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Supplemental information: The Shadow of the Future affects cooperation in a cleaner fish
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Supplemental Methods
The study was conducted on Moorea Island in French Polynesia (17°29' S, 149°49' W) during two field trips: April to June 2007 and September to November 2008.  The study species L. bicolor (maximum total length = 14 cm) is found throughout the Indo-Pacific, and adults are obligate cleaners.  Observations were carried out at three sites on fringing reefs in Cook’s Bay (Gump reef and Green Hotel reef) and Opunohu bay (White House reef). 

Previous studies on L. dimidiatus (e.g. [S1] [S2] [S3]) have been carried out on patch reefs separated by sandy areas.  On patch reefs, client species can be easily divided into two categories: resident (remain on one reef patch) and visitor (may travel between reef patches).  On the fringing reefs where our study was carried out, it is more difficult to divide client species into equivalent categories as their movements are less constrained in the absence of sandy areas. We did not distinguish between these categories for the purposes of our analysis. We excluded all predatory clients from our analyses because they only accounted for 8% of the data and we observed unusually high levels of cheating by L. bicolor with some predatory species such as moray eels.  We wanted to prevent these data from driving the results (excluding these data points also improved the stability of the models).
Observations were carried out using SCUBA equipment on ten adult L. bicolor (9.5 - 12.5 cm).  Three individuals were at Gump reef, three were at White House reef and four were at Green Hotel reef. Each focal session was approximately 30 min in duration, with a total of 240 min observation time for each cleaner split between 2 observers (JO and AR in 2007 and JO and AM in 2008). Half of the observation time for each cleaner was carried out in the morning (between 07:00 and 12:00), and half was in the afternoon (between 12:00 and 17:00).  Client species were determined according to [S4].  The size of clients was estimated to the nearest 5 cm using a guide marked onto an underwater slate. The duration of cleaning interactions was measured using a stopwatch.  Individual L. bicolor were recognised by natural colour patterns and fin aberrations, which are highly variable between individuals.  Since very little is known about reproduction in social groups of L. bicolor, it was not possible to determine whether the focal individuals were male or female. Data on L. dimidiatus suggest that the sex of a cleaner does not influence service quality [S5].  Checks were made periodically by making simultaneous observations on the same individual cleaners to ensure that there were no consistent differences between observers in their recordings. 

Statistical analyses
Home range analysis was carried out using the Local Convex Hull (LoCoH) 2.1 extension (University of California, Berkeley, CA, USA) in ArcView GIS 3.2 (Environmental Systems Research  Institute, Redlands, CA, USA).  We decided to use the nonparametric LoCoH method for home range estimation rather than traditional parametric kernel methods [S6, S7] because LoCoH is suited to datasets with a lot of observational data collected in an environment with ‘sharp’ features [S8].  LoCoH is a k-nearest neighbour convex hull method. It produces home ranges by first considering each observed location and identifying its k nearest neighbouring locations (where k is defined by the user). It then produces minimum convex polygons (local hulls) of each point and its selected nearest neighbours. After arranging the hulls in increasing order of size, they are merged until the required proportion of points is included, so, for a 10th percentile isopleth, hulls are merged until 10% of points are included. As hulls are merged in increasing order of size, the lower isopleths represent the most used part of the home range (i.e. the densest area in terms of points). The number of neighbours k was selected following the “minimum spurious hole covering” rule (MSHC; according to [S8]). We found that the most appropriate value of k was 10; this value of the parameter was used for all L. bicolor individuals.  
In order to compare encounter rates for cleaners with different sized home ranges, we used the area of isopleths to estimate the ‘relative encounter frequency’ for each isopleth of each cleaner. Our reference level of 1 for the encounter rate was set to be the relative encounter rate that would be observed for the cleaner with the smallest home range if that cleaner had used its home range in a homogeneous fashion (and thus the highest encounter rate, if we assume a homogenous distribution of clients across the reef). We then computed encounter rates for cleaners based on the area of their home range relative to the reference cleaner, and on the size of the isopleth in which an interaction occurred relative to the size an isopleth would be if the home range was used homogeneously.

The statistical analysis was carried out using R 2.9.2. To analyse the data on client jolt rate we built a General Linear Mixed Model (using the lmer function from the lme4 library) of the number of jolts per 100 s (response variate).  Units of analysis were individual cleaning interactions; cleaner identity, client species and site were included as random factors to account for repeated measures. We considered the predictors Ln (relative encounter frequency with focal cleaner), Ln (relative encounter frequency with other cleaner), client size, and the interactions between them. To analyse the data on client termination by chasing or fleeing, we used a subset of the data containing only cleaning interactions where cheating occurred, and built a Generalised Linear Mixed Model with a binomial error structure using client termination (0 or 1) as the response variate and the predictors Ln (relative encounter frequency with focal cleaner), client size, and the interaction between them.  We included the same random factors as above. In both models, we started with a full model including all possible explanatory variables and second order interactions.  Subsequently, terms were sequentially dropped until a minimal model was derived containing only terms which, when excluded, led to a significant decrease in the explanatory power of the model. The effect of dropping a term was assessed with likelihood ratio tests between nested models. For normal error structure models, we also used an alternative test by MCMC sampling the posterior distribution of the coefficient values generated from the model algorithm (using the function mcmcsamp from lme4), and checking that the 95% confidence interval for the coefficients did not include zero, indicating a significant effect. Significance for terms in the minimal model was obtained by dropping each term from the model; significance for terms not included in the minimal model was obtained by adding the term to the minimal model.

Supplemental Results 

	Term
	χ2
	df
	p
	Effect size ± s.e.

	Ln (relative encounter frequency with focal cleaner)
	6.58
	1
	0.010
	-1.56 ± 0.61

	Ln (relative encounter frequency with other cleaner)
	0.80
	1
	0.370
	-

	Client size
	0.04
	1
	0.834
	-


Table S1, related to Figure 1 panel B:  General Linear Mixed Model on the factors influencing client jolt rate. Analysis conducted on client jolt rate/100 s for 739 cleaning interactions from 10 L. bicolor. Values for Likelihood Ratio Test (χ2), degrees of freedom (df), chi probabilities (p) and significant effect sizes ± s.e.  for all predictors (interaction term was not significant).

	Term
	χ2
	df
	p

	Ln (relative encounter frequency with focal cleaner)
	0.16
	1
	0.686

	Client size
	0.01
	1
	0.999


Table S2: Generalised Linear Mixed Model on the factors influencing client termination by chasing or fleeing. Analysis conducted on whether termination by chasing or fleeing occurred or not (0 or 1) for 127 cleaning interactions from 10 L. bicolor. Values for Likelihood Ratio Test (χ2), degrees of freedom (df) and chi probabilities (p) for all predictors (interaction term was not significant). 
Supplemental References
S1.
Bshary, R. (2001). The cleaner fish market. In Economics in Nature, R. Noë, J.A.R.A.M.v. Hooff and P. Hammerstein, eds. (Cambridge: Cambridge University Press), pp. 146-172.

S2.
Bshary, R., and Schäffer, D. (2002). Choosy reef fish select cleaner fish that provide high-quality service. Anim. Behav. 63, 557-564.

S3.
Bshary, R., and Grutter, A.S. (2002). Asymmetric cheating opportunities and partner control in a cleaner fish mutualism. Animal Behaviour 63, 547-555.

S4.
Allen, G., Steene, R., Humann, P., and DeLoach, N. (2003). Reef Fish Identification Tropical Pacific, (Jacksonville, Florida: New World Publications). 
S5.
Bshary, R., Grutter, A.S., Willener, A.S.T., and Leimar, O. (2008). Pairs of cooperating cleaner fish provide better service quality than singletons. Nature 455, 964-966.
S6.
Jennrich, R.I., and Turner, F.B. (1969). Measurement of non-circular home range. J. Theor. Biol. 22, 227-237.

S7.
Worton, B.J. (1989). Kernel methods for estimating the utilization distribution in home-range studies. Ecology 70, 164-168.
S8.
Getz, W.M., and Wilmers, C.C. (2004). A local nearest-neighbour convex-hull construction of home ranges and utilisation distributions. Ecography 27, 489-505.

