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ABSTRACT: Spatial and temporal patterns of benthic community structure play a crucial role in
shaping reef habitats and have a direct impact on fish foraging dynamics, alongside density-depen-
dent effects on the whole community. At isolated oceanic islands, the relatively low fish species
richness often leads to the hyperdominance of a few species and a general reduced trophic redun-
dancy. However, the influence of benthic habitat features and hyperdominant species on foraging
selection at oceanic islands has been largely overlooked. We used remote underwater videos
(RUVs) to investigate whether reef fishes consistently forage on specific habitats across 5 different
oceanic islands in the Atlantic Ocean, especially focusing on the importance of the role of hyper-
dominant species. We analysed 295 RUVs, within 2 m? areas (3—15 m deep), totalling 49 h of video.
Photoquadrats were utilised to gauge benthic group coverage in the same habitats. Our results
revealed 5 prevalent habitats and 6 fish trophic groups interacting with reef benthos. The intensity
of feeding pressure varied across islands, depending on the diversity of habitats. Herbivores and
omnivores exhibited the highest feeding pressure, with omnivores foraging on crustose coralline
algae and macroalgae habitats, while herbivores primarily fed on habitats dominated by the epili-
thic algal matrix. Hyperdominant species forage in multiple habitats, indicating a comparatively
high degree of dietary plasticity. Our findings also demonstrated that fish feeding pressure is
influenced by both habitat features and fish biomass. Therefore, our study can provide valuable
insights for prioritising the management of key species in isolated oceanic reefs.
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1. INTRODUCTION

Trophic interactions are fundamental processes of
ecosystem function (van der Putten et al. 2004, Estes et
al. 2011, Lefcheck et al. 2019). These interactions are
crucial to maintaining an efficient transfer of energy
and nutrients along the food chain. Trophic interac-
tions also contribute to increasing biodiversity, pre-
venting one species from dominating an ecosystem,
and making it possible for a greater variety of species to
coexist (Paine 1980, McCauley et al. 2015). Interactions
within the food web are intrinsically related to species’
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functional roles, with some species playing dispropor-
tionately important roles. Herbivorous fishes that help
regulate algal biomass and maintain ecosystem balance
(Bellwood et al. 2019) are among those key groups.
These fish are considered to be critical in estimating
ecosystem functions and prioritising conservation ef-
forts (Lefcheck et al. 2019, Schiettekatte et al. 2022).
Niche diversity facilitates the partitioning of re-
sources among species and regulates population
sizes through predation and herbivory, effectively
mitigating the dominance of any particular species
and fostering overall ecological diversity (Estes et
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al. 2011). However, disproportionate dominance in
abundance or biomass by a few species is well-known
in both terrestrial (ter Steege et al. 2013, Fauset et al.
2015, Rodrigues et al. 2019) and coral reef commu-
nities (Dietzel et al. 2021). In ecological studies, the
term ‘hyperdominance’ has been employed to de-
scribe this differential high abundance or biomass of
organisms within a community (Lohbeck et al. 2016,
Tebbett et al. 2023). In the marine environment, Diet-
zel et al. (2021) reported that of 318 species examined
in the Indo-Pacific coral fauna, only 17 hyperdom-
inant species accounted for half of the total commu-
nity abundance. These species have a disproportion-
ate influence on the structure and functioning of
shallow coral reef ecosystems across the Indo-Pacific.
Hyperdominant species typically exhibit character-
istics that confer a competitive advantage over other
species, such as rapid growth, efficient resource use,
resistance against environmental disturbances and
enhanced dispersal abilities (Dietzel et al. 2021, De
Souza et al. 2022). As a result, hyperdominant species
outcompete and surpass other species, leading to
their increased abundance and biomass within the
community (De Souza et al. 2022). Since trophic inter-
actions are highly correlated to either species abun-
dance or biomass (Elmhagen & Rushton 2007, Longo
etal. 2014, Nunes et al. 2020), hyperdominant species
can monopolise these trophic functions, facilitated by
characteristics such as a more generalist diet and hab-
itat use. These characteristics are especially prevalent
within groups at lower trophic levels (Kavanagh &
Olney 2006, Mendes et al. 2019), while they facilitate
the establishment of populations in remote locations,
such as oceanic islands (Hachich et al. 2020, Ferrari et
al. 2023). However, our current understanding of the
potential impact of hyperdominance on trophic inter-
actions and energy flow in bottom-up processes, par-
ticularly in highly diverse systems like reefs, remains
insufficient and requires large-scale comparisons.
Reefs represent one of the Earth's most diverse eco-
systems, harbouring hundreds of thousands of species
that depend on them to live and thrive (Reaka-Kudla
1997). This remarkable diversity is shaped by global
factors, such as distance from diversity centres
(Hughes et al. 2002), regional processes (e.g. connec-
tivity; Jones et al. 2009) and local biological interac-
tions (e.g. Canterle et al. 2020), which influence pat-
terns of community structure. Among these processes,
habitat diversity plays a recognisable role in shaping
3-dimensional structural complexity while favouring
environmental heterogeneity, therefore influencing
local species diversity and abundance (Graham &
Nash 2013, Bracewell et al. 2018), as well as fish forag-

ing dynamics (Hay 1991, Canterle et al. 2020, Nunes et
al. 2020). Habitats on reef systems can be delimited ac-
cording to physical biotopes (e.g. slope, interface) or
benthic composition, such as calcareous algae, epili-
thic algal matrix (EAM), macroalgae and sessile inver-
tebrates (Aued et al. 2018, Canterle et al. 2020). These
benthic components will influence ecological inter-
actions by either modifying structural complexity or
food availability and, therefore, consumer selectivity
(Michel et al. 2020). The EAM substrate, for example,
has a well-known trophic importance on reef systems
for herbivory (Wilson et al. 2003, Lefcheck et al. 2019)
and invertivory (Kramer et al. 2013). This substrate can
be defined as a matrix containing a diversity of algae,
microorganisms, detritus and associated invertebrates
(Wilson et al. 2003, Kramer et al. 2012), while it has
been estimated to be the bulk of reef substrate cover-
age elsewhere (Tebbett et al. 2023). The association of
organisms with the EAM substrate fosters a diverse
array of food sources (e.g. Kramer et al. 2013), hence
we can expect a greater diversity of consumers (spe-
cies and trophic groups) foraging in this habitat com-
pared to other more homogeneous habitats on reefs,
such as sand and sponges (Canterle et al. 2020). In fact,
the foraging performed by reef fishes on EAM habitat,
such as herbivory and detritivory, is recognised as an
essential process to reef resilience (Wilson et al. 2003,
Bellwood et al. 2004, Hughes et al. 2007, Longo et al.
2019). In the South Atlantic Ocean, the EAM is also
one of the most dominant habitats within coastal and
oceanic reefs (Figueiredo et al. 2008, Aued et al. 2018).

Oceanic islands are unique systems for studying evo-
lutionary and ecological processes (Rominger et al.
2016). They are located outside the continental shelf
and generally have low species richness and high en-
demism (Whittaker & Ferndndez-Palacios 2007, Ha-
chich et al. 2015, 2020, Ferrari et al. 2023). Reef fish bio-
mass on oceanic islands is usually higher than on
coastal reefs, as they are less affected by human activ-
ities. Oceanic islands have suffered comparatively less
from anthropogenic influence (Morais et al. 2017); ho-
wever, they are not entirely protected from impacts,
especially considering the influx of anthropogenic pol-
lutants, such as oil spills and plastics (Alava et al. 2023).
The process of trophic dominance and unique trophic
roles can be better understood with critical support to
manage ecosystem functions. Nevertheless, in low-di-
versity locations, such as oceanic islands, the extent to
which fishes select or may depend on specific habitats,
such as the EAM, to forage remains poorly studied.

In this study, our main objective was to investigate
the relationship between reef habitats, species hyper-
dominance and fish feeding pressure on oceanic is-
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lands. To achieve this, we first defined distinct reef
habitats based on the dominant benthic components
present. Subsequently, we examined how these hab-
itat characteristics and the hyperdominant species in-
fluenced fish foraging. Our study aimed to address
the following research questions: (1) Do fish trophic
groups exhibit similar feeding pressure intensity and
habitat preferences across different oceanic islands?
We hypothesised that the feeding pressure would
vary among trophic groups, based on their abun-
dance and composition. However, we expected hab-
itats dominated by the EAM to be highly selected by
all trophic groups across the islands. (2) How do
hyperdominant species and habitat features in-
fluence patterns of feeding pressure? Our hypothesis
was that dominant fish species would display a higher
degree of dietary plasticity and behave as generalists,
lacking specific habitat preferences for foraging.
Consequently, we anticipated that these hyperdom-
inant species would exert a greater feeding pressure.
By addressing these questions, we aim to gain a better
understanding of the complex interplay between fish
trophic groups, hyperdominant species, habitat char-
acteristics and feeding pressure near oceanic islands.

2. MATERIALS AND METHODS
2.1. Study area

We sampled the 4 Brazilian oceanic islands: St Pe-
ter and St Paul's Archipelago (SPSPA; 0°55' 1.39" N,
29°20' 44.14" W), approximately 1010 km away from
the mainland; Fernando de Noronha Archipelago
(3°51'9"S, 32°25' 14" W), ~360 km from the main-
land; Rocas Atoll (3°51'49" S, 33°48' 41" W), ~230 km
from the mainland; and Trindade Island (20°29' 48" S,
29°19' 54" W), located 1160 km away from the main-
land; we also sampled Ascension Island (7°56' 26" S,
14°22' 25" W), a British Overseas Territory located in
the South Mid-Atlantic Ridge around 1600 km from
the western coast of Africa (Fig. 1). The shallow reefs
of Fernando de Noronha, Ascension and Trindade
Island are mainly formed by volcanic rock, while
Rocas Atoll is formed by coralline algae and vermetid
gastropods (Gherardi & Bosence 2001). SPSPA is
composed of rocks from exhumations of the upper
mantle (Maia et al. 2016). These oceanic islands also
present similarities, such as low species richness, high
endemism and more oligotrophic waters compared to
coastal locations (Quimbayo et al. 2019). Among
these islands, Fernando de Noronha presents the
highest reef fish richness with 118 species, followed

by Trindade Island with 105 species, Rocas Atoll with
102 species and Ascension Island with 91 species. In
contrast, SPSPA has the lowest species richness
among these islands, with only 58 reef fish species
recorded to date (Ferrari et al. 2023). All islands have
marine protected areas (MPAs) with different protec-
tion levels. SPSPA and Trindade Island have 2 cate-
gories of protected areas each, a larger part being
Environmental Protected Areas (EPAs) where use is
allowed (CAT V-IUCN), and a small no-take area
(CAT III-IUCN) (Giglio et al. 2018). Fernando de
Noronha is also within an EPA (CAT V-IUCN) and a
no-take National Marine Park (CAT II-IUCN). Rocas
Atoll is the most protected of them, being a no-entry
marine reserve (CAT Ia-IUCN). The entire 445000
km? marine zone of Ascension Island has been desig-
nated as an MPA, which prohibits large-scale com-
mercial fishing and seabed mining.

2.2. Sampling and laboratory procedures

On each island, we recorded remote underwater vi-
deos (RUVs) to quantify feeding pressure of fishes on
the benthic community (following Longo et al. 2014).
Sampling was conducted during the daytime (between
09:00 and 15:00 h) in the consolidated substrate of
shallow reefs (between 3 and 15 m deep). Sampling
was conducted at different locations within each is-
land based on accessibility factors such as wave and
current conditions, while also adhering to a specific
depth pattern. Subsequent data analyses involved
comparisons within individual sites on each island, re-
vealing no notable distinctions of significance. Videos
were recorded with a digital camera (GoPro Hero #3
model) focused on a 2 m? reef area, previously demar-
cated with a measuring tape. Each area was recorded
for 15 min, with the central 10 min of each video used
for analysis (i.e. discarding the first and last 2 min and
30 s of each recording). A minimum separation of 3 m
between plot areas was applied to avoid overlapping.

For each video, we identified all individual fishes
that exhibited foraging (i.e. biting the substrate) inside
the focal area. We emphasize that the RUV method
filters species that feed in the benthos, excluding
other groups such as planktivores and carnivores. For
each individual, we counted the number of bites, esti-
mated its total length (TL) and assigned it to a trophic
group (Ferreira et al. 2004, Longo et al. 2014). The indi-
vidual TL was used to calculate its biomass, which was
obtained from length—weight relationships retrieved
from the literature (Quimbayo et al. 2021). To deter-
mine the individual feeding pressure (FP), we com-
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Fig. 1. Geographical location of sampled oceanic islands on the Atlantic Ocean. SPSPA: St Peter and St Paul's Archipelago; FNO:
Fernando de Noronha; ROC: Rocas Atoll; ASC: Ascension Island; TRI: Trindade Island. Red diamonds represent the sampled
sites on each island
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bined the number of bites and biomass of each individ-
ual through the equation FP = (bites x biomass) /
(2 m? x 10 min). For each video (i.e. sample), we ob-
tained the feeding pressure for each trophic group, by
summing the feeding pressure of all individuals within
the same species and trophic group based on literature
(Ferreira et al. 2004, Longo et al. 2014).

Within the designated area of 2 m?, the photoquad-
rat method was employed after the RUVs to estimate
the percentage cover of each benthic group on the
substrate. Five photos (25 X 25 cm) were taken inside
each RUVs' area. In the laboratory, the proportion of
coverage for each benthic group was estimated using
PhotoQuad software (Trygonis & Sini 2012). In each
photo, 50 points were randomly distributed, and the
organism below each point was identified to the
lowest possible taxonomic level. When it was unfea-
sible to identify an organism to the lowest taxonomic
level, we categorized it into a functional group based
on Aued et al. (2018). The percentage cover of each
group is equivalent to the total number of points over-
lying that group divided by the total points analysed
in the photoquadrat. We then calculated a mean oc-
currence for benthic substrates in each video by
dividing the sum of each benthic substrate by the
total number of photos per video (i.e. 5 photos).

For Brazilian oceanic islands, we used published
data on species abundance and individual TL from
visual censuses recorded in the literature (i.e. Cor-
deiro et al. 2021), and for Ascension Island, we per-
formed visual censuses. This method consists of a lin-
ear transect of 40 m? (20 x 2 m), carried out close to
the RUV area, in which a diver constantly swims,
counting the number and estimating the TL of each
fish (Morais et al. 2017). The TL was also used to cal-
culate the corresponding biomass of fish obtained
from length—weight relationships from the literature
(Quimbayo et al. 2021). The species that collectively
accounted for at least 50% of the biomass were con-
sidered hyperdominant species.

RUVs, photoquadrats and visual census techniques
were performed concomitantly during sampling by
different divers. The specific sampling dates for each
location were as follows: Fernando de Noronha in
October 2011, Rocas Atoll in February 2012, Trindade
Island in July 2012, SPSPA in November 2013 and
Ascension Island in August 2015.

2.3. Statistical analysis

We first used the benthic composition data, ob-
tained from the photoquadrats, to group each video

plot into a specific habitat according to the prevalence
of a benthic component within the 2 m?video area. For
this, we performed a cluster analysis for each oceanic
island, by using Euclidean distance and the UPGMA
clustering method. We then ‘cut' the dendrogram re-
sulting from the clusters into 5 groups based on a 50%
distance height (see Fig. S1 in the Supplement at www.
int-res.com/articles/suppl/m726p001_supp.pdf). We
also performed a principal coordinate analysis (PCoA)
followed by a permutational multivariate analysis of
variance (PERMANOVA) to validate our habitat clus-
tering (Fig. S2).

Descriptive analyses were employed to illustrate
the percentage cover of benthic substrate on each
island (Fig. S3). Additionally, a stacked plot was
generated to visually represent the relative propor-
tions of benthic composition and feeding pressure
on each oceanic island, and feeding pressure across
the habitats. Furthermore, a barplot was constructed
to display the mean biomass of reef fish species on
each sampled oceanic island. A scatterplot was
generated to visually represent the relationship be-
tween relative biomass and relative feeding pressure
on each oceanic island. Additionally, another scat-
terplot was created to illustrate the relationship
among the mean biomass, mean feeding pressure
and number of habitats.

Due to the different total number of samples among
habitats, we randomly sorted out 30 samples as a
minimum sample effort for each habitat and calcu-
lated the average frequency for the benthic substrates
and feeding pressure of fish trophic groups. For this,
the feeding pressure matrix (response variable) was
transformed to a proportion. We then repeated this
procedure 1000 times for each habitat, resulting in a
matrix of 4000 observations (i.e. 1000 for each hab-
itat). The habitat dominated by zoanthids was not
used due to the limited number of available samples,
of which there were only 3 (Fig. S2). To understand
the influence of benthic composition on fish feeding
pressure, we performed a canonical correlation analy-
sis, with a subsequent ANOVA of the canonical axes.

To examine how species' feeding pressure is in-
fluenced by fish biomass, trophic group and the
number of feeding habitats used (i.e. as a proxy indi-
cating a generalist and plastic feeding habit), we fitted
a general linear model (GLM) with a Gaussian distri-
bution. All analyses were performed using the 'clust-
sig' (Whitaker & Christman 2014), ‘dplyr' (Wickham
et al. 2021), 'vegan' (Oksanen et al. 2020), ‘ggdendro’
(Vries & Ripley 2020), ‘ggplot2’ (Wickham 2016),
‘ISLR' (James et al. 2021) and 'tidyr" (Wickham 2021)
packages of R software (R Core Team 2021).
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Fig. 2. (A) Relative proportion of benthic cover and (B) fish feeding pressure on 5 oceanic islands (abbreviations as in Fig. 1). Colours
represent different benthic components and fish trophic groups. CCA: crustose coralline algae; CYANO: Cyanobacteria; CORAL:
scleractinian coral; FILTER: suspension/filter feeders; ZOAN: zoanthids; INVE: other invertebrates; MACR: macroalgae; SEDM:
sediment composed mostly of sand; EAM: epilithic algae matrix; THER: territorial herbivores; OMNI: omnivores; HERD:herbivores—
detritivores; MINV: mobile invertebrate feeders; MALG: macroalgivores; SINV: sessile invertebrate feeders

3. RESULTS

We recorded 42 videos (210 photoquadrats) in
SPSPA; 43 videos (215 photoquadrats) in Fernando
de Noronha; 83 videos (415 photoquadrats) in Rocas
Atoll; 84 videos (420 photoquadrats) in Trindade
Island; and 42 videos (210 photoquadrats) in Ascen-
sion Island. Through our photoquadrats, we found 9
benthic cover categories (Fig. 2A; Fig. S3): EAM,
(defined here as a matrix formed by a group of low-
height and heterogeneous algae), macroalgae (dis-
crete patches of algae, but not limited to a specific
size or height, generally functionally similar to EAM
in terms of aggregating detritus), crustose coralline
algae (CCA), cyanobacteria, coral, zoanthids, filter/
suspension feeders, other invertebrates and sand/
rubble. EAM was the dominant group in Rocas Atoll
(mean cover = 55%), Fernando de Noronha (52%)
and Ascension (46 %). Macroalgae had a high cover
on Trindade Island (40%) and SPSPA (36%). CCA
cover was higher on Trindade Island (29%) and
Ascension (19%). The cover of all invertebrates was
low, below 5%, in all islands, with the exception of
zoanthids (Palythoa caribaeorum) in SPSPA (8%)
(Fig. 2A; Fig. S3).

By clustering the videoplots using these benthic
components, we obtained 5 major habitats: 'dom-
inated by EAM' (129 plots), 'dominated by CCA'
(38 plots), ‘dominated by macroalgae' (87 plots)
and ‘dominated by sand' (37 plots), which were
recorded on all islands; and ‘dominated by zoan-

thids' (3 plots), which was only observed in SPSPA
(Figs. S2 & S3).

A total of 6 fish trophic groups were observed feed-
ing on the habitats at all oceanic islands (Fig. 2B).
Omnivores (OMNI) were the dominant group in
terms of feeding pressure in SPSPA (87 %), Ascension
(58%) and Trindade (78%), whereas herbivores/
detritivores (HERD) were the most important group
in Fernando de Noronha (85%) and Rocas Atoll
(68 %). Territorial herbivores (THER), macroalgivores
(MALG), mobile invertebrate feeders (MINV) and
sessile invertebrate feeders (SINV) were the groups
with the lowest values of feeding pressure at all of
the islands (Fig. 2B).

The predominant habitat foraged by all trophic
groups in SPSPA was the habitat dominated by
macroalgae (Fig. 3). In Fernando de Noronha, all
trophic groups foraged almost exclusively in the
habitat dominated by EAM. In Rocas Atoll, there was
a difference in the habitat use among trophic groups,
but habitats dominated by sand and EAM were the
predominant habitats explored by fishes (Fig. 3). The
habitat dominated by CCA was highly foraged by
omnivores in Ascension and by macroalgivores and
sessile invertebrate feeders in Trindade Island
(Fig. 3). Benthic habitats explained approximately
81% of the observed fish feeding pressure patterns
(Fig. 4). In general, the proximity of all fish trophic
groups to the centroid of canonical correlation anal-
ysis indicated a correlation between their feeding
pressure pattern and the different habitats. Notably,
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specific patterns emerged, such as macroalgivores
and omnivores being more closely associated with
habitats dominated by CCA, territorial herbivores
exhibiting associations with habitats dominated by

EAM, and mobile invertebrate feeders
associated with habitats dominated by
sand and macroalgae.

There was a positive correlation be-
tween feeding pressure and fish bio-
mass (Table S1, Figs. S4 & S5), particu-
larly within the herbivore and omni-
vore groups (Fig. 5A). However, we
found no significant effect of trophic
group or the number of habitats used
on the feeding pressure. Omnivores
and territorial herbivores generally ac-
counted for higher biomass and inter-
acted with more habitats. In terms of
biomass, the omnivore group was
mainly composed of the species Mel-
ichthys niger, which interacted with up
to 4 different habitats. The herbivore—
detritivore group was mainly com-
posed of 2 species from the genus
Acanthurus (Fig. 5A). A hyperdom-
inance of omnivores was observed in
Rocas, SPSPA and Trindade in terms of
relative biomass and feeding pressure,
while herbivores—detritivores were
predominant in Rocas Atoll (Fig. 5B).

In terms of the hyperdominance of
reef fish, our observations revealed
that the black triggerfish M. niger, an
omnivore, exhibited the highest bio-

mass among all species in SPSPA, Trindade Island
and Ascension, accounting for 85.2, 61.5 and 85.5% of
the total fish biomass at each island, respectively
(Fig. 6). These islands exhibit lower species richness,
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colours indicate functional groups. Fish im-
ages represent the species with the highest
biomass within each trophic group. SINV:
sessile invertebrate feeders; MINV: mobile
invertebrate feeders
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Fig. 6. Mean biomass (g m~2) of reef fish species which forage in the benthos at each sampled oceanic island. SPSPA: St Peter and
St Paul's Archipelago. The y-axis scale is log;q transformed for better visualisation of data dispersion (note different scales
among islands). Colours represent fish trophic groups. abu_ sax: Abudefduf saxatilis; aca_bah: Acanthurus bahianus; aca_ chi:
Acanthurus chirurgus; ani_vir: Anisotremus virginicus; bod_ins: Bodianus insularis; can_mac: Cantherhines macrocerus;
can_ pul: Cantherhines pullus; cha_oce: Chaetodon ocellatus; cha_san: Chaetodon sanctaehelenae; cha_str: Chaetodon stria-
tus; hae_chr: Haemulon chrysargyreum; hae_ par: Haemulon parra; hal__bra: Halichoeres brasiliensis; hal__pen: Halichoeres pen-
rosei; hal_rad: Halichoeres radiatus; hal_ cil: Holacanthus ciliaris; hol__tri: Holacanthus tricolor; hol_ads: Holocentrus adscen-
sionis; kyp_sp: Kyphosus spp.; lut_joc: Lutjanus jocu; mal_plu: Malacanthus plumieri; mel_nig: Melichthys niger; mic_chr:
Microspathodon chrysurus; mul__mar: Mulloidichthys martinicus; oph_sp: Ophioblennius spp.; oph__tri: Ophioblennius trinitatis;
pom_ par: Pomacanthus paru; pse_mac: Pseudupeneus maculatus; spa_amp: Sparisoma amplum; spa_axi: Sparisoma axillare;
spa_fro: Sparisoma frondosum,; ste__lub: Stegastes lubbocki; ste_roc: Stegastes rocasensis; ste__san: Stegastes sanctipauli; ste__tri:
Stegastes trindadensis; tha_asc: Thalassoma ascensionis; tha_nor: Thalassoma noronhanum; xyr_bla: Xyrichtys blanchardi

as well as a greater distance from the coast. Con- 4. DISCUSSION

versely, in Rocas Atoll and Fernando de Noronha,
where there is higher species richness and closer
proximity to the mainland, 2 herbivorous—detritivo-
rous species displayed the highest biomass, but
neither can be considered hyperdominant; in Rocas
Atoll, the surgeonfish Acanthurus chirurgus corre-
sponded to 43.2% of the total fish biomass, whereas in
Fernando de Noronha, the biomass of the parrotfish
Sparisoma amplum represented 22.6% of the total

(Fig. 6).

Our research focused on investigating trophic
interactions in shallow reef substrates dominated by
EAM, calcareous algae and macroalgae, which are
representative habitat types of reef systems through-
out the globe (Aued et al. 2018, Tebbett et al. 2023).
We sampled 5 Atlantic oceanic islands with lower fish
species richness compared to coastal reefs (Morais et
al. 2017). The highest intensity of trophic interactions
between fishes and benthic organisms was attributed
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to hyperdominant generalist species, which were
feeding on items such as crustose coralline algae,
macroalgae, detritus and others. They displayed for-
aging behaviour across various habitats, with feeding
pressure intensity varying among islands, influenced
by fish composition and habitat heterogeneity (Can-
terle et al. 2020). These empirical findings substanti-
ate our hypothesis that hyperdominant species ex-
hibit successful foraging strategies across diverse
habitats, underscoring the significance of habitat
diversity (Nunes et al. 2020, Canterle et al. 2020),
trophic characteristics (Ferreira & Gongalves 20006)
and biomass (Longo et al. 2014) in shaping the feed-
ing behaviour of reef fish in the Atlantic oceanic
islands. Additionally, our findings indicate a distinc-
tion in terms of habitat use between different trophic
groups. Our study provides valuable insights into the
intricate trophic dynamics of reef fishes in insular
ecosystems, emphasizing the importance of habitat
diversity within these unique systems.

The hyperdominance (i.e. >50% of the total bio-
mass) of black triggerfish Melichthys niger in SPSPA,
Trindade and Ascension, along with its generalist
feeding behaviour, has resulted in a foraging pattern
that encompasses a wide range of habitats and exerts
high feeding pressure, particularly on macroalgae
and CCA. This generalist feeding behaviour enables
M. niger to effectively exploit vacant ecological
niches on oceanic islands (Kavanagh & Olney 2006,
Mendes et al. 2019) and allows this single species to
dominate the feeding pressure exerted by fish on the
benthos in these 3 islands. For instance, in SPSPA, the
generalist behaviour and plasticity of this species, in
combination with the absence of abundant herbivo-
rous—detritivorous fish (Luiz et al. 2015, Morais et al.
2017), allows M. niger to assume the herbivory func-
tion within this archipelago (Mendes et al. 2019).
Although M. niger is not exclusively herbivorous, our
findings align with the typical trend of increased her-
bivory intensity observed in tropical regions. Herbi-
vory is known to intensify towards tropical regions
due to factors such as metabolic rates, algal palatabil-
ity and species diversity involved in these functional
roles (Longo et al. 2014, 2019). Although M. niger
forms large shoals and exhibits high abundance at
oceanic islands worldwide (Lubbock 1980, Lubbock &
Edwards 1981, Kavanagh & Olney 2006), this species
is not always hyperdominant, and the reasons for this
are not completely understood. For instance, in the
Caribbean, M. niger is one of the most important spe-
cies to consume the macroalgae from the genus
Galaxaura in feeding assays (Tebbett et al. 2020). The
lack of hyperdominance of M. niger in the Caribbean

is likely a result of the high regional species richness,
since the herbivory function is shared among several
species. Similarly, in the open pools of Rocas Atoll,
M. niger appeared among the 4 most important fish
species foraging over reef substrates (Longo et al.
2015), but it did not exhibit hyperdominance either,
since herbivorous surgeonfishes (Acanthurus chirur-
gus and A. coeruleus) and parrotfishes (Sparisoma
amplum and S. axillare) are abundant. In fact, M. niger
is found both in Rocas Atoll and Fernando de
Noronha, but never reaches hyperdominance (Kra-
jewski & Floeter 2011, Longo et al. 2015, Morais et al.
2017). Our study provides further evidence of the
remarkable plasticity and adaptability of M. niger to
different local conditions. Across the 3 islands where
it exhibited hyperdominance, this species utilised 4
(out of 5) distinct habitats to forage. These findings
support the concept that a single species can play a
disproportionately significant functional role on
island reefs. Investigating the drivers of such differ-
ences is crucial for a deeper understanding of reef
functioning in these unique ecosystems.

Fernando de Noronha and Rocas Atoll are 2 islands
connected by the same seamount chain and are
closest to the coast (Fig. 1). Feeding interactions in
these islands were predominantly driven by herbi-
vores—detritivores. Fernando de Noronha stands out
as nearest to the mainland and the largest in terms of
area, consequently displaying a higher species rich-
ness, in line with the principles of island biogeogra-
phy (Whittaker & Fernandez-Palacios 2007). Regions
with higher species richness, specifically those that
interact with the benthos, might be influencing the
consistent pattern of feeding pressure among species,
thereby not favouring the dominance of a specific
species in Fernando de Noronha. While Rocas Atoll is
indeed the closest to the coast, its reef area is rel-
atively small, and a single species, the surgeonfish
A. chirurgus, was responsible for the majority of the
total feeding pressure. Although it encompasses
43.2% of the total biomass, it is not considered hyper-
dominant. On the other hand, in Fernando de No-
ronha, the parrotfishes S. amplum, S. frondosum and S.
axillare alongside A. chirurgus exhibited similar rel-
ative biomasses and feeding pressure, with no dom-
inance pattern. Sparisoma spp. are generally consid-
ered scrapers/browsers (Ferreira & Gongalves 2006,
Bonaldo et al. 2014), but they also play a functional
role in removing EAM or endolithic primary pro-
ducers (Clements & Choat 2018). The lack of dom-
inance in Fernando de Noronha and the fact that the
3 parrotfish species forage in similar habitats suggests
that some level of competition can take place.



Author copy

Ferrari et al.: Fish foraging at Atlantic oceanic islands 11

Despite these differences, herbivorous—detritivo-
rous surgeonfishes and parrotfishes usually attain
higher biomass and feeding pressure on tropical reefs
(Longo etal. 2014, 2015, 2019, Tebbett et al. 2020, Pes-
sarrodona et al. 2022). In a uniquely large latitudinal
gradient study in the Western Atlantic, Longo et al.
(2019) indicated that fish—benthos interactions in
shallow tropical reefs were primarily driven by herbi-
vorous fishes (scrapers) such as surgeonfishes and
parrotfishes. In contrast, subtropical reefs in both
hemispheres were dominated by omnivorous sparids.
However, the dominance exhibited by sparids of the
genus Diplodus did not meet the criteria for hyper-
dominance. It appears that hyperdominance of single
species (like M. niger) in the Atlantic oceanic islands
is limited to the most isolated ones with tropical char-
acteristics (temperature above 24°C) (Kavanagh &
Olney 2006), but also those with low species richness,
as seen in the case of SPSPA and Ascension Island.

The richer Indo-Pacific parrotfish fauna exhibit
niche partitioning by feeding on endolithic and epili-
thic micro-photoautotrophs on a much smaller scale
than what we observed here (Nicholson & Clements
2023). Unfortunately, we know almost nothing about
the nutritional targets of the Atlantic parrotfishes (but
see Mendes et al. 2018, Cardozo-Ferreira et al. 2023).
This highlights the importance of understanding the
nutritional properties of food and food processing
modes to fully understand trophodynamics on reefs.
Surgeonfishes in the Atlantic are typically scrapers,
feeding on various substrates dominated by EAM,
macroalgae or other delicate primary producers, in-
gesting algae, detritus and some animal material
(Ferreira & Gongalves 2006, Mendes et al. 2018, Car-
dozo-Ferreira et al. 2023). On the other hand, A. coe-
ruleus is the single acanthurid that browses on EAM
in the Atlantic Ocean (Ferreira & Gongcalves 2006).
Interestingly, in Rocas Atoll, sediment and detritus
represent a large proportion of the diet of A. chirur-
gus, while A. coeruleus ingested mainly red corticated
algae, especially Digenea simplex (Longo et al. 2015).
This suggests a higher feeding plasticity of A. chirur-
gus that feeds on EAM and sandy habitats, while A.
coeruleus feeds more predominantly on EAM and
macroalgae.

As our study shows, the EAM is the most common
habitat in 3 of the 5 islands and has a high tolerance
under different environmental conditions and pres-
sures. This fast-growing matrix has a great capacity to
compete for space, which allows its large distribution
(Littler & Littler 1980, Airoldi 1998). It is composed of
algae, detritus and small invertebrates, thereby en-
hancing its nutritional value and significance within

the food chain (Wilson et al. 2003). Notably, organic
detritus derived from the EAM often contains higher
concentrations of protein amino acids compared to
filamentous algae (Crossman et al. 2001). However,
the relative importance of each food item within
the EAM for the nutrition of herbivores in the Atlan-
tic fish fauna is yet to be determined (Mendes et
al. 2018).

Territorial herbivores forage on the EAM on local
scales while also opportunistically capturing plankton,
depending on species and resource availability (Fer-
reira et al. 1998, Ceccarelli 2007). The rates of interac-
tion between territorial herbivores and benthic com-
munities were found to be consistent across the
studied oceanic islands, aligning with the values re-
ported for tropical and subtropical reefs along the Bra-
zilian coast and the Caribbean (Longo et al. 2019). Mo-
bile invertebrate fish feeders (MINV) included labrids,
haemulids, holocentrids and mullids. Haemulids (Hae-
mulon spp.) never contributed to the majority of feed-
ing pressures, but they were more abundant in less iso-
lated islands, while labrids appeared secondarily in
more isolated ones (i.e. Bodianus spp. and Halichoeres
spp.). All MINV were very plastic in terms of their for-
aging substrate associations, exploring EAM, macro-
algae and sand flats searching for a diverse set of nu-
tritious cryptic invertebrates. This behaviour was
influenced by the availability of corresponding sub-
strates on each island (Lucena et al. 2022).

In addition to diet and food plasticity, foraging se-
lection patterns on a specific island can be influenced
by biogeographical factors (e.g. dispersal ability of
species). On those very isolated islands, feeding pres-
sure patterns are typically driven by a few dominant
species. However, it is important to note that the com-
position of these dominant species can vary across
different locations. While hyperdominant species are
typically characterised by their wide geographic
range (Dietzel et al. 2021), a subset of these species
can be among the rarest within specific regions of
their distribution, indicating that their dominance in
terms of trophic interactions does not necessarily
extend throughout their entire geographic range
(Schiettekatte et al. 2022). These factors play a crucial
role, especially in insular systems, where their in-
fluence is particularly pronounced. By accounting for
such factors, we can achieve a more precise under-
standing of the feeding ecology and species inter-
actions in different ecosystems.

The advent of remote video technology has trans-
formed our ability to study animal behaviour and its
role in natural ecosystems (McQuillen & Brewer 2000,
Tanedo & Hollmen 2020). In the marine environment,
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video cameras have significantly enhanced our
understanding of species and processes across var-
ious habitats, from the deep-sea to shallow waters
(Longo et al. 2015, Prat-Varela et al. 2023). Standard-
ised remote video methods have revealed global pat-
terns and trends (Fontoura et al. 2020, Simpfendorfer
et al. 2023). In the field of reef ecology, remote cam-
eras have been commonly used to assess herbivore
feeding selectivity (e.g. Mantyka & Bellwood 2007,
Longo et al. 2015, Mendes et al. 2015) and herbivory
rates through algae assays (e.g. Fox & Bellwood 2008,
Hoey & Bellwood 2011, Martin et al. 2018), while only
a few studies have examined feeding interactions
with the benthos involving entire fish communities
(Longo et al. 2014, 2015, 2019, Canterle et al. 2020,
Pessarrodona et al. 2022). It is important to highlight
that the use of cameras provides a good view of pat-
terns and processes occurring on reefs but fails to pro-
vide details on how species partition their resources,
for instance. Here we categorized feeding substrate
on broad categories based on the dominant group of
organisms (e.g. EAM, macroalgae). However, species
may partition their resources on a much finer scale
(e.g. different species feeding on the EAM may target
different food resources, Purcell & Bellwood 1993,
Mendes et al. 2018) and by taking only video into
account, we may lose definition to infer food par-
titioning among species. While this certainly does not
discredit the use of RUVs while studying reef ecol-
ogy, we suggest that using multiple methods jointly
will improve our understanding of how reefs function.

Understanding trophic interactions, particularly
between fish and the benthic environment, is
crucial in reef ecology for understanding natural,
short- and long-term changes. It also helps us to
assess the impact of human activities and climate
change on energy transfer within the ecosystem
(Brandl et al. 2019). The reef substrate plays a sig-
nificant role in accumulating primary production
(Hay 1991, Tebbett et al. 2020), with fish comprising
the majority of vertebrate biomass in tropical and
subtropical reefs (Sale 1991). In order to enhance
our understanding, future studies about how food
resources are partitioned among reef dwellers in
the face of human and natural disturbances are
imperative and strongly encouraged.

5. CONCLUSIONS

Our study demonstrates that fish feeding pressure
is influenced by both habitat features and fish bio-
mass. Specifically, we detected that each trophic

group is dominated by only 1 or 2 species in terms of
biomass, which aligns with previous findings by Cow-
burn et al. (2021). Despite the comparatively lower
species richness observed on oceanic islands in com-
parison to coastal environments, the underlying pat-
terns and processes that shape biodiversity are simi-
lar. Our study holds important implications for the
conservation and management of marine biodiver-
sity, highlighting the necessity of considering both
habitat heterogeneity and species dominance in con-
servation planning. Furthermore, as the study areas
comprise various types of MPAs, a recommended
approach would involve giving special attention to
species that play crucial functional roles in maintain-
ing habitat diversity. This is primarily due to the sig-
nificant isolation of these islands, which hinders the
introduction of new species that could potentially
replace functionally important species, like herbivo-
rous fish. Future management and conservation tar-
gets should prioritise a controlled management
strategy for the fisheries targeting these key species.

Data availability. Data and codes supporting this research
are available on Zenodo (https://zenodo.org/records/1019
0848).
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