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Termites live in a colony as social insects. They are divided into three castes
based on the labor differences in the nest, reproductive caste (queen, king),
worker caste (pseudergate), and soldier caste. Soldier caste is suggested to
experience remarkable morphology modification to perform their defensive task.
Furthermore, the sensory receptors of the soldier caste have been structurally
modified to become longer all over the body compared to the other wingless caste.
For example, soldier termites of subterranean termites Coptotermes spp. have
mandatory occasion to be outside the nest while performing their defensive tasks.
Thus, soldiers of subterranean termites are required to face challenges outside
the nest, such as heat, light, and constant air current or airflow. Several studies
on the effect of short air puffs, heat, and light have been demonstrated toward
soldier termites. However, the effect constant airflow has on the sensitivity and
orientation of subterranean termite soldiers is still unknown.

Chapter 1 introduces the background, objective and outline of the study.
Furthermore, the chapter also explains about the biology of Coptotermes spp.,
and sensory setae as communication system in termites.

In Chapter 2, the morphology and body parts shape of the soldier of
Coptotermes spp. were evaluated. The modified parts of Coptotermes spp. and the
linear morphometric values were analyzed by geometric morphometric analysis
and principal component analysis, respectively. Head width, pronotum setae, and
postmentum characteristics appeared to be important characteristics in
Coptotermes spp. A gradual lateral expansion of the posterior part of the head
capsule occurred throughout Coptotermes spp. Pronotum and head setae numbers
in Coptotermes spp. increased as the posterior part of the Coptotermes head
laterally expanded. Those characteristics have been formerly used to discriminate
species among Coptotermes spp. However, the putative functions of the
characteristics have been still unknown. Coptotermes soldier might have evolved
so that species with more setae and laterally expanded head capsule would be
more sensitive to vibro—acoustic cues, increasing the advantage of phragmosis in
tunnel defense.

Chapter 3 of the thesis discussed the ultrastructure and morphology of the
sensilla on the pronotum, head, and labrum parts of the soldier of Coptotermes
spp. Six total sensillum types were observed, with two mechanoreceptive

_1_




sensillum types (hair and plate). The long flexible-peg mechanoreceptive sensilla
may work as contact-chemoreceptive sensilla due to their elongated dendritic
outer segments and uniporous characteristics. There was a significant depletion
of mechano-chemoreceptive sensillum numbers in C. gestror, which was
compensated by a high density of short-peg mechanoreceptive sensilla on the
pronotum. The existence of long peg, flexible sockets, and mechanosensitive outer
dendritic segment may support the ability of the sensory receptors to sense
airborne vibrations, such as wind or airflow. The difference of sensory receptors
distribution between species may also indicate the variety in the sensitivity and
response of soldier termites to airborne vibration.

In Chapter 4, the behavior of C. formosanus soldier termites was tested
against the airborne vibration in certain velocity. It was found that the sensitivity
of soldier termite toward the airflow source was significantly dropped when the
antennae was trimmed and pronotum setae were covered. Antennae were
important organs for soldier termite orientation and spatial ability to airflow.
Without antennae, soldier termite demonstrated an alert response by bumping
the wall and opening mandible as their spatial ability was limited. However, the
loss of antennae made the setae on the pronotum and other body parts more
sensitive to airflow, significantly reducing the alert response and increasing the
spatial ability of soldier termite.

This thesis confirmed that the body setae are morphological characteristics
that have biological structures to support their function as sensory receptors. The
sensitivity to airflow is one function that could be demonstrated by morphological
manipulation. The variation of the flexible long-peg sensilla distribution on the
body of Coptotermes across species may also share the light to their subtle
difference of their habitat preferences. Coptotermes are protected by gallery
systems and shelter tubes during their foraging activities, and if the gallery or
shelter tubes are damaged, they may expose themselves to open space. Soldier
awareness of these changes in airflow may be assisted by flexible long-haired
sensory organs in the body. The thesis illuminated the importance of setae and
their putative function to support the defensive role of soldier termite.
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