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Similar work had been going on with Kalotermes notable the

work of GRASSE’ and NOIROT (1946 a). They found that all larvae

in or past the fourth instar had the ability to transform into
neotenic reproductives after a moult in the absence of an in-
hibitory influence of functioning reproductives. They also

noted that an ophaned colony in the laboratory rapidly produced seve-
rely incipient reproductives, but only one pair was retained

by the colony; the others were either eaten or neglected to

death.

GRASSE’ and NOIROT (1946, b) attempted studies on the origin of
soldiers in X. flavicollis and found that there were not two
categories of early instar larvae thus also, rejecting
THOMPSON's (1919) findings. They found that both sexuals and
soldiers originated from a single stock and that soldiers could
even originate from nymphs. The smallest soldiers were formed
from third instar larvae and others fram larger and older

instars.

GRASSE and NOIROT,( 1947 jshowed that while functioning as
workers, pseudergates did not lose their ability to develop

into soldiers or reproductives.

LUSCHER (1952, a) pursued this work and found that depending on -
the camposition and the size of the colony, pseudergates may:

1. undergo stationary moults without changeAin size.

2. moult intc nymphs and, through two more instars

into imagoes.
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reproductives is determined at the beginning of an intermoult
in Kalotermes ( L'I}SCHE’R, 1952, b) while the determination of
presoldier development generally occurs in Kalotermes '/ '’

(SPRINGHETTI, 1972) and Zootermopsis ( L'I}SCHE'R, 1974, a) only

during the second half of the moulting interval.

Relatively constant proportions of castes are maintained in
colonies, probably through inhibitory mechanisms whereby each
caste inhibits the differentiation of the same caste, as dis-
cussed above. Castes may also have stimulatory effects upon
the production of other castes. For instance, a significant
stimulation of soldier production by reproductives was shown

in Kalotermes (SPRINGHETTI, 1970), in Prorhinotermes simplex
(MILLER, 1942) and in Zootermopsis L‘Z}SCHER (1973). Soldiers
were shown to have a stimulatory effect on the production of
replacement reproductives in Kalotermes (SPRINGHETTI, 1969) and

11
on a late production in Zootermopsis nevadensis (LUSCHER, 1975).

¥hile a pheromone system has been demonstrated in the reproduc-
tives by extraction, and feeding the exiracts of parts of the
female replacement reproductives to the larvae, with a subsequent
inhibition of replacement reproductive development (LIGHT, 1944,b)
and locating the source (L'I}SCHER, 1974,a) of the pheramone,
However, no direct evidence has been found showing that an

inhibition pheromonal system exists in soldiers as well.

In a given individual larval determination is due to the

influence of endocrine system. It has been shown in a number
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of species of lower species of termites that juvenile
hormones (JH) or their analogues induce soldier formation
(Ll';SC'HER, 1969; HRDY, 1972; HRDY and KRECEK, 1972; WANYONXYI,
1974; and LENZ, 1976, a) and that JH inhibits replacement
reproductive development in the absence of reproductives
(LUSCHER, 1974, b). It seems therefore, that the pheromone
must acts on the endocrine system to produce the desired

effect.

Mechanisms underlying caste differentiation in higher termites
are almost unknown. KAISER (1956) showed that prothoracic
glands are more enlarged in nymphs than in larvae of Anoplo-
termes pacificus, and that this difference is already apparent
at the end of the first larval stage which is composed of
morphologically identical individuals. NOIROT (1969) ascertained
similar facts in Termes hospes. The Prothoracic glands also
have an effect on the formation of neotenics since they became
enlarged at the time of the sexual moult (KAISER, 1956; NOIROT,
1969); but degenerate in the functional neotenics as they do

in imagoes.

Very little is known on the role of corpora allata (CA) in

the differentiation of soldiers in higher termites. Again
KAISER (1956) showed that CA becare enlarged at the time of
the moult transforming workers into soldiers in Neocapritermes,
Microcerotermes and Nasutitermes, thus implying that JH is

required for soldier determination in higher temites as well.



















































Group Development Stage Sample Head Capsule Posterior Tibia Tibia Length/ Antennal Length(mm) No. of Antennal
No. Size Width(mm) (X £ S.D.) Length(mm) (X £ S.D.) Head Width (x+£8.D) Segments
1 1st Instar Larvae O‘g 27 0.55 £ 0.03 0.32 £ 0.01 0.58 0.78 £ 0.06 13

2 2nd Instar Larv;e $ 35 0.80 +£0.02 0.64 +£0.03 0.80 1.24 +0.11 15

3 2nd Instar Larvae O‘ 46 0.97 £0.02 0.72 £ 0.02 0.76 1.60 £ 0.04 15

4 3rd Instar Larvaeg_ 67 1.19 £ 0.03 1.19 £0.02 1.0 1.97 £0.12 17

b 3rd Instar Larvae cf 46 1.76 # 0.05 1.49 + 0.07 0.85 291 +0.12 17

6 4th Instar Larvae $ 29 1.80 +£0.01 2.02 £ 0.06 1.12 2.51 +0.11 17

= Minor Workers | 38 1.64 +0.08 1.70 £ 0.09 1.04 2.33+0.13 17

— Major Workers 29 2.66 £0.13 2.33 +0.09 0.88 3.83+0.15 18

== Minor Presoldiers 23 1.756 £ 0.10 1.99 £ 0.05 1.14 3.63 £0.09 17

— Major Presoldiers 45 3.11+£0.36 2.79 £ 0.16 0.90 3.86 £0.23 17

- Minor Soldiers 30 2.78 +0.11 2.94 + 0.05 1.06 4.61 +£0.17 17

- Major Soldiers 30 4.55+0.17 3.77£0.11 0.83 5.37 £0.26 17
Table 1. Values of measurements made on larvae from different groups and terminal neuter castes.

—GE-






Head Capsule Posterior Tibia  Antennal .
Stage n Width (mm). Length (mm). Length (mm). Mandibles Pigmentation Type of moult Capacity to work
Mean + S.D. Mean + S.D. Mean + S.D.
: Worker mandible
Minor Workers 38 1.64 £ 0.08* 1.70 £ 0.09%* 2.33 £0.13***  without future Darkly Do not Functional
presoldier pigmented moult
mandible
Special Type of Worker mandible Moult into
Minor Workers 28 1.80 +0.01* 2.02 + 0.06** 2.51 + 0.11***  enclosing future  Lightly major Non-functional
(4th. Instar Larvae) presoldier pigmented presoldiers
mandible
Students’ Test
* P 0.001, ** P 0.001, **xx P 0.001
Table 2. The Characteristics of a normal functional worker and a non-functional rare type (4th instar or major presoldier precursor)
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Nymphal Sample Head Capsule Posterior Tibia Length Tibia Length/ Wing-pad Length No. of Antennal
Instar Size(n) Width(mm) (mm) (X & SE) Head Capsule (mm) (X + SE) Segments
(X +SE) Width
1st 10 0.77 ,t 0.01 0.64 £0.01 0.83 0.20 + 0.01 14
2nd 36 1.21 +0.01 1.19+ 0.01 0.98 0.46 £0.01 16
3rd 30 1.66 £ 0.02 2.03 +0.02 1.22 143 +0.02 18
4th 48 2.26 £ 0.02 2.88 £ 0.02 1.27 3.11 £ 0.04 19
5th 18 3.03 £ 0.03 3.67£0.04 1.18 6.68 +0.10 19
Adult 36 3.64 £0.01 4.41 £0.02 1.25 37.90 £0.01 18
Table 3. The values of morphological measurements made on nymphs of diffefent instars.
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FIGURE 12. A schere of post-enbryonic developrent in

Macrotermes michaelseni. L1 N L-‘l - Larval instars, M4 - Major

worker , nw - Minor worker, mps - Minor presoldier, ms - kinor
soldiers, ¥PS - Major presoldier, MS - Major soldier,

ml - N - Wymphal instarsand AA - Imagoes (Adult
reproductives) .
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FIGIRS 13a, b and c. Illustrations of the rorphology of retrocerebral complex of: (a) a worker (b) o soldier and (c) an
Imgo. br. = 3rain, c.c. - Qprpus cardiacum, c.a. - COrpus allatum, n.c.c. I, II - Nervi corporis cardiaci,nca I,II ~ Nervi

corporis allati, nr - nervi recurrens , ce -Oesgphagus. S c a l e= 150im.
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normally moult into major presoldiers) and of teneral workers
are paired and spherical in shape, whereas those of presoldiers
and soldiers are somewhat oval-shaped. In all cases CA lie
posterior to a pair of large egg-shaped corpora cardiaca (CC)
vhich are located immediately behind the brain (Figs. 13, a, b
and ¢). Corpora allata nerves connect the two pairs of glands.
Transverse sections show that CA are in close contact dorso-
laterally with the aorta and that there is apparently a nerve
leading ventrally fram each of the glands passing on either

side of the oesophagus to join the PG (Fg. 14). The prothoracic
glands lie in the head ventro-laterally to the oesophagus, extend
posteriorly towards the neck region and anteriorly to a position
beneath the posterior end of OC. They are attached to the two

ventral tracheae which penetrate the head.

4.3.1.2, Histologtical appearance of Corpora cardiaca,
Corpora allata and Prothoracic glands

The corpora allata cell boundaries are difficult to see,

though in same cases, like those of the older fourth instar

larvae and sametimes in the presoldiers, the boundaries are

fairly praminent (Fig. 15). The cells, which are arranged

radially, have spherical nuclei usually positioned close to

the periphery of the glands. Depending on the size of the

glands, the nuclei may be either closely packed, as in the small

glands of first instar larvae and teneral workers, (FlgS 14,

16) or sparsely distributed, as in those of third instar larvae

and more so in fourth instar larvae (Figs. 15, 17) and presoldiers

(Fig. 18).






























Development Stage S@ple Size(n) Max. Cross-sectional Max. number of Nuclei = Max. Crosssectional  Area of Nuclei/area Diameter of PG
Area of CA(\.lm2 ) in the Cross-section Area of Nuclei of Cytoplasm Nuclei.(um)
(X +8.E) of CA(X + 8.E.) (um?) (X*S.E.) (X £ 8E) (X &+ SE)

1st Inst? 30 460.65 + 25.57 12.40 +0.31 20.05 £ 0.53 1.70 £ 0.26 5.69 +£0.21

Larvae 09

2nd Instar 28 572.16 + 27.09 13.64 +0.36 19.46 £ 0.20 1.20 £ 0.25 5.98 +0.21

Lanag_?_

2nd Instar 24 749.23 + 34.20 13.62 + 0.68 19.63 + 0.01 0.71 £ 0.13 7.12+0.34

Larvae

3rd Instar 18 760.22 £+ 36.97 14.35 + 0.51 20.53 + 0.86 0.67 + 0.09 6.37 £0.70

Lnrvneg

3rd Imt:} 24 879.70 + 44.59 12.76 + 0.33 19.16 + 0.46 0.43 +0.04 7.71 +0.46

Larvae

4th Instar Larvae 11 1425.71 £172.92 14.73 + 0.52 21.02 +1.09 0.41 +0.08 11.21 £0.53

(early stage). _9_

4th Instar Larvae 40 2864.46 £110.13 12.57 £ 0.3 43.38 +1.43 0.27 £0.03 13.95 +0.43

(late stage)..g_

Pigmenting 12 628.49 £17.23 14.86 + 0.78 20.36 + 0.96 1.05 + 0.20 5.76 +0.38

Minor Workers 9 ' ' '

Pigmenting 6 653.86 + 37.40 13.64 +0.42 21.02 +1.88 0.76 + 0.08 6.25 + 0.29

Major Workers

Table 5.

Measurements of size changes in corpora allata and prothoracic glands during larval development.
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FIGURE 21. A profile of changes in corpora allata cross-

sectional areas during larval development.
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Changes in corpora allata size (Oolums) and
prothoracic gland nuclear diameter (Line) curing different
stages of major presoldier cevelopment. L3 = Third instar
female larva ESL4 ~ Early stage fourth instar larva .

I.SL4 - Late stage fourth instar larva . L4M-:PS - Fourth
instar larva moulting into major presoldier . ESMPS - Early
stace major presoldier . ISiP5 - Late stage major presoldier .

MS - Major soldier.
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into minor presoldier, suggesting that the peak of C.A. activity
important for differentiation occurs about this time or long
before the ecdysis ensues. From the same Table, it is also
evident that the number of CA muclei does not change during the

development of minor soldiers.

Results showing changes in the size of CA nuclei and the nuclear/
cytoplasmic ratios during major soldier development are given
Table 7. The CA nuclei are largest soon after major scldier
determination. The nuclei seem to remain active throughout the
soldier developmental interval. Also the nuclear/cytoplasmic
ratio is smallest at the stage close to the interval of the soldier
erergence, suggesting high activity during this period. In

this case, like during minor soldier development, the number of
CA nuclei is almost constant throughout major soldier develop-
ment. In both cases of dévelcpment, it seems that CA activity

is more correlated with the amount of cytoplasm than the size

of the nuclei.

4.3.1.6. Histology of mwothoracic glands of neuter castes
The prothoracic glands are paired; each camprising double
strands of cells attached to muscle fibres on both sides within
the head capsule. Soame bf the PG cells have elongated nuclei
barely surrounded by any cytoplasm. This appearance is conmon
among the teneral workers and is occasionally observed among
1;he PG of sare larvae (Fig. 18). Other specimens studied have

PG with generally oval-shaped nuclei of varying sizes surrounded



Stage Sample Size (n) C.A. Max. Cross- C.A. Nuclear Cross- PG Nuclear Number of CA Nuclei C.A. Nuclear Cross-
Sectional Area Sectional Area Diameter (n) Sectional Area/
(u2) (u2) (u) X +S.E. Cytoplasmic Area.
X +SE. X +SE. X +S.E.

3rd Instar 18 760.22 + 36.97 19.63 £ 0.01 7.12 £0.34 13.63 + 0.58 0.71

Early stage of

4th. instar 11 1425.71 £ 172.92 21.02 +1.09 11.21 £0.53 14.73 + 0.52 041

Late stage of 4th

instar 40 2864.46 £110.13 43.38 +1.43 13.95 + 0.43 12.57 +0.35 0.27

Moulting 4th instar 6 2525.09 + 140.91 51.24 +1.88 9.17 £ 0.54 12.83 +0.23 0.38

Early stage of Major

Presoldiers 13 2989.00 + 192.97 49.99 + 2.02 8.84 +2.08 13.46 +0.49 0.33

Late stage of Major

Presoldiers 9 2678.78 + 188.37 51.97 + 3.38 8.70 £ 0.17 15.56 +0.91 0.45

Major Soldiers 31 706.86 £ 63.70 19.48 £ 0.01 3.33£0.28 13.80 + 0.47 0.61

Table 7. Measurements of size changes in corpora allata and prothoracic glands during major soldier development.
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by appreciable amounts of cytoplasmic material. The amount of
the PG cytoplasm of larvae also varies fram one larval instar
to another, being most bulky in some final instar larvae. It
seems that the animals which have vacuolated CA have PG
containing rounded, well defined nuclei in abondant cytoplasm
(Fig. 19). On the other hand, those with barely vacuolated CA
have PG that look poor in cytoplasmic material and nuclei that
seem to be partly degenerated (Fig. 26).

The nuclear diameter which was measured to indicate the activity
state of PG from individuals of different instars shows that,
apart from individual variations, there is a general increase
in the size of PG nuclei fram the first larval instar to a
maximum diameter during the final larval instar. The PG nuclei
of late fourth instar larvae are the largest of all the larvae
studied (Table 5). Cytoplasm, nuclei and nucleoli
are deeply stained and well differentiated (Figs. 15 and 17).
The nuclei are about twice the size of those of third instar
larvae (Table 5) which normally develop into workers. During
major soldier development the PG nuclei achieve maximum size
just before fourth instar larva moults into a major presoldier
(Fig. 25). In the case of rinor presoldiers, the maximum
nuclear size is noted during the moult of third instar larvae
into minor presoldiers (Fig. 24). There are no data on the
PG nuclei before this stage since one cannot detect the third
instar individuals which will moult into minor presoldiers or
fourth instar. After these decisive moults into presoldiers,
the PG decrease in size gradually throughout the subsequent

develommental stacea
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The increase in size of CA during nymphal development is ref-
lected in the increase in the number of nuclei'within the
largest cross-section of each gland. This is in contrast to
what was observed during the development of neuter castes.
There is a gradual increase in the number of nuclei in the sec—
tions :a great jump after the moult into the first nymphal
instar (Table 8), then another during later fifth instar and

early adult stage.

It is evident fram Fig. 27 that PG increase in volume more
steadily during nymphal development than CA. Fram first instar
larvae to first instar nymphs, the PG simply double in volume,
but after the first nymphal moult, they increase in size by a
factor of 4.5. After the following moult, the size is again
significantly increased (P<0.001), 3.5. fold. Curiously enough,
there is hardly any increase in PG size between third and fourth
instar, but a significant one is observed in the fifth instar.
Finally, following a moult into the adult stage, these glands

disappear.

Fram Table 9 one may notice that a large variation in PG volume
exists among the samples studied. The reasons for this might be
due to the fact that samples used in the study were heterogenous,
particularly when one considers the long instar duration (same

instars may last longer than a month) -

The volumes of nyrmhal CA and PG were also expressed in relation
to their head capsule width (in case of CA) and to weight (in case
of PG) so as to minimize the influence of the growth of the

animals. These relationships are given in Figure 28.



Corpora Allata Cross- Max. Crosssectional _ Nuclear Area/

Sample Size Corpora Allata Volume No. of Nuclei Within
sectional Area (umz) Area of CA Nucle*jn# Cytoplasmic

(n) (unB)(X x10% £ S.E.) Largest Cross-sec-

Instars

tional area(X # S.E.) (X+8.E) (X+S.E) Area
1st Instar Larvae 10 0.099 + 0.020 13.20 £ 0.29 535.47 + 72.79 13.91 +1.02 0.76
1st Instar Nymphs 8 0.296 £ 0.026 17.38 £ 0.63 1114.81 £ 80.29 20.25 + 3.89 0.46
2nd Instar Nymphs 12 0.339 £ 0.040 16.67 £0.70 1246.94 +97.29 20.48 + 2.52 0.38
3rd Instar Nymphs 10 0.557 +0.039 21.56 £0.72 1754.61 + 82.31 16.60 +1.78 0.26
4th Instar Nymphs 8 0.577 + 0.069 23.88 £1.32 1784.55 + 145.87 13.22 £1.03 0.21
5th Instar Nymphs 3 5.663 + 0.783 452,33 £29.73 8238.04 + 771.50 5.56 + 0.58 0.44
Adults (Imagoes) 10 31.0 £2.17 546.0 + 33.98 26532.72 +1022.52 5.56 £ 0.35 0.13

Table 8. Measurements of corpora allata sizes during nymphal development.
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INCREASE IN CA SIZE (A/HCW210?)

RELATIVE

(V/WT 1104

IH PG SIZE

RELATIVE INCREASE

INSTARS

FIQURE 28.  Relative changes in corpora allata and prothoracic
gland sizes during nymphal developrent. 1.l - First instar
larvae, Nl - NS = Nymphal instars, A - CA Cross-sectional

area, V = PC volume, How - Head capsule width, Wt - Nymphal weicht.
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relatively equal sizes of CA in second instar larvae and tho
different sizes in teneral major and minor workers tend to

make it difficult to attribute the changes in CA size durir,g
larval development to somatic growth alone. Moreover, it hag
been recently demonstrated that the haemolymph of A. subfzyalinus
(now /4. michaelsentz) contains high titres of JH (MEYER 2:d
LUSCHER, 1973) which correlates well with the findings ( .LUSCHER
1976, OKOT-XOTBER, 1977) that the queens oi this species and others
(NCIROT, 1269) have enommous glands. This kind of evidence
nakes the size of CA, coupled with measurements of nuclear

and cytoplasmic sizes a useful tool for indirectly determining

glandular activity.

Histological studies have revealed that CA and PG undergo
structural and size changes during post-embryonic larval
development. Vacuolation of CA nuclei and cytoplasm might
indicate a period that follows intensive glandular activity
i.e., a phase before moulting events ensue, since it coincides
with the interval during which the PG become enlarged and stain
best. Vacuolation was found also in the PG cells of Hyalophorg
cecropia (HERMAN and GILBERT, 1966) and was considered a sign

of glandular activity.

The finding that clumps of glycogen are deposited in theA
cytoplasm and nuclei may be the cause of the vacuolation obs=rved
in CA during the histological study. Nuclear glycogen to the
best of my knowledge, has never before been reported in any

tissue of any insect species, except in the form of glycoprotein
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DOORN (1976) showed 'that the differentiation characteristics of
soldiers in Zootermopsis is dependent on the duration of JH

or JHA treatment.

Whereas prothoracic glands are largest during the fourth instar
development, they become reduced in the presoldiers.. This
suggests that a certain threshold of ecdysone is required for
early soldier development, and that this is higher than that
required for ordinary larval development. This may be correlated
with the activity of CA as shown by SIEW and GILBERT (1971) that
JH activates PG in Philosamia cynthia. WANYONYT (1974) also
found that, after JHA treatment of Zootermopsis nevadensis larvae,
prothoracic glands increase much more in the individuals deve-

loping into soldiers.

The mechanism inwolved in soldier differentiation in higher
termites is still far from resolved. However, the present
findings give sanme important clues, at least, as to the ini-
tiation of soldier development and that CA play a vital role
in determining this development. More evidence will be given
below in support of CA (JH) as a major component of soldier

differentiation.

During nymphal development the results have shown that CA
increase in size slowly until the enormous increase latée in the
fifth instar. However, this increase seems to be caused mainly
by samatic growth of the glands as indicated solely by the

sudden increase in the number of nuclei and has no relevance
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to activity at this stage. This seems to be a preparation for
future events in' the life of the adult when reproduction ensues.
The inactive nature of the gland fram first through fourth instar
suggests that unlike the soldier, JH may not be necessary for
the determination of the reproductive.

There are two possible explanations for the enlargement of PG
during nymphal development. These are: either PG are necessary
for the differentiation of nymphs or they are needed to meet

the requirement for high growth rates that occur during nymphal
development particularly in the earlier stages. The role played
by PG in the differentiation of the reproductive still remains
obscure. There are however, suggestions by KAISER (1956)

and more recently, by NOIROT (1977) that ecdysone may be
necessary for differentiation of reproductives. However, there

has been no direct evidence reported to support this view.
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The details of the procedures for these determinations have

been given in Chapter Two.

5.3. RESULTS
5.3.1. Juvenile hormone titres

The haemolymph juvenile hormone titres are given in Fig. 29.

The highest titres were found in the fourth instar larvae
followed by a progressive decline during subsequent stages of
soldier development. The second highest titre was that of early
stage presoldiers when it had dropped by about a half. Inter-
mediate stage showed further decline by about 0.7 times that of
the preceding stage. The lowest titre was recorded in the late

stage of presoldier develonment.

Since JH;;C)7 was used as a control, the JH titres are expressed
in ug JHII equivalent per mvl’o:f haemolymph (Table 10). One
galleria unit (GU) being the amount of JH that would give
positive result in 50% of tréated pupae. In the present case
vwhere JH;, was used as standard, 1GU is equivalent to 4x10,_5’

ug of JH.
5.3.2. Eedysone titres

The levels of ecdysone found in the haemolymph of different
stages of soldier development are presented in Fig. 30. These
levels were calculated fram a standard curve of B-ecdysone.

The levels follow closely the pattern of JH decline during the
development. The highest was registered in fourth instar larvae

but a very sharp decline followed after the moult into the
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requirement progressively declines after differentiation since
these results show that the highest JH levels are realized
after or before differentiation and thereafter, a progressive

decline to the lowest level just before the soldier moult.

The pattern of changes in ecdysone titres follows closely that
of JH. This suggests a close interplay between JH and ecdysone
during soldier development. In the fourth instar, when JH titre
is highest, ecdysone level is also highest. After the moult,
ecdysone titre decreases very sharply (7 fold) camared with
JH (only about 2 fold) this may suggest that the .premoult
interplay between JH and ecdysone differs from that in the
postmoult presoldier. A small peak in ecdysone titre is
realized in the intermmediate presoldier stage and it may be

responsikle for a final moult into the soldier.
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6. POLYMORPHISM AND THE DEVELOPMENT OF THE
FIRST PROGENY IN INCIPIENT COLONIES

6.1. INTRODUCTION

When studyiﬂg the biology of termites, it is imperative first

to establish the life cycle of the colony. Studies in this

line have been conducted on all families covering a wide range
of genera of this order of insects. GRASSE and NOIROT(1946,
1958) and L‘Z}SCHER (1952, b) have reared Kalotermes flavicollis
and established developmental pathways in this species. BUCHLI
(1950, 1956, 1958) carried out similar studies in several species
of rhinotermitid, which enabled him to determine polymorphism

in Reticulitermes lucifugus and R. z. santonenstis. LIGHT and
WEESNER (1955), working with R. hesperus, investigated the
regulation of soldier numbers and development of primary colonies.
KING and SPINK (1974) also reported on young colony development

in another genus of rhinotermitid, Coptotermes.

Similar work has been done on higher termites as well, but this
has not been comprehensive, probably due to the difficulties
involved. Notable reports which can be cited are those of
LIGHT and WEESNER (1947) on development of the neuter castes

in Tenuirostritermes tenuirostris and Gnathamitermes perplexus.
NOIROT (1949) followed the development of Nasutitermes arborum
in the Ivory Coast and established a develoomental scheme for
this species. GRASSE and NOIROT (1955) carried out pioneering

work on colony founding in Bellicositermes natalensis (now
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Macrotermes bellicosus) a species related to the one in this

study.

Other reports include those of WILLIAMS (1959) on Cubitermes
ugandensis and SANDS (1965) on alate development and colony
foundation in five species of Trinervitermes in Nigeria, W.

Africa.

It became necessary to observe closely the initial stages of
development of incipient colonies of the Macrotermes since the
mechanisms underlying caste differentiation cannot be studied with-

out  the knowledge of polymorphism and instar duration.

6.2, MATERTALS AND METHODS

Reproductives (alates) were collected from the Kajiado area,
Kenya, during the swarming season of the species of Macrotermes
under study. Alates were attracted to a light trap and collected
in small plastic basins with a thin layer of moist soil at the
bottom. They were dewinged in the laboratory and heterosexual
pairs were introduced into plastic petri dishes about 11 cm in
diameter. These dishes had previously been filled with about 70
am of sterilized, sifted mound soil and moistened with boiled
water. An adequate stream of water poured into the centre of
the dish moistened the soil and created a hole which later
fapilitated the formation of copularium by the pair of the
reproductives. The established colonies were kept in the
insectary at 30° + 1°C and watered once or twice a fortnight

to maintain the high humidity required.












Larval Instar (L) n Head Capsule Width (mm) Posterior Tibia Length (mm) Antennal Length (mm) Numbeof
Antennal

Mean + S.E, Range Mean % S.E, Range Mean + S.E. Range Segments.

1 First Ly 27 0.63+ 0.01 0.60-0.64 0.42 £0.01 0.36-0.48 0.98 £0.01 0.98-1.08 13

2 Second Lg 28 0.68+ 0.01 0.68-0.72 0.43+0.01 0.40-0.48 1.02 £ 0.04 0.96-1.08 13

3 Second Ly 12 0.80 £0.01 0.76-0.88 0.53 £ 0.02 0.44-0.64 1.21 +0.04 1.04-1.40 13

4 Third Lg 34 0.95+0.01 0.94-1.00 0.81 +0.01 0.76-0.88 1.57 £0.01 1.36-1.68 15

5 Third Lg 33 1.09+0.01 1.04-1.16 0.88 +0.01 0.80-0.96 1.81 £ 0.01 1.72-1.96 16

Table 11. Measurements of larvae from incipient colonies

A
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Head Capsule Width (mm) Posterior Tibia Length (mm) Antennal Length (mm) Number of
Instar n - Antennal
Mean + S E, Range Mean + S.E, Range Mean + S.E. Range Segments
Minor Worker 30 1.26+0.01 120-1.28 1.21+ 0.01 1.16-1.24 194 +0.01 1.92 - 2.04 156
Major Worker 30 151+001 144-160 1.37% 0.01 1.32-1.52 2.31 #0.01 2.12-2.48 15
Minor Presoldier 29 1.356+0.01 1.30-1.44 1.26 + 0.01 1.16 -1.36 2.23 +£0.01 2.14 - 2.40 15
Minor Soldier 12 186+0.01 180-192 165+ 0.02 1.40-1.72 242 +0.030 2.24-2,52 15

Table 12. Measurements of minor presoldiers, minor soldiers, minor and major workers from incipient colonies.

~9¢1-






Order of appearance

Colonies with minor presoldiers

Colonies with minor workers

Colonies with major

Colonies with minor

n(%) n( %) workers n(%) soldiers n(%)
1 63(94.0) 3(4.5) 0 0
2 4(6.0) 61(91.0) 9(13.4) 0
3 0 3( 4.5) 55(82.1) 10(14.9)
4 0 0 3( 4.5) 57(85.1)
Total number of
colonies observed 67(100) 67(100) 67(100) 67(100)

Table 14.

workers in incipient colonies.

The frequency distribution of the sequence of appearance of first minor presoldier, and soldier, minor and major

=g~
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r_equire the same length of time to develop into third instaré,
ivhereas it takes much longer for second instar males to develop
into third which subsequently develop into major workers. Female
and male third instar larvae took practically the same length

of time to develop into respective types of workers (Table 13).

The frequency of chronological appearance of the first minor
presoldier, soldier, minor and major workers, is shown in Table
14. In the bulk of the colonies presoldiers were the first to
appear, followed by minor workers, then major workers and finally
soldiers. A énall proportion of the colonies had the first
presoldiers much later, in fact, at the same time as most
colonies were producing minor workers. However, no presoldiers
had appeared at the time when the majority of colonies had their
first major workers. On the other hand, a few colonies had their
first soldiers at the time the first major workers were appearing
in most of the cclonies. Some colonies also had their minor
workers at this time. In a few colonies minor worker moults were
observed at the same period when presoldier moults were occurring
in the majority of the colonies. In a limited number of colonies,

major workers appeared at the same time as minor workers.

The sequence of appearance of terminal neuter castes in the 80-
day-old incipient colony may be summarized as follows: In most
colonies (91%), minor workers were the first to appear, in 82%

of the colonies, the major workers soon followed and, finally,

in 85% of colonies the minor soldier caste was the last to

emerge.
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Preliminary experiments had shown that reproductives of only
a particular age were capable of adopting larvae, therefore all
the reproductives used were of this "adoptive' age. This was
usually about the time when the first workers and soldiers were

formed in the incipient colonies.

Experimental larvae were placed with adoptive pairs in groups

of 20 as necessary and treated topically with either redistilled
acetone alone (control) or acetone plus JHA (ZR-0515, Altosid

IGR, a gift from DR. G.B. STAAL of Zoecon Co-operation Palo

Alto, California, USA). A minute volume (0.5ul) of the solvent
and compount was released onto the dorsum of the larval abdamen

with a micro-applicator (Instrumentation Specialities Company,

USA) fitted with a syringe and a fine glass needle. The acetone
was allowed to evaporate before the treated individuals were placed
back into the colonies with a fine brush. For the vapour treatment,
clean dish covers were modified by sticking round cover slips onto
their inner side. The JHA solutions of a required concentration
in acetone or acetone controls 50ul were carefully placed on the
glass surface. Afterthe acetone had evaporated, the lids were

then replaced on the treated colonies.

The treated colonies were kept at 30°C in an incubator through-
out the experimental period. They were checked at intervals
according to the requirement of the experiments. Develomment of
individuals was noted and where reproductives died they were
replaced by an individual of the same sex and age fram the stock

colonies.
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7.3. RESULTS

7.3.1. Responstveness of larvae of different instars to JHA
It was of paramount importance to establish whether larvae of
different instars would respond to JHA and, if so, what kind of
response, since subsequent experiments required precise data

on timing of larval differentiation.

Reproductives fram about 70-day-old colonies deprived of their
own brood were used as adoptive parents of the experimental
larvae: Flrst instar, females of second and third instars, all
collected fram incipient stock colonies. Only 15 individuals
were used in each of the control colonies. Four topically
administered doses of JHA were tested, namely, 1.0ug, 6.25ug,

12.51ig and 25.0ug per animal. Observations were made

once every three days, save at the start when the first checking

was made after 9 days, since earlier experiments had shown that

presoldiers to not appear until at least 9 days after treatment.

The results showed that survival rates of treated individuals
were lowest at JHA concentrations of 6.25ug/animal and above.
The most vulnerable were first instars followed by second and
finally third instars. The results, therefore, will refer only
to individuals treated with 6.25ug JHA or less. The first pre-
‘ soldiers appeared by the ninth day following treament in most
colonies which had adopted third instar larvae. No presoldiers
~ had been formed by then in the colonies containing first or

second instar larvae. The peak of presoldier emergence was



Treatment Instars  Replicates Total Maxi- No. (%) of No(%)of Un- Max. No.(%)pf No. (%)of Workers

(JHA in ug) Treated mum No. (%) Workers at pigmented Soldiers at the time
. - of Presoldiers the Time Workers + Formed
Differentiated ————————— Intercastes

Minor Major Minor Major
CONTROL o 1st 5x15 4(13.3) 6(20) 0 0 4(16.0) 10(40.0) 11(44.0)
(ACETONE) 2nd 5x15 4(15.0) 2(7.7) 13(50) 0 4(16.0) 3(12.0) 17(70.8)
3rd 5x15 2(8.0) 22(40) 12(218) O 1( 2.0) 33(60.0) 20(36.4)
1st 5 x 20 6(17.1) 15(35.9) 5(14.3) 1(3.3) 5(16.7) 15(50.0) 9(30.0)
1.0 2nd b5 x 20 3( 9.1) 5(15.2) 17(51.5) O 3(10.0) 8(26.7) 19(63.3)
3rd 5x 20 7(16.3) 19(38.8) 10(20.4) 6(12.2) 7(14.5) 24(50.0) 11(22.9)
1st 65x 20 1(14) 2(28) 2(28) 1(11.1) 1(20.0) 1(20.0) 3(60.0)
6.25 2nd 5x 20 2(12.65) 0 0 2(18.2) 2(18.2) 2(18.2) 5(45.5)
3rd 6 x 20 15(30.6) 15(30.6) 13(26.5) 5(11.1) 11(27.5) 13(32.5) 12(30)
1st b x 20 0 0 0 0 0 0
12.5 2nd 5 x 20 3(16.7) 4(22.2) 5(27.8) 0 4(22.2) 5(27.8)  9(50.0)
3rd 6 x 20 6(54.6) 0 4(36.4) 1(9.1) 6(66.7) 1(11.1) 2(22.2)
1st 5x 20 0 1(100) 0 0 0 1(100) ()}
25.0 2nd 5x 20 4(66.7) 0 0 0 0 0 0
3rd 5x 20 0 0 0 0 0 0 0

Table 15. The peak of presoldier formation in colonies containing JHA-treated adopted larvae of various instars
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described briefly as follows:

1. Presoldiers (which have nomal presoldier morphology).

2. Presoldier-like individuals (which have features close
to presoldiers, but have at the same time a small degree
of worker characteristics - mandibles and shape of the
head).

3. Worker-like individuals (they have predominantly features
of workers but a bit of '"'soldierness'.

4. Finally, true workers having all the characters of workers
(Fig. 34).

These divisions are arbitrary since it is difficult to classify
écme of the intermediate individuals. The intermediates are
sometimes referred to as intercastes, but the differences between
various forms are almost infinite even if one considers only the
mandibular structures (Fig. 37). There is a whole range of

- intermediate forms between worker and soldier castes (Fig. 38)

as shown by mandible and clypeus.

During the transformation of the first half of JHA treated

larvae, the development was very similar to what was observed
in the control groups. After the 10th day, the formation of

workers stagnated and a shift occurred towards presoldier and

intermediate forms (Fig. 36b). The peak in presoldier form—



1-14mm
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FIGURE 37. An illustration of normal presoldier (A) amd
presoldier-like (B,C) mandibles and clypeus from individuals
formed under the influence of JHA. M. - Mandibles, C. - Clypeus.
The drawing was made with a camera lucida. |
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An illustration of mandibles and clypeus from

TIGURE 38.
major groups of individuals formed under JHA influence. They

range from minor soldier type to worker type (A-F).
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ation was achieved on about the 16th day. Presoldiers then
formed about 26% (about 4 per colony) of moulted individuals
while presoldier-like and worker-like individuals formed 10%

and about 2%, respectively.

The formation of presoldiers had already started around S5th
day from the beginning of the experiment in some colonies

but it was minimal. It seems that presoldiers formed before
the 10th day were spontaneous (previously determined) pre-
soldiers as the JHA influence was evident only after the tenth

day (Fig. 36bL).

The untreated male third instar larvae developed exclusively
into major workers (Fig. 39a). By about the 10th day, as in
female larvae, about 50% of male larvae (about 8 individuals
per colony) had moulted into major workers and by about 20 days
all had moulted into workers. The most interesting results '
were achieved from the groups of male larvae treated ina
similar manner as female larvae with JHA. Presoldier form-
ation was observed starting from about the 12th day following
treatment and reaching a peak also on about the 16th day. Pre-
soldier-like as well as worker-like individuals were formed

in the same proportions as was the case with the female larvae
(Fig. 39b). However, far fgwer presoldiers were formed than in
the case of females (only about two individuals per colony
(18%). The overall percentrage of affected males was smaller
(30%), about 4 per colony compared with 38% (about 6 per

colony) in case of female larvae.
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7.3.3.1. Biometric studies

Biametric studies were conducted on both presoldiers as well
as the soldiers and workers obtained by treating male and

female larvae with JHA. The following parameters were measured.

L Maxdimum head capsule width.

2 Head capsule length.

3. Maximum mandibular length.

4 Number of antennal segments.
The head capsule length is defined as the length of the head
capsule fram the posterior most end to the anterior tip of
the clypeus in workers and intermediate castes and to the level
of the mandibular base in case of presoldiers and soldiers.
Maximum mandibular length was the straight-line measurement of
the mandible fram the base to the tip (apical tooth). Both
left and right mandibles were measured and the measurements

averaged.

This study was conducted in order to determine whether:
1. Male presoldiers and soldiers were larger
than their female counter-parts (when the

head capsules were compared).

2. Mandibular sizes differed between male and
female presoldiers and soldiers.

3. JHA-formed presoldiers and soldiers were bio-
metrically identical with spontanecusly formed
individuals.
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FIQURES 40 a an2 b. Birpdal distribution of head capsule width
of minor and major\ workers from (a) - Control groups (b)

Treated larvae (JHA topical treatment).

FIGUREs 40 cand d. A distribution of heal capsule width of
workers from control groups (c) and from JHA vapour treated
qgroups, (d).



Head Capsule Head Capsule Head Capsule Mandibular Mandibular Number of
Width (mm) Length (mm) Index Length (mm) Index Antennai
Segments

Type of Individuals n Mean + S.E. Mean + S.E. Mean + S.E. Mean + S.E, Mean + S.E,

Minor Workers From

Acetone Topically

Treated Larvae (Control) 17 1.29 +0.02 -1.24 £0.02 0.96 + 0.01 0.70 £ 0.01 0.54 +0.03 156

Minor Workers From

JHA Topically

Treated Larvae 18 1.29 £ 0.02 1.13 £+ 0.04 0.86 +£ 0,02 0.69 + 0.02 0.61+0.02 15

Minor Workers From

Acetone Vapour treated )

Larvae'(Control) 22 1.32 + 0.02 1.18 £0.03 0.90 +0.02 0.67 £ 0.02 0.57 £+0.02 15

Minor Workers From

JHA Vapour Treated

Larvae 7 1.24 +0.02 1.10+£0.02 0.89 +0.01 0.69 + 0.02 0.62 +0.02 15

Table 17. Measurements of minor workers produced from female third instar larvae under various experimental conditions

-£ST-



Head Capsule Head Capsule Head Capsule Mandibular Mandibular Number of Antennal

Type of Individuals n Width (mm) Length (mm) Index Length (mm) Index Segments

Mean + S.E. Mean + S.E. Mean + S.E. Mean * S.E. Mean + S.E.
Major workers from
Acetone Topically
Treated Larvae
{Control) 14 1.62 + 0.02 1.47 + 0.02 0.91 £0.01 0.80£0.01 0.55 +0.01 156 —16
Major workers from
JHA Topically Treated
Larvae 317 1.54 + 0.02 1.43 +£0.03 0.93+0.01 0.75 £ 0.02 0.53 £+ 0.01 15 —17
Major workers from
Acetone Vapour
Treated Larvae 22 1.71 + 0.05 1.62 +£0.03 0.93+£0.01 0.78 + 0.02 0.48 £ 0.01 15 —17
Major workers from
JHA Vapour Treated
Larvae 8 1.67 +0.04 1.55 £0.05 0.93 +0.01 0.77 +0.03 0.49 +0.02 156 —17
Table 18. Measurement of major workers produced from male third instar larvae under various experimental conditions

-pST-
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As far as soldiers are concerned, male soldiers had larger
heads (P<0.05) and longer mandibles than either the control
group, soldiers, or female soldiers which had developed fram
JHA topically treated individuals. However, both mandibular
and head capsule indices were quite camparable (P<0.1) with those
of the control grouo soldiers. Spontaneously produced soldiers
had antennae with 15 segments while both male and female soldiers
produced under JHA had 15-17. Figures 42 a. shows a single
distribution of head capsule width of female soldiers formed
fraom spontaneous presoldiers (untreated control groups), while
both male and femle soldiers formed under experimental conditions
exhibit a bimodal distribution (Fig. 42 b).
7.3.4. Prolonged effects of JIz;A vapour on normally

developing incipient colonies
In another set of experiments performed in parallel with the ones
described above, whole colonies cf the same age {about 70 days
ol_d) as those used in the experiments on JHA topical application
were treated with JHA vapours of different concentrations. The
doses used were 0.01, 0.1, 1, 10 and 50mg/colony. Incipient
colonies in plastic dishes measuring 6 an - diameter were used
for these experiments as well. The first soldiers, presoldiers
and workers were removed from the colonies to be used leaving
behind only larvae of different instars and sexes. Twenty five
colonies were used for each treatment. Treatment was carried out
as described in the general methods at the beginning of this

chapter.- The lids of petri dishes with JHA were not replaced
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major workers generally lagged behind. Nevertheless, the two
types of workers in most of the groups approached the same rate
of development on about the 18th day. It is worth noting that,
while the rates of worker production in the first four groups
(Figs. 44a, b, c and d) are comparable and follow trends similar
to those of the entire brood being replaced(Figs. 43a, b, c, d,

e and f), the picture is again different in cases of colonies
treated with 10mg and 50mg of JHA. In the latter cases, the rate
of worker production is much lower, especially where the colonies
were treated with 50mg of the analogue. This result may be
attributed to both mortality incurred and the higher rate of
presoldier formation in these two groups of treated colonies,

as will be shown below.

Besides the replacement of workers in the colonies treated with
10 and 50mg JHA, worker-like individuals were formed. Their
forma.tion\ started between the 1lth and 13th day following treat-
ment and included both minor and major worker types. More of
these individuals were formed in the colonies treated with 10mg.
than in those treated with 50mg. However, in each case, their

formation rates were comparable (Figs. 44e and f).

The rate of presoldier replacement is of special interest. Pre-
soldiers were replaced faster in the first four groups of treated
larvae (including control group) (Figs. 45a, b, c and d) during
the first 9 days following the start of the experiments. During
this period, most colonies of these groups already had an average

of one presoldier, while the last two groups (10 and 50mg.
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JHA treated) had an average of less than a half pre-

soldiér~ per colony. This means that more than a half of
these colonies had no presoldiers formed until after the 9th

day when there was a drastic change of events. A burst of
presoldier production occurred in the last two groups, reaching
a peak between the 15th and 18th day. An average of about 5
presoldiers per colony was observed as opposed to about 2 per
colony in the first four groups (Figs. 45a, b, c, d, e and f).
Soon after this period, a plateau was reached, especially in

the case of the 10mg. JHA treated colonies and in the other first
4 groups of colonies. A slight drop in the number of presoldiers
was observed in the colonies which were treated with 50mg. JHA
following this peak period, due to slight mortality in same of

the colonies.

As in the previous experiments, presoldier-like individuals were
also formed in the colonies treated with 10 and 50mg. of JHA

(Figs. 45e, f). Again as was the case for worker-like inﬁﬁdmb,
more presoldier-like individuals were formed under 10mg. than 50mg.
JHA treatment (Fig. 46).

In summary, the responses of larvae to different doses of JHA
vapour are illustrated in Figure 46. larvae treated with 0.0lmg.
JHA vapour responded in a manner camparable to that observed in
the control groups. The percentage of presoldiers formed by the
15th day was approximately 15% while minor and major workers
formed 45% and 40%, respectively (Fig. 46). The picture was
quite different at concentrations of 10mg. or 50mg. JHA/colony.

As mentioned above, more presoldiers were formed under these
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described above.

As results show, worker head capsule widths fall in a bimodal
distribution (Figs. 40c, d), i.e., minor and major workers were
distinguishable under both control and experimental conditions.

A normal distribution was characteristic of similar measure-
ment-s of presoldiers formed under _oontrol conditions (Fig. 4la),
however, measurements of those formed under JHA vapour show a
bimodal distribution (Fig. 4lc). This indicated that, under
these conditions, male presoldiers could be produced as well.

In Figure 42d. a distinct bimodal distribution is also evident
representing two types of minor soldiers, males and females, while
in the control group only a single distribution representing male
soldiers appeared (Fig. 42c). These results confirm those found

for presoldiers which were produced under the same conditions.

Further analysis of workers gave the following results: minor
workers fram the control group had larger heads than those from
JHA vapour treated groups (P<0.05 for both head capsule widths

and head capsule lengths). However, the head capsule indices

for workers fram the two groups did not differ (P<0.01). The
mandibular lengths in the two cases were comparable (P<0.1),
although the mandibular indices which differed slightly, were

not significantly different (P<0.1). The nurber of antennal
segments in minor workers fram b_oth control and JHA vapour treated
groups was the same (Table 17). Biometric analysis of major

workers showed results similar to that for minor workers (Table 18).






Type of Individuals

Minor Soldiers
From Acetone
Topically Treated
Larvae (Control) g

Minor Soldiers from
JHA Topically
Treated Larvae $

Minor Soldiers From
JHA Topigally Treated
Larvae J

Minor Soldiers From
Acetone Treated Colonies
(Control) Q

Minor Soldiers
From Vapour Treated
Colonies 2

Minor Soldiers
from JHA Vapour
Treated Colonies O’

31

18

48

30

14

Head Capsule Head Capsule Head Capsule Mandibuiar Mandibular
Width (mm) Length (mm) Index Length (mm) Index

Mean + SE Mean + S.E. Mean + S.E. Mean + S.E. Mean + S.E.
1.94 £0.02 2.42 £ 0.05 1.25 £0.03 1.48 +0.05 0.61 +0.02
1.72 £ 0.02 2.15 £ 0.04 1.20 £ 0.01 1.45%£0.03 0.68 £ 0.02
2.06 £ 0.04 2.566 £ 0.04 1.24 £0.01 1.58 £ 0.03 0.62 +0.01
1.89 + 0.02 2.34 + 0.02 1.22 + 0.02 1.4740.02 0.6340.01
1.76 £ 0.02 2.18 £0.04 1.24 £0.01 1.52 +£0.02 0.71 £ 0.01
1.98+0.01 1.24 +0.01 1.569 £ 0.02 0.65 £ 0.01

Number of

Antennal

Segments

16

15 -

15 —

15 -

15

15

16

16

16 -

2.46 + 0.02

Table 20. Measurements of minor soldiers produced under various experimental conditions.
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(Figs. 37, 38) shows beyond doubt that the mandibles of these
individuals are shorter than those of presoldiers or soldiers.
It is worth noting, however, that these intermediate forms vary
considerably in many features: mandibular morphology, state
of pigmentation, shape of head, size and shape of clypeus.
In fact, morphological variations may range from being very close
to those of workers to those of soldiers (Fig.34). Pigmentation
also ranges from very light to very dark.
7.3.5. Studies on corpora allata from presoldiers

formed under different conditions
The aim of these investigations was to establish the role of
corpora allata (CA) in soldier differentiation under varying
conditions of their formation, namely:

1. spontaneous formation (in control groups)

2. determination under the influence of a single

topical application of JHA

Prescldiers were obtained from control colonies (untreated) as
well as from JHA treated colonies (Topical). They were processed
for histology as described in the general methods (Chapter Two).

The analysis for activity was conducted as in Chapter Four.

The results showed that the histelogy of the CA was very similar

to that described for presoldiers from field mounds (see Chapter
Four). However, these glands differed in size between spontaneously
produced individuals from incipient colony larvae and those produced
under JHA topical treatment (Table 21). The difference -

between the cross-sectional areas between the two was significant



Corpora allata Cross- Number of Nuclei/Cross- Nuclear Cross-sectional Nuclear Area
Sectional Area (um2) Section Area (um2) Cytoplasmic Area
Type of Individuals n
Mean + S.E. Mean + S.E, Mean + S.E. Mean + S.E,
Field Minor Presoldier 9 1568.89 + 216.87 11.47 + 0.23 34.18 +4.51 0.26
Spontaneous Laboratory
Minor Presoldiers
(Produced from 12 1939.94 + 409.52 11.58 + 0.31 36.06 + 2.28 0.27
adopted Field Larvae)
Spontaneous Laboratory
Minor Presoldiers
(Produced from 3 2531.64 + 288.88 13.0 £ 0.68 41.46 +6.52 0.27
Incipient Colony
Larvae)
Minor Presoldiers
Induced by JHA
Topical Application 4’ 1199.19 + 104.59 12.38 + 0.38 34.94 + 0.01 0.66
{Incipient Colony
Larvae)

Table 21.  Measurement of corpora allata of minor presoldiers formed under various conditions.

=-ZL1-
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(P<0.01). Both types had approximately equal mumber of nuclei
per maximum cross-sectional area and their cross-sectionai areas
did not statistically differ (P<0.1)(Table 21). The ratio of
nuclear to cytoplasmic areas was nevertheless smaller in spon
taneously produced presoldiers (Table 21). This suggests stronglv

a higher activity of CA in spontaneous presoldiers than those o.

JHA produced individuals.

' In another set of investigations, CA of presoldiers coll.~ted fram
the field were compared with those formed spontaneously in the
laboratory. (These presoldiers had developed fram third instar
larvae which had been previously adopted as second instars in the
laboratory colonies, and had subsequently moulted into third
instars ). Although corpora allata of field presoldiers were
smaller (Table 21) than those of prescldiers spontaneously pro-
duced under laboratory conditions from field adopted larvae, the
difference is not significant (P<0.1). This is despite thé fact
that the latter individuals were smaller, if the parameters
measured and summarized in Table 22 may be taken as standards.
However, CA of field presoldiers were larger than those of minor
presoldiers induced in the incipient colonies by JHA topical
application (Table 21) but the difference is not statistically

| significant (P<0.1). Although CA of the three types of presoldiers
had camparable numbers of nuclei per maximmum cms&secﬁional area,
and practically equal (P<0.1) nuclear cross-sectional areas; the
nuclear/cytoplasmic area ratio of CA fram minor presoldiers pro-
duced under JHA topical influence was larger than those of CA ffan

the other two types of presoldiers (Table 21). These differences



Head Capsule Head Capsule Head Capsule Mandibular Mandibular Number of

Width (mm) Length (mm) Index Length (mm) Index Antennal
Type of Individuals n — L . Segments
Mean + S.E. Mean + S.E. Mean + S.E. Mean % S.E.
Field Minor 20 1.82+0.01 2.07 +0.02 1.14 +0.01 2.01 +0.02 0.97+0.01 17
Presoldiers
Laboratory Produced
Minor Presoldiers from
Field Larvae 10 1.68 £ 0.05 1,74 £ 0.05 1.09+0.01 1.68 £0.04 0.98 £0.01 17

Table 22.  Measurements of minor presoldiers from the field and those produced in the laboratory from field collected female
’ third instar larvae.

-pL1-
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were treated. Six day old larvae also responded to the treatment,
but at a relatively lower rate (Fig. 47). However, same larvae
of this age had still a high capacity for forming worker-like
individuals. No response to the hormone analogue treatment was
shown by 7 day or older larvae. All the presoldiers formed
during the first 7 - 10 days, were spontaneously induced pre-
soldiers and were formed between 12 and 14 days following the
collection of third instar larvae fram donor colonies. While
those formed under JHA influence emerged during the 14 - 16 day
interval following treatment, irrespective of the age of the

larvae treated.

7.4. DISCUSSION

Results on the responsiveness of larvae at different instars

to varying doses of JHA showed that doses higher than 6ug/animal
were toxic to larvae of all instars. First and second instars
were most affected apparently due to their relatively smaller .

gizes.

The following observations strongly suggest that presoldier
formation occurs only in the third larval instar: First that the
first presoldiers appeared in colonies containing third instar
larvae and second, that the peak in presoldier formation was
reached earliest in these colonies and latest in colonies contain-
ing first instar larvae. This observation is campatible with the
earlier one made on minor presoldier formation under field

conditions (Chapter Three). NOIROT (1955) also established the
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same scheme for minor presoldier formation in a number of species
of Termitidae. The results here have also showed that exogeneous .
JHA at any dose would not induce presoldier formation at ar jnstar
earlier than third. This indicates a very rigid timing mechanism

in presoldier formation.

Experiments on JHA dosage response clearly showed that there is

a JH threshold that is required for soldier determination. If
the JH concentration is too low, the larvae do not respond to

it and if too high, the hormone becames toxic and death ensues.

It was also found that apparently higher does of JHA above the
lower limit which elicits response can induce the production of
more presoldiers and fewer intermediate forms. This suggests that
the formation of intermediate forms is partly related to the JHA

dosage. Further analysis of this will be given below.

When both female and male third instar larvae were treated topi-
cally with JHA in separate .groups, it was evident that both sexes
had the capacity to differentiate into presoldiers. In the control
groups, however, only female larvae were capable of presoldier
differentiation. it is known that soldier castes (both minor and
major) in Macrotermes bellicosus (ﬁOIROT , 1955, 1969) under natural
conditions develop only fram third instar female larvae. It was
also found here (Chapter Six) that the same is true for Macrotermes
michaelsent. It was therefore surprising that presoldiers may
also develop from male third instar larvae as well under the
influence of exogeneous JH analogue. This finding has immortant

significance in that it goes far toward giving more solid u.rect
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Experiments on the rates of replacement of individuals removed
iram colonies under different concentrations of JHA vapour showed
that the rates for replacement of both minor and major workers in
colonies treated with 0-1.0mg/colony were practically the same.

It was noticed, however, that the replacement of minor workers
was slightly higher and started a few days earlier than for major
workers. The rate of worker replacement was lower in the colonies
treated with higher doses of JHA (10-50mg/colony). This result
may be attributed partly to death of same workers formed at these
high JHA concentrations and partly to the fact that a large number

of worker precursors went to forming presoldiers.

Within the first 9 days following treatment presoldiers were
replaced faster in the first four groups of colonies than in the
last two. This suggests partial inhibition of moulting capacity by
larvae 1in these latter groups. MASNER and HANGARTNER (1.973)’
showed that JHA - geranylphenylester or JH may inhibit moplting
when continuously supplied to the nymphs of the cockroach Blattella
germanica. WANYONYI (1974) also noted a s_imila.r effect on groups
of larvae and nymphs of Zootermopsis nevadenstis. However; under
conditions being reported here; the inhibition effect seems to be
temporary because soon afterwards, there was a sudden burst of
moulting, and between 15 and 18 days a peak in presoldier form-
ation was achieved in the two groups of colonies treated with the
highest JHA doses. It is probable, therefore, that the PG go
through two phases under these conditions. First they are inhibited

by the exogenous JHA, then re-activated just before the burst
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of presoldier moults. This induces a well synchronized moult
of larvae which suggests a re-—programming of soldier forming

genes, probably under the control of JH.

These experiments have also shown that the formation of pre-
soldiers is JHA dose dependent since 0.01 - lmg. JHA/colony did
not stimilate soldier formation while 10-50 mg. JHA/colony did.
Similar findings were made by SPRINGHETTI (1974) who fed different
concentrations of farnesenic acid ethyl ester to induce soldier
formation in Kalotermes flavicollis. HRDY (1972) also made
similar observation while working with Reticulitermes Llucifugus

santonensis.

Biometric analysis of individuals produced here showed that the
differentiation of male presoldiers and subsequently soldiers

can be induced by JHA vapour as well as topical treatment. The
results also showed the following: As with topical treatment,
workers produced in control groups were larger than those fram
treated groups. An explanation for this phenomenon remains
obscure. The mandibular index of male presoldiers was less than
those of JHA produced female and spontaneously induced presoldiers.
Nevertheless under these conditions, JHA induced female presoldiers
also had a smaller mandibular index than those si)ontaneously
produced. This suggests that, apart from a continuous supply
‘of JH, other factors may be necessary as suggested by LUSCHER and VAN
DOORN (1975) in their work on mandibular formation in presoldiers

of Zootermopsis.
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CA of minor presoldiers, spontaneously formed in the laboratory
fram incipient adopted third instar larvae, are much larger than
those of presoldiers from field larvae adopted by laboratory in-

cipient colonies or even of field collected minor presoldiers.

The phenamenon of royal couple influence on the differentiation

of soldiers has been reported by SPRINGHETTI (1969, 1970) in K.
flavieollis, MILLER (1942) on Prorhinotermes simplex and by
LUSCEER {1973) in two species of Zootermopsis. This influence
must be through CA activation since ii: is known that JH is required
for soldier formation (LUSCHER, 1969, and others cited above). The
mechanism of presoldier induction by the reproductives would seem
therefore to be via a pheramone activating the CA rather than a
direct JH influence on the larvae. Supporting evidence here lies
in the fact that no intemmediate forms were found in untreated
colonies, only in JHA treated ones. LESCHER (1975) also came to

the same conclusion from his experiments on Zootermopsis.

This observation therefore suggests that the royal influence in
the activation of CA is greater under laboratory conditions than
in the field where camunication between the royal couple and the
larvae may be more tenuous than in laboratory colonies. Since
uﬁder the present conditions it is not possible to rear orphaned
larvae of Macrotermes in the laboratory, this hypothesis cannot be
verified. It seers also that the CA of presoldiers formed under
JHA influence becare slightly activated, either by the adoptive
royal couples or by the JHA itself. This may explain in part why
the differences in mandibular size between presoldiers formed

spontaneously and those formed under JHA was not very significant.
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The cumilative effect of a single dose of JHA plus the influence
of the royal pair might enhance mandible developrent. This view
is further supported by the observation that soldiers formed under
JHA vapour (mimicking continued JH influence) had slightly longer
mandibles than those formed under control conditions- (untreated).
This suggest that JHA vapour concentration, as perceived by the
presoldiers, is even greater than the amount of JH produced in

the spontaneous presoldiers.

While working on the develorment of supplementary fepfoductives

in K. flavicollis, LUSCHER (1952,b) introduced the idea of
canpetence. He found that larvae and nymohs differentiate into
supplementary reproductives when given the right conditions but
only during specific periods within an intermoult. This period

he called the sensitive or oanpetepoe period. SPRINGHETTI (1972)
has shown that pseudergates of XK. flavicollis also have varying
cametence to differentiate into soldiers. He showed that pseu-
dergates display a rather short campetence period for different-
iation into soldiers during the second half of the moulting interval,
which occurs between 45th and 60thl days of the approximately 70-
day moulting interval. LUSCHER (1974,b) arrived at the same
conclusion when he studied presoldier competence in Z. angusticollis
by applying vapours of JHA or farnesyl/Methyl/ester to groups of
‘larvae of known age within the moulting interval. However, my
studies on cametence of third instar larvae to form presoldiers
have shown that in Mderotermes michaelseni, this sensitive period

occurs during the first half of the moulting interval. The loss of
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8.  GENERAL DISCUSSION AND.OCONCLUSIONS

Results have been presented on polymorphism and the mechanisms
underlying caste differentiation in a species of a higher termite,
Macrotermes michaelseni. Polymorphism in this species does not
differ from what NOIROT (1955) has found in a related species,
Macrotermes bellicosus with a minor exception. However, concerning
the origin of major presoldiers, according to his findings NOIROT
(1955, 1969) found that major presoldiers originated fram incampletely
sclerotized, non—-functional minor workers otherwise morphologically
identical with functional minor workers, while I have identified a
specific fourth instar larva which moults into a major presoldier.

It is also.incampletely sclerotized, and non functional, resembling

a very young minor worker except that it is much larger than a minor
worker and capable of moulting into a major presoldier. As its
‘development from third instar female larvae must be controlled differ-
ently from that of a minor worker it is, therefore,} designated as

" fourth instar. It is thus probable that initiation of soldier deter—
mination occurs in the third instar. While minor presoldiers

develop directly from female larvae of the third instar, major pre-
soldiers mast pass through a fourth instar in their development,

undergoing a kind of "supernumerary' moult to gain in size.

On the development of reproductives, KAISER (1956) and SANDS (1965)
have found that nymphs pass through four nymphal instars before the
imaginal moult in Anoploterme;s pacificus and Trinervitermes sp.,
respectively. However, in the present study, I have found that
Macrotermes nymphs undergo five moults before the final one.

'This agrees with BATHELLIER's (1927) work on several species of
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the Isoptera. A possible explanation for this lies in the quality
or quantity cf food on which the colony is fed during the initial
stages of its development. This assumption may also explain the
absence of fourth instar larvae and nymphs in incipient colonies
as observed here.

After determining the post-embryonic developrental pathways and

the duration of each instar, investigations were conducted in
search of direct evidence for hormonal involvement in caste
differentiation. The juvenile harmone analogue, ZR 515, was used
to manipulate the development of larvae fram incipient colonies.
The results have shown that the analogue induces soldier development
in treated larvae as has been shown in a number of lower termite
species (LE}SCHER, 1969; HRDY, 1972; HRDY and KRECEK, 1972; WANYONYI,
1974; LENZ, 1976 a,b) and one higher termmite species fram one genus,
Nasutitermes (FRENCH, 1974; LENZ, 1976 b). The induction of
soldier formation is also instar specific. It was possible to
induce soldier formation only in third instar larvae. This agrees |
with what has been observed during larval development in field
colonies, as well as in incipient colonies (Chapters Three and

Six) and in NOIROT's (1955) findings on M. bellicosus. 'Ihls is

a very strong indication of a rigid timing mechanism of caste
formation in this species quite unlike the situation in the lower
termites where soldier formation may be accamplished at several

* "
- instars during the development(MILLER, 1969; LUSCHER, 1974, a).

The larval response to JHA also depends on dosage and mode of
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application. Low dosages have no effect, while too high a dosage
proves toxic. SPRINGHETTI (1974) made similar observations on
the induction of soldier formation in Kalotermes flavieollis.
Vapour application of the JHA yielded more presoldiers in in-
cipient colonies devoid of soldiers, presoldiers and workers.
This might well have been due in part to the prolonged presence

bf the hormonal analogue vapour in these colonies.

It has also been demonstrated that soldier formation can be
induced in male third instar larvae by either JHA topical app-
lication or vapour treatment. This observation is contrary to
what has been observed under natural conditions. However, this
indicates that male larvae have not lost their capacity to deve-
lop into soldiers. Two possible mechanisms are suggested. Either
a more dormant gene set for soldier formation has evolved which
can be reactivated by exogenous JHA. Alternatively, under
natural conditions, there are no agents capable of wtiﬁting

the modified CA of male larvae to the threshold for soldier
formation. This finding further supports the theory of “extrinsic
factors'" inwolvement in caste differentiation as opposed to that
of "intrinsic factors'". If soldier determination were genetic
and sex-linked, one would not expect any male larvae treated

with JHA to develop into soldiers, since one finds only female

soldiers under natural conditions.

Other results have shown that workers formed under JHA treatment ‘
are smaller than those formed under control conditions. No
explanation can be offered for this, but one may only speculate



=193~

that this phenomenon is probably related to toxic effect of JHA
on the developing individuals. Similar results have been noted
when sizes of spontaneously formed presoldiers are campared with

those formed from JHA treated female larvae.

The mandibular index of male presocldiers formed under JIA topical
treatment is smaller than that of female presoldiers whether they
are formed under the same conditions or spontaneously. This
observation suggests a differential effect of JHA on male and
female larvae.

Biametric analysis of soldiers shows relationships similar to those
of presoldiers; however, the mandibular indices are also camparable.
This suggests a reactivation of CA in JHA topically treated
individuals, which should boost the level of circulating JHA to

the stage of presoldier development into soldiers. Since LE}SCHER and
" VAN DOORN (1976) had shown that a constant supply of JH is required
for normal mandibular formation of preﬂoldierslin Zootermopsis,

therefore the same could well be true for soldier formation.

The formation of intercastes proved to be a cammon phenamenon under
all conditions of JHA treatment described above. Other authors
(_L;}SCHE’R, 1969; HRDY, 1972; SPRINGHETTI, 1974, WANYONYI, 1974) have

made similar observation while working with lower termites. FRENCH
(1974) and LENZ (19276,b) also produced intercastes in Nasutitermes

by JHA tfeatnent. The explanation for this phenomenon remains

obscure.
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Size/activity relationships determined on corpora allata from
presoldiers formed under varying conditions show that CA from
spontaneously produced presoldiers are the largest and thcse of
JHA induced presoldiers are smallest. Those prepared fram field
presoldiers are intemmediate in size. LUSCHER (1969) has made
similar observations although he did not include spontaneous pre—
soldiers collected fram the field in his study. The possibility
of a royal couple influence is suggested by the fact that the CA
of nresoldiers formed from field larvae, and adopted by incipient
colonies, are larger than those of field collected presoldiers.
The influence of royal pairs on soldier differentiation has been
reported by MILLER (1942),SPRINGHETTI (1969, 1970) and LUSCHER
(1973). It seems probable from the present study that this

influence is through CA activation.

All these facts together strongly suggest that the mechanism of
soldier formation in higher termmites is through CA activation
rather than direct transmission of JH fram the royal pair to
campetent larvae. If the latter is true one might expect to ob-
serve inter-caste formation under natural conditions as well.
LUSCHER (1975) reached similar conclusions in his review on

pheramones and polymorphism in bees and termites.

Studies on the campetence of third instar larvae for developing
into presoldiers have shown that only young larvae (no older than
six days) are capable of responding to JHA treatment. This ob-

servation is contrary to the findings of SPRINGHETTI (1972)
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Intermediate forms were produc ed from JHA treated male
larvae as well. The pattern of soldier formation in both
cases was similar and the peak, though lower for males was

reached at about the same time.

Further experiments were conducted to determine whether pro-
longed treatment of larvae with JHA was necessary for normal
formation of soldiers. The results showed that, even under
prolonged treatment (vapour), a certain threshhold of JHA is
necessary for the induction of male or female soldier formation.
It was also observed that more presoldiers were formed when JHA
was administered in vapour form than by topical treatment.
Presoldiers and soldiers formed under vapour treatment had

more normal mandibles than those produced under topical treat-
ment and campared well with thosé formed naturally (spontaneously).
Intermediate forms were produced even under these conditions,

although at a much lower rate.

The influence of exogeneous JHA on the size of corpora allata
during soldier formation was also investigated. The largest
glands were found in spontaneously produced presoldiers from
incipient. colony larvae. Corpora allata fram field-collected
minor presoldiers were camparable in size with those of spon-
taneously produced minor presoldiers from field-adopted larvae.
However, those of presoldiers produced under the influence of
topically administered JHA were much smaller than those fram

individuals of other groups.
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Campetence of third instar female larvae to differentiate
into presoldiers following JHA treatment was studied as
well. Results showed that larvae of five days old or less
responded well to the treatment while those of seven or more
days did not. Therefore, the campetence period must extend
fran day O - 6 in the third instar. Intermediate forms were

produced only during the first 5-6 day period.

These results pemit us to make the following conclusions:
Caste development of Macrotermes michaelseni is rigidly
controlled and thus unlike the flexible situation in lower
termites. Highly active corpora allata a.nd subsequently high
juvenile hormone titres are required for soldier different-
iation and development, while less active CA and more active PG
may be needed for the differentiation of reproductives. A .
period of competence exists when third instar larvae can be
induced to develop into presoldiers. There is a possibility
that the CA of campetent larvae are nomially activated by same
(unknown) pheramonal system, other than the circulation of JH
thfough the colony by the reproductives and/or workérs. The
evidence provided here supports the extrinsic theory of caste

differentiation in a higher temmite.
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