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Abstract
Cleaning behavior is a well-known example of trophic specialization that is widespread in marine organisms from both tropi-
cal and temperate ecosystems. Cleaner species can be more or less specialized in different aspects of cleaning interactions, 
and it is often assumed that the more specialized cleaners are, the more they rely on clients for food. However, cleaners can 
consume different items in different sites, and the factors influencing such variation are still poorly understood. Here, we 
investigated the diet and distribution of the barber goby Elacatinus figaro across marginal reefs of the Brazilian coast. We 
evaluated E. figaro’s reliance on cleaning interactions for food and asked whether its diet and abundance corresponded to 
the availability of ectoparasites and/or clients. The diet of E. figaro varied across sites, but ectoparasite reliance was similar 
and did not correspond to client’s infestation loads. Moreover, the density of E. figaro did not correlate with the density or 
richness of potential clients. These support the hypothesis that E. figaro is less reliant on cleaning interactions for food than 
other cleaning goby species and suggest a high feeding and behavioral plasticity in marginal reefs. This study also highlights 
that the current dichotomous classification scheme of dedicated versus facultative cleaners fails to capture the subtle nuances 
of cleaning behavior and should therefore be used with caution in future comparative studies.

Introduction

Marine animals have evolved a great diversity of trophic 
specializations and strategies, some involving complex 
behaviors and communication, like in the fascinating clean-
ing interactions. During these interactions, smaller organ-
isms, known as cleaners, consume ectoparasites from the 
body surface of larger organisms, known as clients (Côté 
2000; Vaughan et al. 2016). Cleaners are often classified 
into dedicated (more specialized) or facultative (less spe-
cialized) species according to their level of specialization 
in cleaning interactions (Côté 2000; Vaughan et al. 2016). 
One important criterion for determining a cleaner species’ 
specialization is how much they rely on cleaning interactions 
for food (Côté 2000), but this has only been investigated in 
a limited number of cleaner species (Grutter 1997, 1999; 
Arnal 2000; Oates et al. 2012; Narvaez et al. 2015; Morado 
et al. 2019). Moreover, the reliance of cleaners on clean-
ing interactions varies within and between species (Grutter 
1997, 2000; Whiteman and Côté 2002; White et al. 2007; 
Dunkley et al. 2020) making it difficult to classify cleaners 

Responsible Editor: D. Goulet.

Reviewers: V. Baliga and an undisclosed expert.

 *	 Renata Mazzei 
	 renata.mazzei@gmail.com

1	 Programa de Pós‑Graduação em Ecologia, Universidade 
Federal do Rio de Janeiro, Rio de Janeiro, RJ 21941‑902, 
Brazil

2	 Reef Fish Ecology and Conservation Lab, Universidade 
Federal Fluminense, Niterói, RJ 24210‑201, Brazil

3	 Present Address: Department of Ecology, Evolution, 
and Environmental Biology, Columbia University, New York, 
NY 10027, USA

4	 Instituto do Mar, Universidade Federal de São Paulo, Santos, 
SP 11070‑100, Brazil

5	 Departamento de Parasitologia Animal, Universidade 
Federal Rural do Rio de Janeiro, Seropédica, 
Rio de Janeiro 23851‑970, Brazil

6	 CIBIO/InBIO, Centro de Investigação em Biodiversidade 
e Recursos Genéticos da Universidade do Porto, 
4485‑661 Vairão, Portugal

http://orcid.org/0000-0001-5370-4528
http://orcid.org/0000-0002-9959-064X
http://orcid.org/0000-0003-4960-4502
http://orcid.org/0000-0003-3515-1127
http://orcid.org/0000-0002-5213-2377
http://orcid.org/0000-0002-4311-0491
http://crossmark.crossref.org/dialog/?doi=10.1007/s00227-021-03856-5&domain=pdf


	 Marine Biology (2021) 168:64

1 3

64  Page 2 of 11

based on their levels of specialization and to identify their 
functional relevance throughout their distributions.

One of the main factors influencing how much cleaners 
rely on cleaning interactions for food is the level of ectopar-
asite infestation in clients. Clients with high ectoparasite 
load visit cleaning stations more frequently (Sikkel et al. 
2000, 2004; Arnal et al. 2001; Soares et al. 2007), increas-
ing the availability of client-gleaned materials as potential 
food for cleaners (Grutter 1997; Cheney and Côté 2005). 
In contrast, when ectoparasite loads are low, the costs of 
searching for cleaning stations can exceed the benefits of 
ectoparasite removal (Cheney and Côté 2001), leading to 
fewer visits from clients (Arnal and Morand 2001; Bansemer 
et al. 2002) and less client-gleaned materials available for 
cleaners. In such cases, cleaners must use different strategies 
to meet their nutritional requirements. For example, in sites 
with low ectoparasite infestation, some cleaners increase the 
consumption of mucus and scales (Grutter 1997; Arnal et al. 
2001; Bansemer et al. 2002; Cheney and Côté 2005) while 
others diversify their diet and feeding strategies ingesting 
food items not derived from cleaning interactions (White-
man and Côté 2002; White et al. 2007; Dunkley et al. 2020).

Cleaning gobies (family Gobiidae) from the genus Ela-
catinus are ideal models for investigating how ectoparasite 
infestation variation affects the feeding strategy of cleaners. 
These gobies exhibit intra- and interspecific variability in 
how much they rely on ectoparasites for food (Whiteman 
and Côté 2002; Cheney and Côté 2005), and some species 
adopt a noncleaning habit as adults, usually associated with 
the use of barrel sponges (Whiteman and Côté 2004; White 
et al. 2007). Although there is evidence that ectoparasite 
infestation is the main factor determining the feeding strat-
egy of cleaning gobies (Cheney and Côté 2005), only a 
few studies have directly measured the relationship among 
ectoparasite ingestion, ectoparasite infestation and the abun-
dance of cleaners and clients in the same location. Moreover, 
most studies focused on cleaning gobies in the Caribbean, 
whereas not much is known about cleaning gobies distrib-
uted in other regions (but see Francini-Filho and Sazima 
2008; Campos and Sá-Oliveira 2011; Quimbayo et al. 2017, 
2018; Quimbayo and Zapata 2018). In particular, studies 
with cleaning gobies inhabiting marginal reefs, where envi-
ronmental conditions, like temperature, salinity, and nutrient 
levels fluctuate more than in typical coral reefs (Kleypas 
et al. 1999; Perry and Larcombe 2003), could clarify how 
cleaners adjust their feeding behavior to variable environ-
mental conditions.

Here, we aimed to fill this gap by investigating the diet 
and abundance of the Brazilian endemic barber goby Ela-
catinus figaro Sazima, Moura and Rosa 1997 in marginal 
reefs along the Brazilian coast. Some studies have classi-
fied this cleaner as dedicated, due to its committed mode 
of cleaning lifestyle throughout ontogeny (Vaughan et al. 

2016), while others have classified it as facultative, based 
on its ability to occasionally adopt a noncleaning lifestyle 
(Côté and Soares 2011; Baliga and Mehta 2019; Huie et al. 
2020). The noncleaning lifestyle only seems to occur in very 
particular circumstances (when occupying barrel and tubular 
sponges in deeper reefs, Rocha et al. 2000) and for the larg-
est part of the shallow distribution of E. figaro, we are still 
unaware of how much they rely on cleaning for food. Previ-
ous studies have shown that the daily number of interactions 
between E. figaro and its clients varies across different sites 
on the Brazilian coast (Sazima et al. 2000; Campos and Sá-
Oliveira 2011). This indicates that E. figaro may adjust its 
feeding strategy to the availability of ectoparasites and/or 
clients at different sites. Therefore, we asked the following: 
(i) what does E. figaro eat at different sites on the Brazilian 
coast, (ii) do their diet and abundance correspond to the 
availability of ectoparasites and/or clients in each reef site, 
and (iii) how specialized in cleaning behavior is this spe-
cies? We predict that the reliance of E. figaro on cleaning 
interactions for food will be closely linked to the availability 
of ectoparasites or clients along the Brazilian coast and that 
its cleaning specialization level should be similar to that of 
other cleaning goby species.

Material and methods

Study area

The Brazilian marginal reefs are overall more variable in 
terms of abiotic and biotic factors (e.g., sedimentation, 
Castro et al. (2012); visibility, Maida and Ferreira (1997); 
productivity, Ferreira et al. (1998) and Coelho-Souza et al. 
(2012); and temperature, Ferreira et al. 2004; Morais et al. 
2017) than the typical coral reefs in the Caribbean and the 
Indo-Pacific (Spalding et al. 2001). We selected three Brazil-
ian marginal reef sites, separated by a minimum of 600 up to 
1,700 km from each other, to best represent the diversity of 
habitats and conditions occupied by Elacatinus figaro along 
the Brazilian coast (Fig. 1). Maragogi (9° 01′ S; 35° 11′ W) 
and Salvador’s (12° 48′ S; 38° 34′ W) reefs are of biogenic 
or sandstone origins (Leão and Dominguez 2000), have a 
higher relative coral cover (Aued et al. 2018), and warmer 
waters (Palmeira et al. 2015), being more similar to typical 
tropical coral reefs. In contrast, Arraial do Cabo’s (22°58′S; 
42°00′W) rocky reefs have a lower relative coral cover (Aued 
et al. 2018) and are seasonally enriched by colder upwelling 
waters (Ekau and Knoppers 1999), being thus a typical sub-
tropical reef. We sampled three similar reefs at each site 
and divers simultaneously collected data and specimens for 
the analyses of E. figaro diet, availability of ectoparasite in 
clients, and density of E. figaro and its potential clients. We 
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collected the data in March 2012 for Salvador and Maragogi 
and June 2012 for Arraial do Cabo.

Diet composition

We collected seventy specimens of E. figaro for diet analy-
sis (23 in Maragogi, 25 in Salvador, and 22 in Arraial do 
Cabo, mean depth = 5 ± 2 m). We collected each fish using 
hand nets and a clove oil and ethanol solution (1:4) and 
preserved the specimens in 75% alcohol up to 1 h after 
collection. We measured the total length (LT) and standard 
length (LS) of each fish to the nearest millimeter. We dis-
sected fish guts under a binocular microscope and exam-
ined the full gut content of each specimen on a Petri dish 
placed above mesh grids. We sexed the individuals by vis-
ually inspecting the gonads. As individual food items had 
similar size and area, and relative cover can underestimate 
food items’ abundance (Baker et al. 2014), we counted 
each identifiable item found in the stomachs to calculate 
the percentage of contribution of food items to diet. Food 
items were identified to the lowest taxonomic level pos-
sible and classified into the following categories: gnathiids 
(parasitic isopods larvae), caligids (parasitic copepods), 
cyprid larvae (free-living cyprid larvae), copepods (mainly 

free-living harpacticoid), scales, gastropods, diatoms, 
sand, and nonidentified (nonidentified crustaceans).

Ectoparasite availability

Three species of reef fish were selected for ectoparasite 
load assessment: Sparisoma axillare (Steindachner 1878) 
(family Labridae), Acanthurus bahianus Castelnau 1855 
(family Acanthuridae), and Stegastes fuscus (Cuvier 
in Cuvier and Valenciennes 1830) (family Pomacentri-
dae). We chose these species because they are abundant 
and widely distributed on the Brazilian coast (Floeter 
et al. 2001; Ferreira et al. 2004) and frequent clients of 
E. figaro (R. Mazzei, unpubl. data; Sazima et al. 2000). 
In each site, we collected 10 to 20 individuals (Online 
resources, Tab.1s) with spear guns and immediately placed 
them in hermetically sealed plastic bags. We then soaked 
each specimen for 10 min in containers filled with tap 
water, and gently brushed their entire body surface, gills, 
and fins (Sikkel et al. 2004; Soares et al. 2007). We fil-
tered all fluids with a plankton net (50 µm mesh size) and 
preserved the ectoparasites in 70% alcohol (Sikkel et al. 
2004; Soares et al. 2007). We identified the ectoparasites 
under a binocular microscope to the lowest taxonomic 
level. Identified parasites were separated into the follow-
ing taxonomic categories: Subclass Copepoda (families 
Caligidae and Bomolochidae: genus Orbitacolax), Class 
Monogenea (genus Neobenedenia), Phylum Mollusca 
(Class Gastropoda), Order Isopoda (family Gnathiidae 
and other nonidentified Isopods), Subclass Digenea, Order 
Amphipoda, and Phylum Acanthocephala.

Elacatinus figaro and client densities

We assessed the distributional patterns of E. figaro and its 
potential clients by conducting replicated visual census (26 
in Maragogi, 55 in Salvador, and 32 in Arraial do Cabo) 
using 20 × 2 m strip transects while scuba diving (cf. Floeter 
et al. 2007). All other reef fishes were identified to the spe-
cies level and counted along the same transects. We consid-
ered all species counted in the transects as potential clients, 
as there is no evidence that E. figaro does not interact with 
these species. In addition, because visual census methods 
usually underestimate the abundance of cryptobenthic spe-
cies (Willis 2001), and E. figaro is often found sheltered in 
small crevices (personal observation), another diver con-
ducted a separate set of transects, in the same reefs, count-
ing exclusively E. figaro (N = 20 in Maragogi, 20 in Salva-
dor, and 39 in Arraial do Cabo). In these transects, we also 
counted the number of cleaning stations per transect and the 
number of cleaners per cleaning station.

Fig. 1   Map of Brazilian coast with indications of the study sites
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Data analysis

Diet composition and reliance on ectoparasites

We tested for differences in the reliance of E. figaro on 
ectoparasites (gnathiid isopods + caligid copepods) across 
sites by using a binomial Generalized Linear Model 
(GLM) performed with the glm function from the package 
stats (R Core Team 2020). The model included the pro-
portion of ectoparasites in E. figaro’s diet as the depend-
ent variable, and site of capture (Maragogi, Salvador or 
Arraial do Cabo), sex, size (total body length) and their 
interactions as independent factors. The significance of 
the main factors and all interactions were obtained with 
the function Anova from package car (Fox and Weisberg 
2019) and post hoc comparisons were performed with 
the function lsmeans from the package lsmeans (Lenth 
2016). Visual inspection of residuals plotted against fitted 
values (plot function) indicated little evidence of depar-
ture from binomial model assumptions. We also tested 
whether the whole diet composition varied among sites by 
using a Permutational Multivariate Analysis of Variance 
(PERMANOVA). Dissimilarity matrices were calculated 
using Bray–Curtis distances and permutational tests were 
performed using the adonis function from the package 
vegan (Oksanen et al. 2013). To better visualize the diet 
similarity across sites, we used the function metaMDS, 
from the package vegan (Oksanen et al. 2013) set with 
the Bray–Curtis distance method. The polygons overlaid 
on the nMDS plots were based on convex hulls calculated 
using the chull function from package grDevices (R Core 
Team 2020).

Ectoparasite availability

To test for differences in the general availability of 
ectoparasites across sites and client species, we calcu-
lated the prevalence (percentage of hosts infected by any 
ectoparasite in the sampled population), the intensity of 
infestation (total number of parasites per infected host), 
and density of ectoparasites (total number of parasites 
per gram of host) for each site and client species (Bush 
et al. 1997). Parasite prevalence was compared across sites 
and species using the G test for heterogeneity from the 
package RVAideMemoire (Hervé 2017). We corrected P 
values for multiple comparisons using Bonferroni correc-
tion. The weight of client species was compared among 
sites using an Analysis of Variance from the package 
stats (R Core Team 2020). Because the weight of cap-
tured clients significantly differed across sites and species 
(Online resources, Tab.1s) we tested for differences in the 

density of ectoparasites (number of parasites per gram of 
host) using a linear model performed with the function lm 
from package stats (R Core Team 2020). For this model, 
we used a logarithmic transformation on the dependent 
variable to meet the model assumptions. We used weight 
instead of size for calculating the density of ectoparasites 
because the former better represents the fish body volume 
and health condition (Froese 2006) and therefore is more 
likely to be a limiting factor for parasite settlement than 
the latter. We assessed the validity of the model by visu-
ally inspecting the residual’s homogeneity and normality. 
We estimated the significance of independent variables by 
using the function Anova from package car (Fox and Weis-
berg 2019) and performed post hoc comparisons using 
the function lsmeans from the package lsmeans (Lenth 
2016). Finally, we used the adonis and metaMDS func-
tions, as above, to test and visualize potential differences 
in ectoparasites categories across sites and species.

Elacatinus figaro and client densities

To test whether the density of E. figaro was positively cor-
related with the density of potential clients, we used a nega-
tive binomial GLM, performed with the function glm, using 
the same procedure as above. We included the density of 
E. figaro (number of individuals per 40 m2) as dependent 
variable and site, the density of potential clients (number 
of all other reef fish individuals per 40 m2), the richness of 
potential clients (number of all other reef fish species per 40 
m2) and their interactions as independent factors. Finally, 
we used the data from the surveys performed exclusively to 
count E. figaro and cleaning stations (see above method sec-
tion) for testing whether the density of E. figaro, density of 
cleaning stations (cleaning stations per m2), and the number 
of individuals per cleaning station differed across sites. For 
these analyses, we used a negative binomial, Poisson, and 
mixed-effects Poisson GLMs, respectively, using the same 
procedure as above. In the mixed effect model, transects 
were included as a random factor. All analyses were per-
formed with the R software (R Core Team, 2020).

Results

We found that the reliance of Elacatinus figaro on ectopara-
sites (contribution of Gnathiids + Caligids) significantly dif-
fered among sites (Fig. 2, LR Chisq = 7.17, p = 0.02), but 
was not significantly influenced by the sex (LR Chisq = 0.02, 
p = 0.86) or size (LR Chisq = 1.59, p = 0.20) of individuals. 
Furthermore, we found no significant interactions across 
factors (Online Resources: Tab. 2 s). However, differences 
among sites were diluted in posthoc pairwise comparisons, 
probably because the effect of site, which indicated a higher 
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consumption of ectoparasites in Maragogi, was not strong 
enough (Fig. 2, and Online Resources: Fig. 1s). In contrast, 
the multivariate analysis of the frequency of food items 
showed that the diet composition of E. figaro significantly 
differed across sites (Fig. 3, R2 = 0.17, pseudo-F = 7.06, p 
value = 0.001). 

Although feeding reliance of E. figaro on ectoparasite was 
similar among sites, the ectoparasite availability significantly 
varied among sites and client species. The prevalence and 
intensity of ectoparasites were generally higher in Arraial 
do Cabo, although differences to other sites depended on the 
client species (Table 1). The density of ectoparasites showed 
a similar pattern with a significant interaction between site 
and client species (F = 3.49, p value = 0.01), generally driven 
by a higher density of ectoparasites in Arraial do Cabo and 
Salvador for S. axillare (Fig. 4; and see Online Resources: 
Tab. 3s and Fig. 2s for complete statistics). The multivariate 
analyses of the general composition of parasitic taxa also 
revealed significant differences among client species (Fig. 5, 
pseudo-F 2.89 = 10.4, p < 0.01), sites (Fig. 5, pseudo-F 
2.89 = 11.2, p < 0.01), and a significant interaction between 
these factors (Fig. 5, pseudo-F4.89 = 3.2, p < 0.01).  

Finally, the density of E. figaro varied significantly 
among sites, but it was neither linked to the availability of 
ectoparasites, nor the density of potential clients. Using 
the data from the whole-community fish census, we found 
that the density of E. figaro was significantly different 
among sites (Fig. 6a, LR Chisq = 19.81, p value < 0.0001), 
but not significantly correlated to the density (LR 
Chisq = 1.71, p value = 0.18) or richness of potential cli-
ents (LR Chisq = 1.50, p value = 0.21). We also found a 
significant correlation between site and client density (LR 
Chisq = 19.72, p value < 0.0001) and site and client richness 
(LR Chisq = 13.80, p value = 0.001). In contrast, when using 
the data from E. figaro exclusive surveys, we found that nei-
ther the abundance of E. figaro (Fig. 6b, LR Chisq = 2.46, p 
value = 0.29) nor the abundance of cleaning stations (Fig. 6c, 
LR Chisq = 0.26, p value = 0.87) significantly varied among 
sites. However, we found significant differences among sites 
in the number of individuals per cleaning station, (Fig. 6d, 
Chisq = 10.80, p value = 0.004).

Discussion

We investigated the diet and abundance of the cleaning goby 
Elacatinus figaro on three marginal reefs along the Brazil-
ian coast. We found that the diet of E. figaro varied among 
sites, but in contrast to our expectations, gobies from sites 
with higher ectoparasite infestation did not ingest a higher 
proportion of ectoparasites, and the abundance of gobies 
was not correlated to the abundance or richness of poten-
tial clients. Although not expected, this lack of correspond-
ence was also not surprising, as the link between cleaners, 
clients, and ectoparasites has never been straightforward. 
Some studies have found that when and where clients and/
or ectoparasites were more available, cleaners were more 
abundant (Arnal et al. 1999, 2002; Cheney and Côté 2003), 
engaged in more cleaning interactions (Sikkel et al. 2004; 

Fig. 2   Comparative contribution of ectoparasites (gnathiids and 
caligids), scales, and other identifiable items (cyprid larvae, copep-
ods, gastropods, diatoms, sand, and nonidentifiable crustaceans) in 
the diet of Elacatinus figaro across the study sites. The central line in 
boxes, the boxes, and the whiskers indicate the median, Q1, Q3, and 
1.5*QR. Dots represent individual data points

Fig. 3   MDS plot showing differences in diet composition across the 
study sites. Polygons are simplified bidimensional representations of 
diet composition for each study site
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Soares et al. 2007), and consumed more ectoparasites (Grut-
ter 1997; Cheney and Côté 2005). Conversely, others have 
found contrasting results (Arnal et al. 1999; Cheney and 
Côté 2003; Cote and Molloy 2003) or failed to find any cor-
relation (Arnal et al. 2000, 2001, 2002).

One possible explanation for the lack of correlation 
between cleaners, ectoparasites, and clients found in our 
study is that ectoparasite infestation may not be overall 
high enough to drive clients to visit cleaning stations more 
often. In the absence of frequent client visits, cleaners may 
be prevented from accessing their ectoparasites. In fact, the 
average ectoparasite density that we found here was similar 
to what was found for closely related species in Barbados 
(Soares et al. 2007) reefs, which show overall lower ectopar-
asite loads than other Caribbean reefs (Cheney and Côté 
2005). Likewise, both the cleaning rates (9.1 interactions/h, 
Sazima et al. 2000) and the contribution of ectoparasites to 
the diet of E. figaro (around 50% of identifiable items, this 
study) in Brazilian marginal reefs were similar to what was 
found for the Caribbean Elacatinus evelynae in sites with 
lower infestation rates (e.g., Tobago: 10.1 interactions/h, 
(Dunkley et al. 2019b); around 36% of identifiable items, 

Cheney and Côté 2005). This pattern of lower reliance on 
ectoparasites was also found for less specialized cleaner 
species from the Northeastern Atlantic marginal reefs, like 
Coris julis, Thalassoma pavo, and Centrolabrus exoletus 
(Narvaez et al. 2015; Morado et al. 2019). Therefore, lower 
infestation levels might explain not only why we were unable 
to find differences in ectoparasite consumption among sites, 
but also why ectoparasite contribution to E. figaro’s diet was 
overall only around 50%, while for cleaning gobies at Carib-
bean sites with higher ectoparasite infestation it can reach up 
to 90% (percentage of identifiable items, Cheney and Côté 
2005). As ectoparasite infestation, cleaning activity, and reli-
ance on ectoparasites in marginal reefs seem to be relatively 
low, it is not surprising that we did not find a strong correla-
tion between the abundance of cleaners and cleaning stations 
and the abundance or richness of clients. However, it should 
be noted that we have only sampled ectoparasites from three 
out of a multitude of client species that E. figaro interacts 
with, and including different client species could had led 
to different correlation patterns. Furthermore, although E. 
figaro is the only cleaning goby occurring in the Brazilian 
coast, a few facultative species, e.g., Pomacanthus paru and 
Bodianus spp. co-occur with E. figaro in the studied sites. 
Although these cleaners only clean as juveniles and were 
seldom registered in our surveys (P. paru occurred in 4% 
of the transects from Arraial do Cabo while Bodianus rufus 
occurred in 7% of the transects from Salvador) they show 
very specialized cleaning behaviors (Johnson and Ruben 
1988; Sazima et al. 1999) and could potentially be com-
peting for clients and influencing the relationship between 
cleaners, clients and ectoparasites abundance. Thus, we pro-
vide important insights on the patterns of cleaning interac-
tions along the Brazilian coast, but direct observations and 
field experiments are needed to better elucidate the causes 
and consequences of the lack of correlation between clean-
ers, clients and ectoparasites found in our study.

Both client and nonclient materials consumed by E. 
figaro varied among sites, indicating its ability to change 
diet according to the local availability of food items. The 

Table 1   Comparative prevalence and total intensity of infestation of the three fish client species in each study site

Upper case letters refer to differences between sites (lines), and lower case letters refer to differences between species (columns). Different letters 
indicate significant differences from the G test (prevalence) results

Sites Client species

Acanthurus bahianus Sparisoma axillare Stegastes fuscus

Prevalence (%) Total intensity 
(min–max)

Prevalence (%) Total intensity 
(min–max)

Prevalence (%) Total inten-
sity (min–
max)

Maragogi 38.9 aA 12 (1–4) 41.6 aA 6 (1–2) 35.0 aA 12 (1–4)
Salvador 65.0 bA 39 (1–10) 85.7 abA 121 (3–16) 8.0 aB 3 (1–2)
Arraial do Cabo 90.0 bB 130 (1–35) 90.0 bB 246 (4–103) 55.0 bA 27 (1–6)

Fig. 4   Comparative density of parasites on fish clients across the 
study sites. The central line in boxes, the boxes, and the whiskers 
indicate the median, Q1, Q3, and 1.5*QR. Dots represent the data 
points
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ingestion of scales by E. figaro was relatively low, while the 
consumption of nonclient materials relatively high, some-
times representing the majority of items found in an individ-
ual stomach. These findings provide support for the hypoth-
esis that mouth position and skull morphology in cleaning 
gobies vary according to their cleaning specialization (Huie 

et al. 2020). More specialized cleaning gobies (e.g., E. eve-
lynae) have inferiorly-positioned mouths and shorter jaws, 
supposedly to favor the removal of scales and parasites when 
lying on the surface of clients body, while less specialized 
cleaning gobies (e.g., E. figaro and E. prochilos) maintain 
the ancestral traits of terminal mouths and longer jaws, 

Fig. 5   MDS plot showing 
differences in ectoparasite com-
position across the study sites 
for the client species Sparisoma 
axillare (a), Acanthurus bahi-
anus (b), and Stegastes fuscus 
(c). Polygons are simplified 
bidimensional representations 
of ectoparasite composition for 
each study site
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which are less efficient during cleaning interactions (Huie 
et al. 2020). Interestingly, within each site, some individu-
als had 100% ectoparasites in their stomachs while others 
had 100% nonclient material. Although this would indicate 
a split into cleaning and noncleaning habits, this was not 
the case here, since noncleaning gobies are usually associ-
ated with tubular or barrel sponges, and we never registered 
E. figaro using these substrates in this study (and barrel 
sponges are more common in deeper reefs of the Brazilian 
coast). Instead, within-site variation in ectoparasite con-
sumption is more likely to reflect (i) small-scale spatial and 
temporal variations in cleaning activity (Sazima et al. 2000) 
and ectoparasite availability (Cote and Molloy 2003), and/or 
(ii) consistent inter-individual variation in activity, boldness, 
and exploratory behaviors, as reported for other cleaning 
gobies (Dunkley et al. 2019a).

The lower reliance of E. figaro on cleaning interactions 
for food might be strongly linked to its successful coloniza-
tion of the marginal reefs of the Brazilian coast. The variable 

environmental conditions of these reefs may have favored 
the higher behavioral plasticity and the adoption of less spe-
cialized feeding strategies of E. figaro. Moreover, E. figaro 
seems to use a higher diversity of substrates than Caribbean 
conspecifics (pers. observation), which indicates that this 
species is also flexible in substrate use, potentially increas-
ing its range of available food items. This plasticity is found 
in other reef species with wide geographic distribution, like 
the butterflyfish Chaetodon striatus (Liedke et al. 2016), and 
might explain the success of other species, including less 
specialized cleaners in marginal and extreme reef environ-
ments (Fulton et al. 2017; Quimbayo et al. 2018). It is still 
unclear how cleaning compares to other feeding strategies in 
terms of fitness gains, but there is some evidence that clean-
ing can be less profitable (slower growth, White et al. 2007), 
more risky (lower survival, White et al. 2007) and increase 
exposure to pathogens (Xavier et al. 2019). Therefore, it is 
possible that cleaning has evolved only in very competitive 
environments and, when released from the competition (like 

Fig. 6   E. figaro distribution patterns. a Relationship between the density of E. figaro and the density of clients in the general fish census in each 
study site. b Density of E. figaro, c E. figaro cleaning stations, and d E. figaro per cleaning station in the cleaner-only census in each site
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in marginal reefs), cleaners can return to a more generalist 
diet.

Our results reinforce that the classification of E. figaro 
as either dedicated or facultative is a complicated mat-
ter. Although all E. figaro registered in our study adopted 
a cleaning life style, they only partially relied on cleaning 
interactions for food. According to the ontogenetic and com-
mitment criteria (Vaughan et al. 2016), E. figaro would be 
classified as a dedicated cleaner, as it cleans throughout their 
nonlarval ontogeny and its noncleaning life style seems to 
be restricted to deeper reefs (Rocha et al. 2000). However, 
the lower reliance on cleaning for food, as well as the less 
specialized mouth morphology (terminal mouth, Huie et al. 
2020), body coloration (black and yellow; see other color 
specializations in Baliga and Mehta 2019; Huie et al. 2020) 
and cleaning behavior (no tactile dances or stimulation, 
Soares et al. 2008), also support its classification as faculta-
tive. These inconsistencies apply to other cleaner species. 
The two most specialized cleaner species (considering color, 
mouth morphology, and behavior; Baliga and Law 2016; 
Huie et al. 2020), Elacatinus evelynae and Labroides dimidi-
atus, mostly regarded as dedicated, could also be classified 
as facultative species according to the commitment criteria, 
as they can adopt a noncleaning strategy both when adults 
and juveniles (sponge dwelling in E. evelynae, White et al. 
2007; coral pecking in L. dimidiatus, Dunkley et al. 2020). 
Likewise, some species classified as facultative have “ded-
icated-like” specialized colors and behaviors during their 
juvenile cleaning phase (e.g., P. paru, Sazima et al. 1999). 
Therefore, it becomes clear that the dichotomous classifica-
tion of dedicated and facultative cleaners fails to capture 
the different and subtle aspects of cleaning specialization in 
E. figaro and other species. Future studies should be more 
specific in respect to the criteria and specialization aspects 
chosen to classify cleaner species in comparative studies.

In conclusion, we found that E. figaro has a more flexible 
diet and is less reliant on client materials for food than the 
Caribbean cleaning gobies (reviewed in Côté and Soares 
2011). This higher flexibility may be related to the low 
ectoparasite infestation loads in the Brazilian reefs (our 
study), the lack of advanced morphological specializations 
for eating from clients in E. figaro (Huie et al. 2020), and/
or potential advantages of keeping less specialized feeding 
morphology in variable marginal reefs. Together, the lower 
reliance on cleaning for food (our study), the ability to switch 
to a noncleaning habit (Rocha et al. 2000), the more general-
ist mouth morphology (Huie et al. 2020) and the absence of 
very specialized cleaning signaling or behaviors (Sazima 
et al. 2000) indicate that E. figaro has an intermediate level 
of cleaning specialization, despite being a cleaner through-
out its nonlarval ontogeny. This highlights the importance 
of investigating the ecology of cleaner species at multiple 
temporal and spatial scales to better understand the different 

processes and aspects influencing the evolution of cleaning 
behavior specialization.
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