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Abstract. The inhibitory potential of primary and secondary reproductives was studied using half-orphaned colonies of Kalotermes
flavicollis. Both primary and secondary reproductives (neotenics) were equally effective in inhibiting the development of replace-
ment reproductives. Single females totally inhibited the development of female secondary reproductives but did not affect the devel-
opment of male secondary reproductives. Single males had neither a stimulatory nor inhibitory effect on the development of
secondary reproductives. The inhibitory ability of pairs of primary reproductives shortly after dealation and at the stage of incipient
colony formation (couple with the first batch of eggs) was also examined. While pairs of freshly dealated reproductives were not
able to inhibit the development of neotenics, pairs of primary reproductives that had their first batch of eggs, fully inhibited the

development of neotenics.

INTRODUCTION

The observation that in Kalotermes flavicollis the king
and queen prevent the differentiation of neotenics in a
colony was published by Grassi & Sandias (1893) and
reviewed by Lischer (1974, 1977) and Springhetti
(1985). They supposed that this is achieved by means of
inhibitory pheromones. Liischer also showed that the king
and queen possess complementary inhibitory ability
(Liischer, 1952, 1956a, b, 1964), that is, the inhibitory
potential is sex specific. According to Liischer (1956a, b,
1964) neotenic females are capable of inhibiting the dif-
ferentiation of other female neotenics to a certain extent,
and according to Grassé & Noirot (1960) primary females
prevent the development of female neotenics completely.
However, there are noticeable gaps in our knowledge of
the inhibitory abilities of the male reproductives. While
Liischer (1956a, b, 1964) showed that a sexually mature
neotenic male does not inhibit the differentiation of neo-
tenics, Grassé & Noirot (1960) suggested that a primary
male could inhibit the differentiation of male neotenics.
Lischer (1964) also indicated that a functional neotenic
male could stimulate the production of female neotenics.
Nagin (1972) reported a slightly different action of both
sexes in Neotermes jouteli. Functional neotenic females
prevented the development of replacement females and
had a certain inhibitory effect on the development of
replacement males. Single functional neotenic males
slightly inhibited the development of both male and
female neotenics. The secondary reproductives and their
inhibitory effects in other species were reviewed by
Myles (1999).

There is an important difference between primary and
secondary reproductives, which is linked to their different
time of occurrence in the life cycle of the colony. Pri-
mary reproductives undergo a solitary phase when initi-
ating a new colony and do not have to exert control over

the development of nestmates until the larvae from the
first batch of eggs reach the fourth instar. This is the first
stage that can differentiate into neotenics (Liischer, 1952,
Kindl, unpubl. observ.). Secondary reproductives are
found mostly in mature colonies. They must be able to
promptly inhibit their nestmates from differentiating into
further neotenics. The maturation of the inhibitory ability
of the neotenics has not yet been studied and it is
unknown whether the primary reproductives during the
first phases of their life can inhibit the development of
neotenics.

Lenz (1987) studied the role of “helpers” in Crypto-
termes brevis. He added groups of five nymphs to freshly
dealated imagoes and in many of these groups some
helper nymphs moulted into neotenics. This indicates that
not all freshly dealated imagoes are able to prevent the
development of neotenics.

The aim of this study was to verify the suggested dif-
ferent inhibitory ability of female and male primary and
secondary reproductives, and to determine if freshly dea-
lated imagoes and young primary reproductives in
incipient colonies (pair with first batch of eggs) already
have some inhibitory ability.

MATERIAL AND METHODS

Termites

Half orphaned colonies with neotenics as functional
reproductives

Source ofF TERMITEs: Greece, Corfu, Perivoli, colony No. 1,
collected 26.v.1999.

Fully functional replacement reproductives with their own
offspring, aged more than six months, were used as experi-
mental neotenic pairs. Ten experimental colonies, isolated from
the parental colony, were checked daily for one month before
the start of the experiment to ensure that the functional neo-
tenics fully inhibited the development of neotenics.
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Half orphaned colonies with imagoes as functional
reproductives

Source of TERMITES: Greece, Corfu, Perivoli, colony No. 3,
collected 26.v.1999.

Six approximately one-year-old primary pairs were used in
this experiment. The incipient colonies consisted of at least ten
post fourth instar larvae.

The sex ratio of the initial groups in experiments on half
orphaned colonies were not known, but the number of newly
developed males was similar in both the experimental (headed
by single male or female) and control groups.

Freshly dealated imaginal pairs

SoURCE OF TERMITES: Italy, Naples, Sabaudia, colony No. 1,
collected 25.iv.1998.

Ten pairs of primary reproductives were added to experi-
mental groups within two hours after dealation. This time males
and females were kept separately and not allowed to start
tandem behaviour. The most active individuals were chosen for
the experiment.

Primary pairs at the stage of early colony development

Source oF TERMITES: Italy, Naples, Sabaudia, colony No. 4,
collected 25.iv.1998.

Experimental groups were added to 10 primary pairs taken
from incipient colonies. The colonies were 21 days old and with
the first batch of 3—5 eggs (3.7 + 0.78; N = 10) at the beginning
of the experiment and had from 5 to 9 eggs (6.6 £ 1.36; N = 10)
at the end of the experiment.

Experimental conditions

Termites were kept in Petri dishes (55 mm in diameter) and
supplied with pieces of spruce (Picea abies) wood (2 pieces —
30x4%x2 mm, 2 pieces — 40x4x2 mm, 2 pieces — 45x4x2 mm
and 1 piece — 50x4x2 mm). The pieces of wood were glued by
the narrow side to the bottom of the dish 5 mm apart. An appro-
priate humidity was maintained by the moist sand at the bottom
of the dish and pieces of cellulose wadding, which also served
as an additional source of food. The termites were kept in the
dark and at 25 + 1°C. Each experimental group consisted of 12
pseudergates and/or full-grown larvae, 8 nymphs and 1 soldier.
Orphaned groups of the same composition were used as
controls. The groups were checked daily and all new replace-
ment reproductives were removed and sexed. The experiments
lasted for 36 days.

Statistics

Results were analysed using non-parametric tests. Kruskal-
Wallis test and Dunn’s Multiple Comparison Test were used for
experiments on half orphaned colonies (sexes were analysed
separately), and Mann-Whitney U test for experiments on ima-
goes in incipient colonies. All analyses employed GraphPad
Prism version 3.00 for Windows, GraphPad Software, San
Diego California USA, www.graphpad.com.

RESULTS

Half orphaned colonies with neotenics as functional
reproductives

Production of female neotenics

Neotenic females totally inhibited the development of
other female neotenics (Kruskal-Wallis test, H = 20.67,
P < 0.0001). Neotenic males did not affect development
of female neotenics (Fig. 1). There was no significant dif-
ference in the number of female neotenics that developed
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Fig. 1. Half orphaned colonies with neotenic reproductives.
Sexes were analysed separately. There was no significant differ-
ence in the number of male neotenics that developed in the
groups with a single male, single female or in orphaned control
(Kruskal-Wallis test, H=0.3605, P = 0.8350). Neotenic females
inhibited the development of female neotenics (Kruskal-Wallis
test, H = 20.67, P < 0.0001). Columns with the same letter are
not significantly different. Dunn’s Multiple Comparison Test.

in groups with a single male or totally orphaned control
(Dunn’s Multiple Comparison Test, P > 0.05).

Production of male neotenics

There was no significant difference in the number of
male neotenics that developed in groups with a single
male, single female or totally orphaned control (Kruskal-
Wallis test, H=0.3605, P = 0.8350).

Half-orphaned colonies with imagoes as functional
reproductives

The pattern of neotenic production under the influence
of imagoes was similar to that reported above for neo-
tenics (Fig. 2).

Primary reproductives
79 .
e Isingle female
< 64 .
“ 6 single male b
‘é 54 Il orphaned
E 4 N=6
v
Eé 34 ns ns
) T
B 21
Q
=
14
0

male female

Fig. 2. Half orphaned colonies with primary reproductives.
Sexes were analysed separately. There was no significant differ-
ence in the number of male neotenics that developed in the
groups with a single male, single female or orphaned control
(Kruskal-Wallis test, H = 0.2618, P = 0.8773). Primary females
inhibited the development of neotenic females (Kruskal-Wallis
test, H = 12.16, P = 0.0023). Columns with the same letter are
not significantly different. Dunn’s Multiple Comparison Test.
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Fig. 3. Inhibitory potential of freshly dealated imaginal pairs
(fdi). There was no significant difference between experimental
and control (orphaned) groups. Mann-Whitney U test, F = 49, P
=0.9705. (Analysis was done on the pooled data for both sexes
of neotenics).

Production of female neotenics

Primary females prevented the differentiation of female
neotenics (Kruskal-Wallis test, H = 12.16, P = 0.0023).
Primary males did not affect the development of female
neotenics. There was no significant difference in the
number of female neotenics that developed in groups -
with a single male or totally orphaned control (Dunn’s
Multiple Comparison Test, P > 0.05).

Production of male neotenics

There was no significant difference in the numbers of
male neotenics that developed in groups with a single
male, single female or totally orphaned control (Kruskal-
Wallis test, H=0.2618, P = 0.8773).

Freshly dealated imaginal pairs

Freshly dealated primary pairs did not inhibit the devel-
opment of neotenics (Fig. 3). There was no significant
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Fig. 4. Inhibitory potential of primary reproductives at the
stage of early colony development (pr). Pairs of primary repro-
ductives at the incipient stage of colony growth inhibited the
development of neotenic reproductives. Control — orphaned
groups. Mann-Whitney U test, F = 0.50, P < 0.001. (Analysis
was done on the pooled data for both sexes of neotenics).

difference between the experimental and control groups
(Mann-Whitney U test, U = 49, P = 0.9705). The males
and females did not behave as couples. Their abdomens
remained flat. Oviposition was not recorded during the
experiment.

Primary pairs at the stage of early colony
development

Primary pairs at the incipient colony stage inhibited the
development of neotenic reproductives (Fig. 4). There
was only one exception: in one replicate, a single female
neotenic was recorded on the 7" day of the experiment
(Mann-Whitney U test, U =0.50, P <0.001).

DISCUSSION

In K. flavicollis the loss of one or both reproductives
triggers larvae of 4" and older instars, nymphs and pseud-
ergates to develop into replacement reproductives. As a
rule more than one pair of neotenics develops. The
replacement reproductives fight among themselves and
usually only one pair survives. Surplus neotenics are
either killed or injured and are subsequently eaten by
nestmates (Rupli, 1969). Both primary and secondary
female reproductives are not physogastric. A neotenic
female of K. flavicollis has the same type of ovaries with
seven ovarioles as a primary reproductive and their fecun-
dity seems to be similar (Noirot, 1990). That is, the pri-
mary and secondary reproductives are functionally
equivalent.

My results confirm that females specifically inhibit the
development of female neotenics (in colonies with pri-
mary or neotenic reproductives) and do not support the
conclusion of Grassé & Noirot (1960) that primary males
of Kalotermes flavicollis specifically inhibit the develop-
ment of male neotenics. The data showed no difference in
the effect of primary or neotenic male reproductives on
the development of male neotenics. Grassé & Noirot
(1960) did not remove newly developed neotenics during
their experiment, which was checked after 10, 20 and 40
days. Thus, they did not take into account the possibility
that the primary king may have eliminated newly devel-
oped neotenics. Grassé & Noirot (1960) showed that dif-
ferentiation of male neotenics was prevented when 2
males were present in a group. This inhibition occurred in
their experiments with groups consisting only of pseuder-
gates of male sex (experiment with neotenics), but not in
those with primary males as functional reproductives and
pseudergates of both sexes. Moreover the inhibition
might have been a result of both elimination and lack of
further male neuters in the competent period to moult into
neotenics. Liischer (1964) also claimed that although one
neotenic male had no power of inhibition, two males
seemed to inhibit to a certain degree the differentiation of
male neotenics. Somewhat stronger actions of two male
neotenics are recorded in Neotermes jouteli (Nagin,
1972). The development of new neotenics of both sexes
was strongly suppressed. Unfortunately there was only
one replication of this experiment. The inhibition by two
males might be explained by their reciprocal stimulation,
which mimics that of the functional female.
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The fact, that imagoes at the incipient colony growth
stage are able to inhibit the differentiation of replacement
reproductives, also supports the idea of the functional
equality of the primary reproductives and neotenics. It
also suggests that this inhibitory system might have some
other role, for instance in the communication between
male and female. However, this hypothesis requires fur-
ther study.

According to Maistrello & Sbrenna (1998, 1999) there
is a gender based behavioural specialisation in the repro-
ductives of K. flavicollis. The male is the most active in
vibratory acts and rate and range of social contacts. The
male seems to play a key role in the determination of the
social structure and development of the colony, acting as
a mediator in the social interactions between the female
and other members of the colony. These findings explain
the complementary role of the male in the inhibition of
development of neotenics by a functional pair. A male
alone has no effect but together with the female inhibits
the development of male neotenics and helps to spread
the postulated female’s pheromone. The female may
stimulate the male to produce his inhibitory pheromone.
Only the presence of both sexes can prevent the develop-
ment of new male neotenics.

Contrary to the results of Liischer (1964), neither pri-
mary nor neotenic males in half orphaned colonies stimu-
lated the development of female neotenics. In previous
papers of Liischer (1952, 1956), there is no indication of
such male stimulation effect and the inhibitory potential
of female neotenics is not absolute. However, there is no
information on the age and physiological conditions of
the neotenics used in these studies, which if too young,
could have lacked their inhibitory ability at the beginning
of the experiment.

Lenz (1987) mentions poor inhibitory ability of the
freshly dealated imagoes of Crypfotermes brevis, which
agrees with the result presented in this paper. It seems
that it is necessary for imagoes to mature sexually before
they are able to inhibit the development of neotenics.
Myles & Chang (1984) hypothesised that pheromonal
inhibition is related to physiological changes in mature
females, associated with egg production. Hewitt & Nel
(1969), Hewitt et al. (1972) and Watson et al. (1972)
showed that in Hodotermes mossambicus the maturation
of primary reproductives depends on the shift from living
in a group (natal nest) to living as a pair, and especially
on the reduced number of body contacts perceived by
antennae. Adding 20 pseudergates and nymphs to freshly
dealated pairs seemed to mimic the social conditions of a
colony and prevented them from maturing and developing
an inhibitory ability.
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