
Cooperative fighting in social insects: 
an empirical test of Lanchester’s laws

I) Our work shows for the first time that the fighting ability of a group is disproportionately affected by group size.

II) This study falsifies Lanchester’s models of group combat.

III) We propose the “synergistic attack hypothesis” as the mechanism driving the disproportionate effect of group size.

Introduction:

 We tested the applicability of Lanchester’s 
models of combat to termite battles.

 These models lead to two laws, the most 
famous being the “square law.”

 Lanchester’s square law  states that the fighting 
ability of a group is proportional to the square 
of its numbers.

 This law has been applied broadly to social 
animals that fight in the open where the larger 
group can concentrate attacks on the smaller 
group. 

Figure 1. Lanchester’s model of combat leading to the square law. 
These paired equations represent armies “m” and “n,” 
respectively. 

Methods:

 Six colonies were collected for three unique 
pairings.

 Individuals were marked with paint.

 Individuals from different colonies were 
placed together in different initial ratios of 
numbers, ranging from 10:40 to 40:10.

 Here, we show data on worker-worker 
battles only.

 The number dead on each side was 
recorded every five minutes.

 Video recordings were used to score rates 
and positions of attacks.

Figure 5. Proportion of 
attacks at each body 
region (N=60). 
Workers in the larger 
group (yellow) receive 
most attacks  at the 
mandibles. Workers in 
the smaller group 
(blue) receive most 
attacks where they are 
vulnerable (sides). This 
supports the 
synergistic attack 
hypothesis.
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Conclusions:

 This is the first study to show empirically that group size 
confers a disproportionate advantage in a battle. 

 This study falsifies predictions of Lanchester’s square law.
 We have developed the “synergistic attack hypothesis,” which 

proposes that the killing power of one animal is enhanced by 
the presence of other members of its social group. 

Figure 4.  An 
example of a 
battle. Ten 
individuals from 
one colony, 
marked blue, face 
40 individuals 
from a second 
colony, marked 
yellow. All 
individuals are 
workers of 
Nasutitermes 
corniger.

Key points:

Figure 3. The proportion of focal colony deaths was lower when its workers 
constituted a higher proportion of the fighters present (GLMM, P < 0.001). 
This pattern falsifies Lanchester’s linear law. Each point represents a battle; 
colors/ shapes identify colony pairs. 
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Figure 2.  Group size had a disproportionate effect on mortality rates. If 
the effect was proportional, the data points would follow the curve of a 
purple line. The pattern of residuals shows that the more numerous 
group enjoys an advantage that is greater than proportional to relative 
numbers. 
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Video Results:

The square law predicts a progressive increase in the 
concentration of attacks on the smaller army. This was not 
observed.

The synergistic attack hypothesis
 Termites prefer to fight mandible-to-mandible, where they are 

most protected. 
 Once a termite in the minority (blue) is already engaged at the 

mandibles, other termites from the majority can attack it from 
the sides, where it is most vulnerable. 

 Thus, the killing power of one individual is enhanced by one or 
more of its nestmates being present.


