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Abstract 

Mussels play an important supplementary role in the diet of local communities on the Transkei 

coast in the Eastern Cape province of South Africa. The exploitation of mussels date back to 

about 1350 years ago, but in the last 3 decades, exploitation of the brown mussel Perna perna 

has become unsustainable with mussels collected as small as 30-40mm when they are only just 

sexually mature. Dye and Dyantyi (2002) developed a technique to rehabilitate areas denuded of 

adult mussels. The government sponsored Mussel Rehabilitation Project (MRP) to use this 

technique but only some sites have been successfully rehabilitated, reaching c. 80 % cover within 

a year whilst others only reach about 5%. At an unexploited site (Riet River), I tested the effects 

of mussel size and wave strength on the effectiveness of the rehabilitation technique, 

hypothesizing that different size classes may respond differently due to differences in their 

energy allocation (growth vs reproduction), while wave action determines food supply. Small (1-

2cm) and large mussels (3-4cm) were deployed for rehabilitation at 2 exposed and 2 sheltered 

sites, separated by 100s m.  

A similar study was repeated in Coffee Bay where shores are exploited. Six sites were selected, 3 

sites that had been successfully rehabilitated and 3 that were unsuccessful according to the MRP. 

Again, two size classes were used but these differed from the first experiment. Mussels of 3-4cm 

size were now rated as small and 5-6cm as large. Two methods were used to re-attach mussels, 

the original and the same method with the addition of mesh bags during mussel deployment. 

Treatments were examined on three occasions at approximately one month intervals. 

At Riet River, the sites chosen did not show differences in wave strength (measured using 

dynamometers) or water flux (measured using erosion of cement balls) so that water motion was 
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excluded from the analyses. Small mussels grew faster and had weaker attachment than large 

mussels. There was no difference in condition index between small and large mussels, or in the 

numbers of recruits settling among the byssus threads of deployed mussels of the two size 

classes.  

In Coffee Bay, there was no relationship between rehabilitation success and maximum wave 

force, and no difference in bulk water flux among sites. Small mussels deployed using mesh bags 

survived better than non-meshed or large mussels of either treatment. There was no difference in 

condition index (CI) between mesh and no-mesh, or between small and large mussels. As in the 

case of Riet River, small mussels grew faster than large mussels, but large mussels attached 

stronger than small mussels, with no effect of mesh. Although the factors that improve reseeding 

of mussels can be identified (use of mesh, use of small mussels, choice of sites with high 

recruitment rates), successful long-term rehabilitation requires appropriate subsequent 

management of re-seeded sites.  
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Chapter 1 

General Introduction 

The distribution, diversity and abundance of marine ecosystems differ from region to another 

depending partly on geographical conditions. Variation in ecosystems is controlled by chemical, 

biological and physical factors such as coastal topography, size of the continental shelf, 

upwelling (Ganachaud et al. 2010) and water motion (Steffani & Branch 2003a, b, c), which 

influence recruitment, growth and survival of organisms (Griffiths 1980; Palumbi 1984; 

Dahlhoff & Menge 1996; McQuaid & Lindsay 2000; Steffani & Branch 2003a; Alfaro 2006; 

Westerbom & Jattu 2006). In the southern part of the African continent, oceanographic 

conditions vary resulting into different bioregions with different species distribution, although 

some species are ubiquitous (Hockey et al. 1988). Apart from natural patchiness, anthropogenic 

activities also affect the spatial distributions of marine organisms.  

 

 

1.1. Influence of anthropogenic activities on the distribution of marine resources 

 

Marine ecosystems have important social, economic and political roles in many countries 

(Marinesque et al. 2012) and have played a significant role from the existence of mankind 

(Hilborn et al. 2003).  Marine animals had been used for human consumption from big animals 

such as whales (Bowett & Hay 2009) to small animals such as shellfish (Underwood 1993; 

Branch & Monero 1994; Siegfried et al. 1994; Dye et al. 1997; Dye & Dyantyi 2002 & Ruis & 

Cabral 2004) and more recently, global marine ecosystems have been described as is in decline 

(Russ & Zeller 2003). The catch per unit effort of fish is in decline, showing a decrease of stocks 
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in the sea due to unsustainable utilization (Hardin 1976). At the end of 20
th

 century there was a 

global increase in exploitation of marine resources (Watson & Pauly 2001; Pauly et al. 2002), 

resulting in a decline of fish stocks. Commercial, recreational and artisanal fishing contributed to 

the decline, with commercial fishing regarded as the major contributor (Hilborn et al. 2003). The 

2009 FAO report estimated that ~57.4% of the world fish stock is exploited, 29.9% over-

exploited and 12.7% are depleted. The use of modern technology with the capability of catching 

fish in deeper areas including nursery grounds led to the decline of marine stocks (Hilborn et al. 

2003). Attempts to manage this problem through Marine Protected Areas are weaker in the 

developing countries (Marinesque et al. 2012) and this may be associated with the dependence of 

poor rural households on natural resources in developing nations (Narain et al. 2008).  

 

Cooke and Cowx (2006) assumed that issues that lead to the decline of fish stocks in commercial 

fisheries can be applied to recreational fisheries. The implication that recreational fishing can 

lead to a decline of fish stock has not received wide attention (Cooke & Cowx 2006).  Recent 

studies have emphasized the need to consider recreational fisheries as another contributor to the 

decline of marine fisheries (Cooke & Cowx 2004; Cooke & Cowx 2006; Post et al. 2002). 

Studies report that recreational fishing is high in developed countries (Cooke & Cowx 2006) 

mainly due to increases in human population size (Yapp 1986). Recreational fishing has been 

reported to show marked effects in developed worlds such as Europe, Australia and North 

America (Cooke & Cowx 2006). According to the US Department of Commerce (2002), 

reported in Cooke & Cowx (2006), only 12% of the entire population have never participated in 

recreational fishing, yet  in Australia alone >70 million finfish were caught recreationally in 
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2002 (Cooke & Cowx 2006), and over 47 billion fish are estimated to be caught globally each 

year for recreational purposes (Cooke & Cowx 2004).  

 

There is another fisheries sector which is often not considered, subsistence fisheries, and a clear 

distinction has not been made between subsistence and recreational fisheries. Subsistence fishing 

can be intense in developing countries (Cooke & Cowx 2004). Data for recreational fisheries is 

difficult to quantify (Post et al. 2002), but data for subsistence fisheries are even more scarce 

(Cooke & Cowx 2004). According to Cowx (2002), the primary objective of recreational fishing 

is pleasure or leisure, while the primary reason for subsistence fishing is to make a meal for the 

day (Cooke & Cowx 2004). The subsistence sector directly benefits local communities by 

providing food and alleviates poverty (FAO 2005). Subsistence fishers tend to consider needs for 

food over environmental protection and as result bag limits are not an effective form of 

management. That might be due to the open approach in recreational and subsistence fishing as 

McConnell and Sutinen (1979) concluded that recreational fisheries under open access result into 

overfishing. Looking at the decline of mussel stocks in the Transkei region of South Africa, it is 

clear that subsistence fishing, like commercial and recreational fishing, contributes to the decline 

of marine stocks, although each is most pronounced in different regions and at different spatial 

scales. As a result of deteriorating marine ecosystems, a call for the restoration of world fisheries 

by 2015 was proposed (World Summit on Sustainable Development Plan of Implementation, 

2002. Johannesburg, South Africa). Although attempts have been made since then, they fall 

below expectations and may take as much as four decades to achieve their targets (Marinesque et 

al. 2012).  
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1.2. Intertidal harvesting 

 

Humans are a major predator of rocky shore organisms all around the world (Underwood & 

Kennelly 1990; Underwood 1993; Branch & Monero 1994; Dye & Dyantyi 2002; Ruis & Cabral 

2004). Their rate of exploitation changes over time due to changes in human population growth 

and economic status. Exploitation of rocky shore organisms is not a new phenomenon, but it has 

increased in recent years due to increases in human populations (Keough et. al. 1993). 

Consequently, the exploitation of rocky shore organisms seems to be a worldwide problem 

(Addessi 1994; Hardin 1976; Branch & Monero 1994). In New South Wales (Australia) as in 

Transkei (South Africa), non-consumable species are also killed in the pursuit of species for bait 

and the search for consumable species (Underwood 1993). Rocky shore exploitation is most 

intense in areas where human populations are high. That has been observed in Australia, the 

exploitation of marine resources is intense in New South Wales where there is highest population 

of people along the Australian coast line (Yapp 1986). In Transkei, there is a high population of 

natives along the coast line (for reasons that are explained later), which has led to 

overexploitation of resources. In artisanal utilization, various animal species may be exploited 

(Farrago et al. 1993) but the target species is determined by the history and economy of the 

region (Farrago et al. 1993). There are several species that have been harvested from rocky 

shores for generations by Transkei coastal communities, such as limpets, crayfish, abalone, 

octopus and the brown mussel Perna perna (Dye et al. 1997). For example, crayfish are 

harvested for economic reasons, mainly by men and boys, to sell to tourists. Recently there has 

been intrusion of men in mussel collection but again, mainly to sell mussels to tourists (Figure 

1.1a). Along the South African coast, mussels are the most targeted intertidal resource (Siegfried 
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et al. 1994). The brown mussel, P. perna (Linnaeus), is a dominant species in the subtropical and 

warm temperate regions of South Africa (van Erkom Schurink & Griffiths 1993), including 

Transkei (Griffiths 1980). It is the major constituent of harvesting on rocky shores. It is mainly 

harvested by women and young girls Figure 1.1b.  In different parts of the world mussels may be 

exploited for different reasons, but human consumption is always a common factor (Underwood 

1993; Branch & Monero 1994; Dye & Dyantyi 2002; Ruis & Cabral 2004).  Mussels are 

exploited for consumption in countries such as Australia (Underwood 1993), Portugal (Ruis & 

Cabral 2004) and in the southern part of California (Addessi 1994). In Portugal, mussels are also 

exploited as bait organisms (Ruis & Cabral 2004). Intertidal organisms are vulnerable to 

predators due to their limited mobility (Branch & Monero 1994), but in the case of humans, the 

use of sophisticated tools and technology allows them to change the entire ecology of a rocky 

shore within a short period of time. Although humans are regarded as major disturbers or 

modifiers of the natural environment, they are often excluded from ecological questions (Castilla 

1999).  
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Figure 1.1.a.  Two gentlemen who harvest mussels to sell to tourists in Coffee Bay 
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Figure 1.1.b.  Women harvest mussels in Coffee Bay 

 

Other organisms are also known to modify natural mussel beds. For example rock lobsters 

(Griffiths & Seider 1980), sea stars (Sommer et al. 1999) and sea birds (Kamermans et al. 2009) 

all feed on mussels. Sea stars are known as one of the main predators on mussels (Sommer et al. 

1999). In the study by Sommer et al. (1999) it was found that > 95% of stomach content in sea 

star was mussel derived diet. Although natural predation on mussels by sea stars may lead to 

local extinction (Saier 2001), their effects are not as fast as those of humans. Starfish and rock 

lobsters are size selective, preferring smaller mussels as they struggle to dislodge big mussels 

(Griffiths & Seiderer 1980, Sommer et al. 1999). In populations of rock lobster there are few 
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individuals that can feed on large mussels (Griffiths & Seiderer 1980). Predation is believed to 

have less effect on mussel populations in South Africa than competition for space (Griffiths and 

Hockey 1987). Intraspecific competition is generally especially important, although more 

recently competition with the alien mussel Mytilus galloprovincialis has completely re-shaped 

mussel populations on the west coast (Robinson et al. 2005). 

 

1.3. Human exploitation of the brown mussel Perna perna (Linnaeus) in South 

Africa 

In South Africa, the harvesting of intertidal resources is focused in KwaZulu Natal and the 

Eastern Cape province, particularly the Transkei region in the Eastern Cape (Hockey et al. 

1988), between Kei River mouth and Port St Johns (Figure 1.2) (Hockey & Bosman 1986).  Such 

exploitation dates back to about 1350 years ago (Cronin 1982).  In this region, harvesting is 

traditionally for subsistence purposes (Siegfried et al. 1994) and is done by females, while men 

catch pelagic species or species with commercial value. Mussels had been harvested to 

supplement a diet predominated by starch/maize (Lasiak 1991). Along the Transkei coast 

mussels are often over-exploited for food consumption (Siegfried et al. 1994), as in Chile 

(Branch & Monero 1994).  

 

Mussels are a significant proportion of the annual protein intake of indigenous local people 

(Siegfried et al. 1985). Hockey et al. (1988) found that shellfish constitute about 8% of annual 

protein intake of local people along the Eastern Cape coast, especially between Port St Johns and 

Kei River Mouth. The 8% of annual protein intake from shellfish might subsequently have 
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increased while the 48% from agricultural products might have decreased due to poor 

agricultural practises. The importance of marine resources as a source of protein is highlighted 

by low cases of kwashiorkor along the Transkei coast (Branch & Monero 1994). In the Transkei 

region there is a higher level of poverty than in any other coastal provinces of South Africa 

(Sowman 2006). Yoko-Ono Maya (2007) reported that in Coffee Bay particularly, children 

harvest mussels as a source of meat as in some households meat is only available on pay days, 

i.e. once a month. Mussels therefore have important nutritional value to indigenous communities 

along the east and south coasts (Lasiak & Dye 1989). The brown mussel is the most targeted and 

preferred prey item for subsistence fisheries from rocky shores in the region (Dye 1992; Hockey 

& Bosman 1986; Lasiak & Field 1995). The limited commercial exploitation is caused by the 

scarcity of large populations of mussels along the coast. In Coffee Bay, mussels gain commercial 

value by being sold to tourists. That leads to the intrusion of men into mussel harvesting. Men 

swim beyond easily accessible areas by tying ropes to the shore to get to inaccessible rocks 

where there are big mussels. Mussels in inaccessible areas can be double the size of those in 

accessible areas (Ruis & Cabral 2004). In areas where mussel harvesting is prohibited, as in 

rehabilitated shores in Coffee Bay and in Dwesa Nature Reserve, mussels form  extensive beds 

(pers. obs.) confirming the profound effects of human exploitation (Underwood 1993). 

There are several factors that determine the timing of exploitation of intertidal resources. In 

southern California for example, exploitation is intense in winter and spring because in summer 

low tides occur at night (Addessi 1994). In South Africa exploitation occurs in late spring, 

summer and in autumn, since there are rough seas in winter, and is most intense in summer. In 

New South Wales and Portugal, as in Transkei, there is high exploitation of intertidal organisms 
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in summer, when the weather is good and the sea is calm, providing suitable low tides and 

exploitation is exacerbated by school holidays (Kingsford et al. 1991).   

According to Botsford et al. (1997) due to human settlement patterns and population growth 

along the coast, rocky shores experience habitat degradation, overexploitation of organisms and 

food-web modifications. Increases in coastal human populations mean higher exploitation rates 

that result in declines in species diversity and richness in many parts of the world (Adessi 1994). 

Botsford et al. (1997) reveals that in order to understand rocky shore ecology there is a need to 

promote links between ecological studies and social sciences. Underwood (1993) emphasized the 

importance of understanding all aspects of exploitation for better management of resources when 

he said “Without detailed knowledge of the patterns of exploitation, the reasons for and the 

possible effectiveness of management, the usefulness of any procedure of management cannot be 

predicted” (page 42). To understand the exploitation of mussels in Transkei, it is necessary to 

understand the history of human settlement and livelihoods in the Eastern Cape Province. 
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Figure 1.2. Map of South Africa showing Transkei region, black lines indicate nature reserves 

and arrows indicate Coffee Bay coastline (Map taken from Hockey at al. 1988). 

 

1.4. The Eastern Cape province of South Africa and the Transkei region: Why so 

much pressure on natural resources? 

The Transkei coast covers about 250 km between the Kei River mouth (south) and the 

Mtamvuna River mouth (north) (Figure 1.3). The area is known for its exquisite natural beauty 

and direct link between people and natural resources. Colonisation by settlers during the 1800s 
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and the role of the apartheid government during the 1900s in what is now the Eastern Cape 

Province might have had an effect on the exploitation of marine resources by changing human 

populations along the Transkei coast line. According to Siegfried et al. (1994), the establishment 

of homelands in the 1960s, which located native South Africans along the coast of Transkei and 

KwaZulu Natal, had severe effects on shellfish due to increased human population growth. In 

South Africa, as in other parts of the world, numbers of rocky shore visitors decrease with 

increasing in distance from public access (Addessi 1994). This is associated with the energy and 

time required to get to the sea. Along the Transkei coast there are rural people who have direct 

access to the coast and use intertidal resources for subsistence, except in areas where there are 

marine reserves as within the Dwesa/ Cwebe Nature Reserve.  As a result it is common to find 

that densities of intertidal organisms are higher where accessibility is limited (Addessi 1994). 

 

The major occupation in the area started about 1850s and after 1878 at the end of Frontier wars 

when native South Africans were moved from the former Cape Province to Transkei by 

European settlers (Fay 2009). That concentrated native South Africans into Transkei. That is 

supported by low exploitation of mussels and other intertidal resources in the Western Cape 

Province of South Africa, where human populations are lower (Branch & Monero 1994).  The 

major exception is the abalone Haliotis midae (Branch & Monero 1994), which is also exploited 

commercially. During the 1990s the exploitation of abalone became totally commercialised 

(Hauck & Sweijd 1999).  

Native South Africans were dependent on farming and natural resources. The increase in 

dependence on natural resources might have begun in the 1940s when the state subsidised and 

supported the farming descendants of settlers, thus reducing the maize market production of 
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native South Africans (Bundy 1979). The dependence on agriculture was then replaced by 

migrant labouring, which took men to cities like Cape Town and Johannesburg in search of work 

(Fay 2009) leading to a reduction in agricultural production. Agricultural practises continued at a 

lower rate and agricultural production became a way to supplement labour income other than 

vice versa (Fay 2009). Poor agricultural practise, lack of labour for subsistence agricultural 

practise, lack of technology, including fencing, and lack of irrigation and damage of produce by 

livestock and wild animals led to a severe reduction in agricultural production (Andrew 1992; 

Timmermans 2004). In 2005 for example, pigs were slaughtered by the Department of 

Agriculture due to an air bone disease, swine fever, pandemic in other parts of the Transkei 

coast. In the last decade there has been a remarkable decline in agricultural practise that might 

have increased the dependence on coastal resources. The increase of school attendance among 

youth and migrant labourers has led to lack of labourers for subsistence agricultural practise and 

now agricultural fields are abandoned (Fay 2009).  

 

The shrinking of the world economy and high inflation rates led to lack of jobs and fluctuating 

mineral prices left the immigrant labourers in danger of retrenchment (Timmermans 2004). 

There have been high levels of unemployment in South Africa which has increased dependence 

on natural resources as a cheap food source and has led to unsustainable utilisation of intertidal 

resources, thus putting pressure on marine resources and exacerbating nutritional problems in the 

region. In this region, pension funds are a major source of income (Timmermans 2004). Low 

income rural people eat a small amount of protein compared to the middle and upper classes, and 

marine derived protein is their main source of animal protein along the coast line (Kent 1997).  
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Figure 1.3. Map of South Africa showing Transkei coast covers about 250 km between the Kei 

River mouth and the Mtamvuna River mouth (Map taken from Reyers & Ginsburg 2005).  

 

1.5. Control measures 

Although there are control measures regulating the collection of marine organisms, they are not 

effective for subsistence fisheries in the region (Siegfried et al. 1994; van Erkom Schurink & 

Griffiths 1993). The problem with the management of fisheries is that only species with direct 

economic benefit are given priority, species harvested and directly consumed for subsistence are 

given a lower value (Sowman 2006).  
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For example, although the collection of mussels is currently standardised in South Africa, along 

the Transkei coast local people continue to harvest illegally by not considering bag limits. 

According to the Marine Recreational Activity Information Brochure (2009/2010), an individual 

with a permit is allowed to harvest only 30 mussels per day. That is not the case in Coffee Bay 

where people remove the entire population without selecting by size (pers. obs.). Although there 

is a standard number of mussels to be collected, there is no size limit for collection of P. perna in 

South Africa (Dye et al. 1994).  Along the Transkei coast, harvesters collect mussels as small as 

30-40 mm (Lasiak & Dye 1989) when they are just sexually mature. Since the rocky shore is 

such a dynamic environment, harvesters do not have enough foraging time to select large 

individuals and the situation is exacerbated by depletion of mussels in easily accessible parts of 

the shore. The removal of entire mussel clumps without considering animal sizes creates gaps 

within mussel beds, leading to loss of the breeding population, food for species dependent on 

mussels, including humans, and loss of habitat for species associated with mussels (Underwood 

1993). With over exploitation, individuals that are capable of producing sufficient offspring are 

removed, thus making natural recovery impossible (Underwood 1993). Also the use of blades   

10cm wide or larger to harvest mussels in Transkei leads to the opening of patches within mussel 

beds (pers. obs.). As in New South Wales, there is a bag limit for every species of mollusc in 

Transkei/ South Africa (Marine Recreational Activity Information Brochure 2009/2010; 

Underwood 1993). Surprisingly in both countries harvesters for whom the bag limit is meant do 

not know about the bag limit (Yapp 1986). For example, although the majority of people along 

the Transkei Coast cannot read English, the Marine Recreational Activity Information Brochure 

is only written in English, which makes it inaccessible to the majority of people in the region. 

Therefore the management of natural resources through bag limits is ineffective and will remain 
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ineffective unless there is a proper introduction of environmental education (Underwood 1993). 

Too, bag limits are not a guarantee of successful management of organisms due to the fact that 

they are not based on ecological assessments or the current state of the species in question and 

how much exploitation can be sustained by a specific shore (Underwood 1993). That shows the 

current management of mollusc is inappropriate. As a result, the current status of natural mussel 

beds is one of overexploitation (Lasiak & Bernard 1995; Dye et al. 1997) and P. perna is 

vulnerable to depletion in accessible areas which are denuded, leaving bare rocks (Dye 1992). 

Currently along the Transkei coast, natural mussel beds are restricted to protected and 

inaccessible areas.  Bag limits need to be revised, adjusted and to be site or region specific 

depending on the population of organisms (Underwood 1993; McQuaid &Payne 1998). Artisanal 

fishing is indeed the most complicated fishing to monitor, manage and is expensive to assess 

(Matić-Skoko et al. 2010). Standardization of quotas for mussels throughout the country is not 

effective for sustainable exploitation. It is not based on a scientific basis, nor does it take into 

account social value. Spatial abundance and exploitation of species depend on the local history, 

economy and social life in the area, and species biology in response to environmental factors 

(Farrago et al. 1993). Although there has been a decline of brown mussels along the Transkei 

coast no measures have been taken to recover the situation. In order to reduce mussel 

exploitation in Transkei a new approach that strengthens interdisciplinary research of ecology, 

sociology and economics is required. Unsustainable exploitation not only leads to environmental 

problems but also to social problems. 
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1.6. Current study 

 

In Coffee Bay, exploitation is exacerbated in summer by the fact that there is an increase in 

numbers of tourists and at the same time monitors or control officers, who are scarce year round, 

are on holiday, promoting overexploitation. Humans affect rocky shore communities in several 

ways by disturbing or modifying them (Castilla 1999). Human influence on rocky shore 

communities is predominantly perceived as negative (Castilla 1999) but this is not always the 

case. In order to establish the original state of mussel beds, human intervention is required 

(Erlandsson et. al.  2011). For example, human effects through experimental and research 

interference can bring positive results. In addition, humans can be regarded as key stone 

predators (Castilla 1999) which can destroy rocky shore communities, but also have the capacity 

to save them. To rehabilitate overexploited population to their original state is challenging and it 

may seem impossible (Branch & Monero 1994). 

Dye and Dyantyi (2002) developed a technique to attach mussels on denuded areas, in order to 

accelerate recovery. The Mussel Rehabilitation Project (MRP) uses the technique to rehabilitate 

shores denuded of mussels in Coffee Bay. Results from the MRP show that some sites have been 

successfully rehabilitated, reaching c. 80 % cover within a year whilst others only reach about 

5%. Although in South Africa an individual with a permit is legally allowed to collect only 30 

mussels per day, from rehabilitated sites local communities have exceptional permits to harvest 

and fill 10 litre containers. The successful rehabilitation sites are easily accessible and the 

harvest is monitored.    
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It seems that there are factors preventing recovery of mussel beds to their original condition 

(Erlandsson et. al.  2011). For example denuded areas are replaced by coralline algae (Dye et al. 

1997), which is the major opportunist occupying space after the removal of mussel beds 

(Lambert and Steinke 1986; Keough et al. 1993) and also covers unsuccessful rehabilitation 

sites. According to Sousa (1979), during early succession once an area has been cleared there 

tends to be an increase in the diversity of newly recruits but eventually one species dominates 

and monopolises the entire area. Lambert and Steinke (1986) found that disturbance of natural 

mussel beds by algae impedes other species associated with mussel beds. Along the Transkei 

rocky shores coralline algae are the monopolising species. Coralline algae prevent recruitment of 

mussels and attachment of settlers to the hard substratum, making them vulnerable to 

dislodgment and reducing natural recovery (Dye 1992; Dye & Dyantyi 2002; Erlandsson et al., 

2005). That is proved by the disappearance of large recruits from algae coupled with the lack of 

evidence of secondary settlement from macroalgae onto mussel beds, suggesting elevated 

mortality of recruits from algae that is expected to approach 100% (Erlandsson et al.  2011).  

 

There are factors known to affect natural mussel beds by affecting settlement, growth and 

mortality (Steffani & Branch 2003a, b, c; Alfaro 2006, Porri et al. 2006). Therefore the present 

study aims to investigate both physical and biological factors which are known to affect natural 

mussel beds such as availability of settlers and recruits, water motion, wave exposure on re-

attached mussels. Physical factors, particularly wave force, might explain differences between 

successful and unsuccessful rehabilitation sites in Coffee Bay as it is known to affect the 

distribution and abundance of mussel populations (Denny 1987; McQuaid & Lindsay 2000; 

Carrington 2002; Steffani & Branch 2003a, b, c; O’Donnell & Denny 2008).  
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Chapter 2 

Does energy allocation to maintenance and growth affect mussel (Perna perna) 

attachment strength and survival on denuded shores?  

2.1. Introduction 

Wave force/action 

Numerous studies shown that wave force affects the distribution (Palumbi 1984; Dahlhoff & 

Menge 1996; Steffani & Branch 2003a; Alfaro 2006; Westerbom & Jattu 2006), growth 

(McQuaid & Lindsay 2000), attachment strength (Hunt & Scheibling 2001), condition index 

(Moeser & Carrington 2006), recruitment (Lasiak & Barnard 1995), density and size 

(Westerbom & Jattu 2006) of mussels. Alvarado and Castilla (1996) found that the population 

structure of mussels differs with the degree of wave action. Generally, biomass is positively 

correlated to wave exposure (Bustamente et al. 1997). At exposed sites there tend to be large 

mussels and high growth rates (van Erkom Schurink and Griffiths 1993; McQuaid & Lindasay 

2000) as food is brought by high water motion to sessile organisms (Dahlhoff & Menge 1996). 

Wave action keeps food particles suspended freely in the water column (Bayne 1993). That has 

been supported by Ackerman and Nishizaki (2004) who found in a laboratory study that an 

increase in water flow led to an increase in clearance of seston from the water column, reflecting 

increased feeding rates.  

For mussels, the drawbacks of sites exposed to strong wave action are high mortality due to 

wave action (McQuaid & Lindsay 2000; Steffani & Branch 2003b) and high energy expenditure 

due to the high demand for maintenance (Steffani & Branch 2003b), and some studies have 
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shown reduced growth due to increased water velocity (Ackerman & Nishizaki 2004). High 

wave force is one of the factors known to cause mortality of mussels by dislodging them from 

the substratum (Hunt & Scheibling 2001; Steffani & Branch 2003a; Prowse & Pile 2005). In 

wave exposed areas, mussels use about 8% and 44% of energy consumed for the maintenance of 

byssus threads and the shell respectively (Hawkins & Bayne 1985). The chances of dislodgement 

are determined by attachment strength, which is determined by the number of byssus threads 

used for attachment (Bell & Gosline 1997) and their tensile strength. Attachment strength 

increases with increased wave exposure (Witman & Suchanek 1984; Hunt & Scheibling 2001). 

Mussels attach to the substratum by means of a byssus which is made up of three parts: root, 

stem and byssal threads. The root connects the byssal threads to the retractor muscles, the stem 

supports the byssal threads and the byssal threads attach the mussel to the substratum by means 

of an adhesive plaque (Carrington 2002). Although byssal threads attach mussels firmly to the 

rocks, they are flexible to avoid breakage. The byssal thread is composed of elastic protein and 

fibrous protein, and it attaches to the substratum by an adhesive protein (Deming 1999). In order 

for mussels to be kept firmly attached onto the rock, old and decaying byssus threads need to be 

replaced by new ones. It is not known exactly how long a thread remains attached on the rock 

but is assumed to be 3-4 weeks (Carrington unpublished data cited in Caro et al. 2008). On rocky 

shores, water applies three types of forces onto mussels: lift, drag and acceleration reaction 

(Denny 1987; Blanchette 1997). It is suggested that lift forces are responsible for dislodgement 

of mussels, and Carrington (2002) suggests that mussels are dislodged from the substratum when 

the force (lift) applied by a given wave is greater than mussel attachment strength but, although 

this provides a mechanical explanation for the dislodgment of mussels, there is no reason to 

regard it as the only cause of patch formation in mussel beds (Denny 1987). Wave velocity 
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generated by breaking waves on exposed shores can be as high as 10m.s
-1

 but storms can 

produce velocities as high as 25m.s
-1

 (Denny et. al. 2003).   

In 2009, the Mussel Rehabilitation Project (MRP) determined that strong winter storms 

dislodged re-attached mussels, leading to reduction of mussel cover of 90% to 60% (MRP 

unpublished data). Therefore, although there are better feeding opportunities at wave exposed 

sites, there are also the challenges of high energy expenditure and dislodgment. Steffani and 

Branch (2003a, b & c) showed that severe wave forces suppress growth. According to net 

production models, assimilated energy is immediately available for maintenance, then for growth 

and any remaining energy is reserved (Ren & Ross 2005). Therefore, if more energy is used for 

maintenance there would be little or no energy available for growth.  

In contrast to exposed sites,  sheltered sites have lower food supply but mussels need to use less 

energy for maintenance (Steffani & Branch 2003b), therefore available energy may be used for 

other biological activities rather than maintenance (Steffani & Branch 2003a, b & c). In a 

laboratory experiment, Ackerman and Nishizaki (2004) discovered that growth decreases when 

water velocity becomes too high. Steffani & Branch (2003a, b & c) and Westerbom & Jattu 

(2006) reported that mussels living at intermediate levels of wave exposure grow faster than 

mussels living under high exposure or low exposure. At intermediate levels, the risks of 

dislodgment and mortality are reduced. It is clear that, although water flux is required for high 

growth of mussels, this effect depends on the degree of wave exposure or wave force (Denny 

1987; McQuaid & Lindsay 2000). Not only does growth cease at extreme wave force, Carrington 

et al. (2008) showed that byssal thread production may be hindered above a certain level of 

water velocity. 
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Higher water motion may lead to high turbidity and bring sand particles. It might also affect 

mussels differently. Kaehler (1999) associated high water motion with increased shell erosion or 

abrasion and removal of the periostracum layer that can initiate infestation by cyanobacterial 

endoliths. Both wave force and water motion or flux affect growth of mussels and are assumed to 

affect the onshore arrival of mussel larvae from the water column. Porri et al. (2006) suggested 

that larval delivery to the shore is strongly affected by local hydrodynamic conditions. 

 

Recruitment and settlement 

According to Petraitis (1995) there are three general processes which maintain mussel beds: the 

recruitment of larvae, mortality and growth. Mussels have planktonic larvae (Sprung 1984), 

potentially leading to high dispersal.  When they leave the plankton and join the benthos, they 

are called settlers. It is important to know the difference between recruits and settlers. Recruits 

are the number of individuals surviving for a certain period after settlement (Pineda et al., 2006). 

According to Connell (1985) settlement is the stage when intertidal organisms attain permanent 

residence on the substratum. In the case of sessile species, this occurs when an organism has 

attached itself to the substratum after the planktonic stage. Thus settlement is the process by 

which planktonic larvae of benthic organisms establish permanent contact with the substratum 

(Jenkins et al. 2000) and once marine larvae have passed the settlement stage they can be 

interpreted as having recruited (Keough & Downes 1982). Recruits are individuals that have 

attached themselves permanently onto substratum (Connell 1985). It is known that P. perna 

requires adult mussels for successful recruitment (Lasiak & Barnard 1995). At local scales, 

dispersal processes affect the distribution of recruits and may also affect the distribution and 

density of adult mussels at scales of a few meters (Harris et al. 1998). It is possible to find high 
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variability in recruitment at a scale of meters, indicating that larval supply may be patchy even 

within an individual site (Harris et al. 1998; Porri et al. 2008).  

 

There are three possible factors that may limit settlement: limited numbers of settlers, unsuitable 

substratum and sweeping away of larvae by water movement (Yildiz et al. 2010). Philips (2002) 

assumed that larvae with low energy reserves at metamorphosis may have poor growth even as 

juveniles after metamorphosis. Post settlement mortality following delayed metamorphosis can 

be attributed to energy depletion, i.e. settlers of poor quality show poor post-settlement 

performance. According to Moran and Emlet (2001), larval condition depends on a site’s 

environmental conditions. Availability of food is one of the important factors that plays a role 

during larval stages and may determine the survival of recruits (Philips 2002). Good larval 

condition may help recruits to withstand harsh conditions on the substratum after metamorphosis 

(Philips 2002).  

 

Recruitment of benthic organisms in the near shore region varies in space and time (Connell 

1985). There are three factors that may cause differences in abundances of settlers between sites. 

These are: differences in numbers of settlers arriving at a site, the circulation of the water at a 

site and the nature of the substratum. These factors are both physical and biological, for example 

the difference in number of recruits arriving at a site may be caused by reduced numbers of 

larvae produced by adults (in the case of populations showing self-recruitment), mortality or 

failure of currents to transport settlers to a site. Conditions within a site may be unfavourable for 

recruits to settle on the substratum.  Alvardo and Castila (1996) suggested that the complexity of 

mussel beds, together with reduced water flow leads to high retention of recruits. The nature of 
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the substratum may be unfavourable due to the absence of physical or biological cues required 

by larvae, or the presence of predators killing larvae shortly after settlement. Successful 

recruitment seems to require pre-established mussel patch or beds (Lasiak & Bernard 1995). That 

might be due to the fact that, beyond a certain size, recruits may be dislodged very easily from 

filamentous algae (Dye & Dyantyi 2002).  Lasiak and Bernard (1995) further suggest that the 

availability of small mussels (less than 500µm) during unexpected recruitment periods shows 

that larvae may suppress growth during unfavourable conditions. If that is so, it would mean 

larvae maintain a certain size until they find and settle on a suitable substratum (Bayne 1965). 

Lasiak and Dye (1989) suggested that there are several reasonable explanations for differences in 

the recovery of overexploited mussel beds among sites, for example settlement may vary among 

sites. Along the Transkei coast, spawning occurs from February to September, and mussels attain 

30-40mm length in their first year of growth (Lasiak & Dye 1989). That is different from the 

KwaZulu Natal (KZN) coast where mussels attain a length of ~50mm in the same period (Berry 

1978).  

 

Condition Index 

As condition index (CI) relates the amount of shell to the quantity of living tissue (Davenport & 

Chen 1987), it can be assumed that CI will be higher in successful rehabilitation sites. It is 

important to determine whether the allocation of resources is to the tissue or shell (Raubenheimer 

& Cook 1990). In a study of Mytilus galloprovincialis by Steffani and Branch (2003b), it was 

found that growth was better at sites with intermediate wave exposure. Therefore, it is assumed 

that CI will be better in sites where growth and rehabilitation are better.   
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Tenacity 

Tenacity or attachment strength seems to be an adaptive response for mussels (Caro et. al. 2008). 

The ability of mussels to resist waves is crucial since they will be dislodged if the applied force 

is greater than their attachment strength. In wave exposed sites, mussels use more energy for the 

production of byssus threads, therefore it is assumed that at exposed sites tenacity would be 

higher than at sheltered sites since increase in tenacity is due to increased byssus thread 

production (Cheung et. al. 2006). 

 

Growth 

Growth depends on the amount of energy remaining after metabolic maintenance (Ren & Ross 

2005). Food ingested by animals is used as a source of energy. Since blood has a low capacity 

for energy storage, but high transportation rates, it effectively transports energy to the somatic 

and reproductive tissues. Energy requirements are different between young and adult mussels, 

young mussels need energy for growth and maintenance whilst adult mussels need energy for 

growth, maintenance and reproduction. Perna perna of ≥ 25 mm are sexually mature (Ruis et al. 

2006).  Although small mussels do not use energy for reproduction, they do invest energy in the 

development and maturation of the reproductive organs (Ren & Ross 2005). Energy allocated for 

reproduction is stored in a buffer zone before it is converted into eggs or sperm and released 

during spawning. Maintenance competes with growth and is more important than growth (Ren & 

Ross 2005), so that maintenance precedes growth, which is retarded if all available energy is 

expended on maintenance Kooijman (2000). Energy spent on attaining maturity by juveniles is 

spent on reproduction by adults. Maintenance processes encompass maintenance of 
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concentration gradients across membranes, the turnover of structural body proteins, a certain 

level of muscle tension and movement, and the production of hairs, feathers, scales or leaves in 

the case of plants Kooijman (2000). This means that large mussels require some energy for 

maintenance (including the production of byssal threads for stronger attachment due to an 

increased surface area and associated drag) and for reproduction, which reduces the energy 

available for allocation to growth. Besides the energy required for reproduction by large mussels, 

there can be a direct relationship between maintenance costs and structural volume, so that larger 

or adult mussels are assumed to use proportionally more energy on maintenance than small 

mussels (Kooijman 2000). Carrington (2002) found that from the beginning of gamete 

development, byssal thread development halts and tenacity decreases so that after the release of 

gametes there is more energy available for production of byssal threads, resulting in higher 

tenacity. Therefore byssal thread development and attachment strength interact in terms of 

energy allocation (Carrington 2002; Zardi et al. 2007).    

 

Size of mussels influences the surface complexity of mussel beds (Erlandsson & McQuaid 

2004). A bed of small mussels is more complex than a bed of large mussels due to high density 

of the matrix because of reduced surface area per individual mussel (Alvarado & Castilla 1996). 

Due to high growth rates, intraspecific competition can be problematic for small mussels due to 

space limitation (Griffiths & Hockey 1987; McQuaid & Lindsay 2000; Branch & Steffani 2004).  

As a result of complexity and high growth rates, a large proportion of mussels will be dislodged 

from the substratum, largely through competition for space (Griffiths & Hockey 1987). In dense 

mussel clumps, individuals are attached to the substratum by their byssus threads and the byssus 

threads of others (Bertness & Grosholz 1985; Carrington 2002). That provides additional 
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advantages of attachment over solitary mussels (Bertness & Grosholz 1985). Mussels are 

affected by the density of individuals in the patch; solitary mussels experience stronger 

hydrodynamic force, have higher tenacity and have a higher probability of dislodgment than 

mussels within a bed (Bell & Gosline 1997; Nicastro et al. 2010). As a result, dislodged mussels 

leave adjacent mussels vulnerable to dislodgement (Witman & Suchanek1984). Tightly packed 

mussel beds provide better physical support to resist hydrodynamic forces (Denny 1987). In 

addition, Alvarado and Castilla (1996) suggested that the complexity of mussel bed increases 

retention of recruits. 

 

Seed and Richardson (1990) bring out another important aspect of growth. They suggest that the 

use of one parameter to measure growth is not enough because, while mussel do not show 

increases in length (or height), another parameter might determine growth.  It is possible to find 

an increase in shell length while the soft tissue in fact decreases (Seed & Richardson 1990). In 

this study I have used biomass as a second parameter to measure growth. 

Given the interacting effects of size, tenacity, growth and condition, the aim of this study is to 

determine which size class of mussels, small and immature (1-2cm) or large and sexually mature 

(3-4cm), is most suitable for optimal rehabilitation of shores. This was assessed in terms of 

mussel survival, growth and increase in biomass.   
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2.2. Materials and Methods 

The study was carried near Riet River (Figure 2.1), at four sites (Site 1 S 33° 33’ 39”, E 27° 01’ 

17”, Site 2 S 33° 33’ 47”, E 27° 01’ 17”, Site 3 S 33° 33’ 47”, E 27° 01’ 27”, and Site 4 S 33° 

33’ 55”, E 27° 02’ 15”) on rocky platforms at Three Sisters near port Alfred on the south coast of 

South Africa. The area has equal semi-diurnal tides with a maximum tidal range of ~2 m 

(McQuaid & Lindsay 2000). Two sites were described a priori as exposed sites and other two as 

sheltered, with exposure types arranged interspersed. Estimates of exposure were based on the 

topography of the coast, exposed sites were located at open shores while sheltered sites were 

located in small bays. Sites were about 100-150 meters apart. Two size classes of mussels (1-

2cm and 3-4 cm) were collected from mussel beds using small chisels to avoid destroying the 

whole mussel bed and removing non-required individuals. Thirty-six patches of mussel were 

attached in haphazard positions on each of the four sites, with 18 patches of small mussels (1-

2cm) and 18 patches of large mussels (3-4cm) per site. Each patch comprised 40 mussels kept in 

a plastic bag of ~1x1cm mesh size and allowed to attach to the rocks by covering them for a 

month with a half section of PVC drainage pipe. This piping has an extremely coarse mesh of 

about 1x5cm mesh size. To re-attach mussels onto shores, holes were drilled into the rocks 

located in the zone normally occupied by mussels and the pipes fixed onto the shore using coach 

screws with nylon plugs. Care was taken to ensure that mussels were held firmly under the pipes 

but still could open their valves. Pipes were removed after a month, but mussels were still kept in 

the mesh bags, which were secured using eye bolts. The mesh protected mussels, allowing them 

to re-attach if they were detached or dislodged during pipe removal. The use of mesh bags was 

necessary as during preliminary experiments all mussels were washed away overnight 

immediately after removal of the pipes. That made me to try a new method, with mesh (compare 
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Dye and Dyantyi 2002). Four patches of each size class of mussel were removed from each site 

on each of three occasions to measure attachment strength, growth, condition index, and 

survival. The first patches were collected one month after the removal of the PVC drainage pipe 

(occasion 1). The second after three months (occasion 2) and the last patches after 5 months 

(occasion 3). The data were analyzed using GMAV 5 software (1997).  Data for each occasion 

were analysed separately because I measured wave force, water flux, growth, CI, survival, 

attachment strength, recruitment into mussel clumps and biomass repeatedly over each month 

and occasion therefore months and occasions are non-independent factors.   
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Figure 2.1. Map of South Africa showing study areas along the coast of South Africa  

 

2.2.1. Wave force  

Wave force was measured once a month at each site following the method described by Bell & 

Denny (1994), using a force recorder/dynamometer (Fig. 2.2a). The recorder consists of a spring 

secured in a Chlorinated Poly Vinyl Chloride (CPVC) pipe which is closed at both ends by 
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means of plugs. A stainless steel spring is held firmly at one end of the CPVC pipe using nylon 

bolts, while a fishing line is tied to the free end of the spring. The fishing line is passed through a 

small rubber indicator and through the upper plug at the other end of the CPVC pipe. A practise 

golf ball is tied outside the CPVC pipe to the free end of the fishing line. To measure the length 

travelled by the rubber indicator, and also to reset the indicator, a slot is cut into the CPVC. 

Oncoming waves push the practise golf ball leading to extension of the spring. The force was 

recorded by measuring the length travelled by the rubber indicator along the fishing line during 

the extension of the spring. The rubber indicator only moves when the applied force is greater 

that the force applied previously (Figure 2.2) so that the device measures maximum wave force 

during deployment. Before deployment, each dynamometer was calibrated by hanging 5 weights 

from it to determine what force was needed to move the rubber slide a given distance inside the 

PVC pipe. 

 

To measure wave force, six dynamometers were deployed for 24 hours at each site once a month 

for a period of six months from October 2010 to March 2011. January and March were removed 

from the analysis because many dynamometers were washed away by waves. This allowed me to 

measure the wave force experienced by reattached mussels in situ (O’ Donnell & Denny 2008). 

To determine the effect of site and exposure on wave force, 2-way ANOVA was performed 

using site (random factor, orthogonal, 4 levels) and exposure (fixed factor, 2 levels: sheltered and 

exposed ) on wave force. Site was nested in exposure.  
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Figure 2. 2. Design of wave recorder or dynamometer (from Bell & Denny 1994)  

 

 

2. 2. 2.  Water flux/ flow or circulation 

To measure bulk water flow or flux, six cement balls made from fast anchoring cement, Rockset 

Cement Polycell Products, were used (Kaehler 1999). Rockset seemed to be less diffusional than 

other materials used to measure water motion (Bell & Denny 1994). Balls were made by opening 

1cm diameter holes in ping-pong balls and filling the balls with liquid cement using a syringe. 

The head of a screw was inserted through the hole into the wet cement. When the cement balls 

were dry, the plastic ping-pong balls were removed and the balls were dried at 60 °C for 24 

hours until reaching constant weight. Six cement balls were attached using the screws at each of 

the four sites once a month for 24 hours during spring tides, for six months from October 2010-
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March 2011. After removal, the balls were dried and re-weighed. The relative water flow was 

determined by measuring percentage mass loss (Kaehler 1999). The data for January and 

February 2011 were removed from the analysis because many balls were lost. One factor 

ANOVA was used to determine the effect of site on water flux/ water motion. Each month 

(October 2010, November 2010, December 2010 and March 2011) was analyzed separately to 

determine if there was consistency in water flux among the sites.  

 

2. 2.3. Attachment strength 

 Four patches of small and four of large mussels were removed from each site on each of the 

three occasions. Tenacity or attachment strength was measured for 5 mussels from each of the 

removed patches (5mussels × 4 patches = n 20 per size class per site). Tenacity was measured 

using a fish hook attached to a spring balance using 15cm of 25kg fishing line. A small hole (1.5-

2mm) was drilled through the posterior lip of each mussel shell. The fish hook was inserted 

through the hole and the mussel was pulled off the rock (Figure 2.3). The force used to dislodge 

each mussel was recorded as tenacity (Caro et al. 2008). Force was calculated from the reading 

(in kilograms) from the spring balance (F=ma). The data were analyzed using two-way ANOVA 

to determine the effects of site and mussel size on attachment strength on each of three 

occasions. Occasions were analyzed separately. In the experimental design, site had 4 levels, was 

orthogonal, random, and size had 2 levels, was fixed and orthogonal. Number of replicates was 

20.   
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Figure 2.3.  Measurement of tenacity/ attachment strength of mussel using a spring balance. 

 

2.2.4. Growth 

To measure growth, mussels in each patch were dried with a cloth allow them to be tagged at the 

growing edge using Tipex. When Tipex tags were dry, they were coated with super glue. This 

method did not work as in some mussels the tags were washed away. As an alternative, growth 
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checks were used as markers for the time of translocation to the experimental plots (Figure 2.4). 

Growth history of mussels is frequently recorded on the shell in the form of growth-increments 

(Seed 1969). Growth-increments are thought to be due to seasonal rhythms or disturbance (Seed 

1969). Although growth after deployment can be detected from growth-increments, they do not 

show how long growth was delayed after deployment or disturbance.  

 

Removing mussels from the substratum, transporting, tagging, and covering them with pipes is 

likely to lead to stress, which may affect growth (Seed and Richardson 1990) resulting in distinct 

growth checks. Growth rings or increments of importance are distinctive (Figure 2.4). Vernier 

Callipers were used to determine growth from growth checks. Growth-increments were defined 

as the difference between length at collection and length at deployment (Millstein & O’Clair 

2001), which was taken to be indicated by the growth check.  Growth per day was determined by 

dividing the total growth by the number of days mussels were attached on the rocky shore. Each 

of the three occasions was analyzed separately.  

 

Two factor ANOVA was performed to determine the effect of site and size on growth. The first 

factor, site had four levels, was orthogonal and random, the second factor, size had two levels, 

was orthogonal and fixed. Forty mussels were measured from each size class from each site on 

each occasion.   
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Figure 2.4. Growth from the distinctive growth check to the new growing edge of the shell.  

 

 

2. 2.5.  Condition Index 

The method used of Davenport & Chen (1987) was used to determine CI. Ten mussels from each 

removed clump were placed in boiling water to remove the flesh from the shell. The flesh was 

dried in an oven at 60° C for 48 hours until reaching a constant weight, and then shell and flesh 

were weighed separately using a balance (Steffani & Branch 2003b). CI was calculated as:                              

                                                       CI = dry flesh weight (g)   × 100 

shell weight (g) 
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The data were analyzed using 2-way ANOVA to determine the effect of site and size on CI. In 

the analysis there were 2 factors, site had two levels, orthogonal and random, and size had two 

levels, orthogonal and fixed. Number of replicates was 40. Each occasion was analyzed 

separately.  

 

 

2. 2. 6. Survival  

Each attached mussel patch contained 40 mussels at the time of deployment. Survival rate was 

determined by counting the number of surviving mussels from each of four removed patches, on 

each occasion.  

Two-way ANOVA was used to determine the effects of site and size on survival. In the 

experimental design site had four levels, was orthogonal and random, and size had two levels 

(small and large mussels) was orthogonal and fixed. There were four replicates, being the 

number of patches removed for each size class, from each site on each occasion.  

 

2.2.7. Recruitment into mussel clump 

Two types of recruitment were analysed in this study. To avoid confusion they are named 

recruits 1 and recruits 2. Recruits 2 were collected from scouring pads and will be dealt later. 

Recruits 1 were collected from mussel patches after removal. Mussel patches were removed on 

three consecutive occasions, collected into ziploc bags, taken to the lab, and examined under a 

dissecting microscope to determine number of recruits found. Recruits 1 were ≤5mm and were 
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usually found attached to the byssus of re-attached mussels. To ensure that there were no recruits 

1 at the start of the experiment, the byssus threads of re-attached mussels were thoroughly 

cleaned before deployment. To determine which size class of mussels attracted more recruits 

(recruits 1) the data were analyzed by 2-way ANOVA. As above, with sample size being the 

number of clumps per site, per size class and per occasion, i.e. 4. Each occasion was analyzed 

separately. Three-way ANOVA was also performed to determine the effects of site, occasion and 

size on recruitment. In this analysis occasion was included as a factor to determine if there was 

accumulation of recruits into mussel clumps over time.  

 

2.2.8. Settlement and recruitment 

Settlement was measured once a month at each site during spring low tides from October 2010-

March 2011 using scouring pads. Six eye bolts were fixed at each site among the experimental 

patches and plastic scouring pads were deployed using four cable ties were inserted through the 

centre of each pad and an eye bolt. Scouring pads were deployed for two weeks of each month. 

After removal, scouring pads were kept in 70% alcohol. To determine the number of settlers, 

scouring pads were soaked for 5 minutes in 9ml of bleach solution. After 5 minutes, the contents 

of the solution were sieved through a 75 µm mesh and the bottle was rinsed over the sieve with 

running water. Scouring pads were unrolled and washed in a bucket and the bucket contents were 

sieved through the 75µm mesh and the bucket was rinsed with running tap water. Rinsing was 

repeated until the scouring pad was clean, with no debris, to ensure that no settlers remained in 

the sieve or pad. The contents were gently transferred into a bottle to which 15-20 ml of 99 % 

ethanol were added. To count the number of settlers, the extracted samples from each scouring 
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pads were examined at 32X under a dissecting microscope. In the current study settlers were 

differentiated from recruits (recruits 2) on the basis of size. Mussels of ≥ 400µm are described as 

recruits, while mussels < 400µm are described as settlers following Bownes et al. (2008).  

 

Data were analyzed using 2-way ANOVA. In the experimental design, occasion had 6 levels, 

was orthogonal and random, and site had 4 levels, was orthogonal and random. Number of 

replicates was 3.  

 

 

2.2.9. Biomass 

Increments in biomass were calculated from the length (growth) measurements using the 

regression equation (y=0,00260219x
1,3402

)  derived by McQuaid et. al. (1985). The initial length 

was used to determine biomass at deployment and final length was used to determine biomass 

during mussel removal on the three occasions.  

 

 

2.3. Results  

2.3.1. Effect of site and exposure on wave force 

The dynamometer results showed no consistent difference in wave force between sites that had 

been described a priori as exposed or sheltered sites. As a consequence, the effect of exposure is 

not considered in this chapter. One would expect exposed sites to have higher wave forces than 

sheltered sites. Although site 1 and 3 appeared exposed, and sites 2 and 4 appeared sheltered, the 
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fact that sites were close to each other (100-150 meters apart) may explain the lack of difference 

in maximum wave force (Figure 2.5).  

 

 

Figure 2.5. Wave force (mean +SE) on supposedly exposed (1 and 3) and sheltered sites (2 and 

4).  

 

 

2.3.2. Water flux/ flow or circulation 

As in the case of wave force, the results showed no consistent difference in water flux between 

presumed exposed and sheltered sites (Figure 2.6). As a result the effect of water flux was not 

considered. Exposed sites were expected to have higher water flux than sheltered sites. 
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Figure 2.6. Water flux represented by % water loss (mean +S.E) among sites in different months.  

Sites categorised a priori as in Fig. 2.5   

 

 

2.3.3. Attachment strength 

Occasion 1 

On occasion 1, 2-way ANOVA showed that both site and size had effects on attachment 

strength, with a significant interaction between the two (Table 2.1). Post hoc tests showed large 

mussels attached more strongly than small mussels at all sites. The effects of site were different 

between size classes (Figure 2.7).  
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Source    SS                DF     MS                      F             P  

Site              1206.2624    3     402.0875          7.24 0.0001*  

Size              11102.2240    1     11102.2240          61.35 0.0043* 

Site*Size   542.9141    3     180.9714          3.26 0.0232*  

RES              8436.7298   152     55.5048    

TOT              21288.1304   159  

 

Table 2.1. Results of 2 factor (Size and Site) ANOVA of attachment strength for occasion 1 
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Figure 2.7. Attachment strength (mean force +S. E.) among sites and between size classes on 

occasion 1. Letters indicate homogenous groups for small and large mussel (upper and lower 

case letters respectively). Large mussels showed significantly higher values at all sites. 

 

Occasion 2 

Again on occasion 2 there were significant effects of size and site, but no interaction between 

them (Table 2.2). Post hoc tests showed that large mussels had higher attachment strengths 

(mean 33.16N) than small mussels (mean 18.62N). There were also differences among sites 

(Figure 2.8) for both size classes.  
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Source                SS                      DF        MS              F      P  

Site                1343.4222        3                   447.8074                5.42      0.0014*  

Size                8454.4867       1                  8454.4867              100.83      0.0021*  

Site*Size     251.5465       3                  83.8488             1.02      0.3875  

RES                12547.3811       152      82.5486    

TOT                22596.8365      159  

 

Table 2.2. Results of 2 factor (Size and Site) ANOVA of attachment strength for occasion 2 

 

 

 

Figure 2.8. Attachment strength (mean force +S. E.) among sites and between size classes on 

occasion 2. Letters indicate homogenous groups for small and large mussel (upper and lower 

case letters respectively).  
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Occasion 3 

On occasion 3 there were significant effects of site and size, but the interaction was marginally 

non-significant (Table 2.3). SNK tests showed that large mussels had stronger mean attachment 

strength (mean 37.33N) than small mussels (mean 24.65N). There were no differences in 

attachment strength among large mussels at different sites. As on occasion 2, site 1 had the 

strongest attachment, though the difference from Site 4 was not significant.). When the effect of 

site was compared from all occasions, site 1 always had stronger attachment strength than all 

other sites, although the effect of site differed from one occasion to another (Figure 2.9).  Also, 

when the occasions are compared, it was clear that attachment strength was directly proportional 

to time.  

 

Source  SS                    DF MS             F          P  

Site             1617.8598       3             539.29  4.79         0.0032*  

Size             6430.0281       1             6430.03 22.12         0.0182*  

Site*Size 872.0132       3             290.67  2.58         0.0556  

RES             17116.2968       152 112.67    

TOT             26036.1979       159  

 

Table 2. 3. Two way ANOVA table shows the effect of site and size on attachment strength on 

occasions 3.    



46 
  

 
 

 

Figure 2.9. Attachment strength (mean force +S. E.) among sites and between size classes on 

occasion 3. Large mussels showed no significant differences among sites. Letters indicate 

homogenous groups for small and large mussel (upper and lower case letters respectively).  

 

 

2.3.4. Growth 

Occasion 1 

Both factors had significant effects (ANOVA, Site, F3, 312=11.46, p˂0.001 and Size, F1, 312=25, 

40, p˂0.05) with significant interaction between them (F3, 312=7.65, p˂ 0.001).  Small mussels 

grew faster than big mussels at an average of 0.0306mm and 0.0075mm per day respectively 

(Figure 2.10). 
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Figure 2.10. Difference in growth rate (mean +S. E.) between small and large mussels on 

occasion 1.  Large mussels showed no significant differences among sites. Letters indicate 

homogenous groups for large mussel.  

 

Occasion 2  

Small mussels grew faster than large mussels (ANOVA, F1, 312=620.27, p˂ 0.001) and Site 3 had 

the lowest growth rate (ANOVA, F3, 312=9.36, p˂0.001) with no significant interaction between 

the two factors (Figure 2.11).  
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Figure 2.11. Difference in growth rate (mean S. E.) between small and large mussels on occasion 

2.  Letters indicate homogenous groups for small and large mussel (upper and lower case letters 

respectively). 

 

 

Occasion 3  

On occasion 3 there were effects of site and size with a significant interaction (Table 2.4). SNK 

tests showed that for small mussels each site was different from one another. Small mussels grew 

faster than large mussels in all cases but the effect was stronger at some sites than others, 

resulting in the significant interaction (Figure 2.12). 

0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

Site 1 Site 2 Site 3 Site 4 

G
ro

w
th

 p
e

r 
d

ay
 (

m
m

) 

Site 

Small 

Large 

A 

AB 
BC 

ABD 

 a ab 

c 

ad 



49 
  

 
 

Source               SS            DF             MS       F             P  

Site                         0.0084            3                0.0028       19.09       < 0.0001*  

Size                         0.0424            1             0.0424       93.08   0.0024* 

Site*Size             0.0014           3             0.0005       3.10   0.0271*  

RES                        0.0459            312             0.0001    

TOT                         0.0982           319  

 

Table  2.4. Two-way ANOVA to determine the effect of site and size on growth on occasion 3 

    

 

Figure 2.12. Difference in growth rate (mean S. E.) between small and large mussels on occasion 

3.  Letters indicate homogenous groups for large and small mussel (upper and lower case letters 

respectively).  
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2.3.5. Condition Index  

Occasion 1 

On occasion 1, there were significant effects of site and of size on CI with no interaction (Table 

2.5). Site 4 had higher CI than other three sites (Figure 2.13). Small mussels had higher CI 

values (mean 6.9330) than large mussels (mean 6.1619).  

 

 

Source                      SS            DF           MS             F        P        

Site                      99.2503            3           33.0834             11.96        0.0001*    

Size                       47.5763            1           47.5763             10.98        0.0453*  

Site*Size           12.9955            3               4.3318             1.57        0.1976  

RES                      863.0386         312           2.7661    

TOT                      1022.8608       319  

    

Table 2.5.  Two-way ANOVA to determine effect of site and size on CI 
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Figure 2.13. Mean values (S. E.) of CI on Occasion 1.  Letters indicates homogenous group 

 

 

Occasion 2 

Size had no effect on CI on occasion 2. There was an effect of site and there was a significant 

interaction between site and size (Table 2.6). Large mussels had significantly better CI only at 

site 4, while small mussels had significantly better condition at site 3 (Figure 2.14).  
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Source                         SS             DF         MS          F                      P  

Site                             127.9264  3         42.6421          23.77      < 0.0001* 

Size                        0.3956             1         0.3956          0.04           0.8597  

Site *Size              32.0361  3         10.6787          5.95          0.0006* 

RES                        559.7888 312         1.7942    

TOT                        720.1469 319    

 

Table 2.6. Two- way ANOVA to determine effect of site and size on CI on occasion 2  

 

 

 

 

Figure 2.14. Mean values (S.E.) of CI on occasion 2. Asterisk indicates significant difference 

(p˂0.05) and N.S. no significant different in comparison if size classes with sites.   
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Occasion 3 

 

There was an effect of site and a significant interaction between site and size on occasion 3 

(Table 2.7). SNK showed that small mussels had better CI at sites 1, 2 and 3 (Figure 2.15).  

 

 

Source                         SS                    DF  MS             F           P  

Site                         22.5822         3             7.5274             9.68           0.0001*  

Size                         54.2894         1             54.2894  8.22           0.0642  

Site*Size              19.8117         3             6.6039      8.49           0.0001*  

RES                         242.5584         312  0.7774    

TOT                         339.2416         319 

 

Table 2.7.  Two-way ANOVA to determine effect of site and size on CI on occasion 3  
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Figure 2.15. Mean values (S.E.) of CI on occasion 3. Asterisk indicates significant difference 

(p˂0.05) and N.S. no significant different in comparison if size classes with sites.   

 

Overall these results show that small mussels generally had better CI values than large mussels. 

 

 

2.3.6. Survival  

On occasion 1, both small and large mussel had exactly equal mean numbers of survivors among 

sites. The mean survival was 30.43 for both small and large mussels. On occasion 2 there were 

no significant differences in mean numbers of survivors between small and large mussels among 

sites (Figure 2.16).  
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Figure 2.16. Differences in mean survival (S. E.) among sites between small and large mussels 

from 40 attached mussels on occasion 2. 

 

  

Occasion 3 

 

On occasion 3 there was no effect of site or size and there was no interaction between site and 

size (Table 2.8). Although small mussels had higher average numbers of survivors, the difference 

from large mussels was not significant.  
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Source                   SS                         DF            MS                     F                   P              

Site                   223.0000             3       74.3333         1.21       0.3288  

Size                   28.1250             1       28.1250         0.31       0.6160  

Site*Size        271.3750             3       90.4583          1.47       0.2483 

RES                   1479.0000             24       61.6250    

TOT                   2001.5000             31  

  

Table 2.8. Two-way ANOVA for the effect of site and size on survival, on occasion 3. 

 

 

2.3.7. Recruits 1 (recruits into byssus threads of mussels) 

On no occasion were there significant differences in numbers of recruits between small and large 

mussels. There were differences among sites on occasion 2 (Table 2.9). On occasion 3 SNK tests 

showed that site 1 was different from site 4 (Figure 2.17).  
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Source                    SS             DF             MS             F            P  

Site                    62.7500          3                         20.9167 4.92            0.0084*  

Size                    4.5000          1                         4.5000  1.26            0.3441  

Site*Size        10.7500          3                         3.5833  0.84            0.4837  

RES                    102.0000          24             4.2500    

Total                    180.0000          31  

 

Table 2.9. Two 2-way ANOVA table for effect of site and size on recruitment into mussel 

patches on occasion 3. 

 

 

 

Figure 2.17. Numbers of recruits 1 among sites on occasion 3 
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2.3.7. Settler results 

 

Three-way ANOVA revealed a significant effect of occasion. There was no effect of site. There 

was a significant interaction between occasion and site (Table 2.10). Numbers of settlers were 

markedly higher on Occasion 2 than on any other occasion (Figure 2.18).  On occasion 2, there 

were significant differences in numbers of settlers among site, except between Site 2 and Site 4.  

 

 

Source                     SS                    DF        MS   F           P              

Occasion                 363.5694                    5                   72.7139   10.43           0.0002*  

Site                     23.4861                    3                   7.8287   1.12             0.3712  

Occasion *Site        104.5972                    15                    6.9731   2.24           0.0176*  

RES                     149.3333                    48          3.1111    

TOT                     640.9861                    71  

    

Table 2.10. Two-way ANOVA for effect of occasion and site on number of settlers.  
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Figure 2.18. Difference in number of settlers (mean +S. E.) among different occasions. 

 

 

2.3.8. Recruit 2 (results from scouring pads) 

 

There were differences in numbers of recruits among occasions and sites, with no interaction 

between the two factors (Table 2.11). SNK tests showed that the differences were on occasion 2 

(Figure 2.19). Post-hoc tests showed that the numbers of recruits differed significantly among 

sites but there was no consistent ranking of sites among occasions. 
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Source                         SS                   DF   MS               F              P              

Occasion              179.9028       5             35.9806  23.20           < 0.0001*  

Site                         15.4861       3             5.1620              3.33              0.0483*  

Occasion * Site 23.2639       15   1.5509         0.37              0.9817  

RES                         203.3333       48   4.2361    

TOT                         421.9861       71   

   

Table 2.11. Two-way ANOVA for effect of occasion and site on number of recruits.  

 

 

 

 

Figure 2.19. Graph showing difference in number of recruits (mean +S. E.) among different 

occasions.  
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2.3.9. Biomass 

In all cases biomass increased among occasions and biomass increases were greater for small 

than large mussels. Large mussels had higher biomass than small mussels, at the time of 

deployment and also during removal of mussel patches. The change in biomass, however, was 

higher for small than large mussels due to their faster growth rates.  

 

Occasion 1 

There were differences in changes to biomass among sites, and between size classes with a 

significant interaction between site and size (Table 2.12). Post-hoc tests showed that change in 

biomass was greater for small mussels than large mussel. The differences in biomass between 

small and large mussels were not consistent among sites. For example, there were no differences 

in biomass for large mussels among sites, whilst for small mussels biomass varied among sites 

(Figure 2.21).   
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Source                       SS                DF          MS          F          P  

Site                       0.0052                 3          0.0017          15.33      < 0.0001*  

Size                       0.0200                 1               0.0200          19.04         0.0222*  

Site*Size                   0.0032                 3          0.0011           9.34      < 0.0001*  

RES                       0.0351                 312          0.0001    

TOT                       0.0635                 319     

 

Table 2.12. ANOVA of change in biomass between size classes, and among sites.  

 

 

 

Figure 2.21. Differences in change in biomass (mean +S. E.) between size classes, and among 

sites on occasion 1. Letters indicate homogenous groups for small and large mussel (upper and 

lower case letters respectively).  
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Occasion 2 

Both site and size both affected the change in biomass, with no interaction (Table 2.13). Post-hoc 

tests showed change in biomass was greater for small mussels than large mussels (Figure 2.22).  

 

 

Source                       SS               DF          MS       F               P  

Site                       0.0193               3          0.0064        6.27   0.0004*  

Size                       0.2494               1          0.2494        473.15   0.0002*  

Site*Size                   0.0016               3          0.0005        0.51   0.6731  

RES                       0.3200               312          0.0010    

TOT                       0.5903               319   

 

Table 2.13. Two-way ANOVA table shows change in biomass (mean +S. E.) between size 

classes, and among site.   
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Figure 2.22. Differences in change in biomass (mean +S. E.) between size classes at each site on 

occasion 2. Letters indicate homogenous groups for small and large mussel (upper and lower 

case letters respectively).  

 

 

Occasion 3 

Both factors and their interaction had significant effects (Table 2.14). Post-hoc tests showed that 

change in biomass for small mussels was greater than on large mussels (Figure 2.23).   
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Source                    SS                      D                F                   MS                   P  

Site                    0.0711          3      0.0237       15.65             < 0.0001*  

Size                    0.3656          1                 0.3656       59.50                0.0045*  

Site*Size        0.0184          3      0.0061       4.06                0.0075*  

RES                    0.4728          312     0.0015  

TOT                    0.9280          319  

 

Table 2.14 Two-way ANOVA table shows change in biomass between size classes, and among 

site. 

 

 

 

 

 



66 
  

 
 

 

Figure 2.23. Change in biomass (mean +S. E.) between size classes, and among sites on occasion 

3. Letters indicate homogenous groups for small and large mussel (upper and lower case letters 

respectively).  

 

 

2.4. Discussion 

The results from measurements of wave force and water flux taken during different months did 

not show a consistent pattern among sites, so that I cannot categorise sites according to their 

degree of wave exposure. Looking at the topography of the coast, two sites are located in bays 

and two on open shores. It was assumed that sites on the open shore would experience higher 

wave force throughout the sampling period, but this was not the case. In this study it was 

possible to find sites on bays with higher wave force than on open shores. This might be due to 
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(2) dynamometers were not deployed in fixed spots throughout the period of the study so that the 

results provided a random sample of maximum wave forces experienced in each site as a whole.  

Due to inconsistency in the results, the effects of wave force and exposure are no longer 

considered.   

The ability of mussels to re-attach determines the number of surviving mussels after deployment.  

Tenacity or attachment strength seems to be an adaptive response for mussels (Caro et. al. 2008), 

allowing them to resist dislodgment. As large mussels have bigger surface areas than small 

mussels, they experience more drag. In order to resist the drag, lift and acceleration reaction 

which remove mussels from the rock surface (Denny 1987; Blanchette 1997), strong attachment 

is required. Stronger tenacity is energy consuming. According to Kooijman (2000) maintenance 

has a higher priority than growth. Production of byssus threads falls under maintenance, 

therefore large mussels might allocate more energy to production of byssus threads than growth. 

In the current study it can be concluded that large mussels used more energy for attachment than 

growth, resulting in reduced growth and low CI but high tenacity. Consequently small mussels 

had higher CI values than big mussels, that means small mussels are in better condition than big 

mussels. One factor which might contribute to low growth rates by affecting energy demands is 

reproduction (Carrington et al. 2002). Three centimetre mussels are sexually mature (Ruis et al. 

2006). That might also contribute to reduced growth as reproduction is an energetically 

expensive process.  Although small mussels had weaker attachment strength than big mussels, 

they had higher growth rates. Most of their energy is spent on growth rather than reproduction, 

while in large mussels more than 90% of energy can be allocated to reproduction (Seed and 

Suchanek 1992).The higher change in biomass of small mussels was due to high growth rates. 
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That suggests that the reduced growth in big mussels might be due to higher energy demands for 

maintenance and reproduction.   

 

In this study it was found that the numbers of recruits into mussel patches increased with time, 

and were equal between patches of small and large mussels. One would expect large mussels to 

attract more recruits than small mussels since they have more and longer byssus threads. After 

fertilization, pelagic larvae swim in the water column and once they are old enough and find a 

suitable substratum they settle (Eyster & Pechenik 1987). Mussel larvae are known to recruit into 

pre-existing mussels beds (Lasiak & Barnard 1995), especially among the byssal threads, as 

found in this study. Recruited larvae determine the distribution, density and abundance of mussel 

beds (Underwood & Fairweather 1989; Underwood & Keough 2001). In this case, recruited 

larvae can contribute to the success of rehabilitation.  In the current study it was found that 

numbers of mussel larvae recruiting onto mussel clumps increased with time at an equal rate for 

patches of small and large mussels.   

It was important to determine the availability of settlers and recruits (recruits 2) from the water 

column using scouring pads as this helps to link recruits onto mussel beds (recruits 1) and 

availability of larvae in the water column. It is assumed that the number of recruits onto mussel 

beds depends on the availability of settlers. Lasiak and Bernard (1995) found that smaller larvae 

of less than 350µm were found on filamentous algae whilst bigger ones greater than 750 µm in 

length were found recruited into mussel beds, while mussels do not settle permanently on 

unsuitable substratum (Eyster & Pechenik 1987). Eyster and Pechenik (1987) in their laboratory 

study found that larvae of Mytilus settle on adult threads, which suggests that some larvae may 
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be recruited directly onto adults even in the field. Of course, the larvae recruited into a 

population help to determine the distribution and abundance of benthic populations (Underwood 

& Fairweather 1989; Underwood & Keough 2001). It is possible that in both successful and 

unsuccessful rehabilitation sites there might be mussel larvae which die due to post settlement 

factors like competition, predation, and the physiological stresses of desiccation, salinity and 

sediment which have been suggested as explaining differences in post larval survival at wave 

exposed and sheltered sites (Seed and Suchanek 1992). There are several important stages in the 

development of mussel larvae: dispersal of larvae in the planktonic form, primary settlement, 

pelagic migration, secondary settlement and recruitment into mussel beds (Bayne 1964; Eyster & 

Pechenik 1987; Phillips 2002; Yildiz et al. 2010).  Bayne (1964) found that small mussel larvae 

settle on filamentous algae while larger recruits detach and re-settle (1.0-1.5mm) on mussel beds 

and hence are regarded as secondary settlers. From algae to mussels beds larvae migrate through 

wave action and currents searching for a suitable substratum (Bayne 1964). Testing of suitable 

habitat and settlement involves attachment and metamorphosis (Bayne 1964). Some studies 

refute this hypothesis of primary and secondary hypothesis (McGrath & Gosling 1988; Lasiak 

and Barnard 1995). Lasiak and Barnard (1995) found that larvae <500 µm were present on both 

filamentous algae and within mussel populations. The question is: What happens to the larvae on 

filamentous algae or other unsuitable habitats? Larvae of benthic marine invertebrates can delay 

metamorphosis if conditions are unsuitable (Bayne 1965; Eyster & Pechenik 1987). If conditions 

remain unsuitable or settlement stimuli are not triggered larvae may then die (Bayne 1965). The 

main factor that influences the delay of metamorphosis in under natural conditions is lack of 

suitable substratum (Bayne 1965). Marshall and Keough (2003) hypothesised that the delayed 

larvae become desperate to settle and become less discriminating about substratum quality as 
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their energetic reserves run low. They found that larvae settled sooner when offered preferred 

substratum. Eyster and Pechenik (1987), in laboratory studies, found that even water agitation 

has an effect on the settlement of larvae and that when water agitation was reduced mussels 

remained unattached. Insufficient energy during metamorphosis may determine the chances of 

survival and growth rates in the juvenile stage (Philips 2002).  Therefore the success of 

rehabilitation might depend on two things: successful attachment of adults, and supply of 

successful settlers onto attached mussels patches. 

 

Was small the best size class for rehabilitation? No, according to the MRP (Marine 

Rehabilitation Project) the success of rehabilitation was based on numbers of survivors and on 

increases in percentage cover. Increase in percentage cover depends on a combination of growth 

and numbers of recruits into mussels beds (recruits 1). For the MRP, success means increase in 

number individual mussels, which depends on survival and number of recruits. Therefore for the 

MRP, recruitment is more important than growth. In this study there were no differences in 

number of recruits into small and large mussel patches. Although in this study I measured some 

factors such as biomass, attachment strength, growth and condition index, for the MRP success is 

not based on those factors. In my study these factors were important as they are related to energy 

allocation and provide insight into how and why final numbers vary among sites.  
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Chapter 3 

Effects of mesh and mussel (Perna perna) size on rehabilitation success 

in Coffee Bay 

3.1. Introduction   

This study was done in Coffee Bay in the former Transkei region along the Wild Coast of South 

Africa. The area is different from Riet River (Kaehler 1999) as it has long stretches of rocky 

shores and intermittent sandy beaches (Lasiak & Dye 1989). Perna perna is the dominant mussel 

species in both the Transkei and Riet River areas (Lasiak & Dye 1989; Kaehler 1999), but due to 

high exploitation pressure along the Transkei coastline and high dependence on subsistence, it 

faces local extinction in some places. Between Nqabara estuary and the Mbhashe-Cwebe Nature 

Reserve (Figure 3.1), rocky shores are covered by algae, even in areas which used to be covered 

by mussel beds. Mussels are not the only rocky intertidal species that face local extinction, the 

abalone is also over-exploited along the West Coast of South Africa (Hauck & Sweijd 1999; 

Troell et al. 2006).  A major problem with the exploitation of abalone was the lack of bag limits 

prior to 1970. The mass quota system was introduced in 1983 (Hauck & Sweijd 1999). The 

introduction of bag limits for mussels is ineffective in Transkei as local communities do not 

comply, only 30 mussels should be harvested by a permit holder per day but in the region 

harvesters collect as many mussels as are available. The lack of a Marine Recreational Activity 

Information Brochure in South African native languages makes bag limits ineffective or 

misunderstood in Transkei. Currently where natural mussel beds have been over-exploited, they 

are replaced by coralline algae. Effective methods to rehabilitate denuded shores are required. 
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There are methods which are used to grow mussels, in aquaculture using the longline culture 

method (de Sa et al. 2007; Narváez et al. 2009; Ren & Ross 2005; van Erkom Schurink & 

Griffiths 1993), and in several studies cages have been used to attach mussels onto the natural 

rocky shores for research purposes (Dickie et al. 1984; Okamura 1986; Miller & Etter 2008) 

while to rehabilitate denuded shores, PVC drainage pipes have been used (Dye & Dyantyi 2002).  

 

The longline culture method was developed in the Marlborough Sounds of New Zealand in the 

early 1970s after adaptation from the Japanese oyster longline culturing method (Ren & Ross 

2005). Unlike the method used by the Mussel Rehabilitation Project (MRP) to rehabilitate 

denuded shores which reattach mussels onto natural rock substratum, in the longline method 

mussels are grown on ropes which are suspended in the water column. This method is used for 

commercial production of P. perna in Venezuela (Narváez et al. 2009), Brazil (de Sa et al. 

2007), Mytilus species in Spain (Pérez-Camacho 1995; van Erkom Schurink & Griffiths 1993), 

and has been used in South Africa to growth M. galloprovincialis (van Erkom Schurink & 

Griffiths 1993). In 1990 only two areas in South Africa were used to farm mussels for 

commercial production, these were in Saldana Bay and in Algoa Bay (van Erkom Schurink and 

Griffiths 1990). Longline methods have been a successful method to grow mussels, for 

aquaculture, but aquaculture is not the best solution to reduce pressure on marine resources 

because farmed animals depend on kelp for feeding. Increases in kelp harvesting for aquaculture 

may have negative impacts on kelp and the kelp associated ecosystem.  

The method developed by Dye and Dyantyi (2002) is the only method which has been used for 

natural restoration of mussels. Due to overexploitation of P. perna along the Transkei coast line, 
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the Mussel Rehabilitation Project, a project formed by Coffee Bay local communities together 

with Walter Sisulu University, selected sites that were once covered by mussel beds for mussel 

restoration or shore rehabilitation. At all the selected sites rehabilitation was attempted, but three 

were successfully rehabilitated and three were unsuccessful (pers. Obs.) and remained colonised 

by opportunistic coralline algae. The PVC drainage pipe method needs to be modified to 

improve survival or attachment of reattached mussels. From the MRP it was noted that during 

removal of PVC drainage pipes some mussel remained unattached. Hence two different methods, 

meshed and unmeshed, were used in this study to attach mussels of each size class at each site. 

The first method (unmeshed) was the one used in Coffee Bay by the MRP as developed by Dye 

and Dyantyi (2002). The second method (meshed) was different from the method used by MRP 

in two ways: mussels were kept in a mesh before being covered with drainage pipes (as in 

chapter 2), and after removal of pipes the mesh was firmly tied onto bolts either side so that 

unattached mussels had the opportunity to attach themselves on the substratum without being 

washed away by waves. In this study I assumed that keeping mussels in a mesh before covering 

them with PVC drainage pipes will improve mussel attachment, survival and rehabilitation of 

denuded shores.  

 

The previous study (chapter 2) aimed to determine which size class between sexually mature (3-

4cm) and sexually immature (1-2cm) mussels is most suitable for optimal rehabilitation of 

shores. The aim of this chapter is twofold: to determine the most suitable size, between 3-4cm 

and 5-6cm (both sexually mature), for optimal rehabilitation of shores, and to determine the 

optimum method for rehabilitation, comparing treatments involving mesh or no mesh.  
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Figure 3.1. Map of South Africa showing Transkei, and an area between Nqabarha estuary and 

Dwesa-Cwebe Nature Reserve where rocky shores are covered by algae while the area used to be 

covered by mussel beds.  

 

3.2. Materials and Methods 

Six sites were selected along the coast around Coffee Bay (Figure 3.1.), in the Transkei region. 

The sites were all sites where rehabilitation had been attempted and were arranged so that 
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successful and unsuccessful sites were interspersed as follows: Mthini (unsuccessful-S 31° 57’ 

20.6” E 029° 11’ 01.6”), Rhini (successful-S 31° 57’ 45” E 29° 10’ 24”), Lwandlana 

(unsuccessful- S 31° 58’ 39” E 29° 09’ 43”), Ocean (successful- S 31° 58’ 45” E 29° 09’ 20”), 

Nqutheni (successful- S 29° 8’ 51” E 32° 0’ 12”) and Hlungulwana (unsuccessful-S 32° 00’ 53’’ 

E 29° 07’ 48”). Sites were approximately ~2.5km apart.  Fifteen patches of small mussels with 

mesh, fifteen patches of small unmeshed, fifteen patches of large mussels with mesh and fifteen 

patches of large unmeshed mussels were deployed at each of the six sites. After a month PVC 

pipes were removed. Three patches of mussels from each size class/method combination were 

removed from each site on each of three consecutive occasions. The first patches were collected 

one month after the removal of the PVC drainage pipe (occasion 1). The second after three 

months (occasion 2) and the last patches after 5 months (occasion 3). The methods used to 

determine wave force, water motion, survival, attachment strength, CI and growth are described 

in chapter 2. The data were analyzed using GMAV 5 software (1997).  

 

3.2.1. Wave force and Water flux/ flow or circulation 

Wave force and water flux were measured once a month from November 2011-March 2012 at 

the six sites in Coffee Bay. One-way ANOVA was used to determine the effect of site on wave 

force and water motion.  
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3.2.2. Survival  

On deployment, each mussel patch comprised 30 mussels. To determine which size class and 

method yield optimum production, number of surviving mussels was recorded from each 

removed patch, on each occasion. Three-way ANOVA was used to determine the effect site, size 

and method on survival of mussels. In the experimental design there were six sites, (random 

factor), two size classes (fixed and orthogonal), and two methods (fixed and orthogonal). Each 

occasion was analyzed separately because I measured survival repeatedly over each occasion so 

that occasions were non-independent.   

 

3.2.3. Attachment strength, Growth and Condition Index  

Attachment strength, growth and CI were measured for five mussels from each of the removed 

patches on each occasion. Due to loss of treatments, different combinations of sites were used for 

the analyses on different occasions (Table 3.1).  
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Occasion  Mthini 

(unsuccessful) 

Rhini 

(successful) 

Lwandlana 

(unsuccessful) 

Ocean 

(successful) 

Nqutheni  

(successful) 

Hlungulwana 

(unsuccessful) 

1 November 3SM, 2SU, 

3LM, 3LU 

3SM, 3SU, 

3LM, 3LU 

3SM, 0SU, 

0LM, 0LU 

3SM,0SU, 

3LM, 0LU 

3SM, 3SU, 

3LM, 3LU 

2SM, 0SU, 

0LM, 0LU 

2 January 3SM, 0SU, 

3LM, 0LU 

3SM, 3SU, 

3LM, 2LU 

3SM, 0SU, 

0LM, 0LU 

3SM, 0SU, 

2LM, 0LU 

3SM, 3SU, 

3LM, 1LU 

0SM, 0SU, 

0LM, 0LU 

3 March 3SM, 0SU, 

0LM, 0LU 

3SM, 0SU, 

3LM, 0LU 

0SM, 0SU, 

0LM, 0LU 

3SM, 0SU, 

0LM, 0LU 

3SM, 3SU, 

3LM, 0LU 

0SM, 0SU, 

0LM, 0LU 

 

Table 3.1. Number of patches removed at each site on each occasion. SM-small meshed, SU-Small unmeshed, LM-large meshed and 

LU-large 
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 Occasion 1 

3.2.3. i. Effect of site, size and method on CI at Mthini, Rhini and Hlungulwana 

Three-way ANOVA was used to determine the effects of site, size and method on attachment 

strength, CI and growth. Only three sites (Mthini, Rhini and Nqutheni – a mixture of successful 

and unsuccessful sites) were used in the analysis on occasion 1 since at the other three sites 

(Lwandlana, Ocean and Hlungulwana) all unmeshed mussels were washed away.  Site had three 

levels, and was random, size had two levels, was orthogonal and fixed, and method had two 

levels, was orthogonal and fixed. There were 10 mussels for each combination.  

 

 

3.2.3. ii. Effect of site, size, method, and patch on (a) CI, (b) growth and (c) 

attachment strength between two sites, Rhini and Nqutheni 

 

The effects of site, size, method and patch were tested on (a) CI, (b) growth and (c) attachment 

strength between Rhini and Nqutheni using four-way ANOVA. In the experimental design site 

had two levels (Rhini and Nqutheni), and was random, size had two levels, was orthogonal and 

fixed, method had two levels, was orthogonal and fixed, and patch had three levels, was nested in 

site and random. There were five replicates.  
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3.2.3. iii. Effect of site and patch on (a) CI, (b) growth and (c) attachment strength 

on small meshed mussels among five sites  

 

The effect of site and patch on (a) CI, (b) growth and (c) attachment strength on small meshed 

mussels were tested at five sites (Hlungulwana was omitted), using two-way ANOVA. In the 

experimental design site had five levels, and was random, and patch had three levels, random and 

nested in site. There were five replicates.   

 

 

Occasion 2 

3.2.4. Effect of site and size on (a) CI, (b) growth and (c) attachment strength 

between small meshed and large meshed mussels among four sites  

  

Two-way ANOVA was used to determine the effect of site and size on (a) CI, (b) growth and (c) 

attachment strength between small meshed and large meshed mussels among four sites (Mthini, 

Rhini, Ocean and Nquthemi). Unmeshed mussels were washed away at Lwandlana, and 

Hlungulwana, therefore I could not test the effect of method. In the design there were four 

random sites, and two size classes with fifteen replicates.   
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Occasion 3 

3.2.5. Effect of site and patch on (a) Condition Index, (b) Growth and (c) 

attachment strength among four sites 

 

The effect of site and patch on CI, growth and attachment of small mussels at Mthini, Rhini, 

Ocean and Nqutheni was determined using two-way ANOVA. There were four random sites, 

patch had three levels, was random and nested in site with five replicates.  

 

3.2.6. Recruits 1 (recruits into byssus threads of adults) 

Recruits 1 were measured as in chapter 2 (counting number of recruits under a dissecting 

microscope). Three-way ANOVA was used to determine the effect of site, size and method was 

performed for three sites Mthini, Rhini and Nqutheni on occasion 1.  Other sites where excluded 

from the analysis since unmeshed mussels were washed away from other sites. In the 

experimental design there were three factors: site, had three levels and was random, size had two 

levels, orthogonal and fixed, and method had two levels, orthogonal and fixed. There were three 

observed mussel patches per treatment.  

 

 

3.2.7. Settlers and recruits 2 (from scouring pads) 

Scouring pads were deployed at six sites in Coffee Bay to determine if there were differences in 

the numbers of settlers and recruits between successfully rehabilitated sites and unsuccessful 

sites. Scouring pads were processed as in chapter 2. Two-way ANOVAs were used to determine 
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the effects of site and occasion on settlers, and the effect of site and occasion on recruits 2 

separately. In the experimental design the six sites were random, with five orthogonal, random 

occasions, Three scouring pads were processed for each site for each occasion.  

 

 

 

3.3. Results 

3.3.1. Wave force 

One-way ANOVA showed that there were effects of site on wave force (Table 3.2) with Mthini 

significantly lower wave forces than other sites. There was no consistent relationship between 

wave force and rehabilitation success. Therefore there was no clear effect of wave force on 

rehabilitation success (Figure 3.2).  

 

 

Source            SS                 DF            MS                 F                 P  

Site            935.7555     5           187.1511      4.04                 0.0084*  

RES           1111.4867     24           46.3119    

TOT          2047.2422    29  

 

Table 3.2. One-way ANOVA table to determine the effect of site on wave force.  
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Figure 3.2. Differences in wave force (mean +S.E.) between successfully and unsuccessful 

rehabilitated sites. Letters indicate homogeneous groups.  
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3.3.2. Water flux 

There was no effect of site on water circulation or flux (Table 3.3). 

 

Source                 SS                    DF     MS                         F            P  

Site                 512.05        5                 102.41             1.79             0.15  

RES                 1370.65        24                 57.11    

TOTAL    1882.70        29 

 

Table 3. 3. ANOVA table shows that there was no effect of site on water flux   

 

3.3.3. Survival  

3.3.3. a. Occasion 1 

For occasion 1, three-way ANOVA showed that site, method and size had effects on survival of 

mussels. There were significant interactions between site and method, and between size and 

method (Table 3.4). SNK tests showed that there were no differences in survival between large 

meshed and large unmeshed. In general meshed mussels survived better than unmeshed mussels, 

with no unmeshed animals surviving at three sites,  but the difference was not significant at all 

the remaining sites (Figure 3.3). Small mussels survived better than large, but size interacted 

with method. Mesh improved survival of both size classes, but not significantly so for large 

mussels (Figure 3.4).  
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Source                         SS                DF        MS             F          P  

Site                         3525.33     5       705.07             24.21      < 0.0001*  

Size                         382.72      1        382.72             7.07          0.0449*  

Method              1901.39     1        1901.39            12.06          0.0178*  

Site*Size              270.61      5         54.12               1.86          0.1194  

Site*Method              788.28      5         157.66             5.41          0.0005*  

Size*Method              696.89      1         696.89                16.85          0.0093*  

Site*Size*Method   206.78      5         41.36                1.42          0.2341  

RES                         1398.00     48         29.15    

TOT                        9170.00     71  

 

Table 3. 4. ANOVA table shows effect of site, size and method on survival on occasion 1.  
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Figure 3.3. Shows that for both size classes, meshed mussels survived better than unmeshed 

mussels (mean +S.E.). Letters indicate homogeneous groups among sites. 

 

 

 

 

0 

5 

10 

15 

20 

25 

30 

Mthini Rhini Lwandlana Ocean Nqutheni Hlungulwana 

N
u

m
b

e
r 

o
f 

su
rv

iv
o

rs
 f

ro
m

 3
0

 m
u

ss
e

ls
 

Site 

Meshed 

Unmeshed 

 a 

 b 

  c 
c 

 d 

e 

   f 

e 

h 

h 

 i 

e 



86 
 

 
 

 

 

Figure 3.4. Difference in number of survivors (mean +S.E.) between size classes and methods. 

Letters indicate homogeneous groups between methods and size classes.  

 

 

3.3.3. b. Occasion 2 

Results showed that there were effects of site, small mussels survived better than large mussels 

and meshed survived better than unmeshed mussels. However, there was a 3-way interaction 

among site, size and method (Table 3.5). SNK tests showed that small meshed mussels survived 

better than other treatments (large meshed, small unmeshed and large unmeshed respectively). 

There were no differences in survival of small meshed mussels among Mthini, Nqutheni, Ocean 

and Nqutheni, while the difference between Nqutheni and Lwandlana ws significant. At 

Hlungulwana all mussels were dislodged just after removal of pipes so small meshed could not 

be sampled on occasion 2 (Figure 3.5).  For small unmeshed, there was no difference in survival 
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among Mthini, Lwandlana, Ocean and Hlungulwana, where all small umeshed mussels were 

washed away. Only Rhini and Nqutheni had surviving large meshed mussels with Nqutheni 

having higher numbers of survivors than Rhini (p˂0.05). There was no difference in the number 

of surviving large unmeshed mussels among the sites. In general, the results showed that meshed 

mussels survived better than unmeshed mussels (Figure 3.6).  

 

 

 

Source                           SS                        DF       MS                   F                    P  

Site                           2966.24             5      593.25        28.82     < 0.0001*  

Size                           741.13             1      741.13        11.70         0.0188*  

Method               2485.13             1     2485.13       17.29         0.0088*  

Site*Size                316.79             5     63.36          3.08         0.0173*  

Site*Methods                718.79             5     143.76        6.98         0.0001*  

Size*Methods                30.68             1     30.69          0.24         0.6439  

Site*Size*Methods     635.24                    5     127.05        6.17         0.0002*  

RES                           988.00           48     20.58    

TOT                           8881.99           71   

   

Table 3.5. ANOVA table shows effect of site, size and method on survival of re-attached mussels 

on occasion 2 
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Figure 3.5. Survival of mussels (mean +S.E) at occasion 2 at different site and on different 

method 
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Figure 3.6. Number of survivors (mean + S.E.) between size classes and methods. Letters 

indicate homogeneous groups between methods and size classes. 

 

 

3.3.3. c. Occasion 3 

On occasion 3, Hlungulwana was excluded from the analysis. Site, size and method all had 

significant effects on survival of re-attached mussels, with a significant 3-way interaction (Table 
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small mussels survived better than large mussels and meshed survived better than unmeshed 

mussels (Figure 3.7).  

 

 

Source                          SS             DF       MS F      P                 F versus 

Site                          898.67  4       224.67     23.36  < 0.0001* 

Size                          558.15  1       558.15     10.84     0.0301*  

Method              2220.42 1       2220.42     9.88      0.0347*  

Site*Size              205.93  4       51.48     5.35                 0.0015*  

Site*Method              898.67  4       224.67     23.36  < 0.0001*  

Size*Method              558.15  1       558.15     10.84     0.0301*  

Site*Size*Method   205.93  4       51.48      5.35     0.0015*  

RES                     384.67  40       9.62     

TOT                         5930.58 59    

 

Table 3.6. ANOVA table shows results for occasion 3 to test the effect site, size and method on 

survival. 
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Figure 3.7. Number of survivors (mean + S.E.) between size classes and method on occasion 3. 

Letters indicate homogenous groups for small meshed and large meshed mussel (lower and 

upper case letters respectively).  

 

 

 

3.3.4. a. Effect of site, size and method on CI among Mthini, Rhini and Nqutheni 

Occasion 1 

There were no differences in CI among sites, between small and large mussels or between mesh 

and unmeshed mussels and no interactions among factors (Table 3.7).  
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Source                        SS                          DF        MS                  F             P  

Site                         1352.03               2        676.02                   0.93 0.3975  

Size                         685.49                1        685.49                   1.20 0.3877  

Method              655.19               1        655.19                   0.76 0.4757  

Site*Size              1143.03                       2       571.51                   0.79 0.4580  

Site*Method              1728.05              2       864.02                   1.19 0.3084  

Size*Method               740.37                        1       740.37                   1.08 0.4085  

Site*Size*Method        1375.42                2        687.71                   0.95 0.3913  

RES                           78467.54                    108       726.55     

TOT                           86147.12               119  

 

Table 3.7. Three-way ANOVA table for the effect of site, size and method on CI among Mthini, 

Rhini and Nqutheni.  

 

 

3.3.4. b. Effect of site, size and method on growth among Mthini, Rhini and 

Nqutheni 

Site had significant effects on growth, with no differences in growth between small and large 

mussels on occasion 1. There was an interaction between site and size (Table 3.8). For small 

mussels, SNK tests showed that there was no significant difference between Mthini and Rhini, 

while at Nqutheni small mussels grew faster than at Mthini and Rhini (p < 0.01). There were 

differences in growth between small and large at Mthini (p<0.01), Rhini (p<0.05) and Nqutheni 
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(p < 0.05), but the effect was strongest at Nqutheni, resulting in the interaction between size and 

site (Figure 3.8).  

 

 

Source                         SS               DF          MS                  F                          P      

Site                          0.0066    2          0.0033                  5.63           0.0047*  

Size                          0.0270    1          0.0270                  8.99           0.0955  

Method               0.0000    1          0.0000                  0.02           0.8925  

Site*Size               0.0060    2          0.0030                  5.12          0.0075*  

Site*Method               0.0026    2          0.0013                     2.19          0.1172  

Size*Method               0.0000    1          0.0000                  0.02          0.8939  

Site*Size*Method    0.0012    2          0.0006                  1.00          0.3717  

RES                          0.0633    108          0.0006    

TOT                          0.1067    119  

 

Table 3.8. Three-way ANOVA table for the effect of site, size and method on growth among 

Mthini, Rhini and Nqutheni.  
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Figure 3.8. Differences in growth (mean +S.E.) between size classes in each site. Letters indicate 

homogeneous groups between size classes. 

 

 

3.3.4.c. Effect of site, size and method on attachment strength among Mthini, Rhini 

and Nqutheni 

There were significant effects of site and size on attachment strength, with no effect of method 

(Table 3.9). SNK tests showed that Rhini and Nqutheni had stronger attachment strength than 

Mthini, and large mussels had stronger attachment strength (mean 58.16N) than small mussels 

(mean 42.71N).  
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Source                          SS                    DF       MS                 F                   P  

Site                          2869.74          2                   1434.87         5.39                   0.0059*  

Size                          7147.18          1                   7147.18      333.72        0.0030*  

Method               95.09                      1                   95.09        0.14                   0.7427  

Site*Size               42.83                      2                  21.42        0.08                    0.9228  

Site*Method               1341.74          2                  670.87      2.52                    0.0853  

Size*Method               66.28           1        66.28        0.16                    0.7272  

Site*Size*Method    824.09           2        412.04      1.55                    0.2175  

RES                           28764.08         108       266.33    

TOT                           41151.02          119  

 

Table 3.9. Three-way ANOVA table for the effect of site, size and method on attachment 

strength among Mthini, Rhini and Nqutheni.  

 

 

3.3.5. Effect of site, size, method, and patch on (a) CI, (b) growth and (c) 

attachment strength between two sites, Rhini and Nqutheni 

 

3.3.5. a. Effect of site, size, method, and patch on CI between Rhini and Nqutheni 

There was a significant interaction among size, method and patch (Table 3.10). SNK tests 

showed that Nqutheni had better CI than Rhini, that unmeshed mussels had better CI than 

meshed mussels and that there was an effect of patch only on large meshed mussels at Nqutheni 

(Table 3.11).   
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Source                                    SS             DF MS             F             P  

Site                                     29.76     1 29.76    93.88       0.0006*  

Size                                     1.85      1 1.84      0.28             0.6898  

Method                         11.95    1 11.95    1197.46 0.0184*  

Patch (Site)                         1.27      4 0.32      0.37             0.8294  

Site*Size                         6.56             1 6.58       2.86             0.1662  

Site*Method                         0.01       1 0.01      0.01             0.9279  

Size*Method                         0.19              1 0.19       0.22             0.7181  

Size*Patch (Site)             9.20             4 2.30       2.69             0.0358*  

Method*Patch (Site)             4.31             4 1.08       1.26             0.2921  

Site*Size*Method             0.85             1 0.85      0.40             0.5632  

Size*Method*Patch (Site)      8.58               4 2.15      2.50             0.0472*  

RES                                     82.23            96 0.86    

TOT                                    156.77           119     

 

Table 3.10. Four-way ANOVA table for the effect of site, size, method and patch on CI between 

Rhini and Nqutheni.  
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Site Small meshed Small unmeshed Large meshed Large unmeshed 

 P 1  P 2 P 3 P 1 P 2 P 3 P1  P 2 P 3 P 1 P 2 P 3 

Nqutheni a a a b b b c c c d d d 

Rhini e e e f f f g h g i i i 

 

Table 3.11. Difference in CI among patches at each site.  Letters indicate homogenous groups, P 

stands for patch. 

 

 

3.3.5.b. Effect of site, size, method, and patch on growth at Rhini and Nqutheni 

There was a 3-way interaction among size, method and patch (Table 3.12). SNK tests showed 

that the effect of patch was found only at Rhini on small meshed mussels (Table 3.13). 
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Source                                     SS             DF   MS             F             P  

Site                                     0.0046             1   0.0046  2.54      0.1860  

Size                                     0.0301             1   0.0301 6.96      0.2306  

Method                       0.0000             1   0.0000 0.02      0.9137  

Patch (Site)                       0.0072             4   0.0018 3.93      0.0053*  

Site*Size                       0.0043             1   0.0043 4.16      0.1111  

Site*Method                       0.0016             1   0.0016   1.11      0.3509  

Size*Method                      0.0002               1            0.0002   7.11      0.2284  

Size*Patch (Site)            0.0042             4   0.0010  2.28      0.0665  

Method*Patch (Site)             0.0058             4   0.0014  3.18      0.0170*  

Site*Size*Method             0.0000             1   0.0000  0.01      0.9096  

Size*Method*Patch (Site) 0.0082             4   0.0021  4.50       0.0022*  

RES                                     0.0438             96   0.0005    

TOT                                    0.1100            119  

 

Table 3.12. Four-way ANOVA table for the effect of site, size, method and patch on growth 

between Rhini and Nqutheni.  

 

Site Small meshed Small unmeshed Large meshed Large unmeshed 

 P 1  P 2 P 3 P 1 P 2 P 3 P 1  P 2 P 3 P 1 P 2 P  3 

Nqutheni a a a b b b c c c d d d 

Rhini e e e f g f h h h i i i 

 

Table 3.13. Difference in patches at each site among patches of the same size and method (P 

stands for patch).  
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3.3.5.c. Effect of site, size, method, and patch on attachment strength between Rhini and 

Nqutheni 

There were no significant effects or interactions among factors (Table 3.14).  

 

 

Source                                   SS              DF          MS             F              P  

Site                                   2282.20     1 2282.20 0.86             0.4053  

Size                                  15021.46 1 15021.46 4.13             0.2911  

Method                      5045.59    1 5045.59 8.40             0.2115  

Patch (Site)                      10568.11  4 2642.03 0.99             0.4179  

Site*Size                      3635.72    1 3635.72 1.36             0.3085  

Site*Method                      600.86             1 600.86  0.21             0.6740  

Size*Method                      2421.01            1 2421.01 8.74             0.2076  

Size*Patch (Site)         10701.10           4 2675.27 1.00             0.4113  

Method*Patch (Site)         11711.63           4 2927.91  1.10             0.3635  

Site*Size*Method         276.88               1 276.88  0.11             0.7524  

Size*Method*Patch (Site)    9698.18           4  2424.55 0.91             0.4633  

RES                                256692.26        96  2673.88    

TOT                                328655.00        119  

 

Table 3.14. Four-way ANOVA table for the effect of site, size, method and patch on attachment 

strength between Rhini and Nqutheni.  
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Occasion 2 

3.3.6. Effect of site and size on (a) CI, (b) growth and (c) attachment strength for 

small meshed and large meshed mussels among four sites   

 

3.3.6. (a). Condition Index 

There were differences in CI between sites and a significant interaction between site and size 

(Table 3.15). Post-hoc tests showed that Rhini had significantly lower CI than other sites (Figure 

3.9). Small meshed mussels had significantly higher CI values than large meshed mussels at 

Mthini and Ocean (Figure 3.10).   

 

 

Source                      SS            DF        MS         F                     P  

Site                       93.8797  3        31.2932          19.36    < 0.0001*  

Size                      13.1622    1        13.1622         2.22        0.2328  

Site*Size           17.7659   3        5.9220         3.66                 0.0145*  

RES                      180.9888 112            1.6160    

TOT                      305.7968 119  

 

Table 3.15. Two-way ANOVA table for the effect of site and size on CI between small and large 

meshed mussels among sites  
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Figure 3.9. Differences in CI (mean +S.E.) between small and large meshed mussels among 

sites. Letters indicate homogeneous groups among sites 
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Figure 3.10. Post-hoc results for CI (mean +S.E.) between small and large meshed mussels. 

Asterisks indicate significant difference and N.S. indicates no significant difference in 

comparisons of size classes within a site.     

 

 

3.3.6. (b). Growth 

There was a significant interaction between site and size (Table 3.16). As for CI, Rhini showed 

the lowest values (Figure 3.11). Small meshed mussels grew faster than large meshed mussels at 

all sites (p < 0.01 at Mthini, Rhini, Ocean and p < 0.05 at Nqutheni), the significant interaction 

reflecting the fact that the strength of the effect of size differed among sites. The highest growth 

was at Ocean for small mussels and at Nqutheni for large mussels (Figure 3.12).  
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Source                 SS                    DF         MS       F             P  

Site                 0.0146           3         0.0049       8.75        < 0.0001*  

Size                 0.0431           1         0.0431       25.32 0.0151* 

Site*Size     0.0051           3         0.0017       3.07 0.0308 * 

RES                 0.0621           112         0.0006    

TOT               0.1249          119  

 

Table 3.16. Two-way ANOVA table for the effect of site and size on growth between small and 

large meshed mussels among four sites  
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Figure 3.11. Differences in growth (mean +S.E.) among sites. Letters indicate homogeneous 

groups among sites.   
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Figure 3.12. Differences in growth (mean +S.E.) between size classes at each site. One asterisk 

(*) indicates significant difference at p < 0.05, and two asterisks (**) at p < 0.01.  

 

 

3.3.6. (c). Attachment strength 

There were effects of both size (large mussels were more strongly attached) and site, but no 

interaction between the two (Table 3.17, Figures 3.13, 3.14).  
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Source                    SS             DF               MS                 F                 P  

Site                    3857.89       3              1285.96              4.68             0.0041*  

Size                    8540.27              1              8540.27     13.37 0.0353*  

Site*Size        1915.83              3              638.61     2.32             0.0787  

RES                    30766.61             112              274.70    

TOT                    45080.59             119  

 

Table 3.17. Two-way ANOVA table for the effect of site and size on attachment strength 

between small and large meshed mussels among four sites    

 

 

 

 

Figure 3.13. Difference in attachment strength (mean +S.E.) among sites   
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Figure 3.14. Post-hoc results showing differences in attachment strength (mean +S.E.) between 

small and large meshed mussels at the p < 0.01 level of significance. N.S. indicates no significant 

difference in the comparison of size classes within a site.     

 

 

3.3.7. Occasion 3 

3.3.7. Effect of site and patch on (a) Condition Index, (b) Growth and (c) 

attachment strength among four sites 

 

3.3.7.a. Condition Index 

There were differences in CI among sites, with highest CI at Nqutheni, but not among patches 

within sites (Table 3.18, Figure 3.15). 
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Source                    SS                     DF           MS              F             P  

Site                    146.6064          3              48.8688 17.15     0.0008*  

Patch (Site)        22.8015          8              2.8502 1.68             0.1275  

RES                    81.3792          48  1.6954    

TOT                    250.7871          59  

 

Table 3.18. Two-way ANOVA table showing the effect of site and patch on CI of small meshed 

mussels among site and between patches 

 

 

 

 

 

Figure 3.15. Differences in CI (mean +S.E.) of small meshed mussels among sites on occasion 3 
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3.3.7. b. Growth 

There were differences in growth among sites (fastest growth at Nqutheni) and patches (Table 

3.19, Figure 3.16). 

 

 

Source                        SS             DF         MS           F              P  

Site                        0.0359        3         0.0120          8.21               0.0080*  

Patch (Site)           0.0117             8         0.0015         3.36                       0.0039*  

RES                        0.0208             48         0.0004    

TOT                        0.0684             59  

 

Table 3.19. Two-way ANOVA for the effects of site and patch on growth 
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Figure 3.16. Growth (mean +S.E.) of small meshed mussels among sites in occasion 3. Letters 

indicate homogenous groups.  

 

 

3.3.7. c. Attachment strength 

There were no effects of site on attachment strength, while patch had a significant effect (Table 

3.20). At Rhini patch 3 was significantly different from patch 1.  
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Source                    SS                       DF         MS             F             P  

Site                    553.7666   3         184.5889             0.17    0.9149  

Patch (Site)       8778.5682  8         1097.3210 2.42    0.0278*  

RES                   21777.6462 48          453.7010    

TOT                   31109.9811 59     

   

Table 3.20. Two-way ANOVA table for effect of site and patch on attachment strength 

 

 

3.3.8.  Recruits 1 (recruits into byssus threads of adults) 

There were differences among sites, and an interaction among site, size and method (Table 3.21). 

For small meshed mussels Nqutheni (known by local people as the best site for rehabilitation) 

had higher numbers of recruits 1 than Mthini and Rhini (p < 0.01). For small, unmeshed mussels 

there were no significant differences between sites. For large meshed mussel there were no 

differences between sites while for large unmeshed mussels, Nqutheni had higher numbers than 

Mthini and Rhini (p < 0.01).  
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Source                          SS               DF           MS            F                P 

Site                          169.56     2           84.77       20.90         < 0.0001* 

Size                          2.78             1           2.78          3.57            0.1994 

Method                        1.78              1          1.78                  0.24            0.6734  

Site*Size              1.56         2          0.78                  0.19            0.8267  

Site*Method      14.89             2          7.44                   1.84            0.1812  

Size*Method              81.00             1          81.00                2.08            0.2863  

Site*Size*Method  78.00     2          39.00         9.62            0.0009*  

RES                            97.33     24          4.06       

TOT                         446.89     35  

 

Table 3.21. Three-way ANOVA table to determine the effect of site, size and method on recruits  

 

 

3.3.9. Settlers onto scouring pads 

There were no differences in numbers of settlers between successful and unsuccessful 

rehabilitation sites, though Hlungulwana had the lowest numbers of settlers. There were 

differences in numbers of settlers among occasions (Table 3.22). Numbers of recruits generally 

increased after occasion 2 (January), with highest numbers on occasions 3 (February) and 5 

(April) (Figure 3.17). 
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Source                         SS                  DF                   MS                 F             P  

Site                         511.39        5                   102.28      1.20             0.3463  

Occasion             2647.33       4                   661.83       7.74       0.0006* 

Site*Occasion             1709.33       20                   85.47         1.11    0.3672  

RES                        4633.33        60                   77.22    

TOT                        9501.39       89     

 

Table 3.22.  Two-way AOVA table for the effect of site and occasion on settlers 

 

 

 

 

Figure 3.17. Number of settlers (mean +S.E.) among occasions letters indicate homogenous 

groups. 
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3.3.10. Recruits 2 (onto artificial substrata) 

Again there were no differences in numbers of recruits 2 between successful and unsuccessful 

rehabilitation sites, but an effect of occasion, with numbers increasing as the study progressed to 

a maximum on occasion 5 (Table 3.23, Figure 3.18).   

 

 

Source                          SS                 DF                   MS                   F               P  

Site                               627.12      5                   125.42          1.23  0.3319  

Occasion               2893.71             4                   723.43        7.09 0.0010* 

Site*Occasion              2039.49       20                   101.97        1.49 0.1187  

RES                          4103.33           60                   68.39    

TOT                          9663.6556      89     

 

Table 3.23. Two-way ANOVA for site and occasion on recruits 2   
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Figure 3.18. Numbers of recruits 2 (mean +S.E.) among occasions (December, January, 

February, March, April).  Letters indicate homogenous groups.  

 

 

3.4. Discussion 

There was no relationship between wave force or water flux and rehabilitation success and, while 

there were differences in wave force among sites, that was not the case for water flux, Success of 

rehabilitation was rather correlated with the number of surviving mussels and recruited mussels. 

Therefore it was important to monitor the survival of reattached mussels, and the difference in 

survival between the two size classes (3-4cm and 5-6cm). On occasion 1 it was found that there 

were no differences in survival between small and large mussels attached using the Dye and 

Dyantyi (2002) method, or method 1. The use of mesh (method 2) improved survival of mussels, 
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small meshed mussels survived better than large meshed, and both large and small meshed 

survived better than unmeshed mussels. Even at one site where rehabilitation has never been 

successful, Mthini, the mesh improved the survival of mussels.  The aim of this study was to 

determine the most suitable size for rehabilitation, and to determine the optimum method, 

comparing the mesh and no-mesh approaches and I conclude that small (3-4cm) meshed mussels 

performed best. It was determined that there were no differences in survival between small and 

large unmeshed mussels, using method 1. As in the Riet River study (Chap. 2) that compared 1-

2cm and 3-4cm mussels, there were differences in growth between 3-4cm and 5-6cm on 

occasion 1 and 2.   On occasion 2 small mussels (3-4cm) grew faster than large mussels (5-6cm). 

On occasion 3, growth between size classes could only be compared between Rhini and 

Nqutheni, as they were the only sites where large (meshed) mussels could be found. Although 

small mussels grew faster than large mussels, the difference was not significant. The fact that 

large meshed mussels could only be found at Rhini and Nqutheni on occasion 3 supports the 

conclusion that the use of mesh (method 2) together with 3-4cm mussel size can optimize 

production of rehabilitated shores. 

 

As expected, small mussels grew faster than large mussels in this study while both size classes 

(3-4 and 5-6cm) need energy for reproduction. That might be associated to the size of reattached 

mussels between the two studies. In the Coffee Bay study large mussels (5-6cm) might exert 

more resistance to wave force due to their greater surface area, which is likely to affect energy 

allocation. In the Riet River study, small mussels (1-2cm) were sexually immature and large 

mussels (3-4cm) were sexually mature according to Ruis et al. (2006). Both mature and 

immature mussels will experience physiological stress after removal, transportation, tagging, and 
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deployment, which may affect growth (Seed and Richardson 1990). That has been proved by 

reduced growth which was more pronounced at the shell edge by growth mark or growth lines 

which were fused on occasion 1. Unlike immature mussels, sexually mature mussels need energy 

not only for maintenance and growth, but also for reproduction (Seed and Suchanek 1992). Drag 

also increases with size leading to additional stress on larger mussels. 

 

It was sometimes possible to find differences in growth among patches of the same sized mussels 

at the same site. This was presumably associated with patch position within a site.  Any natural 

landscape has features of spatial heterogeneity that influence ecological processes and patch 

dynamics, among other processes (Levin 1992). The influence depends on the nature and scale of 

heterogeneity (Miller and Etter 2008). Therefore mussel patches within a site can experience 

different degrees of wave exposure due to spatial heterogeneity and unevenness, and that might 

affect their growth.   In fact experimental manipulation in the field of water flow at cm scales has 

been shown to affect the growth rates of mussels (McQuaid & Mostert 2010).  The absence of a 

patch effect on most occasions reflects the fact that sites selected for possible rehabilitation are 

generally fairly flat, homogenous platforms. 

 

Although there were no differences in growth between size classes on occasion 1, there were 

differences in attachment strength. On both occasions 1 and 2, large mussels showed greater 

attachment strength than small mussels. On occasion 3 there were not enough data to test this 

effect as large mussels were washed away from several sites. When the difference was tested 

between the remaining two sites (Rhini and Nqutheni ), it was found that large mussels attached 
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more strongly but that the difference was not significant. The site with strongest attachment 

strength differed among occasions:  Nqutheni on occasion 1 and Ocean on occasion 2 with no 

differences between sites on occasion 3 when small mussels were compared among Mthini, 

Rhini, Ocean and Nqutheni. Thus, there was no clear relationship between attachment strength 

and rehabilitation success.  

 

In contrast to growth, there were no differences in CI among sites on occasion 1. The differences 

in CI on occasion 2 depended on the site. According to the MRP, Nqutheni is known as the best 

site for rehabilitation followed by Rhini. On occasion 2, Nqutheni and Rhini had better CI than 

Mthini and Lwandlana (the worst sites for rehabilitation), and on occasion 3, Nqutheni had better 

CI than the other sites, so that the suitability of a site for rehabilitation seems to be strongly 

reflected in the CI of deployed mussels. It was also noted that whenever there were differences in 

CI between size classes, large mussels had better CI than small mussels. Those results were 

different for 1-2cm and 3-4cm at Riet River where small mussel undoubtedly had better CI.   

 

This study revealed that there were higher numbers of recruits 1 (recruits into adult byssus) at 

Nqutheni than any other sites. This was expected as Nqutheni is the best site for rehabilitation 

(according to the MRP). At Nqutheni mussels were depleted by poachers in 2010, but in 2011 

Nqutheni underwent rapid natural recovery. In March 2011 at Nqutheni, the entire area was 

covered by ~2-3cm mussels (pers. obs.). This study showed that at both successfully and 

unsuccessfully rehabilitated shores there were equal numbers of settlers, even at Hlungulwana, 

the worst site for rehabilitation. At Hlungulwana mussels were washed away just after removal 
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of pipes, this happened to both the MRP and in this study. Out of 60 experimentally attached 

mussel patches, only two small meshed patches remained attached a month after removal of 

pipes at Hlungulwana. The number of settlers varied with occasion. Very interestingly, settlers 

and recruits did not consistently show the same patterns. This might provide one of the 

explanations about differences in rehabilitation success. Nqutheni had highest numbers of 

recruits onto artificial substrata and the highest numbers of mussels recruited into byssus threads 

of adults. The fact that there were no differences in number of settlers, recruits 2 (large settlers) 

and recruits 1 (into mussel beds) between successfully and unsuccessful rehabilitated sites 

suggests that adult mussels are required for successful rehabilitation of denuded shores. As 

mussel denuded shores are covered by coralline algae (Dye et al. 1997), mussel larvae must 

initially settle onto algae.  Settlers and recruits might migrate (Bayne 1964; Eyster & Pechnik 

1987) or die if there is no suitable substratum (Bayne 1965), in this case adult mussels (Lasiak & 

Barnard 1995; Erlandsson et al.  2011). As mesh improved attachment of small mussels almost 

at all sites, both successful and unsuccessful, it proves to be the best method to attach adult 

mussels on denuded shores, providing suitable substratum for settlers and recruits. In this study it 

was difficult to agree that Mthini was a bad site for rehabilitation (as found by the MRP) as there 

were no differences in survival of small meshed between Mthini and Ocean up to occasion 3. 

Also on occasion 2 there were no differences in survival of large meshed mussels among Mthini, 

Rhini and Nqutheni. Therefore it was not surprising to find similar attachment strength between 

Mthini and successful rehabilitated sites. From this study it seemed that rehabilitation is 

impossible at some sites, as at Hlungulwana, although the exact cause is not yet known. It can be 

concluded that mesh can be used to improve rehabilitation of denuded shores, and although large 

mussels can be attached better with a mesh, the use of small mussels can optimise rehabilitation.   
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Chapter 4 

General discussion 

Prior to the Marine Living Resource Act of 1998, fisheries management in South Africa did not 

address subsistence harvesting of shellfish and law enforcement was limited. For government to 

meet international standards there have been suggestions for the promotion of partnerships 

between authorities and local communities to promote sustainable harvesting practices (Dye and 

Dyantyi 2002), as in the case of the MRP in Coffee Bay. 

 

 In 2002 the MRP developed a method to reseed mussels and suggested that the reseeding of 

mussels as a community activity can create employment and attract both local and national 

visitors. It was suggested that through mussel reseeding a method of rehabilitation could be 

developed and research studies could be carried out. The method developed by Dye and Dyantyi 

(2002) has been used in Coffee Bay to rehabilitate overexploited shores. This has been 

successfully at some sites whilst not at others. The use of a mesh in chapter 3 showed that the 

reseeding at unsuccessful sites can be improved. The question is, what is the status of 

successfully rehabilitated sites now, and how would be it be if there were no monitors? 

 

In 2009 there were 5 successfully rehabilitated sites (Rhini, Ocean, Macosana, Nqutheni and 

Siqikini) with mussel beds composed of ~6cm long mussels (pers. obs.). In 2011, at the 

beginning of the study in chapter 3 there were only two sites (Rhini and Siqikini) with large 

mussel beds and opened for mussels harvest, at the third site Nqutheni re-attached mussels were 

depleted by poachers but the site was exhibiting natural recovery with mussels ~3cm long. It is 
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not known how Nqutheni is capable of fast natural recovery, but this is presumably linked to the 

large numbers of mussel recruits there (Chap. 3). Along the Transkei coast in general, including 

Coffee Bay, law enforcement is weak. Without monitors to watch the sites during spring tides 

there would be no mussels at rehabilitated sites in Coffee Bay. Macosana for example is only 

~150 meters from the main road and houses.  During 2011 all mussels that had been there in 

2009 were poached at night (pers. obs.). Currently mussel populations at Macosana are in the 

same condition as those at unsuccessfully rehabilitated sites. In 2011 at Ocean, there were few 

mussel patches due to poaching, while in 2009 the site was covered by mussel beds. In 2011, 

Siqikini had large mussels, ~5-6cm in length. Thus there are still mussels at effectively 

monitored sites.  

 

At each successfully rehabilitated site there should be monitors to watch and control the harvest, 

while during chapter 3 study I hired people to watch the unsuccessfully rehabilitated sites for the 

duration of the study. The MRP was funded by the Department of Environmental Affairs and 

Tourism (DEAT) to pay mussel monitors. In 2009 the contract between MRP and DEAT expired 

and as result some MRP staff, including some monitors, stopped working for MRP. Therefore 

sites that had been successfully rehabilitated were not properly monitored. That led to the 

degradation of mussel beds between 2009 and 2011 at some of the sites that had been 

successfully rehabilitated (Macosana, Ocean and Nqutheni), while others that were still 

monitored remained in good condition (Rhini and Siqikini). This information is important 

because it shows that even if the two methods can be used successful to rehabilitate denuded 

shores, without proper management of mussels, law enforcement and compliance, the restoration 

of mussel beds in Transkei and their sustainable use can never be achieved. As mussels play an 



122 
 

 
 

important role, nutritionally (Branch & Monero 1994) and economically, in Transkei special 

attention to the management of mussels is required.  

 

The abundance of P. perna varies from region to region around the coast of the country (van 

Erkom Schurink & Griffiths 1990). Therefore the standardized bag limits defined by the 

Department of Environmental Affairs (DEA) may be inappropriate in areas where the carrying 

capacity and recruitment rates are too low to sustain the standard bag limits. Also the number of 

people dependant on these natural resources varies from region to region so that regional 

differences in levels of exploitation should be incorporated into management plans (McQuaid 

and Payne 1998). Results from the MRP showed that management of mussels P.perna should be 

site specific, depending on the abundance and biomass of mussels and the density of human 

populations in the region of concern. Dye and Dyantyi (2002) suggested that access may be 

controlled by introducing rotational cropping of mussels or protected sites which could act as 

exporters of recruits. Under the current management system that would be difficult and 

expensive, since stock assessment would need to be monitored regularly. The number of 

collected mussels should be linked to the percentage cover in the area. Too, without reducing or 

shifting the need and focus on mussels along the Transkei coast there will be pressure on P. 

perna and marine natural resources. In order to manage P. perna species along the Transkei 

coast, management decisions should be based on social aspects rather than technical or 

generalized national standards. The only management technique which can be used to manage 

mussels in the region is Community Based Natural Resource Management (CBNRM).  
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Muehling-Hofmann (2007) suggested that the devolution of resource management via a system 

of community-based marine resource management (CBMRM) may have much to contribute to 

small scale fisheries management worldwide. CBNRM focuses more on resource use and the 

human community than the resources. It is about the management of human activities in relation 

to resources (Jentoft 1998). In order for CBNRM to be effective, the root causes of exploitation 

need to be determined as was discussed in chapter 1.  

 

A holistic approach, involvement of different stake holders such as the Department of 

Agriculture, social development organizations, universities and NGO’s is required (Muehling-

Hofmann 2007) along the Transkei coast. For example universities and NGO’s can help in 

environmental education, while the agricultural sector can play an important role in reducing the 

focus on mussels by training local people and establishing community gardens as alternative 

sources of food. Local communities need to be taught how mussels produce and settle. For 

example an old female of ~60 years of age at Kentani once reported that mussel beds should be 

cleared yearly to avoid layering of previous year allowing space for the new generation. She 

argued that layering of new and old mussels causes all mussels to be vulnerable to dislodgment 

and the quality of flesh reduces. This shows that mussel harvesters need to be taught about 

mussel, their reproduction, growth and development. Her argument might be partially correct as 

Griffiths and Hockey (1987) recorded that recruitment and high growth rates dislodge large 

individuals from the substratum, largely through competition for space. In dense mussel clumps, 

individuals are attached to the substratum by their byssus threads and byssus threads of others 

(Bertness & Grosholz 1985; Carrington 2002). That provides additional advantages of 

attachment over solitary mussels (Bertness & Grosholz 1985). Mussels are affected by the 
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density of individuals in the patch; solitary mussels experience more hydrodynamic force, have 

higher tenacity and have a higher probability of dislodgment than mussels within a bed (Bell & 

Gosline 1997; Nicastro et al. 2010). As a result, dislodged mussels leave adjacent mussels 

vulnerable to dislodgement (Witman & Suchanek 1984). At the same time, tightly packed mussel 

beds provide better physical support to resist hydrodynamic forces (Denny 1987). In addition, 

Alvarado and Castilla (1996) suggested that the complexity of mussel beds increases retention of 

recruits. That was confirmed by Dye and Dyantyi (2002).  It is known that adult mussels are 

needed for successful recruitment (Lasiak & Barnard 1995) and indeed, in this study recruits 

were found attached to the byssus threads of adult mussels.   

 

From the Mussel Rehabilitation Project it has been shown that management of subsistence 

fisheries should focus on sustainability rather than on strategies to reduce fishing effort, 

restricting access and reducing the limit. In Coffee Bay the MRP together with Walter Sisulu 

University attempted an approach close to CBNRM, but mussel monitors and community garden 

workers were paid about $92.34 (R800) per month. That is where the MPR approach differed 

from CBNRM where local communities take responsibility of their own natural resources. As a 

result of paying monitors, when the MRP ran out of funds, rehabilitated sites and community 

gardens were abandoned. The Coffee Bay community and MRP workers viewed the project as 

job opportunities rather than as a management tool for community’s own needs and natural 

resources. In order for CBNRM to be successful, communities need to be empowered to take 

responsibility of their resources for their own benefit. According to Muehlig-Hofmann (2007) 

traditional authority and community leadership are key factors in CBNRM. The question is: Was 

or is traditional authority a key factor in MRP in Coffee Bay? The answer is NO. Walter Sisulu 
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University (WSU) was the authority or key factor in the MRP. That led the MRP and Coffee Bay 

community to rely on WSU.  

 

From this study it can be concluded that including mesh improves the chances of rehabilitation, 

but it is not the only factor which affects rehabilitation. In chapter 3, the better success of small 

(3-4cm) meshed mussels compared to large meshed animals (5-6cm) was probably associated 

with differences between size classes in their energy allocation. Although the effect of wave 

force was not clear among sites, its effects differed between size classes. On top of energy used 

for reproduction by large mussels, increased surface area in large mussels leads to higher 

resistance to wave force which also requires more energy. As result wave force might affect 

different size classes differently at one site. Wave force is associated with energy expenditure, 

therefore all the energy associated processes such as growth, condition index, attachment 

strength might be affected differently. This shows that there are several factors affecting mussel 

re-attachment, the use of the mesh provides mussels with second chance to re-attach thus 

creating suitable habitat for settlers and recruits.  

 

It is not exactly known why some sites are better than the others but it seems that, if small (3-

4cm) mussels can be attached, successful rehabilitation can be achieved. That is supported by the 

findings in Chapter 3 that showed that there were no differences in numbers of settlers between 

successfully and unsuccessful rehabilitated sites, but that there were differences in the numbers 

of survival of re-attached mussels. At successfully rehabilitated sites, mussels attached better 

than at unsuccessfully rehabilitated sites, but mesh improved attachment at both site types. Also 

juvenile mussels improved rehabilitation, there were larger number of re-attached small mussels 
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than larger mussels, although larger mussels had stronger attachment. Although it is possible to 

identify the factors that improve reseeding of mussels (use of mesh, use of small mussels, choice 

of sites with high recruitment rates), successful long-term rehabilitation requires appropriate 

management.  
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