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Supplementary information

Methods

Temnothorax albipennis colonies were collected from the field and cultured in the laboratory where the behaviour and communication systems of their workers could be analysed in detail.  In the current experiments, a circular foraging arena was used in a dark room where landmarks and illumination could be carefully controlled. For further details of comparable methods see (1,2,3).


A total of 8 comparisons were made for the linearity and speed of followers’ homing paths (from food to nest) vs. the homing paths of the associated tandem leaders just before they initiated the respective tandem runs. These 8 pairs of paths were video taped with a camera that monitored the whole foraging arena. Five of these tandem runs were also recorded on a second “macro” video camera to enable a frame by frame analysis of the detailed movements of tandem leaders and followers (a video clip of a tandem run is available as supplementary information and at http://www.bio.bris.ac.uk/downloads/1.avi). A random sample of 90 seconds of each tandem run video was used for the analysis. To estimate the frequency of antennal stimulation of the leader by the follower, the distance between the head of the follower and the gaster of the leader was measured. This is a proxy for antennal contact, which was sometimes too subtle and too fast to be clearly visible on the video recordings. Clearly, if the head to gaster distance is too great the follower cannot touch the leader; but antennal contacts can be more frequent with greater proximity. To establish whether the follower was within contact range, the maximum antennal reach for each follower was measured. Every 0.2s the position of the tip of the leader’s gaster and the follower’s head (clypeus) were recorded. Hence we could calculate the leader’s acceleration, over the next time step, as a function of the current distance between the follower’s head and the leader’s gaster. We then analysed these data only for successive intervals of 0.6s to improve the independence of the data.

We analysed the data for leader acceleration vs. gap width between the leader’s gaster and the follower’s head with a general linear model. The gradients of the relationships were not significantly different, so we pooled the data from the 5 tandem runs. We analysed the pooled data in two sets: First, for head to gaster distances within twice the average maximum antennal-reach and second for beyond that range (Fig. 1).  This split point is somewhat arbitrary. Nevertheless, careful inspection of the data suggests that a break point does occur in close proximity to this point.  The two regression lines, within Fig. 1a and 1b, overlap slightly because we used twice the largest antennal reach (of the five followers) for one and twice the smallest antennal reach for the other. Blue circles represent data within twice the maximum antennal-reach of the follower; red circles are for data beyond that range. 

The acceleration of the leaders approximates zero at almost exactly the head-gaster distance equal to the average maximum reach of the followers’ antennae (Fig. 1a). Within twice the maximal antennal-reach the relationship between the leader’s acceleration (LA), in mm S-2 (at time t+1), and the head to gaster gap (H-G dist), at time t, is best described by LA= 10.50 — 8.86(H-G dist) (N=541, r2 = 0.30, P<0.001). Beyond twice the maximal antennal-reach, denoted (H-G dist*), the relationship is best described by LA = -3.92 + 0.56(H-G dist*) (N=187, r2 = 0.035, P<0.05).  The followers’ acceleration behaviour, within twice the H-G range, was the opposite of the leader’s and is best described by FA = – 5.35 + 4.79(H-G dist) (N=547, r2 = 0.14, P<0.001) (Fig. 1b). Outside this range there is no correlation between acceleration and gap width FA = -0.18 - 0.043(H-G dist*) (N=181, r2 = 0.00, P=0.89).

The gradient of the relationship between acceleration/deceleration and head gaster-distance (within twice the maximal antennal reach of the follower) is approximately twice as great for leaders (8.86) than for followers (4.79).  This suggests that leaders (i.e. teachers) are much more sensitive than followers (i.e. pupils) to the stimuli they present to one another.  This confirms that teaching is dialogue not monologue. 

Details of Data Analyses

Tandem leading imposes a cost on the teacher. She can proceed four times more quickly back from the nest to the food when not encumbered with a follower (Mann-Whitney test, N for steps in previous path = 319, N for steps in the tandem run = 2188, W = 692752.0, P<0.0001). 
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Fig S1. Box plots comparing the speed of each of 5 tandem leaders on their previous paths (PP) and the same ants when leading a tandem towards the same target (TR). The box encompasses the inter-quartile range (Q1 – Q3), the whiskers extend to any data point within or at 1.5 times that range, and asterisks show outliers. The horizontal line within the box indicates the median. In every case the tandem is slower than the earlier unencumbered return.

Followers make bigger looping movements than individual explorers (Mann-Whitney test on unsigned absolute turn angles, N for steps by individuals = 348, N for steps by tandem followers = 1519, W = 1503531.5, P<0.0001). 
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Fig S2. Comparison of the overall signed turn-angle profile for 16 individual explorers (dashed line), and 40 tandem followers (solid line).

The speed of leader and follower between pauses was significantly higher in the presence of conspicuous landmarks compared to controls (ANOVA, df=1, F=22.2, P<0.0001).  
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Fig S3. Comparison of the speed of the tandem (between pauses) with conspicuous landmarks present, and in the absence of such landmarks. Error bars represent the 95% confidence intervals. The crossed circles represent the means. N for no landmarks = 3076, N for landmarks = 2182.
The leader sets an example of how to get to the food. Followers find food more quickly than when searching alone (ANOVA on Box-Cox normalised times. df=1, F=6.40, P=0.016).
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Fig S4. Discovery times, i.e. the time it took an ant from leaving the nest to finding the bait, for naïve unencumbered individual explorers verses tandems. N for individuals = 30, N for tandems = 38.

The follower’s first homing path to the nest is generally more linear and quicker (in 6 out of 8 cases) than that of its leader before the tandem run. The first homing path of the leader occurs before that of the follower because the leader may make several trips between nest and target before successfully recruiting.
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Fig S5. Comparison of the time spent homing for recruits and their leaders. Five leaders from different colonies led a total of eight followers to a target that each leader had previously visited. In six of eight cases the recruit had a quicker and straighter homing path, than its leader, although this was not significant overall.
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