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Abstract. Parrotfish, a herbivorous reef fish, is considered to play an important role within 

coral reef ecosystems, enhancing coral reef resilience by keeping algal growth in check, 

allowing slower-growing coral recruits to settle. The functional performance of parrotfish 

species has been indicated to be dependent on body size. Albeit increasing size selective 

fishing pressure maintains, leading to immense effects on the dynamics of coral reefs, with 

consequences often much larger than changes in biomass and abundance of the targeted stock 

itself. The relative importance of the relationship between function (grazing) and body-size 

was tested in two parrotfish species (Scarus niger and Chlorurus sordidus) in the Red Sea. A 

non-linear relationship was found between functional performance and body size, with 

function found to increase notably as fishes reach a size of 15-20 cm At a regional level, 

parrotfish function was found to be low. These findings support the idea of a generalized 

ecological pattern of functional performance in parrotfishes. Demographic skewness within 

parrotfish species populations could easily be incorporated in routine monitoring schemes, 

thus act as a comparatively cheap and easily monitored indicator for assessing coral reef 

resilience, especially useful for managers in areas of limited budgets. Other alternative stable 

states than macroalgae, are speculated to be the case in the Red Sea. 
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1. INTRODUCTION 

Coral reefs are among the most diverse ecosystems on earth, providing important ecosystem 

services to people in tropical and subtropical nations, which livelihoods are highly dependent 

on these resources (Moberg & Folke 1999, Whittingham et al. 2003). Overpopulation, poverty 

and climate change are threatening extensive areas of coral habitats, its biodiversity and the 

viability of its commercial values such as fisheries, tourism etc (Hughes et al. 2003, Pandolfi 

et al. 2003, Mumby 2006, Rotjan et al. 2006). As a consequence coral reef ecosystems in the 

21st century are more threatened than ever before. Natural and human-induced disturbances 

are increasing in magnitude and occur more frequently and acutely, thereby compromising the 

resilience of this unique ecosystem. Approximately 30% of the world’s coral reefs are already 

severely damaged, and by 2030 roughly 60% of the world’s coral reefs are expected to be lost 

(Wilkinson 2002). And at the same time, UNEP (2006) have estimated that in order to be able 

to support the predicted population growth by 2050 in terms of food etc., another 156 000km2 

of healthy coral reef is needed.   

 

Decline in coral cover can be caused by a number of factors. Until recently, phase shifts from 

coral-dominance to macroalgae dominance which has been seen on many reefs have mainly 

been caused by the direct and indirect effect of reduced herbivorous fish stocks and added 

nutrients from land-based activities (Hughes 1994, Pandolfi et al. 2003).  However, the 

impacts caused by global climate change, are today generally considered to be the leading 

threat for coral reefs’ health and longevity (Hughes et al. 2003). Causing declines in density 

and diversity of coral and habitat complexity (Loya et al. 2001), in course leading to 

reductions in already stressed coral associated fish and invertebrates (Wilson et al. 2006, 

Graham et al. 2006). Recent research has furthermore anticipated coral bleaching to entail 

time lag effects on reef fish assemblages, thus the full effects of coral bleaching on fish 

assemblage are still unknown (Graham et al. 2007). Hence, the need for appropriate and well 

managed fisheries is essential resulting in increased resilience to coral reefs. 
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Parrotfishes (family Labridae) are herbivorous reef fishes which use their beaklike fused jaw 

to remove algae and detritus from the substratum (Bellwood et al. 2004). They play an 

important role within coral reef ecosystems as they enhance coral reef resilience by keeping 

algal growth in check, allowing slower-growing coral recruits to settle rather than the faster-

growing algae (Hughes 1994, MacClanahan et al. 2003), and thus help to prevent phase shifts 

from coral- to algal dominated reefs (Nyström & Folke 2001, Bellwood et al. 2004, 2006, 

Burjepile & Hay 2006, Hughes et al. 2007). Parrotfishes are in many parts of the world an 

increasingly important component of reef fisheries (Hawkins & Roberts 2003). This may have 

immense effects on the dynamics and regeneration of coral reefs (Mumby et al. 2007, 

Lokrantz et al. 2008), especially so due to the important role they play in promoting coral 

recovery after disturbance, enhancing coral reef resilience (Golbuu et al. 2007, Ledlie et al. 

2007). Hence, high fishing pressure and size selectiveness of fisheries often leads to 

consequences larger than changes in biomass and abundance of the targeted stock itself 

(Hawking & Robert 2003), affecting and altering the entire dynamic of reefs (Hughes 1994, 

Bellwood et al. 2003, Pandolfi et al. 2003).   

 

Recent studies have indicated body-size of parrotfishes to play an important role for the health 

of coral reefs (e.g. Bruggeman et al. 1996, Bonaldo & Bellwood 2008, Lokrantz et al. 2008), 

as functional performance i.e. area scraped over time, has been shown to increase noticeably 

as fish reach a body-size of 15-20cm (Lokrantz et al. 2008). This suggests that parrotfishes 

become “functionally mature” at a certain key size and that reefs subjected to high fishing 

pressure dominated by small sized individuals may be functionally impaired (Lokrants et al. 

2008). Thus, the size of area grazed and the extent and severity of algal removal may be 

highly dependent on body-size. Moreover, increased fishing pressure in combination with the 

impacts of climate change will greatly reduce coral reef resilience and consequently increase 

probability of phase shifts (Hughes et al. 2003). In light of the threats to coral reefs today, 

Mumby & Hastings (2008) came with a straight forward and challenging message to 

managers of coral reefs in order to prevent coral reefs to shift from coral- to macroalgal states; 

managers must strive to keep grazing levels high and coral mortality rates low.  

 

1.1. Research question and aim 
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The objectives of this study were to identify 1) the relative importance of the relationship 

between function (grazing) and body-size of parrotfishes. For this purpose two, for the region, 

common species of parrotfishes were analyzed. 2) What such a relationship would entail on a 

regional scale. Within these two species, abundance and size distribution were analyzed and 

used as a measure of potential function present on the reef. 3) To identify potential 

generalized ecological patterns. For this purpose potential relationship between function and 

body-size found for parrotfish in the Red Sea would be compared to function found in 

parrotfishes in other areas. Finally 4) to evaluate to what extent demographic skewness within 

fish populations can be incorporated into management schemes. If relationship between 

function and body-size exists, monitoring data of population demographic within parrotfishes 

could potentially be used by current managers as an indicator of grazing levels and thus as an 

early warning signal for loss of resilience, potentially leading to irreversible phase shifts. 
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2. BACKGROUND AND THEORETICAL FRAMEWORK 
 
2.1.  Thresholds and coral reef resilience 

Ecological resilience is a concept used to describe the stability of ecosystems i.e. their ability 

to absorb disturbance, both natural and human-induced, and still stay within the same 

ecosystem state (Nyström 2006). Loss of resilience makes an ecosystem more vulnerable to 

disturbances, where small changes may lead to dramatic shifts and ultimately pushing the 

system to alternative states (Hughes et al. 2005, van Nes & Scheffer 2007). 

 

Ecological resilience has in recent time, often, been advocated as a promising analytic 

instrument for assessing ecosystem resilience (Hughes et al. 2005, Nyström et al. 2008). It 

was first described by Holling (1973) as ‘the capacity of a system to absorb disturbance and 

maintain function, structure and processes’, and has fairly recently been applied to coral reef 

ecosystems (Nyström et al. 2000, Hughes et al. 2003, 2005, Bellwood et al. 2004). Ecological 

resilience stresses the importance of identifying and understanding presence of thresholds 

(tipping points) within the system beyond which multiple stable states exist (Walker & Salt 

2006), maintained by various self-reinforcing feedback mechanisms (Nyström et al. 2008). 

 

A threshold describes a breakpoint that separates different ecosystem states (Fig. 1) (Walker 

& Meyer 2004) e.g. coral dominated versus algal dominated reefs.  A threshold may be 

crossed due to external disturbances (hurricanes, mass bleaching, overfishing etc), leading to 

new properties within a system, also referred to as a phase shift or alternative state (Walker & 

Salt 2006, Nyström et al. 2008). Once a threshold has been crossed and an alternative state 

emerges (phase shift)(Fig.1), the likelihood of a return to the previous state may be low as the 

drivers that pushed the system over the threshold may not be the same drivers which return 

the system (Bellwood et al. 2006, Hughes et al. 2007). If a return to previous state is highly 

unlikely and the new state of the system is stable, a regime shift has occurred (Fig.1b-c) 

(Nyström et al. 2008).  
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Figure 1. Conceptual diagrams of the manifestation of phase shifts (With permission from Nyström et al. 2008). 

Black solid lines represent coral cover, blue dashed lines represent resilience and line-dot-lines represent 

thresholds. An alternative state will arise if resilience within the system is reduced below a certain threshold. A) 

A resilient reef is subjected to a disturbance which radically reduces its coral cover, even though resilience is lost 

it stays above the critical threshold allowing the reef to return to coral dominance. B) A disturbance radically 

reduces coral cover, resilience drops due to time lag effects ultimately leading to a phase shift. C)  Phase shift 

has already occurred on the reef before any decrease in coral cover could be seen, this is due to that underlying 

and important ecosystem processes have weakened and leading the system towards a regime shift (With 

permission from Nyström et al. 2008). 

 

A number of potential indicators for assessing coral reef resilience have been put forward by 

Nyström et al. (2008). These indicators are seen as predictive tools to be used as a way of 

identifying vulnerability within the system before disturbances occur, which may lead to 

phase shifts. The indicators are; i) functional groups, ii) demographic skewness in species 

populations, iii) discontinuities, iv) “good” versus “bad” colonizers v) local phase shifts as an 

indicator of impending catastrophic shifts, vi) potential space availability versus grazing 
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capacity and vii) combination of indicators (Nyström et al. 2008). Within the ecological 

resilience theory, this study will focus on one potential ‘cornerstone’ of coral reef resilience: 

demographic skewness in species populations. As skewness within herbivorous parrotfish 

populations in regards to body-size can provide important information of the functional 

group’s present and future capacity to remove algae and, as a result, their ability to open up 

substrate for coral settlement ( Lokrantz et al. 2008, Nyström et al. 2008). 

 

2.1.1. Functional groups 

Functional groups consist of groups of species (or guilds) that share common attributes, 

performing similar roles within an ecosystem such as grazers, habitat builders, predators, 

bieroders and primary producers (Nyström et al. 2008, Bellwood et al. 2004). The concept 

draws on differences in functional properties of species and according to these properties they 

are organized into different functional groups (Nyström et al. 2008). By mechanically linking 

diversity and identity of species to ecosystem processes, the concept of functional groups 

provides a simple and easy way for understanding the importance of biodiversity (Walker 

1992, Hughes et al. 2005). Moreover, it allows us to evaluate ecological values of species 

diversity (Nyström et al. 2008), such as the importance of response diversity and redundancy 

(Elmqvist et al. 2003).  

 

When using the concept of functional groups, it is important to be aware of its weaknesses. 

First, no standardized method on how to assign species to functional groups exists (Micheli & 

Halpern 2005). Next, there is great variation among investigators and the methods used to 

select attributes representing functional groups, thus possibly making the designation of 

species into functional groups somewhat controversial (Duffy 2002, Micheli & Halpern 

2005). Last, many marine species play multiple roles depending on environmental and life 

phase properties and thus can shift between several functional groups throughout a life span 

due to life stage or size, tropic structure, food resource availability, environmental condition 

and/or species interaction (Bellwood et al. 2004, Nyström 2006). Much care is therefore 

needed when designating species based on their attributes into functional groups (Duffy 2002, 

Nyström et al. 2008).   
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2.1.2. Herbivores - a key functional group in coral reefs 

Grazing animals, comprising herbivorous fish and seaurchins, have been recognized as an 

especially important functional group in coral reefs (Hughes 1994, Nyström 2001, Bellwood 

et al. 2004). Herbivores play a critical role in regulating the competitive relationship between 

corals and macroalgae in coral reef ecosystems as they feed on algae (Williams & Polunin 

2000, Mumby et al. 2006). If left alone, the faster growing macroalgae can easily overgrow 

and outcompete corals by interfere with coral recruitment (Lewis 1986, McCook et al. 2001), 

and as they compete for space and light (Mumby et al. 2006), suppress coral growth and 

fecundity (Hughes et al. 2007). The competitive interaction between corals and macroalgae 

results in decreased growth rates for both species, but as fecundity and mortality in corals are 

size-dependent; decrease in growth rate of corals becomes an advantage for macroalgae 

(Mumby & Hastings 2008). Hence, once stable macroalgae communities have been 

established in an area, the return to coral dominance is difficult due to these re-enforcing 

feedback mechanisms. Corals and macroalgae are only able to coexist at unstable 

equilibriums and under very restricted circumstances (Mumby & Hastings 2008). 

Subsequently any changes in environmental conditions may benefit any of the two which 

could have significant implications for their relative abundance (Mumby & Hastings 2008).  

 

By keeping algal growth in check, allowing settlement of slower-growing coral recruits and 

thus preventing phase shift to occur, herbivores enhance coral reef resilience (Hughes 1994, 

Nyström & Folke 2001, Burjepile & Hay 2006, Hughes et al. 2007). Herbivorous reef fishes, 

parrotfishes in particular, are specifically important in this regard by acting as the dominant 

grazer maintaining the balance between corals and macroalgae (Carpenter 1986). Parrotfishes 

have furthermore been referred to as a key group within the herbivorous fish guild (Bellwood 

et al. 2003, 2004, Mumby 2006). Thus, some functional groups appear to be more important 

than others (Bellwood et al. 2004, Gamfeltd et al. 2008). Nonetheless, coral reef resilience 

rests on multiple functional groups and processes (Hughes et al. 2003), thus too much trust 

and confidence on one single functional group for coral reef resilience can be highly 

misleading (Nyström et al. 2008). The functional groups that maintain resilience may not be 

the same groups that restore resilience (considered as ‘sleeping functional groups’) (Bellwood 

et al. 2006, Hughes et al. 2007), therefore the increase in one functional group might not 

always compensate for the collapse of another (Gamfeltd et al. 2008). 
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Within the parrotfish guild, three functional groups have been recognized based on their 

feeding behavior; grazers, scrapers and bioeroders (Bellwood et al. 2004). Grazers remove 

algae from the substrata and consequently help to prevent corals to be outcompeted by 

overgrowing algae (Bellwood & Choat 1990). Scrapers facilitate coral recruitment by 

cropping of algae and surface sediments (Bellwood et al. 2004), by rapid and shallow bites 

which leaves scrape marks on the surface of the substratum (Bellwood & Choat 1990). 

Bioeroders mainly feed on endolithic algae and coral surface, removing large pieces of living 

and dead corals, thus leaving prominent scars (Bellwood & Choat 1990). In relation to 

scrapers, bioeroders exhibit slower bite rates (Bruggeman et al. 1994). Hence, grazing 

performed by parrotfishes play an important role in the bioerosion in coral reef ecosystems 

(Mumby et al. 2006). 

 

The importance of grazing by parrotfishes has been illustrated by Mumby (2006) at mid-shelf 

reefs in the Bahamas, where high levels of parrotfish resulted in a twofold increase in coral 

recruitment. Moreover, large parrotfish individuals have been shown to be particularly 

important for effectively removing algae and opening up substrate on reefs for coral recruits 

to colonize, and appear to affect both the underlying substratum and cover (algal turfs, 

macroalgae etc.) on dead coral morphologies (Bonaldo & Bellwood 2008). 

 

Recent studies indicate that parrotfishes may only be able to continuously graze 10-30% of a 

reef (Williams et al. 2001, Mumby 2006). This implies that rapid decreases in live coral cover 

could indirectly lead to reduced grazing intensity as the total area needed to be grazed might 

become too large for the parrotfish population to keep under control (Williams et al. 2001), 

thus rapid changes in coral cover may facilitate macroalgae settlement. Similarly, a reduced 

herbivore fish abundance (or skewness towards small individuals) could result in that algal 

settlement and growth exceed grazing capacity. Subsequently coral reefs may swift to algal 

dominated reefs (Mumby 2006). Hence, functional groups cannot be seen fully operational 

based on high fish numbers or biomass alone (Bonaldo & Bellwood 2008). Size of individuals 

may be critical (Lokrantz et al. 2008), implying that coral reef resilience may be highly 

dependent on large-bodied herbivorous fish. 
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2.1.3. Ecological implications of demographic skewness in fish herbivores 

Size is an important determinant for production, growth and mortality, and thus becomes a 

vital factor for key ecological processes (Shin et al. 2005). The selective fishery for larger 

individuals, mostly due to higher market value for larger individuals can lead to reductions in 

mean size of individuals and mean size and/or age at maturity (Trippel 1995). 

 

Recent studies have shown the impact of grazing by parrotfishes to be highly dependent on 

body-size (e.g. Bruggeman et al. 1994, 1996, Fox & Bellwood 2007, Bonaldo & Bellwood 

2008, Lokrantz et al. 2008). Bonaldo & Bellwood (2008) argue that the functional role of 

parrotfishes depends on intraspecific variation, where individual fish size may be a critical 

factor. Others have found different size classes of parrotfishes to have significant differences 

in their impact on the reef substratum (Bruggeman et al. 1994, Fox & Bellwood 2007). 

Similarly, Lokrantz et al. (2008) found a non-linear relationship between body-size and 

scraping in three parrotfish species (S. niger, C. sordidus and C. strongylocephalus), with 

scraping increasing noticeably as fish reach a size of 15-20cm, suggesting that parrotfishes 

become “functionally mature” at a certain key size. Thus, size of area grazed and the extent 

and severity of algal removal may be highly dependent on individual body-size. Recent 

literature has suggested the relationship between body-size and grazing impact as a general 

relationship which could be applied to most scarid species (Bonaldo & Bellwood 2008), 

however further studies are needed.  

 

Skewness within a functional group of herbivores (parrotfish) in regards to body-size can 

provide important information of the functional group’s present and future capacity to remove 

algae and as a result their ability to open up substrate to corals (Lokrantz et al. 2008, Nyström 

et al. 2008). Demographic skewness within populations can furthermore reveal potential 

recruitment failures if the population is dominated by large individuals (Nyström et al. 2008). 

Absence of small individuals may be due to reproductive failures but could furthermore be 

due to lack of habitat structure as deficiency of complex reef structures i.e. hiding places for 

small sized individuals, results in increased predation pressure, meaning that few individuals 

survive to adult phase (Graham et al. 2007).  
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In conclusion, demographic skewness within functional groups of parrotfish herbivorous can 

be an important tool in assessing coral reef resilience as i) function has been showed to be 

correlated with size (e.g. Lokrantz et al. 2008), ii) fishing pressure often is greater for larger 

individuals (Graham et al. 2005) and iii) loss of habitat complexity as a consequence of e.g. 

reef degradation, bleaching influence the density of small bodied fishes disproportionally 

(Hixon & Beets 1993, Graham et al. 2007). This would imply that the mere presence of 

functional groups may not necessarily mean that the function is there, rather it is the 

demographic skewness within functional groups that is of great importance for coral reef 

resilience.  

 

2.2.  Gaps in knowledge 

A few independent studies in geographically different coral reef ecosystems have indicated 

parrotfish body-size to play an important role for their function on the reef (e.g. Bruggeman et 

al. 1996, Bonaldo & Bellwood 2008, Lokrantz et al. 2008). However, to the best of my 

knowledge no comparative studies testing the relationship between body-size and functional 

performance have been carried out for the same species in a geographically different coral 

reef ecosystem. It has been argued that the relationship between body-size and function may 

be factual for all parrotfish species (Bonaldo & Bellwood 2008), however until confirmed 

such claims may remain speculative.  
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Box 1. Ecological Key Concepts 

Ecological resilience - “The capacity of a system to absorb disturbance and reorganize while undergoing change 
so as still retain essentially the same function, structure, identity and feedbacks” (Walker et al. 2004). 
Functional groups - Group of species (or guilds) which share similar attributes e.g. performing similar roles within 
an ecosystem for example grazers, habitat builders, predators, bieroders and primary producers (Nyström et al. 
2008, Bellwood et al. 2004). 
Herbivorous reef fish - A functional group which shape the benthic community of coral reefs (McCook 1999), by 
keeping algal growth in check allowing the slower-growing coral recruits to settle (MacClanahan et al. 2003). 
They enhance coral reef resilience by preventing phase shifts from coral- to algal-dominated reefs  (Nyström & 
Folke 2001, Bellwood et al. 2006, Hughes et al. 2007). 
Scraping - Specific feeding mode for groups of herbivorous parrotfish. When feeding on epilithic algal turf, they 
leave shallow scrape marks on the substratum surface (Bellwood and Choat 1990). Through this action, scrapers 
facilitate recruitment, growth and survival for coralline algae and corals (Bellwood et al. 2004). 
Excavators - Feeding mode shown by groups of herbivorous fish. Take deep excavating bites, removing large 
pieces of dead and living corals, leaving prominent scars (Bellwood and Choat 1990). Remove dead coral, surface 
sediments and crop algae, providing areas of clean substratum hence facilitating coral recruitment (Bellwood et 
al 2004).  
Demographic skewness - Demographic skewness tells us about unevenness within populations, could be used as 
a (out of a set of) potential indicators for resilience. For example, if a population have extremely high numbers of 
juveniles and extremely few adults, it shows demographic skewness and could be seen as having low resilience. 
Threshold – A breakpoint that separates alternative ecosystem states (Walker&Meyer 2004), sometimes referred 
to as (critical) tipping points (Scheffer et al. 2001). 
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3. METHODS 
 

3.1. Background 

The Red Sea is a semi-enclosed basin situated between the two continents of Africa and Asia, 

linking the Mediterranean Sea with the Indian Ocean (Getahun 1998), through the Gulf of 

Suez in the north-west and the sill slightly north of Bab-el-Mandeb in the south (Fig. 2a). The 

sea measures approximately 200km in length, stretching from 30oN at Suez to 12o40’N at 

Bab-el-Mandeb, and ranges from 30km at Bab-el-Mandeb to roughly 280km, between Yemen 

and Ethiopia, in width (Getahun 1998). The only passages of water are through the sill in the 

south and the Gulf of Suez in the north, making the oceanographic circulation in the Red Sea 

limited. The limited circulation together with the sea’s relatively small size and high 

endemism of species makes the Red Sea a fairly vulnerable ecosystem (Getahun 1998). 

Moreover, the Red Sea is particularly vulnerable to species loss, pollution and to declines in 

ecosystem productivity (Getahun 1998). The most pressuring threats at the moment are 

uncontrolled development (including tourism), unregulated fishing and oil pollution (Getahun 

1998). 

3.1.1. Fisheries  

The Egyptian fisheries are based on ancient traditional artisanal fishery, with the highest 

fishing pressure along the coral reefs in the Red Sea. Due to the relative shallow fishing 

grounds, the majority of fishing grounds are only suitable for hook and line or inshore fishing 

with nets (FAO). Six fisheries centers are present along the Egyptian Red Sea coast, with one 

fishing port in Suez and another in Hurghada. In 2001 the Egyptian fishing fleet consisted of 

78 trawlers and 83 purse seiners, all based in the Gulf of Suez, and with another 711 

registered boats using hook and longline throughout the Egyptian fishing grounds. 

 

Of the total Egyptian fish landings, the Red Sea contributes with 34%, the Gulf of Suez 

contributes to 44% and the remaining landing comes from waters outside the Egyptian 

territory (FAO). Approximately 35 different groups of species are targeted, with catch being 

dominated by mackerels, lizard fish, snappers and emperors (FAO). The fishing industry 

constitutes a relatively small portion in the economy of Egypt, however, domestic fish 

production is an important food source and livelihood for over 65 000 fishermen (FAO). 



18 
 

Fishing pressure is thought to increase in close association with increasing coastal tourism 

developments (Hawkins & Roberts 1994) as increased numbers of tourists ultimately lead to 

increased demands for fresh fish (FAO) 

 

3.2. Study site 

The study was conducted between December 2008 and January 2009 at the House Reef (Fig. 

2b) of Um Tondoba Bay (24o53’55,64”N, 34o58’55,47”O), 14 km south of Marsa Alam, 

Egypt (Fig. 2a). The House Reef displays a well-developed shallow fringing reef, were the 

reef slope terminates at 5-9 meters. The reef is dominated by hard corals, with an average live 

coral cover of 40% (based on average live coral cover derived during transects). The two 

main coral growth forms of the reef is; i) massive dome shaped coral and ii) branching fan 

coral. The reef top is dominated by the soft coral Litophyton arboreum, with four larger areas 

(>3x3meter) of anemone coral gardens (Goniopora columna) present on the slope of the reef 

(Fig. 2b).  

 

In 2007 a project was funded by USAID to help local resort managers to develop ‘best’ 

practices to manage house reefs (pers. com. Tony Rouphael). Short after the management 

system was implemented in 2007, enter and exits the water from the beach has been  

prohibited, furthermore swimming on the inside of the reef is restricted to only one area next 

to the jetty (Fig. 2b) (pers. comm. Mr Karim Noor owner Deep South). There are currently no 

governmental restrictions on fishing for the area (pers. comm. Mr Karim Noor owner Deep 

South). 
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Figure 2a. Map of Egypt showing the location of Marsa Alam and um Tondoba bay (darker areas indicate areas 

of coral reefs). 

 

 

Figure 2b. Schematic map of the House Reef (grey) at um Tondoba Bay, Red Sea. Black line represent the reef 

top (1-2m below sea level) Orange areas indicate larger areas of anemone coral gardens,. 

 

3.3 Study species  

3.3.1. Scarus niger 

Scarus niger (family labridee formerly scaridae) is a reef-associated herbivorous parrotfish, 

commonly known as dusky parrotfish. Within the herbivorous functional group, S. niger is 

considered to be a scraper (Bellwood & Choat 1990), reaching a maximum size of about 

40cm total length (Lieske & Myers 2004). S. niger mostly inhabits coral-rich areas of 

 um Tondoba bay 
Marsa Alam 
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channels, clear lagoons and outer reef slopes (Lieske & Myers 2004). Three life stages can be 

distinguished; juvenile, initial phase and terminal phase (Lieske & Myers 2002)(see Appendix 

A). Juveniles are found in small groups on inshore coral- and algae reefs, and are often 

recognized by a pair of black twin spots on their tails (Lieske & Myers 2004). When reaching 

the later life stages, especially in terminal phase, S. niger is generally found solitary, however 

IP males have been found to maintain small harems (Lieske & Myers 2004). S. niger feeds 

mainly on benthic epilithic algae (Bellwood & Choat 1990), classified as a commercial 

fisheries species as well as a commercial aquarium species (FishBase1).   

 

3.3.2. Chlorurus sordidus 

Chlorurus sordidus (family labridae formerly scaridae) commonly referred to as Daisy 

parrotfish, belong to the herbivorous functional group, and is accordingly classified as an 

excavator (Bellwood & Choat 1990). C. sordidus is one of the most widespread and common 

species within the labridae family (Lieske & Myers 2002). Furthermore, C. sordidus is a reef-

associated species reaching a maximum size of approximately 40cm total length (Lieske & 

Myers 2002), mainly found in areas of shallow reef flats, lagoons and on seaward reefs 

inhabiting coral-rich areas, open pavement areas and drop-offs (Lieske & Myers 2002). Three 

life stages can be distinguished: juvenile, initial phase and terminal phase (see Appendix B) 

(Lieske & Myers 2002).  Juveniles are often found in areas of coral rubble in lagoons and reef 

flats, recognized by their striped coloration (Lieske & Myers 2002). Individuals in the initial 

phase show variable coloration, often with series of small light spots displayed in irregular 

rows on their tail or may even have a pale tail base with dark spots (Lieske & Myers 2002). 

Regardless of size, individuals in the initial phase may be recognized by their blue-green eye-

lids (personal observation). Color variations are common in terminal phase, display a rounded 

snout and often show a large tan area on side of the head or on their caudal peduncle (Lieske 

& Myers 2002). C. sordidus is categorized as commercial for both fisheries and the aquarium 

industry. (FishBase2)  

 

3.4. Data collection 

The study is a quantitative comparative study; hence the methods used here are similar to 

those used in Lokrantz et al. (2008).  
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3.4.1. Abundance and community census 

Community composition and abundance across the study area were estimated by underwater 

visual census. Ten 50 m line transects were randomly laid on the reef, each transect measuring 

5meters wide (2.5 m on each side of the transect line). A minimum of 10 min after laid 

transect were waited before starting the recording in order to allow the more easily scared 

individuals/species to come out from their hiding places. All species were recorded at a family 

level and their sizes were estimated to the nearest 5 cm, however Scarus niger and Chlorurus 

sordidus were to species level. Each transect was surveyed twice, with the larger sized 

individuals (>15 cm) being recorded first, and thereafter allowing a minimum of 5 min before 

starting the second survey where smaller sized individuals <15 cm were recorded. Each 

transect took between 8-9 min to complete (16-18 min in total for large and small 

individuals). The sampling time corresponds to Samoilys & Carlos (2000) findings showing 

that slow census speed (33 m2 min-1) and 5 m wide transects give a higher mean density of 

fish as the observer is more likely to record the species present.  

 

3.4.2. Feeding 

Size estimation (total length, TL) of observed S. niger and C. sordidus was made to the 

nearest centimeter by visual census. To improve size estimations skills and reduce potential 

observer errors when performing visual size estimations, lengths of random PVC pipes, 

ranging from 9.5 cm to 32 cm, were estimated repeated times prior to the scraping 

observations (see Graham et al. 2007). Life stage was noted for all observations; juvenile, 

initial phase (IP) and terminal phase (TP). In both surveys each fish observed was given a 

minimum of three minutes to get accustomed to the diver before recordings started. 

Observations were aborted if the individual showed any signs of stress such as hiding or 

flight. To minimize the risk of recording the same individual twice, two subsequent 

individuals could not be of the same species and/or size. Feeding rate and area/size of 

substratum removed were recorded independently of each other. All observations were made 

by the same observer. 

 

Coral substratum were divided into i) live coral, ii) dead massive coral, iii) dead branching 

coral, iv) dead encrusting coral, v) dead columnar coral, vi) dead laminar coral, vii) other dead 
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coral morphologies and viii) other substratum (Lokrantz et al. 2008). Algal community was 

divided into i) macroalgae (founds>15mm), ii) turf (<15mm height) and iii) crustose coralline 

(Lokrantz et al. 2008).  

 

Functional performance i.e. area scraped over time were calculated by combining two 

separate methods; i) measures feeding rate (see 3.4.2.1) and ii) measures of size of feeding 

scar (area) and percentage of algae removed (see 3.4.2.2).  

 

3.4.2.1. Feeding rate 

The number of bites over a maximum 10 min period or until 20 forays had been made, was 

recorded for a total of 171 individuals (S. niger n=89 C. sordidus n=88), following Bellwood 

& Choat’s (1990) definition of a foray - a feeding event with no noticeable pauses between 

successive bites. Bonaldo & Bellwood (2008) found “a highly significant time of the day 

effect” where the parrotfish Scarus rivulatus feed more frequently between 12 and 14. In 

order to minimize any bias of feeding rate due to time of day, similar number of individuals of 

each species was observed before and after midday. Substratum type (see above for types) 

was recorded for each foray. 

 

3.4.2.2. Size of feeding scare 

Maximum length (Lmax) and width (Wmax) of scar was recorded for a total of 173 

individuals (S. niger n=92 and C. sordidus n=81) by use of calipers. The size of scar was 

calculated in terms of maximum size: Lmax x Wmax, where a rectangular shaped was 

assumed (Bruggeman et al. 1994). Substratum type and algal community around and inside 

the scar was recorded (see above for types). Algae removed were estimated, where 0% was no 

algal left and 100% no algae removed. 
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3.5. Data analysis 

3.5.1 Feeding rate 

Data for feeding rate did not confer to the assumptions of parametric tests and where therefore 

analyzed using a non-parametric test. The Spearman rank correlation coefficient was used to 

analyze the relationship between feeding rate and body-size. To detect potential effects of life 

phase on feeding rate, data was grouped into three groups; juvenile, initial phase and terminal 

phase, and analyzed using Kruskal-Wallis test. Size was grouped into three size classes; small 

(body-size <15cm), medium (body-size 15-25cm) and large (body-size >25cm), to detect 

potential effects of size on feeding rate using Kruskal-Wallis test. 

 

3.5.2 Scar size 

Area (cm2) of grazing scares of S. niger and C. sordidus was compared using a t-test. The 

same test was also used to compare area (cm2) of grazing scares for each size classes; small, 

medium and large, of S. niger and C. sordidus.  

 

Scraping rate was calculated by the following equation: scraping = feeding rate x area 

scraped, where area scraped was calculated by taking the scar size multiplied by percentage of 

area cleared within the scar. A regression analysis was used to assess the relationship between 

scraping rate and body-size. The raw data were fitted to a power function (y = axb) before the 

statistical analysis was performed.  

 

3.5.2.1 Scarus niger 

In order to test if life phase, when compensated for body-size, had a significant effect on 

feeding rate, the equation y = 0.3086x + 15.043 derived from the line of best fit (body-size vs. 

feeding rate) was used for each individual where x = individual body-size. To obtain 

scraping/min-1, the equation y = 0.3086x + 15.043 was used, where x = mean feeding rate for 

each life phase. As a second step scraping rate (cm2/min-1) was calculated based on the 

equation y = 0.3086x + 15.043.  
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3.5.2.2 Chlorurus sordidus 

To calculate scraping (cm2/min-1) for C. sordidus mean feeding rate for all individuals was 

multiplied against cm2 grazed. For the analysis of scraping rate, mean feeding rate for the life 

phases was used for S. niger (Juvenile 13.5 bites min-1, IP 23.1 min-1 and TP 24,1 min-1) and 

mean feeding rate of all individuals was used to calculate the scraping function over time for 

C. sordidus, (17.2 bites min-1). 

 

3.5.3 Substratum preferences 

To discern potential food choices between individuals of different size, data was grouped into 

size classes; small, medium and large (divided as above). The distribution of bites (based on 

data from 3.4.2.2.) on different substrata was tested using Fisher’s exact probability test for 

each of the two species (Contingency table 3x8). The same test was used for the distribution 

of algal type of bites taken on dead coral morphologies for each of the two species 

(Contingency table 3x3). To detect potential effects of time of the day; AM and PM, on 

feeding rate, data was analyzed using Welch two sample t-test. 
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4. RESULTS   

4.1. Parrotfish density and size distribution 

Total parrotfish density for all species was 44 individuals/250m-2. Of these Scarus niger 

constituted 41.3 ± 3.3% and Chlorurus sordidus 35.6 ± 3.9% (mean ± SE). S. niger was the 

most common parrotfish on the reef followed by C. sordidus. Both species showed left 

skewed demographics, with a population distribution dominated by small individuals (<15cm) 

and few large individuals (>25cm) (Fig. 3).   
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Figure 3. Abundance within three size classes of S. niger (grey bar)  

and C. sordidus  (light grey bar) at the House Reef (+ SE). 
 

 

4.2. Feeding rate 

A significant correlation was found in S. niger between feeding rate and body-size (r=0.42, 

p<0.0001, N=84) but not for C. sordidus (r=0.012, p>0.05, N=82). Life phase (juvenile, initial 

phase and terminal phase) was found to have a significant effect on feeding rate for S. niger 

(Kruskal-Wallis, H = 18.3, df = 2, p < 0.0001) but not for C. sordidus (Kruskal-Wallis, H = 

2.47, df = 2, p = 0.2908).  Life phase was further found to have a significant effect on feeding 

rate for S. niger when body-size was compensated for (Kruskal-Wallis, body-size 

compensated, H = 71.0, df = 2, p < 0.0001).  
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Mean feeding rate in relation to the three size classes (Small, Medium and Large) was found 

to differ significantly in both S. niger (Kruskal-Wallis, H = 11.4, df = 2, p <0.01) and C. 

sordidus (Kruskal-Wallis, H = 15.3, df = 2, p <0.001) (Table 1). However, comparing mean 

feeding rate between the three life phases, a significant difference was found in S. niger 

(Kruskal-Wallis, H = 18.3, df = 2, p<0.001) but not in C. sordidus (Table 1). 

 
Table 1. Mean feeding rate by S. niger and C. sordidus (Kruskal-Wallis 
test).  
  Small Medium Large P 

S. niger  16.9 22.5 24.9 <0.01 

C. sordidus 14.8 22.1 15.9 <0.001 
     
 Juvenile Initial phase Terminal phase P 

S. niger  13.5 23.1 24.1 <0.001 
C. sordidus 17.3 18.5 15.5 n.s 

Significant values are presented in bold  
Body-size divided into three size classes S= <15cm, M=15-25cm, L = 
<25cm 

 
 

4.3. Scraping rate 

Scraping rate (cm2 min-1) increased with body-size for both S. niger and C. sordidus (Fig. 

4). The relationship between area scraped over time was best described by a power 

function, where both S. niger and C. sordidus showed body-size to have a significant 

effect on function (Table 2). 
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Figure 4. Relationship between body-size (cm) and scraping cm2 min-1 for a) S. niger and b) C. sordidus at the House reef. 
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Table 2. The equation that best describes the relationship between body-size and  
area scraped over time for the two species S. niger and C. sordidus 
  Function r2 N F  P 

Scarus niger y = 1E-06 x TL4,15 0.69 89 56.31 <0.001 

Chlorurus sordidus y = 1E-06 x TL4,23 0.64 79 30.60  <0.001 
TL= total length      
Significant values are presented in bold     

 

4.4. Scar size 

Significant differences in scraping scar (cm2) between the life phases was found for S. niger 

(Kruskal-Wallis, H = 43.52, df = 2, p<0.001) and in C. sordidus (Kruskal-Wallis, H = 42.44, 

df = 2, p<0.001) (Table 2). Mean scraping scar (cm2) between the three size classes was found 

to significantly differ for both S. niger (Kruskal-Wallis, H = 36.75, df = 2, p <0.001) and C. 

sordidus (Kruskal-Wallis, H = 31.66, df = 2, p <0.001) (Table 2). 

 
Table 3. Mean scraping scar (cm2) by S.niger and C.sordidus 
(Kruskal-Wallis test) 
  Juvenile Initial phase Terminal phase P 
S. niger  0.00 0.41 2.63 <0.001 
C. sordidus 0.00 0.58 2.43 <0.001 
     
 Small Medium Large P 
S. niger  0.17 0.69 2.81 <0.001 
C. sordidus 0.13 1.05 2.85 <0.001 
Significant values are presented in bold   
Body-size divided into three size classes S = <15cm, M = 15-25cm, L = 
>25cm 

 

There was no significant difference in mean area (cm2) of grazing scar made by S. niger and 

C. sordidus, and no significant difference was further found for scar area (cm2) when 

comparing each size class between the two species (Table 4). 

Table 4. Comparison of mean area (cm2) of grazing scar of S. niger and C. sordidus (mean ± SE: t 
test). 

  Scarus niger Chlorurus sordidus   T Df P 
Area (cm2) 1.44 ± 0.26 1.49 ±0.29  - 0.13 171 0.893 
  Size        
      Small 0.17 ± 0.06 0.13 ± 0.05  0.60 43 0.603 
      Medium 0.69 ± 0.15 1.05 ± 0.20  -1.47 57 0.148 
      Large 2.81 ± 0.54 2.85 ± 0.68   -0.05 67 0.964 

   p≥ 0.05 are non significant     
                      Body-size divided into three size classes S = <15cm, M = 15-25cm, L = >25cm 
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4.5. Substratum preferences 

Fisher’s exact test showed no difference between the three size classes of S. niger and C. 

sordidus, and their relative frequency of bites on different coral morphologies showed that 

most bites where made on dead corals; massive, branching and encrusting, with a few bites on 

dead columnar coral and other dead coral morphologies (Table 5). Algal substratum type 

around and inside feeding scar did not differ between the size classes for either S. niger nor C. 

sordidus (Table 6). Majority of bites, by all size classes, where taken on turf algae (Table 6).  

Table 5. Fishers exact test for the relative frequencies of bites (%) taken by S. niger and C. sordidus on different coral substrates 

  
Live 
coral 

Dead coral 
massive branching encrusting 

 
columnar laminar Other 

Other 
substrates n p 

S. niger (S) 0.6 19.0 30.4 26.3 10.o 0.2 11.3 2.2 23  

S. niger (M) 1.0 37.7 9.8 21.4 5.2 0.5 20.4 1.6 36  
S. niger (L) 0.2 39.8 6.6 21.4 9.6 0.3 21.4 0.5 33 0.116 
C. sordidus (S) 0.3 18.6 34 20.3 16.6 0 9.6 0.5 22  
C. sordidus 
(M) 0.4 22.7 39.6 11.6 9.9 0.3 13.1 2.4 31  
C. sordidus (L) 0.8 38.9 16.2 26.6 2.5 0 13.8 1.2 26 0.266. 

p ≥ 0.05 are non-significant         
Body-size divided into three size classes S = <15cm, M= 15-25cm, L= >25cm      
 

 
Table 6. Fishers exact test for the relative frequencies (%) of bites taken by S.niger and  
C. sordidus on different algal substrates present on dead coral morphologies.  

  Turf algae Macroalgae 
Crustose 
coralline  N P 

S. niger (S) 100 0.0 0.0 23  

S. niger (M) 88.9 2.8 8.3 36  
S. niger (L) 97.0 3.0 0.0 33 0.147 
C. sordidus (S) 95.5 0.0 4.5 22  
C. sordidus (M) 93.5 0.0 6.5 31  
C. sordidus (L) 80.8 3.8 15.4 26 0.374 
p ≥ 0.05 are non-significant 
Body-size divided into three size classes S = <15cm, M = 15-25cm, L = >25cm 

 

4.6. Time effects 

Time of the day (AM, PM) was found to have a significant effect on feeding rate for C. 

sordidus (Welch two sample t-test, t= -2.03, df = 51,9, p0.047). Mean feeding rate at AM 16.1 

versus 19.0 PM. S. niger did not show a significant difference in mean feeding rate between 

AM and PM (sample t-test, t= -1,90, df=70,95, p=0.062), where mean feeding rate 19.1 for 

AM and 23.1 for PM.  
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5. DISCUSSION 

Previous studies looking at the importance of parrotfishes (e.g. Bruggeman et al. 1994, 1996, 

Fox & Bellwood 2007, Bonaldo & Bellwood 2008, Lokrantz et al. 2008) have advocated that 

the benthic reef community may be shaped differently depending on the present population 

demographics. Studies on feeding rate and area scraped in relation to body size within 

parrotfish species can display important information regarding parrotfishes influence on the 

substratum. However, looking at feeding rate- and area scraped in relation to body size in 

isolation of each other may not be sufficient in revealing the factual functional performance 

by parrotfish. To fully understand the importance of parrotfish grazing it is important to look 

at functional performance i.e. area scraped over time, in relation to body size.  

 

The present study shows a significant relationship between functional performance and body 

size in Scarus niger and Chlorurus sordidus (Tab. 2). These results coincide with previous 

studies indicating grazing impact by parrotfishes to be highly dependent on body size (e.g. 

Bruggeman et al. 1994, 1996, Fox & Bellwood 2007, Bonaldo & Bellwood 2008, Lokrantz et 

al. 2008). Both S. niger and C. sordidus display non-linear relationships between functional 

performance and body size (Fig. 4). The findings presented here are, to the best of my 

knowledge, the first to confirm the non-linear relationship between functional performance 

and body size found at reefs in the Indian Ocean by Lokrantz et al. (2008), here manifested at 

a coral reef in the Red Sea. The non-linear relationship between functional performance and 

size in S. niger and C. sordidus emphasise the different functional implications body size may 

have on the benthic community of coral reefs. 

  

Function was furthermore found to increase noticeably as fish reached a size of 15-20 cm, 

with S. niger displaying a more noticeable increase in function as body size increase (Fig. 4). 

A similar relationship was seen in the Indian Ocean, where scraping increased markedly as 

fish reached a size of 15-20 cm (Lokrantz et al. 2008) suggesting that  parrotfishes become 

“functionally mature” at a certain key size around 15-20 cm. The results presented here 

support the notion of parrotfishes to be subjected to a functional threshold. Due to this non-

linear relationship at Nyange reef, a 50% reduction in body size in C. sordidus might lead to a 

90% reduction in function on this specific reef (Lokrantz et al. 2008). This implies that 
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populations subjected to loss of large individuals i.e. left skewed demographic changes, may 

result in disproportional losses in function. However, functional loss is site specific calculated 

based on that specific reefs’ initial population demographics.   

 

Grazing impact has been argued to be directly linked to changes in individuals size rather that 

their developmental stage, where the functional role of fishes depends on intraspecific 

variation, hence individual fish size may be a critical factor (Bonaldo & Bellwood 2008). In 

light of feeding, jaw and bone structure is one of the few aspects which change throughout the 

parrotfish life cycle (Bellwood & Choat 1990, Bonaldo & Bellwood 2008). The more 

developed jaw and muscle structure which comes with increasing size (Bellwood & Choat 

1990), might ultimately facilitate scraping as it allows greater force (Lokrantz et al. 2008). 

Theoretically, to compensate for the loss of one 35cm sized C. sordidus individual, 

approximately seventy-five 15cm individuals are needed to execute the same function 

(Lokrantz et al. 2008). These findings are of great importance in understanding the functional 

role of parrotfish in coral reef dynamics. Considering that large fish individuals are primarily 

targeted by fisheries (Graham et al. 2005), it is clear that fisheries have neglected the 

functional role of parrotfish. Although no detailed fisheries data could be obtained for the 

area, I speculate that catch data is mirrored in abundance of large individuals (pers. obs), this 

reflection is somewhat shown in abundance data (Fig 3). 

 

5.1. Feeding rate 

Both life phase and body size showed to have a significant effect on feeding rate for S. niger 

(Table 1), however neither body size nor life phase was found to have a significant effect of 

feeding rate in C. sordidus (Table 1). The majority of studies conducted on parrotfishes 

grazing have mainly focused on either feeding rate versus body size or area scraped versus 

body size. The findings from these studies are diverse. Some have found significant 

differences in feeding rate between body sizes, with smaller individuals displaying higher 

feeding rates (e.g. Bruggeman 1996, Van Rooij et al. 1996, Bonaldo et al. 2006), whereas 

others (Fox & Bellwood 2007, Bonaldo & Bellwood 2008) did not find statistically 

significant differences in feeding rate. These differences between studies have been suggested 

to be due to territorial behavior of terminal phase (TP) males, as these tend to spend more 
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time patrolling feeding grounds (Bruggeman et al. 1994). In contrast, Van Rooij et al. (1996) 

found TP behavior of Caribbean parrotfishes to be highly dependent on location, and thus 

local variation within species may explain the differences found in feeding rate and body size 

both in this study and amid previous studies.  

 

Feeding rate has been indicated to be dependent on time of the day (Bonaldo & Bellwood 

2008). Such relationship was seen for C. sordidus, where feeding activity was found to be 

significantly higher in the afternoon, however no significant effect on feeding rate was found 

for S. niger. Moreover, the p values in both species are close to the significance level, much 

care should be taken when interpreting these results as sample may be too small for a 

statistically correct output.  

 

5.2. Parrotfish efficiency of opening up substratum 

The present study shows body size in both S. niger and C. sordidus to have a significant effect 

on area scraped (Tab. 3) These results are consistent with the findings of Bonaldo & 

Bellwood (2008), where large parrotfish individuals was shown to be important for effectively 

removing algal, opening up substrate on reefs for new colonisation sites. Moreover, 

significant difference was found in area scraped between size classes for both species (Tab. 

3). Bonaldo & Bellwood (2008) further showed that larger individuals appeared to be able to 

affect both the underlying substratum and cover (Bonaldo & Bellwood 2008). Moreover,  

comparing mean area scraped (cm2) between the two species they seemed to remove similar 

quantity of substrate (Tab. 4). Neither were there any significant difference in area scraped 

(cm2) when comparing life phase between the two species (Tab. 4), suggesting that these 

species may be functionally redundant in terms of opening up area. Nevertheless, excavators 

such as C. sordidus do not only remove algae substrates but also affect the underlying coral 

substrate removing more material compared to scrapers (S. niger) (Bellwood & Choat 1990, 

Bruggeman et al. 1996), however this was outside the scope of this study.   

 

Studies of the dynamics of parrotfish grazing scars between a scraper (Scarus rivilatus) and 

an excavator (Chlorurus microrhinos) in the Great Barrier Reef, showed grazing scars by the 
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excavator C. microrhinos, to be larger, deeper and stayed cleared for several days longer 

compared to grazing scars by the scraper S. rivilatus (Bonaldo & Bellwood 2009). Moreover, 

Bonaldo & Bellwood (2009) suggested the main function by S. rivilatus (scraper) was to keep 

algal re-growth under control whereas the main function of C. microrhinos (excavator) is to 

provide algal free settlement sites for coral recruits. On the contrary, S. niger and C. sordudus 

considered a scraper respectively excavator (Bellwood & Choat 1990), showed no significant 

differences in grazing scar area (cm2) (Tab. 4). This could possibly be explained by 

methodological differences. Here calipers were used underwater to measure total scar area 

(maximum length x maximum width) no measurements of depth were taken due to difficulties 

of obtaining accurate values. The measured scar sizes are probably over-estimations of true 

scare size however such over-estimations been suggested to be minimal (Bruggeman et al. 

1996). In contrast, Bonaldo & Bellwood (2009) had each scar photographed, were scar area 

and depth was analyzed in the laboratory using computer software program. Thus higher 

accuracy of scar size could be obtained, which may explain the difference in results between 

studies.  

 

5.3.  Substratum preferences 

The epilitic algal matrix (EAM) has been recognised as the main feeding source of 

herbivorous fish (Bellwood & Choat 1990, Bellwood et al. 2006, Ledlie et al. 2007), with 

preferences for EAM possibly due to richness of sediments and detritus in the substratum and 

consequently its high nutritional value (Crossman et al. 2001). Small bodied individuals have 

been shown to be important for cropping the algal surface (Bonaldo & Bellwood 2008). 

Studies have shown juvenile parrotfish (Scarus vetual and Sparisoma viride) to mainly feed 

on epilithic algae, whereas adults feed more commonly on substrate bound algal fractions 

(Bruggeman et al. 1996). Such observations cannot be made here due to data limitations; 

however both species showed all size classes to primarily feed on algal turfs (Tab. 6). 

Virtually no feeding was recorded on macroalgae, which is consistent to the results found by 

Ledlie et al. (2007), who noted avoidance for macroalgae. Avoidance of macroalgae could be 

due to the toxicity of macroalgae but also that it is indigestible (Hay et al. 1987).  
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Neither species showed any significant difference between size classes and their relative 

frequency of bites on coral morphologies (Table 5). Nonetheless, larger fish were observed to 

feed more frequently on massive corals compared to small fish which feed more frequently on 

branching dead corals. Similar trends in substrate preferences were found by Lokrantz et al. 

(2008) where they proposed that the higher feeding rate on branching coral by small 

individuals could possibly be due to that branching corals provide a hiding place and refuge 

from piscivore predation. For most species predation risk decreases with increasing size 

(Mumby et al. 2006) thus could explain the higher feeding rate shown by larger individuals on 

massive corals (Lokrantz et al. 2008). This is consistent to our observations in the field, where 

juveniles tended to swim in groups of 3-5 individuals primarily within 5-10cm distance to the 

substratum (pers. observations).  

 

5.2. Ecosystem complexity and feedback mechanisms    

The findings presented here highlight the role of large parrotfish in ecosystem processes. The 

confirmed relationship between functional performance (area scraped over time) and body 

size within S. niger and C. sordidus, indicates a general trend between functional performance 

and body size in these two species and possibly for parrotfish species in general. These 

findings are of importance as it allows for use of demographic skewness within fish 

herbivores, and more specifically so parrotfishes.  

 

Herbivory has been argued to have an area-specific rate (Mumby & Steneck 2008), with an 

upper limit or threshold of substratum that can be grazed down (Williams et al. 2001). Thus 

sudden changes to areas of gradable substrate, such as loss of coral cover to macroalgae, can 

strongly impact the grazing intensity by herbivorous fish (Mumby & Steneck 2008). If 

numbers of herbivorous fish are low or number of large sized individuals has been reduced 

due to e.g. fishing, the likelihood of phase shifts increases, particularly if the productivity on 

the reef is high (Mumby & Steneck 2008).  

 

Gradual changes in underlying drivers of coral reef systems, such as reduced numbers of 

herbivorous fish, or as seen on the House Reef; extreme low numbers of large sized 
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individuals (Fig. 3), usually have little or no obvious impact on the system up until a certain 

point (Fig.1b,c) (Hughes et al. 2004, Nyström et al. 2008, Biggs et al. 2009). Then, slightest 

external disturbance which under normal circumstances would have no dramatic 

consequences (Scheffer et al. 2001), may suddenly push the system over a threshold resulting 

in a phase shift (Fig. 1a), or if stable, a regime shift (Fig. 1c) (Nyström et al. 2008, Biggs et al. 

2009). Hence, grazing and the balance between degree of herbivory and algal colonization 

and growth, can determine the vulnerability of reef systems to experience sudden phase shifts 

(Mumby & Hastings 2008).  

 

The extent to which recovery is promoted by different groups of herbivorous fishes is 

nevertheless dependent on their functional role which moreover is highly dependent upon size 

(Fig. 4). Grazing intensity by parrotfishes, through its impact on algae and macroalgae cover, 

has been argued by Mumby (2006) to determine wheatear a coral reef will follow a positive 

(surplus grazing intensity) or negative (too little grazing intensity) feedback.. With direction 

of trajectory especially notable after disturbance (Mumby 2006). This is mainly due to that 

parrotfish grazing is spatially constrained and once coral cover falls under some threshold 

levels, parrotfishes are unable to prevent a macroalgal bloom (Mumby 2006). Thus, 

ecological feedback mechanisms affect coral reef resilience with the processes driving the 

positive and negative feedbacks being essentially the same, though in a reversed direction 

(Mumby & Steneck 2008). The trajectory of feedbacks partly depends on the intensity of 

grazing by parrotfish (Mumby & Steneck 2008), which as shown here, is determined by 

population demographics (Fig. 3). If grazing intensity is high enough to prevent macroalgae 

blooms, positive feedbacks follow with coral dominated reefs. However if grazing intensity is 

too low to prevent algal blooms, which may be the case at the House Reef (Fig.3,4), negative 

feedbacks will follow with potential of phase shifts from coral-dominated to algae-dominated 

reefs (Mumby & Steneck 2008). Deficiency of complex reef structures may furthermore entail 

time-lag effects where few individuals survive to adult phase as predation has been thought to 

increase as a result of lack of habitat structure (Graham et al. 2007) and thus negative 

feedbacks may follow. 

 

Moreover, Golbuu et al. (2007) found that the reef systems of Palau, which suffered mass 

coral mortality in the 1998 mass bleaching event, managed to stay in a coral dominated phase 
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(possibly) due the diverse and abundant herbivory community on these reefs. On the contrary, 

during the same mass bleaching event in 1998, a dramatic phase shift from coral- to 

macroalgae dominance was seen in Cousin Island marine reserve in the Seychelles albeit 

displaying a healthy herbivorous fish assemblage, with high numbers of large sized 

individuals (Ledlie et al. 2007). The phase shift at Cousin Island, is thought to be due to the 

generally low health of coral reefs in the Seychelles, coral degradation is wide spread and 

overall resilience is low (Ledlie et al 2007). The results from these two studies, although 

contradictory, are important; highlighting the value of abundant and diverse herbivory 

communities for coral reef health but at the same time stressing the complexity of coral reefs 

ecosystems. Hence, demographic skewness within herbivore fish populations can only portrait 

a fraction of all the processes operating at the same time within a coral reef ecosystem.  

 

5.3. Demographic skewness a useful indicator 

A non-linear relationship was found between functional performance and body size, with 

function found to be increased notably as fishes reach a sized of 15-20 cm. At the regional 

scale, functional performance by parrotfishes is low (Fig. 3), both S. niger and C. sordidus are 

highly dominated by smaller sized individuals. The result in this study is in accordance with 

previous studies which have indicated grazing by parrotfishes to be highly dependent on body 

size (e.g. Bruggeman et al. 1994, 1996, Fox & Bellwood 2007, Bonaldo & Bellwood 2008, 

Lokrantz et al. 2008), thus permit for generalized ecological patterns of functional 

performance in parrotfishes. Hence, monitoring data of population demographic within 

parrotfishes could potentially be used by current managers as an indicator of grazing levels. 

Demographic skewness within herbivorous parrotfishes could easily be incorporated into the 

current monitoring protocol of managers, to add size class estimates into current fish 

abundance surveys provide a comparatively cheap and easily monitored indicator for 

assessing coral reef resilience. Thus demographic skewness within parrotfish populations 

could be especially useful for managers in areas of limited budgets. 

 

 



36 
 

6. CONCLUSION  

The grazing function of parrotfishes has been found to increase non-linearly in relation to 

body size. Size information within species populations of these important grazing fishes could 

easily be incorporated in routine monitoring schemes. This could provide current managers 

with important information of parrotfish populations present and future capacity to remove 

algae and, as a result, their ability to open up substrate to corals. However, no algae was 

observed suggesting that grazing by parrotfishes may not be sufficient as other alternative 

stable states than macroalgae (Nordström et al. 2009) may be the case in the Red Sea. I 

speculate that these other alternative states could be soft corals and sponges since large areas 

of these were observed on the reef. This needs to be further investigated. 
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