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a slightly less than the smallest shown on the graph no landing occurs. (b) The coherence of the flock
as a function of the magnitude of the vertical noise and fh (all other parameters are as of Table 1).
The place of the minimum in a shifts to the right, and the value of the minimum increases as f2

becomes stronger.

4. Conclusion

In this report, we have investigated a model where the concepts of collective decision making and
collective motion are intertwined. In particular, we have introduced a simple phenomenological
model for the landing of a flock of birds. In the model birds are only influenced by the dynamical
variables, like position and velocity, of other birds in their immediate neighbourhood. Heterogeneity
i< introduced in the flock in terms of a depletion time after which a bird feels an increasing bias to
move towards the landing surface. The stochastic nature of the bias ensures that the effects of the
surface, over which the flock flies, is also included. Our results suggest that the coherence of the
collective action of landing can be enhanced by the random perturbations from the environment.
Through our model we have demonstrated a mechanism by which animals in large group can arrive

at an egalitarian decision about the time of switching from one activity to another in the absence of a

leader.
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Figure 6: The values of the most important quantities describing the collective landing for different

variances of the depletion times (all other parameters are as of Table 1). Note that T /Ty is well

below 1. For small -s g, /& grows considerably, which is due to the fact, that effects, such as the size

of the birds and the height of the flock, become noticeable when g is small.
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Figure 7: (a) The values of the most important quantities describing the collective landing for

different magnitudes of the vertical noise (all other parameters are as of Table 1). For values of







of the noise has to be large enough for the birds to overcome f2 but too much noise decreases the

coherence achieved by the averaging force.
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Figure 5: The values of the most important quantities describing the collective landing for different
number of birds, while keeping the density of the birds constant with the changing of D (all other
parameters are as of Table 1). Note that T /T, is well below 1 and this property persists for much

larger flocks than the one used in most of our measurements.
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We stress that this happened while a single bird had information about only a few neighbours, and

not the whole flock.

quantity Value
0./0 0.387 | +0.007
Teo/Tsn 0.288 | +0.007
Oxy/Oxy 0.639  |+0.017

Table 2: The quantities describing the coherence in space and time, with the parameter values of

Table 1.

In Figures 5, 6 and 7 we show these quantities graphically, while the number of birds in the flock, the
standard deviation of the distribution of t;-s, and the magnitude of the vertical noise are changed
respectively. When changing the number of birds in the flock, we keep the density of the birds
constant with the appropriate changing of D. Note that our previous statements about temporal

coherence hold for considerable changes of these attributes of the flock.

In Figure 5 we see that decreasing the number of birds, while keeping the ratio of the number of
birds and the volume set by the boundaries of the forces 2 and f%y a constant, makes the flock

decoherent. This is due to the fact that with the decrease in the number of birds, the fluctuations in

the number of neighbours, with respect to the individual birds, become important.

In Figure 6 we see that for small o-s the value of g; /o grows well above one. This is because there is
an inherent difference in landing times, due to the birds starting from different heights and thus

arriving at the ground at different time_s, and that the birds cannot land on top of each other. The

effect of this inherent difference becomes noticeable compared to o when ¢ is small.

Figures 7 shows that for any given coefficient of f?,} there is maximum of temporal coherence or put
otherwise a minimum of Ty, /Te, and o, /0, as a function of the noise. The interplay between f2 and
the vertical noise becomes clear from Figure 7(b). The place of this minimum (in «) shifts to right, and

increases (in Tso /To,) with the increase of the coefficient of 2. Also the place of the minimum is

very close to the minimum magnitude of noise where landing occurs. This is because the magnitude
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