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Abstract The cleaning symbiosis in coral reef fish 
is one of the most remarkable mutualist marine inter-
actions; the main actors are cleaner and client fishes, 
that communicate via tactile and visual stimulation, 
and the specific sites where this interaction happens 
are called cleaning stations. The removal of ectopara-
sites is a contribution to the health of clients, which 
may have an important role as herbivores or carni-
vores, and therefore also a contribution for a healthy 
ecosystem. The aim of this work was to  identify the 
cleaning interaction as an indicator of reef health in 
the center-south of the Mexican Caribbean. Hence, 
we located and described the cleaning stations and 
the attributes of cleaner and client fishes for three 
climatic seasons in four locations with different 
degrees of conservation (i.e., time since declaration 
as protected areas), in the biosphere reserves of Sian 
Ka’an and Mexican Caribbean. Bluehead Thalassoma 
bifasciatum was the dominant cleaner fish in the dry 
and north-wind seasons, and it interacted with 27 
species of client fishes year-round. The frequency of 

client fishes changes with the seasons; parrotfishes 
are the favorite clients in the dry season, and sur-
geonfishes for the north-wind season. We recorded 
for the first time high-hat Pareques acuminatus act-
ing as a cleaner. Cleaning stations are more numer-
ous in Mahahual, the location with the highest human 
impact; however, the higher structural complexity and 
area of this reef can explain the observed diversity of 
the client and cleaner species.

Keywords Thalassoma bifasciatum · Mahahual · 
Mesoamerican reef system · Pareques acuminatus · 
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Introduction

Cleaning symbiosis in coral reef fishes happens when 
microcarnivorous cleaner fishes, colloquially called 
“doctors of the sea,” eat ectoparasites, mucus, dead 
or diseased tissue from a bigger fish, or client (Losey 
1972), the latter often being of commercial interest 
(Serranidae and Lutjanidae) or functionally important 
(e.g. herbivores such as Acanthuridae and Scarinae) 
for the coral reef (Waldie et  al. 2011). The specific 
places where this happens are called cleaning stations 
(Arnal et  al. 2000), and, in the Atlantic Ocean and 
the Caribbean, they can be observed on healthy cor-
als or sponges, the latter mainly with cleaner gobies 
(Côté and Soares 2011). Ecologically, cleaning sta-
tions are feeding zones for the cleaner fishes (Hixon 
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and Randall 2018) and high diversity points or local 
“hotspots” for ectoparasites (Caves 2021). The mutu-
ally beneficial behavior promotes the well-being and 
good health of the client fish as well as influencing its 
growth rate (Waldie et al. 2011) and stress reduction 
(Bshary et  al. 2007), while the cleaner fishes obtain 
food (Limbaugh 1961); finally, this symbiotic inter-
action influences the coral reef integrity because it 
decreases the number of ectoparasites (Vaughan et al. 
2017).

Cleaner fish are divided into two functional cate-
gories: obligate and facultative. Obligate cleaners are 
fishes that will clean throughout their lives, whereas 
facultative cleaners only clean in one period of their 
ontogenetic cycle, namely, as juveniles (Whiteman 
and Côté 2002). Currently, 19 cleaning fish families 
have been reported to exist, Labridae and Gobiidae 
being the most representative for coral reef ecosys-
tems (Whiteman and Côté 2002; Hixon and Randall 
2018). Additionally, Quimbayo et  al. (2021) men-
tioned nine traits of cleaners to describe the level of 
specialization in such aspects as mobility, activity 
period, distance to bottom, schooling size, diet, body 
size, depth range, pelagic larval duration, and geo-
graphical range.

During the last decades, the center and south of 
Quintana Roo, Mexican Caribbean, have suffered 
changes due to anthropic pressure (Calderón-Agu-
ilera et  al. 2012; Santander-Monsalvo et  al. 2018), 
observed in the increase of overfishing (Figueroa-
Zavala et  al. 2015), invasive species (Cobián-Rojas 
et  al. 2018; García-Rivas et  al. 2018), loss of biodi-
versity, coral habitat fragmentation, diseases in reef-
building corals (Estrada-Saldívar et  al. 2020), and 
the massive arrival of pelagic Sargassum (van Tus-
senbroek et  al. 2017). Due to this, protected marine 
areas like Sian Ka’an Biosphere Reserve (SKBR) 
and Mexican Caribbean Biosphere Reserve (MCBR) 
were created, with the purpose of conservation and 
preservation of the natural resources, sustainable 
resource usage, and moderation and/or restriction of 
excessive tourism; however, the proper functioning of 
these protected areas is not always evaluated. Further-
more, these anthropogenic and natural disturbances 
are drivers that affect the abundance, distribution, and 
diversity of cleaner and client fishes and the cleaning 
symbiosis interaction (Titus et al. 2015; Tuttle 2017). 
Therefore, we hypothesized that the cleaning symbio-
sis in the southern Mexican Caribbean between client 

and cleaner fishes will be more frequent in healthy 
and protected coral reefs, where we will expect to 
find high abundances, diversity and length varieties 
of client and cleaner fishes, due to the null human 
presence. The aim of this work was to evaluate the 
aforementioned marine protected areas’ efficiency 
using data on cleaner and client fishes and cleaning 
stations. This information was taken from a variety 
of coral reefs situations, trying to represent different 
degrees of conservation (e.g., different ages as pro-
tected areas), and to provide additional tools for the 
reinforcement and management of coral reef ecosys-
tems, as well as new information on this symbiosis 
for the Mexican Caribbean.

Materials and methods

Study area

Sian Ka’an Biosphere Reserve (SKBR) was estab-
lished in 1986; it is a Priority Marine Region that 
falls into the category “extreme importance” due 
to high development and surface area of coral reef, 
seagrass meadows, and good conservation of man-
groves (CONANP 2014; Guimarais et al. 2021). Two 
of our localities, Tampalam and Pulticub (Fig. 1 and 
Table  1), are within the reserve; however, Pulticub 
is a transition zone between Sian Ka’an Biosphere 
Reserve and Mexican Caribbean Biosphere Reserve. 
In general, the SKBR presents reef-building coral like 
Acropora palmata and Orbicella annularis; some cor-
als with laminar growth, like Agaricia agaricites and 
A. tenuifolia; and other corals with massive growth, 
like Montastraea cavernosa, Pseudodiploria clivosa, 
and Porites astreoides (Jordán-Dahlgren 1989). The 
management plan of the reserve (CONANP 2014) 
considers Tampalam and Pulticub sites for “sustain-
able use of natural resources.” Tampalam is consid-
ered in good conservation condition with presence 
of A. palmata and O. annularis (Argüelles-Jiménez 
et  al. 2020); it is an important site for reproduction 
of commercial fish species such as Goliath Grouper 
Epinephelus itajara (García-Téllez et  al. 2022), and 
the tourism is limited or null. At Pulticub, there is 
a fishing concession and spiny lobster fishery, as 
well as low-impact tourism and some housing areas 
(CONANP 2014).
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The Mexican Caribbean Biosphere Reserve 
(MCBR) was established in 2016 and falls under the 
category “very important” as a Priority Marine Region 
(CONANP 2016). The sites studied in the MCBR were 
Río Indio and Mahahual (Fig.  1 and Table  1), both 
included in the buffer zone of the reserve. Río Indio is 
a preservation subzone; it has a small human settlement 
and low-impact tourism; there are records of red man-
grove and seagrass meadows, and in the reef lagoon, 
there are patches of O. annularis, P. astreoides, and P. 
porites and small coral recruits of Siderastrea radians. 
Mahahual belongs in a public-use subzone; it presents 
high reef complexity compared with reefs further north 
along the Caribbean coast of the Yucatan peninsula 
(Argüelles-Jiménez et  al. 2020). The dominant corals 

are Orbicella and Diploria (CONANP 2016). This is a 
fringing reef with low nutrients (Hernández-Ballesteros 
et al. 2013), high coastal development, and an increase 
in massive tourism (Arriaga-Cabrera et al. 1998).

Field work was conducted in 2022 over three cli-
matic seasons: dry (April 04 to  08th), rainy (August 
16 to  18th), and north-wind season (November 15 to 
 17th).

Description and quantification of cleaner and client 
fishes

The samplings were done in each locality by the 
same team of three observers, once every season; 
observers were previously trained to identify fish and 

Fig. 1  Study sites in the Mexican Caribbean
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shrimp species; unit effort was standardized as clean-
ing interactions per hour-person. We considered two 
zones of the reef: the reef lagoon (2-m depth) with 
snorkel diving and the shallow forereef (~ 8–10 m 
depth) with scuba diving. After locating cleaning sta-
tions, the following data were collected: cleaner and 
client fish species, abundance, length, time of interac-
tion (Arnal and Côté 1998), and presence of lionfish 

in the cleaning stations (Tuttle 2017; Tuttle et  al. 
2021). Fish identification was done with the guide of 
Humann and DeLoach (2014), and the cleaner shrimp 
was corroborated with DeLoach et al. (2019).

The cleaning interactions were documented with 
Sony a6000 and GoPro Hero 9 cameras, provid-
ing evidence for such behaviors as client position, 
“dance,” and body sites where the cleaner fish bit 

Table 1  Degree of conservation and use of coral reef ecosystem of each locality in the southern Mexican Caribbean

Locality Marine protected area 
(MPA)

Degree of  
conservation and 
time declared

Human impact Use of coral reef  
ecosystem

References

Mahahual Mexican Caribbean Low and recent High Tourism development, 
snorkel and scuba 
diving, small fisheries, 
scientific collecting 
and monitoring, cruise 
ships, sand extrac-
tion, interaction with 
mangrove ecosystem, 
wastewater discharge, 
fish spawning aggrega-
tion sites (Nassau 
grouper and parrot-
fishes).

CONANP 2016;
Fulton et al. 2018;
Schmitter-Soto et al. 2018

Río Indio Mexican Caribbean Low and recent Medium Low tourism, small 
human settlement, 
snorkel and scuba 
diving, scientific col-
lecting and monitoring, 
maritime navigation.

CONANP 2016

Pulticub Sian Ka’an High and old Low Sustainable use of 
marine species (spiny 
lobster and commercial 
fishes), small human 
settlement, scientific 
monitoring, snorkel 
and scuba diving, low-
impact tourism.

CONANP 2014

Tampalam Sian Ka’an High and old Low-null Sustainable use of 
marine species and 
small fisheries of 
marine resources 
(spiny lobster and 
commercial fishes), 
scientific and 
citizen monitoring, fish 
spawning aggregations 
sites (Nassau grouper, 
Atlantic Goliath 
grouper) feeding site 
of protected species, 
snorkel and scuba div-
ing, null tourism.

CONANP 2014; Fulton 
et al. 2018
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(see Supplementary Material). Size and ontogeneti-
cal stage of cleaner and client fish were also noted, 
as well as identity and abundance of fishes sur-
rounding the interaction (at ~ 2m, during 5 min).

Structural complexity of the substratum and 
description of cleaning stations

The structural complexity of the substratum was 
evaluated using the methodology of Polunin and 
Roberts (1993), i.e., a 6-point scale: 0, no ver-
tical relief; 1, low and sparse relief; 2, low but 
widespread relief; 3, moderately complex; 4 very 
complex and numerous caves and fissures; and 5, 
exceptionally complex with high coral cover and 
numerous caves and overhangs. As a complement, 
we estimated the percent coverage of live coral, 
dead coral, seagrass, sand, rock, and algae, in ~ 1 
 m2 (Lang et al. 2012). Depth, time of day, and gen-
eral weather conditions (rain and wind) were also 
noted.

Just before or after each dive, temperature, salin-
ity, and pH were measured at ~ 1-m depth using a 
Hanna multiparameter probe model HI98194.

Statistical analysis of data

To compare diversity and other community descrip-
tors, we standardized the sampling effort with rare-
faction curves obtained with EstimateS version 9.10 
(Colwell 2013). These curves were built by site and 
by season.

One-way univariate PERMANOVA (α < 0.05) 
was used to compare the richness of cleaner and 
client fishes by each locality and season. Two-way 
multivariate PERMANOVA (α < 0.05) with simi-
larity index of Bray–Curtis was used to detect dif-
ferences between cleaner and of client fishes by 
locality, season, and the interaction (locality * sea-
son). The program used was PAST version 4.04 
(Hammer et al. 2001).

Networks of cleaning interactions were con-
structed, considering the frequency of cleaning 
events, relative abundance of species, and richness 
of cleaner and client fishes. These were done with 
the function bipartite “plotweb” within the package 
“bipartite” in R version 4.2.1 (R Core Team 2020).

Results

Behavioral observations

We observed three types of poses in client fish: a) 
classic vertical static pose (head up or head down) 
(Fig.  2a), mainly observed in parrotfishes, juvenile 
wrasses, and damselfishes; b) horizontal static pose 
(Fig.  2b), surgeonfishes (Acanthurus chirurgus, A. 
coeruleus, and A. tractus), butterflyfishes (Chae-
todon capistratus, Ch. ocellatus, and Ch. striatus), 
and Yellowtail Damselfish Microspathodon chrysu-
rus; c) horizontal moving pose (Fig. 2c), observed in 
carnivorous fishes such as French Grunt Haemulon 
flavolineatum, Bluestriped Grunt H. sciurus, School-
master Lutjanus apodus, Yellowtail Snapper Ocyurus 
chrysurus, and Guaguanche Sphyraena guachancho. 
Furthermore, Sparisoma viride was observed with the 
vertical static pose between the branches of a gorgon-
ian, the behavior known as “pseudo-cleaning.”

The dance observed in the cleaner fish, Bluehead 
Thalassoma bifasciatum, consisted in the inspection 
to client fish, some signals with dance around the 
cleaning station and finally the cleaning act. Cleaners 
such as sergeant major Abudefduf saxatilis, slippery 
dick Halichoeres bivittatus, broadstripe goby Elacati-
nus prochilos, sharknose goby E. evelynae, juvenile 
French angelfish Pomacanthus paru, juvenile high-
hat Pareques acuminatus, and banded coral shrimp 
Stenopus hispidus did not present dance or specific 
behaviors before or after the cleaning.

Cleaning stations, cleaner, and client fishes

We observed a total of 63 cleaning stations for 42 
person-hours. In the dry season, we located 23 
cleaning stations, 12 of them in Mahahual, eight in 
the reef lagoon reef, and four in the shallow forer-
eef; nine cleaning stations were found in Río Indio, 
two in Pulticub, and none in Tampalam. The mean 
time of cleaning interactions for all localities was 
10.16 s (± 5.48 s). The preferred biting site for the 
cleaner fish was along the sides, with 84%. The 
total abundance of cleaner fishes was 71 individu-
als divided in four species: juvenile A. saxatilis (~ 3 
cm, n = 16), E. prochilos (n = 1), H. bivittatus ini-
tial phase (~ 5 cm, n = 2), and T. bifasciatum (3–5 
cm, n = 52). The latter was dominant in the reef 
lagoon of Mahahual, Río Indio, and Pulticub in its 
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initial phase; in the shallow forereef in Mahahual, 
this same species was dominant, but in the interme-
diate phase (6 cm).

We sighted 56 individuals of client fish in the dry 
season, belonging in 7 families and 19 species. The 
subfamily Scarinae was most abundant (39.3%) and 
frequent (31%) of all client fish (Fig.  3). The mean 
length of client fish was 16.8 cm (± 4.7 cm); 57% 
were adults. Mahahual was the location with most 
cleaning stations the highest richness of client fish, 
with redband parrotfish Sparisoma aurofrenatum 
and striped parrotfish Scarus iseri the major clients 
(Fig. 4), likewise, Río Indio, the dominant client, was 
yellowtail parrotfish Sparisoma rubripinne, followed 
by L. apodus and H. flavolineatum (Fig. 5). Pulticub 
had only three client fish: A. saxatilis, S. rubripinne, 
and S. viride (Fig. 6). Finally, in Tampalam, we did 

not observe any cleaning interaction, although poten-
tial cleaner species were present.

In the rainy season, nine cleaning stations were 
found: six in Mahahual, three in Pulticub, and none 
in Río Indio (Tampalam could not be visited), all only 
in the reef lagoon zone (Fig. 7). The mean duration 
of cleaning interactions was 4.0 s (± 2.0 s). The pre-
ferred bite site was along the sides, with an incidence 
of 91%. Only two cleaner species were recorded in 
this season: juvenile A. saxatilis (3 cm, n = 4) and T. 
bifasciatum in the initial phase (~ 3 cm, n = 23); T. 
bifasciatum was dominant in Mahahual and Pulticub. 
Both cleaner fishes were seen in Río Indio, but there 
was no cleaning interaction. The abundance of client 
fish was 15 individuals, in 6 families and 8 species; 
S. aurofrenatum and Ch. capistratus had the high-
est cleaning frequency with a 45%. H. flavolineatum 

Fig. 2  Types of poses in 
client fishes: a classic verti-
cal static pose (head up or 
head down), b horizontal 
static pose, and c horizontal 
moving pose
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and S. rubripinne were the dominant client fishes at 
Mahahual (Fig. 8), whereas for Pulticub three client 
fishes were observed, with only one individual each: 
Canthigaster rostrata, Ch. capistratus, and S. aurof-
renatum (Fig. 9). The mean body size of client fishes 
was 14.9 cm (± 9.9 cm).

Finally, for the north-wind season, 31 cleaning sta-
tions were found: 10 in the Mahahual reef lagoon, 10 
in the Mahahual shallow forereef, and 11 in the shal-
low forereef of Río Indio; none was found in Pulti-
cub and Río Indio reef lagoon, and again Tampalam 
was not accessed. The mean duration of each cleaning 
event was 9.6 s (± 6.9 s). The bites of the cleaners 
were 81% along the sides of the client pectoral fins 
15%, and there were some bites in the head, gills, 
and tail fin, with 1% each. In this season, six cleaner 
species were recorded (Fig. 5): E. evelynae (1 cm, n 
= 2), juvenile H. bivittatus (~ 10 cm, n = 3), juve-
nile P. acuminatus (4 cm, n = 1), juvenile Pomacan-
thus paru (10 cm, n = 1), the banded coral shrimp 

S. hispidus (n = 1), and juvenile T. bifasciatum (1–15 
cm, n = 135). The latter was the only cleaner in 
Mahahual shallow forereef and dominant in Río Indio 
shallow forereef and Mahahual reef lagoon, although 
in the latter the diversity of cleaner was higher. We 
observed 102 individuals of client fishes, belonging 
in 9 families and 21 species. In this season, the cli-
ent fishes with greater cleaning frequency were A. 
coeruleus and bicolor damselfish Stegastes partitus 
(Fig. 10); there was a reduction in the parrotfish cli-
ents and an increase in the diversity of client fishes in 
general. The client fishes frequent (38%) and domi-
nant in Mahahual reef lagoon were adults of White 
Grunt Haemulon plumierii and H. flavolineatum; in 
Mahahual shallow forereef the dominant client fish 
was Blue Chromis Azurina cyanea (Fig. 11); and in 
Río Indio shallow forereef, Acanthurus tractus and S. 
iseri (Fig. 12).

Specifically, the presence of lionfish interacting 
in cleaning stations was not seen. However, lionfish 

Fig. 3  Interaction cleaning network in reefs of the southern Mexican Caribbean, dry season. Lines indicate cleaner–client interac-
tion; line width is proportional to cleaning observed frequency
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was part of the visual census of coral reef fish com-
munity in Mahahual and Río Indio in all climatic 
seasons.

Statistical analysis

There were clear differences in richness of client 
fishes by season and locality (Table 2). Specifically, 
Mahahual and Río Indio were different to Pulticub 
(Table 3).

The same occurred with the richness of cleaner 
species, by seasons and by locality, as well as the 
interaction between season and locality (Table  2). 
Again, Pulticub was different to Mahahual and Río 
Indio (Table 3).

Cleaning stations attributes and environmental 
variables

In general, the structural complexity and types of bot-
toms were different by season, locality, and reef zone.

In the dry season, the structural complexity of 43% 
of the cleaning stations was category 2, 39% category 
3, and 17% in level 4; massive corals were dominant, 
with 20% of the total substrate, followed by dead 
coral and sand, with 18% each, algae with 17%, and 
other substrates with 27% (Table 4).

In the rainy season, 56% of the cleaning stations 
were in level 2, 22% in category 4, 11% in level 1 and 
11% in level 3, while the benthos composition was 
31% sand, 21% algae, 16% sponges, 13% dead coral, 
and 18% other substrates (Table 5).

Fig. 4  Interaction cleaning network in Mahahual reef lagoon and shallow forereef, dry season. Lines indicate cleaner–client interac-
tion; line width is proportional to cleaning observed frequency
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Fig. 5  Interaction cleaning network in Río Indio reef lagoon, dry season. Lines indicate cleaner–client interaction; line width is pro-
portional to cleaning observed frequency

Fig. 6  Interaction cleaning network in Pulticub reef lagoon, dry season. Lines indicate cleaner–client interaction; line width is pro-
portional to cleaning observed frequency
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In the north-wind season, 52% of cleaning stations 
were in category 3, 29% in level 2, and 6% in level 4. 
The bottom was covered by live coral (37%), soft cor-
als (20%), algae (16%), and sand 11% (Table 6).

The environmental variables did not show wide 
variation by season and locality. The mean tempera-
ture for the dry season was 29.0 °C ± 1.3 °C, rainy 
season 29.7 °C ± 1.0 °C, and north-wind season 30.4 
°C ± 1.6 °C. The salinity was constant for the three 
seasons, with 32.8 to 34.4 psu. The lower pH values 
were in the rainy season, coinciding with the mas-
sive arrival of Sargassum blooms.

Discussion

We did not design our sampling to compare the meth-
ods of snorkel vs. scuba diving. However, by any 
method, the cleaner and client fishes continued their 
interaction even if the observer came as close to them 
as 30–40 cm. This result coincides with findings by 
Giglio et al. (2020).

The cleaner and client fishes in the southern Mex-
ican Caribbean are affected by spatial and temporal 

factors such as season and degree of conservation 
(time since establishment as MPA). In contrast 
to the original hypothesis, we did not observe 
any cleaning stations at the site with the longest 
time since establishment as MPA, with the high-
est degree of conservation and good coral health, 
whereas the sites with more recent protection and 
stronger effects of tourism and coastal development 
had a greater diversity of cleaner and client fishes 
and cleaning stations. In general, we concur with 
Arnal et  al. (1999), who infer a tendency towards 
higher activity of cleaning and major ectopara-
sites availability in sites with tourism impact, some 
degree of degradation and wastewater discharge, 
such as Mahahual and Río Indio (Arias-González 
et  al. 2017; Schmitter-Soto et  al. 2018; Camacho-
Cruz et  al. 2020). The reason is that these condi-
tions increase the probability that the client fishes 
have a high ectoparasite loading (Sasal et al. 2005) 
and the propagation of bacterial diseases (Narvaez 
et al. 2021) through the contact with cleaner fishes, 
for instance the black-spot syndrome (BSS) seen 
in Mahahual. Moreover, Cheney and Côté (2005) 
emphasized that the natural variability of cleaning 

Fig. 7  Interaction cleaning network in reefs of the southern Mexican Caribbean, rainy season. Lines indicate cleaner–client interac-
tion; line width is proportional to cleaning observed frequency
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Fig. 8  Interaction cleaning network in Mahahual reef lagoon, rainy season. Lines indicate cleaner–client interaction; line width is 
proportional to cleaning observed frequency

Fig. 9  Interaction cleaning network in Pulticub reef lagoon, rainy season. Lines indicate cleaner–client interaction; line width is 
proportional to cleaning observed frequency
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symbioses drives temporal and geographical varia-
tion in ectoparasite abundance.

The cleaner fishes of Mesoamerican Reef Sys-
tem are voracious predators of ectoparasites (Grut-
ter 1999), especially in Mahahual and Río Indio, the 
localities with more recent protection, with higher 
tourism in the former, where the largest diversity of 
cleaner and client fish species was reported; further-
more, fishes with ectoparasites on the cheek or the 
operculum were observed only in Mahahual. The 
presence of ectoparasite on the client fishes is a signal 
of local pollution (Sasal et al. 2007); high variation of 
temperature and salinity are important for the parasite 

specificity to their host, and environmental stressors 
can also increase the parasite community (Sikkel 
et al. 2000; Sasal et al. 2007).

The lack of cleaning interactions at Tampalam, 
however, could be due to sampling effort. Several 
authors (Arnal and Côté 1998; Sazima et  al. 1999; 
Whiteman and Côté 2002; Dunkley et al. 2019) have 
found that cleaner gobies are frequent on live and 
healthy coral heads of Siderastrea siderea, Mon-
tastraea cavernosa, Colpophyllia natans, Orbicella 
annularis, and Agaricia agaricites; the cleaning sta-
tions observed in our study were found on massive 
corals, sand, algae, sponges, and dead coral. The 

Fig. 10  Interaction cleaning network in reefs of the southern Mexican Caribbean, north-wind season. Lines indicate cleaner–client 
interaction; line width is proportional to cleaning observed frequency
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exception was observed in the Mahahual and Río 
Indio shallow forereefs, where the cleaning stations 
occurred on heads of Orbicella faveolata and soft 
corals.

Without cleaner fishes, coral reefs face a decrease 
in the richness, abundance, and length of client fishes 
(Limbaugh 1961; Waldie et al. 2011) or even the dis-
appearance of some species (Limbaugh 1961). This 
was corroborated in the Río Indio reef lagoon, where 
there was a considerable decrease of cleaner and cli-
ent fishes during the rainy season. These changes on 
the fish community could be explained by stochastic 
and deterministic processes that affect fish at local 
scale (Grutter et  al. 2003), for instance the coinci-
dence with the Sargassum massive arrival on the 
coastline. Currently, there is no information about the 
effect of this macroalga on the cleaning interactions 

in situ; however, the effects of brown tide, such as 
darkened color of the water, higher organic matter 
content in the bottom, stress on coral and seagrass, 
increased epiphyte cover, and mortality of fauna (van 
Tussenbroek et al. 2017) are all consequences of Sar-
gassum that possibly affected the cleaner and client 
fishes. Three months after our first sampling in the 
Río Indio reef lagoon, the cleaner T. bifasciatum dis-
appeared, and the diversity and abundance of poten-
tial client fishes decreased notably, besides a struc-
tural change in benthos (pers. obs.); perhaps cleaner 
and client fishes moved toward colder waters and 
with less turbidity.

Multiple studies have demonstrated than gob-
ies are quintessential cleaners for the Caribbean 
(Arnal and Côté 1998; Arnal et al. 2000; Soares et al. 
2007; Dunkley et al. 2019); however, in the southern 

Fig. 11  Interaction cleaning network in Mahahual reef lagoon and shallow forereef, north-wind season. Lines indicate cleaner–client 
interaction; line width is proportional to cleaning observed frequency
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Mexican Caribbean reefs the dominant and most 
abundant cleaner is T. bifasciatum. The bluehead 
wrasse has advantages as a cleaner, for instance its 
vivid colors, which make it a striking species to client 
fishes (Bellwood et al. 2020), as a “cleaning service 
signal” (Cheney et  al. 2009); high visual resolution 

(McFarland 1991); high mobility; and a variety of 
behavioral and morphological adaptations (Baliga 
and Law 2016).

Halichoeres bivittatus overlaps in ecological func-
tional niche with T. bifasciatum, which is beneficial 
for H. bivitattus, because of the shelter that it finds 

Fig. 12  Interaction cleaning network in Río Indio shallow forereef, north-wind season. Lines indicate cleaner–client interaction; line 
width is proportional to cleaning observed frequency

Table 2  Results of the 
PERMANOVA (Bray–
Curtis index) of the client 
and cleaner species

Factor df SS MS F p value

Client fishes Season 2 1.1619 0.5809 7.6959 0.0002*
Locality 2 2.2822 1.1411 15.116 0.0001*
Interaction 4 − 1.7081 − 0.42702 − 5.6567 1
Residual 54 4.0764 0.075489
Total 62 5.8124

Cleaner species Season 2 0.8187 0.4093 15.674 0.0001*
Locality 2 0.7644 0.3822 14.634 0.0001*
Interaction 4 0.1788 0.0440 1.7118 0.0001*
Residual 54 1.4103 0.0260
Total 62 3.1723
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among bluehead juveniles. Both species are morpho-
logically similar, in fact the coloration patterns are 
identical in the initial growth phase. Côté and Brandl 
(2021) concluded than the differences among wrasse 
cleaners lie in the cleaning intensity and the habitat 
preferences, although H. bivittatus was more frequent 
in bottoms with low and sparse relief, such as sea-
grass meadows or sand.

The low cleaning activity by gobies Elacatinus 
prochilos and E. evelynae compared to other studies 
(Darcy et al. 1974; Whiteman and Côté 2002; Soares 
et al. 2007; Dunkley et al. 2019) could be due to their 
reported client fishes being mainly piscivores: in the 

last decade, this trophic guild has decreased in the 
region (Schmitter-Soto et al. 2018). Furthermore, the 
ecotypes of Elacatinus associated with coral-dwelling 
with cleaning function were uncommon compared 
with those reported in the Antilles (Côté and Soares 
2011; Dunkley et al. 2019; Xavier et al. 2019), depth 
variation being an important factor to consider (John-
son and Ruben 1988).

Invasive lionfish Pterois volitans is a voracious 
predator of native cleaner species such as T. bifascia-
tum, H. bivittatus, Abudefduf saxatilis, and juveniles 
of such client fish as parrotfishes (Valdez-Moreno 
et al. 2012; Anton et al. 2016); therefore, the presence 
of P. volitans in the cleaning stations directly alters 
the dynamics between native cleaner and client fishes 
(Tuttle 2017).

Reef size and availability of shelter are essential 
for the density of cleaner fishes (Youngbluth 1968; 
Johnson and Ruben 1988; Arnal et  al. 1999). Varia-
tion in the structural complexity around our cleaning 
stations and the different bottom types explain the dif-
ferences among localities and reveal distinct habitat-
associated species patterns (Núñez-Lara and Arias-
González 1998). For instance, Stegastes partitus and 
T. bifasciatum were observed interacting in the same 
habitat in Mahahual shallow forereef; S. partitus 
is not a cleaner, but it has been reported to regulate 

Table 3  Results of PERMANOVA (Bray–Curtis index) with 
pairwise comparisons of client and cleaner species richness by 
locality and season. The numbers are p values (significant dif-
ferences, in bold)

Factor Client fishes Cleaner species

Localities Pulticub Río Indio Pulticub Río Indio

Mahahual 0.0001* 0.4377 0.0004* 0.7907
Pulticub 0.001* 0.0005*
Season Rainy North-wind Rainy North-wind
Dry 0.0138* 0.066 0.0001* 0.0059*
Rainy 0.00005* 0.0001*

Table 4  Cleaning stations attributes and environmental variables divided by locality and reef zone, dry season. The nd means that 
there was no cleaning stations

Dry season

Locality Mahahual Río Indio Pulticub Tampalam

Reef zone Reef lagoon Shallow forereef Reef lagoon Reef lagoon Reef lagoon

Cleaning station 
attributes

Structural complexity 0–6-point 
scale (%)

2 (38%) 2 (50%) 2 (56%) 2 (50%) nd
3 (38%) 3 (50%) 3 (33%) 3 (50%)
4 (25%) 4 (11%)

Bottom type (%) Live coral 25 18 17 25 nd
Dead coral 11 23 18 35
Algae 0 35 19 0
Sand 23 0 24 0
Seagrass 15 0 11 0
Sponge 0 24 0 0
Soft coral 0 0 0 20
Others 26 0 11 20

Environmental vari-
ables

Temperature (°C) 28.5 27.9 31.0 31.0 28.4
Salinity (psu) 34.4 34.3 34.3 34.3 34.4
pH 8.7 8.1 7.8 7.7 8.2
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access to client fishes or predators (Arnal and Côté 
1998; Dunkley et  al. 2023), a mutualist cooperation 
with the wrasse.

Depth has an important role in coral reef fish 
assemblages (Johnson and Ruben 1988; Arnal et al. 
1999). We observed the planktivorous guild only in 

the shallow forereef at Mahahual, with higher abun-
dance of species such as Azurina cyanea, Clepticus 
parrae, and Melichthys niger. There is as well a 
temporal variation of cleaner and client fishes due 
to their reproductive cycles, where the availabil-
ity of resources, nictemeral cycles, environmental 

Table 5  Cleaning stations attributes and environmental variables divided by locality and reef zone, rainy season. The nd means that 
there wasn’t cleaning stations

Rainy season

Locality Mahahual Río Indio Pulticub

Reef zone Reef lagoon Reef lagoon Reef lagoon

Cleaning station attributes Structural complexity 0–6-point scale (%) 1 (17%) nd 2 (33%)
2 (67%) 4 (67%)
3 (17%)

Bottom type (%) Dead coral 0 nd 29
Algae 27 0
Sand 41 15
Seagrass 0 23
Sponge 24 0
Rock 0 14
Others 8 19

Environmental variables Temperature (°C) 30.6 30.0 28.5
Salinity (psu) 34.1 34.4 33.2
pH 7.8 7.9 7.8

Table 6  Cleaning stations attributes and environmental variables divided by locality and reef zone, north-wind season. The nd 
means that there wasn’t cleaning stations

North-wind season

Locality Mahahual Río Indio Pulticub

Reef zone Reef lagoon Shallow forereef Reef lagoon Shallow forereef Reef lagoon

Cleaning station 
attributes

Structural complexity
0–6-point scale (%)

2 (30%) 2 (10%) nd 2 (45%) nd
3 (60%) 3 (50%) 3 (45%)
4 (10%) 4 (40%) 4 (10%)

Bottom type (%) Live coral 8 60 nd 42 nd
Dead coral 9 0 0
Algae 10 12 25
Sand 21 8 0
Seagrass 9 0 0
Sponge 0 0 0
Soft coral 29 10 22
Others 16 11 11

Environmental 
variables

Temperature (°C) 29.3 29.3 32.2 28.8 31.3
Salinity (psu) 34.0 34.0 29.5 34.0 33.8
pH 8.2 8.2 8.4 7.5 8.2
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variables, and local geomorphology (Toro-Ramírez 
et al. 2017) explain the assemblage changes of coral 
reef fishes. During the north-wind season, repro-
ductive harems of T. bifasciatum and parrotfishes 
were observed in Mahahual.

Secondary or incidental juvenile cleaners such as 
Pomacanthus paru and Pareques acuminatus were 
observed, a first record of them acting as cleaners 
to adult high-hat P. acuminatus in the Mexican Car-
ibbean. These cleaner species are considered inci-
dental or secondary because only 20% of their diet 
are ectoparasites removed from other fish (DeLoach 
et  al. 2019). Specifically, French angelfish P. paru 
has a wide range of fish clients in the Western 
Atlantic, such as cryptobenthic fish (Sampaio et al. 
2017), groupers, jacks, morays, triggerfish (Sazima 
et al. 1999), or squirrelfish (Morais et al. 2017). In 
this study, P. paru was observed for the first time 
as a cleaner of Guachancho Barracuda and White 
Grunt. Other facultative cleaner fishes reported for 
the Caribbean were observed (Côté 2000; DeLoach 
et  al. 2019): such as Spanish hogfish Bodianus 
rufus, Royal Gramma Gramma loreto, queen angel-
fish Holacanthus ciliaris, and spotted drum Eque-
tus punctatus, furthermore, cleaner crustaceans as 
Stenorhynchus seticornis (Medeiros et al. 2011) and 
Stenopus hispidus (Limbaugh et al. 1961).

In general, the presence and density of cleaning 
stations, cleaner, and client fishes of the southern 
Mexican Caribbean vary according to season and the 
degree of conservation (time since establishment as 
MPA) of each locality. Sites with tourism and anthro-
pogenic impacts were a hotspot of ectoparasites and, 
therefore, a greater diversity of cleaner and client 
fishes with unique behaviors. Local monitoring of 
water quality and environmental variables that affect 
these crustaceans is important; however, regional 
effects are perhaps more important to consider, espe-
cially the ever greater seasonal arrival of Sargassum.
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