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ABSTRACT 

Phenotypic plasticity in life-history attributes of fishes is poorly studied in Western 

Indian Ocean (WIO) region but may be important in maintaining resilience of 

populations to disturbance events. This study examined the existence of phenotypic 

divergence in biological attributes of the commercially important marbled parrotfish 

(Leptoscarus vaigiensis) among reefs in coastal Kenya in an attempt to bridge the 

data gaps and understand ecosystem function. Phenotypic divergence in the 

reproductive, feeding, growth and mortality attributes of L. vaigiensis was studied 

during May 2011-April 2013 at six reef sites exposed to varying levels of fishing 

pressure in coastal Kenya. Baited fish traps were used to sample specimens of L. 

vaigiensis, an economically important species, within two no-take marine parks 

(Malindi and Watamu) and their adjacent Reserves in which regulated fishing is 

allowed. Monthly samples were also obtained from fishers operating at two 

unprotected sites (Kanamai and Vipingo). Biological attributes of the species were 

then compared between sites using a combination of univariate and multivariate 

statistical analysis. Results showed reproductive attributes of fish in the Parks and 

Reserves had higher fecundities than those on unprotected reefs indicating spatial 

differences in the reproductive potential of the species. However, fish at unprotected 

sites had higher fecundities at smaller sizes relative to larger fish at protected sites. 

Females at unprotected sites matured at lower lengths (13.4 cm, range, 11.8-14.8 cm, 

95% CI) than those in marine parks (17.8 cm, range 17.5-18.1 cm, 95% CI) and 

reserves (17.4 cm, range, 16.2-18.4 cm, 95% CI) suggesting spatial difference in the 

trade-off between gonadal  development and somatic growth likely influenced by 

differential fishing pressure. Feeding data showed higher niche breadths for fish from 

protected sites during the northeast monsoon (NEM) season and at fished sites during 

the southeast monsoon (SEM) season suggesting the influence of sites and 

seasonality on feeding activity. Results on growth showed higher asymptotic length 

(L∞) estimate (~ 31 cm) for the species from a reserve site and lowest estimates (26-

27 cm) from a marine park site. As expected, total mortality estimates (Z yr
-1

) were 

lower for protected areas (1.69-1.96) and higher for reserve (2.87-9.15) and non-

protected (4.39-5.30) sites. It is concluded that the potential for growth is influenced 
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by fishing and other factors not covered in this study including temperature and food 

availability. Overall, the results indicated variable levels of phenotypic divergence in 

attributes of the species between sites. The real causes of this divergence cannot be 

partitioned between fishing mortality, genetic variability or habitat-induced variation 

and will require further investigations. The main thesis of the research is that 

populations of this commercially important species are likely sustained by resilience 

to exploitation caused by plasticity in life-history traits. The existence of spatial 

variability in some parameters (e.g. fecundity and size at maturity) and functions 

(e.g. niche breadth and growth) requires that scientific management of stocks be 

based on spatially explicit models that use these parameters.   
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the study 

Exploitation of fish stocks may affect local community structure in the short term 

and life-history traits on an evolutionary time-scale (Rodhouse et al., 1998). All 

fisheries are, to a greater or lesser extent, selective in terms of the size, age, sexual 

maturity and, in some instances, the sex of the catch (Law, 1991). In the short term, 

selectivity at high rates of exploitation can radically change the age/size structure and 

breeding structure between exploited populations, whereas in the long term, 

mortality caused by harvesting may act as an artificial selection process driving 

evolution of life-history traits of fish populations (Rodhouse et al., 1998). Thus, the 

life-history traits of fished populations may vary spatially in response to fishing 

through two pathways; direct environmental effects manifested as phenotypic 

plasticity (production of different phenotypes by the same genotype under different 

conditions, sensu Morita & Morita, 2002) or through evolutionary selection 

(Dieckmann & Heino, 2007). Phenotypic and evolutionary changes can co-occur in 

harvested fish populations, although they may operate on different time scales, at 

different rates and even in different directions (Sharpe & Hendry, 2009). 

Phenotypic changes in life-history traits (e.g. growth, maximum sizes, length-at-first 

maturity defined as minimal size attained at maturity or the size at which 50% of the 

fish at that size are mature, Beacham, 1983) can occur in space following reduction 

of population density in exploited stocks (Heino & Godo, 2002; Jennings & Kaiser, 

1998). Evolutionary change occurs when fast-growing individuals are exploited more 

than those with slow growth hence causing reduction in the average growth rate 

(defined as the rate in change in length per unit time) and size at maturation of fishes 

(Law, 2000; Stearns, 1992). Changes in demographic traits of fish such as growth 

and length at maturity has been shown among fish stocks including; Atlantic Cod on 

the Scotian Shelf (Beacham, 1983), Atlantic Salmon in North America (Schaffer & 

Elson, 1975), North-east Arctic Cod (Jørgensen, 1990) and for other fish stocks in 
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the North-west Atlantic (Trippel, 1995). Despite this documentation, little evidence 

of spatial change in demographic traits in fishes due to differences in fishing 

mortality or environmental variability is available for the most of the tropics and 

especially in Western Indian Ocean (WIO) region. This study aimed at bridging this 

information gap by studying possible variation in life-history traits of the marbled 

parrotfish (L. vaigiensis, Plate 1-1) among fished coral reef sites in coastal Kenya. 

Fishes may change their life-history attributes through mechanisms such as 

phenotypic plasticity thereby making them resilient to the effects of fishing 

(Candolin, 2009) or environmental variability (Gomes & Monteiro, 2007). 

Phenotypic plasticity or variance is also associated with niche expansion or 

‗ecological release‘ (described as the process in which species gain access of 

resources that may have otherwise been depleted or monopolized by competitors 

(Bolnick et al., 2010; van Valen, 1965). Although the relationship between 

intraspecific competition and niche expansion is known from theory (Roughgarden, 

1976; Wilson & Turelli, 1986), there has been little empirical proof that niches 

diversify in response to variation in intra- or interspecific competition that may be 

mediated by drivers like fishing effort. In fishes, niche breadths defined in terms of 

range of prey organisms found in the guts (Cohen & Lough, 1983), are affected by 

several factors including food diversity (Layman et al., 2007), competition 

(Svanback & Bolnick, 2005), seasonal changes in resource availability (Tanimata et 

al., 2008) and environmental conditions (Laidre & Heide-Jørgensen, 2005). Niche 

breadths of fishes may vary in space in response to variable fishing pressure 

(Layman et al., 2007), however, this has not been tested for most of the coral reef 

species.  
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Plate 1.1: The marbled parrotfish (Leptoscarus vaigiensis) whose life-history 

traits were compared among reefs exposed to varied fishing pressure in coastal 

Kenya.  
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The marbled parrotfish has a wide geographical distribution extending from the 

northern end of Red Sea to the WIO region and further to subtropical region 

(Bellwood, 1994). Leptoscarus vaigiensis has socio-economic importance in 

artisanal fisheries in Kenya and most of the WIO countries. Additionally, the species 

plays a significant role in coral reef ecosystems by shaping the distribution, 

community structure, standing crop biomass and production rates of benthic algae on 

coral reefs (Russ, 2003). The species is sedentary in nature (Kaunda-Arara & Rose, 

2004b) making site-specific variations in fishing effects to likely cause spatial 

variation in its population structure. In this thesis, changes in reproductive traits 

(fecundity defined as number of eggs per female, egg size, length-at-first maturity), 

feeding (diet and niche breadth), growth and mortality parameters of the marbled 

parrotfish are compared between six Kenyan reefs exposed to varying levels of 

fishing pressure. In the Kenyan context, the protected reefs are also designated as 

‗‗Marine Parks‘‘ and exclude extractive exploitation of resources, ―Marine Reserves‖ 

or partially protected reefs are buffer areas adjacent to the parks that allow regulated 

fishing with ―traditional‖ methods that include baited fish traps, fish trapping fences 

and cast nets, while ―non-protected‖ reefs are open access sites with no formal 

regulatory framework (McClanahan & Obura, 1995).   

This study therefore aimed to test the hypothesis of spatial variation in reproductive, 

niche breadth, growth and mortality parameters of the marbled parrotfish (L. 

vaigiensis) in coastal Kenya. The results presented in this thesis could form a basis 

for future efforts to partition spatial differences in life-history traits of fishes to 

various causal factors in addition to testing ecological theories useful for managing 

species of socio-economic importance 

.
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1.2 Statement of the problem 

Fishing pressure through its selective tendency and sometimes through destruction of 

benthic habitats, has significant effects on the abundance of species, often resulting in 

major shifts in community and trophic structure in time and space (Koslow et al., 2000). 

In Kenya and most of the WIO region, the marbled parrotfish, Leptoscarus vaigiensis, is 

among the heavily fished (catches constituting 18.6% of total catches by number and 

16.6% by weight in coastal Kenya) reef fishes (Hicks & McClanahan, 2012). This is 

mostly because the species is less mobile and often site attached as is the case for many 

coral reef fishes (Sale, 2002a) making it highly predisposed to fishing mortality. 

However, despite the heavy fishing pressure on the reefs in Kenya (McClanahan & 

Mangi, 2004; Kaunda-Arara et al., 2003) and most of the tropics, populations of reef 

fishes tend to persist in viable numbers on the reefs (Jennings & Kaiser, 1998) and have 

continued to sustain artisanal fisheries.  

The mechanisms by which coral reef fishes including the marbled parrotfish avoid 

overfishing extinctions are not well understood but could relate to resilience mediated by 

phenotypic plasticity or divergence. Spatial variation in life-history attributes among 

coral reef fishes due to phenotypic plasticity could create resilience to the effects of 

fishing allowing species to sustain populations and coral reef functions. Considering that 

the life-history traits of fished populations may change in response to fishing among 

other factors (Law, 2000), the present study aimed at testing the hypothesis of 

phenotypic plasticity in the reproductive traits and growth parameters together with 

spatial variation in niche breadth of the marbled parrotfish across six reefs of varying 

fishing intensity in coastal Kenya. Understanding the mechanisms of population 

maintenance or depletion is important for management of fisheries. The Kenyan 

dichotomy of protected and non-protected reefs provided an opportunity to test the 

hypothesis of fisheries induced phenotypic plasticity in the life-history traits of fishes.  
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1.3 Justification of Study 

Characterization of life-history traits such as age or size at maturity as well as growth 

rate among natural populations of fish stocks is important because they influence 

population dynamics and resilience to overexploitation (Heino & Godo, 2002). Growth 

for instance, is an important factor in the life history of fish since other vital rates such 

as mortality and fecundity largely depend on it (Wootton, 1990). An understanding of 

growth attributes (e.g. asymptotic length defined as the length reached by fish if they 

were to grow indefinitely, instantaneous growth rate) is important in determining fish 

productivity (Qasim, 1973) useful for fisheries management programs (Wootton, 1990; 

Pitcher & Hart, 1993). Additionally, knowledge of niche breadth and diet variations in 

fishes based on stomach content analysis (as done in this study) is important in giving 

insight into factors that may affect spatial variability in population dynamics and food 

web structure (Pitcher & Hart, 1993). Further, information on fish diets represent an 

integration of many important ecological components including behavior, condition, 

habitat use, energy intake, and inter/intra specific interactions (Mohamed, 2004). These 

data are useful in building trophic and meta-population models necessary for 

understanding multi-species fisheries and for informing ecosystem approach to fisheries 

management.  

Studies on phenotypic plasticity are important because they embrace different aspects of 

biology including genetics, development, ecology, evolution, physiology and 

behavioural science (Dewitt & Scheiner, 2004). Phenotypic plasticity is a powerful 

means of adaptation with broad significance and enables individual organisms to 

diminish the effect of environmental degradation by changing their life-history traits 

such as age/size at maturity (Goto, 1993), patterns of reproductive investment (Iguchi & 

Tsukamoto, 2001) and timing of migration (Quinn & Adams, 1996). 

The results of this study will be useful in providing insights that could enable the use of 

spatial variability in life-history traits of coral reef organisms as indicators of 
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environmental stress thereby assisting in supporting conservation efforts and 

management of coral reefs in the WIO region. The results further provide, for the first 

time in the WIO region, a theoretical framework of understanding spatial structure of 

exploited coral reef fish species. 

1.4 Hypotheses 

This study was guided by the following null statistical hypotheses: 

1. There is no significant difference in reproductive traits (fecundity and size-at-

first maturity) of L. vaigiensis among reefs of different protection levels in 

coastal Kenya. 

2. There is no significant difference in the diet composition and niche breadth of L. 

vaigiensis among reefs of different protection levels in coastal Kenya. 

3. There is no significant variation in growth parameters of L. vaigiensis among 

reefs of different protection levels in coastal Kenya. 

1.5 Objectives 

1.5.1 General objective 

To examine variation in life-history traits of the marbled parrotfish, Leptoscarus 

vaigiensis, on six reefs exposed to varying fishing pressures in coastal Kenya in order to 

inform scientific management and conservation of fisheries resources in coastal Kenya. 

1.5.2 Specific objectives 

The specific objectives of this study were: 

1. To perform a retrospective analysis of fish landings (1978-2007) in coastal 

Kenya as a basis of describing status of fish stocks. 
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2. To compare reproductive traits (fecundity, egg sizes and size-at-first maturity) of 

L. vaigiensis between protected and fished reef sites in coastal Kenya. 

3. To compare niche breadth (variety of food items consumed) of L. vaigiensis 

among reefs of varying protection levels in coastal Kenya. 

4. To assess growth parameters (instantaneous growth rate, Kyr
-1

, and asymptotic 

length, L∞, cm) of L. vaigiensis between protected and fished reef sites in coastal 

Kenya. 
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CHAPTER TWO  

LITERATURE REVIEW 

2.1 Oceanographic conditions and seasonality on the Kenyan coast 

The Kenyan coast, like other parts of Western Indian Ocean, is marked by monsoonal 

seasonality driven by the north-south migration of the Inter-Tropical Convergence Zone 

(ITCZ) where winds from the north and southern hemisphere converge (Johnson et al., 

1982). Subsequently, Kenyan coast experiences seasonality caused by both northeasterly 

and southeasterly monsoon winds. The northeast monsoon season (NEM, November–

March) is a period of calm seas, elevated sea surface temperatures (SSTs), higher 

salinities and low primary productivity, while, the southeast monsoon season (SEM, 

April–October) is characterized by rough seas, cool weather, lower salinities and higher 

primary productivity (McClanahan, 1988). Monsoonal seasonality therefore not only 

drives productivity and other ecological processes in the marine environment but also 

the biological cycles of marine organisms including reproduction in fish and 

invertebrates (McClanahan, 1988). 

The key oceanographic processes that influence ecology and thus ecological services on 

the Kenyan coast include ocean currents, monsoon winds and tides.  Currents along the 

Kenyan coast are affected by a number of factors including wind pattern, the continental 

landmass and the Coriolis force (McClanahan, 1988). The main current experienced on 

the coast is the East African Coastal Current (EACC) which moves from south to north 

throughout the year. During the NEM season, the changing wind slows the northerly 

flowing current thereby reversing the movement to form the Somali Counter Current 

(SCC). The SCC can reach as far as 4
0
S during years when it is strong, before leaving 

the coast (Johnson et al., 1982). During the NEM season, the EACC leaves the coast 

from Northern Kenya and slight upwelling could occur there (Kabanova, 1968). In the 

SEM season, the ITCZ shifts further north within the Indian Ocean region than in most 
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tropical areas due to the low pressure belt created on the Asian continent during the 

northern hemisphere summer (McClanahan, 1988). The shift in ITCZ is responsible for 

the greater seasonality experienced in East Africa including the Kenyan coast 

(McClanahan, 1988). Variations in currents speed and directions, up and downwelling, 

water temperatures and nutrients cause a north-south dichotomy between ecosystems 

along the coast (McClanahan, 1988). The southern section of Kenyan coastline is 

predominated by coral reefs and benthic productivity associated with warm low-nutrient 

waters whereas the northern section has cooler nutrient-rich waters and a greater 

predominance of planktonic productivity (McClanahan, 1988). 

The tidal range on the Kenyan coast is 4 m, which is relatively large for a tropical 

coastline (Brakel, 1982). As it is the case for equatorial regions, most extreme tides on 

the coast occur around equinoxes or intermonsoon periods whereas the less extreme 

ones during solstices thereby affecting rates of emersions duration, growth and 

distribution for intertidal organisms on a seasonal basis (McClanahan, 1988). Spring and 

extreme spring tides result in periodic nutrient inputs from estuarine areas on a lunar and 

annual basis (Brakel, 1982; McClanahan, 1988). 

2.2 Biology and ecology of the Scaridae  

The Scaridae to which the marbled parrotfish belong, is a diverse family of parrotfishes 

comprising of 83 species belonging to nine genera world-wide (Hawaii Cooperative 

Fishery Research Unit, HCFRU, 2008). The bumphead parrotfish (Bolbometopon 

muricatu) is the largest species of Scaridae and inhabits a wide area in the Pacific and 

Indo-Pacific (WildEarth, 2009). The marbled parrotfish, Leptoscarus vaigiensis is the 

only member of the genus Leptoscarus (Bruce & Randall, 1985). Its distribution ranges 

from the Red Sea in west to Easter Island in east, and Japan in north to New Zealand and 

South Africa in south (Bruce & Randall, 1985).  

https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Red_Sea
https://en.wikipedia.org/wiki/Easter_Island
https://en.wikipedia.org/wiki/Japan
https://en.wikipedia.org/wiki/New_Zealand
https://en.wikipedia.org/wiki/South_Africa


11 

 

Parrotfishes play a significant role in coral reef ecosystems throughout the tropics, 

functioning as algal consumers and bioeroders (Bellwood et al., 2004). As an algal 

grazer, parrotfishes play a significant role in coral reef ecosystems by shaping the 

distribution, community structure, standing crop biomass and production rates of benthic 

algae on coral reefs (Russ, 2003). Massive consumption of coralline algae by 

parrotfishes makes them both dependent on, and keystone species within coral reef 

ecosystems. Groups of parrotfish are important in producing coral sands and may enable 

ecosystem resilience through their feeding (WildEarth, 2009). As herbivores, 

parrotfishes function as useful linkage between primary producers and predatory 

consumers on the coral reefs (Moksnes et al., 2008) thus acting as key conduits for the 

transfer of energy in ecosystem processes through both upward and downward cascades 

in the food web systems (Gullstrom et al., 2011). An understanding and management of 

parrotfish community structure is therefore important in maintaining overall coral reef 

health throughout the tropics (Howard, 2008).  

2.2.1 Reproductive biology of Scarids   

Scarids have complex socio-sexual systems that are key to their life-histories and 

demographic structures (HCFRU, 2008). They are generally sequential protogynous 

hermaphrodites, initially beginning as females and later changing to males in life (Choat 

& Robertson, 1975). Since individuals primarily begin life as females and only some 

individuals change sex, populations of sequential hermaphrodites have female-biased 

sex ratios (Howard, 2008).  There are, however, variations of this pattern where some 

individuals begin life as males (diandry) and do not change sex (Robertson & Warner, 

1978).  

The marbled parrotfish, L. vaigiensis is the only species of the Scaridae that is 

gonochoristic (described as the state of having just one of at least two distinct sexes in 

any one individual fish, Bellwood, 1994) and inhabits seagrass beds or hard substrates 

heavily covered by macroalgae (Ohta & Tachihara, 2003). Unlike other parrotfishes, 
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both sexes of the marbled parrotfish look alike and do not change sex (Kuiter & 

Tonozuka, 2001). The species mostly occur in small groups and spawns in shallow water 

above grass flats on the falling tide (Bruce & Randall, 1985). Like adult stages, the 

larvae of the marbled parrotfish are associated with drifting algae (Ohta & Tachihara, 

2003). Fecundity (number of eggs per female) and length-at-first maturity in L. 

vaigiensis has been shown to vary with level of fishing pressure or level of site 

protection (Locham et al., 2015a). Higher fecundities and lengths-at-first maturity of L. 

vaigiensis have been found to occur at protected or less fished sites relative to intensely 

fished sites (Locham et al., 2015a). 

Seasonal reproductive pattern is displayed by tropical scarids including Scarus rivulatus 

and S. schlegeli (Lou, 1992). Although spawning among the two species occur year 

round, the proportion of reproductively active individuals within the population varies 

over time with most individuals of S. Schlegeli spawning during the Austral Winter 

(May-September) and those of S. rivulatus having a pronounced spawning period 

extending from September to January (Lou, 1992). In Kenya and most of WIO region, 

reproduction information of marbled parrotfish across reef sites exposed to varying 

fishing pressure is limited hence the basis for one of the objectives of the present study.  

2.2.2 Growth of Scarids 

Parrotfishes are believed to grow at rates comparable to or even higher than those of 

carnivorous coral reef fish despite the relatively low nitrogen content of their diet 

(Munro & Williams, 1985; Russ & St. John, 1988). Even among herbivorous fish, adult 

parrotfishes have been found to grow significantly faster than the adult surgeonfishes 

consistent with Randall‘s (1962) conclusion that the parrotfishes growth is fastest among 

coral reef fishes (Lou, 1992). Additionally, growth in Scarids has also been found to 

vary with local environmental conditions (Clifton, 1995) and sexual orientation identity 

(van Rooij et al., 1995).   
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Scarids have shorter life spans (5-20 years) compared to other herbivores like 

acanthurids (more than 20 years) (Choat et al., 1996). The long lived scarids include, 

Chlorurus sordidus, the daisy or bullethead parrotfish, Scarus frenatus, the bridled 

parrotfish and S. niger, the dusky parrotfish, (Choat et al., 1996). Like other protogynous 

coral reef fishes, scarids are characterized by different investment in gonad tissue (Choat 

et al., 1996). Gonads of terminal male scarids are usually much smaller than those of 

females and primary males (Robertson & Warner, 1978) and could be associated with 

different growth patterns amongst the sexes (van Rooij et al., 1995).  

Generally, however, published data on the growth of herbivorous reef fish including 

parrotfishes are scarce (Horn, 1989) and even scarcer is information on growth variation 

in the group at sites exposed to differential fishing pressure. This study therefore 

attempted to bridge this information gap. 

2.2.3 Feeding ecology of Scarids 

Scarids display a wide variety of feeding strategies (Bellwood, 1985). Adult scarids are 

grazing animals, feeding on the close-cropped algal and bacterial mat covering dead 

corals or rocks, seagrasses and by crushing bits of coral that may contain invertebrate 

prey while their juvenile feed on small invertebrates (Choat & Bellwood, 1998). The 

ingested material alongside sand ingested while feeding is ground in pharyngeal mill 

resulting into the production of substantial quantities of sand dominated sediments 

(Choat & Bellwood, 1998). Consequently, scarids have large amounts of carbonate 

materials and sediments in the gut (Russ & St. John, 1988). Scarids have a short 

sacculated gut (Bellwood, 1985) compared to acanthurids which have a relatively longer 

gut and a more complex endoflora ofen with a gizzard and caeca (Clements, 1991). Like 

acanthurids, parrotfishes form large feeding groups, sometimes with multiple species, to 

overwhelm territorial fishes and deter predators (Hoey & Bellwood, 2008; Hughes et al., 

2007). The grazing activities of Scarids make them some of the ecologically most 

important fishes on coral reefs (Hughes, et al., 2007).   
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The marbled parrotfish exploits a variety of marine flora on Kenyan reefs with the most 

important being the seagrass, Thalassodendron ciliatum and the seaweeds; 

Enteromorpha spp. (green algae) and Sargassum spp. (brown algae) (Almeida et. al. 

1999; Locham et al., 2015b). Its grazing action likely explains in part, the observed 

resilience of some Kenyan coral reefs from the effects of coral bleaching (McClanahan 

et al., 2004; Obura, 2005) or resistance to out-competition by benthic algae 

(McClanahan & Shafir, 1990). 

2.3 Influence of fishing pressure on community structure 

On a global scale, increases in fishing pressure has resulted in severe reduction in the 

abundance of fish stocks (Roberts & Polunin, 1993), shifts in trophic structure (Jennings 

& Polunin, 1996) and interruption of key ecological processes (Bellwood et al., 2004). 

Fishing also has a detrimental effect on the environment via the use of habitat 

destructive techniques (Dayton et al., 1995; Jennings & Polunin, 1996) or removal of 

functionally important species (Dulvy et al., 2004; Hughes, 1994). Further, fishing may 

cause habitat loss indirectly by modifying habitat characteristics through cascading 

processes. For example, the feeding of grazing parrotfish on reefs shifted reefs from 

coral to macroalgae-dominated benthic assemblages throughout the Caribbean 

(Bellwood et al., 2004; Hughes, 1994). Loss of habitat, directly and indirectly through 

fishing, poses a major threat to the continued existence of many marine species (Roberts 

& Hawkins, 1999; Rodwell et al., 2003), particularly those that are already endangered 

(Wilcove et al., 1998). Indeed, fishing exploitation is believed to have caused 55% of 

marine extinctions, while habitat degradation explains a further 37% (Dulvy et al., 

2003), emphasizing the importance of these two processes for both conservation and 

sustainability of marine resources (Wilson et al., 2010). 

In East Africa, the lagoon based artisanal fisheries is thought to have resulted in near 

over-exploitation of coral reef fisheries mainly due to increases in fishing effort and 

competition for dwindling resources (McClanahan & Obura, 1995). Over-exploitation of 
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fisheries resources is further exacerbated by among others, the notion that fisheries 

resources are unlimited, inadequate resources available to management agencies and 

increasing human population (Brochman, 1984). However, there is limited data on 

exploitation rates of coral reef fisheries in the tropics largely as a consequence of 

inadequate landing statistics (United Nations Environment Program, UNEP, 1998).   

In Kenya, the true status of marine resources is not known since the last resource 

assessment was done in 1980s (Fondo, 2004).  In general, however, approximately 80% 

of the total marine products come from shallow coastal waters and coral reefs, while 

only 20% is from off-shore fishing (Fondo, 2004). Recorded fish catches (landings) are 

thought to only comprise 5% of total catches, most of which by artisanal fishers, who 

exploit near shore resources on the continental shelf (Fondo, 2004). The main reef 

associated families constituting fish landings in coastal Kenya include; Lethrinidae (the 

emperors), Lutjanidae (the snappers), Siganidae (the rabbitfishes), Scaridae (the 

parrotfishes), Acanthuridae (the surgeonfishes) and Serranidae (the groupers). Earlier 

reviews of coral reef fish yields indicated the Siganidae and the Lethrinidae to be 

forming the bulk (~40%) of the artisanal landings in coastal Kenya before their declines 

in the 1990s (Kaunda-Arara et al., 2003). Declines in other major demersal fish families 

(e.g. Lutjanidae, Acanthuridae and Serranidae) have occurred over the last decades. 

Increases in human population in Kenya (≈ 2.70% per year) have likely increased the 

demand for marine food fish (United Nations Department of Economic and Social 

Affairs, 2015) considering the over-dependence of Kenyan coastal community on fish as 

source of animal protein (King, 2000). In the past decade, many marine fisheries 

resources have declined (Food and Agriculture Organization, FAO, 1995) mainly due to 

overfishing (Hutchings, 2000; Rose et al., 2000). Growth overfishing reduces the size 

and yield of target species (Munro, 1983; Russ, 1991), recruitment overfishing reduces 

the recruitment success of populations (Jennings & Lock, 1996), while ecosystem 

overfishing alters species interactions and habitat quality (McClanahan, 1995).  
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Fishing gears select catch by size and species (Dalzell, 1996; MacLennan, 1992) thereby 

influencing catch composition and the size frequencies of target species (Gobert, 1994; 

Stergiou et al., 1996). For instance, gears such as seine nets may take a wide variety of 

sizes and species with only the smallest individuals avoiding capture (Dalzell, 1996; 

Gell & Whittington, 2002) whereas gill nets selectively take a wide variety of species of 

a relatively narrow range of lengths dependent on the size of the mesh (Acosta, 1994). 

Gear type and use can therefore affect the efficiency of fish capture, the selectivity and 

composition of fish resources (McClanahan & Mangi, 2004). A well-managed fishery is 

therefore expected to use gear that catches most of the available species at sizes that do 

not undermine sustainability (McClanahan & Mangi, 2004). One suggested way of 

enabling national government to minimize adverse impacts of fishing gear selectivity on 

fish stocks is by formulating regulations that reduce overlap in the selectivity among 

gears, the size of fish caught as well as promoting understanding of fishing gear 

traditions (McClanahan & Mangi, 2004).  

2.4 Phenotypic plasticity 

Phenotypic plasticity is the environmentally sensitive production of alternative forms of 

behaviour, physiology and morphology by single genotype (Holopainen et al., 1997). It 

is a powerful means of adaptation with broad significance and appeal because it 

embraces different aspects of biology including genetics, development, ecology, 

evolution, physiology and behavioural science (Dewitt & Scheiner, 2004).  

Like other organisms, fishes may change their life history attributes such as age/size at 

maturity (Goto, 1993), patterns of reproductive investment (Iguchi & Tsukamoto, 2001) 

and migration timing (Quinn & Adams, 1996) through phenotypic plasticity, thereby 

diminishing the adverse effect of environmental changes (Hutchings, 1996). Through 

phenotypic plasticity, fished stocks increase individual growth (Policansky, 1993) hence 

maturing at younger ages (Heino & Godo, 2002; Kuparinen & Merila, 2007) possibly as 

an adaptive strategy to enhance their resilience to fishing pressure thereby sustaining 
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local populations (Locham et al., 2015a). Phenotypic plasticity or variance is also 

associated with species niche expansion or character release (Bolnick, 2001), 

polymorphism or adaptive radiation (Bolnick, 2001). In fishes, for example, possession 

of a generalist (broad) niche is regarded as an adaptive strategy against unpredictable 

availability of food resources (Dill, 1983) or a necessary precaution for variable 

environments (Sternberg et al., 2008).  

Variable exploitation pressure may contribute to phenotypic plasticity or divergence in 

life-history traits due to spatial heterogeneity in population densities (Hutchings & 

Baum, 2005). Fishing may drive life history changes via at least two different 

mechanisms in addition to the immediate numerical effects of mortality (Dieckmann & 

Heino, 2007). The two mechanisms include; firstly, direct effects manifested as 

phenotypic plasticity or divergence, and secondly, through evolutionary selection 

(Dieckmann & Heino, 2007). Changes in life history traits may result in declines in 

population size resulting in increased individual growth rates of the survivors following 

relaxation of intraspecific competition and into maturation at younger ages (Heino & 

Godo, 2002; Kuparinen & Merila, 2007). Evolutionary (or genetic) changes on the other 

hand occur through two different mechanisms. One mechanism is an increase in total 

mortality as a result of added fishing mortality to natural mortality hence selection for 

earlier maturity and therefore a smaller size at maturity (Reznick & Ghalambor, 2005). 

A second mechanism is size-selective mortality that occurs because various fishing 

methods can be biased toward the capture of certain phenotypes (Stokes et al., 1993). 

The sedentary nature of L. vaigiensis (Kaunda-Arara & Rose, 2004b), made it suitable 

for testing the hypothesis of phenotypic divergence in phenotypes in this study as fishing 

may cause spatially distinct variations in population structure. In the following sections, 

literature is reviewed on how fishes show phenotypic plasticity in different life-history 

attributes. 
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2.4.1 Variation in reproductive life history traits of fishes in space 

Size at maturity is one of the most important life-history traits affecting animal fitness 

(Stearns, 1992). In fish, body size determines numerous reproductive traits including 

spawning intensity, quality of eggs, duration and time of offspring production (Berkley 

et al., 2004; Kjesbu et al., 1998; Trippel, 1998). Early maturation decreases fishing 

mortality before maturation and decreases the generation time (lifespan), whereas 

delayed maturation increases body size at maturity, which in turn increases fecundity. 

Fishing and other ecological processes therefore trigger a trade-off between early and 

delayed maturation in fishes (Stearns, 1992). 

Fishing is one of the main reasons for declines in size and age at maturation in exploited 

fish stocks (Kuparinen & Merila, 2007; Law, 2000; Olsen et al., 2004). Since fishes live 

in spatially and temporally heterogeneous environments, age and size at maturity can 

vary among individuals in space due to phenotypic plasticity (Morita & Morita, 2002). 

Fishing, especially when size-selective, shifts the population‘s age and size distributions 

towards younger ages and smaller sizes through demographic truncation effects (Trippel 

et al., 1997). Evidence for size selective nature of fishing is plentiful (Fenberg & Roy, 

2008; Trippel, 1995). In most cases, a fishing gear removes the largest (and fastest 

growing) individuals of a cohort at the time they enter the harvested part of the stock 

(Marteinsdóttir & Pardoe, 2008). Commonly also, large individuals are specifically 

targeted to maximize yield per unit effort. Even if size selective harvesting is not 

intentional, intensive exploitation will always lead to truncation of age and size 

structures since members of a cohort are not allowed to survive and attain old age 

(Marteinsdóttir & Pardoe, 2008). Therefore, an indication of over-harvesting is 

truncation in the age structure of a stock (Marteinsdóttir & Thorarinsson, 1998) or 

declines in average age and size of spawners (Marteinsdóttir & Pardoe, 2008).  

Variation in annual fecundities as influenced by differential exploitation has been shown 

among several fish stocks in the North Sea including the Haddock (Hislop & Shanks, 
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1979), Whiting (Hislop & Hall, 1974), Witch (Bagenal, 1965), Plaice (Horwood et al., 

1986), Dab (Lee, 1972), Halibut (Haug & Gulliksen, 1988) and Long rough dab (Ntiba, 

1989). In this study, variation in fecundity and size-at-first maturity of the marbled 

parrotfish was compared among reefs of differential fishing pressure in coastal Kenya. 

2.4.2 Spatial variation in foraging characteristics of fishes 

Fishing pressure through destruction of benthic habitats could result in major shifts in 

foraging characteristics of benthic feeders like the marbled parrotfish and other species 

(Koslow et al., 2000; Munro et al., 1987). Besides fishing effects, other factors including 

food diversity (Layman et al., 2007), competition (Svanback & Bolnick, 2005), seasonal 

changes in resource availability (Tanimata et al., 2008) and environmental variability 

(Laidre & Heide-Jørgensen, 2005) can affect trophic ecology of fishes in space and time. 

Optimal foraging theory (MacArthur & Pianka, 1966) and the niche variation 

hypothesis, NVH, (van Valen, 1965) provide a framework for understanding among-

individual variation in diet and the resulting changes in niche breadth of populations 

(Bolnick et al., 2010; Svanback & Bolnick, 2005) as may be modified by fishing 

pressure, environmental variability and biological interactions.  

The niche variation hypothesis proposes constrained niche breadths when populations 

are exposed to strong inter-specific competition and broader niche breadths when 

released from inter-specific competition to intra-specific competition (Bolnick et al., 

2010, van Valen, 1965). The optimal foraging theory on the other hand, asserts that a 

foraging activity will be maintained if the gains from it are greater than the costs, 

including missed opportunity costs (MacArthur & Pianka, 1966). Greater fitness by 

foraging individuals are derived when the energy gains per unit time of foraging are 

maximized (Stephens & Krebs, 1986; Svanback & Bolnick, 2005). Local environmental 

factors such as relative abundance of food sources, quality of food and predation risk 

(e.g. fishing pressure) can affect prey handling time and search time thereby altering the 

energy income rate hence causing alternate foraging strategies to be favoured with 
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varying local conditions (Svanback & Bolnick, 2005). The optimal foraging theory 

assumes that individuals act to maximize their rate of energy intake (Stephens & Krebs, 

1986) by ignoring certain food types when the time required to consume them could be 

more profitably spent searching for more valuable food items (Bolnick et al., 2003). A 

demonstration that local environmental conditions can affect the foraging strategy and 

therefore diet of individuals is required from more studies (Abbey-Lee, 2012) including 

WIO. 

Resource competition as may be modified by fishing pressure has been proposed to 

promote ecological and phenotypic variation (Bürger & Gimelfarb, 2004; Diekmann et 

al., 2004). Intra-specific competition for instance, is thought to maintain intra-specific 

variation (Bolnick, 2004; Bürger & Gimelfarb, 2004), trophic polymorphism (Smith & 

Skulason, 1996) or even drive speciation (Dieckmann et al., 2004; Rosenzweig, 1978). 

Niche breadth differences among species are also thought to be underpinned by genetic 

trade-offs between the capacity of species to exploit a range of resources and their 

performance in utilizing resources (Scheiner, 1998; van Tienderen, 1997). Accordingly, 

a specialist species (with low diet diversity or narrow niche breadth) may outperform a 

generalist one (with a diverse diet or broad niche) on a subset of resources but cannot 

maintain that greater performance on a broader range (Caley & Munday, 2003). A 

generalist species, may outperform a specialist species given a greater range of resources 

but cannot achieve the performance of a specialist on any of the resources if scarce 

(Caley & Munday, 2003).  In fishes, possession of a generalist feeding mode (broad 

niche breadth) is regarded as an adaptive strategy against unpredictable availability of 

food resources (Dill, 1983) or a necessary precaution in variable environments 

(Sternberg et al., 2008; Locham et al., 2015b). 

Niche breadth expansion can also be associated with an increase in phenotypic variance 

or character release (Bolnick, 2001), polymorphism or adaptive radiation (Bolnick, 

2001). Although the relationship between intra-specific competition and species 

diversification is known from theory (Roughgarden, 1976; Wilson & Turelli, 1986), 
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there has been little empirical proof that niche breadth diversify in response to intra- or 

inter-specific competition (Blanchard, 2001) that may be mediated by drivers like 

fishing effort or resource availability. Therefore, one objective of the present study is, to 

provide information on the changes in diet and niche breadth of the marbled parrotfish at 

reefs exposed to different fishing pressure as a measure of phenotypic plasticity. 

2.4.3 Spatial variation in growth parameters in fishes 

Spatial variation in exploitation rates and environmental variability may influence 

demographic rates of fishes and hence affect population structure and processes 

(Jennings & Kaiser, 1998). Spatio-temporal changes in demographic traits such as 

growth and length at maturity have been found in fish stocks including the Atlantic cod 

on the Scotian Shelf (Beacham, 1983), Atlantic Salmon in North America (Schaffer & 

Elson, 1975) and for other fish stocks in the North-West Atlantic (Trippel, 1995). 

Besides fishing, environmental variables such as sea surface temperature rise have 

served to induce changes in life-history traits particularly age and size at maturation 

(Cardinale & Modin, 1999).  

Fish have also been shown to achieve greater asymptotic size, higher growth rates, and 

slightly lower natural mortality in higher productive subregion of the western Santa 

Barbara Channel (SBC) than fish in the low productivity subregion of the SBC (Wilson 

et al., 2012). Also, population size structure and maximum age have been shown to be 

greater in the high productivity zone relative to low productivity zone (Wilson et al., 

2012). 

Scarids, although relatively large fish, have rapid growth rates and relatively short life 

spans than Acanthurids such as the Acanthurus and Ctenochaetus species which have 

relatively slow growth rates and extended life spans (Lou, 1992). As a distinct group of 

herbivorous reef fishes with fast growth rate, Scarids reach sexual maturity at the 

relatively younger age of 2 years (Lou, 1992). As indicated by the faster growth rate and 
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the relatively short lifespan (compared with the Acanthurids), the turnover rate of Scarid 

population is relatively high (Lou, 1992). One objective of the present study is to 

generate information on growth parameters of the marbled parrotfish at reefs of 

differential fishing pressure in coastal Kenya.    
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study Area 

Coral reefs in Kenya can be divided into three conservation categories depending on 

their level of exposure to fishing pressure and include: protected (or marine parks), 

partially protected (or marine reserves) and unprotected reefs. There is therefore a 

gradient in protection level. Extractive exploitation of resources is prohibited on 

protected coral reefs in Kenya, also designated as marine parks. ―Reserves‖ or partially 

protected reefs (in the Kenyan context) are buffer areas adjacent to the marine parks and 

in which regulated fishing is allowed with ―traditional‖ methods that include baited fish 

traps, fish trapping fences and cast nets. ―Unprotected‖ coral reefs are open access sites 

with no formal regulatory framework (McClanahan & Obura, 1995).  

This study was done in two protected reefs (Malindi and Watamu Marine Parks), the 

‗‗Marine Reserves‘‘ adjacent to these parks, and in the un-protected reefs (Vipingo and 

Kanamai) (Fig. 3-1). The Kenyan coral reefs are described as predominantly shallow 

(~10-12 m at high tide) lagoonal fringing reefs that run parallel to the coastline and have 

a mosaic of substrata (seagrass beds, sand, rubble, live coral, etc.) common to all coral 

reefs in the country. The Kenyan coast (≈ 640 km long) experiences seasonal weather 

caused by both north-easterly and south-easterly monsoon winds described by 

McClanahan (1988). Samples of Leptoscarus vaigiensis (Plate 1-1) were obtained from 

the protected Malindi and Watamu Marine Parks, the Reserves adjacent to these marine 

parks and from the unprotected (Vipingo and Kanamai) reefs (Figure 3-1). The samples 

were obtained on a monthly basis from May 2011 to April 2013.  
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Figure 3-1: A map of Kenyan coastline showing the sampling sites for the marbled 

parrotfish, Leptoscarus vaigiensis, from May 2011 to April 2013. 



25 

 

3.2 Selection of the study specimen  

The marbled parrotfish was selected for this study because of their ecological 

importance as grazers (Russ, 2003), their socio-economic importance in commercial and 

artisanal fisheries worldwide (Jennings et al., 1999) and the paucity of scientific 

information on this species, particularly in Kenya and most of WIO countries. The 

sedentary nature of L. vaigiensis (Kaunda-Arara & Rose, 2004), made it suitable for 

testing the hypothesis of phenotypic divergence in phenotypes in this study as fishing 

may cause spatially distinct variations in population structure. 

3.3 General field and laboratory procedures 

Samples of L. vaigiensis were caught within protected sites (Malindi and Watamu Parks 

and their reserves, Figure 3-1) on a monthly basis from May 2011 to April 2013 using 

local traps called Demas (Plate 3-2). The traps, adopted from Kaunda-Arara and Ntiba 

(1997) are pentagonal in shape measuring approximately 1.5 × 1.3 × 0.6 m high. They 

were constructed of metal frames and covered with a wire mesh of 1 cm stretch length. 

Each Dema trap had a single top-side funnel door made out of bamboo reeds through 

which the fish enters and an underside aperture for removing the catch (Plate 3-1). 

At each site, monthly fishing lasted 4.7 days. On each sampling day, 3-5 Dema traps 

were deployed in park and reserve sites during low tide and retrieved during the 

subsequent low tide period of the following day having soaked for about 12 hours. Prior 

to deployment, Dema traps were baited with approximately 0.5 kg of a mixture of green 

and brown benthic algae and mashed tissues of the mangrove gastropod, Terebralia 

palustris.  
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1 cm mesh sized nylon net                   Trap entrance 

Plate 3.1: A Dema trap used to catch the marbled parrotfish (Leptoscarus 

vaigiensis) in Malindi and Watamu Marine Parks and their Reserves in coastal 

Kenya during the study.  
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In the non-protected sites (Vipingo and Kanamai, Figure 3-1), samples were obtained 

monthly, during the same period, from fishers fishing these sites using cast nets and 

spear guns. Arrangement was made with specific fishers to obtain samples from them 

for an average of 4 consecutive days every month. Effort was made to obtain a wide size 

range of the specimen from fishers. All monthly specimens of L. vaigiensis were 

preserved in ice and taken to the Kenya Marine and Fisheries Research Institute 

laboratory for further processing.  

In the laboratory, the total lengths (TL) and standard lengths (SL) of the specimens were 

measured to the nearest millimetre and total weights taken to the nearest 0.1 g. The 

specimens were analysed to produce site-specific information on the following 

parameters:  i) reproductive attributes (fecundity, egg size and length-at-first maturity), 

ii) feeding attributes (diet and niche breadth) and iii) growth and mortality parameters 

(asymptotic lengths, instantaneous growth and mortality rates). The details of specimen 

treatment and data generation for the above attributes are described below. 

3.3.1 Reproductive attributes 

In order to examine site-specific reproductive attributes, the fish were cut open and sex 

and maturity stages determined visually following Bagenal (1978) maturation scheme 

as: I- immature; II- immature; III- maturing; IV- mature; V- active; and VI- spent. The 

gonads were then weighed to the nearest 0.001 g using a Metler electronic balance. In 

order to determine fecundity of fish specimens, portions cut from all mature and active 

ovaries (stages IV-V) obtained monthly were weighed to the nearest 0.001 g on the 

electronic balance and stored in Gilson‘s fluid for at least 2 months with frequent 

shaking in order to aid in the release of eggs from the ovarian wall as described by 

Kaunda-Arara and Ntiba (1997). The ovarian portions were derived from left or right 

lobe following a preliminary analysis of variance that showed no significant difference 

in egg size distribution along the antero-posterior axis of the either lobes of the ovary. 

Fecundity was then determined following the volumetric method as described in 
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Bagenal (1978). Briefly, the contents of each bottle containing the ovarian portions were 

poured into a Petri dish and the eggs washed repeatedly in tap water. The clean and 

separated eggs were transferred to a 1-litre beaker containing a known volume of water. 

A plastic ruler was used to stir the eggs suspension to ensure an even distribution of eggs 

in the suspension column.  After 15 strokes of the ruler, a 5 ml sub-sample was taken by 

a Labsystem finelet pipette. The eggs in this aliquot were examined, counted and their 

diameters measured along a horizontal axis using a calibrated eye-piece graticule under 

a standard dissecting microscope at ×40 magnification.  

3.3.2 Diet and niche breadths 

Stomachs of fish from sites were preserved in 10% formalin. Contents of the preserved 

stomachs were observed under a light microscope and the food items in each stomach 

identified to the lowest taxon using different identification keys (e.g. Bolton et al., 2007; 

Oliveira et al., 2005). The Point method as described by Mohammed (2004) was used to 

quantify the food items in fish stomachs. Briefly, the method involved counting of 

individual food types in each stomach and allotment of certain number of points to each 

food type based on its proportion by volume as measured in a graduated cylinder.  The 

diet item with the highest volumetric proportion was given a maximum of 16 points. 

Every other food type was awarded 8, 4, 2 or 1 points depending on their relative 

proportional abundance in the stomach. Care was taken to count only the material that 

appeared whole or partially digested in order to minimize the possibility of double 

counting. A total of 978 stomachs from the 6 sites were analysed for diet and niche 

breadth of the fish using this methodology. 

3.3.3 Growth and mortality parameters at sites 

To describe the growth parameters of L. vaigiensis at all the six sites, total (measurement 

from snout tip along the midline to the posterior edge of the caudal fin, Allen, 1997) and 

standard (measurement from snout tip along the midline to the anterior edge of the 
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caudal finfold, Allen, 1997) lengths of all specimens obtained from the sites were 

measured (to the nearest millimetre) from monthly specimens. Monthly length frequency 

data at sites were used to estimate growth and mortality parameters of the fish using the 

Electronic Length Frequency Analysis (ELEFAN I) computer program incorporated in 

FAO-ICLARM Stock Assessment Tool II (FISAT II) software as described in section 

3.3.4. 

3.4 Data analyses 

The data for retrospective fish landings, reproduction and feeding parameters were first 

entered in MS-EXCEL 2010 spreadsheet before their analysis using SPSS (version 16.0) 

software package, whereas the growth and mortality parameters data were captured and 

analysed using FAO-ICLARM Stock Assessment computer program (FISAT II).   

3.4.1 Catch trends from landings data (1978-2007) 

Landing data derived from Annual Statistical Bulletins of the State Department of 

Fisheries from 1978 to 2007 were analyzed for the dominant demersal coral reef fish 

families (Lethrinidae, Lutjanidae, Siganidae, Scaridae, Acanthuridae, Mullidae) in order 

to examine temporal trends. Catches of pelagic families (mostly Clupeidae and 

Carangidae) and those under ‗mixed‘ or ‗other‘ category were excluded from analysis. 

Fish landings were first standardized for years and fishing effort (number of fishers that 

fished during the year) in order to allow annual comparison of landing rates (tons fisher
-1 

year
-1

). Time series of total landings (in tons/year) were used to examine temporal trends 

in catches of the major demersal families of coral reef fish (Lethrinidae, Lutjanidae, 

Siganidae, Scaridae, Acanthuridae, Mullidae). A locally-weighted scatterplot smoother 

(LOWESS) (Cleveland, 1979) was used to fit smoothed trend lines to the full data series 

using the SigmaPlot package. The LOWESS is based on a weighted least squares 

algorithm that gives local weights the most influence while minimizing the effects of 

outliers (Cleveland, 1979). A smoothness parameter (f) of 0.3 was found to adequately 
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smooth the data without distorting the main temporal patterns (Kaunda-Arara et al., 

2003). The landing rates (tons fisher
-1 

year
-1

) of the dominant reef fish groups were log 

transformed before their comparison using one-way analysis of variance (ANOVA) to 

check for significant differences at a decadal scale. A  Student–Newman–Keuls (SNK) 

test was used to partition the significant differences between decadal intervals.   

3.4.2 Reproduction 

3.4.2.1 Sex ratio 

The sex ratio (male to female) was estimated for the samples caught during the study 

period before being tested for the expected ratio of 1:1 by chi-square (χ²) analysis (Zar, 

1999). 

3.4.2.2 Fecundity 

From the counts of eggs in the sub-samples (see section 3.2.1), the fecundity (F) for each 

active/mature female fish was estimated following Bagenal (1978) as follows: 

F = V/V1N × W/W1................................................................................ Equation 1 

Where N is number of eggs in a sub-sample, V is the volume of egg suspension; V1 is 

volume of sub-sample; W is weight of the whole ovary; and W1 is weight of the portion 

of ovary fixed in Gilson‘s fluid.   

Fecundities at sites were log (x + 1) transformed in order to satisfy analysis of variance 

(ANOVA) assumptions of homoscedasticity (Zar, 1999), and then compared between 

sites using one-way ANOVA. A Student–Newman–Keuls (SNK) test was performed in 

order to identify significantly different means (Zar, 1999). 
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Relationships between fecundity (F) and standard length (SL) at park, reserve and non-

protected sites were estimated using regression analysis (Zar, 1999) based on the 

following formula:  

F = aSL
b
…….……………………………………………………….. Equation 2 

Where a and b are derived from least-squares regression of the log-transformed 

variables         

The length exponent (b) was compared between sites using Analysis of Covariance 

(ANCOVA) with log standard length as the covariate.  Further, multidimensional scaling 

(MDS) ordination analysis was used to examine the similarity of sites based on 

fecundity estimates.  The spawning period of the species at sites was determined from 

the monthly distribution of the maturity stages.  

3.4.2.3 Egg size and gonado-somatic index 

Mean egg diameters at the active stage V were compared between sites using one-way 

ANOVA after log (x + 1) transformation of the data, and size-frequency distribution of 

these eggs examined using graphical plots. A MDS analysis was used to examine 

associations of sites based on gonadosomatic index (GSI) values for both male and 

female individuals. Gonad weights were related to total lengths to examine variation of 

gonadal development with fish size at sites. 

3.4.2.4 Length at first maturity 

The length-at-first maturity (L50) of the species was determined from samples from the 

sites by calculating the proportion of mature (stages IV-V) individuals for each length 

class as described by King (1995).  The percentage of mature fish by length class at sites 

were fitted to a logistic function using least-squares regression method implemented by 

the SOLVER routine in Microsoft™ Excel as follows: 
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  P(L) = 1/1+e
-(a+bL)

 ……………………………………………….........Equation 3 

Where, P(L) is the proportion of mature individuals at length L, and a  and  b  are 

parameters of the logistic equation.  

The length at which 50% of fish were mature (stage IV to V) was regarded as the size at 

first maturity.  Non-parametric bootstrapping technique (Efron & Tibshirani, 1993) was 

used to resample lengths with replacement at sites to form three subsets of the length 

dataset. The L50 was estimated separately for each of bootstrapped length subsets 

following the procedure described above and true range of L50 were inferred from 

confidence intervals resulting from estimated L50 for length subsets. L50 for males was 

not computed mostly due to small sample sizes of the mature gonads at non-protected 

sites and also because of inherent difficulty in estimating their maturity stages. 

3.4.3 Diet and niche breadth variation 

3.4.3.1 Spatial variation in diet 

The monthly frequency of occurrence of the food items (defined as a percentage of 

stomachs containing a certain food item in relation to the total number of stomachs 

examined) was computed following Hyslop (1980) as follows: 

   = 
     

 
   …………………………………………………………... Equation 4 

Where, Fi is frequency of occurrence of i
th

 food item in the monthly samples; ni the 

number of stomachs in which the i
th

 item is found; and n the total number of stomachs 

with food in the monthly samples.  

The Shannon-Wiener diversity index (H) was used to describe diversity of food items in 

the diet of fishes from sites following Magurran (1988) as follows: 

H = ∑   
 
        …………………………………................................ Equation 5 
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Where, Pi is the proportion of individuals of one particular species found in the diet.  

Diversity estimates at sites between months in each season were then compared using 

one-way ANOVA. SNK test was performed in order to identify significantly different 

means (Zar, 1999). 

Hierarchical cluster analysis based on group‘s complete linkage (Landau & Everitt, 

2004) was performed to examine association of different food items in the diet of the 

parrotfish. Numerical abundance of food items at each site were square root transformed 

in order to down play the influence of most dominant items. 

3.4.3.2 Food preference and niche breadth at sites  

The Index of Relative Importance (IRI) was used to estimate the importance of each 

food item in the diet of fish from different sites. The index was obtained separately for 

each food item following Pinkas et al. (1971) as follows: 

IRIi = (%Ni + %Vi) %Oi ……………………………..………………. Equation 6 

Where, Ni, Vi and Oi represent percentage composition of the i
th

 food item by numbers, 

volume, and its frequency of occurrence, respectively. 

In order to determine niche breadth of the fish at each site, Levins‘ measure of niche 

breadth (B) (Levins, 1968) was derived as follows: 

B = 1/Σpi
2
 ………………………………………………………..…. Equation 7 

Where, pi is the proportion of diet by volume that is represented by food item of 

category i. The index has a minimum at 1.0 when only one prey type is found in the diet 

and a maximum at n, where n is the total number of prey categories, each representing 

an equal proportion of the diet.  The effect of season and site on niche breadths of the 

species was tested using a two-way ANOVA after conversion to log (x+1) to satisfy 
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ANOVA assumptions of homoscedasticity. The SNK test was then performed as a post-

hoc test (Zar, 1999).  

The Correspondence analysis (CA) as described by Landau and Everitt (2004) was 

further used to examine possible diet differentiation with sites based on log (x+1) 

transformed food abundance at sites. The CA was based on 22 selected food items 

whose numerical abundance was ≥ 0.1% in order to ease interpretation of the plots. 

3.4.3.3 Feeding intensity at sites 

Feeding intensity (FI) of the fish at sites was derived following Hyslop (1980) as 

follows: 

FI = weight of food items in stomach/weight of Fish×100………….. Equation 8  

The monthly mean feeding intensities at sites (y) were then related to niche breadths (x) 

using the non-linear second order polynomial regression of the following form: 

 y = a0 + a1 + a2x
2
 + ε..………………...…………………………....... Equation 9 

3.4.4 Growth and mortality parameters 

3.4.4.1 Growth parameters 

The length-frequency distribution of fish at each of the six sites was examined for 

skewness (defined as the degree of departure from symmetry of a distribution) using 

Pearson‘s skewness coefficient formula (Zar, 1999) as follows: 

Skewness index (Sk) = 3(mean-median)/standard deviation………. Equation 10 

The Skewness indices were then used to determine levels of gear selectivity at sites and 

hence the comparability of length distributions. Analysis for growth parameters was 

based on length-frequency analysis (LFA) of the monthly data grouped into 2 cm length 
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classes. The Electronic Length Frequency Analysis (ELEFAN I) computer program 

incorporated in FAO-ICLARM Stock Assessment Tool II (FISAT II) (Gayanilo et al., 

1996) was used to estimate asymptotic length (L∞, cm) and instantaneous growth rate 

(Kyr
-1

). The modified Powell-Wetherall Plot (Pauly, 1986) was used to obtain 

preliminary estimate of L∞ as a validation of the ELEFAN I outputs. This method is 

based on the right-descending part of the length-frequency curve and calculates the 

regression equation of the descending arm as follows: 

Lmean – L‘ = a + bL‘………..…………………………..………….Equation 11 

Where, Lmean is the mean length of fish of length L' and longer, where L' is some 

length for which all fish of that length and longer are under full exploitation (Pauly, 

1986).  Thus, plotting Lmean – L' against L' gives a linear regression from which ―a‖ 

and ―b‖ can be estimated and hence L∞ and Z/K (ratio of mortality and growth) derived 

from the relationship (Pauly, 1986): 

Z/K = - (1+b)/b and L∞ = -a/b………………………………………Equation 12 

The final estimate of the growth parameters (L∞, K and t0) was based on the von 

Bertalanffy growth formula (VBGF) (Sparre & Venema, 1998) expressed as follows: 

Lt = L∞ [1-exp
-K(t-t

0)]………………………………………………..Equation 13 

Where, Lt = length (in cm) at age t (in years), L∞ (cm) = asymptotic length or the 

maximum attainable length if the organism is allowed to grow, K yr
-1

 = instantaneous 

growth coefficient, t0 = age at which length equals zero, or the birthday of the fish.  The 

parameters were derived by fitting the Von Bertalanffy model (Equation 13) on to the 

monthly length frequency data using the ―surface response option‖ in ELEFAN I sub-

package in FiSAT II, where the parameter combination (K and L∞) outputs with the 

highest index of fit (Rn, range 0 -1) is selected.  
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The goodness of fit index (Rn) is defined by the following formulae:  

Rn = 10ESP/ASP /10…………………………………………………Equation 14 

Where, the ASP ("Available Sum of Peaks") is computed by adding the ―best‖ values of 

the available ―peaks‖ and  the ESP ("Explained Sum of Peaks") is computed by 

summing all the peaks and troughs "hit" by the Von Bertalanffy growth curve (Gayanilo 

et al., 1996).  Since ELEFAN I estimate only two (L∞, K) of the three (L∞, K and t0) 

growth parameters, t0 was subsequently derived following Pauly (1983) equation as 

follows: 

t0 = (-0.3922) – 0.2752 log L∞ – 1.038 log K………………………Equation 15 

As direct comparison of the growth parameters (K and L∞) between stocks is not 

desirable because of their correlation (Sparre & Venema, 1998), the parameters derived 

for the species at the six reef sites were compared using the similarity of a phi-prime (Φ) 

index, (also called growth performance index) derived by Pauly and Munro (1984) as 

follows: 

Φ = 2 log10 L∞ + log10 K…………………………………………..Equation 16 

The growth curves (or parameters) generated by the VBGF were additionally compared 

by generating 95% confidence regions around the parameter estimates of K and L∞ for 

the six sites (Kimura, 1980). The 95% confidence intervals (CI) were determined by 

bootstrapping K and L∞ values, with replacement, to generate 1000 estimates of these 

parameters (Efron & Tibshirani, 1993; Kimura, 1980). The parameters and 95% CI for 

the von Bertalanffy growth equation were calculated as the median, upper and lower 

percentiles of the 1000 bootstrap estimates. Non-overlapping confidence regions 

indicate differences in growth parameters between sites and were used to compare 

similarity of the growth functions of the species from the six reef sites. 



37 

 

3.4.4.2 Mortality parameters derived at sites 

A total mortality coefficient (Z yr
-1

) of the fish at sites was estimated using the length-

converted catch curve method (Pauly et al., 1984) in the FiSAT program. This method 

consists of a plot of the natural logarithm of the number of fish in various length groups 

against their corresponding mid-length values. A regression analysis is done on the 

descending right hand arm of the catch curve, and Z estimated as the negative slope of 

the line (Gayanilo et al., 1996). The natural mortality coefficient (M) of the fish at sites 

was estimated following Pauly‘s empirical formula (Pauly, 1980), linking natural 

mortality with the von Bertalanffy parameters, K (yr
-1

), L∞ (cm) and the mean annual 

temperature (T 
o
C) of the water in which the fish stock lives as follows: 

Log10 (M) = -0.0152-0.279* log10 L∞+ 0.6543 log10 K + 0.463 log10T……Eq. 17 

Where, T is the annual mean sea surface temperature taken as 27
o
C for the Kenyan coast 

(Kenya Meteorological Department).  

Since fishing is not allowed inside the parks, estimates of Z from the parks were taken to 

reflect natural mortality. Fishing mortality (F yr
-1

) was derived from the difference 

between Z and M at non-protected sites. The exploitation levels (E) of the parrotfish at 

the different sites were then obtained following Gulland (1971): 

 E = F/Z………………………………………………………………Equation 18 

Where, E is considered optimal (Eopt) at E = 0.5 and excessive at E > 0.5 

The annual recruitment pattern of the fish at sites was estimated by projecting the 

length-frequency data backward onto the time axis down to zero length, using the von 

Bertalanffy growth equation and the estimated growth parameters (Pauly, 1982) in the 

FiSAT program. 
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CHAPTER FOUR 

RESULTS 

4.1 Retrospective analysis of coral reef fish landings in coastal Kenya (1978-2007) 

Artisanal landings of major demersal fish groups on the Kenyan coast differed over the 

last three decades (Figure 4.1, Table 4.1). In general, the long-term catch rates (ton 

fisher
-1

year
-1

) of the fishes peaked in 1992 (Siganidae = 0.082; Scaridae = 0.037; 

Acanthuridae = 0.014; Lutjanidae = 0.032; Mullidae = 0.005; Lethrinidae = 0.08) and 

2004 (Siganidae = 0.080; Scaridae = 0.032; Acanthuridae = 0.008; Lutjanidae = 0.030; 

Mullidae = 0.007; Lethrinidae = 0.08) (Figure 4.1). Among herbivorous group, the 

rabbitfishes (family Siganidae) landings (ton fisher
-1

year
-1

) increased from 0.050 in 1978 

to peak level (0.082) in 1992 before decreasing in subsequent period to a low of 0.035 in 

2000 (Figure 4.1). The fisher landings for the Siganidae peaked in 1992 (0.082) and in 

2004 (0.075). The other herbivorous families (Scaridae and Acanthuridae) also had the 

same landing trends over the three decadal periods but with lower landings than that of 

Siganidae (Figure 4.1).  

Among the carnivorous families, the emperors (family Lethrinidae) had landings (ton 

fisher
-1 

year
-1

) that increased from 0.06 in 1978 to a peak of 0.08 in 1992 before 

declining to lower level of 0.05 in 1997. The fisher landings (t fisher
-1

 yr
-1

) for the 

Lethrinidae increased variedly from 0.045 in 1997 to a peak value of 0.080 in 2004 

before declining monotonously in the subsequent period (Figure 4.1). The landing trends 

of the other carnivorous families (Mullidae and Lutjanidae) were similar to that of 

emperors (Figure 4.1). Comparison of the landings of the demersal groups across 

decades indicated significant difference for the Scaridae (ANOVA, F = 4.332, p = 

0.024), Acanthuridae (F = 6.198, p = 0.007) and Lethrinidae (F = 5.543, p = 0.010, 

Table 4.1).  
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Year 

Figure 4.1: Temporal variation in catches of the dominant demersal marine fish 

families in coastal Kenya from 1978 to 2007. Continuous lines show the locally-

weighted scatterplot smoother trend fit to landings, while circles (o), show the 

actual landings. 
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Table 4.1: Decadal variation in catch rate (ton fisher-1year-1) of dominant 

demersal fish families caught in coastal Kenya from 1978-2007. Numbers mean ± 

standard deviation (SD). Means with different letter superscripts within a row are 

significantly different as per SNK test. 

Families Time  ANOVA 

 1978-1988 1989-1999 2000-2010 F      P 

Siganidae 0.057 ± 0.011 0.060 ± 0.021 0.051 ± 0.022 0.588 0.563 

Scaridae 0.017 ± 0.009
a
 0.026 ± 0.009

b
 0.028 ± 0.010

b
 4.332 0.024 

Acanthuridae 0.005 ± 0.002
a
 0.007 ± 0.003

a
 0.010 ± 0.005

b
 6.198 0.007 

Lutjanidae 0.019 ± 0.003 0.020 ± 0.006 0.022 ± 0.011 0.191 0.828 

Mullidae 0.003 ± 0.001 0.005 ± 0.002 0.021 ± 0.040 1.793 0.187 

Lethrinidae 0.004 ± 0.001
a
 0.005 ± 0.002

a
 0.008 ± 0.003

b
 5.543 0.010 

However, there was no significant difference in the landings of Siganidae (F = 0.588, p 

= 0.563), Lutjanidae (F = 0.191, p = 0.828) and Mullidae (F = 1.793, p = 0.187) between 

the decadal periods (Table 4.1). Partitioning of the variance in the landings using SNK 

test indicated significant difference between landings of Scaridae in 1978-1988 period 

and 1989-1999/ 2000-2010 periods (Table 4.1). Also, significant difference in landings 

of Acanthuridae and Lethrinidae were also shown by SNK test between 1978-

1988/1989-1999 periods and 2000-2010 period (Table 4.1). There was no significant 

difference in the landings of Scaridae between 1989-1999 and 2000-2010 periods and 

also in the landings of Acanthuridae and Lethrinidae in 1978-1988 and 1989-1999 

periods (Table 4.1).  

The subsequent sets of results explore the general hypothesis that the likely persistence 

of L. vaigiensis (a Scaridae) on Kenyan reefs (p > 0.05, Table 4.1) is mediated by 

phenotypic plasticity in life-history traits despite historical fishing pressure. 
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4.2 Variation in reproductive traits between reef sites in coastal Kenya 

A total of 2701 L. vaigiensis were caught during the study period, 1586 (58.7%) during 

the SEM season and 1115 (41.3%) during the NEM season. There were more males than 

females at all sites but the overall sex ratio (M:F) of 1.46:1 was not significantly 

different from unity (χ²= 43.33, p = 0.292). 

4.2.1 Fecundity 

The fecundity of L. vaigiensis was estimated in 215 active/mature females spread in all 

the six sites.  

Table 4.2: Mean fecundity estimates of Leptoscarus vaigiensis caught at protected 

(Parks), partially protected (Reserves) and non-protected sites in coastal Kenya. 

Numbers mean ± standard deviation (SD). Means with different letter superscripts 

are significantly different as per SNK test. 

Sites Mean fecundity (eggs) No. of ovaries 

Watamu Park 113,968 ± 73,253
b
 25 

Malindi Park 109,840 ± 48,785
b
 29 

Watamu Reserve 111,879 ± 44,046
b
 14 

Malindi Reserve 129,353 ± 85,148
a
 93 

Vipingo (non-protected) 95,928 ± 69,884
c
 50 

Kanamai (non-protected) 70,418 ± 55,715
c
 46 

ANOVA                          F 4.591  

                                     p 0.001  

                                     df 5  

The mean fecundity differed significantly across sites (ANOVA, F = 4.591, df = 5, p = 

0.001, Table 4.2). Fecundity estimates in Malindi Reserve (129,353 ± 85,148) and 

Watamu Park (113,968 ± 73,253) were significantly higher than estimates at the non-

protected sites of Vipingo (95,928 ± 69,884) and Kanamai (70,418 ± 55,715) (Table 
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4.2). Further, partitioning of the variance in fecundity estimates using SNK post-hoc test 

indicated significant differences in fecundities between Vipingo and Malindi Reserve, 

Kanamai and all other sites except Vipingo. There was no significant difference in 

fecundity estimates between park and reserve sites except for Malindi Reserve and also 

between the non-protected sites of Kanamai and Vipingo (Table 4.2). Values of ‗a‘ and 

‗b‘ parameters of the derived fecundity- standard length relationships varied across sites 

with higher values of ‗a‘ occurring among fish in reserves (a = 528.85) and non-

protected (a = 359.88) sites relative to those in park (a = 98.82) sites suggesting higher 

fecundity unit increase in size for fish in the fished sites (Figure 4.2). Also, the length-

fecundity exponents (‗b‘ parameter) for fish from the park sites were higher (b ~ 3) 

compared to those from reserve and non-protected sites (b < 3) indicating fish at park 

sites have an isometric length-fecundity relationships relative to other sites (Figure 4.2). 

However,  a comparison of the length exponents (b) from sites by analysis of covariance 

(ANCOVA) indicated a non-significant interaction between length (covariate) and 

sampling sites (independent variables) suggesting that effect of length on fecundity is 

independent of sites, but this could be an artefact of small sample sizes from parks 

(Table 4.3). 

The results of Multidimensional Scaling (MDS) analysis using fecundity data showed no 

distinct patterns of site similarities; however, the non-protected sites (Kanamai and 

Vipingo) clustered alongside Watamu Reserve and Malindi Park, while Malindi Reserve 

and Watamu Park were distinctly separated from the other sites in terms of fecundities 

(Figure 4.3). 
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Figure  4.2: Relationships between fecundity (F) and standard length (SL) of 

Leptoscarus vaigiensis at reef sites of different protection levels in coastal Kenya. 

‘N’ denotes number of ovaries examined at sites. ‘a’ indicates constant (regression 

intercept) whereas ‘b’ denotes length exponent. 
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Table 4.3: Analysis of covariance (ANCOVA) output for the comparison of the 

slopes of log fecundity and log total length relationships of Leptoscarus vaigiensis 

caught from different reefs in coastal Kenya. ‘SL’ denotes standard length. 

Source of 

variation 

SS df MS F p 

Sites 0.235 5 0.047 0.641 0.669 

SL 2.148 1 2.148 29.235 0.001 

Sites*SL 0.214 5 0.043 0.582 0.714 
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Figure 4.3: Multidimensional Scaling (MDS) ordination plot of fecundity of 

Leptoscarus vaigiensis at reef sites of different protection levels in coastal Kenya.  

Stress = 0.03875. MALPAK, MALRES, WATPAK and WATRES stand for 

Malindi Park, Malindi Reserve, Watamu Park and Watamu Reserve, respectively. 

4.2.2 Spawning period 

Results showed occurrence of mature gonads throughout the study period indicating 

continuous spawning of the species across sites (Figure 4.4). However, higher 

percentages of mature gonads (stages IV and V) occurred during the months of April 

and May in reserve sites, April and July in park sites, June and July in non-protected 
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sites (Figure 4.4). Further, higher percentage of spent gonads (Maturity stage VI) 

occurred in July among park and reserve sites and in October in non-protected sites 

(Figure 4.4). 

4.2.3 Egg diameters 

Egg diameters ranged from 0.04-0.38 mm in Watamu Park to 0.06-0.46 mm in Malindi 

Park (Table 4.4).  Higher mean (±SD) egg diameters (0.26 ± 0.12 mm) occurred in 

Malindi Park, whereas the smallest eggs (0.20 ± 0.08 mm) occurred in the non-protected 

Vipingo site (Table 4.4). Mean egg diameter comparison between sites using ANOVA 

indicated no significant difference in diameters across sites (F = 0.918; df = 5;  p = 

0.473, Table 4.4).  

Size-frequency distribution of egg diameters from sites showed a major mode at 0.22 

mm across fished sites and 0.20 mm among protected sites (Figure 4.5). Compared to 

other sites, the Park sites of Malindi and Watamu had higher percentage size-frequency 

(26%) at the respective modal diameters (Figure 4.5). 
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Figure 4.4: Monthly percentage occurrence frequency of the maturity stages of 

Leptoscarus vaigiensis gonads of both sexes across sites of different protection levels 

(■Parks,    Reserves, □ non-protected) in coastal Kenya from May 2011-April 

2013. i & ii = immature; iii = maturing; iv = mature; v = active; vi = spent. 
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Table 4.4: Egg diameters of active gonads (stage V) in Leptoscarus vaigiensis caught 

on different reefs in coastal Kenya. Numbers mean ± standard deviation (SD). N = 

number of eggs measured. 

Site Mean size 

(mm) 

Modal size 

(mm) 

Size range 

(mm) 

No. of 

eggs 

Kanamai 0.20 ± 0.09 0.22 0.06-0.34 5108 

Vipingo 0.20 ± 0.08 0.22 0.08-0.32 2437 

Malindi Marine Park 0.26 ± 0.12 0.20 0.06-0.46 8587 

Malindi Marine Reserve 0.24 ± 0.12 0.22 0.04-0.44 31146 

Watamu Marine Park 0.21 ±0.11 0.20 0.04-0.38 4695 

Watamu Marine Reserve 0.22 ± 0.09  0.22 0.08-0.36 3406 

ANOVA                           F 0.918    

df 5    

p 0.473    
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Figure 4.5: Size-frequency distribution of eggs in maturity stage (V) ovaries of 

Leptoscarus vaigiensis caught in different reef sites in coastal Kenya. ‘N’ denotes 

number of eggs measured. 
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4.2.4 Gonad mass variation 

Fish in Malindi Park and its Reserve had heavier female gonads per unit total length than 

those in Watamu Park and its Reserve, whereas fish from Kanamai had heavier gonads 

than those from Vipingo for similar size (Figure 4.6). Overall, Malindi Reserve had 

heavier female gonads relative to size compared to other sites (Figure 4.6). For males, 

fish in Watamu Park and Reserve had heavier gonads than those in Malindi Park and 

Reserve at similar total lengths (Figure 4.7). Fish in Vipingo had heavier gonads than 

those from Kanamai site at similar lengths. Generally, Watamu Reserve had heavier 

gonads relative to other sites at similar lengths of fish (Figure 4.7). A MDS analysis on 

gonado-somatic indices (GSI, weight of gonads relative to body weight) of female L. 

vaigiensis indicates association of sites based on level of fishing (Figure 4.8a). The 

marine parks (Watamu and Malindi Parks) and the non-protected (Vipingo and 

Kanamai) sites formed distinct groupings based on GSI values, while Malindi Reserve 

associated more closely with park sites (Figure 4.8a). The Watamu Reserve although 

was separated distinctly from the other sites, was closer to Malindi Park (Figure 4.8a) 

based on female GSI values. MDS analysis on male GSI values did not indicate 

association of sites based on their protection levels (Figure 4.8b). All sites grouped 

together except Watamu Reserve which distinctly separated from the other sites based 

on male GSI values (Figure 4.8b). 

4.2.5 Length at first maturity (L50) 

A comparison of the estimates of length at first maturity (L50) during the first year 

pooled for site categories indicated that the lowest L50 for female L. vaigiensis occurred 

at non-protected sites (mean 13.4 cm, range,11.8-14.8 cm, 95% CI), and the highest at 

park sites (mean 17.8 cm, range, 17.5-18.1 cm, 95% CI; Figure 4.9).  
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Figure  4.6: Variation of gonad weight with total length of female Leptoscarus 

vaigiensis across site of different protection levels in coastal Kenya.  
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Figure  4.7: Variation of gonad weight with total length of male Leptoscarus 

vaigiensis across sites of different protection levels in coastal Kenya. 
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Dimension 2 

Figure  4.8: Multidimensional Scaling (MDS) ordination plot of gonado-somatic 

index of (a) female and (b) male Leptoscarus vaigiensis at reef sites of different 

protection levels in coastal Kenya. Stresses: a = 0.00241; b = 0.00105. MALPAK, 

MALRES, WATPAK and WATRES stand for Malindi Park, Malindi Reserve, 

Watamu Park and Watamu Reserve, respectively. 
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Total length (cm) 

Figure 4.9: Length-at-first maturity ogives (bold dark red/black solid lines) of 

female Leptoscarus vaigiensis caught at sites with different levels of protection in 

coastal Kenya in the first (dark red lines) and second (black lines) years, 

respectively. Confidence intervals of the estimates are given in parentheses. The 

faint dotted/solid lines represent the 95% confidence intervals for lengths at first 

sexual maturity (L50). n1 and n2 are sample size of mature female fish in first and 

second year of study, respectively. 

P
ro

p
o
rt

io
n

 m
a
tu

re
 



55 

 

The L50 of female L. vaigiensis in the reserve sites was 17.4 cm (range, 16.2-18.4 cm, 

95% CI; Figure 4.9) during this period. During the second year, a similar trend of L50 for 

female L. vaigiensis was maintained across the sites but with increased L50 compared to 

the first year (Figure 4.9). The lowest L50 for female L. vaigiensis occurred at non-

protected sites (mean 18-6 cm, range 18.3-18.8 cm, 95% CI) and slightly higher at the 

reserve sites (mean 19.0 cm, range, 18.6-19.6 cm, 95% CI) during the second year 

(Figure 4.9). The highest L50 of female L. vaigiensis occurred at park sites (mean 20.0 

cm, range, 20.1-20.5 cm, 95% CI, Figure 4.9) during the second year. 

4.3 Diet and niche breadth variations between reef sites in coastal Kenya 

4.3.1 Spatial variation in diet composition  

A total of 42 genera belonging to 21 families of benthic macroalgae and 1 family of 

seagrasses formed the diet of Leptoscarus vaigiensis during the NEM season (Table 

4.5). During this season, the diet of the fish at sites consisted mostly of the seagrass, 

Thalassodendron ciliatum (33.3 to 91.3%), the macroalgae; Enteromorpha spp. (50 to 

77.4%) and Sargassum spp. (33.3 to 58.0%) (Table 4.5). Eleven genera of algae were 

common in the diet across all sites during this season, whereas 16 constituted diet of fish 

from specific sites (Table 4.5). Fish from the fished sites of Malindi Reserve and 

Vipingo had the most number of algal genera (n = 10) in their diet, whereas fish from 

Malindi Park, Kanamai, and Watamu Reserve consumed fewer genera of the flora (n = 

3, 2 and 1, respectively) indicating likely mixed effect of protection levels on diet 

composition (Table 4.5). During the SEM season (Table 4.6), diet of the fish consisted 

of relatively more genera (n = 48) of benthic macroalgae and seagrasses contained 

within slightly more families (n = 27) compared to the NEM season. 
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Table 4.5: Percentage frequency of occurrence of food items in the gut of 

Leptoscarus vaigiensis from reef sites in coastal Kenya during northeast moonson 

season. Dash (-) represents zero occurrence. ‘N’ denotes number of stomachs 

examined at sites. 

Food group Malindi 

Reserve 

N = 131 

Watamu 

Reserve 

N = 6 

Watamu 

Park 

N = 27 

Malindi 

Park 

N = 72 

Kanamai 

N = 92 

Vipingo 

N = 106 

A: MACROALGAE       

Anadyomenaceae       

Anadyomene spp. - - - - - 0.9 

Areschougiaceae       

Eucheuma spp. - - - - - 0.9 

Bachelotiaceae       

Bachelotia spp. 13.0 - - 11.1 - 6.6 

Boodleaceae       

Boodlea spp. - - - - - 1.9 

Champiaceae       

Champia spp. 0.8 - - - - - 

Caulerpaceae       

Caulerpa spp. 0.8 - 3.7 - 1.1 0.9 

Ceremiaceae       

Centroceras spp. 32.1 16.7 11.1 36.1 5.4 4.7 

Ceramium spp. 32.1 16.7 14.8 25.0 55.4 37.7 

Cladophoraceae       

Chaetomorpha spp. 6.9 16.7 7.4 5.6 6.5 10.4 

Cladophora spp. 11.5 - 3.7 1.4 19.6 35.8 

Rhizoclonium spp. - - 7.4 1.4 - 1.9 
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Table 4.5 continued 

Food group Malindi 

Reserve 

N=131 

Watamu 

Reserve 

N=6 

Watamu 

Park 

N=27 

Malindi 

Park 

N=72 

Kanamai 

N=92 

Vipingo 

N=106 

Corallinaceae       

Amphiroa spp. 0.8 - - - - - 

Cheilosporum spp. 6.9 - - 1.4 7.6 - 

Haliptilon spp. 0.8 - - - 5.4 - 

Jania spps. 35.9 16.7 18.5 22.2 26.1 15.1 

Cystocloniaceae       

Hypnea spp. - - - 1.4 - - 

Dasyaceae       

Dasya spp. 8.4 - - 8.3 23.9 5.7 

Heterosiphonia spp. - 16.7 - - - - 

Dasycladaceae       

Bornetella spp. - - - - - 0.9 

Neomeris spp. - - - - 2.2 0.9 

Delesseriadeceae       

Vanvoorstia spp. - - - 1.4 - - 

Galaxauraceae       

Actinotrichia spp. 1.5 - - 2.8 - - 

Galaxaura spp. 0.8 - - - - - 

Rhodomelaceae       

Chondrophycus spp. 32.1 16.7 14.8 48.6 5.4 20.8 

Amansia spp. 2.3 - 3.7 2.8 12.0 0.9 

Dipterosiphonia spp. - - - - 2.2 - 

Herposiphonia spp. 20.6 16.7 14.8 6.9 20.7 17.9 

Laurencia spps. 1.5 - - 1.4 1.1 - 
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Table 4.5 continued 

Food group Malindi 

Reserve 

N=131 

Watamu 

Reserve 

N=6 

Watamu 

Park 

N=27 

Malindi 

Park 

N=72 

Kanamai 

N=92 

Vipingo 

N=106 

Leveillea spp. 19.8 16.7 29.6 25.0 15.2 5.7 

Lophosiphonia spp. 10.7 - 3.7 2.8 - 0.9 

Polysiphonia spp. 2.3 - - 2.8 3.3 0.9 

Rutaceae       

Murrayella spp. - - - - 1.1 - 

Sargassaceae       

Sargassum spp. 58.0 33.3 51.9 52.8 55.4 55.7 

Solieraceae       

Solieria spp. 1.5 - - - - - 

Scytosiphoniaceae       

Rosenvingea spp. - - - 1.4 - - 

Spyridiaceae       

Spyridia spp. 3.8 - - 1.4 1.1 2.8 

Ulvaceae       

Enteromorpha spp. 55.0 50.0 55.6 61.1 72.8 77.4 

Ulva spp. 35.1 33.3 18.5 23.6 32.6 34.9 

Valoniaceae       

Valonia spp. 0.8 - - - - - 

Valoniopsis spp. - - - - - 0.9 

B: SEAGRASSES       

Cymodoceaceae       

Cymodocea spp. 1.5 - - - 1.1 0.9 

Thalassodendron spp. 77.9 33.3 59.3 68.1 91.3 88.7 
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Table 4.6: Percentage frequency of occurrence of food items in the gut of 

Leptoscarus vaigiensis from reef sites in coastal Kenya during southeast monsoon 

season. Dash (-) represents zero occurrence. ‘N’ denotes number of stomach 

examined at sites. 

Food group 

  

Malindi 

Reserve 

N = 142 

Watamu 

Reserve 

N = 17 

Watamu 

Park 

N = 100 

Malindi 

Park 

N = 125 

Kanamai 

N = 96 

Vipingo 

N = 64 

A: MACROALGAE       

Acinetosporaceae       

Hincksia spp. - - 1.0 - - - 

Bachelotiaceae       

Bachelotia spp. 6.3 - 5.0 4.0 2.1 4.7 

Bonnemaisoniales       

Asparagopsis spp. 0.7 - - - - - 

Boodleaceae       

Boodlea spp. 0.7 - - - 1.0 1.6 

Cladophoropsis spp. - - 1.0 - - 3.1 

Champiaceae       

Champia spp. 0.7      

Caulerpaceae       

Caulerpa spp. 9.9 17.6 11.0 11.2 16.7 6.3 

Ceremiaceae       

Centroceras spp. 19.0 - - 7.2 - 4.7 

Ceramium spp. 40.8 41.2 42.0 22.4 44.8 48.4 

Cladophoraceae       

Chaetomorpha spp. 4.2 - 5.0 2.4 1.0 1.6 

Cladophora spp. 19.7 11.8 16.0 20.8 17.7 15.6 

Corallinaceae       
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Table 4.6 continued 

Food group    

 

Malindi 

Reserve 

N = 142 

Watamu 

Reserve 

N = 17 

Watamu 

Park 

N = 100 

Malindi 

Park 

N = 125 

Kanamai 

N = 96 

Vipingo 

N = 64 

Amphiroa spp. - - 1.0 - - - 

Cheilosporum spp. 14.8 17.6 14.0 14.4 7.3 1.6 

Haliptilon spp. - - 2.0 - - - 

Jania spps. 66.2 64.7 26.0 14.4 17.7 25.0 

Cystocloniaceae       

Hypnea spp. - - - 1.4 - - 

Dasyaceae       

Dasya spp. 17.6 - 14.0 20.0 16.7 32.8 

Dictyurus spp. - - - - 1.0 - 

Heterosiphonia spp. 0.7 - 0.2 - - - 

Dasycladaceae       

Bornetella spp. - - 1.0 - 2.1 - 

Delesseriadeceae       

Vanvoorstia spp. - - - - 1.0 1.6 

Galaxauraceae       

Galaxaura spp. - - 1.0 - - - 

Gracilariaceae       

Gracilaria spp. 2.1 - - 1.6 - 1.6 

Lomentariaceae       

Gelidiopsis spp. - - - 0.8 - 1.6 

Rhodomelaceae       

Chondrophycus spp. 12.0 11.8 5.0 11.2 3.1 7.8 

Amansia spp. 2.1 - - - 1.0 - 

Dipterosiphonia spp. 0.7 - - 0.8 - - 
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Table 4.6 continued 

Food group    

 

Malindi 

Reserve 

N = 142 

Watamu 

Reserve 

N = 17 

Watamu 

Park 

N = 100 

Malindi 

Park 

N = 125 

Kanamai 

N = 96 

Vipingo 

N = 64 

Chondria spp. - 5.9 1.0 - - 1.6 

Herposiphonia spp. 9.9 11.8 19.0 11.2 22.9 14.1 

Laurencia spps. 3.5 5.9 1.0 0.8 - 6.3 

Leveillea spp. 23.9 23.5 24.0 6.4 8.3 12.5 

Lophosiphonia spp. 8.5 5.9 - 4.8 1.0 3.1 

Polysiphonia spp. 4.2 5.9 5.0 1.6 1.0 6.3 

Rhodymeniaceae       

Botryocladia spp. 0.7 - - - - - 

Rutaceae       

Murrayella spp. 1.4 - - - - - 

Sargassaceae       

Hormophysa spp. 0.7 - - 2.4 - - 

Sargassum spp. 78.9 88.2 75.0 60.0 57.3 78.1 

Siphonocladaceae       

Chamaedoris spp. 0.7 - - - - - 

Sphacelariaceae       

Sphacelaria spp. 0.7 - - - 1.0 - 

Spyridiaceae       

Spyridia spp. 2.1 - - 2.4 8.3 6.3 

Ulvaceae       

Enteromorpha spp. 83.8 88.2 70.0 74.4 84.4 87.5 

Ulva spp. 34.5 35.3 31.0 29.6 22.9 40.6 

Valoniaceae       

Valonia spp. 0.7 - - - - - 
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Table 4.6 continued 

Food group    

 

Malindi 

Reserve 

N = 142 

Watamu 

Reserve 

N = 17 

Watamu 

Park 

N = 100 

Malindi 

Park 

N = 125 

Kanamai 

N = 96 

Vipingo 

N = 64 

Valoniopsis spp. 0.7 - - - - - 

Wrangeliaceae       

Griffithsia spp. - 5.9 1.0 - - - 

Tiffaniella spp. - - - 0.8 - - 

       

B: SEAGRASSES       

Cymodoceaceae       

Cymodocea spp. 0.7 5.9 1.0 - - - 

Thalassodendron spp. 88.0 88.2 80.0 79.2 86.5 87.5 

Similar to the NEM season, diet of the parrotfish at sites during SEM season consisted 

mostly of the seagrass, Thalassodendron ciliatum (79.2 to 88.2%), the macroalgae, 

Enteromorpha spp. (70.0 to 88.2%) and Sargassum spp. (57.3 to 88.2%,) but at higher 

proportions (Table 4.6). Thirteen genera of algae were common in the diet across all 

sites during this season, whereas 14 constituted diets of fish from specific sites (Table 

4.6). As in the NEM season, fish from the fished Malindi Reserve had the highest 

number of algal genera (n = 7) in their diet, whereas those from Watamu Park, Kanamai 

and Malindi Park consumed a lower number of genera (n = 4, 2 and 1, respectively) 

(Table 4.6). 

Diversity of food items (as measured by Shannon-Weiner Index, H) consumed by the 

fish differed significantly across sites during the NEM and SEM seasons (Table 4.7). 

During the NEM season, there was no significant difference in diversity of food items in 

the guts of fish from sites of same protection level except for the Reserves (Table 4.7). 

The diversity of diet for fish from Watamu (H= 0.87 ± 0.31) and Malindi (H = 0.87 ± 

0.33) Parks were significantly higher than those from reserve and non-protected sites 



63 

 

(Table 4.7) indicating likely influence of seasonality and protection levels on diet 

diversity. Partitioning of the variance in the diversity estimates using SNK test indicated 

significant differences in diet composition between fish from Park sites and all other 

sites; Kanamai and other fished sites of Vipingo and Reserve sites during the NEM 

season (Table 4.7). There was no significant difference in composition of diet of fish 

from Park sites and also between those from Reserve sites and non-protected site of 

Vipingo (Table 4.7). Unlike in the NEM season, there were differences in the diet 

composition between sites of the same protection level during SEM except for the 

Reserve sites (Table 4.7).  

Table 4.7: Diversity of the diet of Leptoscarus vaigiensis caught at sites of different 

protection levels in coastal Kenya during northeast (NEM) and southeast (SEM) 

monsoon seasons as estimated by the Shannon-Weiner Index (H). Number means ± 

standard deviation (SD). Means with different superscripts are significantly 

different as per SNK test. 

Sites H during NEM season  H during SEM season  

Watamu Park 0.87± 0. 31
a
 0.94 ± 0. 25

e
 

Malindi Park 0.87± 0.33
a
 0.78 ± 0.27

f
 

Watamu Reserve 0.73 ± 0.20
b
 0.99 ± 0.22

d
 

Malindi Reserve 0.79 ± 0.31
c
 1.02 ± 0.22

d
 

Vipingo (non-protected) 0.74 ± 0.34
b
 0.95 ± 0.23

e
 

Kanamai (non-protected) 0.65 ± 0.37
b
 0.80 ± 0.28

f
 

ANOVA                        F 3.62 14.24 

df 5 5 

p 0.001 0.001 
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Fish from Watamu Park had a diet composition (H = 0.94 ± 0.25) that was somewhat 

similar to those from Vipingo site (H = 0.95 ± 0.24), while those from Malindi Park had 

a composition (H =0.78 ± 0.27) that was similar to those from Kanamai (H= 0.80 ± 0.28, 

Table 4.7) indicating no influence of area protection on diet diversity during SEM 

season. Overall, diet composition from parks was similar to those from the non-

protected sites during the SEM season.  

The correspondence analysis (CA) was performed to analyse spatial variation of diet 

with sizes at different maturity stages (Figure 4.10). The results indicated the red algae, 

Actinotrichia spp. associated with diets of all size (maturity) categories of L. vaigiensis, 

while the filamentous green algae, Cladophora spp. associated exclusively with diets of 

immature size groups (Figure 4.10).  The genera Caulerpa (green algae), Cheilosporum 

(red algae), Laurencia (red algae) and Leveillea (red algae) exclusively associated with 

diets of maturing fish, whereas the genera, Centroceras (red algae), Haliptilon (coralline 

red algae), Bachelotia (brown algae), Amansia (red algae) and Hypnea (red algae) 

exclusively associated with diets of mature size categories (Figure 4.10). The groups; 

Thalassodendron ciliatum (seagrass), Enteromorpha spp. (green algae), Sargassum spp. 

(brown algae), Ulva spp. (green algae) and Jania spp., (red algae) associated closely 

with both maturing and mature size groups than immature size groups (Figure 4.10) 

indicating variability of diet with maturity stages of the fish. 

4.3.2 Diet composition and preferences between reef sites 

Hierarchical cluster analysis categorized the food utilized by L. vaigiensis across sites 

into three major groupings (G1, G2 and G3) (Figure 4.11) with G2 breaking into 3 sub-

groups, A, B and C.  
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Figure 4.10: Correspondence Analysis (CA) of the association of food items with 

maturity categories of Leptoscarus vaigiensis in coastal Kenya. M1, M2 and M3 

stand for immature, maturing and mature size groups, respectively. Names of algal 

genera are abbreviated to correspond with Table 4.5 and 4.6. Only food items with 

≥ 0.1 % numerical abundance were used in the analysis. X1 and X2 denote 

dimensions 1 (food item types) and 2 (maturity categories, respectively. 
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Figure 4.11: A dendrogram of Agglomerative Hierarchical Cluster analysis based 

on group’s complete linkage clustering for the numerically dominant food items 

utilized by Leptoscarus vaigiensis across reef sites of varying fishing intensity in 

coastal Kenya. 
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The macroalgae, Centroceras and Chondrophycus prominently composed diet of fish 

from Malindi Park and its Reserve forming the distinct group G1 (Figure 4.11, Tables 

4.5 and 4.6). The macroalgae Caulerpa and Leveillea  distinctly formed the diet of fish 

from Watamu Park and its Reserve and clustered together with Enteromorpha, 

Thalassodendron, Ceramium, Sargassum and Ulva that were prominent in the diet of 

fish from the fished sites than the protected sites under sub-group A of the major 

grouping G2 (Figure 4.11, Table 4.5 and Table 4.6). The macroalgae Cheilosporum and 

Polysiphonia constituted diets of fish from both fished and protected sites (Table 4.5 and 

Table 4.6) and clustered together with Jania, Lophosiphonia and Laurencia that were 

major components in the diet of fish from reserve sites under sub-group B of the major 

grouping G2 (Figure 4.11, Tables 4.5 and 4.6). Food items under sub-group C 

(Chaetomorpha and Cladophora) composed the diet of fish from both fished and 

protected sites (Figure 4.11, Tables 4.5 and 4.6). The red algal genus, Herposiphonia, 

primarily formed the diet of fish from Kanamai (Tables 4.5 and 4.6) and clustered 

isolatedly from other food items under the major grouping G3 (Figure 4.11, Table 4.5 

and Table 4.6). 

The index of relative importance (IRI) of food items at the sites showed at the seagrass, 

T. ciliatum, the macroalgae, Sargassum spp. and Enteromorpha spp. to be the most 

important food items in the diet of L. vaigiensis from Parks (T. ciliatum, IRI = 1781-

1842; Sargassum, IRI = 496-828; Enteromorpha, IRI = 346-420) and Reserves (T. 

ciliatum, IRI = 1030-1292; Sargassum, IRI = 642-946; Enteromorpha, IRI = 331-532) 

sites (Figure 4.12). The green macroalgae Ulva spp. was the least important food item in 

the diet of fish from these sites (Parks, IRI = 25-32; Reserves, IRI = 33-87; Figure 4.12).  

 

 

 



68 

 

 

 

Figure 4.12: Index of Relative Importance (IRI) of main food items in the guts of 

Leptoscarus vaigiensis caught at reef sites of different protection levels in coastal 

Kenya. 
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Other food items that were of less importance but constituted diet of fish from specific 

Park and Reserve sites included the red algae; Jania spp. among fish from all the sites 

except those from Malindi Park, and Chondrophycus spp. among fish from Reserve sites 

(IRI = 33-59) and Malindi Park (IRI = 140) (Figure 4.12). Fish from non-protected areas 

of Vipingo and Kanamai had the seagrass, T. ciliatum (Vipingo, IRI= 1951; Kanamai, 

IRI = 2394), the seaweeds, Enteromorpha spp. (Vipingo, IRI = 598; Kanamai, IRI = 

565) and Sargassum spp. (Vipingo, IRI = 588; Kanamai, IRI = 377) as the most 

important constituents of their diets (Figure 4.12).  The least important constituent of 

diet for fish at non-protected sites included the green algae, Ulva spp. (IRI = 34) and the 

red algae, Chondrophycus spp. (IRI = 22) that comprised diet of fish from Vipingo 

(Figure 4.12). 

4.3.3 Niche breadth and feeding intensity variation between reef sites 

Niche breadths of the fishes from non-protected sites of Kanamai and Vipingo showed a 

general decline during the calm NEM months (January-March) following a rise during 

November-December months of the season (Figure 4.13).  The niche breadths (mean ± 

SD) at these sites showed a general increase during the hydrodynamically rough SEM 

season (April-August) with a peak value during July (2.3 ± 0.6) for Kanamai and August 

(2.8 ± 0.26) for Vipingo followed by a subsequent decline in the August-November 

months of this season (Figure 4.13). The long-term average of the niche breath for the 

fish from non-protected sites of Vipingo (1.9 ± 0.7,) and Kanamai (1.7 ± 0.6) were 

comparable during the NEM season as was the case during the SEM season (Vipingo = 

2.2 ± 0.5; Kanamai = 1.9 ± 0.5). 
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Figure 4.13: Temporal variation in niche breadth of marbled parrotfish, 

Leptoscarus vaigiensis, at reef sites of different protection levels in coastal Kenya 

during SEM (April-October) and NEM (November-March) seasons. Error bars 

represent standard deviation.  

For the Reserve sites of Watamu and Malindi, niche breadth of the parrotfish showed a 

general increase in the SEM months of April to August (peaks in July and August for 
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Watamu and Malindi Reserves, respectively, Figure 4.13), followed by a decline in the 

NEM months of November-December (Figure 4.13), thereby showing a similar pattern 

as the non-protected sites (Kanamai and Vipingo). The long-term average of the niche 

breath (mean ± SE) for the fish from Watamu Reserve (1.6 ± 0.3) was comparable to 

that of Malindi Reserve (1.8 ± 0.6) during the NEM season as was the case during the 

SEM season (Watamu Reserve = 2.2 ± 0.5; Malindi Reserve = 2.3 ± 0.5). Unlike the 

reserve and non-protected sites, L. vaigiensis from park sites of Watamu and Malindi 

showed a general increase in niche breadths during the calm NEM months (January-

February) following a decrease during November-December months of the season 

(Figure 4.13).  Temporal patterns of niche breadth variation were therefore seasonally 

different for the park sites when compared to the non-protected sites and the moderately 

fished reserve sites. 

Overall, mean niche breadths (mean ± SD) of the parrotfish were higher among the Park 

sites (Watamu Park = 2.02 ± 0.66; Malindi Park = 2.08 ± 0.72) relative to fished sites 

(1.6-1.9 ± 0.34.0.74) during NEM season, suggesting influence of protection levels on 

diversity of fish diet (Figure 4.14a). During SEM season, niche breadth values in the 

Reserve sites of Watamu (2.23 ± 0.54) and Malindi (2.26 ± 0.53) were higher and 

comparable to those of non-protected site of Vipingo (2.21 ± 0.54) and Watamu Park 

(2.11 ± 0.53, Figure 4.14b). However, fish from Kanamai (a non-protected site) and 

Malindi Park had niche breadths values that were lowest (Kanamai = 1.86 ± 0.48; 

Malindi Park = 1.84 ± 0.82) among the sites, indicating mixed effect of protection levels 

on niche breadths values during SEM season (Figure 4.14b).  
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Figure 4.14: Boxplots of seasonal variation (a = northeast monsoon season, b = 

southeast monsoon season) in niche breadth of Leptoscarus vaigiensis caught from 

reef sites of different protection levels in coastal Kenya in 2012. Error bars 

represent standard deviation.  

Results of two-way ANOVA indicated that both site and season as well as their 

interaction significantly influenced niche breadths of the parrotfish (sites, F = 5.390, p < 

0.001; seasons, F = 12.455, p < 0.001; sites x season, F = 6.906, p < 0.001, Table 4.8).   

2012 
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The relationship between feeding intensity and niche breadth of fishes at the different 

reef sites showed site specific patterns (Figure 4.15). Fish from the marine park sites had 

a pattern of variation of niche breadth with feeding intensity that appears to be inverse of 

each other (Figure 4.15a). Fish from Malindi Park had a positive parabolic relationship 

between niche breadth and feeding intensity with lowest breadth at a feeding intensity of 

about 1.8. Fish from Watamu Marine Park had a somewhat inverse relationship 

(negative parabola) between niche breadth and feeding intensity. The fish from Watamu 

Park had higher niche breadths than those from Malindi Park at feeding intensities < 1.7 

and > 2.1 (Figure 4.15a). The marbled Parrotfish at Watamu Marine Reserve showed a 

somewhat inverse pattern of variation of feeding intensity with niche breadth, while 

those at Malindi Reserve had a positive relationship (Figure 4.15b). The pattern of 

variation at the non-protected sites showed fishes at Kanamai reef to have higher niche 

breadths than those in Vipingo at a feeding intensity range of 1.35 to 2.25 beyond which 

the fishes at Kanamai are predicted to have higher niche breadths (Figure 4.15c). 

4.4 Variation of growth and mortality parameters between sites 

4.4.1 Growth parameter (L∞ and K) variations 

Skewness index (Sk) of the length-frequencies of fish from the sites showed distinct 

difference in size distribution of fish based on protection levels (Figure 4.16).  
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Table 4.8: Two-way analysis of variance (ANOVA) results on the influence of sites, 

season and their interaction on niche breadth of Leptoscarus vaigiensis at reef sites 

of different protection levels in coastal Kenya. 

Source of 

variation 

DF SS MS F p 

Sites 5 0.190 0.038 5.390 0.001 

Season 1 0.088 0.088 12.455 0.001 

Sites*season 5 0.243 0.049 6.906 0.001 
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Figure 4.15: Second order polynomial regression of niche breath on feeding 

intensity of marbled parrotfish, Leptoscarus vaigiensis, from reefs of different 

protection levels in coastal Kenya during 2012. 
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Total length (cm) 

Figure 4.16: Length-frequency distribution of Leptoscarus vaigiencies at reefs of 

different protection levels in coastal Kenya. ‘Sk’ denotes skewness index and ‘n’ 

number of fish measured. 
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Fish from non-protected sites of Vipingo and Kanamai had positively skewed length 

frequencies (Sk = 0.24 and 0.99 for Vipingo and Kanamai, respectively) whereas those 

from Watamu Reserve and Malindi Reserve had length frequencies that were marginally 

skewed negatively (Sk = -0.15 and -0.03 for Watamu Reserve and Malindi Reserve, 

respectively) (Figure 4.16). Fish from protected sites of Malindi and Watamu Parks had 

length frequencies that were of comparatively higher negative skewness (Sk = - 0.19 and 

- 0.34 for Malindi Park and Watamu Park, respectively) (Figure 4.16) suggesting 

influence of protection on size structure of fish at sites.  

The analysis and outputs from the FiSAT II program obtained for sites based on length 

frequency distributions are shown in Figures 4.17, 4.18 and 4.19, while the growth 

estimates are shown in Table 4.9. Although the L∞ estimates obtained through Powell-

Wetherall Plot and ELEFAN I were comparable within sites, the ELEFAN I estimates 

were marginally higher for all the sites except the Malindi Reserve (Table 4.9). Higher 

L∞ estimate (~ 31 cm) was obtained for Malindi Reserve, while the lowest (26-27 cm) 

was obtained for Malindi Park. Fish from the two marine parks had equal and lowest 

growth rates, K yr
-1 

(Malindi Park = 0.46; Watamu Park = 0.46) amongst the sites, while 

the fish from non-protected sites and Malindi Reserve had the highest growth rates 

(Vipingo = 1.80 yr
-1

; Kanamai = 1.65 yr
-1

; Malindi Reserve = 1.95 yr
-1

) with those from 

Watamu Reserve having an intermediate growth of 0.76 yr
-1

 (Table 4.9). Estimates of 

Phi-Prime (Φ) were comparable between the sites of similar protection level (Table 4.9) 

suggesting less variability of K and L∞ describing growth curves of the species between 

sites of similar protection status.  
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Year 

Figure 4.17: von Bertalanffy growth curves (continuous blue lines) of cohorts 

superimposed over re-structured length frequency data of Leptoscarus vaigiensis 

caught at reef sites of different protection levels in coastal Kenya.Peaks (black) are 

positive points and troughs (white) are negative points.  
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Figure 4.18: Powell-Wetherall plot for estimation of asymptomatic length (L∞) of 

Leptoscarus vaigiensis caught at reef sites of different protection levels in coastal 

Kenya. Black dots on the right side were used for regression analysis. A1 = 

Kanamai, A2 = Vipingo, B1 = Watamu Reserve, B2 = Malindi Reserve, C1 = 

Watamu Park, C2 = Malindi Park.  
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Figure 4.19: Linearized length-converted curve used to estimate instantaneous 

annual total mortality rate (Z) of Leptoscarus vaigiensis from reef sites in coastal 

Kenya. N is the number of fish in length class i and dt is time needed for fish to 

grow through the length class. Black circles were used in the regression, yellow 

circles were not because fish are not fully recruited or are close to L∞. A1 = 

Kanamai, A2 = Vipingo, B1 = Watamu Reserve, B2 = Malindi Reserve, C1 = 

Watamu Park, C2 = Malindi Park.  
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Table 4.9: The von Bertalanffy growth parameters (asymptotic length, L∞, cm; 

instantaneous growth rate, K/yr; age at which length equals zero, t0), maximum 

length, Lmax (cm), goodness of fit index (Rn), growth performance index (Φ’) of 

Leptoscarus vaigiensis from reefs of different protection levels in coastal Kenya. A 

dash (-) denotes lack of data. 

Site Powell-

Wetherall 

plot L∞ 

(cm) 

ELEFAN 

L∞ (cm) 

Lmax 

(cm) 

K Rn Φ’ to 

A: This study        

Malindi Park 25.9 27.4 25.8 0.46 0.14 2.54 -0.44 

Watamu Park 28.8 29.8 28.5 0.46 0.24 2.61 -0.45 

Malindi Reserve 31.6 30.8 29.0 1.95 0.23 3.27 -1.10 

Watamu Reserve 27.6 29.1 27.7 0.76 0.17 2.81 -0.67 

Vipingo  29.4 29.8 27.1 1.80 0.13 3.20 -1.06 

Kanamai  29.4 29.8 27.8 1.65 0.14 3.17 -1.02 

B: Other studies        

Dar-es-Salaam, 

Tanzania, 
a
 

- 33.7 35 2.30 - 3.42 - 

South coast, 

Kenya
b
 

- 28.9 35 1.50 - 3.10 - 

South coast, 

Kenya
c
 

- 34.1 - 1.31 - 3.18 - 

a
 Benno (1992); 

b
 Mwatha  (1997); 

c
Otieno (2002)  
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Fewer studies were found with Φ estimates for the species but available values are 

comparable to the estimates for the non-protected sites in this study (Φ ~ 3, Table 4.9). 

There was a significant relationship between asymptotic sizes (L∞) of the fish and the 

growth rates (K) (L∞ = 2.24K + 26.14; r
2
 = 0.66, p<0.05). 

Comparison of the growth parameters (K and L∞) and hence growth curves or patterns 

among sites using bootstrapping technique indicated two distinct overlapping groupings 

of confidence regions between sites (Figure 4.20). One grouping comprised the 

overlapped confidence regions of the Marine Parks, while the other distinct group 

comprised the overlapped confidence regions of the non-protected sites of Kanamai and 

Vipingo as well as that of Malindi Reserve (Figure 4.20). The confidence region for the 

growth parameters of fish at the partially protected site of Watamu Reserve did not 

overlap with any of the sites but appeared closer to the confidence regions of the parks 

(Figure 4.20). Overlapping confidence regions around the growth parameter estimates at 

sites is taken to indicate similarity of the growth patterns of fish between sites. Hence, 

sites with overlaps indicate similarity in growth patterns of the marbled parrotfish. 

4.4.2 Variation in mortality 

The total mortality (Z yr
-1

) estimates for L. vaigiensis from this study were lower for 

marine parks (~2) and higher for reserve (3-9) and non-protected sites (4.5) (Table 4.10). 

The natural mortality (M yr
-1

) estimates although different between reserve sites, were 

comparable among park (~ 1) and non-protected (~2) sites (Table 4.10). Higher fishing 

mortality (F yr
-1

) estimate (6.45) was derived for the partially protected Malindi 

Reserve, while a lower value (1.39) was obtained for the Watamu Reserve (Table 4.10). 

Moderate estimates of fishing mortality were obtained for the non-protected sites of 

Kanamai (1.95) and Vipingo (2.72) (Table 4.10).  
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Figure  4.20: Comparison of von Bertalanffy Growth Function  (VBGF) 

parameters, L∞ and K, with 95% confidence regions estimated for Leptoscarus 

vaigiensis at sites of different protection levels in coastal Kenya. Malindi Park (◊, 

……), Watamu Park (∞, —), Watamu Reserve (*, ……), Kanamai (☼, —), Vipingo 

(♥,   ……), Malindi Reserve (♦,  —). 
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Table 4.10: Total mortality (Z yr-1), natural mortality (M yr-1), fishing mortality 

(F yr-1) coefficients and exploitation rate (E) of Leptoscarus vaigiensis from six 

reefs of different protection levels in coastal Kenya. Dash (-) denotes not 

determined. 

Site Z M F E 

Malindi Park 1.69 1.08 - - 

Watamu Park 1.96 1.06 - - 

Malindi Reserve 9.15 2.70 6.45 0.71 

Watamu Reserve 2.87 1.48 1.39 0.48 

Vipingo (non-protected) 5.30 2.59 2.72 0.51 

Kanamai (non-protected) 4.39 2.44 1.95 0.44 

Exploitation rates (E) of the parrotfish at fished sites were higher for Malindi Reserve 

(0.71) and lower for the non-protected sites of Kanamai (0.44, Table 4.10) indicating 

likely ineffectiveness of ―reserve‖ status in protecting fish populations from high fishing 

mortality. 

4.4.3 Variation in relative recruitment patterns 

Annual relative recruitment patterns of L. vaigiensis (Figure 4.21) show year round 

recruitment of the fish with multimodal peaks in most sites except in Malindi Reserve 

where the fish had unimodal recruitment to the fishery (Figure 4.21). Recruitment 

pattern of fish from the non-protected site of Kanamai showed two uneven pulses 

(Figure 4.21a), whereas those from Vipingo had three annual recruitment pulses (Figure 

4.21b). Fish from reserve sites had variable recruitment patterns with those from Malindi 

Reserve showing a single peak (Figure 4.21c), while those from Watamu Reserve had 
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two pulses (Figure 4.21d). Recruitment pattern was similar among fish from park sites 

with two major annual pulses (Figure 4.21e and Figure 4.21f). 

 

 

Figure 4.21: Annual relative recruitment pattern of Leptoscarus vaigiensis at the six 

sites of different protection levels in coastal Kenya:a) Kanamai, b) Vipingo, c) 

Malindi Reserve, d) Watamu Reserve, e) Malindi Park and f) Watamu Park. 

(b) 
(a) 

(d) 

(f) (e) 

(c) 
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CHAPTER FIVE 

DISCUSSION 

5.1 Catch trends from landing data (1978-2007) 

The catch trend analysis indicate decline in the major coral-reef fish landings in coastal 

Kenya over the last decades. The causes of the declining trends cannot be determined 

from the present data, but human population driven increase in fishing effort as a result 

of increased demand for food may have played an important role (Kaunda-Arara et al., 

2003). The principal commercial reef fishes namely the rabbitfishes (Siganidae) and 

emperors (Lethrinidae) are likely being exploited beyond optimal levels, and their catch 

trend forecast predicts a gradual decline in landings in the next decade. However, the 

family Scaridae to which the marbled parrotfish belong fairly maintained its landing 

rates during these periods. The marbled parrotfish, L. vaigiensis like other many coral 

reef fishes is a less mobile and often site attached species (Sale, 2002b) hence likely to 

be predisposed to fishing mortality. The mechanism(s) by which L. vaigiensis (Scaridae) 

avoids depletion despite its exposure to heavy fishing pressure as indicated by sustained 

landing rate over time, are not well understood but could relate to phenotypic plasticity.   

5.2 Variation of reproductive traits between sites 

The marbled parrotfish, Leptoscarus vaigiensis, is largely a sedentary reef fish thereby 

precluding the likelihood of mass movements between sites. Fishing selectively removes 

large and highly fecund individuals from sites (Jennings & Kaiser, 1998), leaving small 

sized individuals with the reduced fecundity reported in this study and in others (e.g. 

Jennings & Phillips, 1992; Wilson et al., 2010). However, even if harvesting was not 

size-selective, intensive exploitation will always lead to truncation of age and size 

structures of fished stocks, since members of a cohort do not survive to attain a 

relatively old age or large body size (Marteinsdóttir & Pardoe, 2008); this may further 

explain the lower fecundity of L. vaigiensis at the intensely fished and non-protected 
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sites relative to the reserves and marine parks. However, there could be other causes for 

spatial variation in fecundity, including genotypic variation (Dieckmann & Heino, 2007) 

and differences in inter- and intra-species interactions at the sampling sites (Law, 2000). 

Low fecundity at non-protected sites in this study could be a function of the so called 

‗selfish mothers effect‘ (Marshall & Uller, 2007). As it is the case in many female 

insects and birds, fish lay fewer or smaller eggs when such eggs are anticipated to 

experience higher mortality say through predation from non-commercial (less targeted) 

species thereby saving energy for somatic growth as opposed to reproductive growth 

(Jennings & Philips, 1992). 

In this study, levels of fecundity of small-sized fish at heavily-fished sites were higher 

than those of equivalent-sized fish at the less fished and unfished sites. It is likely that 

this is caused by the early maturation observed at fished sites, possibly mediated by 

reduced competition between individuals as a result of population declines due to fishing 

pressure (Heino & Godo, 2002; Kuparinen & Merila, 2007), among other factors.  The 

distance between the heavily fished sites (Kanamai and Vipingo) on the south and the 

park and reserve sites in the north, together with the sedentary nature of this fish, would 

isolate these populations from each other and possibly thereby facilitate selection for 

higher fecundity and earlier maturation at smaller sizes at the fished sites consistent with 

findings of previous works (e.g. Sharpe & Hendry, 2009). 

Population dynamics of marine fishes are characterized by high larval mortality (Werner 

& Fuiman, 2002) which is predominantly driven by size- and growth-selective processes 

(Meekan & Fortier, 1996). Higher survival is expected amongst juveniles emanating 

from large larvae (Raventos & Macpherson, 2005; Tomkiewicz et al., 2003) developing 

from large eggs (Pitcher & Hart, 1993).  It is therefore intuitively expected that fish 

under heavy predation (e.g. fishing pressure) may develop larger eggs relative to those in 

protected sites (Einum & Fleming, 2000; Heath et al., 2003) as a phenotypic response to 

stress. However, in this study, a higher proportion of small eggs in L. vaigiensis were 

found at fished sites, although the mean egg diameter was not significantly different 
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between sites. It is likely that L. vaigiensis at non-protected sites invest more energy into 

somatic growth to attain maturity faster as a trade-off against larger gonadal 

development which is energetically more demanding (Jennings & Phillips, 1992). 

Clearly, studies on predator-prey manipulations would be required to test this 

hypothesis. Otherwise, predominant production of small sized eggs by L. vaigiensis in 

non-protected sites relative to other sites suggests difference in strategies of reproductive 

investment between sites. 

The earlier maturity of female fish at non-protected sites relative to those in marine 

parks and reserves is possibly a compensatory response to ensure that fish at fished sites 

reproduce before capture (Hutchings & Baum, 2005). Fishing has been identified as one 

of the main factors for declines in size and age at maturation in exploited fish stocks 

(Jennings & Kaiser, 1998; Kuparinen & Merila, 2007; Olsen et al., 2004). Apart from 

causing a decline in stock biomass, fishing can trigger changes in individual fish growth 

in response to an increase in per capita food availability (Trippel, 1995) and, hence, 

enhanced growth rates that result in earlier maturation at fished sites (Haug & 

Tjemsland, 1986). Conversely, high levels of competition and predation in protected 

marine parks mediated by the high biomass and diversity of fishes at these sites 

(McClanahan & Kaunda-Arara, 1996) probably reduces relative growth rates and hence 

increased size at maturity. Spatial differences in growth rate and maturation may thus be 

a phenotypic response to changes in food availability and predation pressure. However, 

it may also develop over evolutionary time-scale in response to selective mortality (Law, 

2000). 

5.3 Diet and niche breadth variations between sites 

The marbled parrotfish exploits a variety of marine flora on Kenyan reefs with the most 

important being the seagrass, Thalassodendron ciliatum and the seaweeds; 

Enteromorpha spp. (green algae) and Sargassum spp. (brown algae). These results are 

similar to the findings on the diet of this species in Mozambique (Almeida et al., 1999). 
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As an algal grazer, the marbled parrotfish therefore likely plays a significant role in 

Kenyan coral reef ecosystems by shaping the distribution, community structure, standing 

crop biomass and production rates of benthic macroalgae as documented elsewhere 

(Russ, 2003). Its grazing action likely explains in part, the observed resilience of some 

Kenyan coral reefs from the effects of coral bleaching (McClanahan et al., 2004; Obura, 

2005) or resistance to out-competition by benthic algae (McClanahan & Shafir, 1990). 

The results of this study indicated no clear pattern on the effect of protection level on 

diet composition in the parrotfish. However, in general there was higher diet diversity in 

park sites during the calm NEM season and in reserve, while non-protected sites were of 

more diverse diet during the hydrodynamically rough SEM season. Increased fishing 

activities on the reefs during the calm NEM season (Kaunda-Arara & Rose, 2004) 

together with increased fishing predation during this season (McClanahan & Shafir, 

1990) may cause fish in fished sites (reserves and non-protected areas) to forego 

foraging opportunities for relative safety as a trade-off between predation and survival. 

This trade-off may explain the low diversity of food items among fish in fished areas 

compared to those in protected sites during this period. Conversely, the increased 

diversity in fish diet especially at fished sites during the SEM season may be due to 

maximized foraging opportunities by fish during this season when fishing predation is 

less intensive. This notion is further supported by the general similarity in the 

relationship between niche breadths and feeding intensity at the reserve and non-

protected sites. 

The narrower niche breadth among fish from fished sites relative to those from park sites 

during the calm NEM season suggests that the ―niche variation hypothesis‖ (van Valen, 

1965; van Valen & Grant, 1970) that predicts wider niche breadths at low inter-specific 

competitions as may be expected in fished sites, can be modified by environmental 

variability (such as monsoon seasonality) and fish behaviour as influenced by fishing 

pressure. These results are obviously confounded by lack of data on food abundance and 

distribution on the reefs. Spatial differences in food distribution and abundance may 
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influence diet composition of individuals (O‘Brien et al., 1990; Semmens et al., 2009).  

The influence of fishing pressure at the non-protected sites on food availability to the 

parrotfish is unknown but is likely significant as fishing indirectly modifies habitat 

characteristics through cascading processes (Francii-filho & Moura, 2008).  

There was significant influence of site, season and their interaction on the niche breadth 

of the parrotfish with synchronized timing of peak niche breadths at sites of same 

protection regime. This synchronized timing likely indicates presence of unifying factors 

such as fishing pressure and environmental variability among sites. Prohibited fishing at 

park sites could facilitate conditions for optimal foraging by fish at these sites resulting 

in broader niche breadths during the calm NEM season. 

Results of hierarchical cluster analysis (HCA) indicated clustering of some food items 

whereas that of correspondence analysis (CA) indicated association of certain food items 

with the different maturity categories of fish. The HCA results may simply reflect the 

relative abundance of algal food resource at sites or indicate food partitioning among 

conspecifics as induced by diversifying force of intra-specific competition or 

constraining effect of inter-specific competitors (Svanback & Bolnick, 2005; Taper & 

Case, 1985; van Valen, 1965).  Clustering of food items or their association with sites 

could be a reflection of the assemblage of food items preferred by the fish among sites 

or simply an artefact of spatial distribution of food items in the environment. On the 

other hand, association of certain food items with either immature or mature individuals 

as indicated by CA results suggests ontogenetic differences in diet preference. It is 

possible that niche breadths will vary with ontogenetic shifts in diet (Rotenberry, 1980). 

However, spatial analysis at population level likely reduces the influence of ontogenetic 

shifts on niche breadths especially if the size-frequency distribution does not vary 

substantially between sites as was in this study.  Lack of data on environmental variables 

such as substrate characteristics, nutrients regime and chemical parameters at sites in this 

study, constrains robust determination of factors influencing diet and niche breadth 

variability between sites. Nonetheless, the between-site similarity of patterns of niche 
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breadth variation for sites of same protection level suggests low influence of 

environmental factors on diet and niche breadth variation; however, this notion will 

require testing. Indeed the lagoonal reefs sampled in this study have been found to 

contain grossly similar substrate categories and all experience the monsoonal seasonality 

(Kaunda-Arara & Rose, 2004; McClanahan & Shafir, 1990). 

5.4 Variation of growth and mortality parameters between sites 

This study estimated for the first time in the WIO region, the growth parameters of the 

marbled parrotfish among reefs exposed to different levels of fishing pressure, thereby 

providing insights into the possibility of utilizing the parameters as indicators of 

environmental stress. Bootstrapping of the parameters showed distinct spatial variation 

in growth patterns of L. vaigiensis from protected and fished sites, suggesting likely 

existence of plasticity in the growth of the species perhaps mediated by fishing pressure 

among other factors. The higher growth rates of fish at fished sites relative to those in 

protected areas, as found in this study, are consistent with findings of previous work 

(e.g. Haug & Tjemsland, 1986). The higher growth rate at fished sites may be due to 

reduced inter- and intra-specific competition as a result of increased availability of food 

per capita (Trippel, 1995). Higher growth rate may also be a phenotypic response to 

attain maturity faster in order to maximize reproductive fitness (Law, 2000, Locham et 

al., 2015a). The two marine reserves (Malindi and Watamu, with partial protection) 

seem to have different growth patterns (or curves) deduced from the  non-overlapping 

confidence regions of the growth parameters; this variation may suggest differences in 

effectiveness of the ―reserve‖ status of sites as also reflected in differences in fishing 

mortality between the reserves. 

The marbled parrotfish has been found to mature at smaller sizes at fished sites in this 

study (also see; Locham et al., 2015a). However, the higher asymptotic sizes at fished 

sites suggest continued growth after maturation (Heino & Godo, 2002). The causes for 

the continued growth to higher asymptotic lengths at these sites are not clear but may be 
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mediated by reduced competition for resources.  The correlation between L∞ and K 

suggests that asymptotic size is reached faster after maturation (Heino & Godo, 2002). 

Fishes at protected sites appear to have smaller growth rates and relatively smaller 

asymptotic sizes. This finding is not intuitive as fishes are expected to grow to larger 

sizes in the absence of fishing and this observation will require more investigation. The 

marbled parrotfish, like other reef fishes, is heavily fished among the coral reef fishes in 

Kenya and most of the WIO region (Hicks & McClanahan, 2012) but have continued to 

sustain artisanal fisheries. The mechanisms by which this species avoids overfishing 

depletions are not well understood but could relate to phenotypic plasticity or divergence 

as suggested by the results of this study. 

Mortality and exploitation patterns of the marbled parrotfish as found in this study 

appeared to relate to protection status of the sites. In general, total mortality estimates 

were low among protected sites and higher in fished sites. However, higher estimates of 

fishing mortality and exploitation rates derived for the reserves relative to non-protected 

sites indicating that the ―reserve‖ status may not be effective in protecting fish 

populations from high fishing mortality. Use of different gears at sites (traps in protected 

sites and cast nets and spear guns in non-protected areas) could also have contributed to 

the observed results since fishing gears select fish by size and species (Dalzell, 1996). 

Varied patterns of relative recruitment in the marbled parrotfish at sites may suggest 

influence of fishing amongst other factors on reproductive output and timing; however, 

the data generated is inadequate to explain the spatial variability in recruitment as 

determined. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

This study has shown evidence of divergence in the reproductive attributes of L. 

vaigiensis among reefs in Kenya probably induced by fishing pressure. As a likely 

adaptive strategy to enhance their resilience to fishing pressure, fish from non-protected 

sites mature earlier and have an equivalent or higher fecundities at smaller sizes relative 

to larger fish in protected sites. 

The present study has confirmed the marbled parrotfish as an algal grazer. As a grazer, 

the marbled parrotfish therefore likely plays a significant role in Kenyan coral reef 

ecosystems by shaping the distribution, community structure, standing crop biomass and 

production rates of benthic macroalgae. The results show interaction of site protection 

level with seasonality to cause greater diet diversity in non-protected sites during the 

SEM season and higher niche breadth during the NEM season in protected sites. Spatial 

variation in food types and environmental variability (e.g. in fishing intensity) likely 

affects the diet of the species between reefs. 

Also, this study has shown spatial variation in growth and mortality parameters of L. 

vaigiensis in coastal Kenya due to variations in fishing pressure, though, the variation 

cannot be attributed solely to fishing as other covariates may confound the influence of 

fishing mortality. It is likely that the variation in growth patterns may enhance resilience 

of the stocks to fishing pressure. This study also generates for the first time in the WIO, 

the growth and mortality parameters for this commercially important species thereby 

adding to the scarce database on these parameters (see www.Fishbase.org).  

In general, the hypotheses that guided the study are not supported by the results and a 

broad scale divergence in life-history attributes is concluded to exist for the marbled 

http://www.fishbase.org/
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parrotfish among reefs of various exploitation levels in coastal Kenya. The exact causes 

of this divergence are unknown but are likely related to spatial variation in fishing 

pressure. 

6.2 Recommendations 

Based on the results of this study, the following recommendations are advanced: 

1.  Additional research is proposed to undertake predator-prey manipulations in 

order to test the hypothesis that L. vaigiensis at non-protected sites invest more 

energy into somatic growth in order to attain maturity faster as a trade-off 

between gonadal and somatic growth.  

2. A further research is recommended to explore other factors besides fishing 

mortality that could influence life-history traits (e.g. genetic variability, habitat-

induced variations) in order to partition the observed phenotypic divergence of 

reproductive traits to its causes. 

3. There is the potential to apply variability of life-history traits such as high growth 

rate and early maturation of fish at fished sites as indicator of environmental 

stress for purposes of fisheries management. Such management applications 

could include effort control, recommendation on area or seasonal closures 

amongst others.  

4. Fisheries management and conservation programs should be based on spatially 

explicit population models using growth parameters (instantaneous growth rate 

and asymptotic length) to avoid poor management decisions based on unifying 

models. This is because these parameters have been found to vary spatially 

within a single species. Such models include, for example, the Beverton and Holt 

Yield per recruit model, the von Bertalanffy growth models, stock-recruitment 

models amongst others.    
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