of the
invasiveM. galloprovincialis and its evolution in the last 10 years; to esténthe ratio of
M. galloprovincialis/P. perna biomass along the south coast and the biomadd. of
galloprovincialis supported along South African coast; and, to dist¢he ecological and

economic impacts of this invasion.
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M aterials and M ethods

Eastern limit of Mvtilus galloprovincialis

The Department of Zoology and Entomology of Rhotksversity had been
doing intensive surveys along the south coast otiSéfrica since 1990. Between 1994
and 2004, six more extensive mussel bed surveys s@rducted along the same coast.
This chapter reviews these surveys to track charigethe eastern limit ofM.
galloprovincialis.

In 1994 and 1995, T.E. Phillips and L.J. Gurneyeesively conducted the first
surveys from Betty's Bay to Jeffrey’s Bay (humb&rand 4 in Fig. 2.1). In 1998 and
2000 the survey was repeated extending the edstetrio Morgan’s Bay (number 20 in
Fig. 2.1) (McQuaid unpub. data).

In 2003, surveys were done from Port Elizabeth torddn’s Bay as a
contribution to the projectMytilus galloprovincialis status and spread” (see below for
methodology and details). In 2004, a survey froormr@a Rocks to East London
(numbers 6 and 17 in Fig. 2.1) was conducted udeig extracted from mussel bed
photographs (see Chapter 4).

The methodology for the 1994, 1995, 1998 and 200@eys was based on
mussel bed scrapings of three randomly placed @11xm quadrats in each of three
mussel zones. These were three vertical zonedfiddras: low mussel zone defined by
the presence of algae, colonial polychaetes amg latussel patches; mid mussel zone

where the mussel bed dominates; and high mussel cdoaracterized by barnacles and
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scattered mussel patches (barnacle-mussel zonegddition, total percent cover of
mussels, and the relative proportions of each epetw total cover were estimated
visually from ten randomly placed quadrat of 0.28.25 m in each of the three zones
(Phillips 1995).

For the 2004 survey, 100 digital photographs ofX0h5 m quadrats were taken
within the mid and low mussels zones of each Sfgecies were identified from the
photographs. Mussels were sparse in the high massel and estimates of % cover for

each species were made from visual observations.

Myvtilus galloprovincialis status and spread

This chapter formed a contribution to a nationalesctudy of the current status
of Mytilus galloprovincialis along the South African coast. The methodologydusas
designed by T. Robinson and C.L. Griffiths at tharie Biology Research Institute

(Zoology Department, University of Cape Town).

Study sites

The entire coastline was divided into 13 sampliregaa of 100 km extending east
and north of Cape Point. Here the eastern most draanbered All, A12 and Al3),
covering the coast from Port Elizabeth to Qora RMeuth (see Fig. 2.1), were sampled
between May and June 2003 to identify the eastemit lof M. galloprovincialis
distribution.

The area All ran from Cornville (north of Port Blieth) to the Fish River

Mouth, A12 from there to East London and Al3 fromsELondon to the Qora River
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Mouth. Within each area, three rocky-shore siteeewandomly selected. The sites were
Kenton-on-Sea, Kelly's Beach and Riet Point in awehl; Old Woman’'s River,
Christmas Rock and Cove Rock in A12; and GonubagaddHaga and Morgan’s Bay in

Al13 (see Fig. 2.1).
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Field work

At each site a straight line transect of 100 m Iparto the coast was marked on
the intertidal rocks. Within this 100 m, measuretsesf the actual shoreline length were
taken at the mid tidal level (i.e. the mid pointveeen MWLS and MHWS), this was
estimated by measuring the length of the intertikade, following the same vertical
contour, including gullies, bays and around offéhmocks. From this measurement, the
shoreline length covered by mussels was estimated.

Within each 100 m stretch, 3 continuous belt tratssevere established, running
from LWS to HWS. Percent mussel cover was estimakealg each transect using a 0.5 x
1 m quadrat (long side parallel to the sea) plaaethe bottom of the transect, then
flipped to the next position up shore, repeateth&otop of the transect, forming a 1 m
wide belt transect. The quadrat was divided intcefjQal rectangles and % cover were
estimated using these rectangles (e.g. if mussekred all rectangles, then mussel cover
was 100%, if only five and a half rectangles wereered, then mussels cover was 55%).

After cover was estimated, two 0.1 x 0.Jgoadrats were scraped from areas with
100% mussel cover in each transect. From the tiiestsect, two quadrats were taken
from the high and mid mussel zones; for the sedoausect, the low and high mussel
zones were sampled; and for the last transectntdeand low mussel zones (i.e. a total

of 2 quadrats from each mussel zone in each site).

Laboratory

All individuals of each species were extracted frthra destructive samples and

weighed together (giving total mussel wet weigBt)bsequently al. galloprovincialis

22



individuals >50 mm were separated out and weighegether (giving totalM.
galloprovincialis wet weight).

Finally, 25 randomly selectdd. galloprovincialis individuals from each transect
were measured for maximum shell length (greatetgriam-posterior axis dimension) to
the nearest mm using vernier callipers. This infation was intended to provide a size-

frequency distribution.

Data analysis

The mean percent cover BF. galloprovincialis was combined with measures of
the mean biomass in 0.1 x 0.1guadratgo obtain a measure of biomasg.of shore, in
each of the mussel zones. The Coastal SensititigsAof southern Africa (Jackson &
Lipschitz 1984) was then used to measure the lketgith of rocky shore in each 100 km
sampling area. The mean biomaséafishore in each mussel zone was multiplied by the
area covered by that zone, thus allowing the etittmaf total biomass supported in each
mussel zone in each sampling area. These aresa twa¢é summed, and added to the rest
of the survey data, giving an estimate of tdfialgalloprovincialis biomass supported on

the west and south coasts respectively (Robissah in press).
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Results

Eastern limit of Myvtilus galloprovincialis

The results of the surveys are summarized in Tadle The different mussel
zones showed different rates of expansion, Withgalloprovincialis spreading most
rapidly on the high shore. The shift in the eastemit of M. galloprovincialis and its
distance from Cape Point through the period 1999428 represented in Fig. 2.2.

Between 1994 and 1995 the rate of spread was 6B’k for the period 1995 to
1998 the average rate was 97 kinlpetween 1998 and 2000 the average was 18.5 km.y
! and from 2000 to 2004 the mean spread rate Wwa3ihe average rate over the entire
10 years of surveys was 26.85 kih.put with a progressive decline from the high fte
spread at the beginning, after which it slowed dawtil the easternmost limit ceased to
move. In the last four years, the easternmost liemtained between Christmas Rock and

Kidd’s Beach (numbers 14 and 15 in Fig. 2.1), wtaod only 10 km apart.
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Table 2.1. Change in the eastern limit of Megalloprovincialis distribution in

each of the three mussel zones along the south ab8suth Africa for the period 1994 -

2004. Numbers in brackets, on the left of the sitesnes refer to the number

corresponding to each site as shown on Fig. 2.luégabelow site names give the

distance from each site to Cape Point.

Eagtern limit of

M .galloprovincialis

L ow mussel zone

Mid mussel zone

High mussel zone

1994 (3) Plettenberg Bay (3) Plettenberg Bay (3) Plettenberg Bay
(621 km) (621 km) (621 km)

1995 (3) Plettenberg Bay (4) Jeffrey’'s Bay 4) Jeffrey’'s Bay
(621 km) (774 km) (774 km)

1998 (9) Port Alfred (12) Hamburg (11) Old Woman'’s River
(1001 km) (1065 km) (1023 km)

2000 (11) Old Woman’s River  (13) Kayser's Beach (15) Kidd’s Beach
(1023 km) (1081 km) (1102 km)

2003 (14) Christmas Rock (14) Christmas Rock (14) Christmas Rock
(1092 km) (1092 km) (1092 km)

2004 (14) Christmas Rock (14) Christmas Rock (15) Kidd’s Beach

(1092 km)

(1092 km)

(1102 km)
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Fig. 2.2. The spread of the easternmost limit rdigas of zone ofM.
galloprovincialis distribution in relation to Cape Point in eachrysampled. In brackets,
on the left, the number corresponding to eachssitavn in Fig. 2.1, and on the right, the

year of sampling.
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Mytilus galloprovincialis status and spread

Shoreline length was calculated as an indicatioma# irregular the shoreline
was at each site. The mean % of shoreline coveyeshussel in each area is given in

(Table 2.2). Values for individual sites are giverfFig. 2.3).

Table 2.2. Mean length (£S.D.) of shoreline sampleg and the % of this

shoreline length cover by mussels per site for eaeh.

Area Mean length of shoreline length % of shorelinelength covered by
sampled per site (m) mussels

A1l 181.3 (+26.19) 26.94 (+18.99)

A12 205.7 (+32.89) 30.62 (+13.47)

A13 175 (+66.55) 23.92 (+7.35)

Mean biomass of each species was obtained froracttaped samples (Table 2.3)
and the mean wet weight biomass ratib. ¢jalloprovincialis/P. perna) was calculated.
For the first area (A11l) the mean biomass ratio 21%000, for A12 it was 7:1000, and
for A13, the ratio was 0:1000. No individusl. galloprovincialis >50 mm were found,

and therefore none could be weighed as indicatétkimethodology.
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Table 2.3. Mean biomass (g) of each mussel speridsstandard deviation (in

brackets) for sites in each area.

Area
All Al2 AL3
Mean M. galloprovinaalis P.perna M. galloprovinaalis P.perna M. galloprovinaalis P.perna
bio(fg)ass 395 1953.2 13.23 2713.67 0 2948.1
(£25.94) | (+164.01)| (¢15.58) | (+190.25) (£500.33)

Table 2.4. Total number &f. galloprovincialis individuals in each mussel zone

per area. Data combined from all surveys.

Total number of M. galloprovincialis Area
M ussel zone All Al2 Al3
High 16 0
Mid 12 0
Low 16 0
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Fig 2.4. Size-frequency distribution bf. galloprovincialis at the sites where this
species was present. On the legend, the numbéradkets, on the left of the sites names
refer to the number corresponding to each site shiowFig. 2.1, and on the right, the

area in which each site was found. Data combinedlf@ mussel zones.
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Sample sizes were too small to allow analyses z# distribution in each zone.
Data pooled for all zones and transects are givenFig. 2.4. Most of theM.
galloprovincialis individuals were in the 0-9 mm size-class (n =,42}otal of 7 were
found in the 10-19 mm, 8 in the 20-29 mm, and ¢hiy the 30-39 mm. In A13 nil.
galloprovincialis were found, and in Al12 very few, Kidd's Beach lpitne limit of
distribution. In addition, no clear vertical patten the number of individuals was found
(Table 2.4).

As a final result, and using all the data obtaifredh the entire survey along the
South African coastM. galloprovincialis was recorded along the entire west coast of
South Africa, with populations extending eastwadsund Cape Point and intermittently
as far as Kidd’s Beach, 20 km west of East Londdns species presently occupies a
total of 2 050 km of the South African coast angdprts a total standing stock estimated
at 35 403.7 tons (£7 241.4 S.E.), 88% (i.e. 31 ®3éns 6 274.1 S.E.) of which

occurred on the west coast (Robingbal. in press).
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Discussion

This study summarizes most of the information prégeavailable regarding the
expansion oMytilus galloprovincialis along the south coast of South Africa. In terms of
the M. galloprovincialis population in the southern African region, the liprgary
conclusion drawn is thal. galloprovincialis has become successfully established, which
has been verified by the huge amoundbfgalloprovincialis biomass currently existing
along this extensive shoreline.

Most studies on the physiology bf. galloprovincialis in South Africa include
comparisons with the three main endemic speciéern@ perna, Choromytilus
meridionalis, Aulacomya ater). These studies comprise measurements of growgharal
tolerance to air exposure (van Erkom Schurink &ffis 1993), reproductive output
(van Erkom Schurink & Griffiths 1991) and filtraticate (Griffithset al. 1992). Looking
at a wide range of environmental conditions, Ehrl(it989) identified rapid growth oA.
galloprovincialis. In optimal conditions, van Erkom Schurink & Gitiffs (1993) found
thatM. galloprovincialis grew faster than the three native species, artdtthgrowth rate
was less diminished by exposure to air. Indé&édgalloprovincialis is more tolerant to
desiccation than the three indigenous speciesdtegigperiments by Hockey & van
Erkom Schurink (1992) indicated survival rates lr galloprovincialis, P. perna, C.
meridionalis and A. ater as 92%, 78%, 37-46% and 0-10% respectively. Annual
reproductive output dfl. galloprovincialis, expressed as a percentage of its body mass,
exceeds 120%, as it reproduces more than once yesmh its total annual output is

between 20% and 200% greater than that of any efirttligenous species (van Erkom
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Schurink & Griffiths 1991). This high reproductivautput results in an exceptionally
high rate of recruitment (Harrt al. 1998). The high tolerance to physiological lingfin
factors and high reproductive potential are chargtics favouring invasive spread
(Branch & Steffani 2004).

Only in terms of tolerance to siltationl4é. galloprovincialis inferior to one of the
local species. LikéA. ater and P. perna, M. galloprovincialis is eliminated by sand-
burial, wherea€. meridionalis survives (Hockey & van Erkom Schurink 1992, Matkha
& McQuaid 1993).

Comparisons of the infauna of the four differentssel species showed no
important differences. Mussel beds Mf galloprovincialis and A. ater were found to
support similar infaunal communities with speciesnposition and richness, although
abundance was twice as much in the former tharatter. This was attributed to the
greater depth d¥1. galloprovincialis beds (Griffithset al. 1992).

To escape from parasites in the native region telyiregarded as one of the
reasons that aliens can thrive when they occupy tesvitory. Calvo-Ugarteburu &
McQuaid (1998a) explored whether the parasites mepplain the ascendandyl.
galloprovincialis enjoys over indigenous mussels in South AfricathBoative M.
galloprovincialis populations in Spain and introduced populatiomsnfrthe west and
south coasts of South Africa were immune to the&t®de parasites that are commonly
found in South African indigenous mussalsd that reduce both individual growth rates
and population reproductive output, by castratemdles (Calvo-Ugarteburu & McQuaid

19984, b). The severe effects and the high prevalefh parasitism of. perna, and the
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absence of parasites fravh galloprovincialis could contribute to its successful invasions
on the south coast of South Africa.

Two organisms can damage the shellsvbfgalloprovincialis. the endolithic
cyanophyteMastigocoleus sp. and the licherPyrenocolema sp. (Webb & Korrubel
1994). They are important contributors to the mibytaof this mussel, but because the
severity of their effects increase with shell sitg@s only contributes to the mortality of
mussels >40 mm shell length. Although they attabk indigenous specie€.
meridionalis, P. perna and A. ater, it is at a lower frequency and with markedly less
severity than forM. galloprovincialis (Kaehler & McQuaid 1999, Branch & Steffani
2004). Although these two destructive organisms plt galloprovincialis at a
disadvantage relative to the native mussels inISddtica; as these effects are only
manifested when the mussels reach a relativelelarge, it cannot offset all the other
advantages thai. galloprovincialis holds over these species.

The fact that its growth, condition, reproductivetput and recruitment all peak
under wave-exposed conditions givds galloprovincialis a particular advantage under
these conditions and has allowed it to spread abeadsouth African coastline, which is
predominantly exposed to direct and strong wavemacWave action disturbs intertidal
communities, generating free space that can benisgld;M. galloprovincialis is one of
the early colonisers to occupy primary space (Braa&Steffani 2004).

88% of the totaM. galloprovincialis standing stock was estimated to be on the
west coast (Robinsaet al. in press). Several propertiesMf galloprovincialis itself, and
of the recipient community, conspired to favour speead and establishment of this alien

mussel along the South African coast, especiallyh@nwest coast. High productivity,
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predominantly strong wave action, a sparsity ofdpters, an absence of parasites, the
mussel’s fast growth and high reproductive outpué factors that have promoted the
success of this invasion on the west coast (Br&n8keffani 2004).

Low species richness is one of the community prigserheld to increase the
chance of aliens becoming invasive (Ma&tlkl. 2000). The biodiversity of the west coast
of South Africa, whereM. galloprovincialis registered the fastest spread, is relatively
low, and a small number of species dominate theéh thgpmass that exists there
(Bustamante & Branch 1996).

M. galloprovincialis beds on the west coast consist of multiple lages support
a higher biomass.fthan the single layered beds of indigenous musbketddition, the
vertical range oM. galloprovincialis beds is greater than that of the indigenous specie
and this has lead to a massive increase in mugsalbs along the south African west
coast (Griffithset al. 1992), which has inevitably increased the amounhabitat
available for infaunal species (Robinsgral. in press).

The ecological impacts of thel. galloprovincialis invasion have been well
studied (Hockey & van Erkom Schurink 1992). Sintseimtroduction to the west coast,
M. galloprovincialis has proven to be highly invasive, dominant contpetiapable of
altering community structure and competitively disjing the indigenous west coast
musselA. ater and the limpetScutellastra granularis (Linnaeus 1758) (Hockey & van
Erkom Schurink 1992) because of its higher phygiclal performance (Branch &
Steffani 2004). Extensive beds Gf meridionalis were long regarded as a characteristic
feature of west coast rocky shores (van Erkom Scku& Griffiths 1990), but nowadays

C. meridionalis remains dominant only in sand-inundated areasi(RRohet al. in press).
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From the perspective of predatoks, galloprovincialis provides an influx of food
because it has substantially increased the bioaradssertical extent of mussels on the
west coast (van Erkom Schurink & Griffiths 1990h€eFe are three examples of predators
that have benefited from the invasion. The firseds people. From an economic
perspective, the invasion ®. galloprovincialis has had significantly positive impacts
because the entire mussel culture industry in Séifiilca is based on this alien species
(Robinsonet al. in press). The other two predators to benefit thee African black
oystercatcher,Haematopus moquini (Bonaparte) and the whellucella cingulata
(Linnaeus). Both benefit from the presence of thessel but the effects probably arose
via different mechanisms - altered and increasead fgupply in the case of the
oystercatcher and provide greater substratum ardheomussels themselves in the case
of the whelkN. cingulata (Branch & Steffani 2004).

For the oystercatcher, Hockey & van Erkom Schurih®92) investigated the
ways in which this animal has positively been dtec by the arrival ofM.
galloprovincialis. During the period whehl. galloprovincialis first arrived on west-coast
shores, oystercatcher middens monitored on two-egestt islands comprised mainly
shells of the indigenous muss@l ater and the limpetS. granularis. After M.
galloprovincialis had become established, the composition of middesitched to being
dominated byM. galloprovincialis, with substantial declines in the contributions Ay
ater andS. granularis. Simultaneously with this change in diet, a dramaicrease in
breeding success of this endemic intertidal foragmaurred presumably as a result of
increased food supply. The proportion of pairs egstully procreating two juveniles

rather than one has risen from about 10% to ab8i.2n the case of the whelk.
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cingulata, considered the most important predatoMofgalloprovincialis along the west
coast, it has increased in overall density on shamgaded by the mussel (Branch &
Steffani 2004).

Although predators can normally control prey abunogaand distribution (Menge
& Sutherland 1987), on the west coast of Southcafrinatural predation rates cannot
controlM. galloprovincialis population. Probable reasons for this are: theeely high
rate of recruitment d¥1. galloprovincialis on the west coast of South Africa (Hamrtsal.
1998), and the relative scarcity of predators sagid. cingulata andH. moquini (Branch
& Steffani 2004).

The high rates of recruitment ®f. galloprovincialis have also allowed it to
dominate primary rock surfaces at the expense nbws competitively inferior limpet
species. The west coast limpet spe@eganularis andScutellastra argenvillei (Krauss)
have been significantly affected by the invasionMasgalloprovincialis outcompetes
them and dominates the primary substratum (Hockeya& Erkom Shurink 1992,
Steffani & Branch 2003b, ¢, Robinsa al. in press). The limpets gain a substitute
substratum on the mussels themselves, but onlyey are small enough to live and
reproduce on the mussels (Branch & Steffani 2004).

In the same way, in many parts of the world that affected by the invasive
freshwater Zebra mussBl e ssena polymorpha, while overall species richness is reduced
in systems that Zebra mussels have colonized, aofganisms benefit from the shelter
and surface area provided by the Zebra mussekd8tiayeet al. 1999).

M. galloprovincialis has also affected some sandy shores, though esserl

degree. In 1992M. galloprovincialis invaded the centre sand banks of Langebaan
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Lagoon, an important marine conservation area aloagvest coast. Here it significantly
altered the natural community composition by indgcia replacement of sandbank
communities by those more typical of rocky shoRshinson & Griffiths 2002).

On the south coast, where thk galloprovincialis standing stock was estimated
to be 12% of the total South African stock (Robimsbal. in press), the situation is quite
different from the west coast. The main charadierighat differentiates M.
galloprovincialis populations on the two coasts is that, in cont@a#te west coast where
M. galloprovincialis creates multi-layered beds, on the more oligotimgbuth coast it
forms mono-layered beds (Phillips 1995, Robinsbml. in press). This characteristic
suggests that conditions on the south coast asddesurable.

Surveys of the eastern limit ®. galloprovincialis give an idea of the state of
expansion of this species towards the northeast.rate of spread to the east depended
on the intertidal mussel zone considered, beingesd in the low mussel zone. Work by
Marshall & McQuaid (1993) on the south coast haewsh that P. perna and C.
meridionalis preferentially inhabit different areas of the rodkyertidal zone, i.e. they
show habitat segregation which is possibly a resfudtifferent competitive hierarchies in
different zonesM. galloprovincialis was present in the mussel beds dominatedP.by
perna. The present results suggest that the expansidvl. @falloprovincialis in each
mussel zone, and its different competitive hierghwas more successful in the high
zone than in the other mussel zones, althoughpnmesyears, the spread rate in the mid
zone was the fastest (Table 2.1).

Fig. 2.2 shows the rate of spreadvbfgalloprovincialis in relation to Cape Point

over the period 1994-2004. The easternmost poiri¥l.ofjalloprovincialis distribution
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extended 481 km from Plettenberg Bay in 1994 todkidBeach in 2004. These results
showed a decline in the rate of spread from 153 kietween 1994 and 1995 to 0 kim.y
! between 2000 and 2004. This suggests that thadmf. galloprovincialis has been
delayed by some factor/s (see below) in the lastelds along this stretch of coast. The
same tendency was found by Phillips (1995) in tRpaasion to the east from the
populations oM. galloprovincialis introduced to Port Elizabeth. In this case, the od
spread to the east declined steadily after theyfear, giving an average rate of 42 krh.y
(between 1989 and 1992). The distance spread adstiwva1991 was only 13 km while
M. galloprovincialis did not spread any further in 1992. The averatge obspread found
for the period 1994-2004 was almost 27 km.Fhe easternmost limit over the last 4
years of the survey, stabilized between ChristmaskRind Kidd’s Beach sites, which are
only separated by 10 km.

The results shown in Table 2.3, Table 2.4 and E@indicate the same tendency.
Numbers of individuals and biomassMf galloprovincialis both decreased to the east.
Fig. 2.4 gives the size distribution ®f. galloprovincialis from destructive samples.
Predominantly small individuals (0-9 mm) were foubdt always in very small numbers
in relation toP. perna. This suggests thd#l. galloprovincialis is poorly established in
existingP. perna beds, presumably because conditions are not agetpallow growth
to large size or the development of mature andl@iatussel populations.

Like M. galloprovincialis, P. perna shows characteristics of invasive speckes.
perna is a short-lived (2.5 y) mussel with a rapid gtowate and a high reproductive
output at a relatively young age, high spawnindgquiicities (Lasiak & Dye 1989) and a

short juvenile phase (15 to 20 d) (Hiaktsal. 2001). IndeedP. perna has itself become
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invasive, and was first discovered in the Gulf oéto in 1990. International shipping,
particularly from South America, may have transpd®. perna to the Gulf of Mexico
region (Hicks & Tunnel 1993) where this mussel basome established and is spreading
at a rate of 95 km¥ (Hicks & Tunnell 1993, Hickst al. 2001). The total annual
production, growth rate, recruitment and reprodectfforts found in Gulf of Mexico
populations fell well within the limits of these naaneters recorded for endemic
populations of this species throughout its worldievigeographic range. These results
proved that this mussel was able to support vigbleulations in this region and could
become invasive in other regions of the globe (blatkal. 2001).

Hockey & van Erkom Schurink (1992) and van ErkonhiB8mk & Griffiths
(1990) predicted that the process of invasion amdanidance exhibited byM.
galloprovincialis on the west coast would be repeated on south asidceasts of South
Africa. This prediction disregards the fact that outh and east coasts have distinctly
different physical conditions, characteristics audsystems from those of the west coast
(Emanueket al. 1992) and are therefore expected to have disfinliffierent relationships
in terms of interspecific interactions, ecosysteracpsses and ecosystem functioning.
Another assumption was that the interaction betwdegalloprovincialis and P. perna
was expected to be similar to the interaction betwhe physiologically less toleraft
ater andM. galloprovincialis. P. perna has been shown to be physiologically superior to
A. ater under warm east coast conditions in terms of dgnpwaspiration, filtration and
excretion rates (Hockey & van Erkom Schurink 199)d is therefore expected to

provide stronger resistance to invasion pressum 1. galloprovincialis, even though
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P. perna has been defined as not being a competitive darhiflaambert & Steinke
1986).

The results suggest that East London, the eastgdebof the Warm Temperate
South Coast province (defined by Emanetedl. (1992)), is the northeastern limit bf.
galloprovincialis distribution on the South African coastline. Thaimevidence for this
suggestion is that the easternmost limit did nqtaexl eastwards in the period 2000 to
2004 and that the rate of spread has slowed dowmeiast 10 years. The fact that East
London represents the border between two zoogebigapprovinces, where both
intertidal communities and physical conditions ay@rsupports this idea.

There are several possible factors that could rdelayed the spread dil.
galloprovincialis along the south coast of South Africa over thé 1&syears. The first
can be attributed to the physical conditions, nerth of East London, subtropica
conditions physiologically constrain the expansioh M. galloprovincialis. Another
factor could be the fact that species-richnessgatha coast of South Africa increases as
one moves from west to east (Emanetedl. 1992, Branchet al. 2002b). In this way,
along the south coast, while one moves to the kast possibility exists for alien species
to become invasive because of the increase in\@oglty (Macket al. 2000).A third
factor that could play a role in stoppirg. galloprovincialis expansion could be
competition for space with other intertidal orgamss particularlyP. perna (see Chapter
3). An additional possibility is simply time, i.the expansion needs more time to develop
and maybe in ten years timd. galloprovincialis will have expanded beyond East

London.
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Predators could benefit from the presenceéMofgalloprovincialis on this coast
like the ones on the west coast, but onlMifgalloprovincialis forms multilayered beds,
grows and has a turn over rate at the same leviHeasnes found on the west coast.
However, the results suggest tihétgalloprovincialis biomass does not increase overall
mussel biomass on this coast with no subsequemease of food availability for
predators. Oystercatcher populations are also faamdhe south coast preying éh
perna (pers. obs.), but no increment of their breedisgexpected as a result of the
invasion by M. galloprovincialis. As on the west coast, predators should not be
considered as agents impeding the spreaedl.ajalloprovincialis, because they did not

seem to differentiate between different musseliggaghen feeding (pers. obs.).
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Chapter Three:

Spatial competition between the invasive mussel species

Mvtilus galloprovincialis and the indigenous species Perna

perna

I ntroduction

A biological invasion is believed to create sevanétractive processes between
the native and the invasive species. For examgégtion, competition or parasitism, and
these interactions determine the viability of babecies in the particular situation
(Williamson 1996).

The concept of competition was defined by Lincelral. (1998, p 67) as “the
simultaneous demand by two or more organisms ocispdor an essential common
resource that is actually or potentially limitingexploitation competition) or the
detrimental interaction between two or more orgasi®r species seeking a common
resource that is not limiting (interference comipat)’. In terms of number of species
involved in the competitive interaction, two types competition have been defined:
intraspecific competition (between members of tlene species) and interspecific
competition (between members of different spec{@sanch 1984a). However, two or
more species that potentially occupy the same saagdéave the same food resource do

not necessarily always compete, but can coexism@ul956, Harger 1972a, b), and
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competitors or potential competitors often coewighout any sign that one species will
displace the other (Branch 1984a).

Competitive interactions between species can vagr gpace and time and the
dominance of one species over another is not figextic and abiotic factors may change
over time (continuously or sporadically), which damther affect interactions between
competing species (Branch 1984a). Changes in tmpettive interactions can be related
to seasonal migration (Race 1982), variable lasugply and recruitment rates (Dayton
1971, Hawkins & Hartnoll 1983, Underwoa al. 1983, Menge & Sutherland 1987,
Mengeet al. 1994, Robles 1997, Connolly & Roughgarden 1998anges in predation
intensity (Menge 1976, 1978, Underwoetlal. 1983), seasonal or annual changes in
abiotic factors (Race 1982, Leonard 2000), catpbimevents (Branclet al. 1990) or
physical disturbance (Dayton 1971, Sousa 1980, 1P&ie & Levin 1981, Petraitis &
Dudgeon 1999).

Two-dimensional space is commonly considered toableniting resource on
marine rocky shores because without space, postdaand juvenile intertidal animals
cannot settle and establish themselves. Howevesr résource is likely to be a limiting
factor only on rocky shores where one or more daggas monopolize the space,
occupying 100% of the available cover (e.g. Dayl®71, Sousa 1984, Livelgt al.
1993, Marshall & McQuaid 1993, McGrorty & Goss-Carsit 1995).

Studies on rocky shores have looked at several etitive processes (see review
by Branch 1984a). In the case of intraspecific cetiipn, and particularly studies on
limpets, it has been shown that high densities afspecifics result in rising adult

mortality and decreasing survival of newly-settjedeniles in the overall population. In
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another example, Connell (1961a) described theatiyrof the barnacle speci®slanus
balanoides (Lamark) occurring as a result of crowding amoogspecifics. On the other
hand, interspecific competition has been studiechany types of organisms: between
mussels and barnacles (Paine 1966); between limpataacles and mussels (Dayton
1971); mussels and limpets (Steffani & Branch 2Q03etween two algae species
(Lubchenco 1980); mussels and algae (Paine 19M¢Hamnco & Menge 1978, Paine
1979); two mussel specidblarger 1968, 1970, 1972a); and corals and sporidids (
1998). In these studies, different experimentahiéques have been used. Laudable
examples of some of these methods are, for exdusigperiments and observations,
Dayton (1971); caging experiments, Lubchenco (198@hsect monitoring, Steffani &
Branch (2003b); and for the establishment of emc®sexperiments, Lubchenco &
Menge (1978).

Some of these studies have observed that theidakeheight where organisms
interact and the associated physical and biologicatacteristics (intertidal zonation) are
the major factors affecting the outcome of compatitinteractions (Connell 1961a,
Lubchenco 1980). For example, Lubchenco (1980) datimat the rhodophyt€hondrus
crispus (Linnaeus) grew faster than the phaeophiytieus vesiculosus (Linnaeus), but
that the removal o€. crispus resulted inF. vesiculosus growing downshore of its usual
zone. The upper limit oF. crispus was established by desiccation, while the lowmitli
was determined by grazers. The lower limit Fof vesiculosus was concluded to be
determined by competition wilB. crispus.

Another major determinant of competitive forceshis degree of wave exposure

(Steffani & Branch 2003b). Lubchenco & Menge (19%&)died the interaction between
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M. edulis andC. crispus. They concluded that the space occupied by bathiep could
be dominated by either, depending upon the degreeave exposure witlC. crispus
predominating in sheltered arM. edulis on exposed shores. In another study, Paine
(1979) showed that mussels could pre-empt mosthef ihtertidal space excluding
macroalgae, but were dislodged by strong wave raclitermediate levels of disturbance
were then necessary to allow algal persistence.study by Harger (1970) looking at the
interaction between mussel species, it was shovet wave exposure determined
competitive processes between mussel species aadgesult, their distributions.

Alongside wave action, predation acts as anothstutiance factor. Paine (1971)
verified thatPerna canaliculus (Linnaeus) pre-empted and dominated most of tlaeesp
reducing species richness when the stafsthaster spp. was removed. In the presence
of the predator, the seaweddurvillea antarctica (Chamisso) andP. canaliculus
competed for primary space. The same was found dagtwhe coraldichocoenia
stokesii (Milne-Edwards & Haime) andSderastrea sideraea (Ellis & Solander) in
competition for space with spongé@sthosigmella varians (Duchassaing & Michelotti)
and Chondrilla nucula (Schmidt). The removal of sponge predators alloggonges to
outcompete corals. The conclusion was that pregagevented sponges from
monopolizing space and allowed the community todase in diversity (Hill 1998).

Apart from interspecific competition processesmussel beds specifically, there
exists a high natural mortality rate resulting frontraspecific competition for space
(Griffiths & Hockey 1987). As a result, even higregatory pressure does not influence
population density, particularly when the musseés small (Hockeyet al. 1988). Thus

predation is rarely important in controlling musseh the west coast of South Africa, as
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settlement overwhelms the effects of predators &atls to intense intraspecific
competition for space (Griffiths & Hockey 1987). Asussels grow, space limitations
within their beds result in high natural mortalibecause of competitive interaction
between conspecifics, most of this mortality ocogrwhen the mussels are small
(Siegfriedet al. 1985). These juvenile mussels are also fast gmpwimus intensifying
intraspecific competition for space and resultingmassive losses due to self-thinning
(Branch & Steffani 2004). As size increases, grogittws and competition for space
diminishes. Griffiths & Hockey (1987) go on to aegthat if mussels grow slowly,
intraspecific competition diminishes, and the wmdof vulnerability to predation is
prolonged, thus increasing the importance of predat

Mussels are often very successful competitors face (Paine 1974, Suchanek
1985, Seed & Suchanek 199R). galloprovincialis has been described as an invasive
species and a competitive dominant on the Soutlta#ircoast, where it is expected to
interact with and affect many intertidal specfean Erkom Schurink & Griffiths 1990).
Along the South African coast, of the three indiges musselsA. ater is the most
severely affected by thel. galloprovincialis invasion, being largely displaced from the
west coast (Hockey & van Erkom Shurink 1992). kitdffect was registered on the
abundance o€. meridionalis after the invasion, becau§e meridionalis lives in silted
areas whera. galloprovincialis is excluded by sand-burial (Branch & Steffani 2004
On the south coast, the vertical distributionvbfgalloprovincialis overlaps with that of
P. perna, which implies some kind of interaction (Phillip895). If competitive processes
do not take place betwedh perna and M. galloprovincialis, coexistence could be an

alternative interaction between these two mussetisp on this coast. Howevev.
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galloprovincialis has for the moment had little effect & perna because the latter
occurs predominantly on the south and east coastsM. galloprovincialis has only
been introduced to the south coast in the lagdiftyears (McQuaid & Phillips 2000).
Interactions between the two are likely to be md&anced than betweei.
galloprovincialis and A. ater, but nevertheless should favoMr. galloprovincialis, not
only because of its better performance in termgrofvth and reproductive output, but
also becaus®. perna has been considered a weaker competitor and sltowescover
from disturbance tham. galloprovincialis (Lambert & Steinke 1986, Hockey & van
Erkom Schurink 1992). On the south coast, experiasl@emoval or exploitation of.
perna typically leads to domination of the substratum doyalline algae or barnacles
(Hockey & Bosman 1986, Lambert & Steinke 1986). ldwer, with the presence of the
invader, empty primary space may become dominagéd.lgalloprovincialis.

Large species of limpets do inhibit recruitmenfwienile mussels, probably by
bulldozing them off the rock face. This is, howeveot a threat td/1. galloprovincialis
on the west coast because lateral spread of theeahissnot prevented, even by dense
groups of large limpets. As a resuM, galloprovincialis displaces all limpets from the
primary substratum (Branch & Steffani 2004). In tgartar, M. galloprovincialis has
invaded much of the low shore, previously the Fabtypically dominated by an
indigenous limpetScutellastra granularis (Hockey & van Erkom Shurink 1992M.
galloprovincialis, by excludingS. granularis from open rock, has increased density of
this limpet by providing secondary substratum anritussel bed (Branch & Steffani
2004) and a favorable settlement and recruitmdrgtsatum for juveniles (Hockey & van

Erkom Shurink 1992). On the other hand, dominantgronary substratum by.
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galloprovincialis has resulted in decreased mean sizes of limpet&ube of the limited
size of the host mussels (Griffitesal. 1992).

Another limpet speciesscutellastra argenvillei, has also been significantly
affected by thevl. galloprovincialis invasion on the west coast, and it was found tthet
patterns of relative abundance, biomass and tlngitr of the interaction could be
attributable to competition for primary space bedwethem, this interaction being
influenced by the degree of wave force experieratedifferent sites (Steffani & Branch
2003b). On exposed shoreb). galloprovincialis outcompetesS. argenvillei and
dominates the primary substratum, while on sempsgd shores the mussel becomes
relatively scarce an@. argenvillei maintains dominance of open rock space (Steffani &
Branch 2003b, c). Additional impacts 8nargenvillei include reductions in reproductive
output and mean size of individuals that now oamormussels (Griffithset al. 1992,
Branch & Steffani 2004).

On rocky shores of the south coast, particularlshenmid- and high-shore mussel
zones, mussels generally tend to grow in clumgeerahan in dense beds, leaving large
areas of space available for settlement (McQetal. 2000, McQuaid & Phillips 2000).
In this way, the distribution oP. perna is limited to only a few areas where it forms
extensive beds like those M. galloprovincialis on the west coast (van Erkom Schurink
& Griffiths 1990). This suggests that the interastbetweerP. perna and the invasive
M. galloprovincialis may involve interspecific competition, determirt®dthe scarcity of
available space. In actual fact, the common lirgitimd limited resource is not essentially

the amount of space available, but rather prefeoredptimal space - qualitative space
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rather than quantitative space, assuming both epeseek the same space characteristics
such as the hydrological conditions, which perraitlsment and growth.

Phillips (1995) examined the vertical zonation @it of mussel beds in the
intertidal rocky shores of the south coast and tifled three mussel zones. The low
mussel zone was defined as the coralline or mikgal aone, the mid mussel zone as the
pure mussel zone and the high mussel zone as thadiemussel zone (see also Chapter
2). Surveys on the south coast showed that rodksvidde low mussel zone which were
permanently covered or scoured by sand, were ddednlay C. meridionalis, with a
small proportion ofP. perna present, but ndM. galloprovincialis. At the interface of
beaches and rocky shores, or on beaches subjswried seasonal fluctuations in sand
level, in the low mussel zone the intertidal roekeye scoured and occasionally buried in
sand. These rocks had a mixed mussel fauna caowgisti varying proportions oP.
perna and C. meridionalis, and a low percentage ®. galloprovincialis. In the mid
mussel zone, sand-free rocks were dominateR.perna with a small proportion of1.
galloprovincialis but no adults o€. meridionalis. In the high mussel zone, orffy perna
andM. galloprovincialis were found, with a patchier distribution thanhe mid zone.

These observations suggest some pattern of haejpetration betweeR. perna
and M. galloprovincialis, with higher presence of the Brown mussel in the and mid
mussel zones than the invader, while the latterase abundant in the high mussel zone.
However, there is no knowledge of the interactietween them.

Thus, the aim of this study was to provide a cleaderstanding of the

competitive interactions between these two mugseties in the different mussel zones
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and to predict if any changes in the mussel comtyunill occur as a result oM.

galloprovincialis settlement on the south coast of South Africa.
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M aterials and M ethods

Study site

The experiment was set up on the south coast othSAfrica, on a rocky
sandstone platform at Old Woman’s River{3®’ S, 27 10’ E) (humber 11 in Fig. 2.1).
This coast has equal semi-diurnal tides, with aimam tidal range of 2 m. Most
shores are relatively exposed to wave action, leitdegree of exposure varies. The site
was chosen because the platform was quite flat avigentle gradient (1/15). The mussel
bed was mostly distributed along the southwest sifiehe platform. The platform
showed clear separation of the 3 different intaftidussel zones as described in Chapter
2. At this location the biomass ratiytilus galloprovincialis/Perna perna was 10:1000

(author’s unpub. data).

Experimental design

The experimental treatment was based on the ewddéhat mussels, when
removed from their original mussel bed, can reeatthy creating new byssus threads
(King et al. 1990, Clarke 1999, Dye & Dyantyi 2002).

The experiment was attempted three times becausge soroblems were
encountered with the methodology (see below). Tits¢ éxperiment was implemented
during a 6 month period between March 2003 and eBaper 2003 (mostly winter
months), the second time the experiment was ruB fmonths (from September 2003 to
April 2004, spring, summer, and part of autumn) #mel last experiment for 9 months

(April 2004 until December 2004, autumn, wintemisg and part of summer).
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The design of competition experiments is discuseednderwood (1986) who
reviewed many competition experiments. For the fsd second attempts a complete
experimental design was used (Table 3.1a), whedff@rent mussel densities were
applied. For the last experiment, because of tldblems found in the two previous
attempts, a simpler design (Table 3.1b) was uséHt,two densities of each species. The
advantage of the first type of experiment over $beond type is that the relationship
between competitive effects and starting densd#es be unravelled (Underwood 1986).
The density values in each plot were based oneeartiservations that the most crowded

guadrats were filled completely at an early stagh® experiment.
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Table 3.1. Designs of experiments used to invetigatra- and interspecific

competition betweemM. galloprovincialis (M.) and P. perna (P.). Values in cells are

number of mussels per 0.1 x 0.1 m plot. Experinmetgaign used (a) for the first and

second experiment and (b) for the last one.

a)
Treatment 1 2 3 4 5 6 7 8 9
M. galloprovincialis (M.) 15 30 45 15 15 30 - - -
P. perna (P.) - - - 15 30 15 15 30 45
I ntraspecific competition | nter specific competition
Comparison 1vs2vs3 (M. onM.) M.in1vs4vs5 (P.onM.)
7vs8vs9 (P. onP.) P.in4vs6vs7 (M. onP.)
b)
Treatment 1 2 3 4 5
M. galloprovincialis (M.) 25 50 25 - -
P. perna (P.) - - 25 25 50
I ntraspecific competition | nter specific competition
Comparison 1vs2 (M.onM.) M.in1vs3 (P.onM.)

4vs5 (P.onP.)

P.in3vs4 (M. onP.)
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Fieldwork

First and second experiment

Two similar areas of platform ~20 m apart were ek, and the 3 mussel zones
were identified in each area. Each of the 9 treatmbad 2 replicates in each of the 3
zones in each of the 2 areas, giving a total ofd6& and 1800 individuals per species.

Quadrats of 0.1 x 0.1 m were placed randomly instndy area and attached with
screws. In addition, mussels of between 20 and B80were collected from Plettenberg
Bay (See Fig. 2.1), where the densities of botltisgeare very similar. It was necessary
to collect mussels of both species from a differgite because there were insufficient
Mytilus galloprovincialis of the required size at the study site. The sizthe mussels
used was chosen because mussels of this size dheimfirst year of growth when
growth rate is greatest (McQuaid & Lindsay 200()e3e mussels were placed in a dry
cooler box and transported to the laboratory wtikesy were placed in a biologically
filtered tank of circulating seawater (approximat20°C) for one night. The next day the
mussels were transported to the study site and uweneediately placed inside the
guadrats. The positions of each treatment andejdicates within each zone were
randomly assigned to the quadrats. The musseleiquadrats were covered tightly with
shade cloth mesh (2 mm mesh) to enable them tttaekato the rocks. After 4 weeks,
when the mussels were firmly attached, the meshrameved (Fig. 3.1). This situation
was an imitation of the confined area that the misssould experience in a natural
mussel bed. The mortality rate was monitored eashtm

The objective was to conclude the experiment whenntussels grew to a stage

when the quadrats were completely filled so thatrtiussels were competing for space.
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The growth of the mussels, determined by the lidhéeea of the quadrat, implied intra or
interspecific competition for space. Any musselsdal out either laterally or vertically
were considered mortalities and, the remainingviddials, the strongest competitors.

However, wave action, especially in the first agpemmemoved the mussels from
most of the plots. In the first experiment, the agmng mussels after a series of winter
storms only partly filled some quadrats in the higine. The experiment in this last
mussel zone was run until March 2004, assumingl#étatal migration of mussels would
fill the gaps (see Tanaka & Magalhdes 2002) cabgdtie storm, whereafter competition
for the space in the quadrats could occur. Howedering this period (March 2003 -
2004), the mussels did not grow as rapidly as drde@robably because of the difficult
conditions (desiccation) in the high mussel zore farled to fill the quadrat. As a result,
the experiment was abandoned.

The second experiment was started in the summethsidrecause of the high
storm-induced mortality observed in the first expent during winter. The mesh was
maintained for 4 months in an attempt to minimize ¢ffect of removal by wave action.
The mesh was then removed as it could potentialjyeide mussel growth. Wave action
once again removed mussels from most of the plow, after two months, the
experiment had to be stopped because of the latckiesels within the quadrats.

The main problem with these two attempts of theeeixpent was related to the
removal of the mesh, which enabled waves to washyamany of the mussels. The lack
of replication per treatment was another limitatidithough the experimental design was
very complete in terms of treatments, unpredictaimé mortality due to wave action did

not provide the expected results. The conclusiter afie two failed attempts was that,
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throughout the year, wave action is capable of r@engpmussels. However, the results
obtained from these two experiments were not cotalylevorthless and are shown

below.
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Fig. 3.1. Photographs of the methodology used énfitist and second attempt of

the experiment. (a) 2 mm mesh tightly coveringrhessels, (b) mesh removed.
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Third experiment

The third and last attempt to run the experimerdg Wased on small changes to
the methodology. Solving the problem of mesh remarad the subsequent massive loss
of individuals, was the main goal. Greater replaat was another important
improvement required in the new experimental designe experiment was set up only in
the low mussel zone, where previous experimentsaled that mussel growth was faster,
and in a relatively small area. The objective ahgsonly one area in one zone was to
reduce the spatial variability affecting the resuéinsuring that competition was the main
source of variation between replicates of treatseint order to have more replicates, it
was necessary to reduce the number of treatmeimseXperimental design was based on
5 treatments with 6 replicates each, giving a totaB0 plots, and 600 mussels per
species.

The field methodology was the same as that uselerother two attempts, but
instead of animals being collected from anothereshthey were harvested at the same
site and on the same day that they were placedentie quadrats. The quantity of
mussels required for this experiment was lower toad study site provided sufficient
individuals of each species to allow this. The relssollected had an average length of
23.78 + 2.67 mm foM. galloprovincialis and 23.59 + 2.37 mm fdP. perna, from a
random subsample of n = 100 of the collected imldigls from each species.

The mesh was removed after 4 weeks, as in the ditsimpt, but instead of
leaving the quadrats defenceless, cages with meségting the quadrats were placed on
top (Fig. 3.2). These cages allowed vertical mugssivth (but not much lateral growth)

as the mesh was well attached at the sides butleesg at the center, leaving plenty of
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space for vertical growth. By the third month, whanssel growth was obvious, the
cages were removed and a very loose and wide Measim(mesh) was placed to provide
slight protection to the now securely attached ralssand, at the same time, allow them
to grow freely both vertically and laterally. Inetthast month (November), the mesh was
removed, and the experiment was stopped in Dece(skerFig. 3.2). As in the other
experiments, the surviving individuals were counggth month. In this case, it was
expected that wave action would not result in 4ss lof individuals and that plots would
only be affected by encroachment and the assoctategbetition for space. In this case,

the mussels grew and completely filled the quad@speting for space for at least 6

months.

59



g
E “?‘!;‘\ﬁ!@
i

60



Fig. 3.2. Photographs of the methodology used m tilird attempt of the
experiment. The first step was the same as Fig. 3a) cages with mesh protecting the

guadrats, (b) 4 mm mesh loosely covering the msis@@lmesh removed.
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L aboratory work

At the end of each experiment the remaining mussaele removed from the
guadrats, transported to the laboratory, and thmbeu of individuals for each species
was counted. The final maximum shell length was suesal to the nearest mm with
vernier callipers. This value minus the initial ¢gim was the estimate of total growth.
Because it was not possible to measure the samadidls at the start and at the end of
the experiment, the final length was used as aypimxgrowth, based on the assumption
that all individuals had similar initial length.

In order to obtain an estimate of the conditiortted mussels at the end of the
experiment, i.e. which species performed betterianghich zones, three mussels from
each treatment, replicate, species and zone wedomaly selected. These mussels were
used to calculate the condition index (CI), whiekates the flesh mass to the amount of
shell. Cl methodology was based on Calvo-Ugartet®imMcQuaid (1998b). The soft
tissue was carefully removed and then dried in&nat 60°C for at least 48 hours to
measure the dry weight to 0.1 mg. The shell cawhs measured using the water

displacement method. Cl was the ratio of dry wetgtghell cavity volume.

Statistical analysis

All data obtained were tested for normality witke t8hapiro-Wilk's W test and
for homogeneity of variance using Levene’s test.
For the mortality results, the data collected mgireach month were converted to

% mortality and then added together to obtain thawative % mortality. To determine
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how mortality varied across each treatment and ispetirough time, the parametric
Repeated Measures Analysis of Variance test (RM-XMPwas used. 2, 3 and 4-way
RM-ANOVA tests were carried out using combinatioos the factors area, zone,

treatment and species (all fixed factors).

Zar (1984, p 170) argued, “ANOVA has been repoisda very robust test,
operating well even with considerable heterogeneftyariances, as long as all are
equal or nearly equal” and “the analysis of vareg also robust with respect to the
assumption of the underlying population’s normalitgimilarly, Underwood (1981)
affirmed than non-normality has little effect oratstical procedures about sampled
means of treatments, and that this idea was strengtl for larger samples. Underwood
was also aware that analysis of variances is rotushany types and magnitudes of
departure from homogeneity of variances. Followihgse authors, when data from
Shapiro-Wilk’s W and Levene’s tests failed to mibet assumptions of the ANOVA, and
transformation did not normalize the variables, gfagametric ANOVA was still used
with the data obtained for all comparisons. Howgwasrthere is no non-parametric test
equivalent to RM-ANOVA, Kruskal-Wallis ANOVA test$which compare multiple
independent samples) were run as a non-parametigses of variance test (Zar 1984)
for each month, assuming that the outcome wouldiroonhe RM-ANOVA results.

To compare the samples obtained for the CI and §rawth of the mussels, 2-
and 3-way Model-l ANOVA and Kruskal-Wallis ANOVA s¢s were used.

Multiple comparisons of means were carried out gisimo types of tests
dependant on which test was used before. The pwstTlukey Honest Significance

Difference (HSD) test was used after ANOVA or RM-@BNA tests were performed,
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and the Multiple Comparisons Kruskal-Wallis testswased in cases of significant
differences in the non-parametric tests.
Statistical analyses were done using the softwd@i&TESTICA version 6.1 for

Windows, StatSoft, Inc. (2003). The significantdéfor all analyses was= 0.05.
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Results

First experiment

Mortality

The first recording of mortality was in April 2008 early June 2003 a big storm
destroyed most of the plots. In the months before after the storm, total mortality
remained low, between 2 and 9% of the total nunddendividuals per month, with
minimal differences evident between species or ohwever, in June, 67.69% and
37.81% of the total number of individuals ®. galloprovincialis and P. perna
respectively were lost (Fig. 3.3a), most of theomfrthe low and mid shore. The results
from this storm revealed that different species aodes had different patterns of
mortality. On the low shore both mussel speciesvirghly susceptible to displacement
by wave action, and mortality decreased upshoré,itbwall zones mortality oM.

galloprovincialis was roughly twice that &. perna (Fig. 3.3b).

65



1100 4
1000
900 |
800 -|
700 -
600 -|
500 -
400 -
300 -
200 - 2
1004 =~ T [T
0 B ‘
Apr-03 May-03 Jun-03 Jul-03 Aug-03 Sep-03

Month

—©6— M. galloprovincialis
--#--P.perna

Total mortality (number of individuals)

b)

600 - —2A— M. galloprovincialis - low zone

—O©— M. galloprovincialis - mid zone

ul

o

o
|

—H— M. galloprovincialis - high zone

N

o

o
|

- & - - P. perna - low zone

- @ --P.pena- mdzone

- i - - P. perna - high zone

Total mortality (number of individuals)
w
o
o

.....

Fig 3.3. First experiment. Monthly total mortalifyata pooled from all plots) for

(a) all mussel zones pooled for each species@th) species in each zone.
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Mortality data failed Shapiro-Wilk's W and Levenetssts (p < 0.05) in some
months and no transformation allowed the data tisfgahe assumptions of parametric
tests. The results of the 4-factor RM-ANOVA (factoarea, zone, species and treatment)
showed significant (p < 0.05) within subjects eféeaf time and interactions among time
and the main factors (Table 3.2). These effect®aliited interest here and attention is
focussed on the between subjects effects. There avegakly significant species x
treatment interaction and main factor effects ofezand species. Subsequently, a Tukey
test was run on species and treatment interactiba.results of this test indicated that
differences existed between treatments 2 and 83aamal 9 (see Table 3.1a), which did
not give any indication of intra or interspecifioropetition In order to simplify the
interpretation, the two factors that were non- @awly significant (area and treatment)
were removed from the analysis. This allowed a eia RM-ANOVA that showed
significant between subjects of both zone and sgeand, again, there were within
subjects effects of time and its interaction wite main factors (Table 3.3).

Tukey post-hoc analysis showed several significhffierences, which indicated
effect of species (Fig. 3.4a) and the zone effead due to mortality being lower in the
high zone than in other zones for both species @#p). The interaction between zones
and species is shown in Fig. 3.5.

In order to ensure that this approach was valil,2siactor RM-ANOVA tests
(combining all the possible pairs between the 4o i.e. area, zone, species, treatment)
were run to verify that zone and species had statily significant effects while area and
treatment did not. In all cases, the results showedsignificant effects for either

treatment or area (p > 0.05), and significant (035) effects of species and zones.
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Table 3.2. First experiment. 4-factor Repeated-mmessANOVA testing effects
of species, area, zones, treatments, time and ititeractions on mortality. MS: mean

square, * = 0.01 <p < 0.05, **=0.001 < p < 0.6%,= p < 0.001," not significant.

Between subjects df MS F
Species 1 15298 9.06**
Area 1 80 0.0%
Zone 2 72893 43.15%**
Treatment 5 1521 0d
Species x area 1 716 032
Species x zone 2 2202 r3
Area x zone 2 3445 2.04
Species x treatment 5 4223 2.5%
Area x treatment 5 1728 162
Zone x treatment 10 1718 1162
Species x area x zone 2 3622 214
Species x area x treatment 5 268 16
Species x zone x treatment 10 996 8’59
Area x zone X treatment 10 2032 .2
Species x area x zone x treatment 10 1887 .12
Error 72 1689

Within subjects
Time 5 137058 606.15***
Time x species 5 4514 19.96***
Time x area 5 584 2.58*
Time x zone 10 11610 51.34%**
Time x treatment 25 386 1.71%
Time x species x area 5 86 0"38
Time x species x zone 10 614 2.72*%
Time x area x zone 10 374 185
Time x species x treatment 25 860 3.8***
Time x area x treatment 25 220 0’98
Time X zone x treatment 50 161 0'71
Time x species x area x zone 10 243 .07
Time x species x area x treatment 25 117 .52
Time x species x zone x treatment 50 206 B.91
Time x area x zone X treatment 50 237 05
Error (Time) 360 226
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Table 3.3. First experiment. 2-factor Repeated-mmeasANOVA testing effects
of species, zones, time and their interactions ortatity. MS: mean square, * = 0.01 < p

< 0.05, ** = 0.001 < p < 0.01, *** = p < 0.00% not significant.

Between subjects df MS F
Species 1 15298 8.74**
Zone 2 72893 41.63***
Species x zone 2 2202 126
Error 138 1751

Within subjects
Time 5 137058 552.67***
Time x species 5 4514 18.2***
Time x zone 10 11610 46.81%*
Time x species x zone 10 614 2.48**
Error (Time) 690 248
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Table 3.4. First experiment. Kruskal-Wallis ANOV@sts for species and zone in

each month. * = 0.01 < p < 0.05, * = 0.001 < p 91 ** = p < 0.001,™ not

significant.
K-W April May June July August| September
Species * * = * ** oy
Zone * * >k * s *x
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The Kruskal-Wallis ANOVA test results showed sigraht effects (p < 0.05) of

species and zone in all months (Table 3.4).

This experiment was continued on the high zonewealvhere there were
sufficient mussels to carry on. The 12-month dét@ioed were analysed with a 3-factor
RM-ANOVA (area, treatment and species) and thelt®showed non-significant effects

(p > 0.05) of all factors, even “Time”.

Condition index and growth

At the end of the experiment, the final growth @hd CI were calculated from
individuals from the high zone. Growth was minim#he mean maximum length
registered was 30.86 mm (x2.82 S.D.) r perna and 31.28 (x2.61 S.D.) fokl.
galloprovincialis. Growth data showed non-normal distribution (ShapVilk's W test,
W = 0.98*% and no transformation could be appliednbrmalize the data. The non-
parametric Kruskal-Wallis ANOVA test was used ara significant differences were
found between species (H = 225or treatment (H = 0.89. Cl data were log
transformed to satisfy the assumptions of the ANQ¥st (Shapiro-Wilk's W test, W =
0.99% after transformation) and Levene’s test was mhsatisfactorily (F = 0.6%). A 2-
factor ANOVA (species and treatment) was applied alh effects and interactions were

non-significant (species, F = 1 22reatment, F = 1.39 species x treatment, F = 0™)9
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Second experiment

Mortality

The total accumulated mortality recorded (treatmeanid zones pooled) during
the months when the quadrats were covered by nieshf¢ur months) was 6.67% for
M. galloprovincialis and 5.89% foP. perna. One month after the removal of the mesh,
the total accumulated mortality was 52.7% Kr galloprovincialis and 49.6% forP.
perna. At the end of the experiment (one month lategsthvalues had risen to 72.22%
and 58.67% respectively.

The data from every month failed the Shapiro-WiNW/gtest (p < 0.05) and only 2
of the 6 months’ data successfully passed Levefe&st (p > 0.05). Again, no
transformation allowed the data to satisfy the aggions of parametric tests. Based on
the first experiment, the factor “area” was remo¥edn the analysis, with the results
then based on 4 replicates. The 3-factor RM-ANO¥Asummarized in Table 3.5. All
three factors showed significant effects, but ooe interaction (species x zone) was
significant. The posthoc Tukey analysis statislycabnfirmed the differences that Fig.
3.6 suggested. The effect of species was only faigni (p < 0.05) in the low zone,
where mean mortality dfl. galloprovincialis was much higher than that &f perna.
Mortality of M. galloprovincialis was generally high and not affected by zone, wioile
P. perna, mortality was statistically greater in the higbne than in the mid and low
zones, where the mean mortality values were staiist equal (Fig. 3.6). Treatment
effect was weak (only treatment 4 differed fromatreents 2 and 3 (see Table 3.1a);
Tukey Test, p < 0.05) (Fig. 3.7). All interactiowgre significant (p < 0.05, Table 3.5),

other than those that included treatment, highinghthe irrelevance of this factor.
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Table 3.5. Second experiment. 3-factor RM-ANOVAtites effects of species,
treatment, mussel zone and their interactions onabity. MS: mean square, *=0.01 <p

< 0.05, ** = 0.001 < p < 0.01, *** = p < 0.00% not significant.

Between subjects df MS F
Species 1 11992 8.74**
Treatment 5 4018 2.96*
Zone 2 10747 7.91%**
Species x treatment 5 2394 1"76
Species x zone 2 6031 4.44*
Treatment x zone 10 807 089
Species x treatment x zone 10 515 0°38
Error 108 1358

Within subjects
Time 5 156135 668.59**
Time x species 5 2200 9.42***
Time x treatment 25 330 1.1
Time x zone 10 2742 11.74%*
Time x species x treatment 25 194 0%83
Time x species x zone 10 664 2.84**
Time x treatment x zone 50 200 0'86
Time x species x treatment x zone 50 75 .32
Error (Time) 540 234
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The Kruskal-Wallis ANOVA tests showed that in allonths there was a
significant effect (p < 0.05) of species and zonih wffects of treatment only in the first

months (Table 3.6).

Condition index

Condition index results were log-transformed tois$atthe assumptions of
ANOVA (Shapiro-Wilk's W test, W = 0.9 after transformation). Levene’s test showed
only weak heterogeneity of variances (F = 1.83*B-factor ANOVA (species, zone and
treatment) was run (Table 3.7). The results showecery strong species effect (p <
0.001), withP. perna showing higher mean values thih galloprovincialis, while the
effects of zone and treatment were not signifi¢art 0.05). For the interaction between
species and zones (Fig. 3.8), in all zones the raddor P. perna was higher than favl.
galloprovincialis, with the biggest difference between species bémgd in the low
zone. However, differences between species wergfisgnt (Tukey test, p > 0.05) only
on the low and mid shore. The effect of zone was significant (p > 0.05) within
species. The interaction between species, treatam@hizones confirmed the differences
found in the interaction between species and zarele the effect of treatment in this

interaction was weak.
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Table 3.6. Second experiment. Kruskal-Wallis ANOW&sts on mortality per

species and mussel zone. * = 0.01 < p < 0.05, 06961 < p < 0.01, ** = p < 0.001}

not significant.

K-W October | November December| January February] March April
Species o o * Hoxx o * -
Treatment ns ns ns * * * *
Zone *% * *k* *% *k*k *% **

Table 3.7. Second experiment. 3-factor ANOVA tastieffects of species,

treatment and zone on Cl values. MS: mean squard).01 < p <0.05,*=0.001<p <

0.01, *** = p < 0.001," not significant.

Error

Zone

Species

Treatment

Species x zone

Treatment X zone

Between subjects

Species x treatment

Species x treatment x zone

df

10

72

10

MS

0.03

0.01

0.01

0.01

0.04

0.01

0.02

0.01

F

42 .57***

1.80
1.59

1703

5.03**

1732

2.64*
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Fig 3.8. Second experiment. Mean log CI valuesefach species in each zone.
Vertical bars denote 95% confidence intervals. drsttindicate homogenous groups as

determined by Tukey tests.
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Fig. 3.9. Second experiment. Final shell length Jnfor each species in each
zone. Vertical bars denote 95% confidence intentad#ters indicate homogenous groups

as determined by Tukey tests.
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Growth

Final length measurements failed the Shapiro-Will'sest (W = 0.99*) and no
transformation could be applied to normalize thiada

Species, treatment and mussel zone were each tegtethe Kruskal-Wallis test
(H =5.46*, H = 0.78 and H = 88.71*** respectively). The results shoveedery strong
zone effect, but no effect of treatment while s@mpecies effects were found. A 3-factor
ANOVA test showed the same results but, additignallsignificant interaction between
species and zone (F = 7.62**, Fig. 3.9). The olletata showed that maximum growth
for both species occurred on the low zone, miningrowth for P. perna on the high
zone and foM. galloprovincialis on the mid shore. Even though perna growth was
higher thanM. galloprovincialis on the mid zone, and vice versa on the high ztree,
differences were not significant. Multiple Comparns Kruskal-Wallis tests showed
significant differences (p < 0.05) between all zone P. perna, while the low zone
differed from the mid and high zoneshh galloprovincialis. Non-significant differences
(p > 0.05) were found between species in each zone.

The results of growth on the low zone accord clpsédth McQuaid & Lindsay
(2000). In that study, mussel growth rates wereemi@hed from the low zone of
sheltered and exposed rocky shores of the soutkt.cAacording to their study, Old
Woman’s River was considered semi-sheltered (alsthompub. data). McQuaid &
Lindsay’s (2000) growth equation for sheltered slofy = -1.4374 Ln(x) + 6.5608,
where x = initial length) indicates growth of 1.88n/month, which in the six months
that the present study was run, implies total ghowft 11.60 mm, resulting in a final

length of 36.6 mm. The mean final lengthshbfgalloprovincialis and P. perna on the
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low shore were found to be 35.85 (¥4.19 S.D.) mnd &6.19 (x3.26 S.D.) mm

respectively.

Third experiment

Mortality

The total cumulative mortality during the study ipdr until the mesh was
removed (8 months) was 7.17% #rperna and 11.84% foM. galloprovincialis. One
month later, these values had increased to 9.6T7%®.fperna and a remarkable 74.17%
for M. galloprovincialis. Of total M. galloprovincialis mortality, 91.24% were lost from
monospecific quadrats. As a result, and to not wiesdhe results of competitive
interaction by the effects of wave action, onlyadftom the first eight months were used
in the analysis.

The accumulated % mortality data showed a slightip-normal distribution
(Shapiro-Wilk's W test, W = 0.93*). Levene's Test Homogeneity of Variances failed
for the first 3 months but was successfully pageetthe last six months (p > 0.05). No
transformation could transform the results to $atlse assumptions of parametric tests.

A 2-factor RM-ANOVA test was run with species anglatments as factors. Both
factors and their interaction showed significariéets (RM-ANOVA test, treatment, F =
8.05**; species, F = 17.81***; species x treatmdnt: 3.99*%; time, F = 18.96***; time X
species, F = 3.37**). In general, over tifde galloprovincialis had higher mortality than
P. perna. Treatments with lower densities (5 perna or 25 M. galloprovincialis) had

lower mortalities than the rest of the treatmemts. reatments with 50 individuals),
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though this was not the case farperna in treatment 3 (Fig. 3.10). The post hoc Tukey
HSD test on the interaction between species aratntent showed which treatments
differed. Significant differences (p < 0.05) wer@uhd between treatment 3 (foM.
galloprovincialis) and treatment 4 (see Table 3.1b), between tredsm@ (for M.
galloprovincialis) and 1, between treatmentsa®d 4 and treatments 2 and 3 (fr
perna), and between both species in treatment 3. Theoadeons in Table 3.1b indicate
which differences must be present in order to #witlence of competitive interaction.
For intraspecific competition the null hypothesidested by comparing treatments 1 vs 2
and 4 vs 5. For interspecific competition the ral®@vcomparisons are treatments 1 vs 3
and 3 vs 4. In this regard, the only relevant digamt differences found were the
differences in mortality ofM. galloprovincialis between treatments 1 and 3, which
showed a significant effect 1. perna on M. galloprovincialis mortality (interspecific
competition), with a negative effect Bf perna on survival ofM. galloprovincialis (Fig.
3.10).

Kruskal-Wallis ANOVA tests confirmed the resultstbé RM-ANOVA, showing

significant effects of species and zone in all hergxcept for the first (Table 3.8).
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Table 3.8. Third experiment. Kruskal-Wallis ANOVAst results for each month.

*=0.01<p<0.05,**=0.001 <p<0.01, *** =90.001," not significant.

May June July August  SeptembeOctober | November
Species ns * * Hkk ok ok **
Zone *x *x * * * * *
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Fig. 3.10. Third experiment. Mean mortality for bagpecies in each treatment.
Vertical bars denote 95% confidence intervals. drsttindicate homogenous groups as

determined by Tukey tests.
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Condition index

Condition index data showed normal distribution gfiho-Wilk's W test, W =
0.95" and Levene’s test was passed successfully (B8 L.A 2-factor ANOVA test
was used with species and treatment as factorsteBugts showed a strong species effect
(F = 25.6**) while treatment and the interactioresg not significant (F = 12 F =
2.4 respectively) (Fig. 3.11).

Growth

Final length data showed normality (Shapiro-Wilké test, W = 0.96) and
Levene's test was passed successfully (F =").6& 2-factor ANOVA test was used
with species and treatment as factors. The reshitsved no significant effects of any
factors or the interaction (treatment, F = 0%6&pecies, F = 0.13 treatment x species, F
=0.89).

In summary, for the third experiment, there waseffect of species on growth,
while for mortality and CI, species only differed treatment 3 (2%. perna and 25M.
galloprovincialis). In this treatmentP. perna has lower mortality and higher CI thah

galloprovincialis.
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Discussion

An unexpected result from this study was the inflee of wave action on the
experiments. Physical disturbance may act in theesway as predation, maintaining
non-equilibrium conditions under which competitimnreduced and exclusion unlikely
(Branch 1984a). Wave action has been describednasob the primary mechanisms
creating and/or maintaining open space within distadd intertidal communities, thereby
preventing dominant competitors from monopolizihg primary space on rocky shores
and consequently preserving diversity (Paine & hed81, Sousa 1984). However, beds
of dominant sessile species can maintain a gresdility on rocky shores through
preserving higher turnover rates and lower derssitiglaranteeing substrate dominance
(Tanaka & Magalhaes 2002).

Water movements influence predation rates, fooglsupecruitment, growth and
condition of mussels and, hence, their capacityoimpete with other species (Branch &
Steffani 2004). A common form of physical disturbaron exposed rocky shores is the
dislodgement of mussels as a result of wave siMassels are prone to removal by
waves, leaving bare patches within mussel bedst@alQ71, Harger & Landenberger
1971, Paine & Levin 1981, Denny 1987, 1995). Digkmlents are sporadic events,
which can occur unpredictably throughout the ydman strong storms during winter
render mussels particularly prone to disturband@sindrit & Shannon 1989). The
hydrodynamic force experienced by mussels in dgnstked mussel beds is mainly lift,
which acts perpendicular to the substratum (Der8871Bell & Gosline 1997). Mussels

in beds are usually positioned with the long axagppndicular to the substratum, so the
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area over which this force acts is determined leywidth and the height of the mussel
(Steffani & Branch 2003a). An increase in sheltkimess can protect mussels from the
destructive effects of wave action (RaubenheimeC@&ok 1990). Steffani & Branch
(2003a) found that mussels tended to be both tafidrwider at more sheltered sites and
lower and narrower at exposed sites, and it wagestgd that this tendency could be due
to a reduction of the area over which hydrodyndiftiacts as a response to the increased
risk of dislodgment (Denny 1987, Bell & Gosline 99When mussel density is very
high, the byssus matrix can lose contact with titesate, resulting in a slight elevation
of the mussel bed - a hummock (e.g. Seed & Such&®éR). These hummocks are
relatively easily dislodged by wave action, formisgrall gaps that can be readily
recolonized (Tanaka & Magalhaes 2002).

Disturbance can play a key role in retarding thecpss of competitive
elimination (Connell 1978). By removing occupartattcan competitively exclude other
organisms, the system is maintained in a stataadbdical undersaturation (Hockey &
Bosman 1986). Steffani & Branch (2003b) suggedtati bn exposed shores of the west
coast of South Africa, mussel beds of the invasind competitively dominant species
Mytilus galloprovincialis were periodically disturbed, clearing space ankbwahg
temporary expansion of limpets that are competitiveferior. However, these cleared
patches opened by wave action were again recolbmigehe invader, whilScutellastra
argenvillei was outcompeted by lateral encroachment from thegoy space. In
opposition to this, in sheltered sites, Branch &ffani (2004) suggested predation as a
possible factor that could reduce the presenceMofgalloprovincialis diminishing

maximum sizes, and that this predation will reddice effects of competition with
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limpets. In our study, the fact that mortality iont¢rols did not differ between species or
zones suggests no preferential effects of predatieither species or any zone.

A storm destroyed most of the first experimentumel 2003. The RM-ANOVA
test showed a clear species effect and that irmaktsel zones the mortality oA.
galloprovincialis was nearly double that d?. perna (Fig. 3.3b). From the second
experiment’'s mortality data, the first conclusioasithat removal of the mesh meant high
mortality due, once again, to wave action. In tase, the mortality of both species was
similar after the mesh had been removed, howeVes, final mortality showed a
remarkable difference between species, wih perna once again surviving the
dislodgment better thal. galloprovincialis. Similarly, in the third experiment, during
the last month of the experiment, the removal ef tiesh produced an increase of 2.5
and 62.33% of the total cumulative mortality Bf perna and M. galloprovincialis
respectively. The results suggest thhtgalloprovincialis has weaker byssus attachment
thanP. perna.

This accords with Zardi (unpub. data) who concludieat M. galloprovincialis
has weaker byssus attachment than the Brown mbssaluse the invader has fewer
byssus threads, which were also thinner than thd&e perna. Different inferences can
be drawn from these results. Bath galloprovincialis and P. perna survive well on
exposed shores in South Africa (McQuaid & Linds@@@, Branch & Steffani 2004), but
the former predominantly on the west coast andlatter on the south and east coasts
(van Erkom Schurink & Griffiths 1990). Environmehtaonditions and intertidal
communities in these three parts of the South Africoastline are very different

(Emanuelet al. 1992), which could be the general explanation by Wwyssus tenacity is
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weaker in the invader. Some of these conditions matgct the attachment d¥.
galloprovincialis and make it more prone to removal by waves (esfhedrathe low
mussel zone). One possible cause could be temperatnd the fact that the warmer
conditions of the south coast does not provide séme favourable conditions fod.
galloprovincialisthat the west coast cool water does.

Harger (1970Jound thatM. edulis was more sensitive to the effect of waves than
M. californianus and that the latter held its position more strgndll. edulis was
behaviourally better adapted to quiet waters tharcalifornianus. The latter preferred
wave exposed coasts rather than sheltered bayhislitase, the most likely reason for
this preference was the intolerancevbfcalifornianus to low salinity and sedimentation
(Harger & Landenberger 1971).

In the third experimentM. galloprovincialis individuals were mostly removed
(91.24% of the totaM. galloprovincialis casualties) from the control quadrats (i.e. those
with only M. galloprovincialis). In contrast, in the quadrats with both specids,
galloprovincialis survived much better than in monospecific plotsege results suggest
that the invader shows better survival on this tedsen it is found in beds of the
indigenous mussel, which provide protection agaisdbdgement by wave action.

In the intertidal zone, zonation patterns of orgars (i.e. upper and lower limit of
each organism’s distribution) are limited by biated and physical factors. For the latter,
wave action affects the low shore more while degioo does so more on the high shore
(Dayton 1971). The other outcome from the resuithe first experiment was the strong

zone effect that was found (Table 3.2). Mortalitpwed a marked decrease from the low
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zone, through the mid zone to the high zone (Figb)3 suggesting that mussels on the
low shore were more susceptible to storms.

Comparisons of the first and second experimentgs(R.5, 3.6) suggest thisk
galloprovincialis and P. perna survived differentially in each mussel zone. Theader
did not show a very clear pattern in its mortaligtween mussel zones, the only
considerable difference was found during the &gberiment when the final mortality in
the high zone was very low, suggesting higher litglin this zone than in the others. In
contrast to thisP. perna showed a very clear pattern in both experimentsduriously,
the tendencies were opposite in the two experimémthe first experiment the effect of
the winter storm was clear and diminished from lthe (the highest mortality) to the
high mussel zone; in the second experiment higle zoartality was the highest while
mortality in the other two mussel zones remainddwer levels, suggesting that the high
mussel zone was strongly affected by desiccatioinguthe summer months. As a
conclusion, the low zone was highly affected by llsyespecially in the form of storms,
and desiccation did not seem to be a problem thirdhg year. In contrast, in the high
zone, desiccation can be a problem during summaeathmavhile storms hardly affect this
upper mussel zone. The mid zone remained in thallmidf both situations in all
experiments. The fact that higher mussel zones egdm benefitM. galloprovincialis
more tharP. perna was in accordance with the observation ¥Magalloprovincialis was
not found in subtidal areas along the South Africaast (Branch & Steffani 2004).

Benthic communities can be strongly influenced by bottom-up influence of
productivity (Mengeet al. 1999, Menge 2000), which is normally attributeds&iation

in near-shore phytoplankton concentration (Dahli8offlenge 1996). In mussels, Hicks
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et al. (2001) suggested that the productivity of the TeRa perna cohorts might be
regulated by physical factors. Within their denseddy population biomass and
productivity may be constrained by available spaice degree of tolerated aggregation.
Lack of available space may have been the baslseafinsuccessful recruitment at some
of their study sites.

The condition index, which relates the flesh weighthe shell volume, is thus an
important measure of the physiological status otseils and the relative allocation of
resources to tissue or shell growth (Raubenheime€a®k 1990, Seed & Suchanek
1992). Several factors, such as predation and ctitiope play an important role in the
condition of intertidal mussels, but it has beeovah experimentally that food supply can
be, on its own, a sufficient explanation for patteof filter-feeder biomass (Branch &
Steffani 2004). Flesh weight is also influenceddzgumulation of gametic tissue, and
temporal changes in condition most likely reflepawning events, rather than seasonal
variation in food availability (van Erkom Schurigk Griffiths 1991, Steffani & Branch
2003a). Our experiments were run through spawngripgs ofP. perna (February to
September, Lasiak 1986) and the spawning peridd.ajalloprovincialis was assumed
to be during the same period in response to chamgése environmental conditions.
Another assumption was that both mussel speciesheasiame amount of food supply in
each mussel zone.

In our first experiment, the CI results from thgtimussel zones did not show
any difference between treatments or species. Hemen the second experiment,
differences in species were found. perna had higher CI values thamM.

galloprovincialis in the low and mid zones, but they did not sigmifitly differ in the
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high zone. The third experiment showed tRgperna performed better in the low mussel
zone and in the overall experimental treatments kagalloprovincialis.

Bivalves from temperate regions commonly grow faste particular seasons
(Griffiths & Griffiths 1987). For the final growttmeasures it was assumed that both
mussel species exhibited the same seasonalityawtigrduring the period that each
experiment was run. Environmental conditions havajom impacts on growth,
reproduction and shell morphology of mussels (Bagtnal. 1983, Griffiths & Griffiths
1987, Seed & Suchanek 1992). On the west coaskemalifferences in the growth rates,
conditions and shell shapesf galloprovincialis were detected among sites straddling
a gradient of wave exposures (Steffani & Branch32)0The same was found on the
south coast wittP. perna (McQuaid & Lindsay 2000)M. galloprovincialis grew faster
and had higher condition values at moderately eeghastes than at sheltered sites. The
same was found for the indigencisater, C. meridionalis andP. perna. Faster condition
and growth were found in areas of high water catiah than in areas with restricted
circulation (van Erkom Schurink & Griffiths 1993This was most likely related to
greater food availability at sites with increasémivf (Steffani & Branch 2003a). These
observations were very similar to those found amiegdifferent mussel zones, where
water circulation and available time for feeding @ach mussel zone influenced the
condition and growth of the mussels. High zonedccbe comparable to sheltered sites
and low zones to exposed sites, while mid zone&ldmel considered equivalent to semi-
sheltered sites.

In the first experiment, the growth in the high eomas not significantly different

between species or among treatment, while in tlvensk experiment, both zone and

94



species showed significant effecBs.perna appeared to grow slightly more in the low
and mid zones thaM. galloprovincialis, while in the high zon®. perna’s growth values
were lower than those ®fl. galloprovincialis. For P. perna a very significant upshore
decreasing trend was observed. These results duhageP. perna performs better than
M. galloprovincialis in the lower mussel zones, while in the high zboth species were
in the same conditiorR. perna results are comparable to the evidence that whessets
are transplanted to ropes in aquaculture, theiwtjron subtidal areas is far superior to
that in the intertidal areas, largely because efttigher period available for feeding (van
Erkom Schurink & Griffiths 1990). Howevell. galloprovincialis did not follow this
tendency perfectly. While low zone growth was higt@an the other two mussel zones,
in the high zone its final mean growth was sligtibyt not significantly) higher than in
the mid zone. These results, coupled with CI res{@dtmost equal performance of this
mussel species in both mid and high zones andrieb® low zone), indicated the ability
of M. galloprovincialis to survive more successfully in higher than in downussel
zones. Phillips (1995) suggested the existenceabitdét segregation in the mussel bed,
whereP. perna lived more abundantly in low and mid zones wiNlegalloprovincialis
appeared more on the high mussel zone. These gesele in accordance with the
findings of Chapter 2.

M. galloprovincialis is an aggressively invasive alien species (Hoc&eyan
Erkom Schurink 1992, Griffithset al. 1992) in South Africa that has established
competitive interactions with all intertidal spesithat geographically overlap with its
distribution and occupy similar habitats. Some ggedhave been displaced .

galloprovincialis, as the latter is a superior competitor for intitspace (Hockey & van
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Erkom Schurink 1992). On the west coast, limpetigseare faced with local extinction.
However,M. galloprovincialis flourishes better in exposed localities than iel&red or
semiexposed areas. Limpets such Ggrbula granatina (Linnaeus), which favours
sheltered coves, is thus not adversely affecteMbgalloprovincialis, and Scutellastra
argenvillei, which once dominated the low shore of semi-exgdseexposed shores, can
survive on semi-exposed shores even if it facgslaisment on exposed shores (Branch
& Steffani 2004). Of all indigenous South Africarussel specied). ater has the slowest
growth, lowest reproductive output and the lowederance to aerial exposure. Its
filtration rate is only 28% of that d¥l. galloprovincialis (Griffiths et al. 1992). Over the
past decade there has been a marked decline imuthbers ofA. ater in the intertidal
zone of semi-exposed and exposed shores of the awest (Hockey & van Erkom
Schurink 1992), and particularly, at monitored sitear Saldanha Bay, where invasion
by M. galloprovincialis has reduced. ater abundance by 80% (Branch & Steffani 2004).
The mortality results of the second experiment skiwav treatment 4 foP. perna
differed from treatments 2 and 3 (see Table 3\i/A)ch did not give any indication of
intra or interspecific competition. In the third petiment evidence of competition for
space in the form of interspecific competition wéstected.P. perna affected M.
galloprovincialis viability because mortality of treatment 1 andf@& P. perna and
treatment 3 forM. galloprovincialis were significantly different. No significant
differences between treatment 2 and 3Nbrgalloprovincialis were found. Statistically
higher mortality in treatment 3 than treatment 2uldoconfirm the existence of

interspecific competition, avoiding the influentat density could have on obscuring the
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results. All in all, the results showed a cleafeténce between indigenous and invader’'s
treatment 3, which confirmed the occurrence of cetitipn on the low shore.

The fact that byssus attachment of the two spetiféers, P. perna being much
stronger tharM. galloprovincialis, and that the latter appeared to survive bettenixed
than in monospecific beds, suggests Matjalloprovincialis is enhanced by the presence
of P. perna. However, the results of the third experiment @gatk that at the same time
that P. perna confers protection against dislodgement by wau@mcit competitively

excludeaMl. galloprovincialis.

Regarding density, the third experiment showed drighortality in all control
guadrats with 50 individuals than in quadrats itindividuals, but the post-hoc Tukey
test showed that these differences were not sogmifly different across each species.
This tendency suggests that density effects migbssiply be established in a

hypothetically longer period study as a resulindfaspecific competition.

The results suggest thBt perna is a stronger competitor for the space than
galloprovincialis on the low shore. Some studieave described higher performance of
pernids than other mytilids. One example is thdl girewth rate that in tropical pernids
is greater than that found in temperate mytilidakiy 1989). Among mytilids, the high
growth rates of pernids allow them to sustain higaenual production rates than
temperate members of the genMtilus (Hicks et al. 2001). In addition, a high
production rate among pernids was detected in theghSAfrican P. perna population,
ranging from 6.45 to 7.61 kg:fry™ (Berry 1978), which is twice that of the highester
reported forM. edulis (Dare 1976). Another favourable property is thatnms either

have a greater proportion of shell mass as orgaei®stracum and matrix or have a
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proportionately more massive shell relative toutsfiomass than other mytilid species
(Hicks et al. 2001). This, coupled with our results, suggesést the assumption thad.
galloprovincialis would inevitably displac®. perna from the south coast, & perna is

an inferior competitor, should be reconsidered.

The findings suggest that no further big changesuissel beds are expected from
the M. galloprovincialis invasion on the south coast. Its growth, condijtdensity and
number of recruits (author’'s unpub. data) areaaidr thanP. perna, which indicates that
its competitive effects on the indigenous specresless intense than on the west coast
(Branch & Steffani 2004), possibly due to less fanable environmental conditions along
this coast. A clear example ®. galloprovincialis disadvantage on this coast is its
weaker byssus tenacity in comparisonPoperna. On the west coast, peak biomass,
maximum size oM. galloprovincialis, the greatest percent cover and depth of mussel
beds are all attained at intermediate levels ofevMexposure (Branch & Steffani 2004).
Our study site, Old Woman'’s River was defined asissheltered (McQuaid & Lindsay
2000), which, based on west coast studies, woutvige ideal conditions fomM.
galloprovincialis to grow and develop. However, the results didrafiéct this.

From the mortality results obtained from the théngperiment (Fig. 3.10), it was
concluded that on the low shoRe perna is a better competitor for space thih
galloprovincialis. However, this affirmation could be obscured bg #one effect. Fig.
3.8 showed a tendency of better performanc®.gferna in lower than higher mussel
zones, whileM. galloprovincialis followed the opposite trend. Moreover, the CI ealu
for the low zone were significantly different beewethe species, witR. perna having a

much higher mean CI value th&m galloprovincialis. However, in each species, mean
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values did not show significant differences for th#erent mussel zones. In Fig. 3.11 a
clear dominance d?. perna mean CI values oveM. galloprovincialis values was found
in quadrats of 50 individuals, which, if these \eduare compared with Cl data from the
second experiment, would suggest that this suprgmsacot because of competition but
rather because of a zone effect, i.e. the expetim@s run in a mussel zone whd?e
perna survives better thamM. galloprovincialis. In this way, it is possible that the
competitive effects thd. perna inflicts on the invader on the low zone are défetrin
the other two mussel zones.

This suggests that further competition experiméiike the third experiment on
the low zone) are required in the other two musgeees to validate the hypothesis tRat
perna is a stronger competitor for space thdngalloprovincialis is on this stretch of

coast.
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Chapter Four:

Human exploitation of mussels on the south coast of South

Africa

I ntroduction

Human exploitation of intertidal organisms on roahpores is an important factor
disturbing intertidal communities (Morereb al. 1984, Castilla & Duran 1985, Duran &
Castilla 1989, Kingsforat al. 1991, Keoughet al. 1993). In South Africa, exploitation
predominantly targets mussels (Siegfrigtchl. 1985, Hockey & Bosman 1986, Lasiak
1991).

In many parts of the world, indigenous cultures enahown exploitation of
intertidal organisms at a subsistence levels smehistoric times (Siegfrieet al. 1985,
Moreno et al. 1986, Catterall & Poiner 1987, Underwood 1993)m8cof the earliest
evidence of subsistence exploitation comes fromthgyn Africa (Avery & Siegfried
1980), where early archaeological evidence forI$ielcollecting of marine molluscs
indicates that it has been practised on the wessaeuthern and eastern coast of South
Africa since the Middle Palaeolithic Era (100 OGfags B.P.) (Voigt 1973, Volman 1978,
Stringer 2000). The way that humans have exploitadrtidal resources has been
changing throughout this long period of time andréhexists today a clear difference

between modern and ancestral ways of pursuingatitigity. Prehistoric man may have
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been migratory or nomadic, and may thus have etgolointertidal animals on an
intermittent basis. Modern man, by contrast, igtreély sedentary, and exerts a more
continuous pressure on intertidal resources (Hoted4).

Modern exploitation of marine resources comprisesed types of activity:
recreational, commercial and subsistence (Lindleerg. 1998). Recreational activities
refer to the harvesting of marine resources thatuisc for short periods of time
throughout the year and is localized to certairaswrdhe other two types are more active
and persistent activities that can continuouslgcafiecosystems. Commercial activities
are directed at individual, highly profitable spesxi while subsistence exploitation
(generally practised by poor people) targets a walege of species. As a result, the
diversity of species collected by subsistence gatheés much higher than in commercial
exploitation (Siegfriectt al. 1994).

These three types of exploitation can be foundralund the world dependant on
many factors such as demography, tradition, econetay For example, Chile and South
Africa show many similarities in the ways that pleopxploit marine resources. In both
countries, marine organisms on rocky shores comstthe principal intertidal resource
exploited for subsistence, recreation and commé®segfried et al. 1994). Australia
shows a different pattern in harvesting activitgcBnt collection tends to be of a more
recreational nature (Catterall & Poiner 1987, Kiogs et al. 1991), with intertidal
animals and a few algae species being harvestemfmumption or use as bait, fertilizer,
stock feed or ornamentation (Catterall & Poiner 7,98nderwood 1993). In the same

way, Rius & Cabral (2004) suggested that in Polugeertidal animals are not collected
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for subsistence or commerce and that harvestimgtithe main professional activity of
harvesters.

Most human exploitation on intertidal organismgascentrated on rocky shores
with these organisms predominantly used for foadi lzait (Hockeyet al. 1988, Poiner &
Catterall 1988, Kingsforcet al. 1991). On rocky shores, human exploitation and the
effects of trampling (particularly during holidagasons) affect, sometimes dramatically,
intertidal communities worldwide (Liddie 1975, Beaamp & Gowing 1982, Morenet
al. 1984, Castilla & Duran 1985, Morembal. 1986, Duran & Castilla 1989, Kingsford
etal. 1991, Povey & Keough 1991, Keougtal. 1993, Lasiak & Field 1995). Generally,
man is a tool-using predator (Hockey & Branch 198dranet al. 1987, Hockey 1987)
and, as a result, overcomes the spatial refugemanfy intertidal animals that are
effective against natural predators. This allowshrna collect large prey items, which
may have achieved a refuge through their size fotiter predators (Hockey 1994). Prey
have no temporal refuge from predation by man, gixte short-term refuges afforded
by tidal fluctuations, heavy seas associated whin prevailing weather, or seasonal
patterns of predation intensity related either émdition of the prey or prey demand
(largely in the case of recreational exploitatioBghavioural escape mechanisms are
similarly ineffective against man, because of mdmgh mobility, and morphological or
architectural defences of these intertidal aninaa¢és overcome through the use of tools.
The only anti-predator adaptation that is effectagainst man is chemical-defence
(Hockey 1994).

The predatory impact of man is very different fralnat of ‘natural’ predators.

Unlike the majority of predators found intertidallyan is mostly a facultative rather than



an obligate predator. Man functions both as a pgoedand as a mega-herbivore in
intertidal and shallow subtidal ecosystems. Thd migbility and metabolic demands of
man make him a potentially important determinantcofmmunity structure at lower
trophic levels (Hockey 1994). Another charactecistf man as predator is that the
principal prey items in subsistence exploitatioe darge herbivorous and predatory
gastropods, bivalves (especially mussels), echimosle ascidians, large arthropods,
polychaetes and algae (Hockey & Bosman 1986, Busitan& Castilla 1987, Duraet
al. 1987). Most invertebrates which are preyed oncm®upiers of primary space but
some, such as mussels, may provide a substratuothier organisms (Hockey 1994).
Although a wide range of organisms is gathered, d&umarvesters tend to be
selective, both in terms of the species and sizéeindividual removed (Siegfries al.
1985, Hockey & Bosman 1986). In this regard, shsfllfcollection by humans affects
mostly the largest individuals of particular targpecies (Morenet al. 1984, Catterall &
Poiner 1987, Kingsforédt al. 1991). As with humans, natural predators are gdlyesize
selective in their choice of prey (Hockey 1994). é&xample of this is predation by the
whelk Thais, which tends to eliminate the larger individuafed aherefore reduce the
mean length of prey populations (Connell 1961b)thwéference once again to shellfish
collection by humans as a form of selective presaticomparisons of the size
composition of resident populations with shellsmiddens (i.e. shells of molluscs that
have been consumed) suggests that people pre@dienselect larger individuals
(Siegfried et al. 1985, Hockey & Bosman 1986). Direct observationtled bags of
collectors shows the same result, with the scaroitysmall specimens indicating

preferential size selection (Lasiak 1991). Disroptiof the space mosaic through
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selective exploitation may lead to major changesommunity structure, which persists
in the event of continued exploitation (Moreetcal. 1984, 1986, Castilla & Duran 1985,
Hockey & Bosman 1986, Oliva & Castilla 1986, Dui@rCastilla 1989, Lasiak 1991).

Progressive size reduction of prey leads to infiexsicollecting pressure on the
remaining individuals, and this, coupled with theatsal encroachment of inedible
species, inevitably leads to the degradation ofittertidal zone communities as a food
resource (Hockey & Bosman 1986).

In the case of human predation on molluscs, exgtloit is concentrated on large
and fecund individuals (major contributors to p@tioin spawning events). However,
reduction of adult densities through predation nmmagluce intraspecific competition,
resulting in a relatively high density of small amals (most mollusc species become
reproductively active at a young age and small)sitkese densities may be sufficiently
high for their collective reproductive output perituarea of shore to approach, or even
exceed, that of adults (Griffithet al. 1992, Hockey & van Erkom Schurink 1992).
However, in the case of collection of mussels, exg@lion seems to not always be
selective and does not only affect larger individudasiak & Dye (1989) in South
Africa and Rius & Cabral (2004) in Portugal havesatéed that, foP. perna and M.
galloprovincialis respectively, size selection takes place after rdraoval of entire
clumps of mussels from their point of attachmenttba rocks. The numerous small
individuals (<30 mm total length), inadvertentlyllected with clumps of larger mussels,
are rejected and discarded on the shore by thectois because they are of minimal food
value. A significant proportion of the populatios thus lost because of the mode of

collection. The impact of this is increased becanisthe gregarious tendencies of the

104



mussels (Lasiak 1991) and because settlement @ngifglly occurs around the periphery
of existing clumps (Berry 1978). As a result, iragds where human exploitation on
mussel beds follows this behaviour, percent mussetr is the most reliable measure of
this activity, while size distribution and other aseres can complement the results
found.

Although normally patchy in its distribution, humbarvesting can have a severe
impact, and intensive, localized collection maydléa extensive changes in structure and
functioning of the intertidal community (Morerat al. 1984, Castilla & Duran 1985,
Siegfried et al. 1985, Hockey & Bosman 1986, Morembal. 1986, Oliva & Castilla
1986, Duraret al. 1987, Hockey 1987, Keougt al. 1993, Hockey 1994). Exploitation
can seriously deplete the stocks of intertidal nigas (Lambert & Steinke 1986).
However, there is also evidence that the stabditgsome rocky-shore communities is
high, with rapid recovery when exploitation ceaésckey & Bosman 1986, Moreret
al. 1986), although this is not always the case (Bya. 1997).

The consequences of harvesting can be severe aatibiy reducing stocks of
harvested species, and affecting not only the tamgecies but also other species, which
can be indirectly affected (Hockey & Bosman 1986iy&®& Castilla 1986, Duran &
Castilla 1989, Godoy & Moreno 1989, Keoughal. 1993, Addessi 1994, Castilih al.
1994). Most studies that have addressed the renodvatertidal shellfish have focused
on the direct effects on the target species (Bra®i#b, Morencet al. 1984, Hockey &
Bosman 1986, Morenet al. 1986, Castilla & Bustamante 1989, Lasiak 1991qugh et
al. 1993). Such an effect includes the removal of miange animals which causes a

reduction in the abundance, as well as a decreaeimean size of individuals within
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the population (Branch 1975, Moremb al. 1984, Castilla & Duran 1985, Hockey &
Bosman 1986, Morenet al. 1986, Oliva & Castilla 1986, Castilla & Bustamarit989,
Duran & Castilla 1989, Fairweather 1990, Keoeghl. 1993), and in the standing stocks
(van Erkom Schurink & Griffiths 1990, Addessi 19@kjffiths & Branch 1997, Foster &
Hodgson 2000). This has important repercussionseifuture reproductive output of the
population, since larger individuals are more fetthnan smaller individuals and are the
section of the populace with the lowest mortalBafterall & Poiner 1987, Fairweather
1990, Underwood 1993). This removal of adults caldgdlete breeding stocks, which, in
turn, affects recruitment (Foster & Hodgson 2000).

Indirect effects include the disappearance of éfiege that these large individuals
provide against predators, permitting heavy predapressure on smaller size classes
(Hockey & Branch 1984 Species densities within and between communitigsaiso be
indirectly affected by shellfish harvesting (Cdati& Duran 1985, Hockey & Bosman
1986, Duran & Castilla 1989, Fairweather 1990)sdnthern Chile, Morenet al. (1984)
studied the impact of human predation on intertidaértebrates, and demonstrated that
reductions in size and density of key grazing ggstds, Fissurella spp., led to an
increased cover of macroalgae. This is comparaltle tie situation on islands off the
south western Cape in South Africa, where the dggithe principal midshore grazing
gastropod,Scutellastra granularis, is reduced through predation by the African black
oystercatchendaematopus moquini, to the point where the remaining limpet populatio
is no longer able to control algal growth at thersfing stage, and persistent beds of
macroalgae develop. These beds are largely absettieonearby mainland where the

density of oystercatchers, and hence predationspreson the limpets, is much less
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(Hockey & Branch 1984). As a result, algae floursdter the removal of grazers (Branch
& Moreno 1994) and prey species that are not hgedesay proliferate if predators are
diminished (Hockey & Bosman 1986, Castilla 1999%efefore, in summation, apart
from the direct effects of predation, there is alsvéhe potential for indirect effects that
ripple through the whole community (Castiéizal. 1994).

The effects of human exploitation on rocky-shoraa be confused with other
non-anthropogenic factors affecting the ecosyst@nmajor point of confusion arises
from changes in environmental conditions and inaargm productivity (Siegfrieét al.
1994). Physical factors are also very importantilaesing elements. Many of them may
influence the density, biomass and population sirecof intertidal animals, including
the degree of wave exposure (McQuaid & Branch 19Bd85); substratum type
(McQuaid & Branch 1985); and temperature (Brancil8419) Brink 1987). Biological
processes such as predation, competition or reoenit can also complicate the study of
the effects of exploitation (Siegfrietial. 1994). For example, there is strong evidence to
suggest that recruitment processes often contralt ggbpulations and are a major
determinant of community structure (Eckman 199@yidat al. 1998).

In areas where collection is prevalent, overaludtre and functioning of
intertidal communities in exploited areas may clegngnd there is a tendency for
communities to move towards a common state of diteend abundance (Hockey &
Bosman 1986, Fairweather 1990), thus reducing siityebetween regions (Sharpe &
Keough 1998). Connell (1978) described the inteiateddisturbance hypothesis, which
avowed that species richness is greater under womsliof intermittent or moderate

disturbance (physical or biological) than under Wedisturbance or at the climax



equilibrium stage. As a result, an increase in itz may be noted due to harvesting
(Moreno et al. 1984, Castilla & Duran 1985, Hockey & Bosman 198anch &
Odendaal 2003).

In South Africa, the earliest evidence of maringorece utilization was found in
the complex of caves at Klasies River Mouth (40 West of Cape St. Francis, see Fig.
2.1), where remains of shellfish date between XD dhd 70 000 years B.P. There is an
abundance of open station shell middens of the3la&i00 years along the south coast of
South Africa (between Kei River Mouth and MosseyB&owever the shell middens are
concentrated in Cape St. Francis and Oyster Basdfdg. 2.1) (Lubke & Moor 1998).
In the Transkei (Fig. 1.1) the exploitation of intigal shellfish by man for food has been
taking place for at least the last 1 300 years r{drd982), and probably for far longer
(Volman 1978, Avery & Siegfried 1980). Throughouttst period, the most commonly
collected species has been the Brown muBaaia perna (Cronin 1982, Siegfrieet al.
1985, Hockey & Bosman 1986, Hocketyal. 1988).

Over the last 10 000 years, significant changeg lo@eurred in the way intertidal
organisms have been exploited by man in southeritéA{Siegfriedet al. 1985). The
spatial pattern of subsistence exploitation hasigbd considerably over time in response
to demographic changes in human populations. Famele, with European colonization,
the hunter-gatherer life-style and extensive stdaste economy on the west coast, based
substantially on shellfish, came to an end. Theohysof the southern and eastern coasts
is similar to that of the west coast, although lo@st coasts the hunter-gatherer lifestyle
persisted for slightly longer following colonizatidSiegfriedet al. 1994). Over the past

few decades, rapid population growth combined vaitboncentration of communities
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along the South African coastline has resultechimgased intensity of shellfish gathering
(Siegfried et al. 1994, Griffiths & Branch 1997, Foster & HodgsonOR0Q Branch &
Odendaal 2003). For example, the subsistence andateonal mussel exploitation along
parts of the South African coast continue to gramngd exceed levels of sustainable
exploitation in some localities (Siegfriegt al. 1994). Thus, it is likely that many
intertidal communities are vastly different from attthey were even 50 - 100 years ago
(Lindberget al. 1998).

Modern exploitation on the South African coastliaebased on the collection of
35 species (Siegfried al. 1994), however, subsistence exploitation is bdaegkly on
mussels and limpets, with smaller amounts of wisikighelks, octopus and the large
solitary ascidianPyura stolonifera (Heller) being collected (Branch 1975, Hockey &
Bosman 1986, Hockewt al. 1988, Lasiak 1993, Dyet al. 1997). The exploitation
activities along the coast differ markedly regagdiypes of harvesting methods (Griffiths
& Branch 1997). On the west coast, upwelling prasgiroductivity and most fishing is
commercial and concentrates on abundant or lueraipecies. On the southeast
(Transkei) and east (Kwazulu-Natal) coasts (Fid),dmany resources are less suitable
for commercial fishing, but human population deesitare much higher and subsistence
harvesting is intense (Griffiths & Branch 1997).eThouth coast is a popular tourist
destination, and holidaymakers frequently colleetime organisms for food, particularly
during the peak summer season (van Erkom Schurin®riffiths 1990). Analyses of
contemporary shell middens on this coast indida&tRerna perna and various limpets

(Patella spp.) are favoured for harvesting (Voigt 1973,I1811985). Other less abundant



organisms collected are alikreukel$uibo sarmaticus (Linnaeus)) and periwinkles
(Oxystele spp.) (Lubke & Moor 1998).

Depletion of mussels along long stretches of cmastlreduces structure
complexity and can cause serious alteration to lieliversity of the intertidal
communities (Hockey & Bosman 1986). Despite thendlance of mussels along both
west and southwest coasts, exploitation is miniméhese regions (van Erkom Schurink
& Griffiths 1990). Along the north western Cape spa total of less than 100 tons gf
mussels is harvested, an insignificant amount coetbwith the high rates of mortality
resulting from intraspecific competition for spaamed consumption by natural predators
(Griffiths & Hockey 1987). A similar situation prails in the south western Cape region,
however, anglers in this area can inflict subsédrdiamage to intertidal mussel beds
while collecting mussel wormspPseudonereis variegata (Grube), for bait (Van
Herwerden 1989). Here again the total biomass rech@s/ probably less than 100 tons.y
' The reasons for this are that mussels are nditital food resources in these areas
and, in the case of the west coast, because dbthéuman population density and the
perceived risk of paralytic shellfish poisoningrfarkom Schurink & Griffiths 1990).

Along the southeast and east coasts the situatioary different. The politically
motivated establishment of “Bantu homelands” dutiing apartheid era, resulted in the
black African population becoming concentrated,fen coastal concentration being in
the former Ciskei and Transkei, as well as in Kwaatal (Fig. 1.1). Indigenous
coastal peoples of Transkei have supplemented treglitional maize-based diet with
marine invertebrates collected from rocky interd anfratidal areas since prehistoric

times (Voigt 1973). In recent years, there has la@emcrease in intensity of exploitation
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due to population growth and poverty (Lasiak 1982x manner unconstrained by any
firmly enforced conservation legislation (HockeyBbosman 1986, Lasiak 1991). More
particularly, an increase in the rate of human petpan growth (Siegfriecet al. 1994)
and, consequently, the population density of thtigenous coastal people, along with
drought and crop failure (Branch 1975), has melaat the intensity of exploitation has
been raised to a level at which the species coriposaind the ecological functioning of
intertidal communities are being markedly affec{&ilegfriedet al. 1985, Hockey &
Bosman 1986). As a result, shellfish populations experiencing greater predatory
pressure from man than was ever the case previgMillg 1985). This situation has led
to substantial depletions of harvested specietenTranskei, particularlfPerna perna,
Haliotis spadicea (Donovan), several species of patellid limpé&gjra stolonifera and
Turbo sarmaticus (Branch 1975, Siegfriedt al. 1985, Hockey & Bosman 1986, Hockey
et al. 1988, Lasiak 1991, 1993, 1998, Lasiak & Field 199%e et al. 1997, Griffiths &
Branch 1997).

In recent years, political changes in South Aftieave seen the abolition of most
laws that were in place during apartheid and thmoral of constraints limiting the
movement and settlement of people. This has pratdanether demographic relocation,
with large numbers of people moving from former letends to the cities. Some sites
could therefore experience very important modifarag in human exploitation pressure
patterns. Sites previously systematically exploitedild now become less exploited,
while other shorelines close to the cities, whigrevpreviously unexploited (such as the
west coast of South Africa), could potentially fduege exploitation pressures (Siegfried

etal. 1994).
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The Brown mussePerna perna is the most important food item collected on the
Transkei coast (Mills 1985, Siegfriedt al. 1985, Hockey & Bosman 1986). In
contemporary middens, this mussel accounted for 67&tl shells examined (Hockey &
Bosman 1986) and frequently comprises of more t#@% of the total shell mass
accumulated monthly (Lasiak 1991). As a result ofemse exploitation pressure,
extensive intertidal beds are only found withinumatreserves and on inaccessible rock
faces (Lasiak & Dye 1989, van Erkom Schurink & @ths 1990). In 1978, Siegfrieet
al. (1985) found thaP. perna accounted for 91.7% of all animals transported é&doy
the local people, while the corresponding propartin 1984 was 57%. This result
suggested that thie. perna stock was adversely affected, as indicated byddwease in
numbers of this preferred species in the bags ltédators. Another indication of this was
the marked decrease in density and modal and mieas sf the mussels found at
persistently exploited sites compared to those thate protected (Lasiak 1991).
Comparisons of non-reserve and reserve sites irdidhat within the protected sites
perna was considerably larger than those collected atoged sites (Siegfriectt al.
1985, Hockey & Bosman 1986, Lasiak & Dye 1989, Bksl1991). Therefore, in some
sites, P. perna appeared to be susceptible to depletion. Howeard despite the
impoverished state of the exploited populationreheras no evidence of recruitment
failure (Lasiak 1991), although Harm al. (1998) found that low mesoscale population
densities in the Transkei were associated withiqdarly low rates of recruitment.
Siegfried et al. (1985) estimated in their study area on the Transkast that each
collector removed, on average, 6 kg (wet-weightjnofssels (approx. 725 mussels) per

collecting trip. If this quantity was extrapolatatbng the whole Transkei coastline, an



estimate of approximately 12 tons of mussels waieert annually per kilometre of
shoreline by subsistence collectors (Siegfieedl. 1994). Another estimate showed that
along 100 km of this coastline, more than 5.5 tang.of shellfish, mainly mussels, are
removed annually by subsistence collectors, withximam removal rates of >14
tons.km' (Hockeyet al. 1988).

It has been suggested that shellfish-derived prageinutritionally important in
supplementing the herbivorous diet of the peoplendi along the Transkei coast
(Siegfried et al. 1985). This is reflected in the reduced incidené¢ekwashiorkor (a
disease resulting from protein deficiency) closetlte coast (Siegfriect al. 1985,
Hockeyet al. 1988). Most of the collecting is carried out bymen and children at low
spring tides, and their efforts are concentratedheninfratidal fringe, decreasing up the
shore (Hockey & Bosman 1986). This observationugperted by midden analysis; the
majority of animals consumed are species abundewt dn the shore. Organized
intensive collecting is restricted to periods ofisg tides; daytime, with mornings
preferred for collecting; and takes place duringeasons (Hockey & Bosman 1986).

In most studies of marine resource exploitationyguh comparisons between
human non-impacted sites (normally coastal zonatsafe protected by law enforcement)
versus impacted sites have been conducted (Detrah 1987, Duran & Castilla 1989,
Keoughet al. 1993, Oliva & Castilla 1986, Siegfriettial. 1985). South Africa has a long
history of establishing Marine Protected Areas (MPAnd there are currently 57 areas
that receive some form of protection. Many of thalew limited fishing, for example,
shore angling may be permitted while intertidal caumities are fully protected. Thus,

about 4.7% of the coastline is fully protected amobut 10% receives substantial
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protection (Attwoockt al. 1997). The efficacy of these reserves variesglgrdependant
on the degree of management in these reservesciB&a@dendaal 2003).

Various studies have examined the effects thatetihd®As have on mussel
populations in South Africa (Crawford & Bower 198Siggfriedet al. 1985, Hockey &
Bosman 1986, Lasiak & Dye 1989, Lasiak 1991). Im Tmanskei region, the population
size composition oP. perna populations at protected and exploited sites en¥kei has
been extensively documented (Siegfrietchl. 1985, Lasiak & Dye 1989). The lack of
abundance and truncated size composition of exgploistocks relative to their
counterparts in protected areas suggests that ey contribute little to the overall
reproductive output of Transkei stocks (Lasiak J9%&hother observation on this coast
was the discovery of changes in the communitiesvdet exploited and non-exploited
sites. The protected site was dominatedPbperna and coralline algae, whereas in the
unprotected site, corallines and the green Glgalerpa spp. were the dominant species
(Hockey & Bosman 1986). On the south coast, madkédrences were found between
the size-frequency distributions and biomas®.gberna inside and outside conservation
areas (Crawford & Bower 1983).

The two exploited species studied in this disseriatwere Mytilus
galloprovincialis and Perna perna. From previous observations, it was assumed that
harvesters would not choose between species wigaitinxg mussel beds. The selection
of these two species was dictated by several fckarstly, both are accessible and large
species, and therefore extensively harvested ($egét al. 1985, Hockey & Bosman
1986). P. perna is collected in large quantities along the Natadl diranskei coasts

(Hockeyet al. 1988) and is an important food-item that in 1978vjmled approximately
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16% of the annual protein requirements of the @asople in the Transkei (Siegfriet
al. 1985). Secondly, studies have revealed thaperna is particularly vulnerable to
harvesting (Lasiak 1991). Thirdly, both species gnegarious, which makes them more
vulnerable to collection by harvesters (Lasiak 19@hd lastly, there is no data available
about human exploitation on mussels on the stretatpast which is the focus of this
study.

Information regardindvl. galloprovincialis stocks along the south coast of South
Africa is very scarce (Robinsast al. in press). More research has been donB.qerna
especially on the Transkei coast (Hocletyal. 1988, Lasiak 1991) where it has been
shown thatP. perna currently still enjoys healthy subtidal stocksluding large adults
(Lasiak 1991).

A preliminary study of human exploitation was coatdd along the south coast at
three sites: Ngqinisa, Hamburg and Port Alfred (Hid). In total 436 enquiries about
which species people exploit were made to subsisterollectors while they were
harvesting marine animals on the beach. In Hambongssels were the second most
favourite target species. In all three sites, oftla species exploited, collectors were
most concerned about the decline of abaldtediftis spp), then of alikreukel and finally
of mussels. In Port Alfred, owing to its populardg a tourist destination, 10.34% of
mussels collected were for sale to restaurantsh®©tnimals collected for consumption,
mussels accounted for 51.25% in Hamburg and 17 id4Port Alfred (which shows the
importance of subsistence use of the resourceicpknty in Hamburg). Mussels were
not collected for bait at any of the sites. Therage number of mussels collected per

person per day in Hamburg was 19.14 and 4.44 ih Abed. The average annual take
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per subsistence collector was 364.23 in Hamburg &hd7 in Port Alfred (Kaehler
unpub. data). These data contrast with the amolunmtugsels collected in the Transkei,
which Siegfriedet al. (1985) registered as 725 mussels per person per da

Other studies of exploitation on the south coaseHaoked at species other than
mussels (e.g. Foster & Hodgson 2000, Branch & Odeah2003) and no one has focused
on mussels as a main target species. In additisamtdative evaluations of the intensity
of exploitation along the south coast are lackigreover, the intensity of predation has
been assessed only in small study areas alongréimsKei coast where the benefits to the
collectors and the rural community have been evadl¢Siegfriedet al. 1985, Hockeyet
al. 1988).

Most studies of exploitation (e.g. Durdt al. 1987, Duran & Castilla 1989,
Keoughet al. 1993, Oliva & Castilla 1986, Siegfrieai al. 1985) did not attempt to find
correlations between man’s predatory intensity &l population density, land-use
practices or geologic and geographic features. Weweddockeyet al. (1988) found that
the effects of exploitation are confined to thenity of resorts or residential areas and, at
a local level, the intensity of shellfish collegim the Transkei was positively correlated
with human population density.

van Erkom Schurink & Griffiths (1990) indicated thsustained and intense
exploitation pressure occurs around East Londombar 13 in Fig. 4.1) because of a
recent increase in population density, therebyeiasing the number of people who
exploit the shore for their domestic needs, howavemuantification of the crop removal

rate is yet available. No study has detailed a, mwhering and post-exploitation sequence
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to determine whether long-term shifts in commursitsucture occur along the coast of
South Africa.

The Marine Living Resource Act (Anon. 1998) desesibthe regulations
regarding the exploitation of marine resourceshenSouth African coastline. It stipulates
that 30 mussels can be collected per person peragiaythat collection must be done by
hand or with an implement with a blade or flat ecgé exceeding 38 mm wide. As a
result, mussel exploitation by coastal people gulated. However, law-enforcement
efforts have been unsuccessful in ensuring thatlpeespect these regulations.

The aims of this study were: (1) to estimate theddtton of the mussel
community in a wide range of sites along a 160 krmatch of coast; (2) to quantify
human exploitation pressure along the same stretatoast; (3) to relate factors like
number of collectors, beach accessibility, distatacéhe population centers, etc. to the
estimated mussel abundance; (4) to create anl idétabase for future monitoring studies
of mussels along the south coast of South Afriad; @) to discuss the results in terms of

conservation and coastal management.



M aterials and M ethods

Study location

In order to determine whether a relationship existsveen the state of intertidal
mussel populations and levels of human exploitatiothe south coast of South Africa, a
stretch of coast of approximately 160 km in lengds sampled.

The region of study was between Cannon Rocks (3874%°33'E) and East
London (32°97’S, 27°87'Enhumbers 1 and 13 in Fig. 4.4 which approximately 47 km
(30%) is rocky shore. This stretch of coast coasmimarily of a series of quartzitic
sandstone or dune rock (aeolianite) platforms agatilands separated by sandy beaches
(Lubke & de Moor 1998).

From a preliminary survey carried out within thegion, 13 similar sites, each
with a different level of human exploitation, weselected and the mussel community
surveyed (Fig 4.1). All sites were exposed to thmevailing westerly swell and the
physical conditions at all study sites were simikas a result, differences in the biota
observed between sites were assumed to be dudféoedces in human exploitation
pressures. To determine where the harvesters wstgbdted, aerial surveys were
conducted along this coast.

Four of the thirteen sites were located next toinside three coastal nature
reserves (see Fig. 4.1) that supposedly conferegtion to intertidal animals: two of

these were Provincial Nature Reserves (East Lor@oast and Woody Cape Nature
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Reserve) and the third was a local Nature Resdon@n(Muirhead Nature Reserve). The
first Provincial reserve comprises 3 544 ha of laras$t of East London (approx. 25 km
of coastline). The Christmas Rock site is locatedi® western boundary of this reserve
and the Kidd’s Beach site is not in the reservelfitbut is surrounded by the Provincial
reserve. Woody Cape Nature Reserve is a 24 00@®$exrve southeast of Alexandria
(approx. 45 km of coastline), with the Cannon Roske adjacent to it. The Joan
Muirhead Nature Reserve is located between Bustsnand Kariega Rivers and
comprises 30 ha of land (approx. 2 km of coastliméth the Kenton-on-Sea study site
located within the reserve (Lubke & de Moor 1998).

Of the remaining nine sites, three were accesaibdesituated next to urban areas
(East London, Port Alfred, Kayser's Beach); one veasessible and in the former
homeland of the Ciskei (Hamburg); and the rest (KoRocks, Riet Point, Fish River
Mouth, Old Woman’s River, Mpekweni) were sites whigre difficult to get to, either
because access is restricted (e.g. by landownetheg can only be reached by walking

long distances.
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M ussel surveys

In order to estimate the state of the mussel coniieanalong this stretch of
coastline, and to develop an initial database, giussrveys were conducted during the
period June 2003 to April 2004. A single survey wwasformed in each site except for
Hamburg, which was sampled twice, at the beginaimdjat the end of the study period.

At each site, 100 digital photographs were takerhef intertidal rock surface
using 0.5 x 0.5 m quadrats placed randomly alorsgretch of up 50 m of shore. The
areas sampled were within the limits of mussel dhsttibution, either in the mid or low
mussel zones (where exploitation pressure is ggatEhe camera used was a Canon
Power Shot A70 with 3.2 mega-pixels of resolutidine photographs were analysed
using the computer program SigmaScan Pro 5 (SP&Stdnestimate percent mussel
cover as a basic measure, mussel shell width dsas#ie number of mussel patches.

The number of photographs that were used to an&gsk site was determined
from a preliminary study. Firstly, 150 photograptsre taken in an accessible and thus
supposedly exploited site (Hamburg) and a non-ataesand thus non-exploited site
(Riet Point) (Fig. 4.1). An empirical approach &tefmining how large a sample to take
was followed as described in Krebs (1989, p 195 Teans estimated and their 95%
confidence intervals were computed adding the sasngjuadrats) in intervals of 10 until
the totality of the data was used. As sample siea/gthe confidence interval shrank, and
the means stabilized. After analysis of around 3D -photographs the graph showed
reasonably equalized means and by 70 photographsotifidence interval was judged to
be sufficiently small (Fig 4.2a). Examination ofdwnore sites showed that this sample

size was appropriate and proved to be applicablgher sites. The first site was away
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from any population center (Old Woman’s River) lalatively accessible, while the
other site was close to Port Alfred (Rufane’s Riveut with difficult access (Fig. 4.1).
This time only 100 photographs were taken at eachtpAt both sites, between 60 and
70 photographs were sufficient to represent theselusommunity of the sites (Fig 4.2b).
To ensure that all 13 sites had a representativplgasize, 100 photographs were taken
at all sites.

In addition to % mussel cover, width (to the neanem) of the 5 largest mussels
in each photograph was measured (i.e. 500 musselsite). The biggest mussels from
each photograph were considered as the first agithalt the harvesters would collect
(Morenoet al. 1984, Tsuchiya & Bellan-Santini 1989). In this wiaag mean size of the
biggest mussels for each site could be determidsethg width as a measure of the size
of the mussels proved to be the most reliable measfi size when analysing the
photographs. Most studies on the ecology of mamuogsels use maximum shell length
as a means of measurement (e.g. Berry 1978, TsuchiBellan-Santini 1989, van
Erkom Schurnik & Griffiths 1990, Calvo-Ugarteburu McQuaid 1998a, b, Guifiez &
Castilla 1999, McQuaid & Lindsay 2000, Hicésal. 2001, Rius & Cabral 2004), but in
others studies, width has been used successfully $eed & Richardson 1999, Steffani
& Branch 2003a). Alongside % mussel cover and maxrinwidth, the mean number of

mussel patches in each photograph was also dettmin
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Aerial surveys

During spring low tides between February 2002 agpt@nber 2004, seven aerial
surveys of the study area were conducted’ @dbruary 2002, 28February 2002, 10
December 2003, 21February, 2% April, 6" May and ¥ September of 2004). A high-
winged PIPER TRIPACER (1957 Model) aeroplane wasiuflying between 185 - 215
meters above sea level at 170 - 185 kinFhe time taken to fly the 160 km was
approximately 1 hour. The survey was conductedewiach day during the outbound and
inbound legs of the flight. The first survey waarstd one hour before low tide while the
return journey started at the time of low tide. iDgreach survey, the number of people
on shore was counted for 1 km stretches. Each pevas classified according to activity
which included collecting shellfish (harvesterspgkng (fishermen) or ‘other’ (leisure

activities such as walking and sunbathing) (follegvHockeyet al. 1988).

Data analysis

Pearson's correlation test was used to examindiorgdlips between the
variables: percent mussel cover, maximum widthrandber of patches.

The data obtained from these three variables frintha sites were tested for
normality using the Shapiro-Wilk’'s W test, and hayeoeity of variances was tested with
Levene's test. The three variables were compareeebea sites by the one-way ANOVA
test. If data from the tests failed to meet theuaggtions of parametric tests, and
transformation did not normalize the variables, plaeametric ANOVA was still used to
allow all comparison of sites on the assumptiont &IMOVA is robust (see Chapter 3),

given such a large sample size. Nevertheless, theparametric Kruskal-Wallis
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ANOVA test was used for all the data to check @ tesults from the ANOVA were the
same.

A post hoc Tukey HSD test (when ANOVA test was (Qsadd a Multiple
Comparisons Kruskal-Wallis test (in the case of nlba-parametric test) were used for
multiple comparisons of mean ranks of all group®iider to find homogenous groups
among the sites.

A Principal Components Analysis (PCA) was usedeiate the three variables
and a PCA graph was used to visualize the groupiisges.

In order to investigate for potential differencestvieen years in Hamburg, the
three variables were compared individually usirgttio dependent-samples Sign test.

For the data obtained from aerial surveys, the kaligvallis ANOVA test and
the Multiple Comparisons Kruskal-Wallis test wesed to find out if differences existed
between the various types of activities recorded.

All tests were analysed using the STATISTICA conmspuirogram (version 6.1)

and a critical probability of 5%.
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Results

M ussel surveys

Data on % mussel cover, maximum shell width and memof mussel patches
from the samplings are summarized in Fig. 4.3.itmsswhere mussel cover was lower,
the maximum shell length was smaller and the mysselilation patchier, while in more
protected sites the % mussel cover was higher,ldhgest mussels bigger and the
distribution less patchy.

The mean values of the three variables for allssitere scanned for possible
correlations. The % mussel cover with mean numlbgratches were correlated with a
linear trendline while % mussel cover and maximumdtiiv were correlated using a
polynomial trendline (Fig. 4.4). The Pearson Catieh Test confirmed the existence of
significant correlations between these variablegative for % mussel cover and mean
number of patches (Pearson correlation = - 0.65*4f)d positive for % cover and shell
width (Pearson correlation = 0.60***),

For most sites data obtained from % mussel covdrrammber of patches failed
the normality test (Shapiro-Wilk's W test, p < 005Two sites passed the test
satisfactorily, though only for % mussel cover. e other hand, data for shell width
showed normal distribution (Shapiro-Wilk’s W tegt> 0.05) for most of the sites, with
only three sites failing the test. However, alladaets failed Levene's test (p < 0.05). In
the end, no transformation could normalize therihistions.

1-way ANOVA and non-parametric Kruskal-Wallis ANOWasts both revealed

strong site effects for all three variables (ANOW&St: F = 180.26***; F = 146.27**, F
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= 40.481**; Kruskal-Wallis test: H = 878.96***, H= 840.95** H = 539.83***; %
mussel cover, maximum width and number of patchsgactively).

The results from the post hoc Tukey HSD test wdneost equal to the non-
parametric test (Multiple Comparisons Kruskal-W&allest) and provided nearly equal
grouping of the sites (see Table 4.1a, b, c). Ftbese results, three groups were

commonly discerned from multiple comparisons’ festhe three variables (Table 4.1d).
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Table 4.1. Results from the Tukey HSD tests and Nhatiple Comparisons
Kruskal-Wallis tests to determine where significatifferences lay in analyses of %
mussel cover (a), maximum shell width (b), numbigpaiches (c) and the final grouping

(d). X’s in same column indicate no significantfeliénce between sites.

a)

| % mussel cover Parametric Non Parametric
Site Homogenous groups Homogenous groups
Cannon Rocks X X
Kenton-on-Sea X X
Kowie Rocks
Port Alfred
Riet Point X X
Fish River Mouth X X
Old Woman's River
Mpekweni
Hamburg 2003
Hamburg 2004
Kayser's Beach
Christmas Rocks
Kidd's Beach
East London

X X
X X

X X X X
X X X X

X X X X

b)

| Shell width Parametric Non Parametric
Site Homogenous groups Homogenous groups
Cannon Rocks X X
Kenton-on-Sea X X
Kowie Rocks
Port Alfred
Riet Point X X
Fish River Mouth X X
Old Woman's River
Mpekweni
Hamburg 2003
Hamburg 2004
Kayser's Beach
Christmas Rocks
Kidd's Beach
East London

x X
x X

X X X X
X X X X

X X X X
X X X X

c)

| Number of patches Parametric Non Parametric
Site Homogenous groups Homogenous groups
Cannon Rocks X X
Kenton-on-Sea X X
Kowie Rocks
Port Alfred
Riet Point X X
Fish River Mouth X X
Old Woman's River
Mpekweni
Hamburg 2003
Hamburg 2004
Kayser's Beach
Christmas Rocks
Kidd's Beach
East London

X X
X X

X X X X
X X X X

X X X X
X
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d) Site Homogenous groups
Cannon Rocks X
Kenton-on-Sea X

Kowie Rocks
Port Alfred
Riet Point X

Fish River Mouth X
Old Woman's River
Mpekweni
Hamburg 2003
Hamburg 2004
Kayser's Beach
Christmas Rocks
Kidd's Beach
East London

X X

X X X X

X X X X

A PCA graph (Fig 4.5a) was used to visualize thalfgrouping of the sites from
the Table 4.1d and to show which variables weretnmfisiential at each site (Fig 4.5b).
91.83% of the variability from the three variabileas explained by factor 1 (horizontal
separation along axis 1), while factor 2 (vertisaparation along axis 2) only described
7.62% of the variability. The first factor was ditly proportional to the shell width and
% cover of mussels and inversely proportional tmber of patches. These results were
in accordance with the Pearson correlations folnoye. Factor 2 was affected positively
by % mussel cover, and negatively by shell widtth anmber of patches.

Sign tests showed non-significant differences fomissel cover and number of
patches between data collected in Hamburg in 20082004 (Z = 1.%, Z = 0.21°
respectively), but significant differences for dhveldth (Z = 5.3***), with a decrease in

maximum shell width from 2003 to 2004.
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Aerial surveys

The data obtained showed that along the coasttieepeople who engaged in
recreational activities were the most frequenttersi of the shores during low tides,
followed by the collectors and finally anglers. Auskal-Wallis test on people activities
showed significant effects (Shapiro-Wilk’'s W te¥t, = 0.9*; Kruskal-Wallis test, H =
7.72*) and Multiple Comparisons Kruskal-Wallis tessiowed that the number of anglers
and those engaging in recreational activities tbffle significantly (p < 0.05), while
collectors did not significantly differ from any tfe other groups (p > 0.05).

From all the surveys, a mean density of 0.86 ctlsckm® was found along this
coastline. The distribution of the harvesters altiveggcoast is represented in Fig. 4.6, with
counts of people within a 3 km and a 5 km radiwsnfrthe study sites. Central sites
showed low densities of collectors, while at east@nd especially western sites, the
densities were higher.

The % mussel cover, maximum shell width and numbkemussel patches
(dependent variables) were plotted against numbeplkectors within 3 km and 5 km
radii (independent variables). Poor correlationsrevéound in all 6 combinations
(correlations coefficients between 0.19 and - 0.ZBg trendline that gave the best fit in
all combinations was the exponential, and, foitlalee variables, 3 km showed a closer
relationship than 5 km. In this way, for % musseVer and collectors within 3 km, the
equation was y = 0.40888%X 12 = 0.10; for shell width and collectors within 3 kit
was y = 0.0418" %% 2 = 0.22; and for number of patches and collectatisim3 km, y =
1.5677&17°% 2 = 0.16. The Pearson Correlation Test confirmed tiwacorrelations

among all 6 combinations were significant (p > .05
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Discussion

This work is the first approach to the study of laumexploitation of mussels on
the south coast of South Africa. As a general agich, this study found that protected
and inaccessible sites showed healthy mussel pignga while at accessible and
unprotected sites, less cover and abundance ahbggels were encountered. However,
no correlations were found between the presenceotéctors and the status of the
mussel populations.

Over-exploitation of many stocks of mollusc fisksrihas resulted in their
collapse or severe decline (Breen & Adkins 198Qc&hnowski 1984, Breen 1986,
Bustamante & Castilla 1987). The reason for thistres around recent changes, both
guantitative and qualitative, in the patterns opleiation. These changes have come
about as a result of, among other factors, thedrgpowth of human populations
(particularly in coastal areas), the replacememsiutisistence by commercial exploitation,
as well as technological advances both in methédsltection, processing, storage and
transportation (Eekhowt al. 1992). There are some instances where recenngsive
exploitation has brought exploited populations dowm very low levels (e.g.
Choromytilus chorus in Chile; Winteret al. 1984), or to local extinction (e.fatella
candei in the Canary Islands; Hockey 1987). In the la¢tesmple, intensive exploitation
of the intertidal organism is considered to becdacontributing to the global extinction

of the endemic Canarian black oystercatddaematopus meadewaldoi (Hockey 1987),
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although, there is no evidence that subsistenciectimn alone has led to the global
extinction of any algal or invertebrate specieg@Biedet al. 1994).

Marine mussels have high natural mortality ratesulteng from intraspecific
competition for space (Griffiths & Hockey 1987),dapopulations can withstand high
predatory pressure because of this, particularlgmthe mussels are small (Hocletwl.
1988). Human exploitation on mussels can be sewmilen harvested areas, densities and
the maximum and mean sizes of mussels can potgnitieldepressed (Siegfries al.
1985, Hockey & Bosman 1986). The susceptibilitynofissels to stock depletion is
related to the sessile habit and gregarious temeeioé mussels, and thus collectors can
easily engage in large-scale removal of clumpsidividuals (Lasiak & Dye 1989, Rius
& Cabral 2004). On the Transkei coast, the decngasumber oPerna perna in recent
shellfish collections and its increasing scarcitytbe shore (i.e. decrease in density and
average size) indicate a situation of overexploita{Siegfriedet al. 1985, Hockey &
Bosman 1986, Hockest al. 1988). Subsequently, the reduced availability akgels for
collection has led to increased exploitation-pressan other intertidal species such as
limpets (Siegfrieckt al. 1985).

Along the south coast, the present results sugipastat some sites, mussel
communities are affected by harvesting. A significdecrease in percent mussel cover
and mean sizes of the mussels, in some sites, calitthte stock depletion. In relation to
size, the size at sexual maturity for mussels dépem its relationship with the size
preferences of the shellfish gatherers. If the sizesexual maturity is less than the
collected size, the exploited population normatiglides some reproducing individuals.

If, however, the size at maturity is greater thia@ tollected size there is a serious risk



that removal of large numbers of reproductivelynacindividuals will drastically reduce
the recruitment of the population (Lasiak 1991).tAé study sites, measurements of
maximum shell width reflected reduced mean sizthefbiggest mussels in unprotected
sites in relation to inaccessible or protectedssitehich suggests the effects of harvesting
activity. The size oP. perna at maturity is 25 - 30 mm total length (Lasiak 129rom
one of the present study sites, a sample (n = (). perna was collected and
measurements of the shell (width and maximum lengtkere undertaken. Linear
regression between width (as y) and maximum legaghx) was obtained: y = 0.45x +
4.13 (# = 0.58, F = 21.65**) (author’s unpub. data). Acdimg to this equation, 25 - 30
mm of maximum length would equate to 15.35 - 171 midth respectively. All sites
showed larger mean shell width than 20.24 mm (thise was from Mpekweni, the site
where the largest mussels were smaller) that, douprto the previous equation,
correspond to a maximum length of 35.89 mm. Theegfihe biggest mussels at all study
sites were larger than the size at sexual matufitys suggests that even though some
populations were severely harvested, human hangeptessure is not yet strong enough
to produce a complete reproductive failure of thesssel populations.

Pearson correlation analysis between the variaflesiussel cover, maximum
shell width and number of patches, resulted in %salicover being positively related to
the size of the mussels and negatively relatedutober of patches. These results show
that at sites where mussel community distributias \watchier, less mussel cover and a
decrease in mussel size mussels were encountes=iinpably because of the effect of
human exploitation. Because of the big sample aiz the highly significant Pearson

correlations found among these three variablesuseeof all three variables in future
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studies along this stretch of coast is not impeeati-or example, to evaluate the state of
the mussel beds it may be sufficient to measurg &mnlmussel cover and apply the
equations provided above to estimate maximum sfiéth and number of patches.

All three variables showed significant differencasmong the various sites.
Multiple comparisons analysis tests provided homoge groups that were classified in
three categories. In Fig. 4.5a, eight sites (CariRocks, Kenton-on-Sea, Riet Point, Fish
River Mouth, Kayser's Beach, Christmas Beach, Ksd8léach and East London) showed
positive values of factor 1 in the PCA analysis, they were the most unexploited sites
where mean shell width and % mussel cover werehtgbest and mean number of
patches the lowest (see Fig. 4.5b), and these wdes divided into two groups (Tukey
test). These two groups differed presumably becthesgroup including Riet Point, Fish
River Mouth and Kenton-on-Sea showed comparativegher % mussel cover and a
decrease in mussel size than the other group.

Non-exploited sections of the coast act as importhaffer zones” or “source
areas” from which species can recolonise providiegruitment to adjacent shorelines
where collection takes place (Siegfriedal. 1994). However, absence of adults and
recruits has been registered despite an existingcef larvae next to exploited sites
(Harris et al. 1998). Along the studied coastline, extensive igestof shoreline are
inaccessible to man due to their geomorphology, fate that they support very low
human population densities, or are proclaimed eatwserves. Such macro-spatial
refuges are most likely critical in promoting reeoy of exploited populations, in
preventing species extinctions and long-term @versible disequilibria (Hockey 1994).

Eight of the thirteen sites sampled had a mean %seluwover higher than 50%, and



mean shell width larger than 26 mm (i.e. mean maririength of 48.6 mm - from
previous equation): four were next to or withinaure reserve (see Fig. 4.1), two more
(Riet Point, Fish River Mouth) were not easily a&sible sites, and another two (Kayser's
Beach and East London) were situated next to udeaters. These last two sites were
accessible and non-protected areas, but they wese ¢o predominately Caucasian
middle class settlements, which apparently confetegtion against illegal harvesting of
intertidal animals. Interviews with local Caucaspeople revealed that they do not allow
any subsistence collectors (mostly African peofde)ndertake any illegal activity on the
shore next to their settlements (author’s unputa)da

Worldwide, wherever poor communities are situatext o protected areas, there
exists tensions between the demands for accesgsandf resources versus the needs of
conservation and management. In South Africa sorRddJare under threat, especially
in the Transkei region. Political transformationtive country has lead to expectations
that land previously set aside for conservation rbayre-allocated, and several legal
land-claims have been made in order to achieve(Brisnch & Odendaal 2003). Along
the studied stretch of coast, the findings sugtfest the presence of existing nature
reserves effectively confers protection on the mupspulation, including sites that fall
on the boundaries of the reserves.

On the other hand, five sites (Kowie Rocks, Poifrell, Old Woman’s River,
Mpekweni and Hamburg) were located in the negatadees region of factor 1 in Fig.
4.5a, i.e. the most exploited sites where mean shéth and % mussel cover were the
lowest and mean number of patches the highestrdhdts from these sites were more

difficult to interpret, as they were very differem terms of demography, accessibility,
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geographical location, etc. Hamburg is an accessite in the Ciskei region (one of the
former homelands), where, as on the Transkei caadisistence exploitation affects
mussel stocks enormously (Siegfrietcdal. 1985, Hockey & Bosman 1986). Port Alfred is
an urban centre and a very important tourist dastin, which suggests that seasonal
recreational exploitation would drastically affeatissel populations, while through the
year subsistence collectors coming from the arelsrevthe African population and
poverty are concentrated, would harvest in the sareas. Kowie Rocks is a site with
difficult access but it is close to Port Alfred (c& km), which could explain the
moderately affected mussel population found thétewever, inside this group of
exploited sites, Kowie Rocks showed the highesueslof % mussel cover and
maximum shell width, while the mean number of pagivas the lowest (Fig. 4.3). The
Old Woman’s River and Mpekweni sites are away frotman areas, but in both sites a
hotel is close to the zone were the sampling waslucted. Access is normally restricted
to guests and staff of the hotel, and recreati@dgiloitation by these people could
therefore be the reason for the decreased abundamteize of the mussels found in
these sites. Another hypothesis could be that dééors, such as physical disturbance or
lack of recruitment, are affecting the mussel comityuat these sites.

The aerial survey results showed that this coastBmot as highly exploited as,
for example, the Transkei coast. During the suryaymean of 1.18 people.dagm™
were recorded and, in comparison, on the TranskastcHockeyet al. (1988) counted
2.74 people.day:,km™. Popular sites where people could always be foumwesting
were possible to identify, but never at the samastig as in the Transkei, where Mills

(21985) found that the density of collectors in doeation had increased from 5 to 20
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people.day.km™ in the last 30 years. Mills (1985) also recordeak tluring one day in
the middle of a drought 316 women were collectimgitidal organisms at one site.

In our aerial surveys, no counts of sex, age oe micthe collectors could be
accurately conducted, however, most of them appetardoe African men followed by
Caucasian males. In the Transkei, Hocletyal. (1988) registered that 91% of the
collectors were Africans and the remainder werec@sian, while contrarly, in terms of
sex, women dominated the collecting activities 80.of all collectors). On the other
hand, almost all recreational people and fishermere Caucasian.

Comparisons between Fig. 4.3 and Fig. 4.6 show ttlminumber of harvesters
registered from the aerial surveys did not coreehaith apparent damage to mussel
populations on this stretch of coast. It was exgxdhat the number of collectors would
correlate negatively with maximum shell width andnf@ssel cover, and positively with
number of patches, but there was no significanetation between numbers of collectors
and the variables. Paradoxically, in sites nexdrtm nature reserves, the mean number of
collectors was generally greater than in non-ptetkareas (Fig. 4.6). A possible reason
for this would be that people observed from theaplavere collectors of other organisms
(for example, abalone or alikreukel) and not of s&ls. Another interpretation is that the
collectors registered were not in fact collectorg kvere rather recreational people
observing the rocky shores (particularly suggestdilthe western sites). Another reason
explaining the results from the aerial surveys dobé that mussel harvesters, after
removing most of the big mussels from the explog@ds, are moving to other zones
where mussels are abundant. This hypothesis isgvenwimprobable as subsistence

collectors can not generally travel long distancefvoured sites. On the Transkei coast,



collectors walk an average of 1.5 km between honte the intertidal zone to exploit
mussels and other organisms during low spring ti@¢ser collectors living as far as 10
km inland, visit the shore on foot, but these peapktrict their visits to the coast to one
or at most two days per month, when low springgtideincide with favourable weather
(Mills 1985, Hockeyet al. 1988). As a result, subsistence collectors areerpécted to
travel distances further than 10 km, which mears tlollectors from one of our study
sites would most likely not travel to another oé thtudy sites to collect mussels. In
summary, these unexpected results strongly sudigestecessity of more aerial surveys
and enquiries on the beach in order to understamdiistribution of collectors along this
coast.

Hamburg was the only site monitored over time. Fr@003 to 2004, a
statistically significant decrease in the mean Isiw&th of mussels was found. These
results suggest active size-selection of the msidsivested from one year to the next.
The fact that no significant differences were folnedween years of % mussel cover and
number of patches, suggests that the method usexkpimit mussels was selective
removal and not the method observed by Lasiak & @$89) and Rius & Cabral (2004),
where large clumps of mussels were removed andetiielarge animals subsequently
selected.

The results suggest that the mussel populatiorthisrstretch of the south coast
are affected by human exploitation but are not umdeninent threat of stock-depletion.
The non-continuous harvesting pressure distribuatong the coastline theoretically
allows larvae from less exploited sites to suppig highly exploited sites with new

recruits (Siegfriedet al. 1994), even though this is not always the caseri@let al.
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1998). Mussels are not the main target of the ctuls and are not economically very
valuable (Kaehler unpub. data). The importance ofssels as a food resource for
subsistence collectors appears to be of only mtel@rgortance at a few sites along the
coast, particularly in the Ciskei. A second andasafe conclusion is that the presence of
the invasive Mediterranean musddl galloprovincialis does not seem to affect the
harvest activity, as harvesters collect both seiaidiscriminately (author’s unpub. data).

On the South African coast the intensity of expldn varies. The most intense
exploitation and higher population density are fbwn the east and southeast coasts
where the smallest stocks have traditionally edisten the other hand, the extensive
resources along the unpopulated west coast remainaly pristine (van Erkom
Schurink & Griffiths 1990). Along the south coashder a properly managed regional
management policy, this resource could probablypstpa crop of larger magnitudes
than that taken at present.

Subsistence exploitation is extremely difficultdontrol with legislation, partly
because it involves a large number of people,@@lating at a local level (Siegfrietial.
1994). Appropriate legislation could be introdudedimit gathering practices through a
conservative size-selective harvesting quota agprgsee Eekhoutt al. 1992) and to
ensure that the method used to remove organisms lmuby hand or by means of a
narrow iron bar (Lasiak 1991). A successful co-ngamaent system has been established
in Kwazulu-Natal, where mussel-gatherers use saigerd instead of broad-bladed
pangas to remove mussels, thereby reducing thestarg of juvenile mussels and other
species (Harrist al. 2003). Research is required into methods of imipg\coastal

management in the study area, so that the levekplbitation of shellfish can be made
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sustainable. The maintenance of current, and ttablesiment of new, protected areas,
which may act as reproductive refuges, ‘buffer esnand nurseries for exploited
invertebrate species (Hockeyal. 1988), should be the first management priorityolef

a definitive management plan is prepared. A congnsive management plan must be
developed when more information regarding the nmysseulations and other organisms
along this stretch of coast is available.

In the exploited areas, aside from quotas and $izets, the use of closed areas
and closed seasons, provides another way to mangd@tation. This could be done on
a rotational basis. perna is a short-lived mussel with high growth and tweiorates,
and relatively early sexual maturity (Berry 19785 such, it is one of the easiest
intertidal food-resources to manage effectively,d aone option would include
administering stocks on a rotational-cropping basi®rder to spread the exploitation
efforts along the coast. This will leave time foetsettling cohorts to spawn and should
be implemented with the protection of nursery afeasbout 14 months (Siegfriest al.
1985). However, rational management of living resea requires a holistic approach
(Hockey & Bosman 1986, Eekhowt al. 1992). The multi-faceted approach must
combine measurement of population parameters instumded and experimentally
harvested populations, assessment of the effectexpfoitation on the intertidal
community as a whole, as well as the developmenguantitative population and
economic models. This provides the basis for thiomal management of living
(particularly intertidal) resources (Eekhatil. 1992).

On the Ciskei coast (as in the Transkei), managéplians must be considered in

order to allow the sustained exploitation of intkat food resources for subsistence, the
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maintenance of high diversity through disturbanseunwanted due to the resulting
dominance of inedible species and small individuatsler these conditions. Active
management of the intertidal zone in this area shbe implemented, as the value of the
resources to the inhabitants is considerable. Teetveness of this management will
depend on the involvement of local methods, trad#j and knowledge, of the people
associated with the resource use, rather than iswdihe resource alone. In this
subsistence collector community, the efficacy of implementation of a policy will
depend on the cooperation of the local peoplegratan direct law-enforcement. This
cooperation will only be achieved through educatéthe local community. Successful
management implementation in this matter has béen astablishment of a local
management committee at Arniston (southwest coakifh has re-invested parts of the
profits from fishing quotas back into community bames to uplift the education
standards of local youth (Branehal. 2002b).

The Marine Living Resource Act (Anon. 1998) estsiidid the legislation for the
protection of the marine ecosystem and the sudtignase of living marine resources.
Previous studies of subsistence fisheries were rtaddsn in order to gain an
understanding of how many subsistence fishermem tvere, where they operate, what
resources they exploit, and what the uses of teeurees were, in order to develop the
Act (Branchet al. 2002a, b, Clarlet al. 2002, Cockcrofet al. 2002, Harriset al. 2002a,

b, Haucket al. 2002). This legislation recognizes and protecesrtghts of subsistence
gatherers who rely on marine resources to sudtain ltvelihoods, and determines which
resources are most appropriate for their use. @rstluth coast (in the former Transkei

and Ciskei) intertidal rocky shore invertebrateg amtensively harvested or over-
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harvested by subsistence collectors (Hockey & Bosi@86, Hockeyet al. 1988).
However, the application of this Act in recent ygaindicated that changes in
management strategy can yield more efficient andensuistainable fishing practices,
with benefits for subsistence fishermen and impnasets in the state of the resources
(Branchet al. 2002b).

The existing data presents evidence of the sulistampact of the collectors on
mussel communities along the south coast, and geoan initial database for further
monitoring studies, from which a management plaritfs specific area can be proposed.

Long-term biological studies linked with socio-eoamc studies of the region are
necessary to assemble a holistic approach to mareagef intertidal resources along the

south coast of South Africa.



Chapter 5:

Final Conclusion

Records regarding the introduction and spreadvigfilus galloprovincialis in
several temperate parts of the world are relativelyent (from the 1970s), and are
presumably as a result of increases in speed aedos$iships that facilitate the viable
transport of alien species. In this respect, thdavar and rapid spread oM.
galloprovincialis in South Africa, could be easily predicted, as $tmeith African coast is
one of the major shipping routes worldwide. Theyasurprising feature of the arrival of
M. galloprovincialis on the South African shores was that it firstvaadi at the relatively
small port of Saldanha Bay and not at a larger modh more utilized harbour such as
Cape Town (Branch & Steffani 2004).

On the west coasl/. galloprovincialis is competitively superior in all aspects to
the indigenous mussel species (van Erkom Schurin&réfiths 1990, Hockey & van
Erkom Schurink 1992) and to prevent being contiley predation, high recruitment
rates overwhelmed the effects of predators (Braa@teffani 2004). Another effect of
the invasion was the impact on the limpet communggrticularly on the species
Scutellastra granularis andS. argenvillei. The different characteristics of the two limpet
species results in completely different dynamics their interactions with M.
galloprovincialis. This is in accordance with the idea that invasiare informative about

the structure of communities and the strength t¢éractions that occur between the
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species that form that community (Williamson 19983. a result, the effects of alien
invaders are as much due to the properties ofebipient community as they are due to
the nature of the invaders themselves (Branch &&te2004).

The capacity to predict and detect the consequesfcas invasive species in one
particular environment will always be limited byetloccurrence of unexpected outcomes
of introductions. For example, Branch & SteffanD@2) described one unpredictable
effect of theM. galloprovincialis invasion: the mass mortalities of the swimmingbcra
Ovalipes trimaculatus (De Haan), as a result of large numbersviofgalloprovincialis
recruits settling on the eyestalks and mouthpdrtee crab, as they constitute the only
hard substratum on which the mussel larvae carlesett sandy shores. These
unpredictable consequences of the invasion strengthe scepticism of Macét al.
(2000) regarding the value of predictions basedjoalities of the invaders, and their
view that prevention is better than cure and mesthe prime means of avoiding future
unwanted introductions of invasive species (Brak@teffani 2004).

Once a species has become established and sprerdist point of introduction,
eradication is almost impossible (Maekal. 2000). Primary means of prevention are
actions directed at fouling organisms on shipsjabalvater procedures, as well as
rigorous controls imposed on the mariculture andaagm trades (Minchin 1996).
Another consideration that must be taken into astaithat all species with long-lived
planktonic larvae are likely to be invasive andhwthe potential to spread rapidly.
Avoiding their introduction must therefore be agpity (Branch & Steffani 2004).

Biological invasions are not always detrimentalpeleding on the context and

point of view that people have regarding the probl&rom an ecological perspective,



invasions can have broadly positive and negativelogal consequences in the
community. The arrival ofM. galloprovincialis in South Africa is, for example,
unfavourable because it displaces some local spebigt, on the other hand, it has
positive effects in terms of conservation becatisepplements the food supply of a rare
and endangered species, the oystercatelaematopus moquini (Hockey & van Erkom
Schurink 1992).

Economically, and from the human perspective, thiciions can be highly
beneficial or detrimental. The entire South Africarussel industry is based dvi.
galloprovincialis (Robinsonet al. in press). Ironically, the properties that make
galloprovincialis attractive for mariculture (fast growth, tolerarafestress, immunity to
parasites and disease, high survivorship) are dheesas the ones that make it likely to
become invasive (Branch & Steffani 2004). Musséiuza is not a traditional activity in
southern Africa, but on the west coast, such omerathave shown an exponential
growth over the past few years (van Erkom Schuéin®riffiths 1990). The presence of
this species in massive concentrations on the skwollebenefit this industry, as
settlement of its larvae on culture ropes will aeilitated. As a result, the introduction of
a species for mariculture may make economic sensié inadvertent introductions of
associated diseases or pest species appear, dr th@tienvironmental costs are
incorporated (Maclet al. 2000). For example, in the case of the Zebra nhisessena
polymorpha invasion in North America, the economic implicasohave been greater

than any other mussel invasion worldwide (Straget. 1999).
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As a result, there is a need for clear national iatetnational policies that take
into account both human needs for food and industsywell as conservation goals
(Branch & Steffani 2004).

On the south coask. galloprovincialis found more oligotrophic waters, higher
species richness (Emanuetl al. 1992), and a stronger competitor in the indigenous
mussel specie$érna perna) than on the west coast.

The rate of spread of thd. galloprovincialis invasion along the south coast has
decreased in the last 10 years and the preserdrmastst limit of its distribution on
South African shores is East London. This city esents the boundary of two
zoogeographical zones, which could be the reastmably noM. galloprovincialis were
found further east. Other possible reasons couldhbehigher species richness of the
South African coastline when moving further eagnéauelet al. 1992, Branchet al.
2002b), competition for space wikh perna or, simply, the need for more time to spread
to the east. As a result, no effect of the invas®rexpected further east than East
London, and on the south coast, no big communigngks are expected as a result of the
invasion, as the density of this invasive specreth@ coast is not comparable to the west
coast, where it drastically changed the intert@ahmunities.

In summation, on the south coabt, galloprovincialis has not yet completely
replacedP. perna, instead, the two exhibit spatial segregation Vtlperna dominating
the low shoreM. galloprovincialis the high shore and an overlap zone between the two
(author’s unpub. data; Robinsenal. in press).

From the results on the rate of sprelsld galloprovincialis showed faster spread

on the high shore than on the low shore suggebetigr performance in higher intertidal
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zones, which strengthens the idea of spatial sagjeeg The same was found in the
competition experiment where the survivalPofperna appeared to be better on the low
shore than on the high shore with the oppositepaforM. galloprovincialis.

P. perna shows characteristics of invasive species, and, r@sult, is an invasive
species in America and is spreading in regions qaltre prevailing environmental
conditions of the Gulf of Mexico (Hickst al. 2001). On the South African coaft,
perna is a stronger competitor than was thought in th&t,pand on the south coast and in
the presence d¥l. galloprovincialis, the present study showed that it is a more dombina
competitor for the space on the low shore thanalien species. Another observation
from this study was that the byssus attachmerntetwo species differ®. perna being
much stronger thaM. galloprovincialis. As a result, the survival of the invasive species
on the south coast seems to be limited by the pecesefP. perna beds, which confer
protection against dislodgement by wave actldawever, in the absence of strong wave
action,P. perna competitivelyexcludedM. galloprovincialis.

Further study would be necessary to confirm thesealts and to corroborate that
the situation found on one particular shore cowdelxtrapolated to the whole South
African shore. Firstly, an experiment in the thd&éféerent mussel zones on different parts
along the south coast should be conducted. Anotleeessary study would be to
determine whether the interactive processes chasgene approaches the west coast,
where the invader was initially introduced. A fugthtest would be to run the same
experiment in other parts of the world where thisge species interact, for example in

Morocco or in Namibia, to determine whether the sgrattern is encountered.



P. perna forms an important part of the diet of the peoplelranskei, and has
been overexploited in unprotected areas (Siegfiead. 1985, Lasiak & Dye 1989, van
Erkom Schurink & Griffiths 1990, Hockey & van Erko8churink 1992). It has been
predicted thatM. galloprovincialis will spread into the Transkei in the next few ygar
settling in these exploited areas, proving advadag for people that rely on mussels as
a food resource. From the present results, itghlfiiunlikely that this will ever happen,
however, further studies will be necessary to cw&i monitoring the spread of this
invasive species and assess possible consequdrhesadien invasion in the future.

Competitive interactions that involve more than temecies may introduce an
additional outcome, namely indirect effects. Ify fxample, a predator feeds on two
species, which are competitors, its direct effectehem must be negative. Indirectly it
may however, have a positive effect on one of tlepseies, by suppressing the numbers
of its competitor (Castill&t al. 1994). In our study, human exploitation seemedtoot
discriminate between species, and in some sitesritbe a very important factor in
altering mussel communities. As a result, humaragtgtion appeared not to be to the
benefit or detriment d¥1. galloprovincialis.

The study has shown that higher abundances of msussee found in protected
or inaccessible sites, while in unprotected sitessals were scarce. Another question
raised was whether the observed imbalances coadtittebroader community changes in
the long term, particularly in areas where collattoccurs regularly (Sharpe & Keough
1998). This indirect effect and others, includiftaeges to the size, or structure of the
community can lead to changes in resource avatlal@hd imbalances in competitive

interactions. Other species may also become maradamt because of increased food
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availability or reduced competition for space ohestresources (Morenet al. 1984,
Godoy & Moreno 1989). These indirect effects caterofbe more important than the
direct effects, since they reflect changes to thelevcommunity. The indirect effects of
collection are likely to be amplified in commungievhere the targeted species are very
abundant and interact competitively with many otheecies (Sharpe & Keough 1998).
Further studies looking at indirect effects will becessary to assess the effects that the
invasive species and human exploitation can haviherntertidal community along the
south coast.

From the study of human exploitation the preserfceotiectors on the studied
stretch of coast appeared to be lower (i.e. legpdo@ation) than on other parts of the
South African coast (namely the Transkei). Howeleked with the evidence that nature
reserves along this coast effectively protect thassal community, it is highly
recommended that current nature reserves are peesa@nd protected, and that new
protected coastal regions are implemented.

Aquaculture is being seen as a solution in reduttiegexploitation of wild stocks.
However, mariculture output is directed to the Iyxmarket and is unlikely to play any
role in reducing the pressure on wild stocks bys@ibnce harvesters, which, with the
currently increasing human population pressure aiesna serious management problem
(van Erkom Schurink & Griffiths 1990).

There are few cases of management in which theaaidn of wild benthic
resources is done through the implementation atiatal fishery schemes and/or the use
of no-take areas as a source for ‘overspilling’adiults or seeding grounds (Castilla

1999). In South Africa, where there is an integmatoastal management plan, the rigor
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of implementation is poor. Several improvementtemms of efficiency of environmental
policies, legislation and fiscalization need to developed in the near future. More
control of coastal activities will help to improtke viability of all stocks of intertidal
resources.

Long-term studies are necessary to determine tlemmagnitude and effects of
both invasive species and human exploitation andlavbe extremely useful in outlining

management guidelines.
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