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Introduction
Research on the biology of coral reef fishes has accelerated rapidly since the development 
of SCUBA, and has been driven by their diversity and potential use as a model system for 
testing general ecological concepts (Hixon 2011). More recently, research has embraced 
concerns about how fish populations respond to stressors such as fishing pressure, habitat 
degradation, increasing ocean temperatures and acidification, and the introduction of 
invasive species, and there is an increasing focus on how conservation initiatives may 
address these threats. This wealth of research has elucidated the functional role of many 
species, but the role of herbivorous fish has received perhaps the greatest attention. Within 
the guild of herbivorous fishes, parrotfishes are the best studied taxa and, as can be seen 
from this book, there is a rapidly growing literature covering all aspects of their biology, 
management, and importance to coral reefs.

One of the most widely studied functional roles of parrotfishes is their removal of 
algae that might otherwise compete with corals (McCook et al. 2001). In principle, grazers 
such as parrotfishes benefit coral populations by facilitating recruitment and reducing the 
frequency and intensity of competitive interactions with algae. However, as is so often the 
case in ecological systems, this apparently straightforward concept belies a multitude of 
complex questions including the relative importance of top-down and bottom-up controls 
of benthic dynamics, phase shifts and alternative stable states, the degree of functional 
redundancy amongst herbivores, and resolving the functional versus nutritional aspects 
of parrotfish feeding (Adam et al. 2015a). In addition, many questions exist concerning the 
management of parrotfish management, including how harvesting influences the biomass 
of fish on reefs and their functional role, and how marine reserves affect trophic cascades 
within food webs.
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Research into the nutritional biology of Caribbean parrotfishes has lagged behind 
that in the Pacific. For example, the emerging picture in the Pacific is that parrotfishes are 
microphages and detritivores (Crossman et al. 2001, Choat et al. 2004, Clements et al. 2017), 
which likely also applies to Caribbean species of the genus Scarus. However, the nutritional 
biology of the other major – and endemic – Atlantic genus, Sparisoma, has received little 
recent study. Species of Sparisoma differ from Scarus in taking a large proportion of bites from 
fleshy macroalgae (Bruggemann et al. 1994c), and their alkaline intestine helps dissociate 
protein-tannin complexes in brown algae (Lobel 1981). Furthermore, brown algal secondary 
metabolites do not seem to affect nutritional assimilation (Targett and Arnold 1998). The 
degree to which Sparisoma derives nutrition from detritus and microalgae remains unclear 
(but see Bruggemann et al. 1994c). Despite the uncertainty of the nutritional biology of 
Caribbean parrotfish, many studies have examined the impact of their grazing on coral 
reef algae, which seems to be strongly negative (e.g. Williams and Polunin 2001, Kramer 
2003, Mumby et al. 2006b, Burkepile et al. 2013).

Parrotfishes are among the most abundant and conspicuous of Caribbean coral reef 
fish, yet comprise just 16 species, and only species from the genera Scarus and Sparisoma 
are functionally important grazers on reefs. Furthermore, the functional importance of 
these genera has increased since the mass mortality of the herbivorous urchin Diadema 
antillarum in the early 1980s (Lessios 1988), so that they are now the major grazers on most 
reefs in the region. The relative simplicity of this system has allowed the functional role of 
parrotfishes to be sufficiently well understood that it can be built into predictive models 
that provide realistic insights into future reef dynamics (Mumby 2006a). Such models have 
provided a range of new insights into coral reef resilience, which is the probability that a 
reef will still be able to maintain a trajectory of coral recover after some prescribed period 
of time during which disturbances occur (Mumby et al. 2007a, 2014).

Through our work on the biology, functional role, and management of Caribbean 
grazers, we have been exposed to a wide range of questions about the role of parrotfishes. 
Some of these queries stem from an understandable inability to keep abreast of a 
diverse literature, but some are driven by misunderstandings over what particular 
papers actually demonstrate (and we include the wider scientific literature here, not 
just our own). Indeed, some of the confusion is caused by apparent disagreements in the 
literature about the roles parrotfishes might play in reef dynamics and resilience. For 
example, a recent high-profile analysis of coral cover trends in the Caribbean highlighted 
the importance of overfishing of parrotfishes, and strongly recommended reductions in 
herbivore fishing (Jackson et al. 2014). This led to comments on international fora (e.g., 
coral-list) such as “we have parrotfishes on our reefs but coral cover is still declining”, 
“we have a marine reserve but coral cover is still low”, and “banning parrotfish 
fishing doesn’t address the threats of climate change”. Such comments reveal several 
misconceptions about the role of parrotfish in coral population dynamics, and if left 
unchecked could lead to perceived failures of management that result from unrealistic 
expectations.

This chapter aims to address some of the most frequently asked questions (FAQs) 
posed to us by researchers, reviewers, managers, and the general public. It is not intended 
to be a comprehensive review of Caribbean parrotfishes, but rather attempts to summarise 
the key literature required to answer specific questions. We begin by addressing questions 
regarding the basic biology of parrotfishes as this builds a foundation from which to 
understand their role in reef resilience, and the implications for management.
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       Parrotfish Biology
FAQ 1. What Controls the Diversity and Abundance 
of Parrotfishes on Reefs?
The Western Atlantic supports a greater diversity of parrotfishes than the Eastern 
Atlantic (Floeter et al. 2008, Bonaldo et al. 2014) and in the Western Atlantic the density of 
herbivorous fishes decreases from tropical to temperate latitudes, possibly because of the 
physiological challenges of utilising a relatively low-quality food in cooler water (Floeter 
et al. 2004, but see Clements et al. 2009). The major evolutionary radiation of Sparisoma 
was driven by allopatric processes caused by geographic separation from the Atlantic and 
riverine barriers (Robertson et al. 2006). Species of the genus Scarus likely arrived in the 
Caribbean through migration from an Indian Ocean source via South Africa and primarily 
exhibited sympatric radiation on reaching the Western Atlantic (Choat et al. 2012). Within 
the Caribbean, the biogeography of parrotfishes is not well documented, although there is 
little evidence that any species have restricted ranges within the region.

In contrast to their biogeography, there are major differences in parrotfish diversity and 
densities among habitat types. For example, one of the most abundant species is Sparisoma 
viride, which is absent in sandy habitat, has densities of <1 fish 100 m-2 in mangroves, 
seagrass beds and escarpments, is more common (1–2 fish 100 m-2) on gorgonian-dominated 
pavements and deep Orbicella-dominated reefs, and is most common (>2 fish 100 m-2) on 
patch reefs, back reefs, reef crests and shallow Orbicella-dominated reefs (reviewed by 
Harborne et al. 2006). The major abiotic and biotic drivers of this inter-habitat variability 
are relatively well understood, and reef complexity is typically positively correlated with 
parrotfish abundance. Refuges within the reef have a range of functions for parrotfishes, 
including predator avoidance and nocturnal sleeping sites (Tzadik and Appeldoorn 2013). 
Consequently, across a range of sites and habitats in Belize, the density and biomass of 
the commonest species (Scarus iseri, Sparisoma aurofrenatum and Sp. viride) were positively 
correlated with reef complexity, although the abundance of Sparisoma chrysopterum did 
not appear to be linked to rugosity (Bejarano et al. 2011). Such habitat preferences appear 
to be established during the settlement and recruitment period of some species (Tolimieri 
1998b). Within coral-rich habitats, patches of reef with larger mean heights of coral colonies 
also appear to support greater biomasses of parrotfishes (Harborne et al. 2012). Critically, 
although increasing reef complexity increases the grazeable area on reefs, the benefits 
to parrotfish abundances from increasing rugosity are sufficient to drive higher grazing 
intensities on rugose reefs (Bozec et al. 2013). Therefore, positive feedbacks are established 
with increasing rugosity increasing parrotfish abundance and grazing intensity, which 
reduces macroalgal abundances, facilitating coral settlement and the maintenance and 
enhancement of processes underpinning high reef complexity (Bozec et al. 2013). Such 
feedbacks do not occur on flat, hard-bottom habitats where parrotfishes are less abundant 
and benthic dynamics are largely controlled by physical processes (Mumby 2016).

In addition to reef complexity, other controls of parrotfish populations include 
decreasing abundances with increasing depth, predominantly because of its effect on 
algal productivity, but also because of predator abundance and the density of herbivorous 
competitors (Lewis and Wainwright 1985, Nemeth and Appeldoorn 2009). Wave exposure 
also has an important influence on the composition of coral reef fish assemblages because 
varying water velocities favour different fin morphologies (Fulton et al. 2005), although 
there are limited data available for Caribbean parrotfishes (but see Bellwood et al. 2002). 
There are also limited data on whether pre- or post-settlement processes are most important 
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for parrotfish demographics, although factors such as predation risk and refuge availability 
are more important than larval supply for regulating populations of other territorial 
species (Hixon et al. 2012). Populations of species such as Sc. iseri and Scarus guacamaia 
on reefs are enhanced by nursery habitat availability, particularly mangroves and dense 
seagrass beds (see FAQ 5). Finally, populations of adult parrotfishes are highly influenced 
by fishing pressure, but this is outlined in more detail in the Section on ‘Parrotfish fisheries 
management’ below.

FAQ 2. Are all Parrotfishes Functionally Equivalent?
When considering the conservation of parrotfishes, an important question is whether 
the sole target should be increasing fish biomass, or whether herbivore diversity should 
also be considered to maintain grazing pressure. Answering this question requires an 
understanding of whether all parrotfishes are functionally equivalent, or whether some 
species have specialised roles on reefs. Despite the uncertainties concerning their nutritional 
biology, all parrotfishes remove algae and there is a well-established distinction between 
the morphology of species that ‘excavate’ (grazing also removes pieces of the substratum) 
and those that ‘scrape’ (food is removed from the surface of the substratum with a non-
excavating bite) (Bellwood and Choat 1990). In the Caribbean, Scarus species generally 
target algal turf assemblages, crustose coralline algae, and endolithic algae, while Sparisoma 
species generally target macroalgae (Adam et al. 2015b). More specifically, seven common 
species have been categorised based on the degree of removal of the substratum and major 
food sources (Cardoso et al. 2009), and we add our own observations to this list here. 
Scarus taeniopterus and Sc. iseri are categorised as ‘scrapers’ (leave superficial bite marks but 
remove more turf algae than other species). Sp. aurofrenatum, Sparisoma rubripinne and Sp. 
chrysopterum are considered ‘grazers’ (the term grazer is used because these species are not 
obligate browsers and also scrape the epilithic algal matrix), although Sp. aurofrenatum does 
frequently bite live corals (Miller and Hay 1998) and in some classifications is considered a 
scraper (Bernardi et al. 2000, Streelman et al. 2002). Sp. viride is a ‘bioeroder’ or ‘excavator’ 
(removes both coralline rock and live coral when feeding but feeds extensively on algal 
turfs and several macroalgae including Dictyota spp., Mumby 2006a), and Scarus vetula 
is a ‘bioeroder/scraper’ (removes coralline rock but feeds primarily on turf algae). These 
results suggest significant functional diversity among Caribbean parrotfish (Cardoso et al. 
2009, Adam et al. 2015b), especially since the frequently over-fished, large-bodied Scarus 
guacamaia is not included in the classification. A single large-bodied parrotfish species can 
have key functional roles on reefs, even in the more diverse Indo-Pacific (Bellwood et al. 
2003, 2012), although there is some evidence that Scarus guacamaia feeds on similar foods 
to Sp. viride (Burkepile and Hay 2011).

The suggestion that there are multiple functional roles within the parrotfish assemblage 
is supported by experimental evidence that individual species alone may not be able 
to supress successional processes resulting in macroalgae that reduce coral growth, or 
remove established macroalgae that have similar effects (Burkepile and Hay 2008, 2010). 
These functional roles of individual parrotfish species are further supported by feeding of 
surgeonfishes (Burkepile and Hay 2008, 2010) and, before their mass mortality, would have 
complemented grazing by urchins such as Diadema antillarum (reviewed by Lessios 1988). 
However, a study examining the response of the herbivore assemblage to different algal 
assemblages indicates that while there is complementarity between Sparisoma spp. and 
both the surgeonfishes Acanthurus spp. and Scarus spp., there may be some redundancy 
within the latter genera (Burkepile and Hay 2011). Finally, the lack of apparent competition 
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and aggressive interactions among parrotfish species (Mumby and Wabnitz 2002), also 
suggests limited niche overlaps and the use of different feeding resources (Fig. 1). This 
general lack of functional redundancy in Caribbean parrotfishes is consistent with global 
patterns of functional diversity being highly vulnerable to losses of reef fish species 
(Mouillot et al. 2014). Therefore, while the absolute biomass of parrotfishes is clearly 
important to maintain the ecological process of grazing, there is a growing understanding 
that maintaining the diversity of parrotfish assemblages, and the entire herbivore guild, is 
also important for the benthic dynamics of reefs.

Fig. 1. Species stacking showing three adjacent parrotfish territories for Sparisoma viride (a) 
and Sparisoma aurofrenatum (b). Individuals of each species distinguished using red, green, and 
blue. Intraspecific spatial overlap among territories is infrequent but denoted using purple, 

olive and turquoise. Note that the territories of different species overlap (stack) in space. 

FAQ 3. Are There Key Spawning Sites that Should be Conserved?
Mass spawning aggregations for species such as groupers and snappers are key sites 
for protection (Claydon 2004), but most Caribbean parrotfishes do not use the same 
reproductive strategy (though the bumphead parrotfish in the Indo-Pacific can form 
aggregations of up to one thousand individuals, Roff et al. 2017). In contrast, terminal 
phase parrotfishes typically defend territories and spawn daily with a harem of females 
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(Bruggemann et al. 1994a, van Rooij et al. 1996). However, in shallow water, Sp. viride 
may form non-territorial mixed groups of males and females that have only limited sexual 
activity, including with territorial males in deeper water (van Rooij et al. 1996). Parrotfishes 
have long been recognised as undertaking predictable diurnal migrations between resting 
and feeding sites (Ogden and Buckman 1973), but these movements do not seem to be 
related to reproductive behaviour. Therefore, protecting parrotfish populations within 
marine reserves that are sufficiently large to capture diurnal movements are likely to also 
incorporate spawning sites. However, one exception may be populations of species such 
as Sp. rubripinne that occur at low densities on extensive low complexity hard-bottom and 
bank areas (Mumby 2016). We have heard anecdotal reports of parrotfishes undertaking 
spawning migrations to the edge of these habitats (see also the classification of Sp. rubripinne 
as forming spawning aggregations in Nemeth 2012), presumably to release their gametes 
into more favourable oceanographic conditions at the reef edge. Although population 
densities of these species are low, the habitats can cover large areas and, therefore, this 
behaviour may have important demographic consequences. Since spawning migrations 
may also mean that individuals move either into, or out of, marine reserves, documenting 
the scale and drivers of this behaviour is a pressing research topic.

FAQ 4. Is It Possible to Increase Parrotfish Recruitment on Reefs?
As might be expected for a species that spawns daily, parrotfish settlement to Caribbean 
reefs occurs throughout the year, although in some locations there can be a summer peak 
(e.g. in Florida, Paddack and Sponaugle 2008). Settlement may also be higher around new 
moons (Tolimieri 1998a) and, like many species, settlement rates vary annually (Paddack 
and Sponaugle 2008). Settlement densities are also affected by microhabitat availability, 
with species such as Sp. viride having higher densities on the coral Porites porites, a pattern 
that appears to reflect post-settlement survival rather than larval settlement preferences 
(Tolimieri 1998a). Since survival of recently settled individuals represents a particularly 
important bottleneck in the demographics of many reef species (Almany and Webster 
2006), an important consideration is whether the local breeding biomass of parrotfishes 
drives a commensurate increase in local settler density (a stock-recruitment relationship). 
Reef fish stock-recruitment relationships have proven extremely difficult to quantify 
(Haddon 2011), but are important to identify because protecting adult stocks through the 
cessation of fishing could potentially lead to a positive feedback: the increased biomass 
of adults could increase settlement rates and consequently further recovery of the 
local breeding population. Perhaps the clearest attempt to identify a stock-recruitment 
relationship in parrotfishes has occurred in Bermuda, where a ban on fishing traps led 
to an increased biomass of adults that was monitored over a nine-year period (O’Farrell 
et al. 2015). In contrast to expectations given that Bermuda is a largely demographically 
closed system, there was no increase in juvenile density as the adult population increased, 
and this appeared to be linked to an increase in the abundance of the meso-predator 
Aulostomus maculatus. Since large predatory fishes were still being fished in Bermuda, 
it appeared that Aulostomus maculatus, which is rarely caught by fishers, benefited from 
low predation pressure and an increased abundance of food. Their increased abundance 
seemed to have limited any potential stock-recruitment relationship. This finding has 
important implications for management, because the benefits of larval parrotfish spillover 
from marine reserves may be lost in non-protected areas if meso-predators can respond 
unchecked to prey enrichment because of the absence of large predators to control their 
biomass.
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FAQ 5. How Important is the Protection of Mangroves and Seagrass 
Beds for Parrotfishes?
Many reef fish species recruit into ‘nursery habitats’, rather than directly into their 
preferred adult habitat, to benefit from lower predation rates or increased food 
availability. Consequently, a nursery habitat can be defined as an area that supports greater 
contributions per unit area to the adult population (Beck et al. 2001, see also Adams et 
al. 2006, Dahlgren et al. 2006). Mangrove stands and seagrass beds are frequently cited 
as nurseries within tropical marine seascapes, but other shallow habitats such as algal 
beds can also be important (Nagelkerken et al. 2000). Evidence that Caribbean parrotfish 
populations are enriched by these habitats is multifaceted. Firstly, juvenile parrotfishes, 
particularly Sc. iseri, are frequently seen in mangrove and seagrass beds (Nagelkerken et 
al. 2001), which is consistent with the nursery habitat hypothesis. The presence of higher 
densities of parrotfishes on nearby reefs provides a stronger justification for categorising 
mangroves and seagrass beds as nurseries, and this has been demonstrated in a number 
of locations. For example, surveys at different distances from a bay containing mangroves 
and seagrass beds in Curaçao highlighted that densities of Scarus coeruleus, Sc. guacamaia, 
Sc. iseri, and Sp. chrysopterum were higher close to the bay (Nagelkerken et al. 2000). In 
contrast, Sp. aurofrenatum, Sp. rubripinne, and Sp. viride were classified as ‘reef species’ 
with all life stages, including juveniles, normally found on the reef and not appearing 
to use nursery areas. However, for reef species such as Sp. viride, shallow water habitats 
such as back reefs and patch reefs represent important sites for juvenile fish (Tolimieri 
1998a, c). Subsequent studies have suggested that juvenile parrotfishes are primarily using 
mangroves and seagrass beds because of increased food availability (Nagelkerken and van 
der Velde 2004, Verweij et al. 2006).

The enrichment of populations of nursery-using parrotfishes on nearby reefs has also 
been demonstrated at entire reef scales. Across six Caribbean islands, the abundance of 
Sc. iseri was significantly higher on reefs around islands supporting mangrove stands 
and provides further evidence for this species having a high dependence on mangrove 
and seagrass nurseries (Nagelkerken et al. 2002). Working within a single biogeographic 
region (Mesoamerican Barrier Reef) and controlling for reef area, Mumby et al. (2004) 
demonstrated an increase in the biomass of Sc. iseri of 42% in mangrove-rich reef systems 
compared to mangrove-scarce areas. Furthermore, Sc. guacamaia appeared to have a 
functional dependency on mangroves and had suffered local extinctions after mangrove 
removal (Mumby et al. 2004). This functional dependency has also been reported from 
Aruba, where juvenile Sc. guacamaia were only observed in mangroves while all adults were 
observed on reefs (Dorenbosch et al. 2006). For these nursery-using species, the benefits 
of nursery habitat availability can have greater effects on the abundances of smaller fish 
(<25 cm) than the cessation of fishing within marine reserves, although protection is more 
important for larger-bodied individuals (Nagelkerken et al. 2012).

Despite convincing correlative studies, there is still a need for studies that directly 
observe the ontogenetic migration of parrotfishes from nursery habitats to nearby reefs, 
which may be aided by increasingly sophisticated methods of tagging fishes. Such research 
is necessary to fully parameterise models of parrotfish population demographics, including 
the maximum distance to which nursery habitats enrich adult populations. Currently the 
best evidence is that mangroves affect fish assemblages up to distances of approximately 
10 km (Dorenbosch et al. 2006, Mumby 2006b, Huijbers et al. 2013), but this is likely to 
vary among species and seascapes. Finally, there is a need to better understand how the 
enrichment of nursery-using species by nursery habitats affects other components of fish 
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assemblages. For example, in seascapes where nursery habitats are extensive, the high 
abundance of nursery-using parrotfishes and piscivores reduces the abundance of other 
parrotfishes settling directly to reefs because of increased competition and predation, and 
affects benthic dynamics (Harborne et al. 2016).

FAQ 6. How Fast Do Parrotfishes Grow?
Growth rates are a key parameter for fisheries management, but data on the growth rates 
of Caribbean parrotfishes are limited. Most of the available data are for Sp. viride, which 
suggests growth in this species best fits von Bertalanffy growth equations (van Rooij et al. 
1995, Choat et al. 2003, Paddack et al. 2009). Growth rates vary among size phases, with 
growth fastest in juveniles, slower in sexually inactive terminal phase males, and slowest 
in initial phase females and territorial, terminal phase males (van Rooij et al. 1995). These 
rates suggest that sexually inactive males trade higher growth rates for current reproductive 
activity in order to obtain a territory that will provide future high reproductive success 
(van Rooij et al. 1995). Consequently, Sp. viride can be categorised as a relatively short-
lived species (maximum age ~12 years) with relatively consistent demographic parameters 
across the Caribbean, although data from Florida and elsewhere suggest that at some 
spatial scales there may be higher demographic plasticity (Choat et al. 2003, Paddack et 
al. 2009). Demographic models were recently created for the major Caribbean parrotfish 
species and tested against independent field data, although it would be advantageous to 
quantify regional variation in demographic rates in multiple species (Bozec et al. 2016), as 
has been carried out for Sp. viride (Choat et al. 2003).

FAQ 7. What are the Natural Predators of Parrotfishes?
The loss of parrotfishes caused by fishing and invasive lionfish is discussed in subsequent 
sections, so here we consider the demographic process of mortality caused by native 
predators. Although data are scarce, predation of parrotfishes can be assumed to decrease 
significantly with increasing body size, so that survival of new settlers on reefs is critical 
to replenishing adult populations (as for other species, Almany and Webster 2006). The 
list of parrotfish predators appears extensive, and they have been found in the stomach 
of piscivores such as small- and large-bodied groupers, jacks, snappers, and moray eels 
(Randall 1965, 1967). In addition, the trumpetfish Aulostomus maculatus elicits classic anti-
predator responses by Sc. iseri (group formation) and Sp. viride (hiding in corals) (Wolf 1985). 
Over a time series of nine years in Bermuda following a reduction of parrotfish catches, an 
increased biomass of trumpetfish, but a stable density of juvenile parrotfishes despite an 
increased biomass of adults, also suggests this species is an important predator (O’Farrell 
et al. 2015, see FAQ 4). Interestingly, joining a school occurred less frequently when it 
contained fewer conspecifics (Wolf 1985), probably because of the increased predation risk 
for less-abundant species in groups (Almany and Webster 2004). On reefs where Sp. viride is 
relatively rare compared to Sc. iseri, such as near nursery habitats, this process may increase 
the mortality rates of non-nursery species even more than might be expected because of the 
increased biomass of nursery-using predators (Harborne et al. 2016).

The identity of parrotfish predators is likely to vary considerably with body size and life 
phase. Meso-predators, such as small-bodied groupers, are probably the most important 
predators of juvenile parrotfishes. For example, the abundance of recently settled fish, 
including numerous Sc. iseri and Sp. viride, were more abundant on patch reefs with higher 
densities of the large-bodied Nassau grouper, Epinephelus striatus, because it reduced 
the foraging of smaller Cephalopholis groupers (Stallings 2008). This experiment suggests 
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that the indirect effects of Nassau groupers on the predators of juvenile parrotfishes are 
more important than any direct predation. Similarly, fishing of large-bodied carnivores 
in Belize was linked to increased densities and changed behaviours of meso-predators, 
and declines in populations of Sp. viride (Mumby et al. 2012). As parrotfishes increase in 
size, the number of potential predators decreases until only the largest piscivores, such as 
sharks, are capable of feeding on adult parrotfishes. Parrotfishes are the preferred food 
of juvenile lemon sharks, Negaprion brevirostris (Newman et al. 2010), and have also been 
found in the stomachs of nurse sharks (Randall 1967), but diet data for other sharks is scarce 
and mortality rates are very difficult to establish. However, constraining adult parrotfish 
mortality rates is important for population and resilience modelling because larger-bodied 
fishes have the largest contribution to grazing and bioerosion. Equally, currently poorly 
known changes in the behaviour of herbivores when threatened by predators may be more 
important to benthic dynamics than direct predation events, as demonstrated in both the 
Caribbean and Indo-Pacific (Madin et al. 2010, 2011, Rizzari et al. 2014, Catano et al. 2016).

A key consideration when establishing marine reserves to protect biodiversity, fisheries, 
and ecological processes is whether the direct benefits to parrotfishes of a cessation of fishing 
are greater than the negative effects of increased predation caused by higher abundances 
of piscivores. A study in one of the largest and oldest marine reserves in the Caribbean 
demonstrated that even in lightly fished systems, the reduction of parrotfish catches far 
outweighs increased predation rates, and will increase grazing intensity (Mumby et al. 
2006b). This is primarily because large-bodied parrotfishes, which are key grazers, reach 
a size that dramatically reduces their risk of predation by large-bodied groupers that are 
a prime beneficiary of marine reserve establishment. However, increased predation inside 
the park appeared to reduce the mean size of smaller bodied parrotfishes, such as Sc. iseri 
and Sp. aurofrenatum (Mumby et al. 2006b). Despite this effect, the long-term impact of 
Caribbean no-take marine reserves is clearly to enhance grazing.

FAQ 8. What Role are Invasive Lionfish having on Parrotfish       
Populations?
Perhaps the highest profile invasive species on reefs is the introduction of the Indo-Pacific 
species Pterois volitans and Pterois miles (subsequently ‘lionfish’) into the Caribbean. The 
history of the invasion is reviewed in detail elsewhere (Côté et al. 2013), but in summary 
lionfish were recorded in Floridian waters in 1985, entered The Bahamas in 2004, and have 
colonised the majority of the western Atlantic, Caribbean Sea, and Gulf of Mexico. This 
rapid spread is driven by a range of factors including high fecundity of well-protected 
eggs, being habitat generalists, and the limited number of predators (Côté et al. 2013). The 
ubiquity and high densities of lionfish on many Caribbean reefs has led to concern about 
their effects on native fishes and invertebrates. These effects may be particularly acute 
because native species have not evolved anti-predation mechanisms when confronted 
by the unique hunting style of lionfish: lionfish are stalking predators that use a slow, 
hovering hunting style with pectoral fins spread out and angled forward (Green et al. 2011, 
Côté et al. 2013). Consequently parrotfishes may incorrectly assign lower threat levels to 
lionfish, as has been seen in gobies (Marsh-Hunkin et al. 2013).

A growing literature has demonstrated that the impacts of lionfish on reef fish 
assemblages are significant (Albins and Hixon 2008, Lesser and Slattery 2011, Green et 
al. 2012), and these effects include reductions of parrotfish populations. Parrotfishes have 
repeatedly been found in lionfish stomachs, including adult Sc. iseri and Sp. viride (Albins 
and Hixon 2008, Morris and Akins 2009), and juvenile Sc. iseri, Sp. aurofrenatum, and Sp. 
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viride (Green et al. 2011). This predation pressure reduced the recruitment rate of four out 
of five parrotfish species (Cryptotomus roseus, Sparisoma atomarium, Sp. aurofrenatum, and 
Sp. viride) settling on patch reefs, as part of an overall 79% reduction of fish recruitment 
caused by lionfish during a five-week experiment (Albins and Hixon 2008). Sparisoma 
aurofrenatum was also one of 42 small-bodied prey fishes whose biomass declined by 65% 
during a period of rapidly increasing lionfish abundance on a Bahamian reef (Green et al. 
2012). Finally, the lionfish invasion appeared to lead to a local extinction of Sp. atomarium 
on a Bahamian mesophotic reef between 30 and 76 m (Lesser and Slattery 2011). 

There are  currently few data demonstrating how reductions in parrotfish populations 
because of lionfish predation translate into changes in grazing rate, and consequently 
the abundance of algae on reefs. This trophic cascade has been proposed as a potentially 
important consequence of the lionfish invasion (Albins and Hixon 2013), and there is 
some evidence that a lionfish-driven phase shift from coral- to algal-domination may 
have already occurred on some mesophotic reefs (Lesser and Slattery 2011). Lionfish 
predation particularly targets smaller parrotfishes, and the majority of grazing is typically 
undertaken by larger individuals. However, an increased mortality of parrotfish juveniles 
has the potential to reduce the abundance of larger fishes, but the full demographic impact 
of lionfish predation on prey species has not been documented.  In addition, lionfish have 
sub-lethal effects on parrotfish grazing by altering their foraging behaviour and reducing 
bite rates (Eaton et al. 2016, Kindinger and Albins 2017).  This combination of direct 
predation and non-consumptive effects on high-lionfish-density reefs in The Bahamas 
reduced algal removal by 66–80% (Kindinger and Albins 2017).

The Functional Role of Parrotfishes
FAQ 9. Parrotfishes Eat Coral, so Aren’t They Bad for the Reef?
Of the Caribbean parrotfishes only species in the genus Sparisoma eat coral, and even then 
live coral comprises a small proportion of bites (<4%) (Bruggemann et al. 1994a). The 
main corallivores are Sp. viride and Sp. aurofrenatum (Miller and Hay 1998). The answer 
to whether these corallivores are bad for the reef depends on the habitat involved. On 
shallow reef flats and the shallower parts of some forereefs, the consumption of branching 
corals in the genus Porites by parrotfishes is profound, and can lead to local exclusion 
of this coral (Littler et al. 1989, Miller and Hay 1998). Even the massive Porites astreoides, 
which has a harder skeleton than branching forms, experiences heavy corallivory in this 
environment, though it is not excluded (Littler et al. 1989).

On forereef habitats, evidence of parrotfish corallivory is common, particularly on 
large massive species of the genus Orbicella (Bythell et al. 1993, Bruckner and Bruckner 
1998, Rotjan and Lewis 2005), although the only coral that appears to be preferentially 
targeted is Porites porites (Roff et al. 2011, Burkepile 2012). However, bite lesions can heal 
rapidly leading to a rapid turnover of scars (Sánchez et al. 2004), with little apparent 
detrimental impact on the coral. Moreover, although the feeding behaviour of parrotfishes 
has been implicated in causing mortality in juvenile corals (Birkeland 1977, Box and 
Mumby 2007), the beneficial role of parrotfishes in removing macroalgae appears to be 
much more important for corals (Mumby 2009). Consequently, densities of juvenile corals 
are positively related to parrotfish density, biomass, or grazing in the Caribbean (Mumby 
et al. 2007b, Burkepile et al. 2013).

Thus, for most Caribbean coral reef environments, the net impact of parrotfishes 
on coral assemblages appears to be positive, although they might have a net negative 
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influence on Porites porites. In addition to direct effects, an additional negative impact is 
that corallivory might potentially constrain the ability of Porites porites to take advantage 
of a loss of coral competitors as the cover of massive corals declines on some coral reefs 
(Roff et al. 2011). Of particular concern, however, is the role of corallivory when coral cover 
becomes low (Mumby 2009, Burkepile 2012); will predation overwhelm the capacity of 
corals to grow? There is mixed evidence available to address this question. Roff et al. (2011) 
found that the intensity of parrotfish corallivory across the Bahamas increased (although 
weakly) with an increase in coral density. Thus, if a decline in coral cover leads to lower 
average coral density then rates of corallivory might also decline. In contrast, Burkepile 
(2012) found that the frequency and intensity of corallivory increased at sites with low 
coral cover in Florida, but Florida appears to have unusually high levels of corallivory 
compared to the rest of the Caribbean.

FAQ 10. How much Evidence is there that Parrotfishes are Good for 
Reef Resilience?
In theory, grazing by parrotfishes can reduce the abundance of macroalgae and thick 
algal turfs and facilitate the recruitment, growth, and fecundity of corals (Mumby 2006a), 
which is a key mechanism promoting reef resilience following a disturbance (Mumby and 
Steneck 2008). Empirical evidence to support this hypothesis has been found by comparing 
the functioning of one of the Caribbean’s oldest (60+ years), largest (450 km2), and most 
effective marine reserves (the Exuma Cays Land and Sea Park in the central Bahamas), to 
surrounding, unprotected reefs. Enforcement of park regulations since the mid-1980s has 
fostered a relatively intact fauna with abundant sharks and among the highest grouper 
biomasses in the entire region (Mumby et al. 2011). A cessation of fishing inside park 
boundaries means that parrotfish biomass is, on average, twice that outside the park, 
and the cover of macroalgae is four-fold lower (Mumby et al. 2006b). Density of coral 
juveniles show a simple linear positive increase with parrotfish grazing (Mumby et al. 
2007b), and the trajectory of coral populations over time (2.5 years) was positive in the 
park but neutral to negative outside its boundaries (Mumby and Harborne 2010). These 
relationships were robust to other putative mechanisms, such as the possibility of there 
being natural variation in parrotfish abundance at the scale of the study site compared to 
controls, elevated coral larval supply to the reserve, changes in reef habitat complexity, 
differences in the density of damselfishes that can interfere with grazing behaviour, and 
densities of alternative herbivore groups including urchins or acanthurids. In addition, an 
experimental manipulation of parrotfish grazing evaluated the impact of fishing larger-
bodied parrotfishes on the cover of macroalgae and the recruitment of corals to settlement 
plates (Steneck et al. 2014). The study was undertaken on two exposed forereefs in Belize, 
and used stainless-steel rods to prevent access of larger-bodied parrotfishes without the 
usual problems of caging effects on benthos. This ‘removal’ of large parrotfishes was 
sufficient to cause a large macroalgal phase shift and vastly reduce coral recruitment, 
highlighting the importance of adult fishes.

Other than those in the Bahamas and Belize, few studies have been able to track the 
relationship between a change in herbivory and consequent effects on algae and corals, but 
many studies have investigated individual components of this process. Mechanistically, 
one would first expect a negative relationship between parrotfish biomass or grazing and 
the cover of macroalgae. Secondly, a negative relationship would be expected between 
macroalgae and demographic and biological responses of corals. There is plenty of 
evidence for both. For example, negative relationships between total herbivore biomass or 
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total parrotfish biomass and macroalgal cover have been found throughout the Caribbean 
(Williams and Polunin 2001, Kramer et al. 2003, Newman et al. 2006, Burkepile et al. 2013). 
These studies were mostly undertaken on forereef habitats where the major macroalgal 
species include Lobophora variegata and species of Dictyota. The exception appears to be 
shallow, eutrophic patch reefs inside Glovers Atoll, Belize (McClanahan et al. 2004) where 
parrotfishes are unable to influence macroalgal growth (McClanahan et al. 2001). A key 
point is that this habitat is very different to that of forereefs, and the dominant algae are 
erect and generally unpalatable, including the genera Sargassum and Turbinaria. A wealth 
of evidence exists on the competitive interactions between corals and macroalgae in the 
Caribbean, all of which shows negative impacts on coral, although this can be species 
and size-specific, with less importance in larger corals (Ferrari et al. 2012). Furthermore, 
macroalgae can negatively affect the growth and survivorship of juvenile corals (Box and 
Mumby 2007), coral growth rate (Lirman 2001, Ferrari et al. 2012), partial colony mortality 
(Lirman 2001, Nugues and Bak 2006), and coral fecundity (Foster et al. 2008). 

In short, the evidence for the positive effects of parrotfishes on coral resilience is 
substantial for forereef environments, but impacts might be absent in environments where 
algal growth is strongly enhanced by high light and/or high nutrients, such as shallow 
patch reefs.

FAQ 11. Isn’t There a Lot of Evidence of Reserves not Benefitting 
Corals even though Parrotfishes were Protected?
A few Caribbean studies have found no evidence of protecting parrotfishes improving 
coral health (Huntington et al. 2011, Toth et al. 2014), yet each has serious difficulties 
in interpretation. Huntingdon et al. (2011) compared coral cover in shallow patch reefs 
between 1998/9 and 2008/9 and asked whether those in a reserve had fared better: 
they had not. There are a number of problems with this study. First, there was no 
evidence that the reserves had any positive influence on the biomass of parrotfishes, 
perhaps because of poaching or the inhospitable nature of the profound macroalgal 
dominance throughout the study area. (as seen in the Pacific, Hoey and Bellwood 
2011). If there was no trophic impact of the reserve then there is no reason to expect 
any cascading benefit to corals via a reduction in macroalgae. Arguably, the reserve 
was not functioning successfully for herbivores, and there was no clear mechanism by 
which the reserve could influence corals either directly or indirectly. Second, the reefs 
studied were impacted by two bleaching events and three hurricanes between census 
dates. The authors’ study design was unable to resolve the impacts of either event, so it 
is perhaps not surprising that no systematic effect of reserves on coral cover was found. 
A more appropriate study design would have tracked the impact-recovery response of 
individual reefs and asked whether recovery rates were greater in those sites with the 
greatest herbivore biomass (Fig. 2).

A study of coral trajectories in Florida between 1998 and 2011 found no benefit of 
reserves on coral trajectories (which mostly declined), nor did reserves affect macroalgal 
cover (Toth et al. 2014). The authors conclude that reserves have no impact on the health 
of corals, contrary to other studies such as those described earlier from The Bahamas. 
Clearly, the reserves studied had no beneficial impact on coral, but the contrasts made 
with other studies are disingenuous and misleading. First, parrotfishes are protected 
from commercial exploitation in Florida and there is no evidence that reserves have any 
impact on herbivory at the study locations: even fished reefs are likely to have supported 
a parrotfish assemblage close to its carrying capacity. Indeed, the authors of this study did 
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not even include herbivores in their study design, so we have to assume that herbivore 
levels were not systematically different between reserves and non-reserves. Under these 
circumstances, it is not surprising that reserve effects are absent on corals since the reserves 
have no mechanistic means of influencing corals. In contrast, reserves have a demonstrable 
benefit to parrotfish biomass where herbivores are the subject of fisheries (Hawkins et al. 
2007, Valles and Oxenford 2014). It is under these circumstances that reserves have the 
potential to benefit coral populations. However, an important point made by Toth et al. 
(2014) is that coral populations can decline even when parrotfishes are not subjected to 
fishing. We will return to this issue in the next FAQ.

FAQ 12. If We Protect Parrotfishes, What is a Realistic Expectation for 
the Future Health of my Reef?
In the continued absence of the urchin Diadema antillarum, the current dominance – by 
biomass – of parrotfishes as the primary herbivore on Caribbean reefs is probably 
unprecedented. Importantly, although parrotfishes and Diadema competed when urchins 
were common (Carpenter 1988), it would be unrealistic to expect parrotfishes to expand 
their populations to completely fill the role vacated by urchins. After all, parrotfishes 
evolved in concert with other herbivores, including sea urchins. Consequently, following 
the mortality of D. antillarum, although densities of herbivorous fishes increased two- to 
four-fold across four reef zones in the U.S. Virgin Islands, their increased grazing intensity 
was not sufficient to halt an increase in algal cover and biomass (Carpenter 1990).

The functional importance of parrotfishes as a herbivore depends largely on the 
productivity potential of the benthos (Steneck and Dethier 1994). In highly productive 
coral environments exposed to high wave action, parrotfishes appear able to maintain 
between 30% and 40% of the reef in a grazed state of short algal turfs (Mumby 2006a). In 
contrast, the cover of macroalgae can become much lower where unexploited parrotfishes 
forage in low-productivity environments like leeward reefs (Renken et al. 2010). It follows 
that the response of corals to protection of parrotfishes will depend, in part, on the 

Fig. 2. A schematic representation of the difficulty in assessing coral cover trajectories (black lines) 
from only two sampling points (black circles) when the reef has experienced disturbance events 
(grey rectangles): (a) a resilient reef with high parrotfish biomass that experiences increases in coral 
cover between disturbances, and (b) a reef with low parrotfish biomass which experiences acute and 

chronic decreases in coral cover.
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productivity of the benthos, which influences the frequency and intensity of competition 
with macroalgae. If productivity potential is low then parrotfishes are more likely to be 
effective in preventing macroalgal blooms, even when coral cover is low. This is likely to be 
a factor in the continued health of coral reefs in Bonaire, which is a leeward reef with high 
coral cover, high parrotfish biomass, and very little macroalgal cover (Steneck et al. 2007).

Since the positive influence of parrotfishes on corals acts through processes of recovery 
(enhancing recruitment and growth by reducing macroalgae), the net benefit needs to be 
weighed against opposing rates of coral mortality. First, if background rates of mortality 
are high, such as in an area with high prevalence of coral epizootics, then coral populations 
may show net decline even in the presence of parrotfish protection. This might explain 
the results of Toth et al. (2014) from Florida. Alternatively, even if rates of recruitment and 
growth exceed background mortality, the overall rate of recovery may be overtaken by 
frequent acute mortality events from hurricanes and coral bleaching. In this case, coral 
cover might show a long-term decline, but at least coral populations can continue to recruit 
and turnover between disturbances. A desirable aspect of such resilience, even in the face 
of net reductions in cover, is that it allows coral populations to continue evolving, thereby 
maintaining a window for adaptation.

Observed rates of coral recovery in the Caribbean are non-existent to low once cover 
falls below 20% (Connell 1997, Roff and Mumby 2012). Protection of parrotfishes in the 
Exuma Cays Land and Sea Park (The Bahamas) led to an annual increase of total coral 
cover of around 1% per year. This is low, but should be viewed in context. Coral cover on 
these reefs was already heavily depleted by the 1998 coral bleaching event and was only 
7% at the beginning of the study. Moreover, it is not unusual for rates of coral recovery to 
follow a sigmoidal function, being slow when cover is low, and accelerating as adult coral 
populations increase (although examples are scare for Caribbean reefs, they are likely to 
follow patterns documented in the Indo-Pacific by Halford et al. 2004 and Gilmour et al. 
2013). By protecting parrotfish populations, it is hoped that the currently slow increases in 
coral cover in the Bahamian park will also accelerate, but this will only occur in the absence 
of acute coral-mortality events.

In addition to increasing coral cover, an associated aim of parrotfish protection is to 
affect net carbonate production (‘carbonate budgets’). Carbonate budget states, which are 
determined by the relative rates of carbonate production and erosion, represent an important 
tool for understanding the interactions between reef degradation and ecosystem services 
because they ultimately govern reef structural integrity and growth potential (Perry et al. 
2008). Field-tested models of Caribbean population dynamics predict that protection of 
parrotfishes is vital to maintain positive carbonate budgets towards the end of this century, 
though this also requires significant action on greenhouse gas emissions (Kennedy et al. 
2013). Note that these models include both the ‘positive’ effects of parrotfishes consuming 
algae and their ‘negative’ effects on coral carbonate budgets as a major source of bioerosion. 
In the absence of action on climate change, models predict that protection of parrotfishes 
still slow net reef decline by two decades or so, which may buy time for coral acclimation 
or adaptation to stress.

Parrotfish Fisheries Management
FAQ 13. How Important are Parrotfishes within Fisheries?
Fishing has had significant global impacts on herbivore assemblages, but large-bodied 
functional groups, such as scraping and excavating parrotfishes are particularly 
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susceptible (Edwards et al. 2014, Debrot et al. 2008). Parrotfishes are not a primary target 
of Caribbean fishers, but are increasingly caught as more desirable species from higher 
trophic levels, such as grouper, become rarer (Mumby et al. 2012). Consequently, there 
is a clear correlation between fishing pressure and parrotfish abundance (Hawkins and 
Roberts 2004). Furthermore, even if not targeted directly, parrotfishes are frequently 
caught in traps primarily placed to catch species such as groupers and snappers. As they 
are designed to catch large-bodied fishes, traps also remove functionally important large-
bodied parrotfishes, such as Sc. vetula and Sp. viride (Rakitin and Kramer 1996, Hawkins 
et al. 2007). Traps may be particularly effective in low complexity habitats where they 
provide refuges that are naturally scarce (Wolff et al. 1999). Large-bodied species, such as 
Sc. guacamaia, are also susceptible to spearfishing (Comeros-Raynal et al. 2012). Since many 
parrotfishes are caught by artisanal fishers and as bycatch, there are few reliable data for 
the weight of parrotfishes landed in the region.

FAQ 14. Are Marine Reserves Sufficient to Protect Parrotfishes?
No. If the only investment in parrotfish management constitutes protection in reserves, 
this will potentially leave harvested reefs with lower resilience. An important implication 
of this is that the structural complexity of harvested coral reefs will be more likely to 
decline than protected reefs (Bozec et al. 2015). Because many commercially important reef 
fish species prefer high complexity reef habitats (Bejarano et al. 2011), a loss of complexity 
will threaten future yield. Indeed, a model of the effects of lost habitat complexity on 
Caribbean reef food webs found that reef fisheries productivity could decline more than 
three-fold (Rogers et al. 2014). Management of parrotfishes throughout the seascape should 
provide a long-term benefit to reef fisheries. A national ban on parrotfish fishing has been 
implemented in some Caribbean countries, such as in Belize (Mumby et al. 2012) where 
compliance has been high (Cox et al. 2013), and there are growing hopes that stakeholders 
will accept similar restrictions elsewhere. Such species-specific regulations represent one 
of many additional management tools that will be required, along with marine reserves, to 
manage Caribbean reefs that may look and function very differently in the future (Rogers 
et al. 2015).

FAQ 15. If it’s not Possible to Ban Parrotfish Harvesting, are there 
any Alternative Management Strategies?
One alternative management strategy that has been proposed is to review the degree to 
which parrotfish grazing is important for different reef habitats (Mumby 2016). Some 
habitats, like those with a coral-built framework – often referred to as Orbicella reef 
(formerly Montastraea reef) – appear to have the greatest dependence on parrotfishes for 
controlling algae. Algal populations in some other habitats, such as hardbottom habitats 
visually dominated by gorgonians, appear to be driven by physical rather than biological 
processes (Mumby 2016). In these gorgonian-dominated habitats wave-driven scour 
and dislodgement from resuspended sediments is likely to constrain successful algal 
colonisation and growth (Torres et al. 2001). Thus, one alternative management strategy 
is to protect parrotfishes on Orbicella reefs where they are functionally critical, but permit 
exploitation on extensive hardbottom habitats where benthic dynamics will be less affected 
(Mumby 2016).

A recent study linked fisheries policies to the population dynamics of parrotfishes 
and their concomitant impacts on resilience of the ecosystem (Bozec et al. 2016). Bozec 
et al. (2016) found that even low harvest rates led to a large negative effect on ecosystem 
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resilience. However, the adoption of two relatively simple management practices – a 
minimum size of 30 cm and ban on fish traps – led to not only a more productive fishery 
but better outcomes for reef health at a given harvest rate. However, to help mitigate losses 
of reef resilience it was also necessary to keep harvest rates (the proportion of fishable 
biomass extracted per annum) to less than 0.1.

FAQ 16. How Quickly do Parrotfish Recover if Fishing is Banned?
There are a number of examples where marine reserves have led to higher biomasses 
of parrotfishes on reefs compared to unprotected sites (e.g. Polunin and Roberts 1993, 
Chapman and Kramer 1999, Mumby et al. 2006b). However, there are few long-term data on 
parrotfish recovery rates after a cessation in fishing. One exception is in Bermuda, where in 
1992 the government banned the use of fish traps, which were a major source of parrotfish 
exploitation. A nine-year data set demonstrated that adult biomasses of parrotfish species 
increased by a factor of 3.7, and reached this level after around six years, at which point 
biomass did not recover any further (O’Farrell et al. 2015). Sex ratios may also approach 
unfished values within 3-4 years (O’Farrell et al. 2016).  Recovery trajectories will vary 
depending on whether initial conditions reflect light or heavy fishing pressure, but the 
Bermuda data suggest that parrotfish populations can recover relatively quickly following 
the establishment of protective measures.

FAQ 17. Which Species Should We Protect?
Larger-bodied parrotfishes are particularly susceptible to even modest levels of fishing 
pressure, as has been demonstrated in both the Caribbean (Debrot et al. 2008) and Pacific 
and Indian Oceans (Bellwood et al. 2012, Heenan et al. 2016). Consequently, all large-
bodied Caribbean parrotfish species should have some form of management because it is 
particularly important to prevent a limited single-species fishery. The limited functional 
redundancy among Caribbean parrotfish species (Burkepile and Hay 2008, 2010, Adam et 
al. 2015b) and apparent weakness of interspecific interactions (Mumby and Wabnitz 2002) 
implies that there is limited capacity for the loss of one species to be compensated for by 
others. Therefore, if fishing reduces the abundance of one species it is unlikely that the 
biomass of other, unfished species would increase to compensate for the lost ecological 
function.

Despite the importance of large-bodied parrotfishes, most species are important for 
different reasons. Generally, species in the genus Scarus have higher size-specific bite 
rates than those of Sparisoma, making them functionally important in maintaining grazed 
algal turfs that are suitable for coral recruitment and growth (Bruggemann et al. 1994b, 
Mumby 2006a, Burkepile and Hay 2011). However, unlike species in the genus Scarus, 
sparisomatinines have a broader diet, and are the only reef parrotfishes that routinely 
consume several macroalgal species once they become established (Mumby 2006a). 
Sparisomatinines are therefore important for both preventing and constraining macroalgal 
blooms. Within each species, the rate of food consumption (bite size × bite rate) increases 
with body size, so larger-bodied fish have a disproportionately important impact on 
grazing (Bruggemann et al. 1994c, Mumby et al. 2006a, Hoey Chapter 6).

Lastly, although some of the largest parrotfish species, such as Sc. coelestinus, are 
protected in the US Caribbean, their densities are often so low that their functional 
relevance is questionable. That is not to say that protection is not important – indeed it 
might be vital to rebuild stocks – but it does not necessarily help restore the ecosystem 
process of grazing. Moreover, species like Sc. coelestinus appear to have low densities even 
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in areas that had relatively light levels of parrotfish exploitation, such as Belize pre-2000, 
which implies that the rebuilding of stocks might only achieve modest densities of these 
species at best. However, the exploitation of large-bodied species such as Sc. guacamaia and 
Sc. coelestinus across the Caribbean, and removal of critical mangrove nurseries, means that 
their natural population levels and functional roles are poorly understood.

Conclusions
Parrotfishes have rarely featured as a model species for generic study, in contrast to the use 
of damselfish for population biology studies (e.g. Doherty and Fowler 1994), connectivity 
work with anemone fish (e.g. Almany et al. 2007), or examination of hybridisation in 
hamlets (e.g. Whiteman et al. 2007). The paucity of studies derives at least partly from the 
difficulty of working with non-site attached fishes, but also their high sensitivity to being 
handled means that manipulative studies have been fraught with difficulty. Consequently, 
although parrotfishes clearly have a critical functional role on Caribbean reefs, there are 
significant gaps in our knowledge of their basic biology. For example, the majority of 
studies have focused on Sp. viride, and demographic parameters for many other species are 
severely lacking, even though they have been estimated using a model-fitting approach. 
The incomplete answers to the FAQs on parrotfish management highlight the urgent need 
for us to solve these methodological issues and undertake further research. For example, 
additional data are critical to allow the construction of realistic population models that 
will provide new insights into the impacts of different fishing strategies on the process 
of grazing. Furthermore, understanding the impacts of climate change on the abundance 
and behaviour of herbivores is critical for understanding the stability and functioning of 
Caribbean reefs (Harborne et al. 2017).

Despite the many gaps in our knowledge, sufficient data exist to allow the incorporation 
of grazing into spatially explicit models of benthic dynamics, and consequently predict 
reef resilience on different reefs or under different disturbance regimes (e.g. Mumby 2006a, 
Mumby et al. 2014). These models provide important support to Caribbean reef managers 
that is currently unavailable in the Pacific, although similar tools are being developed 
(Ortiz et al. 2014). However, applying model outputs in real world scenarios relies on 
stakeholders fully understanding their derivation, limitations, and caveats. Therefore, we 
encourage everyone concerned with future reef health to frequently ask questions. As the 
adage says “The only stupid question is the one that is not asked”.

Acknowledgments
We acknowledge the Australian Research Council for DECRA (DE120102459) and Laureate 
fellowships. This is contribution #39 of the Marine Education and Research Center in the 
Institute for Water and Environment at Florida International University. This manuscript 
was developed during a retreat to the Gold Coast, and we thank Jupiters Hotel & Casino 
for evening refreshments.

References Cited
Adam, T.C., D.E. Burkepile, B.I. Ruttenberg and M.J. Paddack. 2015a. Herbivory and the resilience 

of Caribbean coral reefs: knowledge gaps and implications for management. Mar. Ecol. Prog. 
Ser. 520: 1–20.



400 Biology of Parrotfishes

Adam, T.C., M. Kelley, B.I. Ruttenberg and D.E. Burkepile. 2015b. Resource partitioning along 
multiple niche axes drives functional diversity in parrotfishes on Caribbean coral reefs. Oecologia 
179: 1173–1185.

Adams, A.J., C.P. Dahlgren, G.T. Kellison, M.S. Kendall, C.A. Layman, J.A. Ley, I. Nagelkerken and 
J.E. Serafy. 2006. Nursery function of tropical back-reef systems. Mar. Ecol. Prog. Ser. 318: 287–301.

Albins, M.A. and M.A. Hixon. 2008. Invasive Indo-Pacific lionfish Pterois volitans reduce recruitment 
of Atlantic coral-reef fishes. Mar. Ecol. Prog. Ser. 367: 233–238.

Albins, M.A. and M.A. Hixon. 2013. Worst case scenario: potential long-term effects of invasive 
predatory lionfish (Pterois volitans) on Atlantic and Caribbean coral-reef communities. Environ. 
Biol. Fishes 96: 1151–1157.

Almany, G.R. and M.S. Webster. 2004. Odd species out as predators reduce diversity of coral-reef 
fishes. Ecology 85: 2933–2937.

Almany, G.R. and M.S. Webster. 2006. The predation gauntlet: early post-settlement mortality in reef 
fishes. Coral Reefs 25: 19–22.

Almany, G.R., M.L. Berumen, S.R. Thorrold, S. Planes and G.P. Jones. 2007. Local replenishment of 
coral reef fish populations in a marine reserve. Science 316: 742–744.

Beck, M.W., K.L. Heck, K.W. Able, D.L. Childers, D.B. Eggleston, B.M. Gillanders, B. Halpern, 
C.G. Hays, K. Hoshino, T.J. Minello, R.J. Orth, P.F. Sheridan and M.R. Weinstein. 2001. The 
identification, conservation, and management of estuarine and marine nurseries for fish and 
invertebrates. Bioscience 51: 633–641.

Bejarano, S., P.J. Mumby and I. Sotheran. 2011. Predicting structural complexity of reefs and fish 
abundance using acoustic remote sensing (RoxAnn). Mar. Biol. 158: 489–504.

Bellwood, D.R. and J.H. Choat. 1990. A functional analysis of grazing in parrotfishes (family Scaridae): 
the ecological implications. Environ. Biol. Fishes 28: 189–214.

Bellwood, D.R., P.C. Wainwright, C.J. Fulton and A. Hoey. 2002. Assembly rules and functional 
groups at global biogeographical scales. Func. Ecol. 16: 557–562.

Bellwood, D.R., A.S. Hoey and J.H. Choat. 2003. Limited functional redundancy in high diversity 
systems: resilience and ecosystem function on coral reefs. Ecol. Lett. 6: 281–285.

Bellwood, D.R., A.S. Hoey and T.P. Hughes. 2012. Human activity selectively impacts the ecosystem 
roles of parrotfishes on coral reefs. Proc. R. Soc. B. 279: 1621–1629.

Bernardi, G., D.R. Robertson, K.E. Clifton and E. Azzurro. 2000. Molecular systematics, 
zoogeography, and evolutionary ecology of the Atlantic parrotfish genus Sparisoma. Mol. 
Phylogenet. Evol. 15: 292–300.

Birkeland, C. 1977. The importance of rate of biomass accumulation in early successional stages of 
benthic communities to the survival of coral recruits. pp. 15–21. In: D.L. Taylor (ed.). Proceedings, 
Third International Coral Reef Symposium. Volume 1: Biology. Rosenstiel School of Marine and 
Atmospheric Science, Miami, Florida.

Bonaldo, R.M., A.S. Hoey and D.R. Bellwood. 2014. The ecosystem role of parrotfishes on tropical 
reefs. Oceanogr. Mar. Biol. Annu. Rev. 52: 81–132.

Box, S.J. and P.J. Mumby. 2007. Effect of macroalgal competition on growth and survival of juvenile 
Caribbean corals. Mar. Ecol. Prog. Ser. 342: 139–149.

Bozec, Y.M., L. Yakob, S. Bejarano and P.J. Mumby. 2013. Reciprocal facilitation and non-linearity 
maintain habitat engineering on coral reefs. Oikos 122: 428–440.

Bozec, Y.M., L. Alvarez-Filip and P.J. Mumby. 2015. The dynamics of architectural complexity on 
coral reefs under climate change. Glob. Change Biol. 21: 223–235. 

Bozec, Y. M., S. O’Farrell, J.H. Bruggemann, B.E. Luckhurst and P.J. Mumby. 2016. Tradeoffs between 
fisheries harvest and the resilience of coral reefs. Proc. Natl. Acad. Sci. U.S.A. 113: 4536–4541.

Bruckner, A.W. and R.J. Bruckner. 1998. Destruction of coral by Sparisoma viride. Coral Reefs 
17: 350.

Bruggemann, J.H., M.J.H. van Oppen and A.M. Breeman. 1994a. Foraging by the stoplight parrotfish 
Sparisoma viride. I. Food selection in different, socially determined habitats. Mar. Ecol. Prog. Ser. 
106: 41–55.

Bruggemann, J.H., M.W.M. Kuyper and A.M. Breeman. 1994b. Comparative analysis of foraging and 
habitat use by the sympatric Caribbean parrotfish Scarus vetula and Sparisoma viride (Scaridae). 
Mar. Ecol. Prog. Ser. 112: 51–66.



FAQs about Caribbean Parrotfish Management and their Role in Reef Resilience 401

Bruggemann, J.H., J. Begeman, E.M. Bosma, P. Verburg and A.M. Breeman. 1994c. Foraging by the 
stoplight parrotfish Sparisoma viride. II. Intake and assimilation of food, protein and energy. Mar. 
Ecol. Prog. Ser. 106: 57–71.

Burkepile, D.E. 2012. Context-dependent corallivory by parrotfishes in a Caribbean reef ecosystem. 
Coral Reefs 31: 111–120.

Burkepile, D.E. and M.E. Hay. 2008. Herbivore species richness and feeding complementarity affect 
community structure and function on a coral reef. Proc. Natl. Acad. Sci. USA 105: 16201–16206.

Burkepile, D.E. and M.E. Hay. 2010. Impact of herbivore identity on algal succession and coral growth 
on a Caribbean reef. PLoS One 5: e8963.

Burkepile, D.E. and M.E. Hay. 2011. Feeding complementarity versus redundancy among herbivorous 
fishes on a Caribbean reef. Coral Reefs 30: 351–362.

Burkepile, D.E., J.E. Allgeier, A.A. Shantz, C.E. Pritchard, N.P. Lemoine, L.H. Bhatti and C.A. Layman. 
2013. Nutrient supply from fishes facilitates macroalgae and suppresses corals in a Caribbean 
coral reef ecosystem. Sci Rep 3: 1493.

Bythell, J.C., E.H. Gladfelter and M. Bythell. 1993. Chronic and catastrophic natural mortality of three 
common Caribbean reef corals. Coral Reefs 12: 143–152.

Cardoso, S.C., M.C. Soares, H.A. Oxenford and I.M. Côté. 2009. Interspecific differences in foraging 
behaviour and functional role of Caribbean parrotfish. Mar. Biodiv. Rec. 2: e148.

Carpenter, R.C. 1988. Mass mortality of a Caribbean sea urchin: immediate effects on community 
metabolism and other herbivores. Proc. Natl. Acad. Sci. USA 85: 511–514.

Carpenter, R.C. 1990. Mass mortality of Diadema antillarum. II. Effects on population densities and 
grazing intensity of parrotfishes and surgeonfishes. Mar. Biol. 104: 79–86.

Catano, L.B., M.C. Rojas, R.J. Malossi, J.R. Peters, M.R. Heithaus, J.W. Fourqurean and D.E. Burkepile. 
2016. Reefscapes of fear: predation risk and reef heterogeneity interact to shape herbivore 
foraging behaviour. J. Anim. Ecol. 85: 146–156.

Chapman, M.R. and D.L. Kramer. 1999. Gradients in coral reef fish density and size across the 
Barbados Marine Reserve boundary: effects of reserve protection and habitat characteristics. Mar. 
Ecol. Prog. Ser. 181: 81–96.

Choat, J.H., D.R. Robertson, J.L. Ackerman and J.M. Posada. 2003. An age-based demographic 
analysis of the Caribbean stoplight parrotfish Sparisoma viride. Mar. Ecol. Prog. Ser. 246: 265–277.

Choat, J.H., W.D. Robbins and K.D. Clements. 2004. The trophic status of herbivorous fishes on coral 
reefs II. Food processing modes and trophodynamics. Mar. Biol. 145: 445–454.

Choat, J.H., O.S. Klanten, L. Van Herwerden, D.R. Robertson and K.D. Clements. 2012. Patterns and 
processes in the evolutionary history of parrotfishes (Family Labridae). Biol. J. Linnean Soc. 107: 
529–557.

Claydon, J. 2004. Spawning aggregations of coral reef fishes: Characteristics, hypotheses, threats and 
management. Oceanogr. Mar. Biol.Annu. Rev. 42: 265–301.

Clements, K.D., D. Raubenheimer and J.H. Choat. 2009. Nutritional ecology of marine herbivorous 
fishes: ten years on. Funct. Ecol. 23: 79–92.

Clements, K.D., D.P. German, J. Piché, A. Tribollet and J.H. Choat. 2017. Integrating ecological roles 
and trophic diversification on coral reefs: multiple lines of evidence identify parrotfishes as 
microphages. Biol. J. Linnean Soc. 120: 729–751.

Comeros-Raynal, M.T., J.H. Choat, B.A. Polidoro, K.D. Clements, R. Abesamis, M.T. Craig, M.E. 
Lazuardi, J. McIlwain, A. Muljadi, R.F. Myers, C.L. Nañola, S. Pardede, L.A. Rocha, B. Russell, 
J.C. Sanciangco, B. Stockwell, H. Harwell and K.E. Carpenter. 2012. The likelihood of extinction of 
iconic and dominant herbivores and detritivores of coral reefs: the parrotfishes and surgeonfishes. 
PLoS One 7: e39825.

Connell, J.H. 1997. Disturbance and recovery of coral assemblages. Coral Reefs 16: S101–S113.
Côté, I.M., S.J. Green and M.A. Hixon. 2013. Predatory fish invaders: Insights from Indo-Pacific 

lionfish in the western Atlantic and Caribbean. Biol. Cons. 164: 50–61.
Cox, C.E., C.D. Jones, J.P. Wares, K.D. Castillo, M.D. McField and J.F. Bruno. 2013. Genetic testing 

reveals some mislabeling but general compliance with a ban on herbivorous fish harvesting in 
Belize. Conserv. Lett. 6: 132–140.



402 Biology of Parrotfishes

Crossman, D.J., J.H. Choat, K.D. Clements, T. Hardy and J. McConochie. 2001. Detritus as food for 
grazing fishes on coral reefs. Limnol. Oceanogr. 46: 1596–1605.

Dahlgren, C.P., G.T. Kellison, A.J. Adams, B.M. Gillanders, M.S. Kendall, C.A. Layman, J.A. Ley,    
I. Nagelkerken and J.E. Serafy. 2006. Marine nurseries and effective juvenile habitats: concepts 
and applications. Mar. Ecol. Prog. Ser. 312: 291–295.

Debrot, D., J. Choat, J. Posada and D. Robertson. 2008. High densities of the large bodied parrotfishes 
(Scaridae) at two Venezuelan offshore reefs: comparison among four localities in the Caribbean. 
Proceedings of the 60th Gulf and Caribbean Fisheries Institute, Punta Cana, Dominican Republic: 
335–337.

Doherty, P. and T. Fowler. 1994. An empirical test of recruitment limitation in a coral reef fish. Science 
263: 935–939.

Dorenbosch, M., M.G.G. Grol, I. Nagelkerken and G. van der Velde. 2006. Seagrass beds and 
mangroves as potential nurseries for the threatened Indo-Pacific humphead wrasse, Cheilinus 
undulatus and Caribbean rainbow parrotfish, Scarus guacamaia. Biol. Cons. 129: 277–282.

Eaton, L., K.A. Sloman, R.W. Wilson, A.B. Gill and A.R. Harborne. 2016. Non-consumptive effects 
of native and invasive predators on juvenile Caribbean parrotfish. Env. Biol. Fish. 99: 499–508.

Edwards, C.B., A.M. Friedlander, A.G. Green, M.J. Hardt, E. Sala, H.P. Sweatman, I.D. Williams, 
B. Zgliczynski, S.A. Sandin and J.E. Smith. 2014. Global assessment of the status of coral reef 
herbivorous fishes: evidence for fishing effects. Proc. R. Soc. B 281: 20131835.

Ferrari, R., M. Gonzalez-Rivero and P.J. Mumby. 2012. Size matters in competition between corals 
and macroalgae. Mar. Ecol. Prog. Ser. 467: 77–88.

Floeter, S.R., C.E.L. Ferreira, A. Dominici-Arosemena and I.R. Zalmon. 2004. Latitudinal 
gradients in Atlantic reef fish communities: trophic structure and spatial use patterns. J. Fish 
Biol. 64: 1680–1699.

Floeter, S.R., L.A. Rocha, D.R. Robertson, J.C. Joyeux, W.F. Smith-Vaniz, P. Wirtz, A.J. Edwards, J.P. 
Barreiros, C.E.L. Ferreira, J.L. Gasparini, A. Brito, J.M. Falcón, B.W. Bowen and G. Bernardi. 2008. 
Atlantic reef fish biogeography and evolution. J. Biogeogr. 35: 22–47.

Foster, N.L., S.J. Box and P.J. Mumby. 2008. Competitive effects of macroalgae on the fecundity of the 
reef-building coral Montastraea annularis. Mar. Ecol. Prog. Ser. 367: 143–152.

Fulton, C.J., D.R. Bellwood and P.C. Wainwright. 2005. Wave energy and swimming performance 
shape coral reef fish assemblages. Proc. R. Soc. B 272: 827–832.

Gilmour, J.P., L.D. Smith, A.J. Heyward, A.H. Baird and M.S. Pratchett. 2013. Recovery of an isolated 
coral reef system following severe disturbance. Science 340: 69–71.

Green, S.J., J.L. Akins and I.M. Côté. 2011. Foraging behaviour and prey consumption in the 
Indo-Pacific lionfish on Bahamian coral reefs. Mar. Ecol. Prog. Ser. 433: 159–167.

Green, S.J., J.L. Akins, A. Maljković and I.M. Côté. 2012. Invasive lionfish drive Atlantic coral reef fish 
declines. PLoS One 7: e32596. 

Haddon, M. 2011. Modelling and Quantitative Methods in Fisheries. Second Edition. CRC Press, 
Boca Raton, FL, USA.

Halford, A., A.J. Cheal, D. Ryan and D.M. Williams. 2004. Resilience to large-scale disturbance in 
coral and fish assemblages on the Great Barrier Reef. Ecology 85: 1892–1905.

Harborne, A.R., P.J. Mumby, F. Micheli, C.T. Perry, C.P. Dahlgren, K.E. Holmes and D.R. Brumbaugh. 
2006. The functional value of Caribbean coral reef, seagrass and mangrove habitats to ecosystem 
processes. Adv. Mar. Biol. 50: 57–189.

Harborne, A.R., P.J. Mumby and R. Ferrari. 2012. The effectiveness of different meso-scale rugosity 
metrics for predicting intra-habitat variation in coral-reef fish assemblages. Environ. Biol. 
Fishes 94: 431–442.

Harborne, A.R., I. Nagelkerken, N.H. Wolff, Y.-M. Bozec, M. Dorenbosch, M.G.G. Grol and P.J. 
Mumby. 2016. Direct and indirect effects of nursery habitats on coral-reef fish assemblages, 
grazing pressure and benthic dynamics. Oikos 125: 957–967.

Harborne, A.R., A. Rogers, Y.-M. Bozec and P.J. Mumby. 2017. Multiple stressors and the functioning 
of coral reefs. Annu. Rev. Mar. Sci. 9: 445–468.

Hawkins, J.P. and C.M. Roberts. 2004. Effects of artisanal fishing on Caribbean coral reefs. Conserv. 
Biol. 18: 215–226.



FAQs about Caribbean Parrotfish Management and their Role in Reef Resilience 403

Hawkins, J.P., C.M. Roberts, F.R. Gell and C. Dytham. 2007. Effects of trap fishing on reef fish 
communities. Aquat. Conserv.: Mar. Freshw. Ecosyst. 17: 111–132.

Heenan, A., A.S. Hoey, G.J. Williams and I.D. Williams. 2016. Natural bounds on herbivorous coral 
reef fishes. Proc. R. Soc. B-Biol. Sci. 283: 20161716

Hixon, M.A. 2011. 60 years of coral reef fish ecology: past, present, future. Bull. Mar. Sci. 87: 727–765.
Hixon, M.A., T.W. Anderson, K.L. Buch, D.W. Johnson, J.B. McLeod and C.D. Stallings. 2012. Density 

dependence and population regulation in marine fish: a large-scale, long-term field manipulation. 
Ecol. Monogr. 82: 467–489.

Hoey, A.S. and D.R. Bellwood. 2011. Suppression of herbivory by macroalgal density: a critical 
feedback on coral reefs? Ecol. Lett. 14: 267–273.

Huijbers, C.M., I. Nagelkerken, A.O. Debrot and E. Jongejans. 2013. Geographic coupling of juvenile 
and adult habitat shapes spatial population dynamics of a coral reef fish. Ecology 94: 1859–1870.

Huntington, B.E., M. Karnauskas and D. Lirman. 2011. Corals fail to recover at a Caribbean marine 
reserve despite ten years of reserve designation. Coral Reefs 30: 1077–1085.

Jackson, J., M. Donovan, K. Cramer and V. Lam (eds.). 2014. Status and Trends of Caribbean Coral 
Reefs: 1970–2012. Global Coral Reef Monitoring Network, IUCN, Gland, Switzerland.

Kennedy, E.V., C.T. Perry, P.R. Halloran, R. Iglesias-Prieto, C.H.L. Schönberg, M. Wisshak, A.U. Form, 
J.P. Carricart-Ganivet, M. Fine, C.M. Eakin and P.J. Mumby. 2013. Avoiding coral reef functional 
collapse requires local and global action. Curr. Biol. 23: 912–918.

Kindinger, T.L. and M.A. Albins. 2017. Consumptive and non-consumptive effects of an invasive 
marine predator on native coral-reef herbivores. Biol. Invasions 19: 131–146.

Kramer, P.A. 2003. Synthesis of coral reef health indicators for the western Atlantic: results of the 
AGRRA program (1997–2000). Atoll Res. Bull. 496: 1–55.

Kramer, P.A., K.W. Marks and T.L. Turnbull. 2003. Assessment of Andros Island Reef System, 
Bahamas (Part 2: Fishes). Atoll Res. Bull. 496: 100–122.

Lesser, M.P. and M. Slattery. 2011. Phase shift to algal dominated communities at mesophotic depths 
associated with lionfish (Pterois volitans) invasion on a Bahamian coral reef. Biol. Invasions 13: 
1855–1868.

Lessios, H.A. 1988. Mass mortality of Diadema antillarum in the Caribbean: what have we learned? 
Annu. Rev. Ecol. Syst. 19: 371–393.

Lewis, S.M. and P.C. Wainwright. 1985. Herbivore abundance and grazing intensity on a Caribbean 
coral reef. J. Exp. Mar. Biol. Ecol. 87: 215–228.

Lirman, D. 2001. Competition between macroalgae and corals: effects of herbivore exclusion and 
increased algal biomass on coral survivorship and growth. Coral Reefs 19: 392–399.

Littler, M.M., P.R. Taylor and D.S. Littler. 1989. Complex interactions in the control of coral zonation 
on a Caribbean reef flat. Oecologia 80: 331–340.

Lobel, P.S. 1981. Trophic biology of herbivorous reef fishes: alimentary pH and digestive capabilities. 
J. Fish Biol. 19: 365–397.

Madin, E.M.P., S.D. Gaines and R.R. Warner. 2010. Field evidence for pervasive indirect effects of 
fishing on prey foraging behavior. Ecology 91: 3563–3571.

Madin, E.M.P., J.S. Madin and D.J. Booth. 2011. Landscape of fear visible from space. Sci Rep 1: 14.
Marsh-Hunkin, K.E., D.J. Gochfeld and M. Slattery. 2013. Antipredator responses to invasive lionfish, 

Pterois volitans: interspecific differences in cue utilization by two coral reef gobies. Mar. Biol. 160: 
1029–1040.

McClanahan, T.R., M. McField, M. Huitric, K. Bergman, E. Sala, M. Nyström, I. Nordemar, T. Elfwing 
and N.A. Muthiga. 2001. Responses of algae, corals and fish to the reduction of macroalgae in 
fished and unfished patch reefs of Glovers Reef Atoll, Belize. Coral Reefs 19: 367–379.

McClanahan, T.R., E. Sala and P.J. Mumby. 2004. Phosphorus and nitrogen enrichment do not enhance 
brown frondose “macroalgae”. Mar. Pollut. Bull. 48: 196–199.

McCook, L.J., J. Jompa and G. Diaz-Pulido. 2001. Competition between corals and algae on coral 
reefs: a review of evidence and mechanisms. Coral Reefs 19: 400–417.

Miller, M.W. and M.E. Hay. 1998. Effects of fish predation and seaweed competition on the survival 
and growth of corals. Oecologia 113: 231–238.

Morris, J.A. and J.L. Akins. 2009. Feeding ecology of invasive lionfish (Pterois volitans) in the Bahamian 
archipelago. Environ. Biol. Fishes 86: 389–398.



404 Biology of Parrotfishes

Mouillot, D., S. Villéger, V. Parravicini, M. Kulbicki, J.E. Arias-González, M. Bender, P. Chabanet, S.R. 
Floeter, A. Friedlander, L. Vigliola and D.R. Bellwood. 2014. Functional over-redundancy and 
high functional vulnerability in global fish faunas on tropical reefs. Proc. Natl. Acad. Sci. USA 
111: 13757–13762.

Mumby, P.J. 2006a. The impact of exploiting grazers (Scaridae) on the dynamics of Caribbean coral 
reefs. Ecol. Appl. 16: 747–769.

Mumby, P.J. 2006b. Connectivity of reef fish between mangroves and coral reefs: algorithms for the 
design of marine reserves at seascape scales. Biol. Cons. 128: 215–222.

Mumby, P.J. 2009. Herbivory versus corallivory: are parrotfish good or bad for Caribbean coral reefs? 
Coral Reefs 28: 683–690.

Mumby, P.J. 2016. Stratifying herbivore fisheries by habitat to avoid ecosystem overfishing of coral 
reefs. Fish. Fish. 17: 266–278.

Mumby, P.J. and C.C.C. Wabnitz. 2002. Spatial patterns of aggression, territory size, and harem size 
in five sympatric Caribbean parrotfish species. Environ. Biol. Fishes 63: 265–279.

Mumby, P.J. and R.S. Steneck. 2008. Coral reef management and conservation in light of rapidly 
evolving ecological paradigms. Trends Ecol. Evol. 23: 555–563.

Mumby, P.J. and A.R. Harborne. 2010. Marine reserves enhance the recovery of corals on Caribbean 
reefs. PLoS One 5: e8657. doi: 8610.1371/journal.pone.0008657.

Mumby, P.J., A.J. Edwards, J.E. Arias-González, K.C. Lindeman, P.G. Blackwell, A. Gall, M.I. 
Gorczynska, A.R. Harborne, C.L. Pescod, H. Renken, C.C.C. Wabnitz and G. Llewellyn. 
2004. Mangroves enhance the biomass of coral reef fish communities in the Caribbean. 
Nature 427: 533–536.

Mumby, P.J., J.D. Hedley, K. Zychaluk, A.R. Harborne and P.G. Blackwell. 2006a. Revisiting the 
catastrophic die-off of the urchin Diadema antillarum on Caribbean coral reefs: fresh insights on 
resilience from a simulation model. Ecol. Model. 196: 131–148.

Mumby, P.J., C.P. Dahlgren, A.R. Harborne, C.V. Kappel, F. Micheli, D.R. Brumbaugh, K.E. Holmes, 
J.M. Mendes, K. Broad, J.N. Sanchirico, K. Buch, S. Box, R.W. Stoffle and A.B. Gill. 2006b. Fishing, 
trophic cascades, and the process of grazing on coral reefs. Science 311: 98–101.

Mumby, P.J., A. Hastings and H.J. Edwards. 2007a. Thresholds and the resilience of Caribbean coral 
reefs. Nature 450: 98–101.

Mumby, P.J., A.R. Harborne, J. Williams, C.V. Kappel, D.R. Brumbaugh, F. Micheli, K.E. Holmes, C.P. 
Dahlgren, C.B. Paris and P.G. Blackwell. 2007b. Trophic cascade facilitates coral recruitment in a 
marine reserve. Proc. Natl. Acad. Sci. USA 104: 8362–8367.

Mumby, P.J., A.R. Harborne and D.R. Brumbaugh. 2011. Grouper as a natural biocontrol of invasive 
lionfish. PLoS One 6: e21510. doi:21510.21371/journal.pone.0021510.

Mumby, P.J., R.S. Steneck, A.J. Edwards, R. Ferrari, R. Coleman, A.R. Harborne and J.P. Gibson. 2012. 
Fishing down a Caribbean food web relaxes trophic cascades. Mar. Ecol. Prog. Ser. 445: 13–24.

Mumby, P.J., N.H. Wolff, Y.–M. Bozec, I. Chollett and P. Halloran. 2014. Operationalizing the resilience 
of coral reefs in an era of climate change. Conserv. Lett. 7: 176–187.

Nagelkerken, I. and G. van der Velde. 2004. Are Caribbean mangroves important feeding grounds for 
juvenile reef fish from adjacent seagrass beds? Mar. Ecol. Prog. Ser. 274: 143–151.

Nagelkerken, I., M. Dorenbosch, W.C.E.P. Verberk, E. Cocheret de la Morinière and G. van der Velde. 
2000. Importance of shallow-water biotopes of a Caribbean bay for juvenile coral reef fishes: 
patterns in biotope association, community structure and spatial distribution. Mar. Ecol. Prog. 
Ser. 202: 175–192.

Nagelkerken, I., S. Kleijnen, T. Klop, R.A.C.J. van den Brand, E. Cocheret de la Morinière and G. van 
der Velde. 2001. Dependence of Caribbean reef fishes on mangroves and seagrass beds as nursery 
habitats: a comparison of fish faunas between bays with and without mangroves/seagrass beds. 
Mar. Ecol. Prog. Ser. 214: 225–235.

Nagelkerken, I., C.M. Roberts, G. van der Velde, M. Dorenbosch, M.C. van Riel, E. Cocheret de 
la Morinière and P.H. Nienhuis. 2002. How important are mangroves and seagrass beds for 
coral-reef fish? The nursery hypothesis tested on an island scale. Mar. Ecol. Prog. Ser. 244: 
299–305.



FAQs about Caribbean Parrotfish Management and their Role in Reef Resilience 405

Nagelkerken, I., M.G.G. Grol and P.J. Mumby. 2012. Effects of marine reserves versus nursery habitat 
availability on structure of reef fish communities. PLoS One 7: e36906.

Nemeth, R.S. 2012. Ecosystem aspects of species that aggregate to spawn. pp. 21–55. In: Y. Sadovy 
de Mitcheson and P.L. Colin (eds.). Reef Fish Spawning Aggregations: Biology, Research and 
Management. Springer, Dordrecht, Netherlands.

Nemeth, M. and R. Appeldoorn. 2009. The distribution of herbivorous coral reef fishes within fore-
reef habitats: the role of depth, light and rugosity. Caribb. J. Sci. 45: 247–253.

Newman, M.J.H., G.A. Paredes, E. Sala and J.B.C. Jackson. 2006. Structure of Caribbean coral reef 
communities across a large gradient of fish biomass. Ecol. Lett. 9: 1216–1227.

Newman, S.P., R.D. Handy and S.H. Gruber. 2010. Diet and prey preference of juvenile lemon sharks 
Negaprion brevirostris. Mar. Ecol. Prog. Ser. 398: 221–234.

Nugues, M.M. and R.P.M. Bak. 2006. Differential competitive abilities between Caribbean coral 
species and a brown alga: a year of experiments and a long-term perspective. Mar. Ecol. Prog. 
Ser. 315: 75–86.

O’Farrell, S., A.R. Harborne, Y.M. Bozec, B.E. Luckhurst and P.J. Mumby. 2015. Protection of 
functionally important parrotfishes increases their biomass but fails to deliver enhanced 
recruitment. Mar. Ecol. Prog. Ser. 522: 245–254.

O’Farrell, S., B.E. Luckhurst, S.J. Box and P.J. Mumby. 2016. Parrotfish sex ratios recover rapidly in 
Bermuda following a fishing ban. Coral Reefs 35: 421–425.

Ogden, J.C. and N.S. Buckman. 1973. Movements, foraging groups, and diurnal migrations of the 
striped parrotfish Scarus croicensis Bloch (Scaridae). Ecology 54: 589–596.

Ortiz, J.C., Y.-M. Bozec, N.H. Wolff, C. Doropoulos and P.J. Mumby. 2014. Global disparity in the 
ecological benefits of reducing carbon emissions for coral reefs. Nat. Clim. Chang. 4: 190–194. 

Paddack, M.J. and S. Sponaugle. 2008. Recruitment and habitat selection of newly settled Sparisoma 
viride to reefs with low coral cover. Mar. Ecol. Prog. Ser. 369: 205–212.

Paddack, M.J., S. Sponaugle and R.K. Cowen. 2009. Small-scale demographic variation in the 
stoplight parrotfish Sparisoma viride. J. Fish Biol. 75: 2509–2526.

Perry, C.T., T. Spencer and P.S. Kench. 2008. Carbonate budgets and reef production states: a 
geomorphic perspective on the ecological phase-shift concept. Coral Reefs 27: 853–866.

Polunin, N.V.C. and C.M. Roberts. 1993. Greater biomass and value of target coral-reef fishes in two 
small Caribbean marine reserves. Mar. Ecol. Prog. Ser. 100: 167–176.

Rakitin, A. and D.L. Kramer. 1996. Effect of a marine reserve on the distribution of coral reef fishes in 
Barbados. Mar. Ecol. Prog. Ser. 131: 97–113.

Randall, J.E. 1965. Food habits of the Nassau grouper (Epinephelus striatus). Proc. Assoc. Is. Mar. Lab. 
Carib. 6: 13–16.

Randall, J.E. 1967. Food habitats of reef fishes of the West Indies. Stud. Trop. Oceanogr. 5: 665–847.
Renken, H., P.J. Mumby, I. Matsikis and H.J. Edwards. 2010. Effects of physical environmental 

conditions on the patch dynamics of Dictyota pulchella and Lobophora variegata on Caribbean coral 
reefs. Mar. Ecol. Prog. Ser. 403: 63–74.

Rizzari, J.R., A.J. Frisch, A.S. Hoey and M.I. McCormick. 2014. Not worth the risk: apex predators 
suppress herbivory on coral reefs. Oikos 123: 829–836.

Robertson, D.R., F. Karg, R.L. de Moura, B.C. Victor and G. Bernardi. 2006. Mechanisms of speciation 
and faunal enrichment in Atlantic parrotfishes. Mol. Phylogenet. Evol. 40: 795–807.

Roff, G. and P.J. Mumby. 2012. Global disparity in the resilience of coral reefs. Trends Ecol. 
Evol. 27: 404–413.

Roff, G., M.H. Ledlie, J.C. Ortiz and P.J. Mumby. 2011. Spatial patterns of parrotfish corallivory in the 
Caribbean: the importance of coral taxa, density and size. PLoS One 6: e29133. 

Roff, G., C.D. Doropoulos, G. Mereb, P.J. Mumby. 2017. Unprecedented mass spawning aggregation 
of the giant bumphead parrotfish (Bolbometopon muricatum) in Palau, Micronesia. J. Fish Biol. doi: 
10.1111/jfb13340.

Rogers, A., J.L. Blanchard and P.J. Mumby. 2014. Vulnerability of coral reef fisheries to a loss of 
structural complexity. Curr. Biol. 24: 1000–1005.

Rogers, A., A.R. Harborne, C.J. Brown, Y.M. Bozec, C. Castro, I. Chollett, K. Hock, C.A. Knowland, 
A. Marshell, J.C. Ortiz, T. Razak, G. Roff, J. Samper-Villarreal, M.I. Saunders, N.H. Wolff and P.J. 



406 Biology of Parrotfishes

Mumby. 2015. Anticipative management for coral reef ecosystem services in the 21st century. 
Glob. Change Biol. 21: 504–514.

Rotjan, R.D. and S.M. Lewis. 2005. Selective predation by parrotfishes on the reef coral Porites 
astreoides. Mar. Ecol. Prog. Ser. 305: 193–201.

Sánchez, J.A., M.F. Gil, L.H. Chasqui and E.M. Alvarado. 2004. Grazing dynamics on a Caribbean 
reef-building coral. Coral Reefs 23: 578–583.

Stallings, C.D. 2008. Indirect effects of an exploited predator on recruitment of coral-reef fishes. 
Ecology 89: 2090–2095.

Steneck, R.S. and M.N. Dethier. 1994. A functional group approach to the structure of algal-dominated 
communities. Oikos 69: 476–498.

Steneck, R.S., P.J. Mumby and S.N. Arnold. 2007. A report on the status of the coral reefs of Bonaire in 
2007 with results from monitoring 2003–2007. University of Maine, Maine.

Steneck, R.S., S.N. Arnold and P.J. Mumby. 2014. Experiment mimics fishing on parrotfish: insights 
on coral reef recovery and alternative attractors. Mar. Ecol. Prog. Ser. 506: 115–127.

Streelman, J.T., M. Alfaro, M.W. Westneat, D.R. Bellwood and S.A. Karl. 2002. Evolutionary history 
of the parrotfishes: biogeography, ecomorphology, and comparative diversity. Evolution 56: 961–
971.

Targett, N.M. and T.M. Arnold. 1998. Predicting the effects of brown algal phlorotannins on marine 
herbivores in tropical and temperate oceans. J. Phycol. 34: 195–205.

Tolimieri, N. 1998a. Effects of substrata, resident conspecifics and damselfish on the settlement and 
recruitment of the stoplight parrotfish, Sparisoma viride. Environ. Biol. Fishes 53: 393–404.

Tolimieri, N. 1998b. Contrasting effects of microhabitat use on large-scale adult abundance in two 
families of Caribbean reef fishes. Mar. Ecol. Prog. Ser. 167: 227–239.

Tolimieri, N. 1998c. The relationship among microhabitat characteristics, recruitment and adult 
abundance in the stoplight parrotfish, Sparisoma viride, at three spatial scales. Bull. Mar. Sci. 62: 
253–268.

Torres, R., M. Chiappone, F. Geraldes, Y. Rodriguez and M. Vega. 2001. Sedimentation as an important 
environmental influence on Dominican Republic reefs. Bull. Mar. Sci. 69: 805–818.

Toth, L.T., R. van Woesik, T.J.T. Murdoch, S.R. Smith, J.C. Ogden, W.F. Precht and R.B. Aronson. 2014. 
Do no-take reserves benefit Florida’s corals? 14 years of change and stasis in the Florida Keys 
National Marine Sanctuary. Coral Reefs 33: 565–577.

Tzadik, O.E. and R.S. Appeldoorn. 2013. Reef structure drives parrotfish species composition on 
shelf edge reefs in La Parguera, Puerto Rico. Cont. Shelf Res. 54: 14–23.

Valles, H. and H.A. Oxenford. 2014. Parrotfish size: A simple yet useful alternative indicator of 
fishing effects on Caribbean reefs? PLoS One 9: e86291. 

van Rooij, J.M., F.J. Kroon and J.J. Videler. 1996. The social and mating system of the herbivorous 
reef fish Sparisoma viride: one-male versus multi-male groups. Environ. Biol. Fishes 47: 353–378.

van Rooij, J.M., J.H. Bruggemann, J.J. Videler and A.M. Breeman. 1995. Plastic growth of the 
herbivorous reef fish Sparisoma viride: field evidence for a trade-off between growth and 
reproduction. Mar. Ecol. Prog. Ser. 122: 93–105.

Verweij, M.C., I. Nagelkerken, D. de Graaff, M. Peeters, E.J. Bakker and G. van der Velde. 2006. 
Structure, food and shade attract juvenile coral reef fish to mangrove and seagrass habitats: a 
field experiment. Mar. Ecol. Prog. Ser. 306: 257–268.

Whiteman, E.A., I.M. Côté and J.D. Reynolds. 2007. Ecological differences between hamlet 
(Hypoplectrus : Serranidae) colour morphs: between-morph variation in diet. J. Fish Biol. 71: 235–
244.

Williams, I.D. and N.V.C. Polunin. 2001. Large-scale associations between macroalgal cover and 
grazer biomass on mid-depth reefs in the Caribbean. Coral Reefs 19: 358–366.

Wolf, N.G. 1985. Odd fish abandon mixed-species groups when threatened. Behav. Ecol. 
Sociobiol. 17: 47–52.

Wolff, N., R. Grober-Dunsmore, C.S. Rogers and J. Beets. 1999. Management implications of fish trap 
effectiveness in adjacent coral reef and gorgonian habitats. Environ. Biol. Fishes 55: 81–90.


