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ABSTRACT: Changes in the abundance and/or taxonomic composition of corals are having direct
impacts on the structure of reef fish assemblages, with those species that rely directly on live coral
for food or shelter being most affected. Despite this, many specialist coral feeders persist on reefs
where preferred coral taxa are rare. We examined feeding selectivity of the obligate corallivorous
butterflyfish Chaetodon octofasciatus, a species known to feed predominantly on Acropora spp.
corals, between a heavily urbanized coral reef system (Singapore) with low Acropora spp. cover,
and a relatively intact reef system containing high Acropora spp. cover (Pulau Tioman, eastern
Peninsular Malaysia). Both reef systems supported similar densities of C. octofasciatus, with live
coral dominating the diet in both locations. In Pulau Tioman, C. octofasciatus fed on 14 genera,
(27.45 % of available coral genera), with over a third of bites on Acropora spp. In contrast, C. octo-
fasciatus on Singaporean reefs fed on 26 genera (45 % of available coral genera), with only 4 % of
bites on Acropora spp. Despite specialist corallivores being viewed as highly susceptible to reduc-
tions in their preferred dietary coral taxa, this research highlights the potential importance of diet
plasticity in sustaining populations.
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INTRODUCTION

Environmental change, resulting from both natural
and anthropogenic impacts, often results in rapid
changes in the abundance, diversity and composition
of biological communities (McCauley et al. 2015,
Webb & Mindel 2015, Hughes et al. 2018). Although
considerable research has focussed on the numerical
response of populations to changes in resource avail-
ability, such changes may also have a substantial
impact on the behaviour of individuals (Forsman
2015, Wong & Candolin 2015). This may be particu-
larly relevant for species that are reliant on a limited
suite of resources (Brooker et al. 2014). Indeed, the

*Corresponding author: d.feary@mrag.co.uk

ability of individuals to shift patterns of resource use
in response to changes in the availability of their
preferred resources (Chown & Terblanche 2006, Sih
et al. 2011) may ensure population persistence under
changing environmental conditions.

Within coral reef systems, the response of individ-
ual species to changes in the abundance of trophic or
habitat resources has often been related to the
degree of resource dependency (Hoey et al. 2016).
Species that use a wide range of resources for diet
or shelter (i.e. generalists) are predicted to be rela-
tively insensitive to changes in resource availability,
whereas species that rely on a limited array of re-
source types (i.e. specialists) are predicted to be more
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sensitive to changes in the abundance of their pre-
ferred resource (Feary 2007). Nonetheless, there is
increasing evidence from other ecosystems of appar-
ent resource specialists exhibiting plasticity in their
resource use following reductions in their preferred
resource (Wong & Candolin 2015). Such resource
plasticity may contribute to the insensitivity of some
specialist coral reef fishes to reductions in the avail-
ability of their preferred resources (Berumen et al.
2005, Berumen & Pratchett 2008).

The eightband butterflyfish Chaetodon octofascia-
tus is a ubiquitous corallivore throughout Southeast
Asia (Froese & Pauly 2016) where it feeds predomi-
nantly on Acropora spp. (Abdul Ghaffar et al. 2006,
Madduppa et al. 2014). The apparent reliance of this
species on Acropora has led to C. octofasciatus being
proposed as a useful ‘indicator species’ for coral
degradation (Madduppa et al. 2014). The objective of
this study was to examine how the feeding ecology of
this specialist corallivore differs with coral species
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Fig. 1. (a) Tioman and Singapore on Peninsular Malaysia,
and the location of the individual study sites within
(b) Tioman and (c) Singapore

composition. Specifically, we compared bite rates and
feeding selectivity of C. octofasciatus populations
between Pulau Tioman, an island off eastern Penin-
sular Malaysia where Acropora spp. dominate shal-
low coral reefs (Guest et al. 2012), and reefs off
Singapore, where Acropora spp. are relatively un-
common and reefs are dominated by massive, foliose
and encrusting coral taxa (Guest et al. 2016).

MATERIALS AND METHODS

The feeding rate and selectivity of Chaetodon octo-
fasciatus was quantified across fringing coral reefs
surrounding Pulau Tioman, Malaysia, and the south-
ern islands of Singapore (Fig. 1). Singapore has
undergone extensive land reclamation and coastal
development (Lai et al. 2015), resulting in high rates
of sedimentation and levels of total suspended solids
far exceeding those considered optimal for tropical
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reefs. Average underwater visibility has declined
from ~10 m in the 1960s to <5 m in the mid-1990s
(with local temporally ephemeral [from several min-
utes up to 1-2 d] reductions of visibility associated
with passing ship traffic and high wind-driven cur-
rents reducing visibility to ~2 m) (Chou 1996). In
comparison, Pulau Tioman has limited coastal devel-
opment, and underwater visibility is typically >10 m.
The prey preference (feeding substrata used) and
bite rates (number of bites over a distinct time period)
of C. octofasciatus were estimated using focal indi-
vidual observations across 6 and 8 replicate sites in
Singapore and Pulau Tioman, respectively (Fig. 1).
Specifically, we selected areas within the 2 locations
that were as similar as possible in terms of abiotic
conditions, with all work undertaken in 5-7 m depth
on the upper reef slope, where the complexity of the
reefs between regions was similar (following Polunin
& Roberts 1993). Potential competitors of C. octofas-
ciatus were relatively scarce throughout both regions
(see Table S1 in the Supplement at www.int-res.com/
articles/suppl/m605p165_supp.pdf).

An individual C. octofasciatus was haphazardly se-
lected and its total length estimated to the nearest cm.
After a short (~20 s) acclimation period, the individual
was followed at a distance of 2-5 m for 3 min, during
which all bites and feeding substrata were recorded.
All feeding observations were undertaken within
short temporal windows (~1 wk in the field) of rela-
tively high underwater visibility. Observations were
aborted if fish displayed any adverse reactions to diver
presence (<1 % of individuals). Feeding observations
were recorded for a minimum of 5 ind. site™!, with a
total of 68 and 209 individuals recorded within Pulau
Tioman and Singapore, respectively. Individuals ob-
served for feeding showed no significant difference in
mean size between locations (ANOVA, F; 1, =14,p=
0.251; mean + SE total length [TL], Singapore: 8.06
0.19 cm, Pulau Tioman: 7.86 + 0.16 cm).

The majority of individuals observed were very
small (~8-10 cm TL). Although much smaller individ-
uals (and no individuals larger than this body size)
were apparent on reefs (usually 2-3 cm TL), their
abundance was so low (<5 ind. seen across both sites
combined) that any confidence in the patterns of diet
use and bite number of this very small size class was
deemed to be too low to use effectively.

Within sites where feeding selectivity of C. octofas-
ciatus populations were recorded, the density of indi-
viduals was visually estimated within 30 m x 2 m belt
transects (n = 8). A single observer recorded all indi-
viduals within each transect. Low visibility in Singa-
pore necessitated the use of the narrow belt transects.

Mean size (TL) of focal fish did not differ between
locations (ANOVA, F, 576 = 3.661, p = 0.06 Singapore:
7.71 £ 0.11 cm, Pulau Tioman: 7.28 + 0.13 cm).

Benthic communities were surveyed within the
same 8 transects, using point-intercept methods re-
cording the substratum directly below the transect
tape at 0.5 m intervals (61 points transect™). Substra-
tum types included hard (scleractinian) corals (iden-
tified to genus), soft corals, macroalgae, rock, pave-
ment, rubble, epilithic algal matrix (turf algae) and
sand. A power analysis on point-intercept transects
from Singapore reefs showed that using an o-value
of 0.05 and a desired power of 0.8, the number of
replicate transects required to detect a significant
difference was approximately n = 7.33 transects.
Therefore, the number of point-intercept transects
used (8 transects, 61 points each) in this study suffi-
ciently characterized the benthic assemblages, in-
cluding coral genera (not species) present on each
reef (Jokiel et al. 2015).

All statistical analyses were performed in R. To
compare the composition of (1) benthic communities
and (2) coral communities between Singapore and
Pulau Tioman, separate non-metric multidimensional
scaling (nMDS) ordinations were used (Clarke &
Warwick 2001). The nMDS were based on Bray-
Curtis dissimilarities of square root transformed site-
mean data for each benthic category and coral genus.
To test the effect of location on both factors, separate
1-factor permutational multivariate ANOVAs (PER-
MANOVAs) with 9999 permutations were used. Sim-
ilarity percentage (SIMPER) analyses were then per-
formed to identify the contribution of benthic taxa
and coral genera to community dissimilarity.

To examine the relationship between bite rate of C.
octofasciatus and the fixed factors of location and
coral genera, a series of hierarchical models with a
Poisson link function were performed using Imer in
the package ‘lme4' (Bates et al. 2015). Within the
model, site (nested within location) and individual
were included as random effects. The step function
in R was used to develop the most parsimonious
model, and Akaike's information criterion (AIC) val-
ues of that model were compared with those from a
null model (i.e. only the random structure). The sig-
nificance of factors in impacting bite rate was exam-
ined using separate likelihood ratio tests, comparing
a full model (with the fixed effects) against a reduced
model; a fixed effect was deemed significant if the
difference between the likelihood of these 2 models
was significant. Assumptions of normality and homo-
scedasticity were validated by visual inspection of
the residual plots for all models.
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To determine whether C. octofasciatus

a) Benthic community composition

showed a preference for any coral genera
within each location, Manly's selectivity
ratio (Wi) with Bonferroni-adjusted confi-
dence limits was calculated based on
design I (resource use and availability A
are measured at the population level,
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v Tioman
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Dead.corl Soft coral

Rubble

animals are not individually identified; . Macroalgae Rock
Manly et al. 1993). Analyses were per- R v dumisleseyt SROnke

formed using widesl, in the R package

‘adehabitatHS', with Manly's design I

used (Calenge 2006). The function tests b) Coral composition

resource selection with the y? of Pearson  Singapore . Stress: 0.1

and log-likelihood y2 (recommended, see v Tioman v

Manly et al. 1993). The Manly selectivity Eonionors

measure (selection ratio = used/avail- + . % Mgf;ltl_l:ia Acropora
able) is computed, the preference/avoid- + w . v Echinopora podabacia Montipora
ance is tested for each location, and the s Pachyseris

differences between selection ratios are
computed and tested between locations
(Calenge 2006). Manly's selectivity ratios

Goniastrea

(Wi) of >1 indicate positive selection
(preference), Wi < 1 indicates avoidance,
and Wi that includes 1 indicates that
the coral genus was used in proportion to
its availability.

Fig. 2. Non-metric multidimensional scaling (nMDS) plots showing the re-
lationship among (a) benthic community composition and (b) coral compo-
sition across reefs throughout Singapore and Tioman. Analyses were
based on the Bray-Curtis distances of square-root transformed abundance
data. Vectors represent the partial regression coefficients of the original

variables in the 2 dimensions. Lengths of the vectors are proportional to the

RESULTS

Benthic community composition differed signifi-
cantly between Singapore and Pulau Tioman (Fig. 2a,
pseudo-F; 13 =4.94, p <0.0001), driven mainly by the
higher cover of rock in Pulau Tioman and macro-
algae in Singapore (Table S2 in the Supplement).
Despite these differences, live hard coral were the
dominant benthic organisms at both locations
(Table S2)

Coral composition differed significantly between
locations (Fig. 2b, pseudo-F, 3 = 9.17, p < 0.001).
Pulau Tioman coral communities were composed of
37 genera, but were dominated by Acropora spp. In
comparison, Singapore sites had a more taxonomi-
cally rich coral community (42 genera), with no one
dominant genus, and near complete absence of Acro-
pora (Figs. 2b & 3a,b, Table S3 in the Supplement).

Average population density (mean + SE) of Chaeto-
don octofasciatus did not substantially differ between
locations (per 150 m? Singapore: 1.27 + 0.21 ind.,
Pulau Tioman: 1.55 + 0.22 ind., p > 0.05) and was pos-
itively correlated with live coral cover (Singapore: r =
0.53, p < 0.001; Pulau Tioman: r = 0.34, p = 0.006).
Average feeding rates between locations were non-

squared multiple correlation coefficient

significant (ANOVA, F,; 1, = 0.101, p = 0.756; Singa-
pore, 12.25 + 3.2; Pulau Tioman 12.54 + 2.5), with
hard coral being the dominant feeding substratum in
both Singapore (96.47 % of bites) and Pulau Tioman
(95.52% of bites) (Fig. 3c,d). Despite this, there were
significant differences in the coral genera comprising
diets between populations (x? (25) = 36.96, p < 0.05).
Acropora comprised >60% of the diet of C. octofas-
ciatus in Pulau Tioman (average bites per 3 min
observation: 6.14 + 1.16, Fig. 3d), while no single
genus numerically dominated the diet within Singa-
pore (Table S4 in the Supplement, Fig. 3c). In addi-
tion, C. octofasciatus populations in Singapore fed on
almost twice the number of coral genera (26 genera,
44.82 % of available genera, Fig. 3c) than populations
in Pulau Tioman (14 genera, 27.45% of available
genera, Fig. 3d). Within both locations, rare genera
were used but their contribution to species diet was
so low (on the order of 1-2 bites across the whole
dataset, total bites n = 1112) that they were excluded
from further analysis.

Feeding selectivity of C. octofasciatus populations
differed between the 2 locations, with populations on
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Fig. 3. Mean (+SE) % cover (% of the total coral cover), number of bites min~! and selectivity ratios of Chaetodon octofasciatus

for (a,c,e) Singapore and (b,d,f) Tioman. All coral genera showing <5 % mean percent coral cover within both locations were

excluded. For feeding, selectivity ratios (Wi) > 1 indicate positive selection for coral genera (preference), and Wi < 1 indicates

negative selection (avoidance). Selection ratios + SE that encompassed 1 indicate that the coral genus was used in proportion
to its availability

Singaporean reefs selecting for Acropora, Montipora,
Goniastrea and Galaxea, avoiding Favites, Gonio-
pora, Hydnophora, and Merulina, but using several
other genera in proportion to their availability
(Fig. 3e). In contrast, in Pulau Tioman, C. octofascia-
tus actively selected Goniopora and used several
other genera (including Acropora) in proportion to
their availability (Fig. 3f), while avoiding Porites and
Platygyra.

DISCUSSION

Given the unprecedented scale and rate of human-
induced changes to coral reef ecosystems globally, it
is critical to understand how coral reef species may
adjust to changing resource availability. Using the
specialist corallivore Chaetodon octofasciatus as a
model species, we show that trophic plasticity may
allow populations to persist in areas with different
trophic resource composition. Although the abun-
dance and feeding rates of C. octofasciatus did not
differ between Singapore and Pulau Tioman, the
composition of prey corals and selectivity of feeding

differed between locations. In Singapore, C. octofas-
ciatus populations fed on a wide range of coral taxa,
incorporating nearly half of the available genera at
this location, with no single coral genus dominating
their diet. In contrast, C. octofasciatus fed on less
than a third of the available coral genera on Pulau
Tioman reefs, with >60% of their feeding concen-
trated on Acropora spp. Interestingly, C. octofascia-
tus actively selected 4 coral genera (Acropora, Mon-
tipora, Goniastrea and Galaxea) in Singapore, but
only selected a single genus (Goniopora) at Pulau
Tioman. Such differences in trophic resource use
between locations indicates substantial plasticity in
coral trophic use within Singapore populations.
Dietary specialisation can be a successful trophic
strategy when preferred prey is abundant, but is a
risky trophic strategy when the preferred prey is sen-
sitive to environmental conditions. In Pulau Tioman,
C. octofasciatus populations focussed their feeding
on a specific coral genus (Acropora), using it in pro-
portion to its high availability within coral communi-
ties. In contrast, Acropora spp. were rare in Singa-
pore, but were preferred as a feeding substratum by
C. octofasciatus. These results confirm that Acropora
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spp. are an important food source for this species
(Abdul Ghaffar et al. 2006, Madduppa et al. 2014),
but not essential. Such feeding plasticity may allow
C. octofasciatus to persist despite low abundances of
Acropora on Singaporean reefs.

Broad reductions in coral cover have been associ-
ated with dramatic declines in the density and diver-
sity of resident obligate corallivores (Pratchett et al.
2006, 2011), predominantly due to the sensitivities
of their preferred corals (e.g. Acropora, Pocillopora)
to disturbances and environmental change. Despite
this, the obligate corallivore C. octofasciatus appears
to be less sensitive to the taxonomic composition of
local coral assemblages, showing near identical
abundance between Singapore reefs, where their
preferred coral taxon (Acropora) is relatively rare
(Bauman et al. 2015), and Pulau Tioman reefs where
Acropora are abundant (Guest et al. 2012). As coral
communities shift from being dominated by stress-
sensitive taxa to those more tolerant of stressors
(Bento et al. 2016, Hughes et al. 2017), understanding
the role of trophic plasticity in sustaining associated
fish communities may be vital in determining the
future configuration of coral reef ecosystems. Pre-
dicted changes in species composition within coral
reefs should not only consider the degree of species
specialisation but also species-specific trophic plasti-
city (Nagelkerken & Munday 2016).

Resource specialists are often viewed as most likely
to show declines in population abundance within
habitats where preferred resources are rare; this
research highlights the potential importance of re-
source plasticity in sustaining species within such
environments (Chown & Terblanche 2006, Sih et al.
2011, Hoey et al. 2016). To better manage and con-
serve biodiversity into the future, understanding the
limits of such plasticity will be vital (Wong & Can-
dolin 2015, Nagelkerken & Munday 2016). Conse-
quently, there is a need to understand whether a
broad trophic niche is a local population character or
a broader characteristic of a given species. Under-
standing when, and potentially how, individual coral
reef fish may adjust their phenotype, and whether
such traits are inherent within species when faced
with low resource availability, will be vital in de-
termining the role of trophic plasticity in structuring
coral reef fishes within an increasingly changing
ecosystem.
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