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Abstract 

Coastal ecosystems, including seagrass beds and coral reefs, are among the most ecological and 

economical important ecosystems on Earth. At the same time as these ecosystems support livelihoods 

of coastal communities they are being highly degraded worldwide. Government-managed marine 

protected areas (MPAs) are a common tool in marine conservation and have been demonstrated to 

successfully protect natural resources. At the same time, they are increasingly criticized for excluding 

and marginalizing local communities. Therefore, alternative types of management that are managed by 

the communities themselves (community-based reserves; CBRs) constitute a promising alternative 

since they have a much higher acceptance among local people. However, the scientific knowledge on 

protection effects of CBRs on these critical habitats are scarce, and most research on the effects of 

place-based management has largely focused on coral reefs. The aim of this thesis was therefore to 

investigate how MPAs and CBRs affect corals and seagrasses, and their associated communities, using 

coastal Kenya (East Africa) as a case study. Paper I examines effects from CBRs and MPAs on 

benthic community composition, and cover and diversity of seagrasses, hard corals and associated 

benthic organisms. Paper II examines the effects of CBRs and MPAs on the density, size, biomass and 

potential monetary value of fish; the basis for coastal fisheries that are a particularly important 

ecosystem service in the study area. The results demonstrate that the small and recently protected 

Kenyan CBRs can increase the diversity of benthic organisms, protect important functional groups, 

increase structural complexity, and additionally increase fish size, biomass and monetary value. The 

results also show that protection from MPAs can result in shifts in both seagrass beds and coral reef 

communities (from a dominance of stress-tolerant species in fished areas, to stress-sensitive species in 

protected areas), and that the two habitats were similarly affected by protection. In summary, this 

thesis suggest that i) locally-managed CBRs may be an important complement to MPAs, and ii) that 

seagrass beds should more often be included in management plans. 
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Introduction 

Humans change ecosystems to meet growing needs for natural resources; for example most of the 

world’s terrestrial landscapes have been altered by agricultural activities in favor for crop production 

(Power 2010). Overexploitation and extensive degradation of natural ecosystems are globally 

threatening biological diversity and future delivery of ecosystem services; the benefits that humans 

obtain from nature (Daily 1997; MEA 2005; Worm et al. 2006). Both ecosystem services and 

biological diversity are central targets in conservation, since they contribute to human wellbeing 

(MEA 2005; Spalding et al. 2013). Biological diversity is important because it can affect delivery of 

ecosystem services and the stability of an ecosystem (Johnson et al. 1996). Studies from both 

terrestrial and marine ecosystems have demonstrated that an increase in biological diversity can 

enhance delivery of ecosystem services (Worm et al. 2006; Quijas et al. 2010). Furthermore, high 

biological diversity may increase resistance to a system if an extinct species can be replaced by a 

species with comparable functional traits, thereby preventing or delaying a collapse of the system 

(Walker 1992).   

 

Although ecosystem services are generated by ecosystems, they often depend on species that play a 

disproportionally important role for their creation; so called 'ecosystem service providers' (Kremen 

2005). The identity, abundance and diversity of these organisms, such as habitat-forming corals in the 

sea or pollinating insects on land, are important factors influencing the diversity of, and the rate at 

which ecosystem services are generated. For example, tropical reefs with high cover of structurally 

complex hard corals are often associated with higher diversity and production of fish (Jones et al. 

2004). Moreover, if diversity of pollinating bees decreases slightly it can still have a major negative 

effect on ecological functions that support ecosystem services, such as crop production (Larsen et al. 

2005). It is therefore of great importance to identify factors that influence the identity, abundance and 

diversity of 'ecosystem service providers'. 

 

Coastal marine ecosystems are highly productive and comprise a wide range of 'ecosystem service 

providers' (Bruno & Bertness 2001; UNEP 2006). In tropical coastal regions, three ecosystems – coral 

reefs, seagrass beds and mangrove forests – form the 'tropical seascape' (Ogden & Gladfelter 1983; 

Ogden 1988). These interconnected systems are recognized as vital for generating multiple ecosystem 

services such as fish production, shoreline protection, water purification, erosion control and tourism 

revenues (Martínez et al. 2007; Barbier et al. 2011). However, increasing demand on natural resources 

combined with poor management has resulted in overexploitation and degradation of these important 

habitats (Burke et al. 2001; Jackson et al. 2001; Lotze et al. 2006). A major part of the seascape is 

used as fishing grounds and because of poorly managed fisheries overfishing is one of the most 

important threats (Burke et al. 2001; Jackson et al. 2001; Orth et al. 2006). For example, the fisheries 
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have experienced reduced revenues through declining fish catches (Hsieh et al. 2006; Srinivasan et al. 

2010). Mechanical disturbances from destructive fishing gears can greatly reduce coral cover and the 

structural complexity of coral reefs (McClanahan & Shafir 1990; Alvarez-Filip et al. 2009); factors 

that regulate the reef's ability to provide feeding and nursery grounds to many marine taxa (Graham & 

Nash 2013). Indirectly, fishing may result in sea urchin outbreaks caused by removal of sea urchin 

predators (McClanahan et al. 1996; Eklöf et al. 2008). This has caused overgrazing of seagrass beds 

and hence shoreline erosion and decreased sediment stabilization (Rose et al. 1999; Peterson et al. 

2002). Also other human activities, such as aquaculture, impact the ecosystems in the tropical 

seascape. Shrimp and fish aquaculture is well-known to have resulted in significant loss of mangroves 

(Naylor et al. 2000) and their crucial shoreline protection service (Olwig et al. 2007). Additionally, 

disturbances have been suggested to cause shifts in entire communities. For example, on coral reefs 

overfishing in combination with other stressors, such as global warming, has resulted in a shift 

towards coral communities that are less diverse (Alvarez-Filip et al. 2009; Riegl et al. 2012). These 

communities are dominated by stress-tolerant and structurally simple species which has reduced reef 

habitat complexity and thereby likely diminished tourism revenues and shoreline protection (Graham 

& Nash 2013). Altogether, these disturbances have – by impacting 'ecosystem service providers' like 

seagrasses and corals – strongly impacted the creation of vital ecosystem services. Humans in coastal 

regions, particularly in developing countries, are often directly dependent of natural resources and 

their ecosystem services for their livelihoods. For example, fishing generates a daily income and acts 

as vital food source and coastal societies therefore become particularly vulnerable to marine resource 

degradation (Martínez et al. 2007; Barbier et al. 2011).  

 

To reduce the effects of anthropogenic disturbances, establishment of government-managed marine 

protected areas (hereafter referred to as 'MPAs') has become increasingly common as a tool in marine 

conservation (Spalding et al. 2013). The purposes with MPAs vary from preserving biological 

diversity and sensitive habitats, to replenishing depleted fish stocks and generate tourism revenues. 

Ideally, they should all be designed to simultaneously accomplish as many conservation objects as 

possible (Salm et al. 2000). A large body of literature has shown that MPAs can successfully protect 

biological diversity, critical habitats and fish stocks (Bohnsack 1998; Roberts & Hawkins 2000; Gell 

& Roberts 2002; UNEP 2006; Graham et al. 2011). Importantly, these effects strongly depend on how 

long an MPA has existed (Roberts & Hawkins 2000; McClanahan et al. 2007; Claudet et al. 2008; 

McClanahan et al. 2009). The reason is that there is a time-lag from the start of protection to recovery 

of protected populations that depend on e.g. re-colonization rates and reproduction cycles (Roberts & 

Hawkins 2000). Also the size of MPAs can influence protection effects, by for example influencing 

the population size of non-exploited populations (Claudet et al. 2008; McClanahan et al. 2009). On the 

other hand however, MPAs have become heavily criticized on a global scale, primarily because they 

exclude resource use and therefore can marginalize coastal communities (e.g. Gell & Roberts 2002; 
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Christie 2004; McClanahan et al. 2005). For example, the presence of MPAs have been shown to 

cause loss of fisheries revenues and community level values like involvement in community 

organizations and confidence in management of resources (Hicks et al. 2009). As a consequence, 

MPAs have become increasingly associated with infected resource user conflicts that decrease socio-

economic stability and threaten MPA goals (McClanahan 1999; Christie 2004). A promising 

alternative to government-managed MPAs are community-based or 'bottom-up'-driven reserves 

(hereafter referred to as 'CBRs'). A small but increasing body of literature shows that CBRs are 

generally more accepted by local communities, since the communities themselves participate in and/or 

lead decision-making and management (Gray et al. 2001; Pollnac et al. 2001; Gell & Roberts 2002; 

Redford & Fearn 2007; Hicks et al. 2009). However, knowledge about ecological protection effects 

from CBRs is scarce compared to the numerous studies done on effects of MPAs. Studies on coral 

reefs demonstrate that CBRs can increase hard coral cover and diversity (e.g. White & Vogt 2000) and 

fish biomass and size (e.g. McClanahan et al. 2006; Aburto-Oropeza et al. 2011; Clements et al. 

2012). If these effects are general, CBRs may be a good complement or possible alternative, to already 

existing MPAs, since they are likely to fulfill socio-economic community goals (Hicks et al. 2009) 

and at the same time protect natural resources.  

Much marine research and management in the tropics target coral reefs, whereas other habitats in the 

seascape may be equally or even more important for delivering ecosystem services (Wells et al. 2007; 

Duarte et al. 2008). Seagrass ecosystems have received the least attention (Duarte et al. 2008), despite 

the fact that seagrass beds generate production of economically important finfish and shellfish, 

sequester carbon, stabilize sediment and protect coast-lines worldwide (Fonseca 1989; Koch 2001; 

Heck et al. 2003; Björk et al. 2008; Barbier et al. 2011). Seagrass beds have also experienced serious 

decline globally, due to disturbances from e.g. aquaculture, nutrient and sediment runoff, and 

destructive fishing practices (Orth et al. 2006; Waycott et al. 2009). Together, these facts highlight the 

importance of research and management that also target other habitats than coral reefs, and assesses 

how place-based protection affects these ecosystems. Another important factor in studies assessing 

effects of protection is the variables surveyed (Moffitt et al. 2013). Many studies and monitoring 

programs are based on a few and relatively 'coarse' ecological variables, such as fish biomass (e.g. 

Roberts & Polunin 1991; Halpern 2003) and total % cover of benthic organisms, e.g. corals  

(Wilkinson 2008). These variables, and the way in which they are affected by management, are of 

great importance since they are used when evaluating management effects. Yet, some effects may only 

be detected when using more detailed variables, such as community composition of taxonomic groups 

that may account for life-history traits (e.g. stress-tolerance) (e.g. Darling et al. 2012). It is therefore of 

great importance to assess and evaluate protection effects using a combination of coarse and more 

fine-scale variables.  
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Aim of thesis 

The aim of this licentiate thesis was to investigate how contrasting types of place-based management – 

locally-managed CBRs and government-managed MPAs – affects coral and seagrass communities. 

Using coastal Kenya (East Africa) as a case study, I investigated how MPAs and CBRs affect two 

important ecosystem service providers; corals and seagrasses, and their associated benthic and fish 

communities. In paper I effects of protection from MPAs and CBRs (in relation to fished open-access 

areas) were compared in terms of community composition, and cover and diversity of seagrasses, hard 

corals and associated benthic sessile organisms. In paper II I assessed the effects of the two forms of 

contrasting management on the density, size, biomass and potential monetary value of seagrass- and 

coral associated fish stocks; the basis for coastal fisheries, which is a particularly important ecosystem 

service in these regions. Overall, this thesis aims to test if: 

i) CBRs can generate protection effects on these critical habitats and their associated communities,  

ii) effects differ between seagrass and coral habitats, and 

iii) different variables are affected differently by protection, e.g. the coarser variable total coral cover 

vs. coral taxonomic composition. 

 

 

Study region 

This research has been carried out in the tropical seascape of the southern coast of Kenya, East Africa. 

The marine environment along the Kenyan coastline is typical for that found along many shallow 

coasts in the Western Indian Ocean;  the intertidal zone is covered by small seagrasses like Halophila 

and Cymodocea spp., while larger species e.g. Thalassodendron ciliatum are more abundant in the mid 

and subtidal lagoon (Gullstrom et al. 2002). From the mid lagoon and outwards the bottom becomes 

gradually more dominated by hard bottom coral interspersed with sand, macroalgae and seagrasses. 

 

A majority of the households in coastal Kenya depend on fishing and other benefits associated with 

coral reefs and seagrass beds for their daily income and food security (Martínez et al. 2007). At the 

same time these habitats are severely threatened by resource use activities (such as tourism, shipping 

and fisheries) that have resulted in overfishing and habitat destruction (McClanahan et al. 2005). For 

example, in some tourist areas in Kenya hotel owners clear intertidal areas from seagrasses, resulting 

in loss of associated organisms and significant beach erosion (Green & Short 2003). Additionally, 

overfishing have triggered sea urchin population outbreaks caused by removal of sea urchin predators 

(McClanahan et al. 1996; Eklöf et al. 2008), which has increased bioerosion of coral reefs and loss of 
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crustose coralline algae (CCA) that are essential for coral recruits (McClanahan & Muthiga 1988; 

McClanahan & Muthiga 1989; O’Leary et al. 2012). As a result, corals and seagrasses have declined 

in cover and distribution, and overfishing have resulted in reduced fishery yields for local 

communities (Obura 2001).  

 

A number of MPAs have been established in Kenya during the last four decades (Wells et al. 2007) to 

prevent further environmental degradation from overfishing and destructive gear use (McClanahan 

1987; McClanahan & Muthiga 1988; Knowlton & Jackson 2008; McClanahan et al. 2008). These 

MPAs have been shown to successfully protect natural resources, but at the same time they are poorly 

accepted among local communities (Obura 2001; McClanahan et al. 2005; Hicks et al. 2009). As a 

result infected conflicts between fishing communities and authorities have arisen. This has resulted in 

the establishment of locally-managed CBRs, which have gained a much higher acceptance among 

local communities compared to MPAs (Hicks et al. 2009). Because of the presence of both MPAs and 

CBRs, southern Kenya constitutes a good study area to investigate effects of contrasting management 

on coral and seagrass communities. However, since the CBRs in Kenya are all recently established 

(between 1 and 6 years of protection), and the MPAs have been protected for >20 years, they will 

likely not generate the same protection effects. Therefore, protection effects of CBRs relative to fished 

areas are more relevant.  

 

 

Methods 

Paper I 

Benthic inter- and sub-tidal communities were surveyed in twelve study areas (four CBRs, four MPAs 

and four fished areas) on the southern Kenyan coast during October to December 2012. To evaluate 

how management affects different groups of important 'ecosystem service providers', the percentage 

cover of all sessile benthic organisms were assessed in 0.5 m2 quadrats, in three habitat zones along a 

seascape gradient; i) intertidal and ii) subtidal seagrass areas, and iii) subtidal coral reefs. Seagrasses 

were identified to species, and macroalgae and hard corals mostly to genus. Remaining benthic 

substrates were categorized into one of the following groups: soft coral, sponge, cyanobacteria, dead 

coral, stone and sand. On the coral reef we also estimated how structurally complex the habitat was, 

using a standard rugosity estimation (McClanahan & Shafir 1990), where a ten meter long chain was 

placed along the reef contour, and its length from the start to end was compared to that of the straight 

line distance (10 m). Effects of management type, habitat type and time since closure (age) on hard 

coral and benthic communities composition (based on taxonomic groups) were analyzed using 

PRIMER (v 6.1.15) (PERMANOVA and DISTLM) (following Anderson et al. 2008). Effects of 

management type, habitat type and time since closure on diversity of benthic organisms, reef 
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topographic complexity, total hard coral and seagrass cover, and additionally the two ecological 

important calcareous algae; crustose coralline algae and Halimeda were analyzed using different types 

of general linear mixed models in R (v. 3.0.1).  

 

Paper II 

To investigate effects of management on fish communities, fishes were surveyed in coral and seagrass 

habitats in September to December 2011 in two CBRs, two MPAs and two fished areas. Fishes were 

visually recorded in 25m2 point transects, that are commonly used when comparing fish communities 

in contrasting habitats (Dorenbosch et al. 2005, 2006). Fishes were identified to species level, counted 

and size estimated (standard length, SL). Fish biomass was calculated using species-specific length-

weight relationships from FishBase (Froese & Pauly 2012). Potential monetary value of the fish stocks 

were estimated by combining our fish survey data with 12 years of fish market data from the study 

area (McClanahan 2010). Since fish communities are usually affected by local cover of benthic 

habitats (Bell & Galzin 1984; Gell & Whittington 2002; Coker et al. 2012), the local cover of habitat-

forming coral and seagrasses were simultaneously sampled in the quadrats. Effects of management 

type, habitat type and time since closure (age) on fish density, size, biomass and value were analyzed 

using different types of general linear mixed models in R (v. 3.0.1). Effects on fish group composition, 

based on how valuable the fishes are on the market (i.e. price per kg) (see McClanahan 2010), were 

analyzed using PRIMER (v 6.1.15) (PERMANOVA and DISTLM) (following Anderson et al. 2008).  

  

 

General findings 

Paper I: Effects of contrasting types of marine protected areas on marine foundation 

species across a tropical seascape gradient 

Paper I examines how cover of four types of 'ecosystem service providers' (hard corals, seagrasses, 

crustose coralline algae and Halimeda spp.), and topographic reef complexity, diversity and 

composition of the benthic community are affected by CBRs and MPAs. The results show that total 

cover of hard corals was unaffected by management, whereas total seagrass cover was positively 

affected by MPAs (but not by CBRs) in intertidal and mid-lagoon areas, but negatively affected in reef 

areas. Protection effects from CBRs and MPAs increased cover of coral reef-associated crustose 

coralline algae (CCA), and cover of Halimeda algae in both coral and seagrass habitats. In terms of 

community composition, the MPAs caused major shifts in both coral and seagrass communities 

compared to fished areas and CBRs. Late-successional and disturbance-sensitive species replaced 

more stress-tolerant species that dominated in fished areas and CBRs. Importantly, these shifts had not 

occurred in any of the CBRs. However, CBRs (as well as MPAs) increased the overall diversity of 
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benthic organisms in both seagrass and coral habitats, and there was also a strong trend suggesting that 

CBRs – just like MPAs – increased coral reef structural complexity. Importantly, seagrass beds and 

coral reefs, which differed in terms of diversity and composition of taxonomic groups, were largely 

affected by CBRs and MPAs in the same ways (few interactions between the factors 'management 

type' and 'habitat zone').  

Paper II: Recently established community-based reserves disproportionally increase 

potential monetary value of fish stocks 

Paper II narrows the focus and investigates the effects of locally-managed CBRs and government-

managed MPAs on the density, size, biomass and potential monetary value of seagrass- and coral reef-

associated fish. Interestingly, we found that protection effects from young and small CBRs, just as the 

older and larger MPAs, increased total biomass, individual size and potential market value of fish, in 

both seagrass beds and coral reefs. Moreover, the potential market value increased much more 

strongly with time since closure (age), than did standard monitoring variables such as fish biomass or 

density. There are mainly two explanations for this finding. First, the increase in fish size likely 

generates a higher price per kg, because fishes can then be sold on the tourism market where prices are 

much higher than on local fish markets. Second, we found that high-value fish taxa (e.g. rabbitfish and 

goatfish) correlated strongest with time since closure, than did low-value taxa. Protection did not 

interact with habitat type (coral and seagrass) in our models, which indicate that seagrass- and coral 

reef-associated fish communities are affected by protection in largely the same way.  

 

General discussion 

The results from paper I and II suggests that small and recently established locally-managed CBRs can 

clearly benefit functionally important foundation species and their associated communities, similar to 

older and larger government-managed MPAs.  

Paper I demonstrates that CBRs, just like MPAs, positively affected the cover of the important 

ecosystem service providers; crustose coralline algae and Halimeda spp., as well as community 

diversity of benthic organisms and coral reef structural complexity. Overexploitation has resulted in 

reduction in structural complexity of reefs (McClanahan & Shafir 1990; Alvarez-Filip et al. 2009) and 

sea urchin population 'outbreaks' (McClanahan et al. 1996; Eklöf et al. 2008). This has in turn resulted 

in increased bioerosion of corals and loss of crustose coralline algae (McClanahan & Muthiga 1988; 

McClanahan & Muthiga 1989). The increase of crustose coralline algae and reef complexity from 

effects of CBRs and MPAs was likely an effect of the lack of stressors associated with fishing. Earlier 
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studies have in the same way demonstrated greater cover of crustose coralline algae and Halimeda 

spp., as well as increased reef complexity in MPAs compared to fished areas (McClanahan & Shafir 

1990; Alvarez-Filip et al. 2009; Graham et al. 2011). The positive effects of protection on cover of 

crustose coralline algae and the calcareous algae Halimeda spp. suggests that both CBRs and MPAs 

likely sustain higher rates of reef accretion than fished areas. This is because these two algae are the 

main producers of carbonate sediments in many reef systems  (Vroom 2011) and hence are important 

in maintaining coastal protection (Koch et al. 2009). Additionally, higher cover of crustose coralline 

algae is critical for coral settlement (Anthony et al. 2008). These results suggest that CBRs, similar to 

MPAs, provide better opportunities for coral recruitment than fished areas, and hence ecological 

stability of reefs. Complex and diverse habitats are likely to support higher diversity of associated 

species, e.g. fish species through providing more habitats (Jones et al. 2004), and also likely sustain 

more ecosystem services such as tourism revenues (Worm et al. 2006; Graham & Nash 2013). 

We also found that MPAs generated distinct shifts in coral and seagrass communities, from dominance 

of ‘weedy’ and stress-resistant taxa in fished areas, to structurally more complex and stress-sensitive 

species within MPAs. For example the grazing-sensitive seagrass species Thalassodendron ciliatum 

(Alcoverro & Mariani 2004), that has a complex morphology and has been shown to harbor more fish 

biomass than more simple seagrasses (Gullstrom et al. 2008), dominated in the MPAs. These effects 

were, however, not generated by the more recently established CBRs alone, suggesting that 

community shift need longer time of recovery before communities shifts into more late-successional 

species. Likewise, Chirico et al. (in preparation) demonstrates that recently established CBRs still 

have high abundances of sea urchins, possible due to slow recovery of sea urchin predatory fishes. 

Therefore, CBRs are unlikely to exclude stressors to grazing- and stress-sensitive coral and seagrass 

species, which explain why the detected community-shifts have not yet occurred in the CBRs. 

Paper II demonstrated an increase in fish biomass, size and, particularly, potential monetary value in 

CBRs and MPAs. These results are consistent with those from other studies that also show that CBRs 

can generate positive effects on biomass and size of coral reef fishes (e.g. McClanahan et al. 2006; 

Aburto-Oropeza et al. 2011; Clements et al. 2012). The increased abundance, biomass and size of 

valuable fishes inside CBRs (and MPAs) may result in density-dependent 'spill-over' (Bohnsack 1998) 

of fishes that possess a high value and hence that may benefit fisheries outside the closure (Unsworth 

et al. 2010). Since fishing is an important source of generating fisheries revenue and sustain daily food 

requirements (Roberts & Hawkins 2000; UNEP 2006), these possible effects are of great importance 

for coastal livelihoods.  

 

It is important to study protection effects from alternative management types such as CBRs, since they 

from a socio-economic perspective often have higher acceptance from local communities and more 
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likely fulfill community goals than MPAs (e.g. Pollnac et al. 2001; Gell & Roberts 2002; Hicks et al. 

2009). Hence, if CBRs also protect natural resources, they have the potential to deliver both socio-

economic and ecological benefits, and may therefore constitute a good complement to MPAs. 

Together, paper I and paper II demonstrate that CBRs generated positive effects on natural resources; 

they increased the cover of key functional groups (crustose coralline algae and Halimeda spp.), and 

increased reef complexity, diversity and value of fish communities. The shorter time of protection of 

the CBRs, compared to the MPAs is a likely explanation to why the CBRs have not yet generated the 

community-shifts observed in the MPAs. Since the time of protection covaries with the type of 

protection (CBR vs. MPA), it is difficult to assess if the observed differences in effects are due to the 

differences in time since closure, or differences in how the areas are managed. Size of closure is also 

known to affect the performance of protected areas (e.g. Claudet et al. 2008; McClanahan et al. 2009). 

Small reserves can successfully protect sedentary organisms, while large reserves may be better in 

protecting larger and more mobile organisms, as well as containing different types of habitats and 

therefore likely sustain higher biological diversity (Hilborn et al. 2004; Nardi et al. 2004). CBRs are 

usually small and established close to populated areas, and therefore these areas are likely easier to 

control (McClanahan et al. 2006). The smaller size of CBRs likely support some conservation goals 

e.g. sustain local fisheries through 'spillover' to nearby areas. While the MPAs due to their larger sizes 

are more likely to maintain several habitat types and protect highly mobile organisms, they are more 

likely to fulfill other conservation goals such as maintaining high biological diversity (Weeks et al. 

2010). Since CBRs may fulfill socio-economic community goals (e.g. Pollnac et al. 2001; Gell & 

Roberts 2002; Hicks et al. 2009) and even after just a few years can generate protection effects on 

natural resources (Paper I and II), this thesis suggest that CBRs may constitute a “golden mean” that 

can deliver both ecological and social benefits and hence be an important complement to MPAs. A 

combination of different types of management is likely to fulfill goals on both regional and 

community level (Weeks et al. 2010). Multiple-use systems have turned out to be successful in the 

Great Barrier Reef Marine Park, Australia, where environmental conservation and human resource use 

have been successfully integrated (Day 2008). 

 

In general, coral and seagrass habitats were similarly affected by protection from CBRs and MPAs. 

For example, effects on diversity of benthic organisms, benthic community composition and fish 

community variables did not differ between the two habitats. This indicate that even though 

conservation efforts in the tropics are primarily targeting coral reefs (Wells et al. 2007), protected 

areas also generate positive effects on seagrass ecosystems. The need to also protect seagrass habitats 

was made even clearer with the fact that MPAs had a positive effect on seagrass cover in the seagrass 

habitat, but a negative effect on seagrass cover in the coral habitat. A likely explanation to this effect is 

that seagrasses within reef habitats experience increased competition for space from corals that spread 

as an effect of protection (McClanahan et al. 1994). Seagrasses may also be exposed to high grazing 
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rates from herbivorous fishes in the MPAs. Studies from Kenya, as well as other parts of the world, 

demonstrates that herbivores fishes consume substantial amounts of seagrass and that grazing pressure 

from herbivorous fishes is greatest within MPAs (McClanahan et al. 1994; Alcoverro & Mariani 2004; 

Mumby et al. 2006; McClanahan 2008), which support this hypothesis. 

 

There were also some clear and general differences between the two habitats, regardless of protection 

effects. Coral reefs had higher diversity of benthic organisms (paper I) and also sustained fish 

communities with higher density, biomass and potential market value than seagrass beds (paper II). 

This supports other studies showing that coral reefs generate fish production by e.g. providing shelter 

and feeding habitats through their complex three-dimensional structures (Bell & Galzin 1984; Moberg 

& Folke 1999; Coker et al. 2012). Based on the assumption that increased biological diversity can 

enhance delivery of ecosystem services (Worm et al. 2006; Quijas et al. 2010), my results may 

suggest that coral reefs generate more ecosystem services per unit area, than do seagrass beds. 

Meanwhile, we found that benthic community composition (based on taxonomic groups) (Paper I) and 

fish group composition (Paper II) clearly differed between seagrass and coral habitats. This supports 

the suggestion that these two habitats, by sustaining very different types of species and functions, are 

likely to support different ecosystem services (Duarte et al. 2008). For example, seagrass beds support 

carbon sequestration and alleviation of pH stress ("ocean acidification") on calcifying organisms 

(Semesi et al. 2009; McLeod et al. 2011). More importantly, even though seagrass beds per unit area 

may sustain fish communities with lower density, biomass and value, seagrass-associated fish have 

over the last decade become disproportionally important for artisanal fisheries, especially in Kenya (de 

la Torre-Castro & Rönnbäck 2004; Cinner et al. 2013). Two possible explanations could be that 

seagrasses cover much larger fishing areas than coral reefs (and therefore support greater fish stocks in 

total), and/or that coral reefs have been struck harder by overfishing and/or climate change. Combined 

with the results from Paper I and II, this highlights the need for management in the tropical seascape, 

which has primarily focused on protecting coral reefs (Wells et al. 2007; Duarte et al. 2008), also 

should include seagrass beds.  

 

The two studies presented in this thesis also demonstrate that depending on what variable that is 

measured, we see different effects of protection. Total coral cover, which is a common variable in 

coral reef monitoring (Wilkinson 2008), was not affected by management, whereas community 

composition clearly shifted when comparing fished areas and MPAs (paper I). Second, potential 

market value of fish stocks was a more sensitive fish variable than fish density, biomass and individual 

size (paper II). These results show that from a management perspective it is important to carefully 

evaluate how different variables respond to different types of protection (Moffitt et al. 2013). 

Management effects, in terms of how successful they are in protecting natural resources, are often 

evaluated based on relatively 'coarse' variables like fish biomass and coral cover, which this thesis 
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shows are potentially not sensitive enough to identify actual effects. If ignoring the fact that different 

variables respond differently, the actual effects of protection may be over- or underestimated.  

 

 

Conclusions 

The results from paper I and paper II can be summarized into three main conclusions: 

i) Small and recently established CBRs can increase diversity and cover of benthic 

organisms and their associated communities, and enhance fish biomass and more so, the 

potential market value of fish stocks. CBRs may hence be an important complement to 

MPAs in marine conservation. 

ii) Seagrass- and coral reef habitats were largely affected by the different types of 

management in the same way, and protection effects can result in community shifts to 

dominance by structurally complex ‘ecosystem service providers’ like branching corals 

and seagrasses. Consequently, seagrass habitats should more often be included in 

management plans, just like coral reefs. 

iii) Protection effects strongly differed depending on what variable was examined, and 

traditional monitoring variables (e.g. total coral cover and fish density) were those 

variables that were the least sensitive to protection effects. 

 

 

Future studies 

My research will continue to study the effects of place-based protection on seagrass and coral habitats, 

and investigate some of the functions and ecosystem services associated with these important habitats. 

In 2011 I collected data on sea urchin abundance, predation pressure on tethered urchins, and 

herbivory rates on seagrasses. In the autumn of 2012 I also collected sediment and seagrass samples in 

the intertidal, subtidal and reef zones (see paper I). Based on these samples, the effects of management 

and cover of benthic communities will be assessed on variables that can be linked to the ecosystem 

services; sediment stabilization, erosion control and carbon sequestration. Additionally, I in Nov 2011 

started a disturbance experiment (removal of seagrass) in two fished areas and one CBR in Kenya, to 

examine how recovery and re-colonization rates are influenced by fishing activities and the size of 

disturbance. Finally, I will in the autumn 2013 participate in a regional field study (Tanzania, Kenya 

and Mozambique), estimating the effects of MPAs and CBRs on habitat characteristics and fish 

communities. This will show the generality of the protection effects shown in this thesis on a larger 

spatial scale. 
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