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Abstract 
 

Herbivorous fishes are widely recognized for their critical importance in coral reef 

ecosystem processes and in reef resilience. The basis of this role and the specific impact of 

individual species in different reef habitats, however, remain unclear. The overall goal of 

this thesis was to provide a better understanding of the impact of herbivores on the benthic 

community structure of the Great Barrier Reef (GBR). More specifically, this study focused 

on the influence of grazing by herbivorous fishes, especially parrotfishes, on the structure 

and dynamics of algal turfs and coral colonies and on the consequences of this activity for 

reef ecosystem processes. 

The basis for the role of parrotfishes in shaping the reef substratum was firstly assessed 

in Chapter 2 by examining the removal of substratum by different sized parrotfishes. 

Grazing by six size classes of Scarus rivulatus was compared at Orpheus Island, a GBR 

inshore reef. Individuals in all six size classes strongly selected algal turfs for foraging and 

rejected other substratum types. However, the size of grazing scars by S. rivulatus differed 

among size classes, with small individuals scraping a greater substratum area per unit 

biomass while larger individuals removed a greater volume of material per unit biomass. 

Thus, biomass cannot be viewed as a proxy for ecosystem impact. Per unit biomass, different 

sized individuals of S. rivulatus, and probably other parrotfish species, have a markedly 

different impact on the reef substratum. These results emphasize the importance of 

considering the size of individuals when evaluating the role of reef species in ecosystem 

process. 

The specific roles of parrotfish grazing on the dynamics of reef substratum was also 

assessed by examining the size and dynamics of grazing scars of Scarus rivulatus and 
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Chlorurus microrhinos at Orpheus Island (Chapter 3). These species represent the most 

abundant scraping and excavating parrotfish species on inshore reefs and differ in jaw 

morphology and feeding behaviour. Scarus rivulatus grazing scars were smaller in area and 

volume and more rapidly reoccupied by algae than those of C. microrhinos. However, 

because of its higher abundance and feeding frequency, S. rivulatus had higher algal removal 

rates than C. microrhinos. These species appear to play distinctly different functional roles in 

shaping the benthic community of inshore GBR reefs. Scarus rivulatus is primarily 

responsible for algal dynamics dominated by vegetative regrowth, while C. microrhinos 

opens relatively large areas which remain clear for several days. These scars may represent 

settlement sites which are relatively free from algae and sediment. These results provide new 

information on the differences between scraping and excavating parrotfishes and emphasize 

the importance of different functional groups in the structuring of benthic communities on 

coral reefs. 

As parrotfish grazing had direct effects on the structure and dynamics of algal turfs, an 

experiment was conducted to evaluate the effects of this activity at a broader cross-reef scale 

(Chapter 4). A combination of herbivore-exclusion cages and transplants of coral rubble 

covered by algal turfs between reef zones (flat and crest) was used to examine changes in 

algal turfs over a four day experimental period. In-situ crest turfs had lower algal height, 

sediment load and particulate content than reef flat turfs. Caged samples on the crest 

exhibited an increase in all three variables. In contrast, in-situ and caged treatments on the 

flat presented algal turfs with similar compositions, with high algal height and heavy 

particulate and sediment loads. In the absence of cages, reef flat turfs transplanted to the 

crest had decreased algal height, total particulate material and particulate inorganic content, 

while the opposite was found in crest turf samples transplanted to the flat. These results 
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highlight the dynamic nature of algal turfs and the clear differences in the relative 

importance of herbivory in shaping both turf length and sediment composition between the 

reef crest and inner flat. 

To assess the impact of parrotfishes on coral colonies across the reef, the abundance, 

depth and dynamics of parrotfish grazing scars on corals was compared across four reef 

zones at Lizard Island, a GBR mid-shelf reef (Chapter 5). The abundance of parrotfish 

grazing scars was highest on flat and crest, with massive Porites spp. colonies having more 

parrotfish grazing scars than all other coral species combined. The density of parrotfish 

grazing scars on massive Porites spp. and the rate of new scar formation was highest on the 

reef crest and flat, reflecting the lower massive Porites cover and higher parrotfish 

abundance in these habitats. Estimates of the area of massive Porites spp. grazed by 

parrotfishes in one year was highly variable among reef zones, ranging from 1.5% ± 0.6 of 

total coral area on the backreef to 78.2% ± 56.7 on the reef flat. As the abundance of massive 

Porites spp. was negatively correlated with abundance of grazing scars on these corals, 

differential grazing across the reef gradient may influence the growth and survival and 

subsequent distribution of coral colonies among reef zones on the GBR. Overall, parrotfish 

predation on corals on the GBR is up to 4 - 230 times higher than in Hawaii, Belize and in 

the Colombian Caribbean. Parrotfish predation on corals may have a more important role on 

the GBR reefs than previously thought. 

Given the possibility that parrotfish grazing may influence the distribution of massive 

Porites spp., a more detailed study was undertaken to examine the relative impact of 

scraping and excavating parrotfish grazing scars on these colonies among reef zones at 

Lizard Island. Scraping grazing scars were more abundant in most study sites than 

excavating scars. Excavating grazing scars were relatively rare but left deeper marks and 
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exposed more coral skeleton than scraping scars. About 70% of excavating scars had some 

degree of filamentous algal growth in the scar compared to just 5% of scraping scars. 

Scraping grazing scars on massive Porites spp. completely disappeared after two months, 

while excavating grazing scars remained almost unchanged over this period. Groups of 

excavating scars were tightly clustered, exposed more coral skeleton and presented higher 

algal cover than grouped scraping scars. These results highlight the differences between the 

two parrotfish feeding groups and suggest that they may differently impact coral colonies. 

The deep, last-long excavating scars probably provide more suitable sites for the settlement 

of benthic algae and other invasive taxa on coral colonies. In contrast, the abundant and 

frequent grazing scars of scraping parrotfish may represent a more constant drain on energy 

supplies for coral colonies. These results highlight the differences between parrotfish species 

with distinct feeding modes and indicate that they differently impact not only algal 

communities, but also coral colonies. 

Overall, this study found consistent patterns in the effects of parrotfish grazing on the 

structure of benthic communities on coral reefs, as it provides a general picture of the 

contribution of different parrotfish individuals and species on algal and coral consumption 

on GBR reefs. Parrotfishes play a number of unique roles in the removal of algal turfs and 

coral tissue, with spatial variation in grazing pressure being an important factor shaping the 

nature of this interaction among reef habitats. Parrotfish activity is focused on the reef crest, 

where scrapers, especially large individuals, constantly feed on the epilithic algal matrix 

leading to short algal turfs with low particulate material and reduced sediments. These fishes 

likewise remove significant quantity of coral tissue in this habitat and may contribute to the 

low abundance of some coral species in this zone. Unlike many other reef fishes the unusual 

beak-like oral jaws enable parrotfish to remove algae, sediment and coral tissue. Parrotfishes 
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are one of the few groups that are able to feed on, and change the structure of, almost all 

coral reef benthic substratum types. In a changing world, where tropical reefs suffer a 

significant depletion of herbivorous fishes and reduction in coral cover, parrotfish are likely 

to play an increasedly important role. 
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Chapter 1: General  Introduction 

 

Herbivorous fishes are widely recognised as one of the primary determinants of 

the benthic community structure on coral reefs (e.g. Bellwood et al. 2003, Mumby 

2006, Paddack et al. 2006, Hughes et al. 2007). These fishes play a number of critical 

roles on coral reefs (e.g. algal removal, bioerosion, sediment production, coral 

predation), which directly maintain the structure and diversity of these systems (Hughes 

et al. 2003, 2007, Bellwood et al. 2004, Mumby 2006, Paddack et al. 2006, Ledlie et al. 

2007, Nyström et al. 2008). 

Because of the unique importance of herbivorous fishes on coral reef systems, a 

detailed understanding of this group may provide critical information regarding reef 

system resilience and diversity (Ledlie et al. 2007). Studies of herbivory on coral reefs, 

therefore, have become a central issue in reef research, as coral reefs face an uncertain 

future with the threat of ocean acidification, global warming and more direct 

anthropogenic disturbances (Nyström et al. 2000, Baird and Marshall 2002, Gardner et 

al. 2003, Hughes et al. 2003, Hoegh-Guldberg et al. 2007, De’ath et al. 2009). In the 

last few decades, reef systems around the world have suffered from massive habitat 

destruction and species depletion with herbivore reef fishes suffering some of the 

greatest losses in numbers and diversity (e.g. Bellwood et al. 2003, Aswani and 

Hamilton 2004, Paddack et al. 2009, Lokrantz et al. 2010). This potential loss of 

species and functional groups has highlighted the need to better understand the key 

factors in herbivory that maintain reef diversity and underpin coral reef resilience 

(Bellwood et al. 2004, Nyström et al. 2008). A full understanding of the ecological role 

of individual herbivorous reef fish species and functional groups is thus a priority if we 

wish to assess the extent of resilience in coral-dominated reef systems. 
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Functional roles on coral reefs 

 

The identification of functionally important species in natural systems is one of 

the key factors in the assessment of relationships between species diversity and 

ecosystem processes. This information provides a better comprehension of the main 

processes driving and structuring natural systems and is essential to formulating a 

reliable evaluation of the ecological consequences which may arise due to the loss of 

biodiversity (Tilman et al. 1997, Loreau et al. 2001). 

Although there has been considerable interest in the functional role of individual 

species on coral reefs, relatively few studies on this subject have been conducted on 

Indo-Pacific reefs, one of the most diverse and threatened systems in the world (e.g. 

Bellwood et al. 2003, Aswani and Hamilton 2004, Bruno and Selig 2007). With regards 

to herbivory, most studies have focused on the effects of herbivores as a single group. 

As a consequence, few studies have considered the role of particular species or 

functional groups in driving community patterns. The broader studies have identified 

important information regarding the overall importance of herbivores in maintaining 

coral reef structuring and resilience, but the identification of key species and groups in 

ecosystem function remains elusive. Indeed, even the existence of functional 

redundancy (i.e. ecological replacement) among reef species has been challenged in 

recent years (e.g. Bellwood et al. 2003, 2006, Burkepile and Hay 2008, Fox et al. 2009, 

Hoey and Bellwood 2009). Even in high diversity systems, once regarded as relatively 

stable and resilient to system perturbations and species extinctions (Mc Cann 2000), 

functional redundancy has been found to be lower than initially thought, as the 

reduction or extinction of a few or even single species have been found to cause 
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profound changes in the functional status and potential resilience of these systems (e.g. 

Fonseca and Ganade 2001, Bellwood et al. 2003, 2006, Burkepile and Hay 2008). 

Recent studies have demonstrated that reef herbivorous fishes cannot be 

considered to be a uniform group, as individual families, groups and species may play 

markedly different roles in coral reef ecosystems (e.g., Bellwood et al. 2003, Fox and 

Bellwood 2007, Burkepile and Hay 2008, Fox et al. 2009, Hoey and Bellwood 2009). A 

number of specific functional groups have recently been described within the herbivore 

guild (e.g. detritivores, grazers, macroalgal browsers) (Wilson et al. 2003, Choat et al. 

2004, Hoey and Bellwood 2008). These functional groupings relate directly to the 

ecological role or impact that these species have on ecosystem processes, irrespective of 

their taxonomic affinities (Done et al. 1996, Bellwood et al. 2004). The identification of 

the specific ecosystem role of herbivorous reef species is thus highly important to 

achieve a better understating of the main factors driving functionality and resilience of 

coral reef systems. 

 

Spatial variation in natural systems 

 

In systems with marked spatial gradients, one of the key questions regarding 

community structure is the spatial scale at which different factors are most important in 

shaping habitat structure and diversity patterns (e.g. Hatcher and Larkum 1983, Seitz 

and Lipcius 2001, Boyer et al. 2003, Gratton and Denno 2003). As the structure of 

systems changes across different microhabitats, so do the relative importance of 

different processes and mechanisms acting in each zone (e.g., Hay et al. 1983, Hatcher 

and Larkum 1983, Pringle et al. 1999, Menge and Branch 2001, Seitz and Lipcius 2001, 

Paddack et al. 2006). As a consequence, the assessment of functional roles in systems 
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with spatial variation necessarily includes a full examination of the relative contribution 

of species or functional group at each of the zones or microhabitats in these systems. 

Coral reefs are one of the most diverse natural systems exhibiting clear patterns of 

zonation. These zones differ markedly in their physical and biological characteristics, 

such as depth, water movement, light levels, and faunal composition (Hatcher and 

Larkum 1983, Lewis and Wainwright 1985, Steneck 1988, Vroom et al. 2005, Paddack 

et al. 2006, Fox and Bellwood 2007). One of the best documented differences across 

the reef gradient is the change in the benthic community composition along the reef 

gradient. Reef zones usually present marked differences in terms of coral diversity, 

algal cover and seagrass abundance (Done 1982, Hay et al. 1983, Fox and Bellwood 

2007, Hoey and Bellwood 2008, Wismer et al. 2009). Although some of these 

differences may be attributed to physical features (e.g. light incidence, wave exposure 

etc.), a number of studies have shown that variation in biotic interactions at each reef 

zone may greatly contribute to the observed differences in benthic composition and 

complexity. 

To date, herbivory has been considered one of the main factors in determining the 

distribution of a number of benthic components in coral reefs. For instance, grazing 

pressure and biomass of herbivorous fishes have been found to significantly influence 

the abundance of macroalgae, seagrasses and coral colonies among reef zones (e.g. Hay 

et al. 1983, Hay 1985, Littler et al. 1989, Williams and Polunin 2001, Paddack et al. 

2006, Hughes et al. 2007). Studies on the specific roles of herbivores across the reef 

gradient may thus provide direct evidence of the key factors controlling the distribution 

and abundance of benthic components on different habitats on coral reef systems. 
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A special case of reef herbivores: the parrotfishes 

 

The parrotfishes (Labridae: formerly Scaridae; Cowman et al. 2009) are one of 

the key groups of reef herbivores recognized for their multiple functional roles on coral 

reefs. As a result of their distinctive teeth, which are fused to form strong plates, 

parrotfishes feed on almost all coral reef substratum types, including live coral colonies, 

dead coral surfaces covered by algal turfs and volcanic rock (Bellwood and Choat 1990, 

Bruggemann et al. 1994b, c, Bonaldo et al. 2006, Fig. 1.1a-d). As a consequence, in 

addition to the roles played by other reef herbivores, such as algal growth control and 

sediment ingestion (Choat 1991, Bellwood et al. 2004, Hoey and Bellwood 2008), 

parrotfishes are also the primary agents responsible for a number of other ecological 

processes on coral reefs, such as bioerosion, sediment production and coral predation 

(e.g Bellwood et al. 2003, Rotjan and Lewis 2005, Bellwood et al. 2004, Mumby 2006, 

Francini-Filho et al. 2008, Alwany et al. 2009). 

Parrotfishes are abundant in most tropical reefs around the world and have high 

feeding rates, contributing significantly to the removal and turnover of the reef 

substratum (Choat 1991, Bruggemann et al. 1994a, b, Bellwood et al. 2003, Floeter et 

al. 2005, Bonaldo et al. 2006, Fox and Bellwood 2007). Therefore, this group has not 

only a unique, but frequent impact on the benthic substratum of coral reefs. A number 

of recent studies has indeed emphasized the importance of specific parrotfish 

individuals and functional groups to tropical reefs in the Caribbean, Brazil, Red Sea and 

Indian Ocean. For instance, it has been demonstrated that specific parrotfish groups 

(e.g. Bellwood and Choat 1990), species (Bellwood et al. 2003, 2006, Fox and 

Bellwood 2007, Francini et al. 2008) and even particular individuals within certain 

species (e.g. Lokrantz et al. 2007, Alwany et al. 2009) may have specific ecological 
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impacts on the structure of coral reefs. As a consequence, a better understanding of the 

impacts of parrotfish grazing activity on coral reefs requires detailed observations if we 

are to gain a comprehensive understanding of the mechanisms driving patterns of 

diversity, structure and habitat of complexity of reef ecosystems. 

 

  
 

  
 

Fig. 1.1. (a) Fused teeth on plates of the parrotfish Sparisoma frondosum, (b) Scarus 

psittacus, one of the parrotfish occurring in the Indo-Pacific reefs, (c) Chlorurus 

sordidus grazing on dead coral surfaces covered by algal turfs, (d) Scarus frenatus 

feeding on a coral colony. 

 

Studies assessing the direct implications of parrotfish feeding on the reef 

substratum are facilitated by a peculiar feature of the feeding mode of this group. The 

feeding activity of parrotfishes on the reef substratum usually leaves a visible and 

distinct bite, commonly referred to as a ‘grazing scar’ (Bellwood and Choat 1990, 

a       b 
 
 
 
 
 
 
 
 
 
 
 
 
c       d 
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Bruggemann et al. 1994b, Rotjan and Lewis 2005, Francini-Filho et al. 2008, Fig. 1.2. 

a,b). As a consequence, the identification of the specific location where parrotfish 

feeding has taken place is relatively easy compared to other herbivorous fishes. Studies 

on the abundance, size and dynamics of parrotfish grazing scars have been found to be 

an important tool to the assessment of the functional role of this group (e.g. Frydl et al. 

1979, Littler et al. 1989, Miller and Hay 1998, Bellwood et al. 2003, Rotjan and Lewis 

2005). Because of the well known importance of parrotfishes on shaping of reef benthic 

communities, this information ultimately can be used to assess biodiversity and 

resilience of coral reef ecosystems. 

 

  
 

Fig. 1.2. Parrotfish grazing scars on (a) dead coral surface covered by algal turfs and (b) 

on a massive Porites spp. coral colony. 

 

Aims and thesis outline 

 

The overall goal of this thesis is to provide a better understanding of the direct 

impact of herbivores on the benthic community of the Great Barrier Reef (GBR). More 

specifically, the present study focuses on the influence of grazing by herbivorous fishes, 

a       b 
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especially parrotfishes, on the structure and dynamics of algal turfs and coral colonies 

and on the consequences of this activity for the whole reef system. 

The different components of the study are addressed in a series of five separate 

studies each following the chapters outlined below, which largely correspond to the 

publications derived from the present work (Appendix 1 for full list of publication). 

Chapter 2 examines the differences in substratum removal by different sized 

individuals of Scarus rivulatus at Orpheus Island, an inshore GBR reef. Chapter 3 

presents a comparison of the grazing impact of large adult individuals of Scarus 

rivulatus and Chlorurus microrhinos, the most abundant scraping and excavating 

parrotfish species on inshore GBR reefs, on algal turf communities at Orpheus Island. 

Chapter 4 evaluates the impact of all herbivorous fishes across a coral reef system, by 

comparing the relative importance of grazing in shaping algal turf communities 

between two reef zones at Orpheus Island. Chapter 5 describes the role of parrotfishes 

as coral predators along a reef gradient at Lizard Island, a midshelf GBR reef. Chapter 

6 explores the differences on the grazing impact of scraping and excavating parrotfish 

species on massive Porites spp. coral colonies across at four reef zones at Lizard Island. 

Finally, Chapter 7 discusses the relative importance of individual herbivorous reef fish 

species identified in the present study in relation to ecological roles and functional 

redundancy; in the context of existing and potential future work on herbivory from an 

ecosystem perspective. 
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Chapter 2: Size-dependent variation in the functional role of the 

parrotfish Scarus rivulatus on the Great Barrier Reef, Australia 

Marine Ecology Progress Series 360:237-244 

 

2.1. Introduction 

 

The loss of biodiversity and the modification of size frequency distributions 

through fishing activity can have direct consequences for marine ecosystem function 

(e.g. Hughes et al. 2005). On coral reefs, these changes have highlighted the urgent 

need for studies on the particular role of reef species in ecosystem process that can 

underpin effective coral reef management (McClanahan et al. 1997, Bellwood et al. 

2003, Hughes et al. 2003, Mumby et al. 2006, Wilson et al. 2006). In this context, 

studies on the functional role of species have become an important prerequisite for coral 

reef management, since they can provide important information about the extent of 

functional redundancy and potential coral reef resilience. 

Although there has been considerable interest in the functional role of species, 

relatively few studies on this subject have been conducted on Indo-Pacific coral reefs, 

one of the most diverse and threatened ecosystems in the world. For example, although 

herbivory is recognized as one of the key factors shaping the benthic structure 

community of coral reefs (Lewis and Wainwright 1985, McClanahan et al. 1997, 

McCook 1999, Burkepile and Hay 2006, Littler and Littler 2006, Mumby et al. 2006), 

literature on the quantitative ecosystem impacts of individual herbivore taxa on these 

systems is limited (McManus and Polsenberg 2004). This small dataset of measured 

ecosystem impacts for individual taxa partly reflects the tendency for herbivory to be 

viewed as a uniform process (cf. Choat 1991). However, several studies have shown 
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that grazing by distinct groups of herbivorous fishes can have different effects on the 

algal community succession (e.g. Hixon and Brostoff 1996, Ceccarelli et al. 2005), with 

individual species having markedly different functional roles (e.g. Bellwood et al. 2006, 

Hoey and Bellwood 2007). 

Very little is known of intraspecific variations on the functional role of reef fishes 

on Indo-Pacific reefs, since most studies describe functional roles as a species-specific 

trait. However, a key question remains: Does size affect the functional role of fishes on 

coral reefs? Many coral reefs around the world suffer from a depletion of fish stocks, 

especially of large individuals, the main target of commercial and artisanal reef 

fisheries (e.g. McClanahan et al. 1997, Nyström et al. 2000, Bellwood et al. 2003, 

Floeter et al. 2006, Mumby et al. 2006). As a consequence, on reefs with intense fishing 

there is an effective reduction in the overall size structure of fishes. This has unknown 

functional implications. During its development, a fish can greatly change its size, 

shape, colour and behaviour and, thus, individuals of a same species may play markedly 

different functional roles in the ecosystem throughout their life. Ontogeny is well 

known to be important in ecology, but it has not been evaluated from an ecosystem 

perspective on coral reefs (cf. Hoey and Bellwood 2007). This study redresses this 

problem for an Indo-Pacific parrotfish species, Scarus rivulatus. 

The parrotfishes (Labridae; formely Scaridae) are among the predominant reef 

herbivores in terms of population density, biomass and algal consumption, and are well 

known for their importance in the dynamics and diversity of coral reefs (McClanahan et 

al. 1997, Hughes et al. 2003, Bellwood et al. 2004, Mumby et al. 2006). Size related 

changes in the functional role of individual parrotfish species have been studied in the 

Caribbean (e.g. Bruggemann et al. 1994a,b), but relatively few species have been 

examined on Indo-Pacific coral reefs (but see Bellwood 1988, Fox and Bellwood 2007). 
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The study species, S. rivulatus (Fig. 2.1), was selected as it is the most abundant 

scarid on inner-shelf GBR reefs and may therefore exert a significant functional role in 

reef ecosystem process (Fox and Bellwood 2007, Hoey and Bellwood 2007, Mantyka 

and Bellwood 2007a,b). In order to understand the impact of size on functional roles, 

this study characterized the feeding activity of six different size classes (from 2.5 to 30 

cm total length) of S. rivulatus on an inner reef of the Great Barrier Reef (GBR), 

Australia. The specific aims were: (1) to provide a broad overview of the ontogeny of 

the feeding behaviour of S. rivulatus; (2) to quantify the feeding activity of six size 

classes of S. rivulatus; and (3) to evaluate the potential extent of ontogenetic variation 

in the impact of S. rivulatus on the reef substratum. 

 

 

Fig. 2.1. Representatives of the three ontogenetic phases of Scarus rivulatus: juvenile 

(left, about 2.5-10cm total length), initial phase (centre, about 11-25cm TL) and 

terminal phase (right, more than 20cm TL). 

 

2.2. Material and methods 

 

Study site and general methodology 

 

This study was conducted between February and July 2007 at Orpheus Island 

(18o35’S, 146o20’E), a granitic island in the inner shelf region of the GBR, 
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approximately 20km off the North Queensland coast. Two sites within Pioneer Bay, 

located on the leeward site of the island, were used in the study. To standardize 

observations, all were conducted in the same reef zone (outer flat). 

Feeding rates, substratum selection and the size of grazing scars (area and volume 

of material removed during feeding) were quantified for six size classes of S. rivulatus: 

2.5-5 cm, 6-10 cm, 11-15 cm, 16-20 cm, 21-25 cm and 25-30 cm total length (TL). 

Observations on substratum selection and feeding rates were all conducted during the 

summer (February - March) to minimise temperature or season effects. All observations 

were taken within three hours of high tide to minimize the impact of tides. 

 

Feeding rates 

 

The observations on the feeding rates (bites.mim-1) of individual size classes of S. 

rivulatus were carried out over 10 consecutive days by SCUBA divers. The 

observations were made over four periods during the day: morning (0800-1100 hrs); 

middle of the day (1101-1400 hrs), afternoon (1401-1600 hrs) and late afternoon (1601-

1800hrs). The sample unit was a one minute period; divers recoded the fish’s size class, 

the start time of the observation and the total number of bites taken. At least 30 

individuals of each size class were followed during each period at each study site. No 

similarly-sized individual was followed over successive periods to minimize the risk of 

collecting non-independent data. Observations were discontinued if the fish showed a 

visible response to the diver. 
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Substratum selection 

 

The substratum selection by different size classes of S. rivulatus was assessed by 

comparing the number of bites taken on each substratum type and the availability of 

that substratum at each site. S. rivulatus individuals were located during haphazard 

surveys at each site. Once a focal individual was located, it was classified into one of 

the six size categories and followed at a distance of at least 2 m until the fish was 

observed to bite the substratum. The substratum type was then classified into five 

categories: epilithic algal matrix (EAM sensu Wilson et al. 2003), hard coral, 

macroalgae (Sargassum spp. and Turbinaria spp.), sand and soft coral. A total of 60 

individuals of each size class was observed for the substratum selection and only one 

feeding observation was recorded for each individual to maximize the independence of 

replicate observations. 

Relative proportions of the components of benthic cover in each study site were 

obtained using a line-intercept method (Choat and Bellwood 1985). A 10m transect 

tape was laid haphazardly across the reef substratum. At each 1m interval along the 

tape, the diver recorded the nature of the substratum directly underneath the tape and at 

points 1m perpendicular to the left and right of the tape. The substratum type was 

classified into the same categories used for the feeding bites of S. rivulatus. A total of 

12 replicate 10m transects were conducted in each of the two study sites (n=24). 

 

Grazing impact 

 

The grazing impact of different size classes of S. rivulatus was assessed by 

measuring the grazing scars of individuals in each class. The term impact herein referrs 
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to the immediate consequences of feeding activity, i.e. the removal of algal material, 

and does not necessarily reflect long term chances to the community composition of the 

EAM. The nature (i.e. if fish bite exposed the substratum or not) and size (maximum 

area and volume) of grazing scars of S. rivulatus were measured by scuba divers who 

followed focal individuals until the exact location of a bite could be seen. Total length 

of the individual was estimated, exposure of substratum recorded and maximum length 

(Lmax), width (Wmax) and depth (Dmax) of the grazing scar measured with callipers. The 

size of grazing scars was calculated in terms of maximum area (Lmax x Wmax – assuming 

a rectangle) and maximum volume (Lmax x Wmax x Dmax). The maximum depth of the 

scar was measured by the difference of the algal height inside and on the margin of the 

grazing scar. In order to provide an adequate comparison between the different size 

classes of S. rivulatus, all the grazing scars measurements were conducted on the same 

substratum type (dead coral matrix covered by EAM). At least 30 grazing scars of each 

S. rivulatus size class were measured and analysed per study site. Because of their 

reduced size, scars of some individuals in the smallest size class were observed in 

aquarium tanks, and measured under a stereomicroscope. 

Quantification of the feeding impact per unit body mass of the six size classes was 

based on the estimated total number of bites between 0800 – 1800 hrs, multiplied by the 

size of an individual bite (area and volume) and divided by the body mass of each size 

class. Body length estimates were converted to biomass estimates using published 

length-weight relationships (Kulbicki et al. 2005). 
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Statistical analyses 

 

Feeding rates of S. rivulatus were compared using a three-way ANOVA, with 

study sites, size class and time of day as fixed factors. The number of bites of S. 

rivulatus per substratum type at the two sites was compared using a chi-square 

contingency table. Selection of foraging substrata by the six size classes was measured 

based on Strauss’s Linear Resource Selection Index (L in Strauss 1979), and 95% 

confidence intervals (CI) were calculated. 

The number of grazing scars of the six size classes exposing the substratum 

between the two study sites was compared using a chi-square contingency table. The 

number of grazing scars exposing the substratum of the six size classes was compared 

using a chi-square for goodness of fit. To check if there was a geometric relationship 

between fish and scar size, linear regressions were made of scar area to fish TL2 and 

scar volume to TL3, with TL as the independent factor and scar size the dependent 

variable. The slope of a log-log graph of scar area and fish TL2 and scar volume to TL3 

was also calculated to examine the allometric coefficient of fish TL and bite size. 

Size (area and volume) of grazing scars of different size classes was compared 

using a two-way ANOVA, with study site and size class as the fixed factor on each test. 

In such analyses, study site and fish size class were the fixed factors and the substratum 

removal was the variable. The overall quantification of the feeding impact per unit body 

mass of the six size classes was compared using the compound errors around the mean 

to each size class. Compound errors for the impact variables (feeding rates, grazing scar 

size) for each size class were calculated using the two-term version of Goodman’s 

estimator, with mean substratum removal + SE per kg of fish and total number of bites 

per day + SE as terms (modified from Bellwood 1995). Total bites per day is based on a 
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10 hour day, and the mean + SE feeding rate calculated as the sum of the mean + SE 

feeding rates for each hour between 0800-1800 hrs for each size class. 

Before all parametric tests, data were examined for normality and homogeneity of 

variances using D’Agostino-Pearson and residual analysis. No transformations were 

needed, since the data met the required assumptions. Where differences were found to 

be significant in an ANOVA, post hoc tests (Tukey) were used to examine patterns. 

 

2.3. Results 

 

There were no differences detected in the feeding rates of S. rivulatus between 

sites, fish size or any interaction, but there was a highly significant time of day effect 

(Table 1.1), with all size classes foraging less during early morning and exhibiting a 

feeding activity peak during the middle of the afternoon (Fig. 2.2). Most the individuals 

in the largest size classe of Scarus rivulatus were TP individuals, while the four 

smallest size classes were juveniles or initial phase adults. In terms of substratum 

selection, no differences were found in the distribution of the total number of bites per 

substratum type between the two study sites (χ2
5 = 1.25, p > 0.9). The six size classes 

also showed the same substratum selection pattern: a strong preference of EAM and 

rejection of other substratum types. The Strauss’s Linear Resource Selection Index for 

substratum types overlapped for all size classes and the S. rivulatus selection index was 

therefore based on pooled size class data (Fig. 2.3). 
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Table 1.1. Three-way ANOVA examining feeding frequencies (bites.min-1) of Scarus 

rivulatus at Pioneer Bay, Orpheus Island, Great Barrier Reef. 

 

Source SS Df MS F P 

Site 186.5 1 186.5 1.15 0.28 

Size 1813.6 5 362.7 2.24 0.05 

Time 4955.2 3 1651.7 10.22 < 0.001 

Site x size 3670.2 15 244.6 1.51 0.20 

Site x time 606.4 5 202.1 1.25 0.29 

Time x size 3624.5 15 241.6 1.49 0.10 

Site x size x time 1453.6 15 96.9 0.60 0.88 

 
 

 

Fig. 2.2. Feeding frequencies (bites per min, mean + SE) of Scarus rivulatus at Pioneer 

Bay, Orpheus Island, Great Barrier Reef. 
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Fig. 2.3. Substratum selection (Strauss’s Linear Index) by Scarus rivulatus at Pioneer 

Bay, Orpheus Island, Great Barrier Reef. Values of the 95% CI above/below zero 

indicate preference/avoidance. 

 

No differences were found between sites in the distribution of bite scars which 

exposed the substratum among the six size classes (χ2
5 = 1.0, p > 0.9). However, the 

relative occurrence of grazing scars that exposed the substratum did differ among the 

six classes (χ2
5 = 121.18, p < 0.01), with an increase in substratum exposure with 

increasing fish TL (Fig. 2.4a). Small individuals (2.5 - 10 cm TL) usually only cropped 

the algal surface and their grazing scars were usually marked only by a shallow 

depression in the EAM. In contrast, large individuals always removed all the algal 

cover from the substratum and exposed the calcareous surface. 
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Bite scar area was linearly related to TL2 (r2 = 0.97, F1 = 4114, p < 0.001) and 

volume was linearly related to TL3 (r2 = 0.97, F1 = 7024, p<0.001). The slope of the 

log-log relationships of TL2 to bite area and TL3 to bite volume were 0.98 + 0.01 and 

0.93 + 0.02, respectively. Both were approximately isometric (with negligible negative 

allometry). 

The area and volume of grazing scars were similar between the two study sites (p 

> 0.70 for both analyses), but differed among the six size classes, with larger fishes 

removing more area (F5,186 = 1431, p < 0.001) and volume (F5,186 = 1585, p < 0.001) 

than smaller individuals (Fig. 2.3a). The greatest differences in the size of grazing scars 

were observed in terms of volume (Fig. 2.4a). 

Standardized EAM removal per kg of fish differed markedly among the six size 

classes. Large individuals removed the smallest substratum area per unit body mass but 

the largest EAM volume per body mass (Fig. 2.4b). Fundamentally, a kg of biomass of 

small individuals exhibited a different ecosystem impact to a kg of large individuals. 
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Fig. 2.4. Epilithic algal matrix (EAM) removal by six size classes of Scarus rivulatus 

(a) per individual and (b) per unit body mass at Pioneer Bay, Orpheus Island, Great 

Barrier Reef. In (a) error terms are based on at least 60 individuals per size class, for (b) 

the SE is a combined error term based on scar size and a 10 hour feeding day (details in 

text). 
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2.4. Discussion 

 

Scarus rivulatus exhibited limited among-size variation in most ecological 

variables, but when considered in terms of functional roles, especially per unit biomass, 

small and large individuals displayed a markedly different ecosystem impact. In terms 

of feeding frequencies, the patterns were very uniform: all S. rivlatus size classes fed 

more frequently during the middle of the day. This result is very similar to the daily 

feeding pattern of other nominally herbivorous reef fish species (e.g. Bruggemann et al. 

1994b, Bellwood 1995, Zemke-White et al. 2002). The higher feeding frequency of 

herbivorous fishes during the afternoon has been explained by the better nutritional 

quality of algae at this time (Bruggemann et al. 1994b, Bellwood 1995, Zemke-White et 

al. 2002). This diel feeding pattern seems to be particularly relevant to species that feed 

on epilithic algae and detrital aggregations (Zemke-White et al. 2002), which is 

probably case for S. rivulatus in the present study. 

The present study found no significant differences in the feeding rates of the six 

size classes of S. rivulatus, which accords with a previous study of this species at the 

same study site (see Fox and Bellwood 2007). However, these results contrast with a 

number of studies on the feeding activity of other parrotfish species, which found that 

large individuals, especially terminal phase (TP) males, usually have lower feeding 

rates than juveniles and initial phase (IP) adults (e.g. Bruggemann et al. 1994a, Van 

Rooij et al. 1996b, Bonaldo et al. 2006). In these studies, the differences were 

explained by the territoriality of TP males, which usually spend a lot of time patrolling 

feeding and breeding territories and evicting conspecifics. We propose two explanations 

for the similarities of the feeding rates of different size classes of S. rivlautus: (1) TP 

males of this species are not territorial and, thus, forage as frequently as juveniles and 
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IPs; or (2) the area where both studies on S. rivulatus were conducted (Pioneer Bay, 

Orpheus Island) is a feeding area, where terminal males do not display territorial 

behaviour. The latter hypothesis is supported by previous studies on parrotfish species 

in the Caribbean, which found that the behaviour of TP males is highly variable 

depending on the location of individuals (e.g. Van Rooij et al. 1996a). However, further 

investigations on the social system of parrotfishes in the Great Barrier Reef are needed. 

Substratum selection was also similar with the six S rivulatus size classes: all 

selected the EAM and strongly rejected macroalgae. The EAM is widely recognized as 

a substratum rich in sediment and detritus and is of high nutritional value (Crossman et 

al. 2001, Purcel and Bellwood 2001, Wilson et al. 2003). In contrast, macroalgae are 

widely recognized as having many characteristics (e.g., secondary compounds, low 

nutritional value) which may deter feeding by fishes (Hay 1991). Our results support 

previous studies, which found that many ‘herbivorous’ reef fishes (nominally 

herbivorous fishes sensu Choat et al. 2002) feed mostly on detritus and the EAM rather 

than macroalgae, and highlight the importance of EAM as the main feeding source of 

many herbivorous reef fish species (e.g. Choat et al. 2002, Wilson et al. 2003, 

Crossman et al. 2005). Moreover, our results provide direct in situ support of 

experimental observations that S. rivulatus avoids macroalgae (Mantyka and Bellwood 

2007a,b). 

The similarities in the diel feeding patterns and selection of feeding substrata 

among the six size classes of S. rivulatus also accord with previous studies on the 

feeding ecology and behaviour of other parrotfish species (Bruggemann et al. 1994c, 

Bonaldo et al. 2006). These results suggest that many aspects of parrotfishes feeding do 

not change throughout their life. However, while some patterns apparently do not alter 

as these fishes grow others do change, especially those related to the impact of their 
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jaws. For example, a number of studies on feeding ecology of parrotfishes, on both 

Atlantic and Pacific reefs, have found significant differences in the impact of different 

size classes on the reef substratum (Bruggemann et al. 1994b, Fox and Bellwood 2007). 

These differences suggest that distinct size classes of parrotfishes may play different 

roles in shaping the benthic community structure. 

In the present study, large S. rivulatus individuals left grazing scars markedly 

larger in volume than grazing scars produced by small individuals and usually removed 

not only the algae and associated particulate material, they also dislodged small 

fragments of the underlying consolidated reef matrix and exposed the calcareous 

surface. Small S. rivulatus, however, usually only cropped the algal surface and had 

little or no visible effect on the EAM or consolidated substratum. A similar pattern has 

been seen in two Caribbean species, in which large individuals produced bites with 

visible grazing scars up to four times more frequently than small individuals 

(Bruggemann et al. 1994b). Large parrotfish individuals seem to affect both algal cover 

and the underlying substratum, and are responsible for the effective removal of algae 

and for opening new colonization sites on the reefs. Such variation shows that different 

sized parrotfishes may differ not only on their quantitative impact on the substratum 

(the grazed area), but also on how they influence the benthic structure of reefs (the 

extent and severity of algal removal). 

This difference among size classes is most clearly exemplified by the standardized 

data; area and volume removed per kg of fish. The EAM volume per kg of large 

individuals is much larger than by a kg of small individuals. Whereas, small individuals 

graze a much larger area of substratum per unit body mass. Thus, the importance of 

these small individuals probably lays in their activity of cropping the algal surface, 

which may be responsible for controlling algal height rather than large individuals 
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which remove the entire EAM and expose the reef surface. Thus, different sized 

individuals of parrotfishes may have markedly different roles in shaping the benthic 

community structure. 

The functional differences on the grazing effects of small and large individuals of 

S. rivulatus reflects a simple scaling relationship between size of grazing scars and fish 

body size (TL2 x scar area, TL3 x scar volume). These relationships suggest a strong 

linear relationship between fish size and the amount of substratum removed and, thus, 

that the grazing impact of S. rivulatus is highly dependent on its body size. In both 

cases the relationship was approximately isometric, suggesting that the changes are 

directly to a change in size rather than developmental state. These same functions were 

found in an excavating and a scraping species (sensu Bellwood and Choat 1990) in the 

Caribbean (Bruggemann et al. 1994b). These findings suggest that this may be a 

general relationship that applies to most scarid species and, thus, grazing by large 

bodied scarids in general will probably have a distinctly different impact on the 

substratum than small conspecifics. Although this relationship must be tested in more 

species before it become a valid generalization, it appears that large bodied scarids may 

have a particularly strong effect on the benthic structure and that management rules 

must consider not only species composition, but fish size as well. 

A previous study at Orpheus Island (GBR) showed a gradient in herbivory across 

reef zones, with both grazing pressure and abundance of large bodied herbivorous 

fishes higher at the reef crest (Fox and Bellwood 2007). The same study also found a 

negative correlation between the estimated impact of herbivorous fishes and the 

macroalgal abundance across the gradient, with the crest presenting the highest 

herbivorous biomass and the lowest macroalgal cover (Fox and Bellwood 2007). The 

current study complements these findings, in that it indicates that the gradient in fish 
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herbivory would be even greater had fish size been considered. The inner flat is 

dominated by small individuals, so that the removal of algal volume is minimal. On the 

other hand, the crest is highly grazed by large bodied individuals and, thus, the removal 

of algal volume would be much higher than on the flat. The present study leads further 

support to the herbivore-induced disturbance model of algal community composition 

(Steneck and Dethier 1994), which predicts that low grazing intensities would lead to 

the development of climax communities characterized by slow growing taxa, such as 

macroalgal species. 

The present findings probably apply to most scraping Scarus species (sensu 

Bellwood and Choat 1990). These species possess a relatively uniform morphology and 

feeding ecology (Bellwood and Choat 1990) and it is possible that this pattern will be 

representative of a broad range of Scarus species. Moreover, given the morphological 

differences within excavating species (e.g. Bolbometopon sp., Chlorurus spp.), it is 

probable that this group will exhibit an even greater change in impact with size. 

Preliminary observations at the study site suggest that the grazing effects of small 

individuals of scraping and excavating species are similar, but that large bodied 

excavators have stronger effects on the substratum than large bodied scrapers. A 

comparable pattern was found in the Caribbean, for the scraper Scarus vetula and the 

excavator Sparisoma viride (Bruggemann et al. 1994b). Thus, for both scrapers and 

excavators, size may be a critical determinant of ecosystem function. 

The relationships presented above suggest that large bodied parrotfishes may have 

a more significant role in the effective removal of the EAM than small individuals. 

Although the impact measured in the current study refers to the direct removal of the 

EAM, experimental studies suggest that this type of activity will have long term 

impacts on the community composition of the benthic substratum (McCook 1999). 
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During reef degradation and phase-shifts, coral decline may be facilitated or 

accompanied by a proliferation of algal turfs (Diaz-Pullido and McCook 2004, 

McManus and Polsenberg 2004, Birrel et al. 2005, Hughes et al. 2007). This suggests 

that large individuals of S. rivulatus may have a more significant role than small 

individuals in the maintenance of the benthic structure community of coral reefs and for 

the prevention of phase shifts in these ecosystems.  

As a consequence, it is possible that the resilience of coral reefs, i.e. the capacity 

of a system to resist or recover from changes, would be primarily due to the presence of 

large bodied herbivorous fishes. However, in many parts of the world the numbers of 

large parrotfish individuals are declining because of overfishing (e.g. Bellwood et al. 

2003, Graham et al. 2005, Floeter et al. 2006, Mumby et al. 2006), a situation which 

may lead to phase shifts on coral reefs (Hughes 1994, Hughes et al. 2005, 2007). Given 

the varying impacts of different sized parrotfishes, it is clear that high fish number or 

biomass alone cannot be viewed as an evidence of an intact ecosystem with fully 

operational ecosystem functions. The absolute size of individuals may be critical. Thus, 

when evaluating management options, managers should consider not only the numbers, 

identity and biomass of the species which might be protected, but also further 

characteristics, such as individual size and ontogenetic phase. 

The functional role of fishes is not a species trait; it depends on the intraspecific 

variations in which size is a critical factor. Although intra and interspecific differences 

among reef herbivores have been known for a long time (e.g. Lewis and Wainwright 

1985, Carpenter 1986, Choat 1991, Floeter et al. 2005), their broader importance has 

only become evident recently, in the face of reef degradation and expanding threats to 

coral reefs (Bellwood et al. 2004, Mumby et al. 2006, Hughes et al. 2007). Thus, 

detailed studies on the functional role of reef species are essential, as they can provide 
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important information about functional redundancy and coral reef resilience. In 

recognizing the importance of fish size hopefully we can better understand the impacts 

of fishing activities and enable managers to formulate effective management strategies 

to protect coral reefs. 
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Chapter 3: Dynamics of parrotfish grazing scars 

Marine Biology 156:771-777 

 

3.1. Introduction 

 

Despite the importance of the group for coral reefs, parrotfishes are among the 

most threatened reef species, as they are one of the main targets of artisanal and 

commercial fisheries (Ferreira and Gonçalves 1999, Nyström et al. 2000, Aswani and 

Hamilton 2004, Floeter et al. 2006). As a result, many reefs around the world have 

severely depleted parrotfish populations, which can significantly impact ecosystem 

processes and the resilience of these systems (Hughes et al. 2003, 2007, Bellwood et al. 

2004, Floeter et al. 2006, Mumby et al. 2006, Lokrantz et al. 2008). Studies on the 

functional role of parrotfish species therefore have become an important factor in 

supporting coral reef management, since they can provide critical information about the 

extent of functional redundancy and potential coral reef resilience (e.g. Bellwood et al. 

2004, Fox and Bellwood 2008, Lokrantz et al. 2008). 

The main factors responsible for the importance of parrotfishes on coral reefs are 

their high abundance and biomass, their high rate of ingestion of sediment and fast 

growing reef algae, and their unusual feeding mode (Lewis and Wainwright 1985, 

Choat and Bellwood 1991, Paddack et al. 2006, Hughes et al. 2007). Unlike most other 

reef fish herbivorous, parrotfishes leave visible bite marks on the substratum, usually 

termed a “grazing scar” (Bellwood and Choat 1990, Bruggemann et al. 1994b, Bonaldo 

and Bellwood 2008). Thus, besides contributing to algal control, parrotfishes may open 

sites on the reef substratum, allowing its colonization by new sessile organisms 

(Bellwood and Choat 1990, Choat 1991). 
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Feeding by parrotfishes, however, is not uniform and different species exhibit 

distinctly different feeding modes. They include, for example, scraping and excavating 

species (sensu Bellwood and Choat 1990), which present marked morphological and 

behavioural differences. Scraping species posse a less robust feeding apparatus, take 

smaller bites from the substratum, and have higher feeding rates compared to 

excavating parrotfishes. As a consequence, the grazing scars of those two functional 

groups differ, greatly. Excavating species usually leave larger and deeper grazing scars 

on the substratum, removing not only the algae, but also pieces of consolidated 

substratum when feeding (Bellwood and Choat 1990, Bruggemann et al. 1994b, Fox 

and Bellwood 2007). 

In spite of the importance of parrotfishes on coral reefs, and their contrasting 

feeding modes among species, no studies have investigated or compared the direct 

effects of the feeding activity of scraping and excavating parrotfishes on the benthic 

community structure of coral reefs. This information is essential for a better 

understanding of the functional role of parrotfishes on reefs and a full appreciation of 

the extent of functional redundancy among parrotfish species. 

This study intends to fill this gap by comparing the dynamics of grazing scars of 

two parrotfish species. The study species, Scarus rivulatus and Chlorurus microrhinos 

(Fig. 3.1), are the most abundant scraping and excavating parrotfish species, 

respectively, on the inner-shelf Great Barrier Reef (GBR) reefs and may therefore exert 

a significant functional role in reef ecosystem processes (Fox and Bellwood 2007, 

Bonaldo and Bellwood 2008, Hoey and Bellwood 2008). The specific aims of this study 

were: (1) to directly measure the rates of algal occupancy and growth on grazing scars 

of S. rivulatus and C. microrhinos; and (2) to quantify algal removal and turnover by 

each species. 
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Fig. 3.1. Representatives of large individuals (about 40cm total length) of Scarus 

rivulatus (left) Chlorurus microrhinos (right). 

 

3.2. Material and methods 

 

This study was conducted in November 2007 at Orpheus Island (18o35’S, 

146o20’E), a granitic island on the inner shelf of the GBR, approximately 20km off the 

North Queensland coast. Two sites were examined in Pioneer Bay on the leeward side 

of Orpheus Island. To standardize observations, data were collected on SCUBA in a 

single reef zone (crest). 

The dynamics of grazing scars of S. rivulatus and C. microrhinos were evaluated 

by measurements of scar area and algal length every 24 h for up to seven consecutive 

days or until the scar was not detectable. A total of 18 individual grazing scars of S. 

rivulatus and 21 of C. microrhinos, equally distributed over the two study sites, was 

observed. To standardize the data, all observed scars were taken in the same substratum 

type: algal turfs (the epilithic algal matrix, EAM, sensu Wilson et al. 2003) on dead 

coral colonies, the predominant substratum type on coral reefs and the main feeding 

substratum for parrotfish species (e.g. Wilson et al. 2003, Bonaldo et al. 2006, Ferreira 

and Gonçalves 2006, Paddack et al. 2006). All the studied scars were taken by similarly 
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sized individuals of S. rivulatus and C. microrhinos (35-40cm TL and 40-45cm TL, 

respectively). These sizes were selected as grazing scars of small S. rivulatus 

individuals are hard to detect (Bonaldo and Bellwood 2008) and because C. 

microrhinos individuals smaller than 40cm TL are rare at the study site (Fox and 

Bellwood 2007). 

To locate grazing scars, individual parrotfish were followed until the exact 

location of a bite could be determined. Only one grazing scar was marked per fish to 

avoid data pseudo-replication. Once located, each scar was marked underwater with 

pencil marks and coloured tapes at a distance of about 10 cm off the grazing scar. Each 

scar was photographed and the site buoyed. Photographs of the area where the scar was 

located were taken and a location map constructed to ensure that the same scar was 

located on subsequent days. Measurements were taken of the scar depth (i.e. the 

distance between scar interior and the surrounding algae) and of the height of the algae 

growing around the scar and in three scar regions: border, centre and interior. The 

border was defined as the region immediately between the visible grazing scar and the 

surrounding substratum; the centre corresponded to the middle of the scar, where there 

is usually a small tuft of algae left (marking the medial suture of the jaws), and the 

interior was defined as the clearest part of the scar, where little or no algae are apparent 

immediately after the bite. 

Every 24 h, the scar was photographed and algal height measured in the three scar 

regions. All scar photographs were taken from the same distance with a housed Canon 

EOS 400D camera and 100mm macro lens. Shutter speed used was 1/200 s to minimize 

the entrance of natural light and two Sea and Sea YS90 strobes on full power were 

used. Lens aperture was set to 8.0. These settings provided similar light conditions for 
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all the photographs. In the laboratory, photographs were used to measure the area of the 

scars using the software Image Tool (version for Windows 3.0). 

For measurements of algal height in each of the three scar regions, three algae 

filaments were haphazardly chosen and measured with forceps. For alga measurement, 

the point of one arm of the forceps was placed on the substratum at its base and the 

other arm was adjusted to the uppermost part. The distance between arm tips (=height 

above substratum of algae) was then immediately recorded by inserting the forceps tips 

obliquely into a saltwater resistant pressure sensitive poster adhesive (blu tack). In 

laboratory, the distance between the two forceps marks were measured with a digital 

calliper. This method was calibrated using algae of known length and was accurate to 

within 94.60% (0.92 ± % SE, n=60) 

The removal and turnover of algae by each species was assessed using estimated 

volumes of algae on grazing scars of each species from the current study multiplied by 

published grazing rates at the study site. Fox and Bellwood (2007) estimated daily 

grazing rates (DGR) on the reef crest at Pioneer Bay to be 3.86 ± 1.5% and 1.39 ± 

0.43% of one m2 by S. rivulatus and C. microrhinos, respectively. Daily algal turnover 

by each species were calculated as the product of DGR per scar volume. 

 

Statistical analyses 

 

Before all parametric tests conducted in this study, data were examined for 

normality and homogeneity of variances using D’Agostino-Pearson and residual 

analysis.  

Size (depth, area and volume) of grazing scars between study sites was compared 

with Independent Student t tests. The same test was also used to compare the size 
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(depth, area and volume) of grazing scars of S. rivulatus and C. microrhinos. Area 

reduction of grazing scars of C. microrhinos and S. rivulatus during the seven day 

period was compared with a two way ANOVA, in which study sites and species were 

the fixed factors and scars area reduction was the variable. For this test, ‘scar area 

reduction’ was expressed as the slope of the linear regression between the number of 

days and the relative area of each grazing scar. Linearity of the reduction of grazing 

scars of C. microrhinos and S. rivulatus was tested with a linear regression, in which 

number of days was the independent variable and relative size of the scar area was the 

dependent variable. For this test, the arcsine transformation was used, as the area size 

was expressed as proportion. 

Algal growth in the three scar regions of the two species was compared using a 

three way ANOVA, with study site, species and scar region as the fixed factors. The 

variable in this test was the slope of the linear regression between the number of days 

and the algal height over the seven day period, i.e. the vertical algal growth rate for 

each grazing scar. Where differences were found to be significant in an ANOVA, 

Tukey post hoc tests were used to examine patterns. 

 

3.3. Results 

 

Depth, area and volume of grazing scars of each species did not differ between 

the study sites (S. rivulatus depth t16 = 1.23 p=0.24, area t16 = 0.86 p=0.40, volume t16 = 

0.49 p=0.63, C. microrhinos depth t19 = 0.22 p=0.83, area t19 = 0.04 p=0.97 volume t19 

= 0.58 p=0.6). Although similarly sized, S. rivulatus individuals left grazing scars 

shallower and smaller in area and volume than C. microrhinos (Table 2.1). Usually 

grazing scars of S. rivulatus were not visible after day five. In contrast, grazing scars of 
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C. microrhinos usually could be seen for longer and even on the seventh day most of 

the scars were still visible, presenting many clear spaces. Observing the grazing scars in 

the field and the photographs, one of the clearest differences was the pattern of 

recolonization of the scars of each species. For C. microrhinos, scars usually shrank 

from the border towards the centre/interior, while in S. rivulatus scars, algae grew from 

both the centre outwards and from the outer margin inwards (Fig. 3.2) 

 

Table 2.1. Two-way ANOVA for area reduction of grazing scars of Scarus rivulatus 

and Chlorurus microrhinos during eight consecutive days. Species and study site were 

the factors and scar area reduction tax the dependent variable. 

Source of variation SS Df MS F P Result 

Study site 0.001 1 0.001 0.004 0.95 ns 

Species 1.51 1 1.51 10.28 0.002 s 

Interaction 0.01 1 0.01 0.08 0.78 ns 

Error 7.81 53 0.15    

 

Area reduction of grazing scars during the seven day period was significantly 

higher for grazing scars of S. rivulatus’ than for those of C. microrhinos (Table 2.2, Fig. 

3.3). Similarly, algal vertical growth rates on S. rivulatus grazing scars were also higher 

than on those of C. microrhinos. On the other hand, reduction of grazing scars of the 

two species fitted similarly on the linear model (S. rivulatus R2=0.83, p<0.001, C. 

microrhinos R2=0.82, p<0.001). For both species, the maximum algal growth rates were 

recorded on the scar border and the minimum on in the scar interior (Tables 2.3 and 2.4, 

Fig. 3.4). No differences were recorded between the study sites (Table 2.2). 

Based on the values of depth of grazing scars of the two species (Table 2.1), S. 

rivulatus and C. microrhinos daily remove respectively 144.6 cm3 ± 56.1 and 66.78 cm3 

± 17.9 cm3 of algae per m2 of reef crest at the study site. 
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Fig. 3.2. Grazing scars of Scarus rivulatus and Chlorurus microrhinos in three different stages: immediately after the 

parrotfish bite (11 Nov 2007), two and four days post-bite. Dashed lines are placed around the grazing scar. 
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Fig. 3.3. Reduction of grazing scar area of Scarus rivulatus and Chlorurus microrhinos 

during eight consecutive days at Orpheus Island, Great Barrier Reef. 

 

 

Table 2.2. Vertical algal growth rates (mean ± SE) on three different regions (border, 

centre and interior) of grazing scars of Scarus rivulatus and Chlorurus microrhinos. 

 

 Parrotfish species 

Scar region Scarus rivulatus Chlorurus microrhinos 

Border 0.72 ± 0.04 0.60 ± 0.02 

Centre  0.65 ± 0.03 0.46 ± 0.02 

Interior 0.59 ± 0.02 0.25 ± 0.01 
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Table 2.3. Three-way ANOVA for the vertical algal growth on grazing scars of Scarus 

rivulatus and Chlorurus microrhinos. Study site, species and scar region were the 

factors and algal height increase rate the dependent variable. 

 

Source of variation SS df MS F P Result 

Study site (S) 0.00 1 0.00 0.65 0.42 Ns 

Species (P) 1.35 1 1.35 121.80 <0.001 S 

Scar region (R) 1.13 2 0.56 50.82 <0.001 S 

Interaction (S.P) 0.04 1 0.04 3.48 0.06 S 

Interaction (S.R) 0.00 2 0.00 0.26 0.77 Ns 

Interaction (P.R) 0.23 2 0.11 10.34 <0.001 S 

Interaction (S.P.R) 0.00 2 0.00 0.31 0.73 Ns 

Error 1.16 105 0.01    

 

 

Table 2.4. Three-way ANOVA for the vertical algal growth rate on grazing scars of 

Scarus rivulatus and Chlorurus microrhinos. Study site, species and scar region were 

the factors and algal height increase rate the dependent variable. Significant values are 

presented in bold. 

 

Source of variation SS df MS F P Result 

Study site (S) 0.00 1 0.00 0.65 0.42 ns 

Species (P) 1.35 1 1.35 121.80 <0.001 s 

Scar region (R) 1.13 2 0.56 50.82 <0.001 s 

Interaction (S.P) 0.04 1 0.04 3.48 0.06 s 

Interaction (S.R) 0.00 2 0.00 0.26 0.77 ns 

Interaction (P.R) 0.23 2 0.11 10.34 <0.001 s 

Interaction (S.P.R) 0.00 2 0.00 0.31 0.73 ns 

Error 1.16 105 0.01    
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Fig. 3.4. Vertical algal growth on three regions of grazing scars of Scarus rivulatus and 

Chlorurus microrhinos during eight consecutive days. Figures on right are pictures of 

the grazing scar (above) and a schematic representation of a lateral view of the grazing 

scar, showing the three grazing scar regions. 
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3.4. Discussion 

 

This is the first study, to our knowledge, of parrotfish scar dynamics and 

highlights the variability in the roles of parrotfishes on coral reefs. Grazing scars of S. 

rivulatus and C. microrhinos differed markedly in the four aspects analysed: (1) mean 

depth, area and volume, (2) area reduction rates; (3) algal vertical growth rates; and (4) 

amount of algae removed. These results, as well as the distinct morphology and feeding 

mode of these species (Bellwood and Choat 1990), emphasize the differences between 

S. rivulatus and C. microrhinos in the role that they play in shaping processes on the 

GBR reefs. 

The small size of S. rivulatus grazing scars compared to those of C. microrhinos 

has been recorded in previous studies (e.g. Bellwood and Choat 1990, Fox and 

Bellwood 2007). These differences are usually attributed to the distinct feeding modes 

of these species, as excavating parrotfishes, such as C. microrhinos, usually leave 

bigger grazing scars on the foraging substratum (Bellwood and Choat 1990, 

Bruggemann et al. 1994b). Grazing area of S. rivulatus and C. microrhinos in the 

present study were slightly lower than values reported in previous studies (e.g. 

Bellwood 1995, Fox and Bellwood 2007, Bonaldo and Bellwood 2008). This result may 

be explained by the different methodologies used to measure scar area in the studies. In 

the previous studies, grazing scar area was calculated using the maximum scar width 

and length, assuming a rectangle, whereas the present study determined the real scar 

area using photographs. 

The different size and shape of grazing scars of S. rivulatus and C. microrhinos 

were probably the main reasons for their distinctly different occupation rates by algae. 

Scarus rivulatus left grazing scars smaller than C. microrhinos, which could be 
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occupied by algae faster. Furthermore, S. rivulatus scars usually had a larger amount of 

algae remaining on the border and centre, and algae could spread from border and 

centre towards the interior, quickly occupying all the clear spaces. In contrast, C. 

microrhinos grazing scars retain only a few algal filaments in the centre and, thus, the 

scar occupancy predominantly occurred from the border towards the centre. Grazing 

scars of C. microrhinos also had a smaller perimeter.area-1 ratio than scars of S. 

rivulatus. Thus, the fast growing algae in the border had a larger effect on the centre 

and interior of scars of S. rivulatus than of C. microrhinos, as they could spread faster 

and grow towards the interior, occupying the scar completely. 

These distinct size and shape of the grazing scars of the two studied species may 

also explain the observed differences in vertical algal growth rates between scar 

regions. For S. rivulatus, algal growth rates were high and similar between the border 

and centre of the scar, as there were many algae left on these regions immediately after 

the fish bite. However, in the interior of the scar, where no or little algae are left, the 

algal growth rates were significantly lower. For C. microrhinos, algal growth rates were 

maximal on the border, as algae remained there or could quickly spread from the 

surrounding substratum. In contrast, in the centre of the scar, where very little algae is 

left, and in the interior, where no algae is left, algal vertical growth rates were much 

lower. 

The differences in the algal growth rates in the grazing scars between C. 

microrhinos and S. rivulatus, especially on the interior region, also suggest that the 

processes driving algal regeneration in the scars of the two species are different. When 

feeding, the excavator C. microrhinos removes not only the algae covering the 

substratum (epilithic algae), but also the endolithic algae, exposing the underlying reef 

matrix. As no filamentous algae are left, even in the reef matrix, the region has to be 
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reoccupied by algae either by the settlement of new propagules or by the growth of 

algae filaments from other scar regions. In contrast, in S. rivulatus scars algae is 

apparently cropped and no endolithic algae is removed even in the scar interior, making 

it possible for algae to grow vertically, reoccupying the scar. Thus, algal regeneration is 

a much longer process in the grazing scars of C. microrhinos when compared to those 

of S. rivulatus. 

The scar dynamics of S. rivulatus and C. microrhinos emphasize the different 

functional implications of their feeding on the benthic community structure of coral 

reefs. Scarus rivulatus left smaller grazing scars, which were quickly reoccupied by 

algae. The small short-term grazing scars of S. rivulatus probably facilitate fast algal 

turnover in these habitats and a constant exchange of material on the benthic 

community. This species is responsible for the highest algal removal rates at all study 

sites; a direct result of the higher abundance and feeding rates of this species (Fox and 

Bellwood 2007, Hoey and Bellwood 2008). This pattern probably may be extrapolated 

to other inshore reefs of the GBR, as recent studies have found that S. rivulatus scraping 

species are the dominant parrotfish species at these reefs, strongly outnumbering 

excavating species (Fox and Bellwood 2007, Hoey and Bellwood 2008). Thus, scraping 

parrotfishes are probably the most important species in terms of removal and turnover 

of algae, at least on GBR inshore reefs. 

It is well known that scrapers and excavators differ in terms of bioerosion, with 

the latter removing much more material (Bellwood and Choat 1990, Bruggemann et al. 

1996, Fox and Bellwood 2007). However, their different morphologies also change 

their impact on the EAM. Although responsible for lower algal removal rates compared 

to S. rivulatus, C. microrhinos opened larger and deeper grazing scars, which remained 

clear for longer than S. rivulatus. Total scar areas are approximately twice those of S. 
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rivulatus after the seven day period. As a consequence, bites of C. microrhinos are 

probably more important to the colonization of reef substratum by sessile organisms. 

Moreover, in mid-shelf and outer-shelf GBR reefs, excavating species have similar or 

higher biomass than scraping parrotfishes (Fox and Bellwood 2007, Hoey and 

Bellwood 2008) and are probably the most important group of herbivorous in terms of 

algal removal. 

The algae removal rates by S. rivulatus and C. microrhinos presented herein 

emphasise the importance of the studied species to the benthic community. Scarus 

rivulatus and C. microrhinos graze, respectively, 104% and 40% of m2 of substratum 

per month (Fox and Bellwood 2007), which takes a minimum of four to seven days, 

respectively, to be reoccupied by algae. Based on these values, the algal turfs covering 

the reef crest at Pioneer Bay is completely removed 1.5 times per month and, at any 

portion in time, approximately 13.7% of the reef surface is clear of algae: 8.5% because 

of S. rivulatus and 5.2% because of C. microrhinos. As a consequence, the studied 

species may play an important role in the opening of new colonization sites, allowing 

the settlement of new sessile organisms and the complete renewal of the reef 

substratum. 

The high removal rates of EAM by parrotfishes in the present study also suggests 

that the feeding activity of these fishes may be an important factor preventing phase 

shifts on coral reefs. Although macroalgae outbreaks are usually considered the main 

characteristic of coral reef degradation, a number of studies have found that during reef 

phase-shifts coral decline may be facilitated or accompanied by a proliferation of algal 

turfs (Diaz-Pullido and McCook 2004, McManus and Polsenberg 2004, Birrell et al. 

2005, Hughes et al. 2007). Thus, high consumption of EAM by parrotfishes is probably 

an important issue to maintain the equilibrium and diversity of coral reefs. 
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The current findings on the differences in the dynamics of grazing scars between 

S. rivulatus and C. microrhinos may possibly be extrapolated to other scraping and 

excavating species. Comparative studies on the feeding of scraping and excavating 

species found a high degree of homogeneity within groups in terms of morphology, 

feeding rates and grazing scar size (e.g. Bellwood and Choat 1990, Fox and Bellwood 

2007). Thus, it is highly possible that the patterns observed in the present study will be 

representative of a broad range of scraping and excavating species. 

Parrotfish populations have been suffering severe declines worldwide and 

excavating species are particularly vulnerable (e.g. Bellwood et al. 2003, Aswani and 

Hamilton 2004, Ferreira et al. 2005, Floeter et al. 2006, Sabetian and Foale 2006). As 

these fishes represent one of the few groups responsible for opening up new areas of 

reef surface for colonization, their decline would promote a shift in the nature of 

grazing. The harvest of excavating parrotfish individuals not only reduces grazing 

activity but may change the dynamics of the epilithic algal matrix, the dominant 

substratum cover of most reef ecosystems. 
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Chapter 4: Spatial variation in the effects of grazing on epilithic 

algal turfs on the Great Barrier Reef, Australia 

(In review) 

 

4.1. Introduction 

 

Coral reefs exhibit a clear pattern of zonation from an inshore, shallower reef flat 

to an offshore, deeper reef base, transitioning through reef crest and reef slope zones. 

These zones differ markedly in their physical and biological characteristics, including 

depth, water movement, light levels, and faunal composition (Done 1982, Hay 1984a, b, 

Lewis and Wainwright 1985, Steneck 1988, Paddack et al. 2006, Fox and Bellwood 

2007). 

Although most often associated with larger algal taxa, this gradient also applies to 

the ubiquitous algal turfs, defined as the epilithic algal matrix (EAM) (sensu Wilson et 

al. 2003). Algal turf is one of the dominant benthic components of coral reefs 

(Crossman et al. 2001, Wilson et al. 2003, Paddack and Sponaugle 2008) and 

represents one of the major contributors to primary productivity on coral reefs. Algal 

turfs in different reef zones exhibit marked variation in the relative amount of 

particulate inorganic (sediment) and organic matter (detritus sensu Purcell and 

Bellwood 2001), in the particulate component, which directly affects their nutritional 

quality. For example, reef herbivores usually target algal turfs with a higher percentage 

of detritus, which are more abundant on the reef crest than on other reef zones 

(Crossman et al. 2001, Purcell and Bellwood 2001, Wilson et al. 2003). 

An examination of the factors structuring algal communities on coral reefs is 

particularly relevant, as marine algae have high growth and productivity rates and 
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represent strong competitors for corals and other sessile reef organisms (McCook 1999, 

Lirman 2001, Hughes et al. 2007). This subject has become even more important in 

recent years with the extensive degradation of coral reefs (McCook 1999, Hughes et al. 

2003, 2007, Gardner et al. 2003, Mumby 2009b, Norström et al. 2009, Paddack et al. 

2009). In many cases, degradation of coral reefs has been associated with an expansion 

of benthic macroalgae and a decline in reef-building corals, widely termed ‘phase-

shifts’ (e.g. Hughes et al. 2003, Bellwood et al. 2004, Ledlie et al. 2007, Norström et 

al. 2009). However, a shift to macroalgae is only one of a number of alternative states 

on reefs (Bellwood et al. 2004, Norström et al. 2009), including domination by algal 

turfs. Of all benthic components, algal turfs are the most widespread (Hay 1981, 

Ferreira and Gonçalves 2006, Paddack et al. 2006, Ledlie et al. 2007, Paddack and 

Sponaugle 2008, Wismer et al. 2009) and potentially one of the most resilient (Stewart 

1989, Airoldi 1998, Bellwood and Fulton 2008). Algal turfs are also the main source of 

the primary productivity of reefs (Hatcher 1981, Hay 1981, Wilson et al. 2003) and the 

main feeding substratum for a number of reef organisms, especially herbivorous and 

detritivorous fish species (e.g. Wilson et al. 2003, Ferreira and Gonçalves 2006, Fox 

and Bellwood 2007, Bonaldo and Bellwood 2008). Because of the importance of algal 

turfs on coral reefs, their status may shape the health of coral reefs and their associated 

fish faunas (Airoldi 1998, Airoldi and Virgilio 1998, Birrell et al. 2008). Thus, 

knowledge of the factors controlling algal turfs is key to our understanding of the 

dynamics of coral reefs. 

Despite the abundance and recognized importance of algal turfs to the dynamics 

of reef ecosystems, the vast majority of the literature on the impact of herbivory in 

structuring algal communities on coral reefs is focused on larger taxa, such as 

macroalgae and seagrasses (e.g. Hay 1983, 1984 a, b, Lewis and Wainwright1985, 
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Steneck 1988, McCook 1997, Hoey and Bellwood 2009, Wismer et al. 2009). To date, 

some very few studies investigated the grazing effects on algal turfs in different reef 

zones coral reefs (e.g. Hatcher and Larkum 1983, Scott and Russ 1987). Although these 

studies have provided important information on the relative contribution of herbivory 

on the standing crop and species composition of algal turfs across the reef gradient, 

some important questions on the importance of herbivores in the structuring and 

dynamics of algal turfs on different zones still remain. 

For example, it has been demonstrated that herbivory exclusion changes the 

structure of algal turfs (Hatcher and Larkum 1983, Scott and Russ 1987); however, it is 

unclear if different grazing pressures across the reef gradient is a cause or consequence 

of different algal turf communities among reef zones. In this context, a key question 

which remains to be answered is: Are the sediment-rich algal turfs in the reef flat a 

result of decreased herbivory levels or do environmental factors change the composition 

of turfs and indirectly prevent herbivory? In effect, would herbivores at the flat feed on 

“clean” turfs, if available? On the other hand, would sediment-laden algal turfs from the 

flat be avoided for grazing by herbivores on the crest? 

The purpose of the present study was, therefore, to explore the relative importance 

of herbivory in structuring algal turfs on different coral reef zones. The study was 

conducted on the reef crest and inner flat, zones with the highest within-reef differences 

in herbivorous reef fish biomass, grazing rates, substratum cover, and algal turf 

composition on coral reefs (Lewis and Wainwright 1985, Purcell and Bellwood 2001, 

Fox and Bellwood 2007, Bonaldo and Bellwood 2010). Thus, if there are any 

differences in the relative importance of herbivory in the structuring of algal turfs, they 

would be most evident between these two zones. Our specific aim was to determine if 

natural variation in the intensity of grazing pressure by herbivores on algal turfs in the 
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two studied zones would result in different algal turfs in terms of algal length, 

particulate load and sediment content. 

 

4.2. Material and methods 

 

This study was conducted in February 2008 at Orpheus Island (18o35’S, 

146o20’E), a granitic island in the inner shelf region of the Great Barrier Reef (GBR), 

approximately 20 km off the North Queensland coast. Two sites in Pioneer Bay, 

approximately 500 m apart, were examined. Pioneer Bay was selected for the present 

study as it is a sheltered bay on the leeward coast of Orpheus Island. It receives little 

wave activity and was calm throughout the study period. A previous study at Pioneer 

Bay has shown that grazing pressure differs greatly between different reef zones, with 

the crest and inner flat presenting, respectively, maximum and minimum values for 

herbivorous fish biomass (46.8 ± 9.5 and .02 ± 0.01 g · m -2) and algal removal (174 ± 

61.9 and 1.71 ± 1.14 % substratum grazed · m -2 reef · month-1) (cf. Fox and Bellwood 

2007). These zones lie at approximately similar depths, within 0.5 – 1.0 m of chart-

datum, and experience similar light incidence. Analyses of turfs at the study site 

identify Scarus rivulatus (Labridae) and Siganus doliatus (Siganidae) as the primary 

scraping grazers and grazers, respectively, in both reef zones (Fox and Bellwood 2007). 

As the composition and feeding activity of the herbivorous fish assemblage at the study 

site has been intensively studied during the past years, information on grazing pressure 

at the different reef zones will be based on previous findings (e.g. Fox and Bellwood 

2007, Bonaldo and Bellwood 2008, 2009). 

To directly quantify the effect of this herbivory on algal turfs from different reef 

zones, we designed an experiment in which pieces of coral rubble covered by algal turfs 
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(Fig. 4.1) were transplanted between the two studied zones, crest and inner flat. The 

purpose of this experiment was to evaluate changes in algal canopy height, total 

particulate content (i.e. organic and inorganic material) and relative inorganic content 

(= sediment load) in algal turfs four days after manipulation. The three algal turf 

variables measured in this study (algal canopy height, particulate content and sediment 

load) were chosen as they have previously been indetified as important indicators of 

algal turf composition and dynamics in previous studies (e.g. Carpenter 1993, Crossman 

et al. 2001, Purcell and Bellwood 2001, Bellwood and Fulton 2008). The particulate 

matter in algal turfs, for example, corresponds to a pool of particulates trapped by algal 

filaments on algal turfs. The total particulate matter is composed by an organic fraction 

(detritus), which is usually the main target of herbivores feeding on algal turfs, and an 

inorganic fraction (sediments), which is usually avoided by herbivores. For this reason, 

algal turf sediment load usually provides direct information on the nutritional value of 

this substratum (Purcell and Bellwood 2001, Wilson et al. 2003).Our focus is, therefore, 

on the factors driving the physical structure of algal turfs on natural substrata. 

 

 

Fig. 4.1. An example of the pieces of coral rubble covered by algal turf used for the 

experiments in the present study. 
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The duration of the experiment was chosen based on preliminary observations at 

the study site and on previous studies on algal turfs, which have shown that algal turfs 

are highly dynamic communities with a rapid response to disturbance and manipulation 

(e.g. Stewart 1989, Airoldi 1998, Bellwood and Fulton 2008). For each reef zone of the 

two study sites, five replicate pieces of rubble were exposed to one of the five following 

treatments: (1) in situ (non-manipulated controls), (2) transferred to the other reef zone, 

(3) transferred to the other reef zone and caged (herbivore exclusion), (4) carried to the 

other reef zone and brought back to the original zone (movement control) and (5) 

carried to the other reef zone and brought back to the original zone and caged 

(movement control with herbivore exclusion) (Fig. 4.2). 

Thus, at each studied reef zone, the experiment effectively had two key 

treatments: turfs exposed to herbivores and caged turfs. The main outcomes of the 

experiment are: (1) If herbivory is unimportant, caged and no uncaged treatments 

should have no differences; (2) if physical factors are unimportant, transferred turfs in 

cages should all retain their original configuration; (3) if herbivory is important, turfs in 

caged and uncaged treatments should be different (with the extent reflecting grazing 

intensity in each reef zone); and (4) if physical factors are important, both caged and 

uncaged turfs should conform to the turf conditions in the new location (i.e. high or low 

sediment load). Considering information from previous studies, it may be hypothesized 

that decreased herbivory on the flat (e.g. Hatcher and Larkum 1983, Scott and Russ 

1987) will result in no changes to the turfs in caged and uncaged conditions. On the 

other hand, turfs transferred from the flat to the crest may exhibit either (a) no change in 

exposed turfs (if sediments deter grazing), the predicted outcome based on published 

observations (e.g. Bellwood and Fulton 2008), or (b) loss of turfs, which could be either 

a result of grazing of sediment-laden turfs or sediment loss followed by grazing of 
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algae. The latter case will be indicated by a loss of sediments from caged flat turfs on 

the crest. 

To standardize the experiment, the pieces of coral rubble were haphazardly 

chosen and similarly sized (approximately 25 x 25 x 10 cm). During the transplantation, 

care was taken to not disturb the algal turf covering the rubble to minimize loss of 

sediment and detritus. To ensure pieces retained the particulate loads (sediment and 

detritus), each transplanted piece of coral rubble was carefully placed inside a plastic 

container, which was slowly carried underwater between reef zones. The cages were 30 

x 30 x 20 cm, made with galvanized wire mesh (1.3 cm mesh size) and held down by 1 

kg weights. These cages efficiently excluded all herbivorous fishes longer than 5 cm 

total length, considered the main algal consumers on coral reefs (cf. Ceccarelli et al. 

2005, Fox and Bellwood 2007). 

For measurements of algal height, five areas on the piece of rubble were 

haphazardly chosen and measured with forceps. The point of one arm of the forceps 

was placed on the substratum at its base and the other arm was adjusted to the algal tip. 

The distance between arm tips (= algal height above substratum) was then immediately 

recorded by inserting the forcep tips obliquely into a saltwater resistant pressure 

sensitive poster adhesive (blu tack). In the laboratory, the distance between the two 

forceps marks were measured with a digital calliper. This method was calibrated using 

algae of known length and was accurate to within 5.40 % (0.92 ± % SE, n = 60) 

(following Bonaldo and Bellwood 2009). 

To evaluate the total particulate material and sediment load in the different 

treatments, all pieces of coral rubble were sampled four days after transplantation. For 

each sample, a 58 cm2 ring enclosure was pinned to the substratum. Particulate material 

was vacuumed from the algal turfs within the circular sampling area using an electronic 
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vacuum sampler. Sediment samples were kept in plastic bags, sealed and kept on ice 

prior to laboratory processing. In the laboratory, each sample was freeze dried for five 

days and weighted to the nearest 0.1 mg. Samples were then bleached three times to 

eliminate organic matter, freeze dried and weighted again (following Purcell 2000, 

Purcell and Bellwood 2001). 

Because of the number of replications involved, partial cage controls were 

excluded from the main design. To evaluate if cages used in the experiments had any 

other effects on algal turfs, besides herbivore exclusion, we compared pieces of coral 

rubble covered by algal turfs under the two following treatments: 1) uncaged and 2) 

partially caged. Uncaged plots simply consisted of a piece of coral rubble covered by 

algal turfs. Partial cages were identical to full cages used in the experiments, except that 

the roof of the cage was removed to allow access for large herbivores. Large reef fish 

species have been found to be the main herbivores removing algae in the study site (Fox 

and Bellwood 2007, Bonaldo and Bellwood 2009). The main role of partially caged 

plots was to quantify the extent to which full cages may reduce water flow or the 

movement of sediment (cf. Steele 1996, Thacker et al. 2001), without compromising the 

grazing effects of the main herbivorous agents on algal turfs in the study site. Five 

replicates of each treatment were placed in each of the two reef zones (reef flat and 

crest) for five days (n=40). Subsequently, algal height canopy, total particulate content 

and sediment load were measured in each of the plots as described above. For each of 

the three variables in each reef zone, a Mann-Whitney test was used to compare the two 

treatments. 
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Statistical analyses 

 

To compare natural patterns for in situ algal turfs between the reef crest and inner 

flat, Kolmogorov-Smirnov tests were used for each of the analysed three variables 

(algal height, total particulate matter, sediment load). KS tests were also used to 

examine site effects for the three algal turf variables within each reef zone. 

For the main transplant experiment, each of the three variables (algal canopy 

height, particulate content, sediment load) was also analysed with a General Linear 

Model (GLM) to examine site and treatment effects. In these tests, treatment was the 

fixed factor, and site and interaction between site and treatment the random factors. 

Each GLM analysis was followed by specific a-posteriori comparisons of pairs of 

treatments to identify the plots causing the detected differences. 

Because algal turfs with longer canopy height have been previously suggested to 

have higher particulate matter and sediment load (Purcell 2000, Birrell et al. 2008), two 

linear regressions were undertaken to examine the relationship between the analysed 

variables. In both regressions, mean algal canopy height was the independent variable 

and particulate content and inorganic load the dependent variables. Mann-Whitney tests 

were used to compare uncaged and partially caged treatments for each of the three 

analysed variables (algal canopy height, particulate content, sediment load). 

Before all parametric tests, data were examined for normality and homogeneity of 

variances using residual analyses. For the total particulate material analysis, data were 

square root transformed and for the relative amount of inorganic matter in the different 

treatments, an arcsine transformation was applied to meet requirements. 
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4.3. Results 

 

In situ turfs in the reef crest and flat presented opposite patterns of algal canopy 

height, total particulate matter and relative sediment load (Figs. 4.2 - 4.5). In the crest, 

the values for these three characteristics were low compared to those recorded in the 

inner flat (df = 1, p < 0.001 for the three analysed variables). No site effect was detected 

for the three variables in either reef zones (p ≥ 0.32 for all possible comparisons). 

No site effect was detected for the three variables in the experiments (Table 3.1). 

Also, no differences were found between in situ samples and movement controls for the 

three analysed variables in either reef zone (Table 3.2). This result suggests that the 

movement of rubble during the experiments had no significant effects on the three 

analysed variables.  

Caged and non-caged pieces of coral rubble originally from the reef flat and kept 

in this zone (i.e., in situ samples, movement control and movement control with 

herbivore exclusion) had similar values for the three analysed variables in the algal 

turfs, indicating that herbivory effects on algal turfs on the inner flat is negligible. In 

contrast, caged in situ crest samples exhibited a significant increase in the three 

analysed variables compared to non-caged in situ crest samples (Table 3.2), indicating 

that herbivory modifies turfs on the crest. 

Samples moved from the crest to the flat exhibit a significant increase in algal 

canopy height, particulate content and sediment load, irrespective of herbivore 

exclusion (Table 3.2, Figs. 4.2- 4.5). These results indicate that environmental factors 

shape turf composition on the flat irrespective of herbivory in this location. In contrast, 

differences were found between caged and open plots on the reef crest, as  samples 

exposed to herbivores showed a significant decrease for the three variables compared to 
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caged transplants (Table 3.2, Figs. 4.2-4.5). These results indicate that sediment was 

insufficient to prevent grazing and that environmental factors did not results in the loss 

of sediment. It appears that grazing alone reduced all three variables significantly in 

open samples on the reef crest. 

Overall, treatments exposed to herbivores only suffered significant changes in the 

reef crest. Irrespective of the original zone of the turfs, at the end of the experiment all 

exposed turfs in the crest had similar low values for algal canopy height, particulate 

content and sediment load when exposed to herbivores. In contrast, herbivore exclusion 

resulted in significant higher values for the three studied variables, irrespective of the 

original reef zone and of the methodology used to decrease herbivory (e.g. caging; 

moving turfs to the flat etc.). The final condition of algal turfs in terms of algal length, 

particulate load and sediment content all depended primarily of the grazing pressure 

intensity to which the treatments are exposed. 

Direct linear relationships were found between algal canopy height and particulate 

content (R2 = 0.63, p < 0.001), as well as between algal canopy height and sediment 

load on algal turfs (R2 = 0.62, p < 0.001). 

No differences were found between open and partial cage treatments for any of 

the three analysed variables in either of the two reef zones (Table 3.3). No build up was 

recorded on any cages. All changes therefore appear to be a result of herbivory by 

fishes. 
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Fig. 4.2. Schematic summary of the results of the experiments on transplanted pieces of 

rubble between the reef crest and inner flat at Orpheus Island, GBR. A = algal turf mean 

height, P = total particulate material (g. dry weight), S = sediment load (i.e. relative 

amount of inorganic material in the total particulate material of algal turfs). Squares 

represent sediment and circles the organic particulate material. 
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Fig. 4.3. Algal height (mm, mean + SE) on pieces of coral rubble covered by algal turfs 

at Orpheus Island, GBR. Upper bars show samples from the crest, lower graph from the 

flat. Horizontal axis legend indicates final exposure location. Bars marked with same 

letters showed no significant differences. 
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Fig. 4.4. Total particulate material (dry weight g, mean + SE) on pieces of coral rubble 

covered by algal turfs at Orpheus Island, GBR. Upper bars show samples from the 

crest, lower graph from the flat. Horizontal axis legend indicates final exposure 

location. Bars marked with same letters showed no significant differences. 
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Fig. 4.5. Relative amount of sediment in the total particulate material (%, mean ± SE) 

on pieces of coral rubble covered by algal turfs at Orpheus Island, GBR. Upper bars 

show samples from the crest, lower graph from the flat. Horizontal axis legend indicates 

final exposure location. Bars marked with same letters showed no significant 

differences. 
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Table 3.3. Comparative analyses of algal height, total particulate content and sediment 

load for uncaged and partially caged treatments on algal turfs at the crest and inner flat 

at Orpheus Island, Australia. 

 

Zone Variable Untouched 

(mean ± SE) 

Open cages  

(mean ± SE) 
χ2* df p Result 

Crest 

Algal height (cm) 3.82 ± 0.22 3.66 ± 0.19 0.53 1 0.46 ns 

Particulate (g) 0.24 ± 0.03 0.27 ± 0.03 0.70 1 0.40 ns 

Sediment (%) 56.73 ± 2.77 52.41 ± 1.60  1.35 1 0.24 ns 

Flat 

Algal height (cm) 8.53 ± 0.58 8.66 ± 0.43 0.10 1 0.75 ns 

Particulate (g) 2.43 ± 0.16 2.44 ± 0.18 0.01 1 0.92 ns 

Sediment (%) 90.69 ± 1.25 91.61 ± 1.34 0.09 1 0.75 ns 

*χ2 values based on U value (Mann-Whitney test) approximation 

 

4.4. Discussion 

 

Coral reefs represent good systems to examine spatial differences in the relative 

importance of ecological processes because of their marked zonation. In this study, the 

marked and rapid variation in the three algal turf variables (algal canopy height, total 

particulate material and sediment load) on the crest and inner flat suggests that this 

substratum is shaped by markedly different intensities of herbivory in each zone. 

Previously, spatial variation in macro-algal and seagrass abundance has been attributed 

to differences on the grazing pressure across the reef gradient, with algae abundance 

negatively related to the extent of herbivory (e.g. Hay 1983, 1984 a,b, Lewis and 

Wainwright1985, Steneck 1988, Paddack et al. 2006, Fox and Bellwood 2007, Wismer 

et al. 2009). However, we show that herbivory also directly affects algal turfs, and that 

the response is extremely rapid. Our results indicate that grazing has a major role in 
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structuring algal turfs and that the extent of grazing effects can vary spatially, with a 

clear change in intensity at locations less than a hundred meters apart. This grazing 

affects bthe algae, particulate and the sediment loads. 

Basically, grazing on the flat is insufficient to a prevent build-up of algae, 

particulates and sediment. Increasing sediment-laden turfs was a rapid response driven 

by the lack of grazing in both reef zones. However, sediment-laden turfs rapidly 

changed on the crest but only if exposed to grazing (i.e. environmental conditions alone 

did not remove the sediments). This suggests that (1) low sediment loads are a result of 

grazing activity and (2) sediment is insufficient to deter grazing, at least when present 

in small quantities (i.e. spatially and temporally restricted).  

The negative relationship between grazing pressure and the three focal variables 

(algal canopy height, total particulate content and sediment load) in the studied reef 

zones is most clearly demonstrated by comparisons between caged and non-caged 

pieces of rubble transplanted from the flat to the crest. In the absence of cages, 

transplanted algal turfs had a significant % decrease in algal canopy height, particulate 

content and sediment load. In contrast, these changes were not observed in samples 

transplanted and placed within cages. As the exclusion of herbivores is the main 

difference between these two treatments, it is probable that this was the main factor 

responsible for the reduction of the three analysed variables in non-caged pieces of 

rubble. 

Likewise, the importance of herbivores in controlling algal turfs in the reef crest is 

suggested by the changes in in-situ caged samples on the crest (movement control with 

herbivore exclusion). These samples had a significant increase in the three analysed 

variables with an 18 - 26% increase in algal length in just four days. Although turfs are 

known to be dynamic communities (e.g. Hatcher and Larkum 1983, Scott and Russ 
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1987, Stewart 1989, Airoldi 1998, Bellwood and Fulton 2008), the speed of response of 

turfs under different treatments is striking and indicates that continuous grazing by 

herbivores is important in maintaining the algal turf composition on the reef crest. 

In contrast to the results observed on the reef crest, of all the samples from the 

inner flat, differences were only observed in non-caged samples transplanted to the 

crest. The three treatments on the flat were virtually indistinguishable. Moreover, non-

caged pieces of rubble transplanted from the crest to the flat had significant increases in 

algal canopy height, particulate content and sediment load. The overall resemblance of 

pieces of rubble in the reef flat (either originally found there or brought from the reef 

crest) suggests that herbivores do not play a significant functional role in shaping the 

composition of algal turfs on the inner flat. This apparent low importance of herbivory 

in shaping the composition of algal turfs on the reef flat is probably due the low 

herbivore biomass and grazing pressure in this reef zone compared to the reef crest 

(Hatcher and Larkum 1983, Lewis and Wainwright 1985, Williams and Polunin 2001, 

Russ 2003, Fox and Bellwood 2007). The differences between the results obtained in 

the two studied zones indicate that grazing pressure and sediment accumulation 

differently shape the composition of turfs on the reef crest and flat. On the crest, 

grazing maintains low turf and sediment loads; on the flat sediments accumulate in a 

non-grazed algal matrix. 

Sediment loads may be both a result of, and reason for, low grazing rates. The 

negative relationship between sediment load and grazing rates may be explained by the 

decrease in the nutritional value of algal turfs on the flat caused by an increase in 

sediment within the algal turfs, or more accurately, the EAM. When feeding, herbivores 

usually ingest both the algae and the particulate material trapped within the algal matrix 

(Crossman et al. 2001, Airoldi 2003, Wilson et al. 2003, Ferreira and Gonçalves 2006, 
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Bellwood and Fulton 2008). This particulate content is composed of an organic 

(detritus) and an inorganic fraction (sediment), with the detrital component considered 

as a highly nutritious feeding source (Crossman et al. 2001, Wilson et al. 2003, Ferreira 

and Gonçalves 2006) and sediments a herbivore deterrent (Purcell and Bellwood 2001, 

Airoldi 2003, Bellwood and Fulton 2008). As a consequence, an algal matrix with a 

higher sediment load in their total particulate material, on the reef flat, probably has 

lower nutritional value. This suggestion is reinforced by a number of studies on rocky 

coasts (e.g. Schroeter et al. 1993, Airoldi and Virgilio 1998, Airoldi 2003) and coral 

environments (e.g. Steneck et al. 1997, Umar et al. 1998, Bellwood and Fulton 2008), 

which all report a reduced number of herbivores and reduced grazing pressure in areas 

of high sedimentation. Nevertheless, the observed reduction in algal height and 

sediment levels in flat turfs transferred to the crest suggests that these sediment levels, 

in small quantities, are insufficient to prevent grazing.  

The differences the grazing intensity on algal turfs between the two studied zones 

might also be explained by possible differences on the species composition of algal turf 

communities between the reef crest and inner flat. Unfortunately, algal taxonomy in the 

Indo-Pacific remains a major problem, as field identifications in the algal turfs are 

exceedingly difficult. However, the appearance of the turfs was very similar in the two 

reef zones (predominately filamentous red and browns), while the rapid consumption of 

exposed turfs on the crest, irrespective of their origin, suggests that differences in 

species composition were not a major factor shaping grazing patterns. 

The positive relationship between the three analysed variables (algal canopy 

height, total particulate material and sediment load) in this study accords with the 

current literature. It has been shown that trapping of sediments by algal turfs may serve 

to anchor the assemblage, as sediments facilitate the growth of turfs (Gorgula and 
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Connell 2004) and prompt algal overgrowth of corals or other organisms (Steneck 

1997, Nugues and Roberts 2003, Birrell et al. 2008). In contrast, areas with high 

grazing pressure are known for having algal turf assemblages with short algal canopy 

height (Purcell 2000, Purcell and Bellwood 2001), as noted in the communities 

recorded in the crest in the present study. This tight relationship between algal canopy 

height, particulate content and sediment load may have direct implications for the 

nutritional quality of algal turfs and may shape the nature of benthic community 

dynamics. 

The transfer of reef flat turfs to the crest resulted in a rapid decrease in algal 

canopy height and particulate load, but only when in non-caged treatments, indicating 

that herbivores were the primary driver of changes to turfs (the partial cages 

demonstrated that this was grazing and not just water movement). Also, in addition to 

the reduction of sediment load and algal canopy height in turfs by herbivores, it has 

been found that grazing may modify a number of other variables on algal turf 

communities, such as species composition, productivity, dynamics and biomass (e.g. 

Hatcher and Larkum 1983, Airoldi 1998, 2003, Airoldi and Virgilio 1998, Thacker et 

al. 2001). These results suggest that varying grazing pressure across the reef gradient 

can profoundly shape algal turfs on the reef crest and inner flat resulting in two 

fundamentally different types of algal turfs: a nutritionally desirable, short turf (crest) 

and a sediment-laden, long algal turf (flat). These two alternate EAM conditions would 

be maintained with both positive and negative feedbacks as herbivores and detritivores 

are likely to avoid the undesirable sediment-rich EAM, which grows longer and 

accumulates more sediment, while the short EAM would be kept with a low sediment 

load by constant grazing. 
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The role of herbivores in keeping low sediment loads on algal turfs reinforces the 

importance of grazers in the maintenance of healthy coral-dominated reef ecosystems 

(e.g. Lewis and Wainwright 1985, Lirman 2001, Bellwood et al. 2004, Paddack et al. 

2006, Mumby 2009b). High sediment loads are considered a significant threat to coral 

reefs (Airoldi 2003, Nugues and Roberts 2003), with potential impacts on coral larval 

settlement (Babcock and Davies 1991, Birrell et al. 2005) and on the growth and 

survival of coral colonies (Steneck 1997, Nugues and Roberts 2003, Birrell et al. 2008). 

Indeed, the inner flat and crest are well known for their clear differences in terms of 

benthic composition, with the latter presenting the highest coral cover and benthic 

complexity (Russ 2003, Fox and Bellwood 2007, Wismer et al. 2009). The modification 

of algal turfs by grazers may, therefore, not only result in a higher quality foraging 

substratum for reef organisms, but also in a better condition for the settlement and 

development of coral colonies. The higher coral cover in the reef crest compared to the 

inner flat (Fox and Bellwood 2007), which may be either a cause of consequence of the 

highest grazing pressure in this reef zone, may also contribute to higher grazing rates by 

fishes in that zone, by potentially providing greater structural complexity in this habitat 

(Graham et al. 2006). 

In general, the findings of this study support suggestions that herbivores are a 

major determinant of the benthic composition of coral reefs (e.g. Steneck 1988, Choat 

1991, Lirman 2001, Bellwood et al. 2004, Ceccarelli et al. 2005, Paddack et al. 2006), 

but emphasise the small-scale variability in this process. The importance of grazing 

pressure in shaping the spatial variation of algal turfs on coral reefs is probably 

applicable to other reef systems and spatial scales. For example, studies on a number of 

coral reefs around the world have found strong relationships between grazing pressure 

and substratum composition (e.g. Lewis and Wainwright 1985, Williams and Polunin 
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2001, Russ 2003, Paddack et al. 2006, Hoey and Bellwood 2008). It is likely that this 

general relationship also applies to the ubiquitous algal turfs, and their particulate 

contents in the EAM. 

Our study highlights the dynamic nature of algal turfs and, as suggested by their 

marked zonation patterns, the clear differences in the relative importance of herbivory 

between the reef crest and inner flat. Given the increasing recognition of the importance 

of functional groups in maintaining reef resilience (Nyström and Folke 2001, Bellwood 

et al. 2004, Nyström et al. 2008, Diaz-Pullido et al. 2009, Norström et al. 2009), the 

effect of grazers on the EAM may be an important but poorly understood component of 

reef resilience. 
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Chapter 5: Parrotfish predation on massive Porites  

on the Great Barrier Reef 

Coral Reefs (in press) 

 
5.1. Introduction 

 

Coral reefs around the world face an uncertain future with the threat of ocean 

acidification, global warming and more direct human disturbances (Nyström et al. 

2000, Baird and Marshall 2002, Hughes et al. 2003, Hoegh-Guldberg et al. 2007, 

De’ath et al. 2009). The potential loss of biodiversity in these systems has highlighted 

the need to better understand the key factors maintaining reef diversity and 

underpinning coral reef resilience (Bellwood et al. 2004, Nyström et al. 2008). In this 

context, several studies on coral predation by reef fishes have been conducted recently 

(e.g. Rotjan and Lewis. 2008, 2009, Francini-Filho et al. 2008, Alwany et al. 2009, 

Mumby 2009a, Jayewardene et al. 2009), reflecting the importance of predation as one 

of the main natural factors affecting coral distribution and abundance on coral reefs 

(Littler et al. 1989, Hixon 1997, Rotjan and Lewis 2005). 

Although parrotfishes have been considered one of the main coral predators on 

tropical reefs (Littler et al. 1989, Hixon 1997, Rotjan and Lewis 2005, Francini-Filho et 

al. 2008, Alwany et al. 2009, Mumby 2009a), little information on coral consumption 

by this group is available to the Indo-Pacific region. For example, no studies have 

evaluated if parrotfish predation affects the distribution, growth and survivorship of 

coral colonies in the Great Barrier Reef (GBR). Most studies on corallivory in this 

region have focused on coral predation by chaetodontids (e.g. Berumen et al. 2005, 

Pratchett 2005), a group which appears to have a limited influence on coral standing 

crops (Harmelin-Vivien and Bouchon-Navarro 1983) and a small impact on the 



 
 

70 
 

physical structure of corals compared to parrotfishes, tetradontids and balistids (Cole et 

al. 2008, Jayewardene et al. 2009). 

In contrast, vast literature on coral predation by parrotfishes is available for the 

Caribbean (reviewed by Rotjan and Lewis 2008, Mumby 2009a) and, as a consequence, 

this detailed information makes system level analyses of the impact of parrotfishes 

possible for coral colonies in this region (e.g. Mumby 2006, Rotjan and Lewis 2005). 

Reefs of the GBR and the Caribbean, however, differ greatly in their structure, species 

richness and biodiversity. For example, the main coral predators in the Caribbean are 

Sparisoma spp. parrotfishes (Bruckner and Bruckner 1998, Bruckner et al. 2000, Rotjan 

and Lewis 2005, 2008, Cole et al. 2008), which are completely absent in the Indo-

Pacific. There is also a much larger number of corallivorous reef species in the Indo-

Pacific and the evolution and ecology of coral predation in these two regions are likely 

to differ (Ferry-Graham et al. 2001, Cole et al. 2008, Rotjan and Lewis 2008, Mumby 

2009a, Bellwood et al. 2010). Thus, extending general conclusions from the Caribbean 

to the Indo-Pacific may be unwise (Mumby 2009a). Studies of the high diversity reefs 

in the Indo-Pacific, therefore, are critically important if we wish to understand the 

importance of parrotfishes on coral consumption and the potential impact of these fishes 

on coral colonies on this region. 

This study provides a preliminary overview of coral predation by parrotfishes on 

an Indo-Pacific reef, examining four zones (backreef, flat, crest and slope) at Lizard 

Island, on the GBR, Australia. Our specific objectives were: (1) to quantify the density 

of parrotfish grazing scars on corals for coral standardized area (grazing scars m-2 of 

coral surface), (2) to evaluate parrotfish grazing selectivity on scleractinian corals, and 

(3) to quantify the rate of parrotfish predation on massive Porites spp. colonies across 

the reef gradient. Massive Porites spp. were chosen for the main focus of this study as 
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initial observations at the study site showed that they are one of the most widespread 

coral groups among reef zones and have a high abundance of parrotfish grazing scars. 

 

5.1. Materials and methods 

 

Study sites and general methodology 

 

This study was conducted during October and December 2008 at Lizard Island, a 

mid shelf reef in the northern section of the GBR (14° 40’ S, 145° 28’ E). Two sites 

between South and Palfrey Islands were chosen for this study. Within each study site, 

four reef zones were selected: backreef (5-8 m deep), flat (0.5-1 m), crest (0.7-2 m) and 

slope (7-10 m). October and December were chosen for our data collection because 

corals at Lizard Island usually present different sexual maturation stages in each of 

these months (Harriott 1983). Mass coral spawning in the GBR usually occurs between 

late November and early December (Harriott 1983, Babcok et al. 1986). As a 

consequence, coral colonies have a significant increase in the quality and size of 

gametes from September to early December (Harriott 1983). Coral colonies in October 

and December at the study site probably presented, respectively, the highest and lowest 

number of mature gonads and eggs. 

Two major methodologies were used to assess coral predation by parrotfishes: a 

“still” measure, in which individual coral colonies were photographed only once and a 

“dynamic” measure, in which a same coral colony was photographed over 14 

consecutive days. The “still” methodology was used to assess coral abundance, density 

of parrotfish grazing scars on corals, parrotfish grazing selectivity,  number of massive 

Porites spp. grazed colonies and grazed area of massive Porites spp. colonies. The 
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“dynamic” measure was applied to quantify the rates of coral predation events by 

parrotfishes on massive Porites spp. colonies over 14 days. Details of both 

methodologies are presented below 

 

Coral abundance 

 

A photoquadrat method was used to evaluate coral abundance in each reef zone at 

the two study sites. Six 20 m transects were laid within each of the four reef zones, at 

the two sites and at the two time periods (n = 112 transects). In each transect, the 

substratum was photographed every meter at a standardized distance of 1 m (240 photo 

frames per studied location). Subsequently, 10 random points were haphazardly 

selected in each photograph with the program CPCe 3.6 for windows to evaluate the 

coral cover and the abundance of different coral species (n = 24000 points). 

 

Abundance and distribution of parrotfish grazing scars on corals 

 

Because direct observations of parrotfishes consuming live coral are infrequent, 

the presence of the distinctive grazing scars made by parrotfishes on live coral was used 

as an indicator of parrotfish feeding on corals (following Littler et al. 1989, Rotjan and 

Lewis 2005). However, before starting our data collection, we followed parrotfish 

individuals to observe the shape of their grazing scars on coral colonies (Table 4.1). 

Based on these observations, only very clear parrotfish grazing scars (i.e. presenting the 

typical jaws marks of parrotfishes, Fig. 5.1) were classified as parrotfish grazing scars 

(see Bellwood and Choat 1990, Bonaldo and Bellwood 2009). This methodology results 

in a conservative estimate of coral predation by parrotfishes, and avoids the confusion 



 
 

73 
 

with grazing scars left by other organisms, such as monacanthids, tetradontids and 

labrids (cf. Jayewardene and Birkeland 2006, Cole et al. 2008, Jayewardene et al. 

2009). However, non-scarid or unconfirmed scars represented less than 1% of all scars 

located. 

The number of parrotfish grazing scars on corals was determined by the same 

surveys undertaken for the coral abundance assessments. Photographs were analysed to 

verify the presence of parrotfish grazing scars on coral and, when present, scars were 

classified according to the coral species (or the lowest taxonomic category possible). 

Counts of number of parrotfish grazing scars in the photographs were calibrated by 

comparing counts in the photographs and counts in the field of a same coral area. The 

similarity between the two counts averaged 94.72% (2.16 ± % SE, n=33). 

Parrotfish grazing selectivity on scleractinian corals was assessed by comparing 

the number of grazing scars on each coral type and the availability of that coral type 

within each reef zone at each study site. For this analysis, coral colonies were classified 

into the following groups: Acroporidae, Faviidae, Mussidae, Pocilloporidae and 

massive Porites spp. 

 

 
 

Fig. 5.1. Grazing scars of parrotfishes on massive Porites spp. 
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Table 4.1. List of parrotfish predatory events on corals observed during the study and 

by a previous study at Lizard Island (Bellwood 1985). 

 

Parrotfish species Phase Total length 

 (cm) 

Coral identity # 

colonies 

Bolbometopon muricatum N/A - Acropora cytherea  1 

Bolbometopon muricatum N/A - Acropora divaricata 1 

Bolbometopon muricatum N/A - Acropora hyacinthus 5 

Bolbometopon muricatum N/A - Acropora latistella 1 

Bolbometopon muricatum N/A - Acropora listeri  2 

Bolbometopon muricatum N/A - Acropora millepora 4 

Bolbometopon muricatum N/A - Acropora nasuta 4 

Bolbometopon muricatum N/A - Acropora secale 5 

Bolbometopon muricatum N/A - Anamastrea sp.? 1 

Bolbometopon muricatum N/A - Favites sp.  1 

Bolbometopon muricatum N/A - Porites cylindrica 1 

Bolbometopon muricatum N/A 70 Massive Porites sp. 3 

Bolbometopon muricatum N/A 50 Massive Porites sp. 2 

Cetoscarus bicolor - - Montipora sp. 1 

Cetoscarus bicolor - - Platygyra sp. 1 

Cetoscarus bicolor - - Encrusting species 1 

Chlorurus microrhinos TP 60 Massive Porites sp. 1 

Chlorurus microrhinos TP 50 Massive Porites sp. 1 

Chlorurus sordidus TP 25 Massive Porites sp. 1 

Chlorurus sordidus - 60 Massive Porites sp. 1 

Chlorurus sordidus - - Porites lobata 4 

Chlorurus sordidus - - Porites lutea 2 

Chlorurus sordidus - - Porites australiensis 3 

Scarus flavipectoralis TP 30 Massive Porites 1 

Scarus flavipectoralis IP 15 Massive Porites 1 

Scarus frebnatus TP 30 Faviid 1 

Scarus niger TP 30 Massive Porites 1 

Scarus niger TP 30 Massive Porites 1 

Scarus rivulatus - - Porites sp. 1 
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Parrotfish abundance 

 

Parrotfish abundance was assessed at each study site to examine the relationship 

between parrotfish abundance and coral predation pressure. Nine 50 m x 2 m tape 

transects were surveyed within each of the four zones at the two sites in the two studied 

months (n = 96). Counts were based on all parrotfish individuals over 10 cm total length 

(Table 4.2). Because there is little information on parrotfish species feeding on live 

coral colonies (e.g. Bellwood and Choat 1990, Bellwood et al. 2003), all parrotfish 

species were considered in the counts as potential coral predators. All visual censuses 

were conducted within 2 h of the high tide in the morning to minimize any tide or time 

of day effects.  

 

Table 4.2. Mean relative abundances (%) of parrotfish species at two study sites (A and 

B) across a reef gradient at Lizard Island (GBR). Highlighted values indicate the two 

most abundant parrotfish species for each location. 

 

Parrotfish species 

Reef Zones 

Back reef Flat Crest Slope 

A B A B A B A B 

Chlorurus microrhinos 6.67 4.12 0 0 2.28 1.72 2.88 0 

Chlorurus sordidus 35 48.45 0.65 17.89 8.22 21.55 12.95 10.48 

Chlorurus schegeli 5 16.49 0.65 1.422 0 0 11.51 6.67 

Scarus flavipectoralis 6.67 4.12 1.30 0.81 1.37 1.72 14.39 8.57 

Scarus frenatus 3.33 1.03 0 1.02 38.82 7.76 0.72 0 

Scarus niger 0 0 0 0 0.91 6.03 10.79 20 

Scarus psittacus 11.67 7.22 51.95 47.56 21.46 22.41 13.67 9.52 

Scarus rivulatus 30 14.43 14.94 26.83 19.63 27.16 25.18 39.05 

Others 1.67 4.12 30.52 4.47 7.31 11.64 7.91 5.71 

 



 
 

76 
 

Number of grazed colonies and relative grazed area of massive Porites spp. 

 

The number of grazed coral colonies and relative grazed area of coral colonies 

were measured for massive Porites spp. colonies only. This group was chosen as it was 

consistently present in all four reef zones, exhibited clearly distinguishable grazing 

scars and because it presented the highest grazing selectivity by parrotfishes, and 

highest abundance of grazing scars at the study sites. A number of studies have also 

found Porites spp to be among the main corals preyed on by parrotfishes (e.g. Littler et 

al. 1989, Rotjan and Lewis 2005, 2006, Cole et al. 2008). Because of the difficulty in 

distinguishing massive Porites species on the GBR, colonies were classified as 

‘massive Porites spp’. 

The relative number of grazed colonies and the grazed area of massive Porites 

spp. colonies were assessed with six independent 20 m transects within each reef zone, 

site and month (n = 112). All colonies of massive Porites spp. found in the transects 

were photographed at a standardized distance of 1 m. Photographs were analysed to 

verify the presence of parrotfish grazing scars and, when present, scars were counted 

and measured with the software Image Tool (version for Windows 3.0). 

 

Dynamics of parrotfish grazing on massive Porites spp. 

 

The dynamics of parrotfish grazing on massive Porites spp. colonies was 

evaluated in terms of (1) the frequency of new grazing scars over 14 days and (2) 

changes in the relative coral grazed area over 14 days. For this component, 20 

individual massive Porites spp. colonies were haphazardly chosen in each reef zone of 

each study site and were photographed over 14 consecutive days in both months (n = 
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320 colonies, 4480 photographs). To ensure that the same colonies were photographed 

every day, identification tags were placed about 50 cm from each colony. Photographs 

were always taken of the same region of each colony, which was delimited using a 22 

cm x 22 cm plastic frame. For each colony, the external corners where the plastic frame 

was placed were marked with black pencil to allow divers to find the exact area of each 

colony to be photographed. Photographs were examined regarding the number of 

parrotfish grazing scars and the grazed area of each colony over the 14-day period. New 

and old scars were counted and measured with the software Image Tool (version for 

Windows 3.0). Dynamics of parrotfish grazing on massive Porites spp. colonies was 

evaluate in terms of rate of new parrotfish grazing scars and area of Porites grazed per 

m2 of Porites surface over the 14 day period. Rates of increase in the grazed area of 

massive Porites spp. in 14 days were extrapolated to calculate the yearly removal of 

Porites spp. tissue by parrotfishes in each study site. 

 

Statistical analyses 

 

Coral abundance among locations was compared with a two-way analysis of 

variance (ANOVA), with site and reef zone as fixed factors. The same test was used to 

compare the abundance of massive Porites spp. among zones and sites. Data on coral 

cover and Porites spp. abundance were square root transformed to meet test 

assumptions. 

The number of parrotfish grazing scars m-2 on coral tissue was analyzed with a 

three-way ANOVA, with month, site and reef zone as fixed factors. Data were log 

transformed to meet test assumptions. A three-way ANOVA was also undertaken on 

parrotfish grazing scars on massive Porites spp. colonies only, although data were 
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square root transformed to meet test assumptions. To examine the relationship between 

parrotfish grazing predation and coral cover, two Spearman rank correlation tests were 

examined: (1) total coral cover vs. number of parrotfish grazing scars m-2 of coral tissue 

and (2) massive Porites spp. cover vs. number of parrotfish grazing scars m-2 of Porites 

tissue. In both correlations, coral cover was arcsine transformed before to meet test 

assumptions. 

Grazing selectivity of different groups of scleractinian corals by parrrotfishes was 

measured based on Strauss’s Linear Resource Selection Index (L in Strauss 1979). Non-

parametric bootstrapping procedures were used to generate a 95% confidence interval 

around the observed L of each coral type, in which number of bites per coral type was 

used as sample units (10,000 randomizations). The confidence limits were determined 

using the percentile method (Manly 1997). 

Parrotfish abundance in the study sites was compared with a three-way ANOVA, 

with month, site and reef zone as fixed factors. Data were square root transformed to 

meet assumptions. The relationship between the abundance of massive Porites spp. and 

parrotfishes was again examined using Spearman rank correlation tests. The number of 

grazed colonies of massive Porites spp. was also compared with a three-way ANOVA 

with month, site and reef zone as fixed factors. This test was also applied to the relative 

grazed area of massive Porites spp. colonies (arcsine transformed to meet normality 

assumptions). 

A three-way ANOVA was used to compare the rate of new parrotfish grazing 

scars on massive Porites spp. with month, site and reef zones as fixed factors. The same 

analysis was used to examine the area of massive Porites spp. grazed by parrotfishes 

over 14 days. For the analyses of rate of new grazing scars and area of massive Porites 
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grazed in 14 days, data were respectively log (n+1) and arcsine transformed to meet 

normality assumptions. 

Before each parametric test, data were examined for normality and homogeneity 

of variances using residual analyses. When significant differences were found, post hoc 

tests (Tukey) were used to verify the specific sources of variation. 

 

5.3. Results 

 

Coral cover showed significant variation across the reef gradient (F1 = 13.04, p 

< 0.001, Fig. 5.2). In both sites, the reef crest presented the highest coral cover, while 

the flat presented the lowest coral cover. No site effect was detected (F1 = 0.25, p = 

0.62), but a site vs. zone interaction was significant as the flat in site B presented higher 

coral cover than in site A (F3 = 7.73, p < 0.001). No significant correlation was found 

between total coral cover and number of parrotfish grazing scars m-2 of total coral tissue 

(Spearman rank rs = -0.11, p = 0.69). 

For abundance of massive colonies of Porites species only, backreef and slope 

presented higher values than reef flat and crest (F1 = 45.01, p < 0.001), with no site 

effect (F1 = 1.99, p = 0.16) or interaction between site and zone (F1 = 0.65, p = 0.59, 

Fig. 5.2). The abundance of massive Porites spp. was negatively correlated to the 

number of parrotfish grazing scars m-2 of Porites in the four studied zones (Spearman 

rank rs = -0.81, p < 0.001), indicating that reef zones with low Porites cover, i.e. the 

crest and flat, have higher coral predation by parrotfishes. 
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Fig. 5.2. Coral cover in the four reef zones at Lizard Island, Great Barrier Reef. Upper 

bars represent cover of all scleractinian corals, excluding massive Porites species, while 

lower bars represent cover of massive Porites spp. only. Lower bars marked with same 

letters showed no significant differences. 
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General patterns of abundance of parrotfish grazing scars on coral colonies were 

similar for the two study sites in the two months considered. Mean number of bites of 

parrotfish m-2 of coral surface varied among reef zones, ranging from 58.98 in the 

backreef to 952.48 in the reef flat. All reef zones presented higher number of parrotfish 

grazing scars on massive Porites spp. than on all other coral species combined (Fig. 

5.3). Coral selectivity by parrotfishes varied among the reef zones, as some coral types 

were positively selected in some zones and avoided in others. Massive Porites spp. was 

the only coral type preferred by parrotfishes in all studied zones (Fig. 5.4). 

The number of parrotfish grazing scars m-2 of massive Porites spp. varied 

significantly among reef zones, as flat and crest presented higher number of parrotfish 

grazing scars m-2 Porites spp. than slope and backreef (F3 = 18.43, p < 0.001, Fig. 5.3). 

No month (F1 = 0.47, p = 0.50) or site effects (F1 = 0.03, p = 0.86) were detected and all 

factor interactions were not found to be significant (p ≥ 0.87 for all possible factor 

interactions). 
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Fig. 5.4. Feeding selectivity by parrotfishes on scleractinian corals (L Electivity Index ± 

95% CI) at Lizard Island, Great Barrier Reef. Values of the 95% CI above/below zero 

indicate preference/avoidance. 
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The abundance of parrotfishes was variable among reef zones (F3=14.72, p < 

0.001), similar between the two months considered (F1=1.39, p=0.24), and slightly 

different between the two study sites, as values on the reef flat in site B were higher than 

in site A (F1 = 5.55, p = 0.02. Fig. 5.5). The number of parrotfish grazing scars on 

massive Porites spp. was positively related to parrotfish abundance among reef zones 

(Spearman rank rs = 0.71, p = 0.002) 

 

 

 

Fig. 5.5. Abundance of parrotfishes (mean ± SE) across a reef gradient on two study sites 

at Lizard Island, Northern Great Barrier Reef. Bars marked with same letters showed no 

significant differences. 
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Grazed area of massive Porites spp. colonies varied among reef zones, but month 

and site effects and interactions between factors were not found to be significant (p > 

0.07 for all possible comparisons). As with the number of grazing scars, massive Porites 

spp. colonies on the crest and flat had higher grazed area (2.63% ± 0.74 and 3.65% ± 

2.55, mean ± SE, respectively) compared to backreef and slope (1.26% ± 0.40 and 0.67% 

± 0.16, respectively).  

The rate of new parrotfish grazing scars mirrored the static distributions. The rate of 

new parrotfish predation scars on massive Porites spp., in terms of the number of new 

grazing scars and area grazed by parrotfishes in 14 days, had similar results. In both 

analyses, no month or site effect were detected (p > 0.10 for all cases) and all interactions 

were not found to be significant (p ≥ 0.17 for all possible interactions in both analyses). 

The reef flat had the highest number of new scars, followed by the crest, which had more 

than five times as many bites as the backreef and slope. (Fig. 5.6a). The reef crest and flat 

also had the highest grazed area and did not differ (p= 0.55), with at least three times the 

grazed area as the slope and backreef (Fig. 5.6b). Estimated annual loss of coral tissue 

reflected this among-habitat variation, with corals in the reef flat in site B having, 

approximately, 78% of total Porites spp. surface area grazed each year (Fig. 5.7, Table 

4.1). Losses in the other habitats were proportionally lower, ranging from 1.5% on the 

backreef of site A to 25% on the flat at site A (Table 4.3). 
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Fig. 5.6. (a) Rate of new parrotfish grazing scars on massive Porites spp. (number of 

scars m-2 of coral tissue, mean ± SE) and (b) area of massive Porites spp. grazed by 

parrotfishes in 14 days (%, mean ± SE) at Lizard Island. Bars marked with same letters 

showed no significant differences. 
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Table 4.3. Estimated area (%, average ± SE) of massive Porites spp. colonies grazed by 

parrotfishes in one year at Lizard Island, GBR. 

 

Reef Zone 
Area of massive Porites spp. grazed in one year (%, average) 

Site A Site B 

Backreef 1.5 ± 0.6 3.1 ± 1.3 

Flat 25.3 ± 7.2 78.2 ± 56.7 

Crest 17.0 ± 4.7 24.5 ± 5.9 

Slope 5.8 ± 1.9 2.8 ± 1.0 

 

 

Fig. 5.7. A massive Porites spp. colony on the reef flat, site B, in two different occasions: 

1st day of observation (left) and 14 days later (right). Porites colonies at this habitat were 

estimated to have, on average, 78.2% of their area consumed by parrotfishes every year.  

 

5.4. Discussion 

 

This is the first study, to our knowledge, to quantify coral predation by parrotfishes 

in a high diversity coral reef system in the Indo Pacific. Overall, our results suggest that 
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grazing by parrotfishes on corals is widespread (among habitats) and frequent on the 

GBR. The rates appear to be comparable to, or higher than, other coral reef regions. For 

example, predation pressure on massive Porites spp. on the GBR is up to 4 times higher 

than in the Colombian Caribbean, 3-60 times higher than in Belize and 14-238  times 

higher than in Hawaii (Table 4.4). In all these locations, coral predation by reef fishes has 

been suggested to have important implications for coral distributions and survivorship 

(Littler et al. 1989, Bruckner and Bruckner 1998, Rotjan and Lewis 2005, Jayewardene et 

al. 2009). Parrotfish predation on corals may have a more important role on the GBR 

reefs than previously thought. 

Our results suggest that total coral cover is not a good indicator of the abundance of 

parrotfish grazing scars across the reef gradient. In contrast, when considering just 

massive Porites colonies, a strong negative correlationship was found between coral 

cover and the abundance of parrotfish bite marks. This difference is probably explained 

by the high selectivity of parrotfish for Porites when compared to other corals. As 

massive Porites spp. are highly targeted by parrotfishes, it is possible that grazing by 

parrotfishes directly affects the distribution of massive Porites spp. across the studied 

reef. This hypothesis is reinforced by a number of studies that suggest that coral 

predation by reef fishes may reduce or even prevent the development of target coral 

species on coral reefs (e.g. Neudecker 1977, 1979, Cox 1986, Littler et al. 1989, Grottoli-

Everett and Wellington 1997, Hixon 1997, Jayewardene et al. 2009). Thus, our findings 

suggest that, as in the Caribbean and Hawaii, growth and development of coral colonies 

on the GBR are also negatively affected by fish feeding activity. 
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A number of previous studies have reported the use of Porites species by 

parrotfishes (e.g. Littler et al. 1989, Rotjan and Lewis 2005, 2008, Francini-Filho et 

al. 2008, Cole et al. 2008, Mumby 2009a). Furthermore, other reef fish groups, such 

as bleniids, chaetodontids, gobids, labrids (wrasses), pomacentrids, monacanthids 

and tetradontids, also positively select Porites spp. colonies when feeding on corals 

(Jayewardene and Birkeland 2006, Cole et al. 2008, Jayewardene et al. 2009). The 

morphological structure of Porites spp. is highly variable in terms of polyp size and 

position of tissue and fat in relation to the skeleton (Stimson 1987, Veron 2000, Cole 

et al. 2008). Hence, explanations for the selectivity for this coral genus by reef fishes 

would be too speculative, especially on the GBR, a region of high species richness of 

massive Porites (Veron 2000). Whatever the reasons for this selectivity, our results, 

as well as previous studies, suggest that Porites may be one of the most important 

coral groups in terms of a food source for reef fishes on coral reefs. 

Levels of coral predation by parrotfishes in the present study were much higher 

than values reported in previous studies. This difference is particularly clear when 

comparing coral grazing pressure on the GBR with the Caribbean and Hawaii. The 

number of parrotfish grazing scars m-2 of coral tissue on the GBR is 14-238 times 

higher than grazing scars in Hawaii and 3-60 times higher than in Belize. 

Experimental studies at these two location locations found that corallivorous fishes 

have a significant role in shaping the distribution of targeted coral colonies, as 

transplanted coral nubbins were completely consumed by fishes within 1-5 days in 

some reef habitats (Littler et al. 1989, Jayewardene et al. 2009). As coral predation 

rates in the present study were comparable to or even higher than in Hawaii and 

Belize, parrotfish predation on corals probably affects the distribution of coral 

colonies, especially massive Porites spp., on the GBR. 
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The differences in the number of parrotfish grazing scars between the GBR and 

the Caribbean may be explained by the abundance of parrotfishes at each study 

location. In Belize, parrotfish mean abundance was about 20 individuals per 240 m-2 

of reef (Rotjan and Lewis 2006). Converting our results to the same scale used by 

Rotjan and Lewis (2006), mean abundance of parrotfishes would range from about 

30 to 180 individuals per 240 m-2 depending on the reef zone. Thus, the abundance of 

parrotfishes may be a strong indicator of the extent of corallivory among coral reef 

regions. This suggestion is reinforced by the fact that parrotfish abundance has been 

positively related to the number of parrotfish grazing scars on corals in both the 

present study and in Belize (Rotjan and Lewis 2006). However, this kind of 

relationship must be interpreted with care. In the present study two of the most 

abundant parrotfish species, S. psittacus and S. rivulatus, have either not been 

observed to prey on corals, or only on very rare occasions. 

The low number of fish grazing scars m-2 of coral tissue in Hawaii compared to 

the GBR and even the Caribbean (Rotjan and Lewis 2006) may be related to the 

differences in corallivorous fish assemblages at these locations (probably a result of 

biogeography and local fishing pressure or coral assemblages). Fish predation in 

Hawaii is predominantly on non-massive Porites and is caused by tetradontids and 

monacanthids, which have lower feeding rates and are usually less abundant in coral 

reefs than parrotfishes (Guzmán and Robertson 1989, Jones et al. 1991), the main 

coral predators on Montastrea annularis in the Caribbean (Rotjan and Lewis 2006, 

2008) and massive Porites spp. on theGBR (Bellwood et al. 2003, Hoey and 

Bellwood 2008). These comparisons suggest that, in addition to abundance, identity 

of corallivorous fishes in coral reefs, and the coral prey species, may be important 

factors shaping the intensity and nature of coral predation by fishes. 
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The rates of parrotfish scarring mirrored these static patterns. The rate of 

parrotfish predation on massive Porites spp. in the present study was higher than 

rates of coral consumption recorded at Rosario Islands, Colombian Caribbean 

(Sánchez et al. 2004). At Rosario Islands, increase in the grazed area of M. annularis 

usually did not exceed 1% of coral tissue per month (Sánchez et al. 2004). In 

contrast, on the GBR, colonies of massive Porites spp. have, on average, 1.34 - 

7.30% of their total area consumed by parrotfishes every month, depending on the 

reef zone. The marked differences between these two studies suggest that rates of 

predation events by parrotfishes in the GBR are also high compared to the Caribbean 

and other regions. 

One of the most marked patterns, for all analyses, of predation on massive 

Porites spp. in the present study was the variation in the impact of parrotfishes across 

the reef gradient.  The crest and flat consistently presented higher Porites 

consumption than the back and reef slope. These results were similar to patterns of 

herbivory and grazing pressure of parrotfishes on algal communities in the Caribbean 

(Hay et al. 1983, Lewis and Wainwright 1985) and GBR (Russ 2003, Fox and 

Bellwood 2007, Hoey and Bellwood 2008). This relationship reinforces the well 

recognized importance of parrotfishes in shaping the benthic community structure of 

coral reefs and the extent of spatial variation in their roles within these systems (Fox 

and Bellwood 2007, Bellwood et al. 2004, Bonaldo and Bellwood 2009). To date, 

most studies emphasizing the importance of differential pressure of feeding by 

parrotfishes among reef habitats have been conducted on algae, especially in the 

Indo-Pacific (e.g. Russ 2003, Fox and Bellwood 2007, Bonaldo and Bellwood 2008, 

2009). In the Caribbean and Hawaii, variation in coral predation by parrotfishes may 

lead to different coral communities among reef habitats, as the coral species that are 
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positively selected for foraging by parrotfishes are usually rarer in areas where these 

fishes are more abundant (e.g. Neudecker 1979, Littler et al. 1989, Grottoli-Everett 

and Wellington 1997). The present study thus corroborates previous findings in the 

Caribbean and provides the first evidence for the potential importance of parrotfishes 

in shaping the distribution and abundance of coral colonies across reef zones on the 

GBR. 

Although the overall results of the present study suggest that coral predation by 

reef fishes on the GBR is more intense that in the Caribbean and Hawaii, this does 

not necessarily means that corallivorous reef fishes have a higher impact on coral 

communities on the GBR than on the previously studied locations. Coral reefs on the 

GBR are markedly different in terms of geomorphological structure, coral species 

diversity and structure of the corallivorous fish assemblages when compared to reefs 

in the Caribbean and Hawaii (Veron 2000, Cole et al. 2008, Rotjan and Lewis 2008; 

Jayewardene et al. 2009). As a consequence, conclusions from comparisons between 

these systems should be made with care, as the intensity or rate of a given process in 

each of this location does not necessarily mirror its relative importance in each 

ecosystem. 

Yearly consumption rates of massive Porites spp. by parrotfishes in the present 

study reached mean values of up to 78.2% and maximum values as high as 134.9% 

of total colony area. Previous studies show that the healing of parrotfish grazing 

scars on corals is highly variable, and can take from two months to three years to be 

completed (Bak and Steward-Van Es 1980, Bruckner and Bruckner 2000, Sanchez et 

al. 2004). Continuous predation is an energy drain for corals through the allocation 

of resources to tissue regeneration and injured coral colonies usually have lower 

growth and recovery rates than intact colonies (Rotjan and Lewis 2005, Meesters et 
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al. 1994). As a consequence, predation by parrotfishes may have a negative impact 

on the survival and energetics of massive Porites spp. colonies on the GBR, 

especially in habitats with low abundance of this coral. In recent years, massive 

Porites colonies on the GBR exhibited a significant decrease in calcification rates, 

possibly as a result of ocean acidification (Cooper et al. 2008, De’ath et al. 2009). 

The reduction in coral calcification has a direct impact on coral growth rates (De’ath 

et al. 2009) and, as a consequence, it is possible that the negative effects of parrotfish 

grazing on coral growth may have an even more profound impact on the 

development and survivorship of corals on reefs that are responding to ocean 

acidification. 

The lack of significant differences, in all of the comparisons, between the two 

studied months (October and December) suggests that parrotfish feeding rates on 

massive Porites spp. colonies are not affected by different maturation states of 

polyps and coral colonies. Coral mass spawning for massive Porites spp. colonies 

happened during November 2008 on the GBR (A. Baird pers. comm.), suggesting 

that coral colonies would have higher number of gametes and mature reproductive 

structures in October compared to December. In the Caribbean, parrotfishes have 

been found to selectively graze reproductive structures in coral colonies, biting areas 

where there is a higher concentration of gametes and mature gonads (Rotjan and 

Lewis 2009). As we have not sampled coral colonies to verify the maturation stage of 

areas where bites were taken, it is not possible to know if coral areas with parrotfish 

grazing scars had higher reproductive value than areas clear of grazing scars. 

However, although we cannot account for the specific location of grazing scars, our 

results suggest that overall patterns of coral predation by parrotfishes are not affected 

by differential maturation of coral colonies on the GBR. 
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The present study represents to the first detailed assessment of the importance 

of parrotfishes as coral predators in the GBR. Our results indicate that these fishes 

may have an important role in shaping the distribution of preferred coral types across 

the reef gradient. However, further studies are needed. For example, little is known 

about the species identity of corallivorous parrotfish, apart from a detailed study on 

Bolbometopon muricatum (e.g. Bellwood et al. 2003) and on the selectivity of corals 

as foraging substratum and diet item by individual parrotfish species (e.g. Bellwood 

et al. 2003, Fox and Bellwood 2007). Also, although our studies do suggest that 

parrotfishes may be one of the main factors controlling the distribution of massive 

Porites spp. across the reef gradient on the GBR, further studies are necessary to 

evaluate the relative contribution of other factors, such as wave exposure, depth and 

light intensity. The former, wave exposure, is particular, may limit the size of 

colonies in shallow, high energy locations. 

Overall, our study indicates that coral reefs in the GBR have high coral 

predation by parrotfishes compared other areas where studies on coral predation by 

reef fishes have been conducted. Additionally, this study provides the first evidence 

for the potential importance of parrotfish predation in shaping the abundance and 

distribution of coral colonies among reef habitats on the GBR, as previously recorded 

for the Caribbean (Neudecker 1979, Cox 1986, Littler et al. 1989, Grottoli-Everett 

and Wellington 1997, Hixon 1997). Parrotfishes may play a significant role in 

controlling the composition and structure of benthic communities, including corals, 

on most tropical Indo-Pacific reefs. The high parrotfish grazing pressure on corals on 

the GBR suggests that the extrapolation of general patterns from the Caribbean and 

Hawaii, where most studies on corallivory by parrotfishes have been conducted, may 

lead to an underestimation of the intensity of fish-coral interactions on coral reefs in 
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the Indo Pacific. Further studies in this region are essential if we are to obtain a better 

understanding of the impact of parrotfishes on high-diversity coral reefs.  
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Chapter 6: Relative impact of parrotfish grazing scars on 

massive Porites on Lizard Island, Great Barrier Reef 

(In review) 

 

6.1. Introduction 

 

Coral reefs around the world have suffered from extensive overharvesting and 

habitat loss, and fare ever greater threats with global warming and ocean 

acidification (Nyström et al. 2000, Baird and Marshall 2002, Hughes et al. 2003, 

Hoegh-Guldberg et al. 2007, De’ath et al. 2009, Paddack et al. 2009). In this context, 

a number of studies have focused on the identification of the key species responsible 

for the maintenance of ecosystem processes and diversity of these systems (e.g. 

Hughes 1994, Bellwood et al. 2003, 2004, Hoey and Bellwood 2009, Hughes et al. 

2007, Burkepile and Hay 2008). The assessment of the ecosystem role of reef species 

and groups has thus become an increasingly important tool in the formulation of 

effective management rules and conservancy strategies on coral reefs. 

Because of their recognized importance to coral reef resilience (e.g. Bellwood 

et al. 2004, Mumby et al. 2006, Paddack et al. 2006, Hughes et al. 2007), 

parrotfishes have been intensively studied during the past two decades. These fishes 

have been associated with a number of critical roles on coral reefs, ranging from the 

control of algal growth to bioerosion and coral predation (e.g. Bellwood et al. 2003, 

Sánchez et al. 2004, Rotjan and Lewis 2005, Mumby et al. 2006, Paddack et al. 

2006, Alwany et al. 2009, Mumby 2009a,b). In addition to the general importance of 

the parrotfish clade on tropical reefs, a number of studies has highlighted the impact 

of individual parrotfish groups, species and even individual size classes in shaping 
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the nature and intensity of their ecosystem roles (e.g. Bruckner and Bruckner 1998, 

Alwany et al. 2009, Francini Filho et al. 2008, Lokrantz et al. 2008, Bellwood et al. 

2003, Bonaldo and Bellwood 2008, 2009). 

The diversity of feeding modes within the parrotfish clade has been considered 

one of the main factors contributing to the diversity of functional roles within the 

group (e.g. Bellwood and Choat 1990, Fox and Bellwood 2007, Francini-Filho et al. 

2008, Alwany et al. 2009, Bonaldo and Bellwood 2009). In general, parrotfish 

species on coral reefs may be classified into two main functional groups: scrapers 

and excavators (sensu Bellwood and Choat 1990). These groups differ markedly in 

their feeding morphology and behaviour. Scraping species possess a less robust 

feeding apparatus, take smaller bites from the substratum, and have higher feeding 

rates than excavating parrotfishes. These species also leave different bite marks, 

usually termed ‘grazing scars’, on the substratum when feeding. Excavating species 

usually leave larger and deeper grazing scars, removing not only the superficial layer 

of the substratum, but pieces of consolidated reef matrix when feeding (Bellwood 

and Choat 1990, Bruggemann et al. 1994b, Bonaldo and Bellwood 2009). As a 

consequence, these species have a distinctly different impact on the development of 

algal communities on the substratum on which they feed (Bonaldo and Bellwood 

2009). 

Despite of the importance of parrotfishes to reef systems and the well known 

differences within the group, few studies have compared the functional importance 

of scraping vs. excavating species. Furthermore, although parrotfishes have been 

widely acknowledged to be a significant factor determining the distribution and 

abundance of coral colonies on coral reefs (e.g. Neudecker 1977, 1979, Cox 1986, 

Littler et al. 1989, Grottoli-Everett and Wellington 1997, Hixon 1997, Bonaldo and 
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Bellwood 2010), little is known of the relative contribution of scraping and 

excavating species to this process. Previous studies have found that scraping and 

excavating parrotfish species may exhibit profound differences in the way they affect 

algal communities on coral reefs (e.g. Bonaldo and Bellwod 2009) and it is possible 

that these differences may be extended to coral colonies as well. 

To examine the effects of these two major parrotfish groups on reef corals, and 

to evaluate their role as coral predators, we assessed the abundance, depth and 

dynamics of parrotfish grazing scars on reefs on Lizard Island group, Northern Great 

Barrier Reef (GBR). Specifically, we compared scraping and excavating parrotfish 

grazing scars on massive Porites spp. colonies by answering the following four 

questions: 1) How abundant are scraping and excavating grazing scars in different 

reef zones? 2) How much coral skeleton is exposed by these grazing scars? 3) What 

is the small-scale spatial distribution of these grazing scars? and 4) How long do 

these grazing scars persist? 

 

6.2. Materials and Methods 

 

Study sites 

 

This study was conducted between October 2008 and January 2009 in the 

Lizard Island region, a mid shelf reef in the northern section of the Great Barrier 

Reef (14° 40’ S, 145° 28’ E). More specifically, we examined two sites between 

South and Palfrey Islands. Within each study site, four reef zones were selected: 

backreef (5-8 m deep), flat (0.5-1 m), crest (0.7-2 m) and slope (7-10 m). During the 

study, water visibility ranged between 10-15m and temperate was 27-29oC. 
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Relative abundance of scraping and excavating grazing scars 

 

Because direct observations of parrotfishes consuming live coral are 

infrequent, the presence of the distinctive grazing scars made by parrotfishes on live 

coral was used as an indicator of parrotfish feeding on corals (following Littler et al. 

1989, Rotjan and Lewis 2005, Bonaldo and Bellwood 2010). Only very clear 

parrotfish grazing scars were used, these presenting the typical jaws marks of 

parrotfishes) and that could be classified as a scraping or excavating grazing scars 

(Fig. 6.1). Observations were restricted to grazing scars on massive Porites spp. This 

coral group was chosen as it is consistently present in all four reef zones, exhibits 

clearly distinguishable grazing scars, and because it exhibits the highest abundance 

of grazing scars at the study sites (Bonaldo and Bellwood 2010). Because of the 

difficulty in distinguishing massive Porites species on the GBR, colonies were 

classified as ‘massive Porites spp’. 

The relative abundance of scraping vs. excavating and solitary vs. grouped 

parrotfish bite marks on coral was determined by surveying seven 20 m transects 

within each study location. This procedure was undertaken in September and 

December 2008. In each transect, photographs of the bottom were taken every meter 

at a standardized distance of 1m from the reef substratum. Subsequently, 

photographs in which coral colonies were present were analyzed to quantify any 

parrotfish bite marks. When present, bite marks were counted and classified into type 

(scraping or excavating) and number (solitary or grouped). Groups of grazing scars 

were defined as three or more grazing scars on the same massive Porites colony with 

a maximum distance of 0.5mm between scars. 
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Fig. 6.1. Individual grazing scars of solitary (a) scraping and (b) excavating 

parrotfishes and groups of grazing scars of (c) scraping and (d) excavating 

parrotfishes. Arrows indicate the regions of grazing scars in the three depth 

categories considered in the present study (polyps visible, shallow skeleton exposed 

and deep skeleton exposed). 

 

Relative abundance of scraping and excavating parrotfish individuals 

 

Parrotfish abundance was assessed in each study site to examine the 

relationship between relative abundance of scraping and excavating parrotfish 

individuals and grazing scars. As absolute values for total number of parrotfish 

individuals in the study zones and sites have been previously examined (Bonaldo and 

Bellwood 2010), the current study focuses on the relative proportion of scraping and 

excavating forms. Nine 50 x 2m tape transects were surveyed within each of the four 

zones at the two sites during October and December 2008 (n = 96). To minimize 

diver effects, census were undertaken while deploying the transect tape. Fish counts 



 

 102 

were based on all individuals over 10 cm total length, which were classified into 

species and functional groups (scraping and excavating). All visual censuses were 

conducted within 2 h of the high tide in the morning to minimize any tide or time of 

day effects. 

 

Coral skeleton exposure (depth) and algal cover of scraping and excavating 

grazing scars 

 

As excavating grazing scars of parrotfishes were rare at the study sites, larger 

transects were used to examine the nature of parrotfish grazing scars. Two 5 x 500m 

transects were examined in the reef crest/slope region in January 2010. All complete 

parrotfish grazing scars on massive Porites spp. in the transects were photographed 

with a scale. Each photograph was taken in two different modes: macro and super 

macro. Macro mode was used to obtain a better visualization of the scar size and 

shape, while super macro was utilized to quantify the presence of algae on the scars. 

For both modes, photographs were taken with a housed Canon EOS 40D 10 Mega 

pixels camera, 100mm macro lens with 1.4 tele-converter and manual focus. Shutter 

speed 1/200 s and two Sea and Sea YS110 strobes on full power were used to 

minimize the entrance of natural light and ensure uniform light conditions for all 

photographs. For macro and super-macro photographs, distances of 40 and 10 cm, 

respectively, were used between the camera and the grazing scar. 

Grazing scars were analyzed with the software Image Tool (version for 

Windows 3.0). Each grazing scar was classified into type (scraping or excavating), 

age (fresh - i.e. still presenting ripped pieces of coral around on its margins - and 

older) and association (solitary and grouped) categories. Only one grazing scar or 
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grazing scar group per coral colony was considered for the analyses to maximize 

independence of samples. 

For each photograph, measurements were taken of the scar area with the 

software Image Tool (version for Windows 3.0). Also, each scar was classified into 

three categories of scar depth were considered: 1) polyps visible and 2) shallow coral 

skeleton exposed (coral tissue with pigments visible) and 3) deep coral skeleton 

exposed (no coral tissue pigment visible) (Fig. 6.1). Photographs were also analysed 

to verify if grazing scars had any algal cover. When present, algal cover was 

quantified and visually classified into the following area-covered categories: < 5%, 

5-50%, and 50-100%. This procedure was checked for accuracy with the software 

Image Tool (version for Windows 3.0) 

For photographs of grouped grazing scars, in addition to depth and algal cover, 

measurements were taken of the total group area (i.e. the minimum complex polygon 

encompassing grazing scars in the group), and total grazed area (i.e. grazed region of 

the group only, not including the gaps of coral tissue between scars). These 

measurements were used to calculate the density of grazing scars in the group and 

relative grazed area of the group. 

 

Longevity of individual parrotfish grazing scars 

 

The duration of parrotfish grazing scars on massive Porites spp. colonies was 

evaluated by surveying 160 individual colonies. These colonies were haphazardly 

chosen and photographed over 14 consecutive days during October 2008 (2240 

photographs). To ensure that the same colonies were photographed every day, 

identification tags were placed about 50cm from each colony. Photographs were 
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always taken of the same region of each colony, which was delimited using a 22 x 22 

cm plastic frame. For each colony, the external corners where the plastic frame was 

placed were marked with black pencil to allow divers to find the exact area of each 

colony to be photographed during the entire period. Photographs were examined 

regarding the number of parrotfish grazing scars and the grazed area of each colony 

over the 14-day period. From the160 colonies, a total of 33 and 10 presented new 

grazing scars of scraping and excavating parrotfishes, respectively, equally 

distributed on the back reef and flat. Only one grazing scar per coral colony was 

considered to maximize sample independence. Photographs of all fresh grazing scars 

were measure with Image Tool (version 3.0 for Windows). The locations of all coral 

colonies that displayed new parrotfish grazing scars during the October 14 day 

observation period in October 2008 were noted. In December 2008 these same 

colonies were re-photographed, about 60 days later, to evaluate if grazing scars were 

still present. Photographs were analysed with the software Image Tool (version for 

Windows 3.0) to compare the area of grazing scars over the 60 day period. 

 

Statistical analyses 

 

The relative abundance of scraping and excavating parrotfish grazing scars 

was compared with a three-way ANOVA, in which month, study site and reef zones 

were fixed factors. The same test was used to compare the relative abundance of 

scraping and excavating parrotfish individuals. Data were arcsine transformed prior 

the analyses. The relationship between the relative abundance of parrotfish 

individuals and grazing scars was examined using Spearman rank correlation test. 
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The depth of parrotfish grazing scars were compared using two G tests for 

Contingency table (3 x 2): 1) fresh vs. older scraping parrotfish grazing scars and 2) 

fresh vs. older excavating parrotfish grazing scars. For all G tests, the three depth 

categories (polyp visible, shallow skeleton exposure and depth skeleton exposure) 

were used as rows. For the analyses of scraping grazing scars, the two deeper 

categories (shallow and deep skeleton exposure) were combined because of small 

sample sizes. 

The relative abundance of grouped grazing scars across the four studied reef 

zones was compared with a three-way ANOVA with month, sites and reef zones as 

fixed factors. Groups of scraping and excavating parrotfish grazing scars were 

compared with Mann-Whitney U tests for the following variables: 1) number of 

grazing scars in the group (number of scars per group), 2) number of grazing scars 

per unit group area (number per cm2), 3) relative area grazed (area of scars per group 

area) and 4) relative algal cover of the scars. 

Relative algal cover on individual and grouped grazing scars was compared 

with Mann-Whitney U tests, which were done separately for scraping and excavating 

grazing scars. The same test was used to compare the extent of change in the initial 

area of scraping and excavating parrotfish grazing scars two months after their 

appearance on massive Porites spp. colonies. 

Data were examined for normality and homogeneity of variances before all 

tests with residual analyses. When significant differences were found in ANOVAs, 

post hoc tests (Tukey) were used to verify the specific sources of variation. 
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6.3. Results 

 

The relative abundance of excavating and scraping parrotfish grazing scars 

differed among the four studied reef zones. Reef flat, crest and slope presented 

higher abundance of scraping than of excavating grazing scars, while the backreef 

had the opposite pattern (F3 = 32.36, p < 0.001, Fig. 6.2a). No month (F1 = 0.31, p = 

0.58) and site (F1 = 1.88, p < 0.17) effects were detected and all factor interactions 

were not significant (p ≥ 0.10 for all possible interactions). 

The relative abundance of scraping and excavating individuals mirrored the 

distribution of their respective grazing scars across the reef gradient. Backreef was 

the only zone that presented similar number of scraping and excavating grazing 

scars, as in the other three study zones scars significantly outnumbered their 

excavating counterparts (F3 = 11.70, p < 0.001, Fig. 6.2b). No month and site effects 

were detected (p ≥ 0.14 for all possible comparisons). Relative abundance of  

scraping and excavating parrotfish individuals was positively related to abundance 

their respective grazing scars (Spearman rank rs = 0.69, p = 0.001, Fig. 6.2a, b). 
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Fig. 6.2. Abundance (mean ± SE) of a) scraping and excavating parrotfish grazing 

scars on the surface of massive Porites spp. (m-2 of coral surface) across a reef 

gradient and b) parrotfish individuals 80m-2 of reef on Lizard Island, Great GBR. 
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Scraping and excavating parrotfish grazing scars differed on the degree of coral 

skeleton exposure (G2 = 30.26, p < 0.001, Fig. 6.3a, b). In general, grazing scars of 

scraping parrotfish were shallower, with polyps still visible, while excavating 

grazing scars usually exposed the coral skeleton, with few or no coral polyps visible. 

Fresh and older grazing scars also differed on the coral skeleton exposure, as new 

scars were usually deeper, exposing more coral skeleton. These differences were 

significant for both excavating (G2 = 22.29, p < 0.001) and scraping scars (G2 = 

10.03, p < 0.007). 

Reflecting grazing scar depth, algal cover was higher on excavating than on 

scraping grazing scars. For scraping grazing scars, both fresh and older scraping 

grazing scars had very low algal cover, not reaching 1% of total scar area. For 

excavating grazing scars, although a higher number of older grazing scars presented 

more than 50% of algal cover, differences in the algal content between fresh and 

older scars were not significant (G3 = 4.10, p = 0.25, Fig. 6.4). 

The reef crest and flat presented relatively more grouped scars than back reef 

and slope (F3 = 9.19, p < 0.001), with no significant month (F1 = 2.47, p =0.12) and 

site (F1 = 0.14, p =0.71) effects nor factor interactions (p > 0.12 for all possible factor 

interactions). In the back reef and slope 26.07% ± 6.52 (mean ± SE) and 22.81% ± 

4.89, respectively, of the grazing scars on massive Porites spp. were grouped, 

compared to 51.78% ± 8.94 in the flat and 69.50% ± 6.40 in the reef crest. All 

grazing scars groups presented only one type of parrotfish grazing scar. Relative 

algal cover was significantly higher on grouped than on individual scars for both 

scraping (U1 = 666, p = 0.019) and excavating scars (U1 = 370, p = 0.002) (Table 

5.1). 
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Fig 6.3. Relative area of (a) fresh, (b) old and (c) grouped scraping and excavating 

parrotfish grazing scars on massive Porites in the three scar depth categories 

considered in the present study (polyps visible, shallow skeleton exposed and deep 

skeleton exposed). 
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Fig. 6.4. Algal cover (%, mean ± SE) on fresh and older grazing scars of scraping 

and excavating parrotfishes. 
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Grazing scars of scraping and excavating parrotfishes also differed on their 

duration on massive Porites spp. colonies. After two months following the scar 

appearance, only three out of 33 scraping grazing scars were still visible. In contrast, 

all 10 excavating grazing scars were still visible after two months following their 

first appearance and three of them had their area increase during this period (Fig. 

6.5). Differences in area reduction rate between the two types of grazing scars was 

significant (U1 = 328, p < 0.001), as scraping scars had a reduction of 98.27% ± 1.32 

of their initial area in two months, compared to just 10.09% ± 17.39 (mean ± SE) for 

excavating scars over the same period. 
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6.4. Discussion 

 

Despite of the number of studies on parrotfish predation on corals, this is the 

first study, to our knowledge, that compared scraping and excavating parrotfish 

grazing scars on coral colonies. Scraping and excavating grazing scars differed 

markedly in all analysed aspects, i.e. relative abundance across reef zones, coral 

skeleton exposure, scar algal cover, structure of scar groups and scar longevity. 

These results reinforce the well known differences between scraping and excavating 

parrotfishes on reef algae (e.g. Bellwood and Choat 1990, Bruggemann et al. 1994b, 

Bonaldo and Bellwood 2009) and brings an important complement to this scenario 

by showing that morphological and behavioural differences between these fish 

groups have additional implications in the way that they impact coral colonies in reef 

systems. 

In the present study, scraping and excavating grazing scars on massive Porites 

spp. differed markedly in the exposure of coral skeleton, as excavating grazing scars 

exposed more coral skeleton compared to scraping scars. The depth of grazing scars 

of large individuals of the scraping parrotfish Scarus rivulatus and the excavator 

Chlorurus microrhinos on dead coral surfaces covered by algal turfs is about 

3.25mm ± 0.32 and 4.89 ± 0.29 (mean ± SE), respectively (Bonaldo and Bellwood 

2009). Tissue layer thickness of massive Porites spp. usually ranges between 3.5 and 

4.5 mm (Barnes and Lough 1999, Carricart-Ganivet et al. 2007). As a consequence, 

grazing scars of S. rivulatus would be mostly limited to the living tissue of massive 

Porites spp., while bites of C. microrhinos could easily pass through this layer, 

reaching the underlying coral skeleton. 
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The differences in the degree of coral skeleton exposure of scraping and 

excavating grazing scars probably explains the higher algal cover and number of 

scars with algae in excavating scars compared to scraping scars. At least 50% of the 

area of excavating grazing scars exposed coral skeleton. In contrast, only very few 

scraping grazing scars had any degree of coral skeleton exposure, and this 

corresponded to less than 1% of total scar area. Coral defence is predominantly 

undertaken by components exclusively found in coral living tissue (de Ruyter et al. 

1988, McCook 2001, Jompa and McCook 2002, Nugues et al. 2004). As a 

consequence, coral defence within excavating grazing scars is probably reduced, 

facilitating the settlement and development of algal spores. Additionally, excavating 

grazing scars last longer than scraping scars, providing more time for the 

development and growth of algae in the scars. Excavating grazing scars thus seem to 

represent more potential colonization sites for algal occupation on coral colonies 

compared to the shallow, short-lasting scraping grazing scars. 

Differences in the degree of coral skeleton exposure of scraping and excavating 

grazing scars probably also explain the variation in the healing time of coral areas 

affected by these two types of parrotfish grazing scars. Scraping scars apparently just 

affect coral colonies superficially, removing only a thin living layer of coral tissue. 

Excavating grazing scars, however, remove all coral living parts, including polyps, 

and portions of skeleton. As a consequence, regeneration of colony areas affected by 

excavating grazing scars probably requires higher allocation of energy and resources 

than portion with scraping scars. It would be expected that excavating grazing scars 

took longer to be repaired than scraping scars. 

The differences in the impact of scraping and excavating parrotfishes on coral 

colonies are exacerbated for grouped scars. Groups of excavating grazing scars were 
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always arranged as "focused bites" (sensu Bruckner et al. 2000), characterized by the 

overlapping of bites and lack of coral tissue between bite marks. In contrast, scraping 

grazing scars were always grouped as "spot bites", with scars well separated by gaps 

of coral tissue. Previous studies in the Western Atlantic showed that coral tissue 

regenerates rapidly over spot bites, but colonies affected by focused biting usually 

have a slower recovery. The overlapping grazing scars in the excavating groups 

result in an increase in the effective scar area and a decrease in the relative length of 

margins for regeneration. Colony areas with high number of focused bites may 

experience partial coral mortality, with the surviving portions growing around the 

damaged area (Bruckner et al. 2000). Thus, while “spot bites” seem to have a little 

impact on coral colonies, the focused feeding of excavating parrotfishes may have a 

more profound effect the colonies and may even cause the mortality of colony areas, 

changing its shape and complexity. This may be particularly important in the largest 

excavator, Bolbometopon muricatum, which removes approximately 15 kg of living 

coral per m2 in heavily grazed areas (Bellwood et al. 2003, Hoey and Bellwood 

2008). 

The higher relative algal cover on grouped scars compared to individual scars 

suggests that this locally intense coral predation by parrotfishes may be an important 

factor in facilitating algal settlement and growth on coral colonies. Grouped scars 

produce larger and deeper wounds on coral surfaces, making the colony healing 

process slower. As a consequence, algae would have more time to settle down, 

establish and grow on areas with groups of scars. This is particularly important in 

excavating grazing scars, as grouped scars prompt the opening of large areas 

completely free of coral tissue. 
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The absence of mixed groups of scraping and excavating parrotfish grazing 

scars at this study location is probably explained by behaviour of the two parrotfish 

feeding groups. Excavating parrotfish species feed preferentially on convex surfaces, 

while scrapers feed mostly on flat and concave surfaces (Bellwood and Choat 1990, 

Bruggemann et al. 1994b). These differences may also explain the differential 

structure and density of groups of scraping and excavating grazing scars (spot biting 

scraping groups vs. focused biting excavating groups). Excavating parrotfishes 

significantly modify the shape of the coral colony, opening holes in coral surface and 

leaving some clear edges around the scar. As a consequence, the edges of the first 

excavating parrotfish bite provide a convex area between the coral and the grazing 

scar, facilitating coral predation by other excavating parrotfish individuals. In 

contrast, scraping grazers usually target flat or concave surfaces and, as a result are 

unlikely to bite areas with pre-existing grazing scars. 

A previous study at the study site found that the relative abundance and size of 

the massive Porites spp. coral colonies on the reef flat and crest were smaller than on 

the slope and backreef (Bonaldo and Bellwood 2010). This previous study also found 

a negative relationship between abundance of massive Porites spp. colonies and 

parrotfishes and, as a consequence, it has been suggested that parrotfish feeding 

probably limits the development of preferred coral species, such as massive Porites 

spp., in areas where these fishes are more abundant (Bonaldo and Bellwood 2010). In 

the present study groups of grazing scars seem to have a more negative effect on 

coral colonies compared to individual grazing scars.These groups were relatively 

more abundant in the reef crest and flat. As a consequence, the present findings 

reinforce the previous suggestions that grazing scars of parrotfishes may negatively 
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affect the development and survivorship of massive Porites colonies in some reef 

zones on the GBR. 

The positive relationship between the relative abundance of scraping and 

excavating parrotfishes and their respective grazing scars suggests that the 

composition of parrotfish assemblage on coral reefs may be a good indicator of the 

relative contribution of scraping and excavating parrotfishes to coral predation. 

Parrotfish abundance has been previously correlated to coral predation pressure in 

the Caribbean (Rotjan and Lewis 2006) and on the GBR (Bonaldo and Bellwood 

2010). Additionally, the composition of corallivorous communities on coral reefs can 

directly indicate the type and intensity of coral predation on a given reef. For 

example, reefs with corallivorous fish assemblage dominated by parrotfishes, as the 

Caribbean (Rotjan and Lewis 2006) and the GBR (Bonaldo and Bellwood 2010), 

usually have higher number of reef fish grazing scars per coral tissue area compared 

to reefs dominated by species with low feeding rates (e.g. monacanthids and 

tetradontids), as in Hawaii (Jayewardene et al. 2009). Thus, the present study 

corroborates the previous relationships between corallivorous fishes and coral 

predation and brings important complimentary information by suggesting that the 

relative numbers of scraping and excavating parrotfishes in a location may indicate 

the dominant type of coral predation by parrotfishes in a system. However, this kind 

of relationship must be interpreted with care. The identity of corallivorous parrotfish 

species in the Indo Pacific is still an issue and further studies would be necessary to a 

verify if the parrotfish leaving bite makrs on corals are indeed the most abundant on 

the reef. 

The overall differences in the coral skeleton exposure and regeneration time of 

scraping and excavating parrotfish grazing scars on massive Porites colonies accord 
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with previous studies on the impact of different parrotfishes on algal turfs (e.g. 

Bonaldo and Bellwood 2009). Moreover, our results also indicate that differences 

between scraping and excavating grazing scars on corals may be even more 

significant on coral colonies than on algae. Grazing scars of the scraping parrotfish 

Scarus rivulatus and the excavator Chlorurus microrhinos on algal turfs disappear 

about 5 and 14 days following their appearance, respectively (Bonaldo and Bellwood 

2009). However, in the present study, although scraping grazing scars were 

completely regenerated after two months, excavating scars displayed very little 

reduction during this period. As a consequence, it is likely that scraping and 

excavating parrotfish grazing scars may have marked differences in the way they 

impact the fitness and survivorship of coral colonies. 

A number recent of studies on parrotfish feeding ecology has discussed the role 

of parrotfishes as coral consumers on tropical reefs (e.g. Littler et al. 1989, Hixon 

1997, Rotjan and Lewis 2005, Mumby 2009b). In this context, it has been found that 

parrotfishes may have a significant impact on coral colonies, as they can change the 

distribution and abundance of coral species selected for feeding (e.g. Littler et al. 

1989, Hixon 1997, Rotjan and Lewis 2005). The present study corroborates these 

findings, especially for excavating parrotfish grazing scars, which were relatively 

deeper, longer lasting and more frequently covered by algae. 

The higher occurrence and cover of algae on grazing scars of excavating 

parrotfishes suggested that coral areas bitten by these species are less likely to 

recover than areas with grazing scars of scraping scars. In the specific case for our 

study site, as excavating grazing scars were rare in most reef zones, they are 

probably not numerous enough to cause total coral mortality, as reported in the 

Caribbean (Bruckner and Bruckner 1998, Rotjan and Lewis 2005, 2006). However, 
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even one or few excavating coral colonies seem to be able to open areas on coral 

colonies which are not able to recover (Fig. 6.5). Thus, excavating parrotfishes in the 

studied reef in Lizard Island seem to be more associated to change the shape of coral 

colonies, by creating holes, crevices and irregularities in these colonies. 

In contrast, although scraping grazing scars were relatively shallower and 

shorter lasting, they were very abundant on the reef crest and flat, the two reef zones 

with the lowest cover of massive Porites spp. (Bonaldo and Bellwood 2010). So, 

although scraping grazing scars may not appear to affect coral colonies through the 

opening of colonization sites for algae, they probably exert their greatest on coral 

distributions though the energetic cost of damage, reflecting their high abundance in 

reef crest and flat habitats.  

Continuous predation has been shown to be an energy drain for corals through 

the allocation of resources to tissue regeneration. Injured coral colonies usually have 

lower growth and calcification rates than intact colonies (Rotjan and Lewis 2005, 

Meesters et al. 1994). Thus, scraping and excavating parrotfish grazing parrotfishes 

probably differently affect the distribution and survivorship of coral colonies: while 

intense scraping parrotfish activity may reduce the growth rates of coral colonies, 

excavating feeding may promote the opening of deeper wounds on the colonies, 

facilitating the settlement of algae on the coral tissue. However, further studies in 

other GBR locations, with different densities of excavating species, are needed to  

better assess the potential damage by scraping and especially excavating parrotfish 

species on coral colonies. 

Overall, the present study emphasizes the functional differences among the 

parrotfishes, a group well recognized for their importance on the benthic structure of 

coral reefs (Bellwood et al. 2004, Paddack et al. 2006, Cole et al. 2008, Rotjan and 
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Lewis 2008, Bonaldo and Bellwood 2009, Mumby 2009a,b). Several individual 

parrotfish species and groups have been associated with critical functional roles in 

reef systems, such as the control of algal communities (Paddack et al. 2006, Fox and 

Bellwood 2007, Bonaldo and Bellwood 2008, 2009, Burkepile and Hay 2008), reef 

bioerosion (Bellwood et al. 2003, Alwany et al. 2009) and coral predation (Bruckner 

et al. 2000, Francini-Filho et al. 2008, Bonaldo and Bellwood 2010). The current 

study complements this list by providing evidence to suggest that parrotfishes with 

different feeding modes may play distinctly different roles in shaping the 

distribution, abundance and fitness of coral colonies on the GBR. 
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Chapter 7: Concluding Discussion 

 

The identification of the critical functional roles of species shaping ecological 

processes is essential if we wish to obtain a better understanding of the resilience of 

natural systems (Tilman et al. 1997, Loreau 2004, Loreau et al. 2001). The present 

study on coral reefs found consistent patterns in the impacts of parrotfish grazing on 

benthic communities, and it provides a detailed picture of the contribution of 

parrotfishes to the consumption of algal turfs (Chapters 2-4) and coral tissue 

(Chapters 5 and 6) on GBR reefs. The results indicate the existence of limited 

functional redundancy within the parrotfish group, as marked differences were found 

in the role of different individuals within and between species (Chapter 2, 3, 6). 

These fishes play a number of unique roles in the removal of algal turfs and coral 

tissue, with spatial variation in grazing pressure being an important factor shaping 

the nature of the interaction between fishes and the benthos among reef habitats 

(Chapters 4 and 5). 

Chapter 2 of the present thesis is one of the first studies to outline the 

importance of considering the size of individual fish when assessing their functional 

roles. In this study, different sized individuals of the parrotfish Scarus rivulatus had 

distinct roles on algal turf removal on the GBR (Bonaldo and Bellwood 2008). A 

number of recent studies in other coral reef systems around the world corroborated 

these findings; with different sized individuals of other parrotfish species in Brazil, 

Eastern Africa and Hawaii likewise displaying markedly different impacts on their 

grazing impact on the benthic substratum of the reefs they inhabit (e.g. Lokrantz et 

al. 2008, Francini-Filho et al. 2008, Jayewardene 2009). Some of these studies 

provide further complimentary information, as the functional differences for the 
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removal of algal turfs by S. rivulatus in the present study were found to apply also to 

excavating parrotfish species (Lokrantz et al. 2008, Jayewardene 2009) and to other 

substratum types, such as coral colonies (Francini-Filho et al. 2008, Jayewardene 

2009), crustose coralline algae and macroalgae (Lokrantz et al. 2008). These findings 

emphasize the importance of identifying the functional roles of parrotfish species, 

not only inter-specifically, but also intra-specifically as functional roles may not 

remain constant through an individual’s life. 

In addition to the well known morphological and behavioural differences 

among parrotfishes with distinct feeding modes (e.g. Bellwood and Choat 1990, 

Bruggemann et al. 1994b), scraping and excavating parrotfishes differ markedly in 

their grazing impact on algal turfs (Chapter 3, Bonaldo and Bellwood 2009) and 

coral colonies (Chapter 6). In both cases, grazing scars of excavating parrotfishes 

were found to be deeper than of scraping species and removed all superficial benthic 

cover (i.e. algae or coral tissue) and portions of the consolidated substratum. As a 

consequence, excavating grazing scars exhibited slower recovery rates than scraping 

grazing scars on both algal turfs and coral colonies. 

Compared to scraping grazing scars, scars of excavating parrotfishes may seem 

more significant in terms of their impacts to the benthic community, as they were 

found to be deeper and longer-lasting (Bonaldo and Bellwood 2009, Chapter 3 and 

6). However, in both the inshore and midshelf reefs included in the present study, 

scraping parrotfishes had higher feeding rates and higher abundances than their 

excavating counterparts (Chapter 6, Bellwood and Choat 1990, Fox and Bellwood 

2007, Bonaldo and Bellwood 2008, 2009). At Orpheus Island, for instance, the 

scraper S. rivulatus scrapes an area up to ten times larger than the most abundant 

excavator species, C. microrhinos (Fox and Bellwood 2007). Similarly, at Lizard 
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Island the abundance of scraping parrotfish species was up to four times higher than 

that of excavating parrotfish species. As a result, the number of scraping grazing 

scars on coral colonies outnumbered excavating scars 20 fold in some reef zones 

(Chapter 6). The frequent grazing activity of scraping parrotfishes results in a 

constant turnover of algal turfs on algal substrata and, when applied to coral colonies, 

presents a continuous energy drain as corals expend significant amount of their 

energy budgets on tissue regeneration (Meesters et al. 1994, Rotjan and Lewis 2005, 

Mumby 2009a). 

Considering the overall grazing impact of parrotfishes on algal turfs and coral 

colonies, parrotfishes seem to play conflicting roles on the benthic structure of coral 

reefs. Grazing pressure by parrotfishes may negatively affect the abundance and 

development of vulnerable coral species in habitats with high parrotfish abundances 

and predation pressure (Chapters 5 and 6, Rotjan and Lewis 2005, Mumby 2009b). 

In contrast, a large body of literature has shown clear evidence of the role of 

parrotfishes in contributing to algal removal in a number of reef systems around the 

world (e.g. Bellwood et al. 2004, Paddack et al. 2006, Fox and Bellwood 2007, 

Bonaldo and Bellwood 2009, Mumby 2006, 2009a,b). These findings clearly 

demonstrated that parrotfishes have a far reaching contribution to the control of algal 

growth and, as a consequence, may be considered as key factors to the maintenance 

of coral cover on tropical reefs (Choat 1991, Paddack et al. 2006, Fox and Bellwood 

2007, Bonaldo and Bellwood 2008, Mumby 2009a). Parrotfishes, therefore, play 

both a positive role on fitness of coral colonies, by reducing algal cover, and a 

negative effect, by causing coral mortality and chronic stress (Meesters et al. 1994, 

Rotjan and Lewis 2005, Mumby 2009a). Interesting, the predation is on corals that 

appear to be resilient to most other disturbances (e.g. bleaching, chaetodontid 
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predation etc, Cole et al. 2008). So, even the predation may help maintain the reef 

complexity by reducing the competitive of massive Porites colonies. 

A number of studies on parrotfish feeding indicates that the vast majority of 

parrotfish species feed predominantly on algal turfs, while corals are among the less 

preferred food items (e.g. Bruggemann et al. 1994b,c, Bellwood et al. 2003, Bonaldo 

et al. 2006, Bonaldo and Bellwood 2007, Francini-Filho et al. 2008, Alwany et al. 

2009). As algae has high growth rates compared to coral colonies (Choat 1991), the 

intense feeding by parrotfishes on algal communities likely promotes a balance 

between algal and coral benthic components on reef systems. Although parrotfish 

may have negative effects on the distribution and fitness of coral colonies, especially 

of highly preferred species (Littler et al. 1989, Rotjan and Lewis 2005, Mumby 

2009a, Chapter 5), records of total colony mortality by parrotfishes are rare (e.g. 

Bruckner and Bruckner 1998). In general, negative effects of grazing by parrotfishes 

on corals seem restrict to some particular coral species within specific reef habitats 

(Littler et al. 1989, Rotjan and Lewis 2005, Mumby 2009a, Chapter 5). Therefore, 

parrotfish grazing seems to be more likely to support coral species richness within 

reef zones by decreasing the abundance of preferred coral species in zones with high 

parrotfish abundances (Littler et al. 1989, Rotjan and Lewis 2005, Mumby 2009a, 

Chapter 5). Additionally, grazing by parrotfishes, especially excavators, probably 

alters the shape and complexity of coral colonies, by the localized mortality of highly 

grazed areas (cf. Rotjan and Lewis 2005, Chapter 6). Parrotfishes may have an 

important role in contributing to spatial variation in the abundance of coral colonies 

across the reef gradient. Parrotfishes also seem to mediate the competition between 

corals and algae, as their grazing activity may control both fast growing algae, and, 
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as a consequence, their feeding activity would ultimately facilitates coral 

recruitment, and the growth of specific coral species. 

One of the main discussions on ecology of coral reef benthic components is the 

interactions between the different substratum types in these systems. To date, algal 

turfs and macroalgae have been considered as one of the main competitors to coral 

colonies, as they have been shown to negatively affect the establishment, 

survivorship and development of coral lava and recruits on the benthic substratum 

(McCook 1999, Lirman 2001, McCook et al. 2001, Bellwood et al. 2004, Hughes et al. 

2007, Birrell et al. 2008, Vermeij et al. 2010). Furthermore, algal turfs and macroalgae 

actively compete with coral colonies and, especially in stress situation (e.g. bleaching 

events, coral disease), reef algae have been shown to negatively affect the fitness of 

coral colonies (McCook 1999, Miller and Hay 1994, McCook et al. 2001). However, 

one specific type of reef algae, the crustose coralline algae (CCA), has been show to 

have positive effects on the survivorship and development of coral colonies, by 

positively increasing the growth and calcification rates of coral colonies (McCook et 

al. 2001, Birrell et al. 2008). In the present study, we have focused primarily in the 

impacts of parrotfish feeding on algal turfs and coral colonies, as these substrata 

were found to be used as feeding substrata by a number of parrotfish species on the 

GBR (Bellwood and Choat 1990, Bellwood et al. 2003, Fox and Bellwood 2007, 

Bonaldo and Bellwood 2008, 2009, 2010). Also, while algal turfs and coral colonies 

are relatively common benthic components at the studied reefs (Fox and Bellwood 

2007, Wismer et al. 2009), CCA is rare in inshore reefs on the GBR (Hoey and 

Bellwood 2008, Wismer et al. 2009). However, given the recognized importance of 

CCA in ecological process on coral reefs, further studies on the interactions between 
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parrotfishes and CCA are essential to form a better understanding of the full 

functional role of parrotfishes in shaping the benthic community of coral reefs. 

Based on the results of the present thesis and previous studies, it is clear that 

parrotfishes have the main roles in shaping the benthic community structure on coral 

reef ecosystems: 1) the control algal turf growth by active grazing, 2) the opening of 

clear areas in coral reefs, which may represent new settlement areas for benthic 

organisms, 3) sgaping the growth rates or distributions of preferred coral colonies, 

thereby helping to maintain the differences in benthic community among reef zones. 

The results of this synthesis suggest that parrotfish feeding may be able to mediating 

coral cover on reef systems, but this positive effect would be limited to coral species 

not highly selected by parrotfishes. However, this study is one step in a journey to a 

full understanding of how coral, alga and fish components interact in coral reefs and 

how parrotfish grazing activity influences the benthic composition of coral reefs. 

Further studies on this subject are thus essential to a complete comprehension of the 

mechanisms driving the benthic structure of coral reefs. 

The overall results of Chapter 2, 3 and 6 indicate low functional redundancy 

within the parrotfish group, as individuals of different sizes (Chapter 2), species 

(Chapter 3) and feeding modes (Chapters 3 and 6) presented marked differences in 

their role in shaping the benthic community structure of GBR reefs. These findings 

were consistent for both inshore (Chapters 2 and 3) and midshelf (Chapter 6) reefs on 

the Great Barrier Reef (GBR), suggesting that these patterns may be operating over 

the entire GBR system as well as other coral reef regions globally. These results 

corroborates previous suggestions of low functional redundancy among herbivorous 

reef fishes and reinforce previous suggestions on the importance of assessing the 

ecosystem role of individual species on reef ecosystems (e.g. Bellwood et al. 2003, 
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2007, Burkepile and Hay 2008, Hoey and Bellwood 2009). Comparable studies of 

the ecology of other reef species, especially reef herbivores, are likely to reveal 

similar patterns and provide a better picture of the key species, interactions and 

processes maintaining the resilience and structure of coral reef ecosystems. 

The present study indicates that grazing by reef herbivores has direct 

implications not only at small scales, but also for the reef system as a whole. The 

reefs, both inshore and midshelf, included in the present study all show variation in 

herbivorous fish and parrotfish assemblage across reef zones, with direct 

consequences for the dynamics, structure and composition of the benthic community 

(Chapters 4 and 5). On Orpheus Island, higher herbivore grazing pressure on the reef 

crest results in shorter and more dynamic algal turf communities with lower sediment 

load compared to turfs on the reef flat. Similarly, on Lizard Island, high parrotfish 

densities were negatively correlated with the abundance of massive Porites spp. 

across the reef gradient, suggesting that parrotfish feeding may have direct effects on 

the abundance and distribution of massive Porites spp. colonies on different GBR 

reef zones (Chapter 5). These results support previous studies on the importance of 

herbivorous fishes in shaping benthic communities on coral reefs around the world 

(e.g. Hay et al. 1983, Hay 1985, Lewis and Wainwright 1985, Williams and Polunin 

2001, Diaz-Pulido and McCook 2003, Mumby 2006, Paddack et al. 2006, Wismer et 

al. 2009) and emphasize the improtance of parrotfishes not only as algal removers, 

but also as coral predators (Bruckner and Bruckner 1998, Rotjan and Lewis 2005, 

2008, Cole et al. 2008, Francini-Filho et al. 2008, Mumby 2009a). 

Although parrotfishes have been widely acknowledged as important coral 

predators on tropical reefs, the majority of studies on this subject have been 

conducted in the Caribbean (e.g. Grottoli-Everett and Wellington 1997 Bruckner and 
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Bruckner 1998, Bruckner et al. 2000, Sánchez et al. 2004, Rotjan and Lewis 2005, 

2008). On Indo-Pacific coral reefs, most studies on coral predation have focused on 

butterflyfishes (e.g. Berumen et al. 2005, Pratchett 2005) and, as a consequence, the 

impact of parrotfish predation on corals is largely unknown for this region. This 

study, thus, provides the first assessment of the impact of parrotfishes on the 

distribution and dynamics of coral colonies on the GBR. Although the overall results 

indicate a strong negative relationship between parrotfish grazing pressure and 

abundance of target coral colonies among reef zones, further studies are necessary 

for a full assessment of the importance of fish predation in influencing the 

distribution of coral colonies among reef zones. For instance, the comparison 

between scraping and excavating grazing scars demonstrated significant differences 

on the abundance, exposure of coral skeleton and dynamics of the two scar types 

along reef zones (Chapter 6). However, the exact duration of excavating grazing 

scars on coral colonies remains unknown. As the area of excavating grazing scars 

remained almost unchanged throughout the two month period following their 

appearance on massive Porites spp. colonies (Chapter 6), long-term studies are 

necessary for a detailed comprehension of the impact of these scars on GBR coral 

colonies. Also, although parrotfishes were found to be important coral consumers on 

the GBR, studies in the Pacific found that other reef fish families, such as 

monacanthids and tetradontids, may also play an important role on the distribution 

and dynamics of coral colonies on reefs in this region (Jayewardene and Birkeland 

2006, Jayewardene et al. 2009). As the different reef fish families of coral predators 

have marked differences in their feeding behaviour and morphology, further studies 

of their relative contribution to coral predation are essential in the identification of 

other functional groups of coral predators. Only, by identifying the full range of these 
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groups, it will be possible to fully comprehend the influence corallivorous fishes on 

the distribution and fitness of coral colonies on the GBR. 

The existence of variation in the intensity and nature of functional roles of 

species on tropical reefs (e.g. Hay et al. 1983, Hatcher and Larkum 1983, Paddack et 

al. 2006, Chapters 3 and 4) and other natural systems with marked gradients (e.g. 

Seitz and Lipcius 2001, Boyer et al. 2003, Gratton and Denno 2003) emphasizes the 

importance of multi-scale studies in ecosystems displaying marked environmental 

gradients. Specifically for coral reefs, herbivores seem to be one of the most 

important factors driving variations on benthic community between reef zones 

(Williams et al. 2001, Paddack et al. 2006, Hoey and Bellwood 2008, Wismer et al. 

2009, Chapters 3 and 4). The intensity of grazing impact on the benthic community 

in each reef zone is directly dependent on the abundance and grazing pressure of key 

grazing species in of these each reef zone. For example, at the reef crest on Orpheus 

Island, herbivores appear to be the most important factors influencing the structure of 

algal turfs, while on the reef flat, the low abundance of herbivores suggests that other 

factors (e.g. nutrients, sediments) may be more relevant to the structure of algal turf 

communities. Assessments of the functional roles of individual species focused 

within a single microhabitat may thus mislead researchers examining the role of 

species in the entire ecosystem or lead scientists to make erroneous generalizations 

for the whole system. As the understanding of ecosystem processes in maintaining 

reef resilience is becoming increasingly important in recent years (Norberg et al. 

2001, Nyström and Folke 2001, Elmqvist et al. 2003), the possibility of widespread 

spatial variation in the nature of species ecosystem roles, as shown in the present 

thesis, highlights the need for multi-scale examination of these critical ecosystem 

processes. 
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Overall, the present study provides a further step in our understating of the role 

of herbivorous fishes, primarily parrotfishes, as determinants on the structure of algal 

and coral communities in spatially distinct habitats on the GBR. While the 

importance of the role of herbivorous fishes to ecosystem functioning has been well 

documented by a number of studies (e.g. Diaz-Pulido and McCook 2003, Bellwood 

et a. 2004, Paddack et al. 2006), the present study found evidence of the direct 

effects of feeding by parrotfishes on the consumption, distribution and dynamics of 

algal turfs and coral colonies on the GBR. Parrotfish feeding activity is focused on 

the reef crest, where scrapers, especially large individuals, constantly feed on short 

algal turfs with low particulate material and reduced sediments. These fishes likewise 

remove significant quantity of coral tissue for this habitat and are probably 

responsible for the low abundance of some coral species at this zone. Unlike any 

other reef fish the unique teeth-like-plates of parrotfishes, enable them to access not 

only epilithic algae, and associated sediments but also coral tissue. 

Parrotfish remains as one of the few groups able to feed on and alter the 

structure of almost all coral reef benthic substratum types. In a changing world, 

where tropical reefs suffer a significant depletion of herbivorous fishes and reduction 

in coral cover (e.g. Hughes et al. 2003, 2007, Bellwood et al. 2003, 2004, Gardner et 

al. 2006, Paddack et al. 2006 ), it is likely that parrotfishes will become even more 

important to coral reef processes. However, the role of parrotfish species in 

maintaining the diversity and resilience of coral reef systems is largely dependent on 

the composition and size of parrotfish assemblages in coral reefs, as systems with 

severely depleted herbivorous fish communities are not able to fully recover from 

severe perturbations (e.g. Paddack et al. 2006, Mumby 2006, 2009b Hughes et al. 

2007). A number of coral reef locations around the world still have no restrictions on 
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parrotfishes and, when present, they are often limited to the number of individuals 

only. The increasing recognition of parrotfishes as key components in the ecosystem 

function of coral reefs makes essential that parrotfishes are protected by strict laws 

that include not only the number of individuals, but their size and species identity. 

Conservation objectives and management strategies aiming for the protection of 

parrotfish populations are thus urgently needed if we are to maintain the diversity, 

resilience and structure of coral reef ecosystems.  
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