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Who dares to clean the Atlantic goliath
grouper? Ecological relationships
involving Epinephelus itajara
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Cleaning activity is an important interaction that increases the health and
survival of species worldwide. While most studies have focused on identifying
cleaner and client species, studies focused on cleaning activity patterns on
endangered species are still scarce. We investigated the cleaners of the Atlantic
goliath grouper (AGG) Epinephelus itajara by literature review, search from
social media sources and consulting the major database regarding AGG studies.
Search on social media provided most records. We found nine reef fishes acting
as cleaners exploring different parts of the AGG body, mostly the sharksucker
Echeneis naucrates and the spanish hogfish Bodianus rufus. Most records involved
AGG adults and were registered on shipwrecks. We believe that the rare nature
of the records involving AGG in cleaning activities is due to the low population
density of the species along its distribution (due to overfishing and habitat
destruction), and through chafing behavior, but also the presence of a cleaner
(Echeneis naucrates) attached to the body. The cleaning provided by remoras is
discreet and difficult to perceive when the focus is on the AGG from a wider
angle. In order to recover threatened species, a greater understanding of positive
relationships, such as cleaning activities, is necessary.

Keywords: Cleaning behavior, Cleaning of groupers, Cleaning symbiosis,
Endangered species, Reef fishes.
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Cleaning symbiosis related to the grouper Epinephelus itajara

A atividade de limpeza é uma interagio importante que aumenta a satide e a
sobrevivéncia das espécies. Embora a maioria dos estudos tenha se concentrado na
identificagdo de espécies limpadoras e clientes, os estudos focados nos padrdes de
atividades de limpeza em espécies ameagadas ainda sdo escassos. N6s investigamos
os limpadores do mero Epinephelus itajara por meio de revisio de literatura, busca
em midia social e consulta ao principal banco de dados sobre estudos de meros.
A busca nas redes sociais forneceu a maioria dos registros. Encontramos nove
espécies de peixes recifais atuando como limpadores que exploraram diferentes
partes do corpo dos meros, principalmente a rémora Echeneis naucrates e o bodido-
papagaio Bodianus rufus. A maioria dos registros envolveu meros adultos e foram
registrados em naufrdgios. Acreditamos que a raridade dos registos envolvendo
meros em atividades de limpeza se deve 2 baixa densidade populacional da
espécie ao longo da sua distribuigdo (devido a sobrepesca e destruicio do habitat),
ao comportamento de atrito, e também 2 presenga de um limpador (Echeneis
naucrates) ligado ao corpo. A limpeza proporcionada pelas rémoras é discreta e
dificil de perceber quando o foco estd no mero e de um 4ngulo mais amplo. Para
recuperar espécies ameagadas é necessiria uma maior compreensio das relagdes
positivas, como as atividades de limpeza.

Palavras-chave: Comportamento de limpeza, Espécies ameagadas, Limpeza de
garoupas, Peixes recifais, Simbiose de limpeza.

INTRODUCTION

To understand the role of ecological communities, it is important to recognize the
significance of positive interactions, such as mutualism and commensalism, as they
mitigate physical and biotic stresses and can increase the fitness of interacting individuals
(Stachowicz, 2001; Bronstein et al., 2004; Narvaez et al., 2015). One example of
positive interspecific communication among reef fish is the cleaning behavior, which
plays a crucial role in maintaining mutualistic associations between cleaners and clients
(Grutter, 1999; Sazima er al., 2000). During this interaction, cleaners remove and
usually consume parasites, dead tissue, and mucus excess from their clients, resulting
in the clients being freed of parasitic cargo and unwanted materials, thus providing
mutual benefits (Losey, 1971, 1987).

Several interaction mechanisms are involved in this mutualistic association between
cleaners and clients (Losey, 1971). Although cleaning symbiosis has been extensively
studied in the reefs of the Indo-Pacific, of the Caribbean (Losey, 1974; Coté er al.,
1998; Grutter, Poulin, 1998), and in the south-western Atlantic the number of studies
has increased since the 1990s (Sazima et al., 1998, 1999a,b, 2005; Francini-Filho et al.,
2000; Sazima, Sazima, 2001; Feitosa ef al., 2003; Francini-Filho, Sazima, 2008; Coni
et al., 2008; Quimbayo ef al., 2017a,b).

According to Cote (2000), many reef fishes frequent cleaning stations where
cleaners (fish or shrimp) pick ectoparasites from the body of clients, providing a source
of food for themselves while also benefiting clients by removing ectoparasites. These
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cleaning interactions not only increase fish diversity on coral reefs but also benefit fish
health by removing parasites from clients (Grutter, 1999). However, there are evidences
indicating that cleaner fish may sometimes act non-mutualistically, eating scales or
mucus rather than ectoparasites (eg., Gorlick, 1980; Grutter, 1997). Additionally, tactile
stimulation from cleaners may reduce cortisol levels (Soares ef al., 2011), and this may
have negative consequences for clients as it may decrease their ability to respond to
disturbances like predators (Schirmer et al., 2013). Despite this potential drawback,
which indicates that this interaction dynamic can be highly complex, the mutualistic
relationship between cleaners and clients remains important for maintaining the health
and diversity of reef fish communities (Cote, 2000).

While many studies have focused on identifying cleaner and client species, studies
focused on cleaning activity patterns on endangered species are still scarce, including
large groupers. According to Sazima et al. (1999b), the cleaning of large predators may
also represent an additional sign of the specialization of a given cleaner (Losey, 1971),
dedicated cleaners such as gobies spp. routinely clean groupers (Sazima et al., 1999b;
Vaughan, 2017), whereas less specialized cleaners, such as the bluehead wrasse, rarely
clean piscivorous clients (Darcy e al., 1974).

The Atlantic goliath grouper (AGG), Epinephelus itajara, is sensitive to fishing
pressure due to intrinsic characteristics such as late maturation, slow growth, lack
of fear of humans, and the formation of predictable spawning aggregations in space
and time, as well as habitat degradation (Sadovy, Eklund, 1999; Ferreira er al., 2014;
Bertoncini ef al., 2018). As a result, the species is classified as vulnerable on the IUCN
Red List (Bertoncini et al., 2018). However, in Brazil, the species is considered critically
endangered (Hostim-Silva ef al., 2005; Ferreira ef al., 2018) and overfishing and habitat
degradation are thought to be responsible for the decline of its populations and local
disappearance throughout its distribution range, specifically in some areas of the
Brazilian coast (Gerhardinger ef al., 2009; Bertoncini ef al., 2018; Ferreira et al., 2018).
Although our knowledge about this iconic species has grown in some areas (Locatelli e
al., 2023), we know very lictle about the involvement of the AGG on cleaning stations
and who their cleaners are. By compiling this information, we will have an indication
with which species the AGG directly interacts in the quest to maintain body health by
reducing parasites or dead tissue.

We reviewed records involving the AGG being cleaned by reef species, searching for
the identity of the cleaner species, distribution of the records, number of cleaners, AGG
life phase, time of cleaning, and body parts that received more attention by cleaners.

MATERIAL AND METHODS

Literature review. We used the keywords involving cleaning behavior and Atlantic
goliath grouper to search published peer-reviewed papers (written in English) on Web
of Science and Scopus databases: cleaning symbiosis and Epinephelus itajara; reef fishes
cleaning behavior; atlantic goliath grouper cleaning; goliath grouper at cleaning
station; atlantic goliath grouper as client; grouper in cleaning station; atlantic goliath
grouper being cleaned; cleaning behavior involving atlantic goliath grouper; goliath
grouper in cleaning stations; goliath grouper cleaning; cleaning behavior involving
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Epinephelus itajara. We identified and retrieved a total of 222 papers based on queries
of the two databases on 31 July 2023 (see diagram referring to the Preferred Reporting
Items for systematic Reviews and Meta Analyses, PRISMA, in Fig. S1). After a first
screening of titles and abstracts, we excluded 200 papers mainly because they were not
related to cleaning of groupers (Epinephelidae). We accessed the full-text version of
the remaining papers (22) and excluded 18 of them because they did not register AGG.
After these screenings, we retained 2 papers which registered AGG being cleaned (Fig.
S1). Analyzing these published papers, we searched for the name of the cleaner species,
location of the record, number of cleaners, AGG life phase, and time of cleaning.

Search on social media. We search for cleaning interactions involving AGG using
YouTube and Vimeo social media networks from the 1% of July to the 31 of August
2023. Searches were carried out with the aid of scientific and popular names of AGG
and combinations of words related to cleaning symbiosis (see topic above). When a
potential video containing AGG and cleaner fishes was found, the electronic address
of the video was noted for later analysis to confirm cleaning activities on AGG and to
obtain the same information as the literature review analysis (see topic above). Because
some cleaners are small, while others have very discreet cleaning activity, each video
was watched five times by the same researcher (JACCN) and cleaning described. A
total of 80 videos were watched.

Projeto Meros do Brasil database. We compiled information from the Projeto
Meros do Brasil database, which contains 20 years of research, with information
collected throughout scientific diving, underwater visual censuses (Bueno e al., 2016),
capture and release for telemetry and habitat use studies using cage and hooks (Condini
et al., 2024), and citizen science involving SCUBA divers (Giglio ef al., 2014), artisanal
and angler fishers (Lima-Jdnior ef al., 2022), and an image bank from project researchers
and underwater photographers that houses photography and video files.

Records of AGG being cleaned occurred opportunistically during scientific dives
on natural or artificial reefs, which had as goals mapping AGG distribution, photo-
identification or application of Rover Diving Census during reproductive aggregation.
Although the database has more than 1,000 hours of scientific diving for prospecting
the AGG, only four records of cleaning with AGG were found. When possible, ‘Focal’
groups were used and all occurrences were recorded (Altmann, 1974). Individuals were
identified at the species level based using pertinent literature (Sampaio, Nottingham,
2008; Bertoncini ef al., 2019). The total length (TL) of individuals was estimated to
classify AGG in the following categories: juvenile (total length: TL <50 cm), subadult
(TL = 50-100 cm), adult (TL = 101-150 cm), and large adult (TL > 151 cm) following
Giglio et al. (2014).

Data analyses. We describe the cleaning interactions between AGG and cleaner
species as a weighted matrix A in which aij is the frequency with which a cleaner j
interacts with AGGi, and aij = 0 otherwise. The matrix A defines a bipartite network
in which one set of nodes is represented by adults or sub-adults of AGG and the other
set of nodes by cleaner species; the links describe cleaning interactions between them.
A two-way Permutational Multivariate Analysis of Variance (PERMANOVA) was
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performed with 9999 permutations with Euclidean distance to test variation in the
number of bites by cleaners on different body parts of AGG. Network structure was
drawn using the bipartite “plotweb” within the package “bipartite” and PERMANOVA
was done using the “vegan” package in R v. 4.2.1 (R Development Core Team, 2020).

RESULTS

Search on social media revealed most of the records (n = 15), followed by Projeto Meros
database (n = 4) and literature review (n = 2, see Sadovy, Eklund, 1999 and Sazima,
Grossman, 2006) (Tab. S2; Figs. S3-S4; Tab. S5). Most records occurred in United
States (Florida) and Brazil, few records in the Caribbean reefs and no records in Central
America (Fig. 1). Shipwrecks were the environment with the highest number of records
where the cleaning activities happened (n = 14) compared with natural reefs (n = 3).
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FIGURE 1 | Distribution map of records involving the Atlantic goliath grouper cleaning. Distinct colors represent different species of
cleaners, while the size of the circles represents the number of records. Records of Parablennius spp. cleaning AGG occurred simultaneously

at the same site.
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While nine species of reef fish were observed cleaning the AGG, two species were
most commonly observed: the remora Echeneis naucrates (sharksucker) and the labrid
Bodianus rufus (Spanish hogfish) (Figs. 2-3). Although we found E. naucrates in almost
all confirmed images (>59 remoras, Fig. 4), varying from 1 to 6 individuals per AGG),
only in a few (n = 13) the cleaning activity was observed.

Most of the records involved adult AGG, while only three cleaner species were
recorded cleaning sub-adults. Most recorded cleaner species are facultative (6 species,
corresponding to 67% of species), while only three are dedicated cleaners (3 species,
33%, all Elacatinus spp.).

The maximum number of fish cleaning an AGG at the same time was seven, however
most observations consisted of just a single cleaner. Four was the maximum number
of species of cleaners acting at the same time, but this occurred only once, with most
records with a single species (Fig. 4A). We found differences in the number of bites per
time spent on each cleaning event by cleaners (Df = 6, F = 14.03; p = 0.0001) and body
parts (Df = 3, F = 4.20; p = 0.01), the flank and fins were the parts most sought after by
cleaners (Fig. 3).

O ﬁ ‘ E. naucrates
o
O O @ B. puichellus
Subadult 0
O B. rufus
O R Elacatinus sp.
O — oceanops
Adult
Epinephelus itajara O a E. figaro
.
O 4‘; = =%, virginicus
. B
O ms P. marmoreus

P. pilicornis

i

FIGURE 2 | Network describing interactions (lines) between adults and sub-adults (orange circles) of Atlantic goliath grouper (AGG) and their
cleaner species (colored circles). Thicker lines represent more frequent interactions. Left side: sub-adult (top) and adult (bottom) AGG. Right
side, cleaners, from top to bottom: Echeneis naucrates, Bodianus pulchellus, Bodianus rufus, Elacatinus sp., Elacatinus oceanops, Elacatinus figaro,

Anisotremus virginicus, Parablennius marmoreus and P. pilicornis.
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FIGURE 3 | Cleaning (bites/minute) for body parts by cleaner species. Around the Atlantic goliath grouper figure, percentage of bites for all
cleaners by body parts. The boxplot lines are the median for the measured parameters; the boxes range from the 25th to the 75th percentile.
From left to right: Bodianus rufus, Bodianus pulchellus, Anisotremus virginicus, Echeneis naucrates, Elacatinus figaro, Elacatinus sp., and Elacatinus

oceanops. Bites were not counted for records of Parablennius spp.

FIGURE 4 | Atlantic goliath grouper (AGG) Epinephelus itajara with Echeneis naucrates (A) and unusual cleaning event involving Parablennius

pilicornis (orange, below) and P. marmoreus cleaning two AGG (B). Photos by Athila A. Bertoncini.
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DISCUSSION

Among the functions observed in fish behavior, one of them is body maintenance.
Cleaning is a body maintenance function, and most fishes make use of cleaning stations
where they pick parasites and unwanted material from other fishes, a mutualistic
interaction (Shukla, 2009). We investigated the cleaners of the Atlantic goliath grouper
(AGG) Epinephelus itajara using literature review, search on social media and exploring
a specific database about the AGG (Projeto Meros do Brasil database). In general,
we found that studies on the AGG being cleaned are rare. However, by combining
published literature with an examination of social media and a specific database on
AGG, we identified varied cleaners for AGG adults. AGG juveniles are found mainly
on estuaries/mangroves areas, where the visibility is limited and makes it difficult to
observe cleaning interactions.

The main AGG cleaners were the sharksucker Echeneis naucrates (a remora) and the

Spanish hogfish Bodianus rufus (a labrid). Interestingly, most records involving B.
rufus did not have remora associated with AGG. It is known that young B. rufus tends
to form temporary and mobile cleaning stations (Coni ef al., 2010). On the other hand,
it is possible that the AGG that has an attached remora do not seek cleaning stations.
Nevertheless, these mobile stations can find/receive clients regardless of whether or not
they are looking for cleaning (Coni ef al., 2010). Echeneis naucrates and Bodianus rufus
cleaned mainly the flanks and fins, while Elacatinus species cleaned more the head and
mouth. This difference is known for dedicated and facultative cleaners (eg., Sazima
et al., 1999b), Elacatinus spp. being dedicated cleaners and Bodianus spp. and remoras
being facultative ones (Quimbayo et al., 2021).

We also found records of the gobies Elacatinus spp. cleaning AGG. These species are
more common on reef environments, while the AGG can inhabit different environments
(estuaries, reefs, rhodolith beds, shipwrecks and mesophotic reefs). Like the AGG, E.
naucrates is also found in other environments, from estuaries to deeper environments,
and is known to follow and attach to several types of marine vertebrates, including
fishes, turtles, and mammals (review in O’Toole, 2002). Being associated with large
species, including AGGs, remoras may benefit from this association in several ways,
including transport, feeding opportunities, and protection from predators (O’ Toole,
2002). Besides feeding while cleaning the hosts on occasion, remoras are known to
forage on the hosts’ feces and/or regurgitated food, food scraps of their hosts, and ram-
feeding on plankton while attached to the moving host (Sazima et al., 1999a, 2003;
O’Toole, 2002; Williams ef al., 2003; Silva et al., 2005), and also foraging on stirred
particles (Sazima ef al., 2004).

The difficulty in observing the cleaning by E. naucrates reflects the fact that the
behavior is quick and fortuitous and can occur throughout the day without a specific
location or even time, as it usually occurs between cleaners and clients at cleaning
stations. However, juvenile E. naucrates may tend cleaning stations on shipwrecks
(Sazima et al., 1999a), and there is an illustration in Sazima, Grossman (2006) of a
shipwreck station and the AGG cleaned by the attending remora. In two videos it was
possible to see night cleaning by E. naucrates, when the AGG are active. Determining
whether this is a common event requires further study.
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Although remoras can cause discomfort in some species (eg., cetaceans; Silva-Jr,
Sazima, 2008), the AGG do not seem to be bothered by remoras. The large scales
possibly protect the AGG from the injuries caused by the remora’s suction discs. Further
studies of the remoras-host association may aim at quantifying costs that would result
from remoras’ attachment to AGG.

The suction disc allows hitch-hiking behavior that benefits remoras with reduced
costs of transportation and expenditure of energy (Strasburg, 1957; Steffensen,
Lombhole, 1983; Alling, 1985), access to food resources (Sazima et al., 2003; Sazima,
Grossman, 2006), protection from predators (Silva-Jr er al., 2005), and even presumably
increased mating opportunities (Silva-Jr, Sazima, 2003). Additional studies focusing
on this cleaner on AGG will further clarify the importance of the association between
these species.

We believe that the rare nature of the records involving AGGs in cleaning activities
is due to the low density of the species, due to overfishing and habitat destruction (see
Coleman er al., 2023). Here we presented the first steps on understanding cleaning
interactions involving the endangered AGG, but many gaps remain. A fundamental step
towards recovering and conserving threatened species is to understand their ecological
interactions, which represent a key aspect of biodiversity (Abrams, 1987). Thus, since
positive interactions, such as cleaning activities, can result in increased individual
fitness, studies that understand how the ecological aspects of these interactions affect
the lives of interacting species are essential.
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