
Abstract The preferences exhibited by cleaner fishes
for particular client species and the high variability in
rates at which various clients visit cleaning stations have
remained largely unexplained. In this study, we assessed
the relative importance of client ectoparasite load and
mucus characteristics for the behaviour of cleaning gob-
ies, Elacatinus spp, and their fish clients on a Barbadian
fringing reef. Client species with high ectoparasite loads
visited cleaning stations more often than less parasitised
species. This effect was independent of body size. Fre-
quency of visits to cleaning stations was not related to
client mucus characteristics. These results suggest that
the main motivation for clients to interact with cleaners
is ectoparasite removal. Cleaners did not preferentially
clean clients with higher ectoparasite load or better mu-
cus, nor did they spend more time inspecting such cli-
ents. The interests of cleaners and clients therefore ap-
pear to be inconsistent. This may be due to the generally
low rate of ectoparasitism on Barbadian fish compared to
fish of other regions. Cleaning gobies fed at a lower rate
on client species with higher loads of gnathiid isopod
larvae, which may be explained if cleaners switch from
eating ectoparasites to other items, such as mucus, on
clients with few ectoparasites. Our estimates of caloric
and protein content of fish mucus suggest that it may be
as valuable a food source per unit weight as ectopara-
sites. However, no data are available to compare the val-
ue of each item per unit feeding time. The fact that cli-
ents with few ectoparasites still visit cleaners, albeit at a
low rate, suggests that the cost of mucus removal may be

low, compared to the benefit of incidental parasite re-
moval. Thus, the outcome of cleaning interactions may
remain positive, even in areas characterised by naturally
low parasitism on clients.
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Introduction

Cleaning symbioses among coral reef fishes are ubiqui-
tous interspecific interactions. During a cleaning encoun-
ter, small fishes such as cleaning gobies and cleaning
wrasses remove ectoparasites, mucus and scales (Young-
bluth 1968; Losey 1974; Grutter 1997) from the body
surface of apparently co-operating fishes known as cli-
ents (Poulin and Grutter 1996). Cleaner fishes generally
occupy traditional sites known as cleaning stations
(Losey 1972; Potts 1973) which client fishes visit to so-
licit cleaning. Clients often adopt an immobile, stereo-
typed pose at cleaning stations (Hobson 1971; Losey
1972) and, while posing behaviour appears to increase
the chances of being cleaned (Côté et al. 1998), it does
not guarantee that cleaning will occur (Losey 1974;
Arnal and Côté 1998; Côté et al. 1998). The duration of
inspection of the client's body surface can also be ex-
tremely variable (Arnal and Côté 1998; Grutter and 
Poulin 1998). Cleaner fishes may thus exhibit preferences
for particular client species (Losey 1972; Grutter 1995a;
Wicksten 1995, 1998; Arnal et al. 2000), which have yet
to be explained. Similarly, clients visiting cleaning sta-
tions do so at highly variable rates (Arnal and Côté
1998; Grutter and Poulin 1998; Wicksten 1998). Eluci-
dating the reasons for such preferences and differences is
fundamental for understanding cleaning associations.

Ectoparasites, such as gnathiid isopod larvae, form a
large part of the food items ingested by cleaner fishes
(Losey 1974; Grutter 1997, 1999a; Arnal and Côté
2000), and cleaners can have a significant impact on cli-
ent ectoparasite size and abundance (Gorlick et al. 1987;
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Grutter 1999b; Cheney and Côté 2001). Client ectopara-
site load may therefore be an important factor determin-
ing both cleaner preferences for clients as well as the
tendency for some clients to visit cleaning stations. 
Gorlick (1984) showed, in laboratory experiments, that
the Hawaiian cleaner wrasse, Labroides phthirophagus,
prefers to clean parasitised individuals when given a
choice between parasitised and non-parasitised clients.
In the field, the cleaner wrasse, L. dimidiatus, inspects
larger individuals of any given species more often and
for longer than smaller ones (Grutter 1995a; see also
Arnal et al. 2000 for a similar result for cleaning gobies,
Elacatinus spp., choosing among client species), and
larger clients are expected to have heavier ectoparasite
loads, especially of gnathiid larvae (Poulin 2000). Poulin
(1993) found that larger client species tended to be found
in the vicinity of cleaning stations more often than small-
er clients. However, most inter-specific studies using
correlates of ectoparasitism, such as body size and social
behaviour, have failed to explain either cleaner fish pref-
erences or differences in client willingness to visit clean-
ers (Côté et al. 1998; Grutter and Poulin 1998; Arnal et
al. 2000).

Ectoparasites alone are clearly not the answer, thus
focussing on other items ingested by cleaners from their
clients may be necessary. Fish mucus has been recorded
(Gorlick 1980) or suggested (Youngbluth 1968; Grutter
1997) in the gut content of many cleaning species. In ad-
dition, Gorlick (1980) showed that for a small number
(n=5) of client species, there was qualitative agreement
between cleaning wrasse (L. phthirophagus) preference
for specific clients and the quantity and energetic value
of the clients' mucus. The importance of client mucus to
cleaner fishes has since remained unexplored. This is un-
fortunate, since mucus may be a more reliable food
source for cleaner fishes than ectoparasites, which are
known to fluctuate seasonally in size and abundance
(Grutter 1994). Moreover, mucus may be an important
source of glycoproteins (Nakagawa et al. 1988; Shephard
1994).

In this study, we assessed for the first time the relative
importance of client ectoparasites and mucus characteris-
tics for cleaner and client behaviour. We focussed on the
cleaning symbiosis between cleaning gobies (genus El-
acatinus) and their reef fish clients on a Barbadian fring-
ing reef. While cleaning gobies co-occur with a number
of other cleaning organisms, including other fish species
and shrimp, they are by far the most active cleaners at
this location (personal observations). Specifically, we
asked how variation in client mucus and ectoparasites af-
fects (1) the willingness of clients to visit cleaning sta-
tions, (2) the tendency for clients to adopt solicitation
poses to be cleaned, (3) which clients cleaning gobies
choose to inspect, (4) the duration of inspection and (5)
the feeding rate of cleaning gobies on each client spe-
cies. By linking behavioural observations to a direct as-
sessment of ectoparasite load and mucus quality, we
hoped to provide the clearest picture yet of the factors
governing variability in a marine cleaning symbiosis.

Methods

Behavioural observations of cleaning interactions

Behavioural observations were carried out at 12 cleaning stations
on a fringing reef of the Barbados Marine Reserve on the west
coast of Barbados (13°10′ N, 59°30′ W), West Indies, between
February and June 1996. All observations were made using SCU-
BA at depths of 3.5–6 m. Two species of cleaning gobies, El-
acatinus evelynae (incorrectly identified as E. genie in Arnal and
Côté 1998) and E. prochilos, were present on the reef. Given that
both have similar behaviour and habitat (Colin 1975), we did not
try to distinguish between them during the observations. Several
cleaning gobies were captured at the end of the observations and
identified. This revealed that cleaning stations were always occu-
pied by gobies of a single species, but the distribution of the clean-
ing stations operated by each species overlapped completely on
the study site (Arnal and Côté 1998). Furthermore, no differences
between goby species were found in the number or species com-
position of their clients (Arnal 1996; Arnal and Côté 1998).

Observations were carried out between 0830 and 1530 hours,
which is the most active period for Elacatinus spp. (personal obser-
vations). A single diver recorded all data directly on underwater
plastic slates, after a preliminary delay of 5 min to allow the clean-
ing gobies to become used to the presence of the diver. Diving oc-
curred only when the weather and currents resulted in a minimum
visibility of 5 m. A total of 25 h of observation of 12 cleaning sta-
tions were made. All 25 client species observed at cleaning stations
during this study were recorded in the first 8 h of observations, sug-
gesting that our total sampling time was adequate. Each cleaning
station was observed for 10 min, twice per week for a total of 150
observations periods. The number and species of clients visiting
each cleaning station were recorded. A visit was recorded when a
fish approached and remained within 15 cm of a cleaning station for
at least 5 s. For each visit, we noted whether the visiting fish posed,
whether it was inspected by gobies, the inspection duration, and the
number of bites taken by cleaning gobies on each client's body.

Assessment of client ectoparasites

Eight of the commonest fish species on the reef were chosen to re-
present a wide variation in frequency of use of cleaning stations,
as estimated from the behavioural observations described above.
Fish collection took place in April 1999 on the reef where behav-
ioural observations were carried out. Five individuals per species
were sampled, which appears sufficient to characterise ectopara-
site abundance on a species at a given place and time (e.g. Grutter
1994). Fish collection and parasite extraction methods followed
Grutter (1995b). Using SCUBA, two divers drove target fish into a
3×1.5 m barrier net with a 15-mm mesh. Fish were then captured
with handnets, and each individual was placed immediately in a
sealable plastic bag with as little water as possible. Fish died
quickly from lack of oxygen. In the laboratory, fish were placed in
glass crystallising dishes, along with the contents of the bag. The
plastic bag was rinsed with seawater and all liquids were kept for
later filtration. Fish were soaked in 0.4% chlorobutanol (Sigma)
for 90 min to dislodge ectoparasites, after which fish body surface
and gills were rinsed thoroughly with seawater in a wash bottle.
All liquids were filtered on filter paper (60 µm mesh). Filter and
filtered material were preserved in 10% formaldehyde diluted in
seawater. These samples were examined under a binocular micro-
scope (×250–500), and crustacean ectoparasites, as well as non-
parasitic crustaceans, were isolated for identification and enumer-
ation. We did not record other ectoparasites such as monogeneans
since they have not been found in the diet of Elacatinus gobies
(Arnal and Côté 2000; P. Sikkel, personal communication) and are
exceedingly rare on the clients of cleaning gobies in Barbados (P.
Molloy and I.M. Côté, unpublished data). We thus report, for each
of eight client species, the mean numbers of gnathiid isopod larvae
(Gnathia spp), caligid copepods (Caligus spp), and other parasitic
copepods (including Bomolochus spp, Ergasilus spp, and unidenti-
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fed copepod larvae), and the mean number of all non-parasitic
copepods (including harpacticoids, cyclopoids and calanoids) per
individual client. The majority of these non-parasitic crustaceans
were benthic-living copepods, making it unlikely that they origi-
nated from the seawater trapped in the sampling bags.

Assessment of client mucus load and quality

Client fish (n=15 species) were collected for mucus analysis at the
same time and location as samples for ectoparasite extraction. Fish
(n=1–3 individuals per species) were driven into a barrier net by
divers as before, but this time individual fish were placed into large
sealable plastic bags full of seawater. Fish were transported alive to
the laboratory where they were maintained in aerated tanks with
running seawater. Within 24 h (usually less than 12 h) of capture,
individual fish were killed humanely by decerebration. To assess
mucus load and quality of each fish, we followed the method of
Gorlick (1980). Each fish was placed in a freshwater rinse for 5 s
to remove excess seawater from the body surface, and was then
submerged for 60 s in a bath containing tap water heated to 50°C.
This temperature was sufficient to denaturise and coagulate the sur-
face mucus, which turned a milky-white colour. Each fish was then
suspended by the jaw over a beaker, and mucus was gently scraped
off the fish with a scalpel, taking care not to remove epiderm. Sur-
face mucus was collected in 5-ml tubes. The water/mucus mixture
was then dried to constant weight in a drying oven at 70°C and
weighed to the nearest milligram. We measured each fish (SL, cm)
and determined its surface area (cm2) by wrapping the left side of
the body, all fins spread, with aluminium foil to conform to body
curvature, and cutting out the outline of the body. The pectoral fin
was removed from the body and its outline was obtained separate-
ly. The weights of both outlines were then combined, doubled to
represent total fish area and converted to cm2 using a weight/area
relationship established with pieces of foil of known area. Dried
mucus weight (DW) was thus expressed in mg/cm2 of fish. Finally,
the gross chemical composition of dried mucus was estimated with
a CHN analyser (Service Central d'Analyse, CNRS) to obtain per-
centages of carbon (C%), nitrogen (N%) and ash (ash%). Protein
content of client mucus was estimated according to Holland et al.
(1991): protein (%DW)=6.25×N%. Direct calorimetric measure-
ment was not possible so we used the substitute presented by Gor-
lick (1980). He approximated caloric content of client mucus as:
calories/g DW=1351+106(C%)–21.1(ash%).

Statistical analysis

For each client species, we considered five behavioural variables.
For variables expressed as rates, we obtained residuals from the re-
gression of the numerator on the denominator, to avoid the prob-
lems inherent to ratios. Clients' tendency to visit was measured as
the total number of visits to cleaning stations over 25 h of observa-
tion. Although visit rate is often related to client abundance on the
reef (Grutter and Poulin 1998; Arnal et al. 2000), this was not the
case for our small sample (r2=0.03, F1,9=0.30, P=0.60, abundance
data being derived from Rakitin and Kramer 1996), thereby remov-
ing the need to control for abundance. The tendency to perform so-
licitation poses was defined as the residuals of the regression of
number of solicitation poses versus number of visits to cleaning sta-
tions (n=15, r2=0.99, P<0.0001). Similarly, cleaner preference, i.e.
their willingness to inspect specific clients, was estimated as the re-
siduals of the relationship between the number of inspection events
versus the number of visits by these client species (n=15, r2=0.92,
P<0.0001). Inspection duration was corrected for the number of in-
spections (n=15, r2=0.78, P<0.0001) on each client species. Finally,
the residuals of the relationship between number of bites by clean-
ers and inspection duration (n=15, r2=0.98, P<0.0001) represented a
measure of cleaner feeding activity on each client species. The num-
ber of visits and solicitation poses by clients, inspections by clean-
ers, cleaning duration and number of bites were log(x)- or log(x+1)-
transformed prior to the regression analyses above.
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Mucus protein content and caloric value were significantly
correlated (n=15, r2=0.86, P<0.001). To remove the problem of in-
tercorrelations among mucus characteristics, we generated an in-
dex of client mucus quality by averaging the ranks obtained for
protein content and caloric value for each client species (Table 1).
This mucus quality index was not correlated with mucus load
(n=15, r2=0.06, P=0.38).

To take into consideration phylogenetic relatedness among cli-
ent species, we used the principal coordinate analysis method
(PCoA) (Diniz-Filho et al. 1998; Legendre and Legendre 1998).
This method allowed us to obtain a Euclidean representation (the
principal coordinates in a Cartesian coordinate system) of a phy-
logeny presented as a distance matrix. A major difference between
this method and the conventional paired-contrasts method (Felsen-
stein 1985) is that with the former, phylogenenetic relatedness
among species can be used as a continuous independent variable,
thus the sample size is the number of species in the study. This
represents a significant advantage in studies involving relatively
small sample sizes, such as ours. The phylogeny of the 15 client
fishes was inferred from the taxonomy of Lecointre (1994) and
Nelson (1994) (see Arnal et al. 2000). We obtained a 15×15 dis-
tance matrix (Euclidian distances) using the software PAUP*4.0
(Swofford 1999). Using this distance matrix, we performed a
PCoA using DistPCoA software (Legendre and Anderson 1999)
and generated 15 eigenvalues and the principal co-ordinates (ei-
genvectors) corresponding to positive eigenvalues. To obtain the
best possible Euclidean approximation of the original distances,
we selected eigenvalues using a broken-stick model (Diniz-Filho
et al. 1998; Legendre and Legendre 1998). In our case, we select-
ed only the first of the 15 eigenvalues, which represented 52% of
the total variance in the distance matrix. This variable representing
phylogenetic relatedness was then used in regression analyses.

We first assessed only the influence of mucus characteristics of
15 client species on each of the five dependent behavioural vari-
ables by including the following independent variables in multiple
regressions: (1) mucus load (i.e. total dry weight) of client species,
(2) mucus quality index, and (3) phylogenetic relatedness among
client species (obtained from the PCoA analysis). Then, with the
smaller sample of 8 species for which we obtained ectoparasite
data, we first examined the inter-relationships between gnathiid
and non-parasitic copepods (which are the two main crustacean
prey of cleaning gobies on Barbadian reefs; Arnal and Côté 2000),
client mucus characteristics, client size (mean standard length,
measured on the individuals sampled), and phylogenetic related-
ness among client species. Finally, we examined the influence of
ectoparasite load on each of the five behavioural variables, by
considering (1) the number of gnathiid isopod larvae and (2) the
number of non-parasitic copepods, (3) the independent variables
related to gnathiid or non-parasitic copepod loads identified above
(to take into account their relative contribution) and (4) the phylo-
genetic relatedness among client species.

Since our data did not meet the assumption of normality, we
tested the significance of our multiple regressions using a permu-
tation method (Legendre et al. 1994; Legendre and Legendre
1998; PERMUTE! 3.4 software, P. Casgrain unpublished, avail-

able at http://www.fas.umontreal.ca/BIOL/Casgrain/en/labo/in-
dex.html). Multiple regressions were performed and repeated af-
ter each of 999 random permutations of the dependent variables.
We used a backward stepwise procedure, dropping the least sig-
nificant variable at each step until only significant variables re-
mained in the model. All probability values are presented as one-
tailed values.

Results

Influence of mucus load and quality

A total of 15 client species were included in these ana-
lyses. We found no relationship between mucus charac-
teristics and either client tendency to visit cleaning sta-
tions, solicitation poses by clients, cleaning goby tenden-
cy to inspect certain client species, inspection effort or
the biting rate of cleaning gobies on various clients. Nei-
ther mucus load nor quality was related to fish size (SL).

Influence of client ectoparasitism

Eight client species were included in these analyses. The
mean number of gnathiid larvae per client species tended
to increase with client standard length (r2=0.39, b=0.63,
P=0.06; Table 2). Gnathiid load was unrelated to mucus
characteristics or to non-parasitic copepod number. The
load of non-parasitic copepods was not related to mucus
characteristics or to client body size. We found no rela-
tionship between fish gnathiid and non-parasitic copepod
loads. Our multiple regressions therefore included gnath-
iid and non-parasitic copepod loads, client standard
length, and phylogeny.

The number of gnathiid ectoparasites and the number of
non-parasitic copepods proved to be good predictors of cli-
ent visits to cleaning stations [gnathiids: r2=0.92, b=0.59,
P=0.003 (Fig. 1); non-parasitic copepods: r2=0.92, b=0.97,
P=0.001(Fig. 2)]. However, client tendency to pose, the
likelihood of inspection by cleaners, and inspection effort
were not explained by client ectoparasite load. Cleaning
gobies had a higher biting rate on client species having the
lowest gnathiid loads (r2=0.48, b=–0.69, P=0.02). Client
body size did not explain a significant amount of variance
for any of the behavioural variables. 
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Table 2 Mean standard length (±SE) and numbers of crustacean ectoparasites and non-parasitic copepods for eight client fish species
(n=5 per species)

Client species Standard Gnathia Caligus Copepod Bomolocus Ergasilus Non-parasitic 
length (cm) spp. spp. larvae spp. spp. copepods

Acanthurus bahianus 12.7±0.2 0.2±0.2 0.2±0.2 0 0.2±0.2 0 0
Chromis multilineata 6.9±0.1 0 0.4±0.2 2±1.3 0 1.2±0.8 35±17.4
Haemulon flavolineatum 10.2±0.7 0.8±0.3 1.2±0.6 0.2±0.2 0 0 2±1
Haemulon chrysargyreum 9.8±0.3 0.2±0.2 1.6±0.9 0.2±0.2 0 0 1.2±0.3
Mulloidichthys martinicus 15.6±0.3 0.8±0.3 1±0.3 0 0 0 0.2±0.2
Scarus taeniopterus 8.5±0.3 0 0 0 0 0 0
Stegastes dorsopunicans 6.7±0.2 0.4±0.4 0 0.4±0.2 0 0 1.6±0.8
Stegastes partitus 5.7±0.1 0 0 0.6±0.4 0 0 0.2±0.2



Discussion

Ectoparasites appear to influence at least some aspects of
client and cleaner behaviour on our Barbadian study
reef. Client species hosting more gnathiid isopod larvae
and non-parasitic copepods visited cleaners more often
than less-parasitised species. Moreover, cleaning gobies
fed at a slower rate on clients with higher gnathiid loads.
However, variation in the likelihood of performing solic-
itation poses, cleaning specific clients and cleaning dura-
tion remain unexplained.

The link between client visits to cleaning stations and
ectoparasite load, although intuitive, has long been elu-
sive. For example, Losey (1979) found that parasitised
surgeonfish, Zebrasoma flavescens, in captivity visited a
cleaner model more often than chemically deparasitised

counterparts, but no difference emerged between para-
sitised and clean butterflyfish, Chaetodon auriga. Body
size appeared to be most important in determining prox-
imity to cleaning stations by client species (Poulin
1993), and large-bodied species usually harbour more
parasites (e.g. Poulin 2000). Grutter (1995a) found that
body size, rather than ectoparasite load, was most close-
ly correlated to the frequency of inspection of clients by
L. dimidiatus. Note, however, that inspection frequency
is not completely comparable to our measure of client
visits since the former includes only visits that resulted
in cleaning. It therefore reflects the mutual decisions of
cleaners and clients rather than those of clients alone. In
our field study, client species visited cleaning stations
more often if they harboured higher loads of gnathiid
ectoparasites, and this effect was independent of body
size. A similar trend has been observed for clients of the
Mediterranean cleaner wrasse, Symphodus melanocercus
(C. Arnal and S. Morand, unpublished data). The impor-
tance of gnathiid isopod larvae for the diet of several
species of cleaner fish has already been demonstrated
(Losey 1974; Arnal and Côté 2000 for Elacatinus spp;
Grutter 1997, 1999a for L. dimidiatus; Galeote and Otero
1998 for Centrolabrus exoletus; C. Arnal and S. Morand,
unpublished data for S. melanocercus). Moreover, both
Grutter (1999b) and Cheney and Côté (2001) have
shown that cleanerfish can significantly reduce gnathiid
abundance on their clients. Ectoparasite removal there-
fore appears to be the primary motivation of clients visit-
ing cleaning stations on our study reef.

Interestingly, non-parasitic copepod load was also im-
portant in determining client visit rate. The role of these
copepods in cleaning interactions has not yet been docu-
mented. Non-parasitic copepods are often observed in
the stomachs of cleaner fish (Grutter 1997, 1999a; Arnal
and Côté 2000); however, whether these are epibionts
gleaned from client fish or free-living prey taken from
the substratum is not clear. Our results suggest that they
may be epibiotic, since our sampling method could not
have captured benthic copepods from the substrate.

The tendency for clients to perform solicitation poses
at cleaning stations was related neither to their ectopara-
site load nor to their mucus characteristics. The former is
particularly perplexing since posing is generally consid-
ered to enhance the likelihood of being cleaned (Hobson
1971; Potts 1973; Losey 1974; Côté et al. 1998). Using a
theoretical cost-benefit approach, Côté et al. (1998) sug-
gested that the relationship between posing and client
ectoparasites could be variable. Depending on the rate of
increase of posing benefits in relation to posing frequency,
highly parasitised clients can be expected to pose either
more or less than their less-parasitised counterparts. It is
therefore perhaps not surprising to find no relationship be-
tween posing and ectoparasites in an interspecific correla-
tion such as ours, in which species probably vary in how
much posing increases their likelihood of being cleaned.

The interests of cleaners and clients on our study reef
are not obviously consistent, at least as far as ectopara-
site removal is concerned. Cleaners did not preferentially
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Fig. 1 Relationship between the number of visits by clients to
cleaning stations and the mean number of gnathiid isopod larvae
observed on clients (corrected for non-parasitic copepod number)
(n=8 species). Variables were log-transformed prior to analysis

Fig. 2 Relationship between the number of bites taken by cleaning
gobies on clients (corrected for duration of cleaning event) and the
mean number of gnathiid isopod larvae observed on client species
(n=8 species). Variables were log-transformed prior to analysis



clean clients with high ectoparasite loads, nor did they
spend more time inspecting such clients. Moreover, cli-
ent body length, which is related to levels of ectoparasit-
ism (e.g. Poulin 2000), did not influence the likelihood
of being cleaned or inspection duration (Arnal et al.
2000; this study). Cleaners might prefer to clean clients
on which gnathiids are more easily detected or removed,
rather than those that are simply carrying more ectopara-
sites. Another possible reason for this lack of influence
of ectoparasites on cleaner behaviour may be the very
low ectoparasite loads observed on Barbadian clients.
Gnathiid abundance in our study (0.8 gnathiid/fish) was
nearly sevenfold lower than that observed in other re-
gions (e.g. 5.5 gnathiids/fish at Lizard Island, GBR;
Grutter 1994), and indeed few ectoparasites are found in
the gut content of E. prochilos (Arnal and Côté 2000).
Although ectoparasite abundance can vary significantly
both in space and time (Grutter 1994), additional surveys
of ectoparasites on clients from other reefs in other sea-
sons and other years in Barbados confirm the generally
low abundance of gnathiids found in this study (Sikkel et
al. 2000; Cheney and Côté 2001; K. Cheney, personal
communication). Elsewhere in the Caribbean where ec-
toparasite loads are higher, Elacatinus gobies ingest
more gnathiid larvae (Losey 1974). In such areas, client
ectoparasite load may generally be more important in de-
termining cleaner preferences and inspection duration
(e.g. Grutter 1995a).

Surprisingly, cleaning gobies foraged at a slower rate
on clients with more gnathiids. This suggests that clean-
ing gobies may be switching prey in relation to ectopara-
site abundance, eating mainly (although not exclusively)
items other than ectoparasites at a fast rate when forag-
ing on clients with few gnathiids. Based on gut content
analyses (e.g. Arnal and Côté 2000), such alternative
items include mucus and scales, which may be ingested
quickly due to their higher abundance and/or lower han-
dling time than that for ectoparasites. It follows that the
energetic value of ectoparasites should be greater than
that of alternative items to justify this prey switching.

At first glance, our caloric estimates for mucus do not
support this idea. The caloric values of mucus found in
this study (1.8–4.3 Cal/mg DW) were similar to those
calculated by Gorlick (1980) for the mucus of Hawaiian
fish clients (2.6–4.7 Cal/mg DW), as well as those ob-
tained for free-living copepods (3.5–4.1 Cal/mg DW;
Zhang and Uhlig 1993). Contrary to Gorlick (1980), we
found that the protein content of mucus is not negligible
(39.4–72.8% DW) but is comparable to that of decapod
crustaceans (50–72.5% DW; Anger and Schultze 1995).
However, a meaningful comparison among food items
can only be obtained by comparing their energetic value
per bite taken by cleaners. This information is not cur-
rently available for ectoparasites or for mucus.

Our results generate two questions of relevance to the
maintenance of honesty in cleaning symbioses. First,
should cleaners also take mucus from highly parasitised
clients? Second, should clients with low ectoparasite
loads keep visiting cleaners? Both answers rely on the

cost to clients of having mucus removed (i.e. cheating),
which has yet to be measured, relative to that of ectopar-
asite removal. If the cost of cheating is high, cleaners
should refrain from ingesting items other than ectopara-
sites on highly parasitised clients in order to maintain a
good reputation, which will preserve the mutualistic in-
teraction (Ferrière 1998; Nowak and Sigmund 1998). A
high cost of cheating would also make it unprofitable for
clients with few ectoparasites to visit cleaners, despite
the fact that cleaners should occasionally ingest parasites
along with mucus. The fact that such clients still visit
cleaners, albeit at a low rate, suggests either that the cost
of mucus removal is low compared to the benefit of inci-
dental parasite removal or that the cost is high but that
clients can adopt various behavioural strategies to con-
trol cheating. Either way, the outcome of cleaning inter-
actions may remain positive even in areas characterised
by naturally low parasitism on clients.
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