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INTRODUCTION

Functional groups are unified by a shared ecological
role irrespective of their taxonomic affinities (Steneck
2001). A number of functional groups have been
described within the marine herbivore category on
coral reefs (e.g. grazers, macroalgal browsers, and
detritivores; see e.g. Wilson et al. 2003, Choat et al.
2004, Mumby et al. 2006). Such functional groups have
provided a useful basis for considering the role and
importance of herbivorous reef fishes in maintaining
coral reef resilience and avoiding coral-algal phase-
shifts (Hughes et al. 2003, 2007, Bellwood et al. 2004,
2006, Mumby et al. 2006). However, little is known of
the functional groups that regulate this transition from

coral to macroalgal dominance, particularly in the
Indo-Pacific. For example, which species eat macroal-
gae on inshore reefs, where macroalgae are most
abundant? 

A critical component in understanding this coral–
algal transition is knowledge of selectivity among her-
bivorous reef fishes for macroalgal species. For exam-
ple, herbivorous reef fish species within a functional
group may be considered functionally redundant if the
species in that group exhibit the same feeding selectiv-
ity. However, it is not known to what extent reef fish
species exhibit selection and/or avoidance. If similar
herbivorous reef fish species exhibit markedly differ-
ent feeding selectivity, they may no longer be function-
ally redundant. The loss of one species may therefore
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have a disproportionately large effect on the diversity
and community composition of algae on reefs. We
examined the potential of coral reefs to cope with
change by evaluating the extent to which resident her-
bivores will prey on macroalgae. 

Several factors have been examined as potential
determinants of food selectivity and preferential feed-
ing in herbivorous fishes. These factors include: algal
nutritional characteristics (e.g. Pillans et al. 2004,
Raubenheimer et al. 2005), spatial and temporal varia-
tion in algal availability (e.g. Pillans et al. 2004), algal
defenses in the form of chemical and/or morphological
traits, such as secondary metabolites, toughness, and
calcification (e.g. Paul & Hay 1986, Targett & Targett
1990, Duffy & Paul 1992, Meyer et al. 1994), digestive
capabilities of fish (e.g. Clements & Choat 1997), and
oral jaw biomechanics (e.g. Bellwood & Choat 1990,
Purcell & Bellwood 1993).

In studies of food selectivity of herbivorous fishes,
the most frequently used technique for determining
the degree of food selectivity is gut content analysis
(e.g. Randall 1967, Ojeda & Muñoz 1999, Rauben-
heimer et al. 2005). Gut content analyses are advanta-
geous in that one can identify selection from a wide
range of natural prey. However, the presence and
abundance of an algal species in the gut may be
related to algal availability in the field, rather than
selection. In this, it reflects the realized niche rather
than the potential niche. Alternative techniques used
in examining food selectivity in herbivorous fishes
include direct observations (Lewis 1985, Bruggemann
et al. 1994), inference from caging experiments (Cec-
carelli et al. 2006), aquarium-based feeding experi-
ments (Targett & Targett 1990, Ojeda & Muñoz 1999),
and video observations (Bellwood et al. 2006). Each
technique addresses different aspects of selectivity.
Direct observations provide valuable information on
the natural diet of fishes in the field, but the fishes are
restricted to available resources, and the presence of
the observer may have significant effects on the fish’s
natural feeding behavior (Bellwood et al. 2006).
Caging experiments may reflect selectivity at the fam-
ily or system level, but cannot identify the feeding
selectivity of individual consumers. Aquarium-based
feeding experiments allow for isolation of specific indi-
vidual herbivorous fish species in the laboratory, but
the extent to which they reflect ‘natural’ patterns may
be questionable (e.g. Ojeda & Muñoz 1999). Video
observations, where remote stationary underwater
digital video cameras are used to film feeding selectiv-
ity, provide a compromise in that they offer a means to
record the feeding selectivity of herbivorous fishes in
the field, on natural or modified substrata, without the
presence of an observer. They provide a direct evalua-
tion of potential functional roles. In the past, similar

designs without the use of video cameras have been
used to offer specific food items on natural or modified
substrata to detect algal deterrence (e.g. Paul & Hay
1986). However, the use of cameras enables the fish
species exhibiting this selectivity to be identified.

The central goal in the present study was to evaluate
the potential niche of herbivorous fishes. This reflects
their capacity to cope with change. One of the most
widely reported changes on coral reefs is a marked
increase in macroalgal cover (e.g. Mumby et al. 2006,
Hughes et al. 2007). If macroalgae become wide-
spread, which fish species would be able and moti-
vated to feed on various macroalgal species? The spe-
cific aim of this study, therefore, was to assess the
feeding selectivity of 6 reef fish species: Siganus
canaliculatus and S. doliatus (Siganidae); Chlorurus
microrhinos, Hipposcarus longiceps, and Scarus rivu-
latus (parrotfishes, Labridae; Westneat et al. 2005); and
Pomacanthus sexstriatus (Pomacanthidae), using video
observations and transplanted multiple-choice algal
assays. These 6 species are functionally the most
important herbivorous reef fish species at the study site
and are among the most abundant herbivorous fishes
on Great Barrier Reef (GBR) inshore reefs (Fox & Bell-
wood 2007, Mantyka & Bellwood 2007). 

MATERIALS AND METHODS

Study site and macroalgae. The study was con-
ducted between February and March 2006 in Pioneer
Bay on the leeward side of Orpheus Island (18° 35’ S,
146° 20’ E) on the inner shelf of the GBR, Australia.
Two fringing reef crest sites located at the northern
end of the bay were selected. Both study sites are pro-
tected from commercial and recreational fishing and
have relatively low levels of macroalgal cover (Fox &
Bellwood 2007). Twelve species of macroalgae were
examined, of which 8 were collected along the inner
and mid-intertidal reef flat of Pioneer Bay (Chloro-
phyta: Halimeda cylindracea, H. discoidea, and
H. opuntia; Rhodophyta: Amphiroa sp. and Laurencia
sp. 2; and Phaeophyta: Padina sp., Sargassum sp., and
Turbinaria ornata). Galaxaura sp. (Rhodophyta) was
collected from the outer reef flat and crest,
Chlorodesmis fastigiata (Chlorophyta) from the reef
crest, and Laurencia sp. 1 and Hypnea sp. (Rhodo-
phyta) from a buoyed mooring line, approximately
25 m from the reef crest. The macroalgal species
selected for this study were chosen to represent all 3
divisions of macroalgae (Chlorophyta, Rhodophyta,
and Phaeophyta) and display a wide range of mor-
phologies, and they were locally abundant. Padina sp.,
Sargassum sp., and Galaxaura sp. were particularly
abundant on the adjacent reef flat. Macroalgal species
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were removed, ensuring that the holdfast was intact
where possible, and transferred to outdoor recirculat-
ing seawater tanks until they were used in the feeding
trials (within 24 h of collection). Macroalgae were
identified to species where possible, but in most cases
were only identified to genus because of the difficulty
in identifying macroalgae to species level in the field,
especially rhodophytes. Algal taxonomy in the Indo-
Pacific is not well resolved, and unfortunately, signifi-
cant taxonomic challenges remain. However, Galax-
aura sp. closely resembled G. rugosa, and Laurencia
sp. 1 resembled L. filiformis.

Macroalgal selectivity trials. Selection differs from
preference in that ‘macroalgal selection’ is the process
by which an individual chooses an alga, whereas
‘macroalgal preference’ is the likelihood that an alga
will be selected if offered on an equal basis with others
(Manly et al. 2002). In the present study, the macro-
algal selectivity of the 6 herbivorous reef fishes was
measured through cafeteria-style selectivity trials
using multiple-choice algal assays. These assays dif-
fered from feeding preference experiments in that
each assay contained 1 ‘proportional-sized’ specimen
of each of the 12 macroalgal species to reflect their
usual growth form (rather than ‘equal-sized’ speci-
mens as required for measures of preference). The
average masses of the macroalgal species used in the
assays were 1.1 g (Chlorodesmis fastigiata), 6.8 g (Tur-
binaria ornata), 8.0 g (Halimeda discoidea), 10.3 g
(Laurencia sp. 2), 13.8 g (Hypnea sp.), 14.0 g (Padina
sp.), 14.1 g (H. cylindracea), 19.5 g (Laurencia sp. 1),
22.9 g (Amphiroa sp.), 29.3 g (H. opuntia), 45.7 g (Sar-
gassum sp.), and 62.6 g (Galaxaura sp.). Selectivity
herein differed from ecological selectivity in that it did
not directly examine selection versus natural availabil-
ity. Each specimen was tied in random order onto a 1 m
long piece of fishing line at approximately 8 cm inter-
vals. Damaged or discolored algae were not used in
the assays. The algae were transported in plastic self-
sealed bags and deployed on the crest of each site
using SCUBA. New sites were selected for each de-
ployment. Algae were secured by tying the end of the
fishing line to the reef. A stationary underwater digital
video camera was placed on a tripod approximately
1 to 2 m from the multiple-choice algal assays to record
the feeding activity of the herbivorous reef fishes. 

Macroalgal selectivity trials commenced at 08:00 and
at 13:00 h, over 7 d. Feeding activity was recorded for
3 consecutive hours with obligatory tape and battery
changes at 09:30 and 14:30 h. In total, 28 filmed selec-
tivity trials (84 h) were recorded, 14 at each site
(7 morning, 7 afternoon). 

Quantification of selectivity. Food selectivity of the 6
herbivorous reef fish species was quantified by record-
ing the total number of bites taken by each fish species

on each macroalgal species, for the entire 3 h feeding
trial (total 84 h). Observations were divided into 5 min
intervals to permit further subdivision if necessary. All
observations were restricted to adult fishes: Siganus
doliatus >15 cm, S. canaliculatus >25 cm, Chlorurus
microrhinos >30 cm, Hipposcarus longiceps >25 cm,
Scarus rivulatus >25 cm, and Pomacanthus sexstriatus
>30 cm, and only included those trials in which all 6
study fish species were present. During the selectivity
trials, no agonistic interactions were observed between
any of the 6 study species (or any other species in the
vicinity), nor did the fishes reach such high abun-
dances that access to the full range of algae was
reduced. It appeared that each fish species was able to
express selectivity without impact from the other spe-
cies. For each of the 6 fish species, the number of times
each alga was selected first in selectivity trials (‘first
bites’) was also recorded to test for selection based on
vision and/or olfaction (i.e. before consumption). A
note was made of the time taken for macroalgal spe-
cies to be physically reduced by herbivory to a size that
could not be visually identified/detected on the video
footage.

Statistical analyses. The macroalgal selection could
not be analyzed with an ANOVA because each algal
specimen within each selectivity trial was not indepen-
dent (i.e. the selection of one algal species may be
dependent on the presence of other algal species in a
trial). Selection by each of the 6 herbivorous reef fish
species was therefore analyzed using 2 separate tech-
niques: Friedman’s test and Strauss’ Linear Selection
Index. In the first method, the mean number of bites
per macroalgal species was compared and analyzed
with a non-parametric Friedman test, followed by
Friedman a posteriori multiple comparison tests (Con-
over 1999). In the second method, selection was mea-
sured based on a selectivity index, Strauss’ Linear
Selection Index (L): L = ri – pi, where ri is the number of
bites from macroalga i, as a percentage of the total
number of bites from all macroalgae during each feed-
ing trial, and pi is the percentage of the total algal mass
presented at the beginning of every feeding trial
belonging to macroalga i. Selectivity indices for each
macroalgal species were averaged over all feeding tri-
als for each of the 6 herbivorous reef fish species, and
95% confidence intervals (CI) were calculated. CI val-
ues above 0.0 indicate selection, values less than 0.0
indicate avoidance, and CI values that encompass 0.0
indicate that selection of the macroalga did not differ
significantly from random. These 2 methods were cho-
sen to represent different approaches used throughout
the literature. Thus, if both techniques produce similar
results, one can be more confident that the results are
likely to provide an accurate representation of algal
selectivity by the 6 fish species.
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RESULTS

The total number of bites taken from macroalgae by
the 6 herbivorous reef fish species during the first hour
of feeding (85%) was more than 5 times greater than
the second (13%) and third hours (2%) combined.
Although macroalgal species varied significantly in the
time taken to reach the point where they were too
small to be detected on the video footage (Friedman
test, χ2 = 115.55, p < 0.001; Fig. 1), all macroalgal spe-
cies were present throughout the first hour of feeding
trials, with the sole exception of Laurencia sp. 2 (lost on
average after 35 min, Fig. 1). Given that almost all
macroalgae were present during most of the first hour
of feeding trials, and that the vast majority of bites
occurred during this period, all subsequent analyses
were restricted to the first hour of data when the full
range of macroalgae were available to best evaluate
selectivity.

Siganus doliatus and S. canaliculatus displayed
strong feeding selectivity. In S. doliatus, the number of
bites taken from Sargassum sp. and Hypnea sp. was
significantly greater (60% of all bites) than from any
other algal species (Friedman test, χ2 = 42.945, p <
0.001; Fig. 2a). Strauss’ Linear Selection Index indi-
cated that S. doliatus selected Sargassum sp., Hypnea
sp., Laurencia sp. 2, and Turbinaria ornata (Fig. 2b),
and avoided 6 of the remaining 8 algal species. In com-
parison, S. canaliculatus took a significantly larger
number of bites from Sargassum sp. (60% of all bites)
than from any other macroalgal species (Friedman test,
χ2 = 171.938, p < 0.001; Fig. 2a). Strauss’ Linear Selec-

tion Index indicated that S. canaliculatus selected Sar-
gassum sp. and Padina sp., and avoided the green
macroalgae (Halimeda opuntia, H. cylindracea, H. dis-
coidea, and Chlorodesmis fastigiata), Galaxaura sp.
and Amphiroa sp. (Fig. 2b). Thus, based on both tech-
niques, S. doliatus consistently selected Sargassum sp.,
Hypnea sp., Laurencia sp. 2 and, to a lesser extent,
T. ornata. In contrast, S. canaliculatus consistently
selected Sargassum sp. and, to a lesser extent, Padina
sp. over all other macroalgal species. Both fish species
avoided the green macroalgal species and the red
Galaxaura sp. and Amphiroa sp.

In contrast to the siganids, the parrotfishes Hip-
poscarus longiceps, Chlorurus microrhinos, and Scarus
rivulatus all significantly avoided Sargassum sp., but
exhibited selection for Halimeda opuntia (Friedman
tests: Hipposcarus longiceps, χ2 = 75.439, p < 0.001; C.
microrhinos, χ2 = 121.005, p < 0.001; S. rivulatus, χ2 =
89.798, p < 0.001; Fig. 2c,d). The most interesting result
from Strauss’ Linear Selection Index was that all 3 par-
rotfish species consistently selected 1 or more species
of Halimeda (H. opuntia, H. cylindracea, or H. dis-
coidea; Fig. 2d). Furthermore, all 3 species consistently
avoided Galaxaura sp., and, to a lesser extent Hypnea
sp., Laurencia sp. 1, Laurencia sp. 2, Sargassum sp.,
Padina sp., and Turbinaria ornata.

Pomacanthus sexstriatus exhibited the least selec-
tivity. The Friedman test indicated a significantly
higher bite rate on the red macroalga Hypnea sp. com-
pared to that of any of the brown or green macroalgae,
but it was not significantly different from either of the
Laurencia species (χ2 = 65.922, p < 0.001; Fig. 2a).

Strauss’ Linear Selection Index also
showed selection for Hypnea sp., but
avoidance for the green and brown
macroalgae (Fig. 2b). However, these
relationships were not as distinct as
those in either the siganid or parrotfish
species.

When ‘first bites’ were compared to
the total number of bites per alga, there
was a general relationship between the
2 variables for each of the 6 dominant
herbivorous reef fish species (Fig. 3). As
‘first bites’ increased for a particular
macroalgal species, the total number of
bites for that macroalgal species also
increased. Overall, the 6 herbivorous
reef fish species did not appear to be
selecting macroalgae at random, but
rather they appeared to target specific
macroalgal species from the beginning
of every selectivity trial and then con-
tinued to feed on those algae until they
were no longer available. 
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Fig. 2. Feeding selectivity by 6 herbivorous reef fish species. (a,b) Siganus doliatus, S. canaliculatus, and Pomacanthus sex-
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DISCUSSION

The herbivorous reef fishes in Pioneer Bay exhibited
considerable selectivity in their feeding, with the
extent and nature of selectivity varying within and
among families. Siganus doliatus selected Hypnea sp.,
Laurencia sp. 2, and Sargassum sp., while S. canalicu-
latus selected Sargassum sp. and Padina sp. Both
siganids avoided the green macroalgae and the red
Galaxaura sp. and Amphiroa sp. No previous food
selection studies have examined either of these 2

siganid species on the GBR. However, previous studies
of selectivity in siganids have reported strong selectiv-
ity. For example, using multiple-choice assays in the
laboratory, Pillans et al. (2004) observed that S. fus-
cescens (a close relative of S. canaliculatus) from
Southern Queensland (Australia) preferred red algae
(Acanthophora spicifera and Gracilaria edulis) over
brown algae (Dictyota dichotoma and Lobophoroa var-
iegata). Using a combination of direct observations in
the lab and gut content analyses in the field in the
Philippines, Von Westernhagen (1973, 1974) likewise
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found that S. concatenata (synonym of S. guttatus),
S. oramin (synonym of S. canaliculatus), S. striolata
(synonym of S. spinus), and S. virgata (synonym of
S. virgatus) selected various fleshy green and red
macroalgae of the genera Enteromorpha, Gracilaria,
Hypnea, and Laurencia, and ignored brown and
calcareous algae. Furthermore, Tsuda & Bryan (1973)
used feeding preference experiments in outdoor tanks
on Guam and reported that Chlorodesmis fastigiata
was avoided by juvenile S. spinus but was readily con-
sumed by juvenile S. argenteus (see also Paul et al.
1990). 

Given this level of selectivity, the extent of functional
redundancy and the potential for the replacement of
Siganus doliatus and S. canaliculatus by other func-
tional groups in Pioneer Bay may be limited. Of the 33
roving herbivores recorded from the bay, only 2 others
have been reported to feed on Sargassum to any signif-
icant extent: Scarus rivulatus and Platax pinnatus
(Bellwood et al. 2006). The latter was the dominant
browser of large macroalgal strands, but was not ob-
served feeding on macroalgae in the selectivity trials in
the present study. Thus, it could be argued that this
system currently displays limited functional redun-
dancy in terms of feeding on Sargassum spp. and that
S. doliatus and S. canaliculatus represent important
species to conserve locally for the maintenance of low
Sargassum cover on inshore reefs.

Macroalgal selectivity by parrotfishes differed
greatly from the siganids in that the parrotfishes con-
sistently selected 1 or more of the green heavily calci-
fied Halimeda species, while avoiding the brown
macroalgae, including Sargassum sp. and the majority
of the red macroalgae, especially Galaxaura sp. The
relatively uniform selectivity of these 3 parrotfish spe-
cies suggests that this reef system may exhibit some
functional redundancy at the species level, in terms of
feeding on Halimeda spp., but that all 3 species should
be considered important for maintaining low biomass
of calcified algae on inshore GBR reefs. However, the
parrotfishes would not likely be able to replace the
siganids and vice versa. All 3 parrotfish species
avoided Sargassum sp., and both species of siganids
avoided the calcified Halimeda species and Amphiroa
sp. Thus, the parrotfishes and siganids display distinct
functional separation and exhibit no reciprocal redun-
dancy. 

Previous research on macroalgal selection among
parrotfishes has concentrated on the genus Sparisoma
in the Caribbean, and contrasts markedly with the pre-
sent study. For example, the seagrass-dwelling species
S. radians demonstrated avoidance of Halimeda in-
crassata in field observations (Lobel & Ogden 1981,
Targett et al. 1986). Tank-based preference experi-
ments likewise found the genus Halimeda to be rejec-

ted by S. viride and S. aurofrenatum; Sargassum,
Turbinaria, and Padina were preferred (Lewis 1985).
However, such Caribbean observations must be
interpreted with caution when examining Indo-Pacific
patterns. The dominant Caribbean parrotfish genus
Sparisoma belongs to a distinct lineage (formerly
Sparisomatinae) that feeds in an excavating manner on
epilithic algae (S. viride) (Bruggemann et al. 1994) or,
more often, in a browsing manner on macroalgae and
seagrasses (Randall 1967, Bellwood 1994, Streelman et
al. 2002, Westneat et al. 2005). Species in this lineage
are relatively rare on Indo-Pacific coral reefs (6 of ca.
71 species; Bellwood 1994). The 3 parrotfishes investi-
gated in the present study are in a separate lineage
(formerly the Scarinae). In terms of feeding modes,
Chlorurus microrhinos is an excavator, and Hippo-
scarus longiceps and Scarus rivulatus are both scrap-
ers of the reef substratum (Bellwood & Choat 1990).
Although all 3 species are primarily regarded as graz-
ers of the epilithic algal matrix (Bellwood & Choat
1990, Bellwood 1994, Wilson et al. 2003, Choat et al.
2004, Fox & Bellwood 2007), all have previously been
reported to feed on macroalgae under experimental
conditions (Bellwood et al. 2006, Mantyka & Bellwood
2007). Thus, the main similarity between Caribbean
species and the Indo-Pacific parrotfishes examined in
the present study, at this location, is that in both
systems, parrotfishes exhibit significant selection,
although they may vary considerably in their individ-
ual feeding modes. 

Most pomacanthids are benthic omnivores that feed
on a variety of sponges, tunicates, ascidians, soft
corals, and foliose calcareous or turf algae (Allen et al.
1998), and have therefore not been considered to be
significant herbivores. In keeping with this omnivo-
rous diet, the pomacanthid Pomacanthus sexstriatus
displayed limited selectivity. 

The observed differences in feeding selectivity in the
present study may reflect functional capabilities in dif-
ferent fish families. Herbivorous parrotfishes including
Chlorurus microrhinos, Scarus rivulatus, and Hippo-
scarus longiceps possess several attributes that facili-
tate the consumption of heavily calcified food. The spe-
cialized teeth, fused dental plates, pharyngeal mill,
powerful jaw structure, and lack of an acidic stomach
enable species in this family to ingest a diet high in
carbonates (Bellwood & Choat 1990, Bellwood et al.
2003, Choat et al. 2004). Thus, the selectivity of Hal-
imeda by these species of parrotfishes may simply be a
reflection of their ability to exploit a readily available
food source that is highly defended both morphologi-
cally and chemically (Littler et al. 1983, Lewis 1985,
Hay & Fenical 1988). The calcification in Halimeda
species may be successful in deterring herbivory by
siganids, which have smaller, weaker jaw structures
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and acidic stomachs. Similar results have been
reported by Lewis (1985), who found that lightly calci-
fied algae and those with tough, leathery thalli were
susceptible to grazing by sparisomatine parrotfishes,
but were avoided by surgeonfishes (which have more
delicate jaws). In contrast, it is interesting to note that
the parrotfishes in our study avoided the red macro-
alga Galaxaura sp. Although parrotfishes appear to be
physically capable of consuming this robust and lightly
calcified alga, no consumption was observed. Galax-
aura sp. is not known to possess potent anti-herbivore
chemicals, but it still appears to be able to deter parrot-
fish feeding (possibly due to tougher thalli or limited
nutritional content rather than calcified tissues).

The differences in selectivity observed here are not
solely due to fish morphology. For example, the
siganids (Siganus doliatus and S. canaliculatus), the
smallest of the 6 fish species examined, selectively ate
a tough, non-calcified macroalgal species, Sargassum
sp. Furthermore, S. doliatus and S. canaliculatus
appear to share a typical siganid jaw morphology and
possess thin-walled, highly acidic stomachs, but
S. canaliculatus selected different macroalgal species
(Sargassum sp. and Padina sp.) compared to S. doliatus
(Hypnea sp., Laurencia sp. 2, and Sargassum sp.).
Selectivity is not a simple process, and it is possible
that ecologically similar species of herbivorous reef
fishes have different physiological responses to struc-
tural components and algal secondary metabolites
(Paul et al. 1990, Meyer et al. 1994). Digestive physiol-
ogy of herbivorous fishes can vary among species in
terms of stomach pH, resident intestinal protozoans
(and other microbes), and gut length (Meyer et al.
1994). These characteristics can also vary in an individ-
ual species over relatively short periods of time (Meyer
et al. 1994). 

While gut content analyses have provided valuable
information on the relative importance of dietary com-
ponents and feeding patterns in herbivorous reef
fishes (Randall 1967, Wilson et al. 2003, Choat et al.
2004), food selection studies provide a different per-
spective. Gut content analysis reflects selection in the
context of availability. For example, in our study, Sar-
gassum sp. was highly selected by the siganids. How-
ever, Sargassum sp. would probably not be abundant
in siganid gut contents on a regular basis, as it is not
readily available on the reef crest. Thus, gut content
analyses may reflect processes that maintain algal dis-
tributions in a healthy reef ecosystem (realized niche)
rather than processes that can establish patterns
(potential niche) or the capacity of a system to cope
with change (resilience) such as increasing macro-
algae. 

Our findings also emphasize the need to consider the
criteria for describing functional groups. Although par-

rotfishes and siganids are all nominally grazers of the
epilithic algal matrix, when conditions change and
macroalgae are available (as simulated in this experi-
ment), new potential functional groups are revealed.
Under these conditions, parrotfishes are calcified algal
browsers and the siganids are highly selective macro-
algal browsers. Thus, the functional role of a species is
highly context dependent; the role of a species under
‘normal’ and ‘disturbed’ conditions may be profoundly
different. These ‘disturbed’ conditions may be experi-
mentally induced, as in this study, but increasingly,
human impacts, natural disturbance, and global cli-
mate change are modifying the benthic community
composition of coral reefs (Hughes et al. 2003, Bell-
wood et al. 2004), with increased macroalgae being a
common characteristic of disturbed reef ecosystems
(Mumby et al. 2006, Hughes et al. 2007). In some
respects, most of the species in our study represent
sleeping functional groups sensu Bellwood et al. (2006)
in that their abilities may not be fully exposed until
conditions change. This ability to switch functional
attributes, and groupings, may be essential for under-
pinning coral reef resilience in the face of global cli-
mate change. 
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