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Abstract Cleaning associations are one of the most
dynamic and complex mutualistic interactions of reef
environments and are often influenced by local condi-
tions. In the Western Atlantic (WE) most studies con-
centrate in tropical areas, with little attention to subtrop-
ical areas. We examined an assemblage of cleaner fish
and their clients on the rocky reefs of the coast of Santa
Catarina state, South Brazil, the southern limit of
tropical reef fishes in the WE. We recorded 150 cleaning
interactions, in which four fish species and one shrimp
species acted as facultative cleaners. The grunt
Anisotremus virginicus and the angelfish Pomacanthus
paru serviced most clients. Fifteen fish species acted as
clients, among which the most frequent was the
planktivorous grunt Haemulon aurolineatum (31%).
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Cleaning interactions occurred mostly (87%) with non-
carnivorous clients and the number of interactions was
not related to the abundance of the species involved. The
absence of dedicated cleaner fishes at the study sites and
the replacement of their roles by facultative cleaners
may be related to local conditions, including cold cur-
rents and reduction of rock cover. Under these circum-
stances, clients take advantage of the services offered by
facultative cleaners, a characteristic of temperate areas.
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Introduction

Reef environments are highly productive systems that
harbour a great diversity of organisms, which present a
great complexity in their relations (Luckhurst and
Luckhurst 1978). These relations can be negative —
predation and competition, or positive — commensalism
and mutualism (Stachowicz 2001). Among the best-
known mutualistic relationships is the cleaning activity
(e.g., Losey 1972; Poulin and Grutter 1996; Vaughan
et al. 2017), which occurs when a cleaner animal, such
as fish or shrimp, removes and ingests ectoparasites,
mucus, dead tissue or unwanted particles from a client
animal, generally a fish (Losey 1972; Co6té 2000;
Vaughan et al. 2017). These interactions contribute to
increasing reef fish diversity, affecting the small-scale
distribution of the involved species, and helping to
maintain healthy communities (C6té 2000; Grutter
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et al. 2003; Waldie et al. 2011). About 200 fish species
and 50 shrimp species are recognized as cleaners in the
marine environment (Vaughan et al. 2017). Cleaner
fishes may clean throughout their lifetime (obligate or
dedicated cleaners) or play the cleaning role at the
juvenile stage only and feed on alternative sources
(facultative cleaners; Coté 2000; Vaughan et al. 2017).

In tropical regions such as the Indo-Pacific and the
Caribbean, the fish species richness is high and there are
dedicated cleaners in both regions: cleaning wrasses of
the genus Labroides in the Indo-Pacific and cleaner
gobies of the genus Elacatinus in the Caribbean, the
latter reaching the southwestern Atlantic (Potts 1973;
Wicksten 1995; Coté 2000; Sazima et al. 2008; Coté and
Soares 2011; Vaughan et al. 2017). Species of the genera
Labroides and Elacatinus are the most important
cleaners where they occur, as they service the species
richest and most diverse fish client assemblages (Potts
1973; Kuwamura 1976; Johnson and Ruben 1988;
Wicksten 1995; Grutter and Poulin 1998; Sazima et al.
2000, 2008, 2010b). On the other hand, in subtropical
and temperate regions dedicated cleaners are missing,
and cleaning services are provided by facultative
cleaners of several families, which generally service
small and not much diverse fish client assemblages
(e.g., Ayling and Grace 1971; Moosleitner 1980; Coté
2000; Zander and Sotje 2002; Shepherd et al. 2005;
Krajewski 2007; Bertoncini et al. 2009; Narvaez et al.
2015; Vaughan et al. 2017; Walsh et al. 2017). The same
appears to be the case of very isolated islands such as
Ascension, Rocas Atoll, Cape Verde and Sao Tomé
Island in the Atlantic (Quimbayo et al. 2012; Morais
etal. 2017; Quimbayo et al. 2017b), and Malpelo Island
in Eastern Pacific (Quimbayo et al. 2017a).

Species richness and abundance in a community play
a fundamental role in the structure of cleaning interac-
tions, since abundant species are more likely to meet
cleaner organisms (Floeter et al. 2007b). Moreover,
parasite load and cleaner preferences for some clients
are factors that also influence the structure of cleaning
interactions, since these two factors determine how
much time cleaners and clients can spend in these
interactions (Grutter 2002). However, these factors
may vary according to regional and local condi-
tions, and thus the factors that may modulate the
strength and diversity of these relationships vary among
localities (Guimaraes et al. 2007).

In the southwestern Atlantic, the state of Santa
Catarina in Brazil harbours low species richness and is
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the southern limit of distribution of many reef fishes
with tropical affinities (Floeter et al. 2004; Ferreira et al.
2004; Anderson et al. 2015). This area is influenced by
the warm tropical water from Brazil Current in summer
and the cold water from the South Atlantic Central
Water in winter, which causes a decrease in water tem-
perature and, consequently, severe disturbances on fish
fauna (Anderson et al. 2015). Besides, Santa Catarina is
also the southern limit of rocky reefs, which causes a
reduction of the benthic cover and space used by reef
fishes. The temperature variations and the reduction of
cover make this region an ideal area for studies on
interactions among reef organisms, including those of
cleaners and their clients.

The Santa Catarina coastal area is practically a blank
space from the cleaning interaction perspective, as there
is only one study of this relationship for this region
(Krajewski 2007). In view of the lack of information
about cleaning activity and the importance of this region
as a transition area between warm-water and cold-water
fish fauna (Floeter et al. 2004; Ferreira et al. 2004), our
study aims for a description of cleaning interactions at
this southern distribution limit of reef fish fauna. More
specifically, we intend to answer (1) how many species
act as cleaners and how many act as clients? (2) how
does the cleaning frequency vary among cleaners? (3)
which trophic groups of clients are attended by the
cleaners and what are the most serviced? (4) are
cleaning interactions influenced by the abundance of
cleaners and clients? The answers to these questions
provide new insights on cleaning interactions in sub-
tropical areas of the southwestern Atlantic.

Materials and methods

Cleaning interactions were recorded at 10 sites along the
Santa Catarina state (25°59°S, 29°19’S; Fig. 1) coastal
area, which is the southernmost distribution limit of reef
organisms with tropical affinities, such as fish (Floeter
et al. 2008) and corals (Capel et al. 2012). This limit is
influenced both by warm and cold currents, which affect
the distribution of tropical marine organisms (Anderson
et al. 2015). All study sites are rocky reefs with small
cover of coral colonies and large cover of algae and
sponges (Floeter et al. 2001).

We analysed cleaning interactions from 300 min of
direct observations during scuba diving, 203 min video
recordings, and 128 photographs along three years
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Fig. 1 The study sites at the
southern limit of reef fish
distribution in the southwestern
Atlantic. (A) Coast of Brazil
limits. The square stands for the

state of Santa Catarina. (B) Coast
of Santa Catarina limits. Circles
are our study sites: SE = Praia da
Sepultura, GA =Ilha da Galé,
DE = Deserta, SA = Saco do
Capim, RN = Rancho Norte,

BF = Baia do Farol, BL = Barra
da Lagoa, XA =1Ilha do Xavier,
PS =Pantano do Sul

Latitude

(2014-2016). We considered that a cleaning interaction
began when cleaner and client had physical contact and
ended when some of these two parts withdrew (Losey
1972). We classified each client species within the tro-
phic groups defined by Ferreira et al. (2004). Finally, we
estimated species richness and abundance of clients
through underwater visual censuses (UVCs; N=450)
along 40 m? (20 x 2 m) transects (Floeter et al. 2007a).

Data analyses

The frequency of cleaning interactions was evaluated
through one bipartite interaction network between
cleaners and clients, considering the abundance of each
client species and the number of interactions between
both parts. We carried out this analysis using the func-
tion “plotwed” within the package bipartite (Dormann
et al. 2008). To evaluate the relationship between the
proportion of cleaning interactions and the abun-
dance of clients, we used a linear regression with
95% confidential intervals over model predictions.
Species falling above or below this interval were
considered, respectively, as interacting disproportionally
more or less than expected given their abundance. All the
analyses were performed in R software version 3.2.4
(R Core Team 2016).

N
-45 >~35

Longitude

Results

We recorded 150 cleaning interactions during our
study. A small assemblage of five facultative
cleaner species was recorded at our study sites in
Santa Catarina. Four fishes, the porkfish Anisotremus
virginicus and the silver porgy Diplodus argenteus
(Haemulidae), the french angelfish Pomacanthus
paru (Pomacanthidae), the sergeant major
Abudefduf saxatilis (Pomacentridae) and one
shrimp species, Lysmata ankeri (Hyppolitidae) ser-
viced an assemblage of 15 client species (Table 1;
Fig. 2). The French angelfish and the porkfish
tended cleaning stations near the bottom and ser-
viced their clients at the stations or in midwater
not far from these. The silver porgy and the sergeant
major serviced the clients at variable locations from near
the bottom to midwater. The shrimp tended cleaning
stations in crevices (Fig. 3).

The cleaner that displayed the highest number
of interactions was A. virginicus, which interacted
75 times (50% of the interactions), followed by
P. paru, which interacted 47 times (31% of the
interactions) and D. argenteus, which interacted 21
times (14% of interactions). The other two species,
which had a lower number of interactions, were

@ Springer



Environ Biol Fish (2018) 101:1195-1204

1198

PeT o (43 [4:81 vr'8 ({uop/puy) 2ouepunqy
0ST S Ly 1 SL 4 SUONOLIAUI JO JqUINU [810],

ININO 8l S v 1 snajuadip snpoydiy
Jepuredg

qd4qH 91’0 ! [ wnsopuo.f puostndg
OepLIqe]

ANIN L'l 9t ¢ (%7 SIPUID SNYIUDIDLI
QBPIYJULIBLI]

INIWO '8 43 61 I 4 SyyVXDS. fipfopnqy
QEpLYUILWO]

AVOIN 100> C C pSutiout xp.Loyjoudr)
QBpIUSLINIA

ANIN 00°1 S S snipnovuwt snauadnpnasg
SEPIIMA

ININO 100 C 4 pu2.nd 1SNy
SepIISNIA

ANIS 100> 4 4 STLADDOLODUL SPULYLDYIUD))
QBPIYIUBIRUOIA]

SIdH 620 0T 81 1 1 XL4p102s snsoydyy
aeprsoydAy|

ANIN 170 8 8 L2UYIDPUID]S UOJNUIDE]

ANIN 96'9¢ 1T € 8 WNIDIU 0ND UONUWDDE]

ANIN [0 S S SNOULSAIA SNUDAJOSIUY
QepInuoeH

AVON 100> I I DLIDODGD) DIIDINISL]
OEPILIE[IST]

ANIN €10 L I 9 Aaqvf sniapdipojany)
oeprddrydy

ANIS 650 I 1 SMIDLYS UOPOIAVY))
QEPHUOPOIRYD)

sdnoi3 ANEov%Ev suonorIUI JO LL2YUD nand snajua3in Sno1U13.IA SHnOXDS
owydo1y, douepuNqy Joquinu [ejo], vIUSAT SNYIUDIVUIOF snpoydiq SNW2JOSIUY npfopnqy

so10ads Joued[)

saroads juar)

SIOPAJJ AJBIGOUIAUL J[ISSAS = AN]S ‘SQIOAIUWO = [NJNQ ‘SIOPI9)
QJEIQAMIOATT J[IqOW = ANIA ‘SPIOATUIED = YYDIA ‘SOIOANLIOP-0I0AIQIOY = HH JOpIo [eonaqeydye ur ore soroads Juar[o Jo sorIuref nq (9007) UOS[ON SMO[[0J SSYSH JO Juswoguelre
SIUOUOXE) AU [, "ONUR[Y ISOMUINOS UI SAYSI JOOI JO JUWI] WIdPNOS A Je spudl[d Jo sdnoiS orydon pue oduepunge yIm ‘S)udl[d pue SIOULI[O USIMIDQ SUONORINUI JO JoqunN | dqeL

pringer

NS



Environ Biol Fish (2018) 101:1195-1204

1199

Cleaners

= YO

Anisotremus virginicus

U3

Clients

o118

Abudefduf saxatilis

Lysmata ankeri

Fig. 2 Bipartite network of cleaning interactions at the southern
limit of reef fishes in the southwestern Atlantic, showing the
number of interactions and the abundance of cleaners and clients.
The cleaners are arranged in order of the total number of interac-
tions, from highest to lowest. Clients are organized in order of

L. ankeri, which interacted five times (3.5% of the
interactions) and A. saxatilis, which interacted only
twice (1.5% of the interactions; Fig. 2). Anisotremus
virginicus was the only cleaner that cleaned both in the
juvenile and adult stages (Fig. 3a, b).

All recorded interactions were initiated by the
clients, which displayed characteristic swimming
and/or posing, besides displaying colour changes
(Fig. 3). We recorded 15 client species in 12
families and five trophic groups (Table 1) serviced
by the cleaner assemblage. Most of the cleaning
interactions (55%) were with mobile invertebrate
feeders (MINV), 26% were with omnivores

Number of cleaning
events

I 3
I 1519
— 1)
- -8
—_—35
— 12

| Haemulon aurolineatum

Abudefduf saxatilis

Diplodus argenteus

Anisotremus virginicus
g Abundance

(ind/40m?)

Priacanthus arenatus 36.96

Pseudupeneus maculatus
Chaetodon striatus
Haemulon steindachneri

Kyphosus sectatrix
Sparisoma frondosum

Chaetodipterus faber

Mugil curema

Fistularia tabacaria

Gymnothorax moringa

Cantherhines macrocerus
abundance. The lines represent the number of interactions and the
circles represent an estimate of total abundance of the species at the
study sites in Santa Catarina. The size of the circles and the

thickness of the lines represent the logarithm of the values of
abundance and number of interactions

(OMNI) and 14% were with herbivore-detritivores
(HERB). The other two trophic groups attended by
the cleaners were sessile invertebrate feeders
(SINV), with 4% of interactions and carnivores
(MCAR), with 1% of interactions (Table 1).

We did not observe a clear relationship between the
number of cleaning interactions and the abundance of
clients (R2=O.19, p=0.05, Fig. 4). However, some
species such as Priacanthus arenatus and Kyphosus
sectatrix interacted more than expected from their abun-
dance. In contrast, species such as Sparisoma
frondosum and Chaetodon striatus interacted less than
expected from their abundance (Fig. 4).

@ Springer
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Fig. 3 Interactions between
cleaners and clients in Santa
Catarina. a Anisotremus
virginicus juveniles clean a
posing Haemulon aurolineatum
at Xavier Island. Photo: Floeter
SR (b) Adult A. virginicus
services a group of Priacanthus
arenatus, which darken
requesting the cleaner’s services.
Photo: Floeter SR (¢)
Pomacanthus paru about to clean
a H. aurolineatum individual that
poses with an open mouth. Photo:
Morais RA (d) Cantherhines
macrocerus poses requesting
cleaning by P. paru (in the lower
right corner). Photo: Nunes LT (e)
Diplodus argenteus cleans
Kyphosus sectatrix while the
client darkens (compare with the
individual at the right, which
waits for cleaning services with
stretched fins and a habitual
colour. Photo: Krajewski JP (f)
Lysmata ankeri cleaning the right
mouth corner of Gymnothorax
moringa. Photo: Krajewski JP
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Fig. 4 Linear regression between the number of cleaning interac-
tions and the abundance of client species recorded in Santa Catarina.
Each point stands for a client species. Line represents the linear
model and shaded area represents the confidence intervals of 95%
generated based on standard errors of model’s predictions. Species
that are outside of the confidence intervals are highlighted with the
name and figure of the species. KYP SEC = Kyphosus sectatrix, PRI
ARE = Priacanthus arenatus, FIS TAB = Fistularia tabacaria, SPA
FRO = Sparisoma frondosum, CHA STR = Chaetodon striatus
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Discussion

Our study reveals that only facultative cleaners
(sensu Co6té 2000; Vaughan et al. 2017) perform
cleaning services at the southern limit of tropical
reef fishes in the southwestern Atlantic. From this
viewpoint, our results are similar to those recorded
at temperate sites in the Northern Atlantic and the
Mediterranean Sea (e.g. Moosleitner 1980; Zander
and Sotje 2002; Bertoncini et al. 2009; Narvaez
et al. 2015), and probably indicate a trend. Further
studies will likely strengthen the suggestion that in
subtropical areas or at very isolated islands, facul-
tative cleaners replace the role played by dedicated
cleaners (Morais et al. 2017; Quimbayo et al.
2017a). Moreover, these studies may shed light
on the role the facultative cleaners play and what
factors can modulate their behaviour in different
regions (see Walsh et al. 2017). Although the
dedicated cleaner goby Elacatinus figaro occurs
in Santa Catarina (based on one specimen, Sazima
etal. 1997), we found none at our study area. It would be
of interest to search for this goby on Santa Catarina
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coast and assess its importance as a cleaner in the
reef community, given that it may be very rare or
the only individual found might be a stray
(Anderson et al. 2015).

Our observations on the shrimp Lysmata ankeri (re-
cently recorded in Santa Catarina - Giraldes and Freire
2015) are the first records of cleaning activity of this
crustacean in the southwestern Atlantic. However, the
number of clients and cleaning events of this species can
be underestimated since other species of cleaners shrimp
of'this genus exhibit nocturnal activity, and thus, interact
little with diurnal clients. The four fish cleaner species
recorded in our study have been recorded in cleaning
interactions elsewhere in the southwestern Atlantic
(e.g. Sazima et al. 1999; Krajewski 2007; Sampaio
et al. 2017). The cleaner assemblage at our Santa
Catarina sites may be considered large (2% cf.
Anderson et al. 2015) when compared to the total
number of reef fish species recorded at the study
area (Anderson et al. 2015). For instance, at the
oceanic Trindade Island and Rocas Atoll the clean-
er assemblage are smaller (about 1% cf. Gasparini
and Floeter 2001; Quimbayo et al. 2017b).
Assessing the percentage of cleaner species versus
total reef fish fauna for most if not all sites in the
southwestern Atlantic will much probably reveal
cleaner assemblages smaller than that we found in
Santa Catarina.

The porkfish Anisotremus virginicus adults engaged
in cleaning activities is an unexpected result in our
study, since this species is reported as cleaner only
during juvenile stages (Coté 2000; Feitoza et al. 2002;
Krajewski 2007; Luiz et al. 2008; Sazima et al. 2010b;
Vaughan et al. 2017). Cleaning by facultative cleaners
both as juveniles and adults is known for several other
species, a few examples being the king angelfish
Holacanthus passer at Malpelo Island in the Central
Pacific (Quimbayo et al. 2017a), and the Noronha
wrasse Thalassoma noronhanum at Rocas Atoll in the
West Atlantic (Quimbayo et al. 2017b). The high num-
ber of cleaning interactions recorded here for
A. virginicus is likely related to the behaviour of juve-
niles, which form schools of up to about 10 individuals
near large rocks (cleaning stations) and, thus, call atten-
tion of clients that search for a ready and fast service.

The high number of cleaning interactions we record-
ed for the french angelfish P paru supports findings
along the coast as well as at oceanic islands in the
southwestern Atlantic, at which this angelfish is an

important cleaner (Sazima et al. 1999; Luiz et al. 2008;
Sazima et al. 2010b; Morais et al. 2017; Quimbayo et al.
2017b; Sampaio et al. 2017). At the Abrolhos Archipel-
ago, P. paru acts as a specialized cleaner and services an
assemblage of 31 fish client species (Sazima et al. 1999,
2010b). This number is comparable to the species rich-
ness of client assemblages serviced by the cleaner
gobies of the genus Elacatinus, which are the only
dedicated cleaners in the southwestern Atlantic (Sazima
et al. 2000; Gasparini and Floeter 2001; Sazima et al.
2008; Campos and Sa-Oliveira 2011). The similarity of
client assemblage richness of the french angelfish and
the gobies is likely associated with some traits shared by
both these cleaners, such as yellow stripes on black body
colour, which increase the signal for cleaning services
and contrast the cleaner against the substrate (Cheney
et al. 2009). Although at our study sites in Santa
Catarina P. paru serviced the richest client assemblage,
this species richness barely compares to those found in
northward coastal areas (Sazima et al. 1999, 2010b).
Nevertheless, our results indicate that the french angel-
fish, despite being an important cleaner in the subtrop-
ical Santa Catarina, seems to not devote much time to
cleaning interaction (see Morais et al. 2017 at the
isolated Ascension Island) and feed on alternative
sources instead.

The low number of cleaning interactions displayed
by the sergeant major Abudefduf saxatilis would be
expected, as a few previous records of this cleaner were
mostly with sea turtles (Sazima 1988; Sazima et al.
2010a; Quimbayo et al. 2017b). However, at Fernando
de Noronha Archipelago, the sergeant major regularly
services a few fish species including the flat needlefish
Ablennes hians (Sazima et al. 2013). On the other hand,
the low number of interactions recorded here for the
shrimp Lysmata ankeri may be due to our diurnal ob-
servations and the cryptic and/or nocturnal habits of
cleaner shrimps (Williams 1984; Bonaldo et al. 2015;
Giraldes and Freire 2015). This cryptic and possibly
nocturnal shrimp was the only cleaner we recorded
interacting with potentially dangerous clients such as
the spotted moray Gymnothorax moringa. However,
cleaner shrimps interacting with morays are a common
sight worldwide (e.g., Coté 2000; Morais et al. 2017)
and much probably morays do not pose a real
danger to shrimps or other small cleaners such as
juvenile spotfin hogfish Bodianus pulchellus or the
noronha goby Elacatinus phthirophagus (Luiz et al.
2008; Sazima et al. 2013).

@ Springer
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At our study sites in Santa Catarina, the cleaner fishes
apparently preferred to stay safe by cleaning client spe-
cies that pose no (or slight) predation risk, although
piscivorous and carnivorous clients habitually interact
with cleaners in the southwestern Atlantic and other
regions (Grutter 2004; Cheney et al. 2008; Francini-
Filho and Sazima 2008), even with facultative cleaners
(Sazima et al. 1999; Quimbayo et al. 2010; Morais et al.
2017). The interaction with potentially dangerous cli-
ents may be related to the degree of specialization of the
cleaner (Darcy et al. 1974; Sazima et al. 1999), since
clients may prey on cleaners (Francini-Filho et al. 2000).

Despite the absence of a clear relationship between
the number of cleaning interactions and the abundance
of clients, our results indicate some noteworthy interac-
tions between cleaners and clients. For instance, the
silver porgy Diplodus argenteus had a high number of
interactions with the Bermuda chub Kyphosus sectatrix,
which indicates that there may be a preference for the
chub client (see Sazima et al. 1999 for preferences not
related to abundance). The bigeye Priacanthus arenatus
was the only client species that interacted with adult
cleaning porkfish Anisotremus virginicus and was
one of the species that interacted more than ex-
pected from its abundance, although abundance is
an important factor for frequent interactions at the large
scale (Floeter et al. 2007a, b).

In conclusion, our study shows the importance of
facultative cleaners in subtropical areas (where dedicat-
ed cleaners are missing), and the variable behaviour of a
cleaner species previously considered as cleaner only
during juvenile stages. Moreover, our results indicate
that low species richness in subtropical areas may
have an influence on cleaning networks, since few
cleaner species interact with few client species. This
result indicates the possibility that in subtropical areas
cleaning networks are less nested than in tropical areas
(e.g. Guimaraes et al. 2007).
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