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Abstract

Polyethism or division of works among workers of social insects is always a hot issue among en-
tomologists. Honey bees, ants, and wasps are the main target for scientists to study the division of
works. Studying polyethism in termites has been increased recently due to the damages to the fo-
rests, buildings, boats and even water preserving monuments. Every year a huge amount of money
is spent to control these isopteran social insects in the south east of Asia, the US, Australia and
other tropical and subtropical regions. As understanding the polyethism in these social insects can
be a hand in controlling them, in this review we have tried to explain different kinds of polyethism
and their importance in these social insects.
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1. Introduction

Division of task in social insect colonies is always very interesting for scientists and even politician. Bozorg-
mehr a Persian nobleman and scholar that served as a minister of three kings during Sassanid dynasty is one of
the first trial to understand the secret of polyethism among honey bee workers. During the evolution of social
insects polyethism is one of the key phenomenons [1]. Polyethism makes the colony work harmoniously. To put
it in a nutshell, polyethism means division of duties among the insect colony member. As Evans revealed in his
paper at 2006, in Nasutitermes exitiosus, workers shifted their work from foraging to building behavior and vice
versa very rarely. This research has shown that duties are somehow divided in different individuals in a fix
manner [2]. Recent studies have shown that age [3]-[7], size [8]-[11] and sex [12] or combination of them [13]
are the fundamental criteria in polyethism.
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2. Age Polyethism

Age polyethism is an eye catching area of work for entomologists because it is mostly related to foraging and
nest brooding of workers. The question was that is there any relation between going out of nest and age of the
workers or who are the main workers that take care of queen, king and brooding, older or younger workers. Ba-
dertscher et al. at 1982 indicate that there is a relation between age and food supply and processing in Macro-
termes subhyalinus colonies. They mentioned that 97% of foragers are more than 30 days old. In addition they
mentioned that the workers less than 30 years old, it does not matter they are major or minor worker, are in-
volved in founding fungus combs [14]. In a similar study had done by Hinze et al. in 2001 signified that in Ma-
crotermes bellicosus feeding habits are different between major and minor workers. They had classified major
and minor based on their abdomen color. Furthermore, they said that foragers are the main food processor in the
nest. While those worker who fed on the fungus comb have developed labial glands and their main work is to
feed the queen. Abdomen color was not only considered in workers as a measuring criterion for age polyethism.
It sounds that abdomen color will be changed during age in soldiers and thereafter, the duties also will be
changed [15]. In M. bellicosus Smeathman three main abdomen colors have seen in soldiers, yellow, red and
brown. Abdomen color will be changed from yellow in young ones to dark brown in the oldest. Brownish ab-
domens were the main foragers even though the soldiers with all kinds of color can be seen in the nest. Interes-
tingly, the nest acts flexible in the time of damaging; if the brown colors were missed the reds replaced them
immediately [16]. Hinze and Leuthold at 1999 demonstrate that by increasing the age of worker in M. bellicosus,
their duties will be changed. They marked some known age workers with a small piece of metal and survey
them by the means of photo detector. The research made it cleared that age play a crucial role in polyethism. As
the age increased in the workers their duties have changed from grooming the queen to go outside the nest for
foraging. In addition, age polyethism has a pivotal role on longevity of worker in social insects [7]. Mathemati-
cal model has been used to show the importance of age polyethism in longevity of workers. The analysis cleared
that if aging is not depended on activity, age polyethism is profitable if the safe task done in early life, whilst if
aging is depended on activity then polyethism is beneficiary if young workers do the safe works and the older
workers are doing the risky works. In contrast, polyethism won’t be profitable if young workers do the risky job
while the old workers do the safer ones [17] [18]. In addition to workers, larvae instars also have been analyzed
based on age. In Zootermopsis angusticollis, first and second instars were mainly inactive in the nest. However
64-100% of all the tasks were done by 111-VII instars, but age polyethism had not seen among them. In reality,
age was not the matter in division of labors and tasks were not age related [19]. In addition to Z. angusticollis,
this temporal polyethism have seen in larval instars of black marching termites Hospitalitermes medioflavus [20].
In spite of all the above studies they are some studies that showed there is no relation between age and polye-
thism in lower termites such as Cryptotermes cavifrons [21].

3. Size Polyethism

Size of the termites especially workers are another important item that confirm the activity of the workers. Jones
at 1980 studied the construction behavior of Nasutitermes costalis. He showed that workers with different sizes
have different roles in construction behavior. He divided workers into two small workers (SW1, SW2) and three
large workers (LW1, LW2, LW3) based on a research was done at 1970 by McMahan. Building behavior of all
of them had been analyzed by him. He found that SW1 and LW3 are moderate in abundance at the gallery repair
site, they are vigorous yet. In spite, the SW2 are the active builders. Also, LW3 are taking part in grooming [22]
[23]. Recently we have showed that workers with medium head sizes are the major foraging workers in Odonto-
termes formosanus Shiraki [24]. As well McMahan et al. 1984 attested that 96% of small workers are attending
in queen chamber on the contrary 99% of large workers take part in foraging and 70% of them can be found
around swarming sites exit holes [25]. Campora, and Grace at 2004 mentioned that the size plays a critical role
in tunneling galleries. They use ANOVA and regression analysis to analyze their data. The research confirmed
that large workers can make wide with less segmentation tunnels, while the small worker are good enough to
make tunnels with more segmentation still less width [9]. Size polyethism is not involved only among the work-
ers, small and large soldiers of N. exitiosus act differently in facing with enemies. In this species small soldiers
are more attracted to the intruders and they use their frontal gland to secret and repel the invaders. In contrast,
large soldiers are non combative and flee at the time of danger. Non combative large soldiers may serve as mes-
senger and make the nest ready by raising the danger signals [26] [27]. Furthermore, one study on N. costalis
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has shown that soldiers have a key role in foraging by recruiting other soldiers and large workers to the source
of food [28]. This phenomenon is called chemical regulation of polyethism during foraging [29]. It was cleared
that large instar workers have bigger sternal glands than soldiers, subsequently produce more trail pheromone to
recruit more foragers [29] [30].

Combination of age and size has seen in some of termites such as N. princeps. In this species, soldiers’ frontal
glands secret alarm signals that attract other soldiers and large older workers. The research had shown that
young worker, it does not matter large or small, scarcely recruited by this alarm signal [31].

4. Sex Polyethism

In the case of sex polyethism, Machida et al. 2001 studied parent behaviors in Japanese dump wood Hodoter-
mopsis japonica during preovipositional period. The research indicated that male is in charge of female groom-
ing and feeding them by proctodeal stomodeal fluid. After eggs hatching, female used to be more in response
with larvae and feeding them with trophallactic fluid [12]. In contrast with H. japonica, a research on Z. angus-
ticollis showed lack of behavior specialization. In fact, reproductives (male and female) did different tasks and
there was not seen any specialization in their duties [32]. Moreover, king in the nest has a role more than pe-
riodical insemination of the queen. In contrast with queen, king is moving around the nest with active social be-
havior. It may concluded that king play a key role in social structure and dynamic development of the colony as
a mediator in social interaction between queen and other nest members [33]. In addition to reproductives, Miura
et al. 1998 by the means of dissection and histological staining approved that in H. medioflavus soldiers and
minor workers are male and major and medium workers are female. They said in the course of developmental
pathway of neuter cast, males change their duty from gnawing (minor workers) to defense (soldiers) while fe-
males are specialized in foraging [34].

5. Physiological Polyethism

In addition to morphological and age changes, gene expressions, enzyme activities or other physiological cha-
racter can be changed during polyethism. In these kinds of polyethism, size and morphology are not the first
priorities. It means physiology is crossing age or size in a group of workers or soldiers. So, it is possible to dis-
crete a group based on physiological competencies. As in honey bees, nurses, wax workers and soldiers are phy-
siologically different but similar in age and size. Though, most of the time morphological changes and age have
their root in physiological changes, but physiology in solo can make changes [35].

For example, in the course of soldiers, five genes that are involved in cytoskeletal structures and neuron de-
velopments were up regulated in sub esophageal ganglion (SOG): 14-3-3 epsilon, fibrillin 2, g-tubulin, ciboulot
and hypothetical protein containing SAP motif [36]. Gene expression and its effects on the castes have recently
studied by Tarver et al. 2010 on Reticulitermes flavipes. They mentioned that soldiers in a nest control their nest
mates at the molecular level. In fact, presence of soldiers inhibits new soldiers formation in the nest by feedback
regulation of genes that are involved in cast differentiation. It seems that the regulation is as a result of the ter-
pene primer pheromones, such as Juvenile Hormone (JH), in their heads [37]. Role of JH and age polyethism
was cleared in honey bees long time back [38]. Also, JH has a key role in temporal polyethism in the paper wasp
Polistes dominulus. In this species worker were treated with JH start foraging at a younger age than the ones
without treatment [39]. RNA interference (RNAI) and its application in gene silencing shed light on many as-
pects of gene studying. Zhao and colleagues at 2006 used RNAI to prevent two hexamerin gene expressions,
Hex-1 and Hex-2. These two genes are in charge of suppression of JH dependent worker differentiation into sol-
dier caste [40]. It was not the first time that JH has a key role on gene regulation. Nijhout and Wheeler at 1982
mentioned in a paper that JH controled gene switching during critical periods of insect life [41].

Different cellulase enzymes activities in the guts of different workers, soldiers and larvae have been studied
by Veivers et al. 1991 in Macrotermes subhyalinus and M. michaelseni Sjgstedt to find the importance of po-
Iyethism in digestion and distribution of food in the colony. They found that fungal cellulase enzyme, en-
do-$-1,4 glucanase, takes a part in 9% of digestion of cellulose in major worker [42]. Also, young fungal no-
dules have more enzyme activity and they usually consume by young minor and especially young major workers.
In contrast, old major worker and old minor worker feed on old nodules with less cellulase enzymes. Interes-
tingly, larvae and soldiers only fed by minor workers’ saliva glands. This can make it clear that young workers
have a key role in processing the cellulose rich material and distributing it among new born larvae [14].
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Besides, labial glands, size, and their cellular differentiation in Schedorhinotermes lamanianus can be another
physiological principle to distinguish worker-foragers from other workers. Aggregation of workers at the site of
gnawing is explained by secretion of labial glands. The secretion gives a chemical signal for other workers to
come to the site [43]. As well as labial glands, shape and size of mandibles have been studied in third instar
workers (Ws) and forth stage reproductive nymphs (N4) of Drepanotermes perniger Froggatt. Based on Camp-
bell and Watson (1975) measurement and analysis the mandibles’ size and shape in these two groups are differ-
ent. As they mentioned in their paper, this kind of analysis will be helpful in studies of termite polyethism [44].
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