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Who should take on risky tasks in an age-heterogeneous society? Life-

history theory predicts that, in social insects, riskier tasks should be

undertaken by sterile individuals with a shorter life expectancy. The loss

of individuals with shorter life expectancy is less costly for colony reproduc-

tive success than the loss of individuals with longer life expectancy. Termite

colonies have a sterile soldier caste, specialized defenders engaged in the

most risky tasks. Here we show that termite soldiers exhibit age-dependent

polyethism, as old soldiers are engaged in front-line defence more than

young soldiers. Our nest defence experiment showed that old soldiers

went to the front line and blocked the nest opening against approaching

predatory ants more often than young soldiers. We also found that young

soldiers were more biased toward choosing central nest defence as royal

guards than old soldiers. These results demonstrate that termite soldiers

have age-based task allocation, by which ageing predisposes soldiers to

switch to more dangerous tasks. This age-dependent soldier task allocation

increases the life expectancy of soldiers, allowing them to promote their lifetime

contribution to colony reproductive success.
1. Introduction
Division of labour among colony members based on age, i.e. age polyethism,

evolved in all major groups of eusocial insects [1]. Colony-level selection favours

adaptive colony demography in terms of age structure so as to promote the

colony’s reproductive success [2]. A theoretical study of age polyethism in

social insects demonstrated that age polyethism is profitable when safer tasks

are performed earlier in life and when associated with higher ageing-related mor-

tality or programmed senescence [2–4]. Honeybee workers display an elaborate

division of labour by age, usually progressing from inside-nest to outside-nest

labour [5]. This age polyethism schedule is evidently adaptive because it post-

pones the most risky labour to the latest stage of workers’ lives, increasing

their life expectancy [5,6]. Age-related division of labour has also been investi-

gated in termite workers [7], and typically seen in the neotropical termite

Neocapritermes taracua, in which older workers, rather than young workers,

perform self-sacrificing defence [8].

The termite soldier caste is morphologically and behaviourally specialized for

defence [2]. Because soldier is a terminal caste that differentiates from workers,

soldier production imposes an opportunity cost on the colony [2]. Therefore, it

would be adaptive for the colony to position soldiers of different age classes

so as to increase their life expectancy. Nevertheless, termite soldiers have never

been studied from the viewpoint of age polyethism [8]. Mortality risk for soldiers

differs among defence positions in the nest, as soldiers on the front line of

defence must take more risks than royal guards deep inside the nest (electronic
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Figure 1. Comparison of defence behaviour between young and old soldiers. (a) Diagram illustrating the experimental setup from above. (b) A close-up photo
image of the nest chamber with an approaching predatory ant. Arrowheads indicate soldiers. (c) Comparison of defence rates between young and old soldiers (left:
male, right: female) in the absence of predatory ants. (d) Comparison of defence rates in the presence of predatory ants. Values denote the means+ s.e.; n is
indicated on each bar. *p , 0.05, **p , 0.01, ***p , 0.001, generalized linear mixed model (GLMM). (Online version in colour.)
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supplementary material, figure S1). For instance, in the subter-

ranean termite Reticulitermes speratus, entrance-guard and

royal-guard soldiers are located in different areas of the nest

and perform distinct modes of defence (electronic supplemen-

tary material, text S1). We can reasonably assume age-related

mortality increase if life expectancy is not intrinsically eternal

or accumulation of extrinsic damage, including self-inflicted

injury, promotes mortality [9]. Hence, we reasonably predict

age-based task allocation in termite soldiers.

In this study, we investigated age-dependent task allocation

in the soldier caste of a subterranean termite, Reticulitermes
speratus. In Reticulitermes termites, soldiers live at least five

years after the final molt from workers [10]. Differentiation of

new soldiers occurs only in early summer [11], which provides

an ideal opportunity to distinguish new recruits from veteran
soldiers. We compared the defence behaviours of young and

old soldiers in experimental nests in the presence of the termite

predatory ant Brachyponera chinensis. We also investigated sex

differences in soldier defence behaviour, as the termite soldier

caste consists of both sexes, in contrast to the female-dominated

societies of the eusocial Hymenoptera.
2. Material and methods
To observe soldier defence behaviour, we prepared experimental

cardboard nests with a cylindrical chamber and an entrance [12]

(figure 1a). The experimental nest was placed in the centre of a

Petri dish, and then two soldiers and five workers were placed

in the nest chamber (figure 1b). One hour later, we recorded

the position of each soldier. Thereafter, a single predatory ant,
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Figure 2. Distribution of old and young soldiers in an artificial nest. (a) Diagram of an artificial nest imitating two nest logs (large plastic cases) connected by a gallery (acrylic
tube). Five small plastic cases, imitating nest chambers in a log, were arranged in each large plastic case. Small openings on each side of the small cases allow termites to pass
through. (b) Comparison of the distribution of young and old soldiers in terms of the distance from the royal chamber, in which queens are harboured. Young soldiers were
located around the royal chamber more often than old soldiers (see electronic supplementary information for distance ranking). (Online version in colour.)
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i.e. the termite-hunting needle ant Brachyponera chinensis, was

placed in the Petri dish. Subsequent termite defence and ant pre-

dation behaviour was recorded. We compared the defensive rates

(number of soldiers defending at the nest opening per number of

trials) between old and young soldiers of each sex, and between

male and female soldiers of each age class. We performed five to

twenty replicates (depending on soldier availability from each

colony) for each treatment, for each colony. This experiment was

repeated using the five colonies. See electronic supplementary

material for details (text S2).

3. Results
Old soldiers of both sexes showed defence behaviour at the

nest entrance more often than young soldiers, even in the

absence of predatory ants (likelihood ratio test, males:

x2
1 ¼ 10:296, p ¼ 0.001; females: x2

1 ¼ 5:742, p ¼ 0.017;

figure 1c). Then we introduced a single predatory ant in each

Petri dish. When a predatory ant approached the nest entrance,

a soldier fiercely attacked the ant (electronic supplementary

material, movie S2). Introduction of the predatory ant greatly

increased the age-related difference in defence behaviour, as

old soldiers blocked the nest opening and fought against the

approaching ants much more frequently than young soldiers
(likelihood ratio test, males: x2
1 ¼ 65:829, p , 0.001; females:

x2
1 ¼ 34:647, p , 0.001, figure 1d). When an old male and an

old female soldier were placed in an experimental nest, females

engaged in front-line defence more often than males (likeli-

hood ratio test, ant absent: x2
1 ¼ 6:681, p ¼ 0.010; ant present:

x2
1 ¼ 11:014, p , 0.001; electronic supplementary material,

figure S3). When a young male and a young female soldier

were placed in a nest, young soldiers themselves performed

defence behaviour as well as old soldiers (41 of 41 trials with

predatory ants approaching the nest entrance). There was no

significant difference in defence behaviour between young

male and young female soldiers (likelihood ratio test, ant

absent:x2
1 ¼ 0:379, p¼ 0.538; ant present:x2

1 ¼ 3:471, p ¼ 0.062).

Comparison of survivorship under starvation conditions

showed significantly higher survivorship of young soldiers

than old soldiers (Wald test, z ¼ 23.403, p , 0.001). There

was a significant difference between the distribution of

young and old soldiers in the nest, as young soldiers were

located around the royal chamber and old soldiers guarded

outer nest parts (likelihood ratio test, x2
1 ¼ 7:894, p ¼ 0.005;

figure 2b). Sex and colony had no significant effects on the

soldier distribution pattern (likelihood ratio test, sex:

x2
1 ¼ 0:053, p ¼ 0.817; colony: x2

1 ¼ 0:257, p ¼ 0.612).
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4. Discussion
Soldiers are completely sterile in R. speratus (see electronic sup-

plementary material, text S1 for details), while reproductive

soldiers are reported in a basal termite Zootermopsis nevadensis
[13]. Selection would act on the age polyethism of sterile termite

soldiers through colony-level performance and thus through

colony productivity, as demonstrated in sterile ant workers

[14]. Here, we showed that old soldiers go to the front line of

nest defence more often than young soldiers (figure 1c). A

marked behavioural difference was observed when predatory

ants were introduced to the test arena (figure 1d). We also

revealed that young soldiers are more biased toward choosing

central nest defence as royal guards (figure 2). In addition, old sol-

diers showed significantly higher mortality than young soldiers

under starvation conditions, although an increase in intrinsic

mortality with age remains to be explored. These results demon-

strate that termite soldiers exhibit age-based task allocation,

which is consistent with the life-history theory that age polyeth-

ism is profitable when safer tasks are performed earlier in life

and when associated with higher ageing-related mortality [3].

It has been shown that as workers age, they engage in

more diverse tasks, many of which involve activities at the

nest periphery or outside the nest, that are associated with

higher risk in eusocial Hymenoptera [1,5,15] and termites

[7]. Because workers engage in a variety of tasks throughout

their lives including brood care, grooming, nest construction,

foraging and anti-predatory defence, chronological task

schedules have resulted from age-related increase in task

performance or repertoire expansion [16] due to physical

maturation [17] and neurophysiological development [18].

In termite workers, especially, age and size polyethism are

inter-linked because of hemimetabolous development. There-

fore, it has remained unclear whether life expectancy is an
ultimate factor in allocating risk-related tasks in social insects

(see also electronic supplementary material, text S3).

In the present study, we used a study system of termite sol-

diers, a physical caste specialized to nest defence, by which we

separated the effects of size and age. Our results cannot be

explained by age-related increase of task performance because

phragmotic soldiers act as living plugs blocking the nest open-

ings with their heads, where young and old plugs seem

unlikely to differ in their defence performance. Indeed, both

young and old soldiers perfectly protected the nests against

predatory ants when either only young soldiers or old soldiers

were used in the experiment (young soldiers: 41/41; old

soldiers 81/81). In addition, life-long resilience, i.e. no age-

related decline in task performance [18], may make phragmotic

soldiers valuable to colony defence as long as they live. There-

fore, our results most explicitly suggest that life expectancy and

the risk associated with each task should be taken into account

as an ultimate factor of age polyethism in social insects.
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