Relationship between corals and fishes on the Great Barrier Reef

Corals provide essential habitat structure and energy in coral reef systems, facilitating the existence of numerous reef
associated species. IndoPacific coral reefs are home to over 600 species of hard corals (also called stony corals or
scleractinian corals), and 40005000 species of reef fishes (Veron 2000, Lieske and Myers 2001). There are strong mutual
dependencies between the reefbuilding corals and reefinhabiting fishes, with many fish species depending on corals for
food and habitat, while corals depend on the grazing by certain fishes for reproductive success. Even the spread of coral
diseases may be mitigated by fishes. This article summarises what is known about these intricate mutual relationships.

Corals as food
Coral reef fishes have developed a wide array of feeding modes to
harness the diversity of food sources on coral reefs. Corals
themselves have not avoided being on the menu despite
substantial energy investments in structural and chemical
defences to deter would be predators (Gochfeld 2004). Globally,
there are some 130 species of corallivorous fishes (fishes that
consume live coral tissue) from 11 different families, although
Butterflyfishes (family Chaetodontidae) account for approximately
half of all of these (Cole et al. 2008). Corallivorous fishes can be
highly specialised, such as the chevron butterflyfish (Chaetodon
trifascialis), which feeds almost exclusively on a single coral
species Acropora hyacinthus (Pratchett 2005). Most corallivorous
fishes target <scleractinian ‘hard’ corals>, although a handful of
species, such as the blackbacked butterflyfish (Chaetodon
melannotus), clearly prefer alcyonarian ‘soft’ corals; (Cole et al.
2008). Some fishes have an ‘obligate’ association with their coral
prey, meaning the majority of their diet is centred on coral, and
approximately one third of all corallivorous fishes fall in to this
category. Other corallivorous fishes include coral as measurable
part of their diet but also utilise other food items. These fishes are
known as ‘facultative’ corallivores and tend to do better than
‘obligate’ corallivores after coral loss from disturbance, such as
crownofthorns starfish, storms or <coral bleaching> (Wilson et
al. 2006; Pratchett et al. 2009).

Chevron butterflyfish (Chaetodon trifascialis) feeds exclusively
on Acropora hyacinthus.
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There are three main feeding modes amongst corallivorous fishes:
polypfeeders, mucousfeeders and skeletalfeeders. Polypfeeders
use their forcepslike mouths to remove individual coral polyps,
but do so without damaging the underlying coral skeleton (Cole et
al. 2008). Earlier studies provided evidence that the chronic
pressure of this feeding mode represents a substantial energetic
cost to coral (Neudecker 1979; Cox 1986; Kosaki 1989). A recent
study estimated that butterflyfishes consume up to 6% of the
standing tissue biomass of corals per year (Cole et al. in press),
and are therefore likely to influence the distribution, abundance
and community composition of corals.
Due to the cryptic way in which many corallivores feed it is often

Coral reef with plate coral (Acropora hyacinthus) in the
foreground.
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difficult to identify exactly what food these fishes are targeting
(Nagelkerken et al. 2009), however, it is clear that one set of
corallivores seek the mucous produced by corals (Rotjan and Lewis
2008). Mucous production by corals may account for up to half of
the energy assimilated by zooxanthellae (Wild et al. 2004)and may
be a relatively rich energy source for species able to digest it,
comparable to that available in coral tissue (Cole et al. 2008). One
example of a mucousfeeder is the tubelip wrasse (Labrichthys
unilineatus) which is found throughout the IndoPacific.
Skeletalfeeders represent an altogether greater impact on corals.
As the name suggests, such corallivores scrape the coral surface
and in doing so damage the underlying skeleton. Several studies
have shown that recovery times for corals are significantly
extended when the coral skeleton has to be repaired along with

Blackbacked butterflyfish (Chaetodon melannotus), which feeds
mainly on soft coral.
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the surface tissue (Gochfeld 2004; Jayewardene and Birkeland
2006; Bonaldo and Bellwood 2009). Skeletalfeeding species have
a greater potential to impact the physical structure of coral reefs,
especially the larger species whose deep bites effectively excavate
the coral skeleton causing substantial damage to the coral species
which they selectively target. Most notable of these species is the
bumphead parrotfish (Bolbometopon muricatum) which is found in
the Pacific and can consume up to 13.5kg m2 of live coral per
year and more than 5t of reef skeleton per year (Bellwood et al.
2003).

Tubelip wrasse (Labrichthys unilineatus), which feeds on coral
mucous.
© LTMP, AIMS

A school of bumphead parrotfish (Bolbometopon muricatum)
foraging on the front reef slope.
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A digitate hard coral (Acropora sp.) bearing the classic signs of
fish predation. Knobs of coral have been bitten off whole,
probably
by
the
bumphead
parrotfish
(Bulbometopon
muricatum).
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Coral as habitat and refuge
Even a little coral loss will lead to a decline in the abundance of reef fishes. This is not unique to coral reefs, as other
ecosystems which experience loss of the dominant habitat forming taxa (e.g. kelp) exhibit comparable effects following
habitat degradation. Some effects of coral loss on fishes will become evident over a relatively short time frame
(weeks/months), such as reduced physiological condition and reproductive activity (Pratchett et al. 2004). Over the longer
term (years) this may lead to lower abundance and diversity of fishes (Wilson et al. 2006). Many disturbances of coral
reefs do not result in immediate loss of habitat structure. Coral bleaching; and Crownofthorns starfish; kill corals but
their skeletons may remain intact for years until erosion takes its toll. Dead coral habitat which has retained its structural
complexity may continue to support abundant and diverse reeffish communities (Lindahl et al. 2001). Nonetheless the
rapid decline of some coral reef fishes following tissue loss suggests that living coral is an important attribute of the coral
reef habitat (Wilson et al. 2006).

Crown of Thorns starfish (COTS) (Acanthaster planci) feed by
extending their stomach out their mouth and directly on the
coral. In this way they can feed irrespective of the shape of their
prey.
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Whole colony bleaching of Platygyra sp. and partial bleaching of
branching coral (Acropora sp.) on Erskine reef in 2006.
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The loss of structural complexity has even more serious implications for the health of fish communities (Garpe and Öhman
2003; Halford et al. 2004). In one study, both the abundance and diversity of the community declined by approximately
twothirds after the reef collapsed in to a formless rubble state (Sano et al. 1987). It is possible that this figure does not
even reflect the full extent of species loss as small fishes often go uncounted in community studies owing to their cryptic

nature (Wilson et al. 2006). It also not straightforward to predict the future survival potential of different fishes, and some
species may show increases in abundance following coral mortality (Wilson et al. 2006).
The settlement potential of fishes after having spent their larval phase as plankton in the water column is also shaped by
coral health. A study in Papua New Guinea observed almost twothirds of all fishes associating with live coral once they
settled on to the reef after their larval stage (Jones et al. 2004). It appears that many fishes prefer to settle near to live
coral even if the adults are not coral dependent, and will actively avoid settling in to dead coral (Feary et al. 2007a, Feary
et al. 2007b). Owing to a lack of information on the specific habitat requirements of coral reef fishes during their early life
history it is difficult to assess the impact of coral loss on fish settlement (Wilson et al. 2006).
After settling on a coral reef a variety of processes, including
predation, competition, living space and food availability, will
determine the success of an individual or the local population of a
particular species (Syms and Jones 2000). But how do these
processes relate to the two distinct phases of habitat degradation?
Loss of live coral (biological degradation) in the absence of
physical degradation has greatest negative impact on coral
dwelling species (Munday 2004). This suggests that fishes who
actually ‘live’ in live coral, such as certain species of goby, are
unable to adapt to new habitats if they cannot find their favoured
one. It may be that living coral confers camouflage benefits onto
its resident fishes. One recent study on the Great Barrier Reef
[GBR] found that coraldwelling damselfishes occupying bleached
or dead coral hosts were more susceptible to predation than the

Scissortail sergeant majors (Abudefduf sexfasciatus) hover close
to a branching coral (Acropora sp.); a quick refuge in the event
of any danger.
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same species occupying healthy coral colonies (Coker et al. 2009).
As discussed above, live coral provides a direct food source for some fishes. However it may also provide an indirect food
source, by creating favourable conditions in which other prey items such as invertebrates may flourish (Halford et al.
2004).
Physical degradation of a coral reef reduces both the complexity of the environment and the actual ‘physical space’ of the
reef matrix. This has logical implications for the quality and quantity of refuge (shelter) provided by the reef. Where fishes
are unable to successfully compete for the prime refuge sites they are at substantially greater risk of being predated upon
(Holbrook and Schmitt 2002). Increased structural complexity also helps to mediate competition for living space and food
resources (Munday et al. 2008). Given the exacerbating effect of structural reef loss on fish communities it can be assumed
that the role of coral reefs in providing refuge is a key process in regulating diversity and abundance of reef fishes (Garpe
et al. 2006).

Fishes as facilitators of coral settlement
Successful settlement of coral planulae (freeswimming larvae) on to the reef substrate and survival thereafter are critical
to the longterm health of coral reefs as coral populations require constant replenishment. Having discussed the many
benefits corals bring to fishes, there are certain functional groups of fishes that in turn facilitate this settlement and
survival of corals. These are broadly termed ‘herbivores’, meaning that they consume predominantly plant material.
As discussed <above>, the scraping and excavating role of certain corallivorous fishes will damage corals. Some of these
fishes also consume turf algae: small algae (usually <1cm high) growing on the reef substratum. Many species of
parrotfishes (Scarini) perform this role. The unique shapes of their jaws, which are fused and beaklike, actually scrape
clean the substratum on which they feed (Bellwood 1994). This action provides new sites for coral planulae to settle
(Bonaldo and Bellwood 2009). Many herbivorous parrotfishes do not feed on corals at all, such as the rivulated parrotfish
(Scarus rivulatus), which is one of the most abundant species of parrotfish on the <innershelf reefs of the GBR> (Fox and
Bellwood 2007). However, it should be noted that larger parrotfish species play a more profound role in exposing clean reef

substrate for coral settlement, owing to their deep ‘excavating’ bites (Bellwood 1994). Most notable among these species
are large individuals (>35cm) of humphead parrotfish (Bolbometopon muricatum) and steephead parrotfish (Chlorurus
microrhinos) whose bites expose the reef substrate for up to seven days, increasing the potential for coral planulae to
settle successfully (Bonaldo and Bellwood 2009).

A school of rivulated parrotfish (Scarus rivulatus) forage along
the front reef slope.

Steephead parrotfish (Chlorurus microrhinos) feed on coral
leaving exposed reef substrate.
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Another functional group of herbivorous fishes are the ‘grazers’.
Much like a lawn mower, these fishes keep the growth of turf algae
in check by literally grazing the reef substrate. This serves to limit
the growth of macroalgae (large strands of algae >5cm), which
would otherwise outcompete corals for space and light. Although
the actual mass of algae consumed by an individual may be
relatively small, because many species of grazers school (move in
large groups) and are relatively abundant their overall impact is
considered significant (Green and Bellwood 2009). Many
herbivorous grazers are in the Surgeonfish family (within the
Genus Acanthurus), of which the most abundant of species on the
GBR is likely to be the Brown surgeonfish (Acanthurus nigrofuscus)
(Bellwood and Fulton 2008). The negative effect of grazing
herbivores on the survival of coral spat is likely to be

A brown surgeonfish (Acanthurus nigrofuscus) foraging among
the algal slime growing on soft coral.
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overestimated (Penin et al. 2010) given that spat which settle on to turf algae do not recruit well (become adult corals)
anyway (Birrell et al. 2005).
In sufficient quantities, macroalgae has been shown to limit the
potential for coral planulae to settle on to the reef and to
outcompete coral spat for resources as they attempt to grow
(Hughes et al. 2007). Herbivorous fishes that eat macroalgae are
called ‘browsers’ and play an important role in removing
macroalgae which would otherwise stifle the replenishment of coral
populations (Hughes et al. 2007). Despite being an important
functional role there are only a handful of fishes that can perform
this task, on midshelf and outershelf reefs of the GBR only one
species, the bluespine unicornfish (Naso unicornis) is thought to
responsible for keeping macroalgal growth in check (Hoey and
Bellwood 2010). Fundamental variation of processes such as wave

energy and sedimentation, also shape coral reef communities
across the GBR and also partly explain the differences in the

A huge school of unicornfish (Naso unicornis) vigorously
parading around the reef slope on the front reef. This type of
schooling and frantic activity usually precedes a spawning event.

composition of benthic (substrate) communities across the
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continental shelf. Whilst functional groups of fishes might vary from one location to another based on these different
conditions (Hoey and Bellwood 2008), none of them have high levels of functional redundancy, meaning that these roles
are performed by only a handful of species (Bellwood et al. 2003). Therefore it is important that herbivores are given
protection from unsustainable fishing practices to ensure that these roles remain a functional part of ecosystem interaction.
One such method of conservation is the use of marine reserves, which either limit or prohibit fishing such as the green
zones on the GBR. Whilst such measures are an important part of the solution, the top down preservation of herbivorous
fishes will ultimately not prevent the loss of coral reefs if bottom up processes such as increased pollution, coral bleaching
and sedimentation degrade the habitat on which the fishes themselves depend (Allison et al. 1998; Jones et al. 2004).

Fishes as vectors of coral disease
A relatively recent debate is emerging about the role that corallivorous fishes can play in transmitting coral disease when
feeding on coral. One laboratory study found that a Caribbean butterflyfish which fed on a diseased coral transmitted it to
other coral colonies (Aeby and Santavy 2006), whilst another found a correlation between coral disease and the abundance
of corallivorous butterflyfishes (Raymundo et al. 2009). Interestingly, a recent pilot study found that corallivorous fishes
would actually target the disease portion of the coral and by doing so appeared to slow the progression of the disease
through the coral (Cole et al. 2009). It is therefore unclear whether corallivorous fishes help to spread or slow the
progression of coral disease, and this remains a topic for future research.
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