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Abstract: Herbivorous fishes play important functional roles in coral reef ecosystems, and their influ-
ence on mediating competitive dynamics between corals and macroalgae is well studied. Nonetheless,
direct interactions between herbivorous fishes and corals may also be relevant, although these are less
studied. Here, we describe a series of observations of schools of the herbivorous streaked rabbitfish
(Siganus javus) nibbling on black corals (order Antipatharia) at the SS Yongala wreck, within the
Great Barrier Reef Marine Park. We provide a hypothesis that may explain this behaviour, which,
if confirmed, would represent a mechanism influencing the health of the corals. Moreover, this
interaction extends the typical coral-algae competition for space paradigm and furthers knowledge
of complex relationships between coral reef organisms.
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1. Introduction

Coral reefs are among the most biodiverse and ecologically complex ecosystems
on Earth. Understanding the myriad trophic interactions among coral reef species is
important because these interactions mediate essential ecological processes and maintain
reef ecosystem function (Brandl et al. 2019) [1]. For instance, herbivorous fishes influence
the competitive dynamics between corals and macroalgae—the two dominant benthic
taxa on shallow reefs—by consuming algae that compete for space with corals and other
habitat-forming taxa (Bellwood et al. 2019) [2].

Rabbitfishes (family Siganidae) are among the most important herbivores on Indo-
Pacific reefs, and are known to consume algae directly from the benthos and/or from the
water column (e.g., Fox and Bellwood 2013, Streit et al. 2015) [3,4]. The herbivorous streaked
rabbitfish (Siganus javus) occurs in low numbers on inshore and mid-shelf reefs across the
Great Barrier Reef (GBR) (Cheal et al. 2012, Hoey et al. 2013) [5,6], and detailed studies of
this species’ feeding behaviour are scarce. However, S. javus have been previously reported
to feed on floating algal fragments and graze on algae attached to the substrate (Froese and
Pauly 2023) [7]. Other Siganus species are thought to target epiphytes (finer algae on top
of macroalgae); for instance, S. doliatus’ fast bite rates suggest that this species primarily
targets epiphytes, while only incidentally removing macroalgae (Hoey and Bellwood 2009,
Hoey et al. 2013) [6,8]. Similarly, schools of S. fuscenscens were observed grazing on turf
algae growing on the surface of soft corals (Sarcophyton sp.) (Kuo et al. 2015) [9]. Despite
Siganus being classified as herbivorous, in the Red Sea, S. rivulatus has been observed
feeding on ctenophores and jellyfish (Aurelia aurita and Cephea cephea) (Cruz-Rivera and
El-Regal 2016, Bos et al. 2017) [10,11].

Antipatharians—commonly known as black corals—are hexacorals (a group that
includes hard corals, sea anemones and their relatives). Antipatharians inhabit most oceans
at depths between 2 m and 8600 m (Roberts et al. 2009, Wagner et al. 2012) [12,13]. Empirical
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data on the habitat preferences of antipatharians are lacking, but they typically occur in
moderate to strong current environments that provide abundant planktonic prey (Wagner
et al. 2012) [13] and where sediment deposition is low (Grigg 1964, Fraser and Sedberry
2008) [14,15]. Antipatharians provide a habitat for numerous fishes and invertebrates
(e.g., Boland and Parrish 2005, Tazioli et al. 2007, Suarez et al. 2015) [16-18], although
details on the type of symbiosis or the interactions antipatharians have with fish and other
invertebrates are very limited.

In general, direct interactions between the herbivorous fishes and sessile benthic in-
vertebrates, in particular with black corals, have received little attention; however, such
interactions likely play important functional roles in coral reef ecosystems. Here, we
describe a series of observations of schools of the herbivorous S. javus nibbling on an-
tipatharians and we provide a hypothesis that may explain this behaviour.

2. Materials and Methods
2.1. Field Site

The SS Yongala wreck sits between 14 m and 30 m depth ~ 90 km southeast of
Townsville, Queensland, Australia (—19°18'16.20” S, 147°37/18.59” E). The shipwreck
is a Maritime Heritage Site within the Great Barrier Reef Marine Park. The steamship
sank in 1911, and over time, it has been colonised by a diverse and abundant benthic
community dominated by antipatharians (Figure 1a) and a rich fish community (Malcolm
et al. 1999) [19].
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Figure 1. (a) Rabbitfish (Siganus javus) nibbling on branches of a branching black coral colony
(Antipathes cf. curvata). (b) Close-up of the polyps of one branch of a black coral colony (Antipathes cf.
curvata) right after a rabbitfish (Siganus javus) had nibbled the branch. (¢,d) Cyanobacteria and turf
algae deposited on and smothering several branches of black coral colonies (Antipathes sp.). Scale
bars: (a) =2 cm, (b) =1 cm, (¢, d) =5 cm.
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2.2. Fish Observations

On a series of dives between May 2021 and January 2022 (~10 dives), we observed and
took videos of schools of S. javus nibbling on the branches of antipatharians between 15 m
and 26 m in depth (Figure 1b; Supplementary Materials, Video S1). These observations
were opportunistic (i.e., the dives were conducted with other foremost aims).

2.3. Algae Coverage

We conducted visual transects to estimate the percentage cover of algae and/or
cyanobacteria on antipatharians at the Yongala between May 2021 and January 2022. The
transects were 110 m long and 2 m wide, and were carried out on both sides of the wreck at
four depth ranges from the top of the wreck to the sea floor: 16-18 m, 19-21 m, 22-24 m,
and 26-28 m. For each colony observed, we estimated the percentage cover of algae and/or
cyanobacteria as one of five categories: <10%, 10-30%, 30-50%, 50-70%, and >70%.

3. Results and Discussion

The interaction between S. javus and antipatharians was observed on about 80% of
the dives. S. javus schools ranged from two to ten fish and were observed nibbling on
the coral branches for up to 2 min. Afterwards, the fish would swim away, although they
would constantly return to the antipatharian colonies (Supplementary Materials, Video S1).
Following fish departure, we examined the antipatharian branches in situ and we found
that the polyps in the ‘grazed’ area remained intact (Figure 1b), suggesting that S. javus
were not feeding on the coral polyps themselves. The area of the coral branches that the
fish targeted was not overgrown by large algae or cyanobacteria, although the polyps could
have been covered by fine epibiotic algae or biofilms—which are not always visible to the
naked eye. Therefore, we propose that S. javus on the Yongala are feeding on epibiotic algae
or biofilms deposited on the antipatharians’ polyps and/or the zooplankton that the polyp
had trapped but not yet digested. To confirm this hypothesis, however, fish gut content and
morphological analysis would be necessary. Additionally, feeding in very close proximity
of coral tissues requires that fishes have a mechanism to protect themselves from the coral’s
stinging nematocysts (Huertas and Bellwood 2017) [20], something that would also need to
be investigated on S. javus.

Despite the Yongala often being exposed to strong currents, cyanobacteria and turf algae
can accumulate on the corals (Figure 1c,d), and affect a large proportion of antipatharian
colonies at all depths (Figure 2). Unlike scleractinian corals, antipatharians do not have
corallites to retract their tentacles; therefore, sediments, algae and other particulate material
can accumulate on top of the polyps (Daly et al. 2003, Wagner et al. 2012) [21,22] and
smoother parts of or entire colonies (Figure 2). Thus, we posit that if the S. javus are targeting
fouling material from the coral colonies, this would provide a service to antipatharians by
preventing the further detrimental accumulation of filamentous algae and cyanobacteria
on the polyps—which is usually the fate of initial depositions of fine films of algae or
cyanobacteria (Diaz-Pulido and McCook 2002) [23]. At the Yongala, antipatharians are
abundant and provide most of the structural habitat. Therefore, due to the importance of
black corals for habitat provision at the site, this interaction would represent an important
ecological process, even if not entirely preventing the deposition of algae and cyanobacteria
on the colonies (Figure 2).

On the other hand, it is possible that the fish are also taking zooplankton food from
the polyps; this type of behaviour has been documented for fish from other groups. For
instance, stomach content analysis proved that a Caristius sp. (Manfish) was taking food
and eating pieces of its siphonophore host (Janssen et al. 1989) [16]. However, Caristius
are carnivorous fish and our in situ observations of the coral polyps after S. javus had
nibbled the branches corroborated that polyps were not being eaten or bitten (Figure 1b).
Interestingly, we also did not observe grazing scars on the polyps (Figure 1b), as was the
case for S. fuscensces, which left grazing scars on the soft corals after grazing the turf algae of
the colonies (Kuo et al. 2015) [9]. Nonetheless, other Siganus species had been documented
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eating ctenophores and jellyfish, although they only appeared to be consuming pieces of
the ctenophores and jellyfish, rather than stealing food and biting at the same time (Bos
et al. 2017) [11]. While no stomach content examination was conducted in the study by
Bos et al. (2017) [11] in the Red Sea, the rabbitfish only bite the bell of the jellyfish, not
the tentacular area. Therefore, the hypothesis of the rabbitfish just targeting the epibiotic
algae or biofilms on the polyps seems more plausible. We also observed S. javus feeding on
floating algal fragments and grazing on algae attached to the substrate, a feeding behaviour
that has previously been reported for this species (Froese and Pauly 2023) [7].
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Figure 2. Percentage of antipatharian (black coral) colonies at the SS Yongala with different percentages
of turf algae and cyanobacteria coverage, across four depth ranges from the top of the wreck to the
sea floor. The total number of colonies from all depths was used to estimate the percentage of colonies
at each depth range. For brevity, only ‘Cyanobacteria’ is written on the x-axis label, referring to both

cyanobacteria and turf algae.

Notably, these adaptations in the feeding strategies of Siganus appear to be opportunis-
tic, rather than a consequence of a shortage of food. Therefore, if S. javus were confirmed to
also feed on epibiotic algae and/or zooplankton from the coral polyps, it would represent
an ‘ecological opportunism’, which has been proposed as a major determinant of fish
functional roles (Bellwood et al. 2019) [2]. Importantly, if zooplankton is confirmed to be
part of the S. javus diet—and in addition to previous studies reporting other Siganus con-
suming ctenophores and jellyfish—their trophic group should be revised, and it will show
that variations in the behavioural traits of rabbitfish individuals are still to be elucidated.
While our hypothesis needs to be confirmed with further fish stomach content analysis, our
observations suggest that the ecosystem services provided by herbivorous fish may extend
beyond the typical coral-algae competition for space paradigm.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/oceans4030016/s1, Video S1: Schools of rabbitfish (Siganus javus)
nibbling on black coral (Antipathes cf. curvata) at the SS Yongala. Videographer: Erika Gress.
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