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Summary 

The most commonly asked question about cooperative interactions is how they are 

maintained when cheating is theoretically more profitable [1]. In cleaning 

interactions, where cleaners remove parasites from apparently cooperating clients, 

the classical question asked is why cleaner-fish can clean piscivorous client-fish 

without being eaten, a problem Trivers [2] used to explain reciprocal altruism. 

Trivers [2] suggested predators refrain from eating cleaners only when the 

repeated removal of parasites by a particular cleaner results in a greater benefit 

than eating the cleaner. Although several theoretical models have examined 

cheating behaviour in clients [3,4], no empirical tests have been done (but see 

Darcy [5]). That cleaners are susceptible to predation is not unheard of [6,7]. Thus 

cleaners should have evolved strategies to avoid conflict or being eaten. In 

primates, conflicts are often resolved using conflict or pre-conflict management 

behaviour [8]. Here I show that cleaner-fish tactically stimulate clients while 

swimming in an oscillating ‘dancing’ manner (tactile dancing) more when exposed 

to hungry piscivorous clients than satiated ones, regardless of the client’s parasite 

load.  Tactile dancing thus may function as a pre-conflict management strategy 

that enables cleaner-fish to avoid conflict with potentially ‘dangerous’ clients. 

 

Results and Discussion 

 

The iterated prisoner's dilemma has long been used to explain the evolution of 

cooperation between unrelated individuals, although, some of its limitations have been 

illustrated with the cleaner-fish mutualism [9]. Recently, biological market theory, 
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where traders exchange goods and or services, was proposed as an alternative for 

understanding cooperation in many systems, including cleaning symbioses [10]. Client 

ectoparasites and cleaning services are the main goods traded in the cleaner-fish market 

[10]. Thus, the probability of aggression directed at a cleaner by a client is likely to 

increase as a client’s ectoparasite load decreases and its need for the cleaner's services 

subsequently declines. Also, as client hunger levels increase, the benefits of eating a 

cleaner for a client should also increase. Thus, I hypothesized that cleaners should 

respond differently to hungry piscivorous clients compared with satiated ones and that 

this should vary according to client parasite load. Field observations suggest that 

cleaner-fish use pre-conflict management behaviour which involves the use of tactile 

stimulation, where they rub clients with their body or fins, as a strategy to reduce 

conflict that might arise from a client's decision [11]. Because of the severe 

consequences of conflicts with predators (death) it was also proposed cleaner-fish 

should provide tactile stimulation unconditionally to predators [11]. This has never been 

tested experimentally. Most other anti-predator behaviors, such as predator inspection, 

harassment, and mobbing [12], however, are costly. So identifying potentially 

dangerous individuals would be advantageous to cleaners. Another controversial form 

of interspecific communication in cleaning interactions involves cleaner-fish 'dancing' 

behaviour, where cleaner-fish swim in an oscillating fashion [13]. Although assumed to 

play a role in advertising cleaning services [6,14,15], others propose ‘dancing’ may 

reduce aggression [14, 16, 13, 15], yet this has not been tested. One of the most striking 

behaviors of clients during cleaning interactions is the highly stereotyped posturing of 

clients [17]. Posing appears to signal a client’s desire to be cleaned as it increases the 

client’s likelihood of being cleaned [17]. However, it has been proposed that posing 
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might also serve as an appeasement behavior by potentially dangerous clients towards 

cleaners [17]. Ectoparasite load is known to affect a client’s desire to seek a cleaner [18] 

but whether it influences it’s posing behavior is unknown. To determine whether 

cleaner and client behaviors differed according to client hunger (satiated or hungry) and 

ectoparasite loads (few or many parasites) I tested the effect of these factors, and the 

interaction between the two, on the behaviors between the cleaner-fish Labroides 

dimidiatus and the large piscivorous client  [19], the coral trout Plectropomus 

leopardus. A non-cleaner-fish, Halichoeres melanurus, was included to determine 

whether another fish perceived the client as a potential threat. Tactile stimulation by 

cleaners, with and without cleaner dancing, and client posing rates were measured. 

I found that the frequency of tactile dancing was higher in cleaner-fish exposed 

to hungry piscivorous client-fish than cleaner-fish exposed to satiated clients, regardless 

of client parasite level, and this was consistent in both experiments (Figure 1). As 

conflicts with hungry clients are likely to be more risky, tactile dancing may function as 

a pre-conflict management strategy [8, 11], conditional on client characteristics. The 

results also support the hypothesis that cleaners exploit the sensory system of clients 

with tactile stimulation [20]. Parasite load, however, did not affect the rate of tactile 

dancing towards hungry clients as was predicted.  This suggests that for hungry client-

fish, the potential benefits of eating a cleaner-fish relative to the benefits of parasite 

removal are higher. Tactile dancing appears reminiscent of predator inspection behavior 

where the most vulnerable prey approach predators more closely [12].   

How Labroides dimidiatus identified the hungry fish is unclear, as no effect of 

hunger on client behavior was detected.  It has been proposed that cleaner-fish may 
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recognise predators that aren't intent on feeding or predators may posture and advertise 

this state [21], however, the latter was not apparent.  

The use of tactile stimulation while dancing as a pre-conflict management 

strategy differed in appearance, but apparently not functionally, from that previously 

proposed where tactile stimulation was directed at the dorsal fin area only (not observed 

in this study) and dancing was not considered [11]. Possibly, cleaner-fish need to use 

different conflict management behaviors with different client-fish. 

The frequency of tactile stimulation without dancing was higher on fish with 

many parasites than those with few, regardless of hunger level, and this was also 

consistent in both experiments (Figure 2). That foraging tactile stimulation was higher 

on fish with many parasites suggests it is related to feeding.  

Client posing frequency, a measure of a client’s desire to be cleaned [17], was 

higher for fish with many parasites, regardless of hunger level, and this also was 

consistent in both experiments (Figure 3).  This is the first study to show that client 

posing rates are related to client ectoparasite load. Whether posing was initiated by the 

cleaner-fish or the client-fish [17], however, could not be determined. Thus, whether 

posing was a possibly a response to ectoparasite irritation or to the tactile stimulation 

without dancing, which was higher on fish with many parasites, is unclear. That client 

posing did not vary with hunger level, however, suggests that it does not serve as a form 

of appeasement behavior by potentially dangerous fish towards cleaner-fish [17].  

Tactile dancing as interspecific signalling to manage conflicts, in addition to 

manipulating, reconciling [11], using altruism [22], and recognizing clients [23], adds to 

the increasing list of the cleaner's abilities to deal with complex social environments, 

abilities usually the focus of cognitive studies of primates [24].  
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Experimental Procedures 

 

Fish Collection 

Clients (n=56) were collected using hook and line at Lizard Island, Great Barrier Reef, 

6 to 26 days before trials. Fish were initially held in 4 pools (3 x 1 m) and fed pilchards 

every other day. Cleaner-fish (n = 48), a mean (s.e.) 7.4(0.1) cm in total length (TL), 

and non-cleaner-fish (n=48), 5.85(0.1) cm TL, were collected [25] at the same time and 

held in aquaria. 

 

Fish Handling and Experimental Treatments 

Up to 10 days before trials, only "satiated" fish were fed, daily, while ‘hungry’ ones 

were not. Two to 8 days before trials, fish randomly allocated to the treatment ‘few 

parasites’ were treated for parasites using two baths (0.5 g Praziquantal in 3 ml 

ethanol/50 L seawater for 2.5 h, ICN Biomedicals Inc., Aurora, USA, then 3 min in 

freshwater 24 h later) and those allocated to ‘many parasites’ given a two control 

seawater baths. Six clients, plus one for ectoparasite estimates (not tested), were 

transferred to each of 8 pools with 2 pools per treatment combination. The 8 untested 

fish and the last 8 fish tested were examined for parasites after experiment 1 and 2, 

respectively. Parasites were removed with a 5 min freshwater bath and filtered at 62 µm 

(the former were first killed with an overdose of clove oil and their gills and fins 

examined separately with a microscope). 

 

Behavioral observations 
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Two identical, 6 day long experiments, were conducted 5 days apart (n = 12 trials per 

treatment combination for a total of 96 trials and 144 h). One fish from each of the pools 

was tested each day. Clients were placed in test aquaria (37 high x 90 long x 36 cm 

wide) the evening before trials. Two upright covered clear Plexiglas tubes (10 x 50 cm) 

were each placed in 2 aquaria on the night before the trials, then 90 min prior to trials 

for the remaining trials, to allow clients to acclimate to them. Test aquaria had shelters 

(2 x 15 cm opaque pipes) for the cleaner and non-cleaner-fish. Recording began when a 

cleaner and the non-cleaner-fish were placed in the tube to acclimate to the client and 

aquarium. After 5 min, fish were released from the tube. Two 90 min trials were 

recorded at 0700, 0900, 1100, and 1300 h with two video cameras (Sony Hi8 TRV89E 

and TRV87E). The time of day was random but balanced across treatments with each 

treatment by time of day combination tested 3 times. Thus, all treatments were tested 

each day and at all 4 times of the day. At 1700 h, tested clients were offered a chopped 

pilchard fish to estimate hunger levels. The proportion of hungry clients that fed on 

pilchards was higher for hungry (88, 55%) than for satiated fish (50, 11%,) in 

experiments 1 and 2, respectively. Tested clients were returned to the same pool.  To 

identify them, they were anaesthetized with 2 g /25 L of MS222 (Sigma) in seawater for 

7 min, measured, and individual markings recorded. Fish were also tagged by threading 

a piece of flexible plastic (1.5 x 1.5 cm) with surgical thread into the dorsal fin, but 

some of the tags were lost during the course of the study.  Separate anaesthetic baths 

were used for fish with few and many parasites. Mean (s.e.) client total length was 

44.0(0.8) cm and did not vary among treatments (ANOVA P>0.05). All test aquaria 

were emptied after trials and soaked in freshwater for 30 min to kill any detached 
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parasites. The experiment was repeated using randomly selected fish. Behaviors were 

analysed using Observer Video Pro® 4 (Noldus). 

 

Behaviors recorded 

Behaviors were defined as follows: Cleaner tactile dancing involved dorsal-ventral 

oscillation of the posterior body [6, 14] within 15 cm of client and mainly in one place, 

while often contacting the client with its body. Tactile stimulation without dancing: 

cleaner contacted client's body with pelvic fins, often also nibbling on client’s body. 

Posing involved the client opening the gills and/or mouth [17]. Non-cleaner-fish hiding 

involved sheltering in a pipe or in a corner. 

 

Statistical analyses 

Data were analysed with a repeated measures ANOVA with hunger level and parasite 

load as the between-subjects factors, experiment as the within subjects/repeated factor, 

and client pools as the factor nested within hunger level and parasite load.  As the 

effects of pools were all highly not significant (P >0.25) they was omitted from the final 

analyses to increase power following Underwood’s [26]  rules. One trial where the 

client appeared agitated was omitted. Three clients (2 hungry client with many parasites, 

and one satiated with few parasites) attacked a cleaner and were omitted from the 

analyses. Three non-cleaner-fish spent no time hiding in a shelter and were omitted 

from the analysis to satisfy the assumption of homogeneity of variance of the analysis of 

variance. Non-cleaner-fish spent 98% of their time in a shelter; this was not affected by 

experiment, hunger, or parasites (all P>0.230). Client-fish had 15 different types of 

ectoparasites, mostly monogeneans and copepods (A.S. Grutter and C. Fury, 
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unpublished data). The mean (s.e.) parasite load for the sub-sample of fish in 

experiment 1 and 2 was 2041(715) and 1456(785) for fish with many parasites and 

169(934) and 26(8) for fish with few parasites, respectively.  
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Figure 1. The frequency of tactile dancing of cleaner-fish exposed to piscivorous client-

fish. (A) Experiment 1, (B) Experiment 2. Clients were satiated or hungry and had many 

or few parasites. There was a significant difference between satiated and hungry fish 

(F1,91=8.26,  P=0.005) and between the two experiments (F1,91=5.77,  P=0.019); all 

other factors and interactions were not significant (P>0.05). Data are least square means 

and standard errors (bars) per 90 min observation. 

 

Figure 2. Frequency of foraging tactile stimulation of piscivorous client-fish by cleaner-

fish. (A) Experiment 1, (B) Experiment 2. Clients were satiated or hungry and had many 

or few parasites.  There was a significant difference between fish with many and few 

parasites (F1,91=4.64,  P=0.034) and between the two experiments (F1,91=22.98,  

P=0.0001); all other factors and interactions were not significant (P>0.05). Data are 

least square means and standard errors (bars) per 90 min observation. 

 

Figure 3. Frequency of client posing. (A) Experiment 1, (B) Experiment 2. Clients were 

satiated or hungry and had many or few parasites.  There was a significant difference 

between fish with many and few parasites (F1,91=4.33, P=0.040) and between the two 

experiments (F1,91=4.76, P=0.032); all other factors and interactions were not significant 

(P>0.05). Data are least square means and standard errors (bars) per 90 min 

observation. 
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