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Abstract: Dcv:‘l::spelml pathways of 0. obests hased on the collectivn Drought trom
th nest. were siudied, It wis found that workers 1n the colony were of two types (e
workers and minbr wotkers) differing only in minox “demils unlike thase of the genus
Macrotermes. HOWeEVET, after second nstar farva they can he casily difterentisted, as
nﬁme different ibular size and shape (not pattern). Detailed studies on custe
ditferentiation of a field colony of ). obesis Tev that major and minor workets
develop from (hird instar tarva, Both major and minor workers after thew differentiion
from third instar larva pass (hrough tree Successive (1SS to become an adult
Jerotized Major Of munor worker. There were maily qualitative
changes from third instar Jarva to the adult workers. metrically all the instars of
major workers and minor workers were significantly different i all the characters
studied. However, for the towl body fength third. instat tmrn rkers
mmnly different from adult_workers. & origin of presoldict takes place from
instar minor worker larva. The presoldier after five significantly different insars
develops into a soldier Tt is in the last moult that larly oval head characteristic
of the species appears, The origi of wlate line uk:sxha from second instar larvi.
nymph after [ive instars developed into alate, Biometrically wil the instars were
:émﬁwﬂly different.
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INTRODUCTION

publication by Grassi and Sandias nearly hundred years ago

ince the first

(1893-94) on casie determining mechanism in termites, this fascinating
subject has attracted the attention of a laree aumber of workers. Among the
e more important publications on the subject of caste differentiation are those
of Miller (1942). Light (1944), Light and Weesner (1951). Luscher (1952, 1960, 1962.
1972, 1975, 1977), Buchli (1958). Lebrun (1967a,b). Springhettt (1970. 1971, 1973),
Nagin (1972), Symthe and Mauldin (1972), Sewell and Watson (1981), Watson and
sewell (1981) and Noirot (1985a) on lower (ermites and those of Weesner (1953),
Noirot (1955, 1956), Williams (1959a,b), Sands (1965a), Luscher (1976), Okot-Kotber
(1981a.b, 1985) and Noirot (1985b) on higher termites.
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In Pakistan, a detailed study on developmental
Afzal (1981) on the lower termite, Bifiditermes bees
on caste differentiation in the fung
made by Akhtar and Rana (1988)

pathways has been carried out by
oni (Gardner). Some observations
us growing termite, O. gurdaspurensis have been

The present study deals with the developmental lines of workers, soldiers and
umagoes of 0. obesus based on field colonies.

MATERIALS AND METHODS

The material used in the present study consisted of populations of subterranean
nests of O. obesus. The population of the

nest was separated by suspending the
collection in water and was preserved in 80% alcohol. Measurements of different instars
of worker, soldier and alate lines were taken with the calibrated ocular micrometer
Photographs of the various developmental stages were taken using an Olympus
photomicroscope.

Taxonomic terms and measurements used |

n the present study are as explained by
Emerson (1945) and Ahmad (1950).

To study the origin of major and minor wo
characters were measured.

rker developmental lines, following
Total body length.

Length of head to side base of mandibles.

Maximum width of head

Length of hind tibia.

For the study of the developmental pathways of the soldier line, different larval
instars were measured for the following characters:

Total body length.

Length of head to side base of mandibles.
Maximum width of head.

Length of left mandible.

Length of hind tibia.

Length of pronotum.

Width of pronotum.

For the study of the developmental pathways of the alate line following characters
were studied;
Total body length.
Length of head to side base of mandibles.
Maximum width of head.
Length of hind tibia,
Length of wing pads.
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Numerical data of various characters were analysed for mean (X), standard deviation
(S.D.) and co-efficient of variability (C.V.) according to Sokal and Rohif (1969). For
comparison of different instars, data were analysed by student “t" test.

RESULTS

Developmental line of major worker

On the basis of the statistical analysis of the measurements of the immature stages
in the samples of field population of O. ebesus it is inferred that the major worker
passes through three larval instars followed by three successive instars of major workers
(Fig.1).

The larval instar can be easily distinguished from the major worker instar as the
{arva is fragile and white due to absence of sclerotization (including the mandibles) and
the gut appears empty and colourless, However, the workers contain gut content and
appear coloured due to some pigmentation.

First instar larva

Head and body whitish, unpigmented, head nearly round; whitish brain mass
visible through cuticle; head width 0.335-0.490 mm; brain occupying nearly the whole
of head capsule. Mandibles unpigmented, whitish; left mandible with apical and first
marginal tooth minutely indicated: right mandible with a slight indication of first
marginal and apical tooth (Plate 1A). Antennae 12-segmented, transparent; first and
second segments distinct, nearly equal. Antennal portion near third and fourth segment
not clearly segmented; segmentation distinct beyond fourth segment. Abdomen with a
pair of styli. Tarsi indistinctly 4-segmented (Table 1).

Table 1: Biometric analysis of different characters of first instar larva of 0. obesus
(measurements are in mm)

Character Range (n-25) Mean+S5.D. C.V.
Total body length 0.8450-1.729 1.34640.201 14.911
Length of head to side base

of mandibles ? 0.258-0.335 0.294+0.021 7.065
Width of head 0.335-0.490 0.429+0.031 7.321
Length of hind tibia 0.181-0.232 0.1924+0.014 7.392

Second instar larva

Head and body whitish; unpigmented. Head nearly round; brain area visible
through cuticle, large occupying 75% of the whole head capsule. Mandibles
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Fig. 1: A scheme of post-embryonic development in a mature field colony of 0.
obesus. Ly-La. larval instars 1-3: MW -MW 3, major worker instars 1-3;: MW,
mujor worker; mWi-mW3i, minor worker instars 1-3; mW, minor worker:
PS|-PSs, pre-soldier instars 1-5: S, soldier; Ny-Ns, nymphal instars 1-5; A,
alnte.
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b mature field colony of €.
pior worker instars 1-3: MW,
frs 1-3; mW, minor worker:

Ns. nymphal instars 1-5; A. Phare[:
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Stages of mandibular development of major and minor workers of 0. obesus
A, first stage lurvas B, second stage larvas C. third stage larva of njor
workers: ¢, (hird stage larva of minor workers: DUEF, major worker instars
1-3: o0, minor worker instars 1-3: G, mujor worker: g, minor worker
Magnification; A,B,e = X200; C-G and d-g = X100,
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PECTNENS:
unpigmenied;  inper  mandibular  side  diny white,  rest of e wrea (ransp ;::cond m
Pigmentation not started yet: right mandible with apical and first marginal woth shightl develo
more developed than first instar larvae; nowch between first and second margimnal wol dne with
slightly indicated: left mandible with first marginal and apical 1ooth distinet: noteh 1), Ani
between first and second marginal in imual stage of development, slightly indicaid ! l'i'abl‘c"‘f
(Plate IB). Antennae with 13 articles. Abdomen with 4 pair of styli. Tarsi 4-segmented :
tTable 1) Table 1V
Table 11: Biometric unalysis of different characters of second instar larva of 0. obesiy
(messurements are in mm) -
Charact
Character Range (n=215) Mean+S8.D. C.Vs Totil B
Sar 5 Length @
Total body length 1.73-2.296 1.98G+0.154 7.744 ofg
Length of head 1o side base Width
of mandibles (.36140.387 (.382 +0.009 2.380 Lﬂ:ilglll
Width pf head 0.5342-0.619 0.577 +0.0004 338 i
Length of hind tibia (.335-0.387 0.33610.015 4.211 a
=

Third instar larva

Head and body dirty white, unpigmented. Head nearly round; bramn not visible
through cuticle. Mandibles more differentinted than second instar larvae; all the weh
have developed and visible under the old cuticle: apical and first marginal with a slight
brownish unge: right mandible with u distinet notch between first and second marginl
tooth: second notch between posterior margin of second marginal tooth and molar plae
shightly indicaed, Left mandible also with a distinel notch between first marginal and
second marginal tooth; second notch between second marginal and molar plawe also
shightly indicated, unpigmenied (Plate 1C). Antennae with 14 articles. Abdomen with &
pair of styli. Tarsi 4-segmented (Table 111) t

Fabile H1: Biometric analysis ol different characters of third instar larva of @ obesny
(measurements are in nun) -
har

Character Range (n=25) Mean+S.D. C.V.
Total body length 2.477-3.122 2.84740.156 5.49
Length of head to side base

of mandibles ). 490-0.568 0.521+0.024 4.547
Width of head 0.645-0.748 0.708 +0.029 1.954
Length of hind tibia 0.439-0.490 0.450+0.015 3.267

First mstar major worke:

The (irst instar major worker develops from third instir Jarvi, Head and body
slightly brownish yellow: brain arca visible through cuticle; head brain index 0.6
mandibles more ditferentiated than tard insiar larva; eeth slightly pigmented in some

o
E

of th
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teeth slightly pigmented in some
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specimens: Teft mandibie with outer ctiticle provided with distinet apical and first plus
jecond mareinal; posterior end of e first and second marginal toth convex;
developing mandible within the cuticle with distinct apical, first plus second marginal
anc with an indication of a notch between first plus second and third marginals (Plate
D). Amennse with 15 articles. Abdomen with a pair of siyli. Tarsi 4-segmented

({able V).

Table I'V: Biometric analysis of different characters of first instar major worker
(measurements are in mm).

Character Range (n=25) Mean+S.D. C.V.
Total bady length 2.709-3.612 3.288+0.232 7.056
Length of head to side base

of mandibies 0.542-0.619 0,569 +0.023 3,991
Width of hewd 0.722:0.851 0.771 4£0.033 4.234
Length of hind tibia ().593-0.722 0.660 £0.030 4,549

Second instar najor worker

Head and thorax slightly darker than (he abdomen: head oval narrowing
posteriorly: brain clearly visible through cuticle; brain smaller n propertion to head
than in earlier stages; mandibles at tips more pigmented than first instar major worker:
left_mandible almost like thar of first instar major worker; right mandible with old
cuticle indicating first and second marginals: notch between third marginal and molar
plate present; developing mandible within old cuticle with distinct apical. first and
second marginals but with regressed third marginal tooth; notch also not distinet [ Plate
1E). Antennae with 16 articles: dirty white. Abdomen with a pair of styli. Tarsi 4-

segmented (Table V).

Table V: Biometric analysis of different characters of second instur major worker
(measurements are in mm).

Character Range (n=25) Mean+S.1. N
Total body length 3.6124.076 3.885+0.021 3.680
Length of head 1o side base

of mandibles 0.774-0.851 0.820::0.026 3.160
Width of head 1.032-1.187 1.12540.039 349
Length of hind tibia 0.774-0.877 0.825+0.024 2.898

Third instar major worker

Head yellowish hrown, much darker. oval. Brain clearly visible through cuticle

. Mandibles sclerotized. brownish red: left mandibie with distinct apical. first and second

marginal teethy posierior margin of first and second marginal teetl and anterior margin
of third marginal making a notch, which at this stage is well indicated. deep (Plate 1F)
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Anmtennae with 17 articles. distal articles darker than proximal: distal articles vellowish
brown: first antennal article as long as third and fourth combined. Abdomen with a pair
of styll. Tars: 4-sepmented (Table VI).

Table VI: Biometric analysis of different characters of third instar major worker
(measurements are in mm).

Character Runge (n=10) Mean=S.D. .y
Totul body length 4 386-4 902 4.670£0:155 3.32%
Length of head o side base

ol mandibles 0.851-0920 0.880-£0.029 3.251
Width of head 1.161-1.238 1215 +0.026 2.098
Length of hind tibix 0.851-0.903 0.872+0.024 2,741

Major worker

Like third instar major worker except that head much brownish and darker: brain
much smaller as compared to head size. Mandibles strongly sclerotized (Plawe 1G:
Table VID.

Table VI Biometric analysis of different characters of major worker of (). abesus
(Mmeasurements are in mm).

Character Range (n=25) Mean+S.D. C.v.
Total body length 4.386-5.031 4.7364+0.162 3.429
Length of head 1o side base

of mandibles 1.032-1.445 1.29740.095 7.339
Width of head 1.393-1.625 1.5294.0.069 4.525
Length of hind tibia U.980-1.238 1. 13840075 60.626

Comparison of different instars of major workers of O. abesus
Toral body length

The range. mean and standard deviationt of total body Tength of differem instars of
majar warker hine are given in Table VIIL. Frequency distribution of total body length of
different instars is illustrated in Fig.2. The co-efficient of variability was maximum for
lirst instar larva, whereas it was minimum for third instar major worker indicating (hat
the growth has completed and the specimens are therefote relatively less variable
Comparison of different instars of major worker line of Q. obesus was carried out by
student "t" test, which revealed significant differences (P <0.05) between all the
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imstars. However. third instar major worker and adull major worker were not
significantly different (P>0.05) for twtal body length (Table VI

Table VIII:  Age variation in different instars of major worker of 0. obesus (vertical lines
alangside the instars indicate non-significant differencess P> 0.05).

Instar Range (n=25) ' Mean=S.D. C.V.

| Toial body length

w Ly 0).85-1.73 1 3540.201 14.91
12 | .70-2.30 1.99+0.154 774
L3 2483.12 2 850,156 5,40
MW 2.71-3.61 3.29+0,232 7.07
MW 3.61-4.08 38940021 3.69
MW3 4.39-4.90 4.67+0 155 133
MW 1.39-5.03 4740 162 3.43
' 1Length of head to side base of mandibles
‘ Ly 0.26:0.34 0.2940.021 7.07
| L 0.36-0.39 0.38=0.009 238
| 1 (1.49-0.57 0.52+10.024 4.58
[ MW, 0).54-0.62 0.57+0.023 390
\ MW, 0.77-0.85 0.82+0.020 3.16
MW3 (n=10) 0.85-0,93 0.88+0.029 3.23
MW 1.03-1.45 1.30+0.095 7.34
l Maximum width of head
Ly 0.34.0.49 0.4340.031 7.32
Lz 0.54-0.62 0).5840.004 3.33
L3 0.65-0.75 0.71-+£0.029 4.05
MW, 0.72-0.85 0.77+0.33 4,23
MW 1.03-1.19 1.1340.039 3.39
MW; (n=10) 1.16-1.24 1.22+0.026 2.10
MW 1.39:1 63 1.53 0069 453
Length of hind tibia
Ly 0.18-0.23 01940014 7.29
L» 0.3440.39 0.37 40015 321
4 La 0.44-0.49 0.45+0.015 327
MW, 0.59-0.72 0.66+0.030 4.55
MW, 0.77.0.88 0.83+0.024 2.90
MW;z (n-10) 0.85-0.%0 0.8740.024 2.74
MW 0.98-1.24 1.1440,075 .63

Length uf head to side base of mandibles

The range, mean and standard deviation of length of head 1o side base of mandibles
for ditferent instars of major worker line are given in Table VIIL Frequency distribution
of varous tnstars of major workers of @. abesus foi lengih of head 1o side base of
mandibles is itlustrated in Fig.3.
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The co-elficient of vartability was maximum for adult wnajor workers, whereas
was mimmun [or second instar larva of O. obesus (Table VI, Comparison of ditferen
msiars of major workers of Q. ebesus for maximum width of head revealed significant
ditferences (P< 0,05 in ali the instars studied.

(i |

Maxinuun wdth of head

The range, mean and standard devianion of ditferent imstars of major workers or
shesus for maximum width of head are given in Table VIIL Freguency distnbution of
maximum width of head of different instars ! maor warkers of Q. obesuy s illusirared
in Fie. 4

e co-elficient of variability was maxinum for first msiar larva,  whereis
ymnmmum for third imstar major worker (Table VITH, Comparison of different instars of
or workers of €. obesus for maximum width of head revealed sigmiticant differences
(P<0.05) in all the instars studied

Length of hind tthia

Range. mean and standard deviation of different instars of major workers of 0,
sbesis Tor length of hind tibia are given in Table VI Frequency distribution of length
of hind tibia of ditferent instars of 0. obesity s also illustrited in Fig.5

The co-etficient of variability was muximum for frst instar larva and was minium
for third mstar major worker (Table VI Comparison of different instars of O, obesuy
(for length of hind tibia) by student "t" rest revealed significant differences (P<0.05)
between different mnstars

Developmental line of minor worker

Like the major worker, the minor worker alsa passes through three larval and three
successive mmor worker instars betore becoming adult (Fig.1). The first two larval
imstar of major worker and minor worker are common. but the third larval mstar of the
minor worker differ from the corresponding stage in the development of the major
worker (Plae 1C)

he third stage larva of the minor worker differ from that of the third stage larva of
the major worker in overall structure of the mandibles. The minor worker Jarva possess
relatively  anteroposteriorly elongated mandibles, whereas in major worker larvi

mandibles are more robust and broader

Third instar larva

Head and body whitish: unpigmented, head round. Mandibles unpigmented. lefi
mandible with indications of apical and firsi margmal teeth; right mandible also wih
indication ol apical and first marginal teeth (Plate 1C). Antennac with 13-14 articles
wiitish, first and second article larger than others, second article nearly twice as |
third. Abdomen unpigmented and have a pair of styli, Tarsi 4-scgmented (Table IX).
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First instar minor worker

Head slightly darker than abdomen; head round: brain not clearly visible through
cuticle. Mandibles whitish: unpigmented; right mandible with apical and first marginal
more develaped nan third instar larva, left mandible firSt margmal and second marginal
reeth differenuating within old cuticle (Plate 1D Antennae with 14 articles. Ahdomen
with a pair of styli. Tarsi 4-segmented {Table X)

Table 1N: Bumetric analysis of different characters of third instar larva of (0 abesus
(measurements are in mm)

Character Runge (n=10) Mean = S.1. 65 ‘4
Total body length 2.19-2.65 23710, 14 6.02
Lenuth of head 1o side hase

ul mantiblly 1).39.0.44 0410018 4.32
Width of hexd 0.570.,67 0.62 +0.67 4.60
Length of hind tbia .36-0.41 0.38 £0.015 3.85
Tabk X: Biometrie analysis of different characters of firse instar minor worker of 0.

obesus (measurements are in mmj.

Character Range (n=10) Mean +8.D. CiV.
Total body length 2.84-3.10 2.964+0.097 3.26
Length of head Lo side base

ol mandibles 0.46-0.57 0.52+0.030 5.81
Width of head 0.72-0.80 0.744+0.025 340
Length of hind titin 0.44.0.46 04540013 2.87

Second instar minor worker

Head slightly darker than the abdomen; weekiy sclerotized. Head nearly rounded;
hrain area visble tirough cuticle, nearly occupying whole of the head capsule
Mandibles e differentiated than the first instar minor worker; teeth slighily
pigmented: left mandible with notch between first and second marginal (eeth shighily
imdicated, second notch between posterior margin of second marginal and molar plae
mdistinetly indicated; tips: of tecth slightly pigmented (Plate 1E). Antennue with [5
articles. Abdemen with a pair of styli. Tarsi 4-segmented (Table XI)

Third instar minor worker

Head and thorax more darker than the second instar minor worker: weakly
sclerotized. <Hewd sound; brain clearly visible through cuticle, occupies 50% area of the
hewd capsule. Mandibles more darkly pigmented than second instar minor worker: teeth
compietely  differenuated (Plate 1F). Anie with 16 articles. Abdomen weakly

scleranzed, a pairof styli present. Tarsi 4-segmented (Table X11)

Total be
Length

of mat
Width's
Length

Tubie N

Chary
Totl§
Lengih

of mi
widih
Lengll
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1 clearly visible through
lapical and first marginal
ginal and second marginal
fith 14 articles. Abdomen

| instar larva of O, pbises

S C.v.
.13 B2
(AUIEY 4.32
0.67 4.60
0015 3.85

instar minor worker of 0.

£S.D. C.V.
0,097 3.26
0030 5.81
0.025 340
0013 2.87

. Head nearly rounded;
le of the head capsule.
¢ worker; tecth slightly

marginal teeth slightly
marginal and molar plate
e 1E). Antennae with 15

ble XI)

ar minar workers weakly
. oecupies 50% area of the
instar minor worker: teeth
articles. Abdomen weakly
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DEVELOPMENTAL PATHWAYS IN 0. OBESUS D

Labie X1t Biometric analysis of different characters of first secord minpr worker of
obesus (measurements are in mmy,

Character Range (n=10) Mean+S.10 C.v.
Total hody length 3.153.6! 341£0.130 ¥ 83
Length of head to side buse

of mandibles 0.57-0.62 0.58+0.018 3
Width of head 0.77-0.83 - 0.79+0.01¥ RI L
Length of hind ubia 0.67-0.70 06840014 200

Table XII:  Biometric analysis of different characters of third indar minor worker o 0L
ohesis (easurements are in mm).

(flmmcl&r Runge (n=10) Mean + 8.0, GV
Total body length 3.61-3.82 3,740 064 10
Length of head to side base

of mandibles 0.62-0.67 red4+0.018 .98
Widrh of head 0.85-0.93 0,89 40,022 2,47
Length of hind tibia 0.70-0.75 (.72 +0.021 2.84

Minor worker

Head brownish. much darker than thin] instar nunur worker, Head oval: hirin
clearly visible, appearing smaller in compiti son 1o size of the head capse e Mandibles
much sclerotized with well differentiated cotches and fully devetoped teatl (Plate 1G)
Antennae with 17 atticles, first and second antennal articles much larger than others.
Abdomen with a pair of styli. Tarsi 4-segmented (Table X1,

Table XI1:  Biometric analysis of ifferent characiers of minor worker of Q. obesus
(measurements are aomm).

Character Range (n=10) Mean+5.D. €V
Total body length 3.74-4 .00 3.87£0.C81 2.00
Length ot head 16 side base

of mandibies 0.77-0.85 (.81 40022 .68
Width of head 0.96-1.08 1,01 40.041 403
Length of hind tibia 0.93-0.96 0.94+0.013 1.35
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Comparison of different instars of minor worker of O. vbesius
Toral body length

mstars of minor worker of O

Range, mean and standard deviation of dilfert
obesus Tor total body length are given in Table XIV

Table N1V: Age variation m different parameters i measurement of different instars of
minor worker of @, obesus (vertical lines alongside the instars indicate non-
significant differences: P> 0.05),

Instar Range (n= 1) Mean+S.D QY.

Total hady length

1 2.3740.143 600
mW, 2.96=~0.097 3.26
mWa 3.41+0.130 .83
mWs 3.70+0.066 Al
mW 3.87+0.081 ) (9
Length of head 1o side base of mandibles
L3 0,39-0.44 )41 40018 13
mw 0.46.0.57 0.52 S.81
mWs ().5740.62 ()58 304
mWs 0.62-0.67 0.6440 2.5 l
mwW 0.77-0.85 0.81 4 2.68
Maximum width of head
Ls 0.537-0.67 (0.6240028 1.00)
mWy 0.72-0.80 0.7440.025 3.40
mw:; 0.77-0.83 0.7940.01% 2.30
MW+ 0.85.0.93 0.89+0.022 2.47
mw 0.96-1.08 1.0140.041 4.03
Length of hind tibia
L1 0.36-0.41 0.3840.015 3.85
mWi 0.44-0.46 0.4540.013 2.87
mWa 0.67-0.70 0.6840.014 Y ()
mW3 0.70-0.75 0.7240.02 2
mW 0.93-0.96 0.94 +£0.013 l.
Frequency distribution of different instars of minor worker of 0. ebesus lor (ol
body length is illustrated in Fig.6

The co-efficient of variability was 6.02, 3.26. 3.83, 1.80 and 2.09 for third instu
larva, first instar, second instar, third instar minor workers and adult mmor workers
respectively (Table XIV).
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Compartson ol different instars by student 17 1ol revedled sieninicant dilierences

th

P < 0.08) hetween all the instars of O, opesis ot 10ta hody leng
Lenvth of head (o side base of mandibles

i of head to side base of mundibles, different instars ol nnor worker o
0 obesius ranged between 0,39 mm - 0.85 mm (Tuble X1V Range. mean and standard
devigtion of each instn are also given m lable NIV, Frequency distribution of various
1 of head o side base of mandibles ¢

mstars o minir workers of Q. abesus o leng

illusteated in F

Co-efficient of variability was maxinim (5.81) for fust mstar minor workel
wis tinimum (2.68) for adult minor worker. Comparison of ditferent instars of mines
worker of O. obesus by student "t" test reve led sienificant differences (P<0.05)
between all the instars of minor workers of (2 ébesies Tor leneth of head 10 side base of

mundibles (Table XIV)

Maxinuan width of head

m width of head of minor workers
distribution of different st
n Fig.8, The co-efficient of va
. 11 was minimurm (2.30) for second
s of O

Range. mean and standard deviation ol maxir
ol ©. obesus are given in Table XIV. Frequ
obesus for maximum width of head is illustr
was maxunum (4.60) Lor thard instar larva, whe
instar minor worker of Q. obesus (Table X1V). Comparisor of differ
obesus Tor maximum width of head revealed signilicant « flerences (P <

Length of hind tibia

Ranse. mean and standard deviation of length of hind tibia of different instars ol
minor worker of Q. ohesus are given n Table XIV. The co-eificient of variabilit, ‘o
minor workers of Q. obesus for length of hind 1ibia was maximum for third instar larva
and was minimum for adult minor worker (Table XIV)

JFrequency distribution of Tength of hind tibia of various instars of minor workers
of ©. obesus is illustrated in Fig.9. Different instars of minor warkers of 0. obesus Tor
leneth of hind tibia were significantly different (P<0.05) by student ™" @
(Tahle XIV).

Developmental line of soldier

he statistical data periaining to immature stages an i ficld colony of O. obesus
reveal that the third stage larva from which arises the developmental Tine of minot
worker, also give rise 1o foldier line. The pre-soldier arising from the third instar L
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moults tor five iimes belore becoming adult (Fig.1). The various stages of developme

W the soldier are described below n

First wstar pre-soldier

Head and body whinsh, 1 nearly tound. Mandibles showing indicauon of
oldier development within the mandibles of third instar larva of minor worker. Left
muandible with: apica! woth clearly visible within the older intact cuticle of hird nstar
Veva, mandibular tooth shightly indicat rieht mandible with apical and first margin
woth developed fike the left mandibl (Plate 2A). Antennae with [4-15

ddomen with o pair of styli, Tarsi 1-scgmenied (Table XV)

walvsis of different characters of first instar pre-soldies ol 0
urements are in mmj.

lable XV: Siometric
obesits (m

Character Range (n=25) Mean +S8.D. €z
Total body lenzth 3.15-3.61 3.3740.136 4.04
Leneth of head o side base

of mandibles 0.54.0 64 0,60+0.031 S0
Maximum width of head (1.75-0.83 0.78+0.021 2.67
Length of left mandible (),36-0.44 041 40,024 5.74
L¢ y of hind tibia 0.67-0.7 0.7040.018 2.56
Length of pronotum 0.214 00.26+0.025 965
Width of pronotum 0 46.0.54 0.50+0.024 4,73
Length of bram (n=20) 0.26-0.36 0.3240.030 9 37
Width of (n=20 (0.49:0.65 (1.56=0.039 6.98

Second instar pre-soldier

Head and abdomen whitish; head nearly round. Mandibles with apical 1ooth mofe
ated than the first instar pre-soldier, tips slightly pigmented. The oider curicle of
the (hird instar larva of the minor worker still persist; first marginal tooth of third st
Jarva of minor worker stll not completely absorbed (Plate 2B). Antennag with 13
articles. Abdomen with a pair of styli. Tarsi 4-segmented (Table XVI)

Third instar pre-soldier

Head and abdomen whitish, head nearly oval. Mandibles whitish, moic clongaled
than second instar pre-soldier; first marginil tooth of third instar minor worker larvd
much absorbed: sclerotization not started yet. inner margin of mandibles wavy (Plile
20), Brain clearly wisible. much ceduced. Antennac with 16 articles. Abdomen with &
par of styli. Tarsi 4 segmented (Table XVIE.

Fourth instar pre-soldier

Head oval, slightly pigmented, dirty white: mandibles brownish yellow. well
ditferentiated; left mandible with distinct tooth, right mandible with slight indication of
rooth (Plate 2D]. Brain visible, much reduced as compare 10 head capsule. Abdomien uol

Phat

-
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e various stages of develapment

Jandibles showing indication of
ar lurva of minor worker. Left
Wder intact cuticle of third instin
ble with apical and first margina

Antennac with 14-15 arnicles
XV,

§ of first instur pre-suldier of O

Mean-+8.D. C\:
B.374+0.136 {04

0,600,031
0,78 +1),021

41 +0.024
0.70+0.018
) 26+0.025

),.5040.024
0,30 40,030
1).56+0.039 6.98

Mandibles with apical tooth more
¥ pigmented. The older cuticle of
st marginal tooth of third instar
(Plate 2B). Antennae with 15
il (Tahle XVI).

andibles whitish. moie elongated
third instar minor worker larva
argin of mandibles wavy (Plate
ith 16 articles. Abdomen with a

Plate 1112 Stuges of development of wing pads during alate differentiation. A, lirst
istar aymphs By sccond nstur oymphs C, thivd instae nymphs D, fourtd
instar nyvmph; K, fifth instar nymph,

dibles brownish yellow, well } Yo
pandible with slight indication of
¢ to head capsule. Abdomen ol
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ampletely pigmented. Antennac with 16 articles. Abdomen with a pair of styli. Tarsi 4
segmented (Table XVIIT)

Fable XV1 Biomerric analysis of different characters of second instar pre-soldier of 0.
obesus (measurements are in mm).

Character Range (n=10) Mean+S.D. C.Y.

T'otal body length 3.48-3.74 31.63+0.077 2.13
Length of head to side base

ol mandibles (.6640 044 6.65
Maximum width of head 0.88+0.027 3.10
Length of lefi mandible (.48 +0.022 159
Length of hind tibia 0.754+0,015 1.99
Length of pronotum (0.2840.,028 9.75
Width of pronotum 0.5240.030 9.60
Leneth of brain 3 0.31+0,091 6,16
Width of bram 0.52-0.5% 0.56+0.025 1.48

Table XVII:  Biometric analysis of different characters of third instar pre-soldicr of 0.
obesus (measurements are inomm).

Character Range (n=25) Mean +S.D. CYN.
Total body length 3.744.52 41540218 5.25
Length of head to side base

of mandibles 0.88-1.01 0.95+0.030 3.16
Maximum width of head ).98-1.08 1.04 40033 3.14
Length of left mandible 0.88-0.93 0.91+0.014 1.51
Length of hind tibia 0.88-0.096 0.934+0.024 2.55
Length of pronotum 0.31-0.39 0.33+£0.023 6.92
Width of pronotum 0.72-0.81 0.76+0.024 3.15
Length of brain (n=24) 0.31-0.41 0.34 +0.028 27
Width of brain (n=24) 0.52-0.65 (.59+0.031 5.19

Fifth instar pre-soldier

Mead rectangularly oval; head and abdomen much sclerotized than fourth instar
pre-soldier. Mandibles darkly pigmented, more pointed (Plate 2E), Brain clearly visible,
appearing smaller in comparison to the size of the head capsule. Antennae with 16
wrticles, dirty white throughout its length. ‘Abdomen with a pair of siyli. ~
segmented (Table X1X)

larsi 4-
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nwith a pair of styli. Tarst 4- Table XVIII: Biometric analysis of different characters of fourth instar pre-coldier of 0.

obesus (measurements are in mm),

iecond instar pre-soldier of 0.

Character Range (n=10) Mean+S.D. C.V.

Total body length 4.52-4.90 4.69+0.121 2,57

in+8.D. C.v. Length of head to side base

of mandibles 0.96-1.03 0.984+0.024 247
y+0.077 2.13 Maximum width of head 1.03-1.11 1.08+0.027 2.54
| Length of left mandible 0.90-0.93 0.92+0.013 1.46
Y0044 6.65 Length of hind tibia 0.93-0.98 0.96+0.017 1.78
$+0.027 3.10 Length of pronotum 0.34-0.41 0.38+0.021 5.65
!LU.UZZ’ ' 4.59 Width of pronotum 0.75-0.88 0.79+0.047 5.98
1£0.015 1.99 Length of brain 0.31-0.41 0.35+40.040 11.41
$+0.028 9.75 Width of brain 0.54-0.62 0.60+0.027 4.53
140,050 9.60
1+0.091 616
520,025 4.48

Table XIX:  Biometric analysis of different characters of fifth instar pre-soldier of 0.
obesus (measurements are in mm).

|

Ithird instar pre-soldier of 0.

Character Range (n=10) Mean+S.D. CVN:

Total body length 5.31-5.55 5.3140.200 3.76

8.0, C.V. Length of head to side base
of mandibles 1.34-1.50 1.4240.053 3.77
140,218 5.25 Maximum width of head 1.29-1.37 1.31+0.024 1.87
Length of left mandible 0.96-1.06 1.0140.028 282
0,030 3.16 Length of hind tibia 1.03-1.16 1.10+0.044 3.98
0033 3.4 Length of pronotum 0.49-0.57 0.5440.027 5.06
10.{714 1.51 Width of pronotum 0.96-1.03 0.9940.024 247
+0.024 2.55 Length of brain 0.28-0.34 0.3240.017 5.39
+0.023 6.92 Width of brain 0.54-0.62 0.59+40.024 4.13
40,024 3.15
+0.028 8.27
40,031 519

Mature soldier

Head rectangularly oval; head and abdomen fully sclerotized, Mandibles darkly
pigmented, more pointed (Plate 2F). Brain visible in some specimens. Antennae with
16-17 articles, light brown throughout its length. Abdomen with a pair of styli. Tarsi 4-

elerotized than fourth instar segmented (Table XX).

e 2E). Brain clearly visible,
capsule. Antennae with 16
th a pair of syli. Tarsi 4-

Comparison of different instars of soldiers of O. obesus
Toral bady length
Range, mean and standard deviation of different instars of soldiers for total body

length are given in Table XXI1, Frequency distribution of difierent instars of soldiers of
0. obesus for total body length is illustrated in Fig. 10.
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Table XX: Biometric analysis of different characters of soldiers of O. obesus
(measurements are in mm).

Character Range (n=10) Mean+S.D. CN:
Total body length 5.88-6.19 6.05+0.124 2.4
Length of head to side base

of mandibles 1.42-1.50 1.45+0.034 233
Maximum width of head 1.32-1.39 1.3540.025 1.84
Length of left mandible 1.01-1.06 1.044+0.018 1.69
Length of hind tibia 1.11-1.16 1.14+0.021 1.88
Length of pronotum 0.52-0.57 0.5440.023 422
Width of pronotum 0.96-1.01 0.98+0.019 1,92
Length of brain 0.34-0.38(n=5) 0.3640.022 6.04
Width of brain 0.57-0.62(n=3) 0.60+0.021 3.50

The co-cfficient of variability was maximum (5.25) for third instar pre-soldier ‘..
was minimum for adult soldiers (Table XXI). Comparison of different instars of soldicts
by student "t" test revealed significant differences (P<0.05).

Length of head to side base of mandibles

Range, mean and standard diviation of various instars of soldiers of Q. obes
length of head 1o side base of mandibles are given in Table XX1, Frequency distri
of different instars of soldiers is illustrated in Fig.11. The co-efficient of variability v
maximum (6.65) for second instar pre-soldier, whereas it was minimum for
soldiers. Comparison of different instars based on student “t* test revealed signi
differences (P<0.05) between different instars. However, non-significant differ
(P>0.05) were noted between fifth instar pre-saldier and adult soldier (Table XXI).

Maximum width of head

Range, mean and standard deviation of different instars of soldiers of 0. obesus it
maximum width of head are given in Table XXI. Frequency distribution of maximum
width of head of different instars of soldiers of O. obesus is illustrated i Fig,12.

The co-efficient of variability is also indicated in Table XXI. As is indicated i
Table maximum C.V. value was noted for third instar pre-soldiers, whercas, for adul
soldier C.V. value was minimuim.

Comparison of different instars of soldiers by student “t" test revealed signi cant
differences (P<0.05) between all the instars (Table XXI).
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Table XXI:

A.S. SHAHID AND M. S. AKHTAR

Age variation in different parameters in measurement of different parameters
of soldier instars of 0. obesus (vertical lines alongside the instars indicate non-

significant differences; P>0.05),

Instar Range (n=10) Mean+S.D. 0% '
T'otal body length
PS| tn=25) i.15-3.61 3.37+0.136 4.04
PSs 3.48-3.74 3.6340.077 2.13
PSa (n=25) 3.74-4.52 4. 15+0.218 528
PS4 4.52-4.90 4.6940.121 2.57
PS< 4.90-5.55 5.31+0.200 3.76
S 5.88-6.19 6.05+0.124 2.04
Length of head (o side base of mandible
PS) (n=25) 0.54-0.64 0.60+0.031 S.10
PS; 0.59-0.72 0.6640.044 6.65
PS: (n=25) 0.88-1.01 0.95+0.030 3.16
PSy 0.96-1.03 0.984+0.024 2.47
PSs 1.34-1.50 1.42+£0.053 3.77
S 1.42-1.50 1.45+0.034 2.33
Maximum width of head
PS) (n=25) 0.75-0.83 0.78+0.021 2.67
S, 0.83-0.90 0.88+0.027 3.10
PS3 (n=25) 0.98-1.08 1.04+0.033 3.14
PSs 1.03-1.11 1.08+0.027 2.54
PSs 1.27-1.37 1.31+0.024 1.87
S 1.32-1.39 1.354+0.025 1.84
Length of left mandible
PS) (n=25) 0.36-0.44 0.41+40.024 574
PS> 0.44-0.52 0.4840.022 4.59
PS3 (n=25) 0.88-0,93 0.9140.014 1.51
PS4 0.90-0.93 0.9240.013 1.46
PSs 0.96-1.06 1.0140.028 2.82
S 1.01-1.06 1.0440.018 1.69
Length of hind tibia
PS; (n=25) 0.67-0.72 0.704£0.018 2.56
PS: 0.72-0.7 0.7540.015 1.99
PS3 (n=25) 0.88-0,96 0.9340.024 2.55
PS4 0.93-0.98 0.96+0.017 1.78
PSs 1.03-1.16 1.1040.044 3.98
S 1.11-1.16 1.144£0.021 1.88
Cont'd,.

PS1 |

of &
insta

first
diffe
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Length of pronotum

PS; (n=25) 0.21-0.3] 0.26+0.025 9.65
PS; 0.23-0.31 0.28+0.028 9.75
PS;3 (n=25) 0.31-0.39 0.33+0.023 6.92
PS4 0.34-0.41 0.384+0.021 5.65
PSs 0.49-0.57 0.54+0.027 5.06
S 0.52-0.57 0.54+0.023 4.22
Width of pronotum /
PS) (n=25) 0.46-0.54 0.50+0.024 4.73
PS; 0.46-0.59 0.52+0.050 9.60
PS; (n=25) 0.72-0.81 0.76 +0.024 3:15
PS4 0.75-0.88 0.7940.047 5.98
PSs 0.96-1.03 0.9940.024 2.47
S 0.96-1.01 0.9840.019 1.92
" Length of left mandible

Range, mean and standard deviation of length of left mandible in different instars
of soldiers of Q. obesus are given in Table XXI. Frequency distribution of different
instars of soldiers of O. obesus for length of left mandible is illustrated in Fig.13.

The co-efficient of variability is also indicated in Table XXI and was maximum for
first instar pre-soldier and minimum for fourth instar pre-soldier. Comparison of
different instars by student "t" test revealed significant differences between different
instars of soldiers of O. obesus for length of left mandible. However, non-significant
differences (P>0.05) were noticed between fifth instar pre-soldier and adult soldiers
(Table XXI).

Length of hind tibia

Range, mean and standard deviation of different instars of soldiers of 0. obesus for
length of hind tibia are given in Table XXI. Frequency distribution of various instars of
O. obesus for length of hind tibia is illustrated in Fig. 14.

The co-efficient of variability is also indicated in Table XXI and was maximum for
fifth instar pre-soldier and was minimum for fourth instar pre-soldiers. Comparison
based on student "t" test revealed significant differences (P<0.05) between different
instars of soldiers of O. obesus for length of hind tibia (Table XXI).

Length of pronotum

Range, mean and standard deviation of different instars of soldiers of 0. obesus for
length of pronotum are given in Table XXI. Frequency distribution of different instars
of soldiers of O. obesus for length of pronotum is illustrated in Fig.15.
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The co-efficient of variability is also indicated in Table XXI and was maximum for
second instar pre-soldier and minimum for adult soldier. Comparison based on student
‘" test revealed significant differences (P<0.05) between different instars. However,
fifth instar pre-soldier was not significantly different (P>0.05) from adult soldier
(Table XXI).

Width of praholum

Range, mean and standard deviation of different instars of soldiers of 0. obesus for
width of pronotum are given in Table XXI. Frequency distribution of different instars of
soldiers for width of pronotum is illustrated in Fig.16. The co-efficient of variability 1s
also indicated in Table XXI and was maximum for second instar pre-soldier and
minimum for adult soldier.

Comparison (based on student "t" test) of different instars of soldiers of 0. obesus
for width of pronotum revealed significant differences (P <0.05) between al] the instars
of soldiers, however fifth instar pre-soldier was not significantly different (P>0.05)
from the adult soldier (Table XXI).

Length of brain

Frequency distribution of different instars of soldiers of O. obesus for length of
brain is illustrated in Fig.17. Length of brain in different instars ranged between (.26
mm - 0.42 mm,

Width of brain

Frequency distribution of different instars of soldiers of 0. obesus for width of
brain is illustrated in Fig.18. Brain width of first instar ranged between 0.49-0.65 mm.
All the other instars have brain width smaller than first instar except pre-soldier third
instar.

Developmental line of alate

The differentiation of the alate line begins from the second larval stage which is
common to the developmental lines of all castes. The first stage nymph emerging from
the second larval stage moults 5 times, producing 5 nymphal instars before becoming
adult (Fig.1).

First instar nymph

This instar develops from second instar larva. Head and abdomen whitish, head
oval; brain clearly visible but much reduced as compared to head size. Antennae with
16-17 articles, much elongated. Mandibles with apical, first marginal and second
marginal teeth slightly indicated. Thorax broader than second larval instar, mesothorax
and metathorax with slight indication of wing pads (Plate 3A), abdomen with a pair of
cerci and a pair of styli, Tarsi 4-segmented (Table XXII).
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Table XXI1: Biometric analysis of different characters of first instar nymph of 0. obesus
(measurements are in mm).

Character Range (n=5) Mean+S.D. C.V:
Total body length 3.48-3.77 3.63+0.112 3.10
Length of head to side base

of mandibles 0.77-0.85 0.8140.041 5.03
Maximum width of head 0.98-1.08 1.04+0.038 3.65
Length of hind tibia 0.77-0.83 0.79+0.033 4.14
Length of wing pads 0.21-0.23 0.23+0.009 3.96

Second instar nymph

Head and abdomen whitish, head oval. Brain area visible through cuticle, broader
than first instar nymph. Antennae with 17-18 articles. First antennal article larger than
third and fourth combined. Apical, first marginal and second marginal teeth completely
differentiated. Teeth slightly pigmented, brownish. Mesothorax and metathorax with
distinct wing pads (Plate 3B). Abdomen with a pair of cerci in some specimens. Tarsi 4-
segmented (Table XXIII).

Table XXIII: Biometric analysis of different characters of second instar nymph of 0:
obesus (measurements are in mm).

Character Range (n=35) Mean +S.D. €.V.
Total body length 5.42-5.68 5.55+0.107 1.92
Length of head to side base

of mandibles 0.90-1.01 0.98+0.045 4.62
Maximum width of head 1.24-1.29 1.26+0.025 1.99
Length of hind tibia 1.24-1.34 1.30+0.037 2.85
Length of wing pads 0.59-0.72 0.67+0.057 8.60

Third instar nymph

Head and abdomen whitish. Head nearly round. Brain larger than second instar
nymph. Antennae with 19 antennal articles. Differentiation of teeth more pronounced,
slightly more pigmented than second instar nymph. Eyes slightly indicated. Thorax with
wing pads longer than second instar nymph, extending up to '/4 of abdomen (Plate 30).
Styli present in some specimens. Tarsi 4-segmented (Table XXIV).
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Table XXIV: Biometric analysis of different characters of third instar nymph of O. obesus
(measurements are in mm).

Character Range (n=7) Mean+S.D. C.V.
Total body length 7.74-8.51 8.1140.267 3.29
Length of head 1o side base

of mandibles 1.08-1.24 1.1540.067 5.81
Maximum width of head 1.60-1.75 1.68+0.059 3.53
Length of hind tibia 1.70-1.81 1.7440.038 2.16
Length of wing pads 1.68-1.86 1.77 4+0.060 3.40

Fourth instar nymph

Head and abdomen dirty white, head nearly round with minute bristles and hairs.
Labrum whitish. Mandibles more pigmented than third instar nymph. Eyes clearly
indicated, much darker. Antennae with 19 articles. Thorax with wing pads larger than
third instar nymph covering nearly 7/8 part of abdomen (Plate 3D). Styli present in
some specimens. Tarsi 4-segmented (Table XX V).

Table XXV: Biometric analysis of different characters of fourth instar nymph of 0. obesus
(measurements are in mm).

Character : Range (n=5) Mean+S.D. C.\V.
Total body length 10.53-10.96 10.67+0.174 1163
Length of head to side base

of mandibles 1.50-1.57 1.5440.028 1.80
Maximum width of head 2.09-2.27 2.16+0.067 3.09
Length of hind tibia 2.06-2.32 2.20+0.096 4.36
Length of wing pads 4.95-5.21 5.09+0.103 2.03

Fifth instar nymph

Head light brown, brain not visible through cuticle of head. Eyes large, well
developed, separated from the lower margin of head by nearly one fifth of its long
diameter. Ocellus slightly indicated. Mandibles more pigmented than fourth instar
nymph. Teeth of mandibles dark brown with blackish tinge. Antennae with 19 articles,
slightly brownish. Wing pads light brown (Plate 3E). Abdomen slightly pigmented,
clear indication of abdominal segments. Tarsi 4-segmented (Table XXVI).
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Table XXVI: Biometric analysis of different characters of fifth instar nymph of O. obesus
(measurements are in mm).

Character Range (n=10) Mean+5.D. €. Y-

Total body length 14.19-15.22 14,7740.332 2.25
Length of head 1o side base

of mandibles 1.81-1.93 1. 86+0.036 1.93
Maximum width of head 2.27-2.30 2.32+0.043 1.86
Length of hind tibia 2.42-2.58 2490043 1.73
Length of wing pads 5.42-5.78 5610121 2.15

Alare

Head slightly reddish brown, brain not visible through cuticle. Eyes fully
developed. Ocellus large. oval, clearly indicated. Antennae with 19 antennal articlies.
reddish brown. Postclypeus strongly arched. Wings fully developed, reddish brown.
Labrum larger than wide. Tarsi 4-segmented (Table XXVII).

Table XXVII: Biometric analysis of different characters of alates  of 0. obesus
(measurements are in mmj.

Character Range (n=5) Mean+S.D. OV

Total body length 14.83-15.22 15.0440.148 0.99
Length of head to swde base

ol mandibles 1.86-1.93 1.8840.029 1.52
Maximum width of head 2.58-2.68 2.61+0.042 1.61
Length of hind tibia 2.68-2.83 2.75+0.121 2.12

T — T

2
Comparison of different instars of alare line of O. obesus
Toral body length

The range. mean and standard deviation of total body length of different instars of
alate line of O. obesus are given in Table XXV1I1. Frequency distribution of total body
length of different instars is illustrated in Fig.19.

The co-efficient of variability (Table XXVIHI) was maximum for third msta
nymph, whereas, it was minimum for alates. indicating that the growth has completed
and the specimens are therefore relatively less variable. Comparison of ditferent instars
of alate line of Q. obesus for total body length was carried out by student "t” test. which
revealed significant differences between all the mnstars except in the case of fifth instar
nymph which was not significantly different (P>0.05) from alates.
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Table XXVIIL:  Age variation in different instars of alate line of Q. obesus (vertical lines
alongside the instars indicate non-significant differences: P> 0.05).

Instar Range (n=35) Mean+S.D. C.V.
Total body length
Nj 3.48-3.77 3.63+0.112 3.10
Na 5.42-5.68 5.5540.107 1.92
Ni(n=7 7.74-8.51 8.11+0.267 3.29
N4 10.53-10.96 10,67 :0.174 1.63
Ns (n=10) 14.19-15.22 14.7740.332 2.25
A 14.83-15.22 15.04+0.148 0.99
Length of head to side base of mandibles
Ni 0.77-0.85 0.814£0.041 5.03
N> 0.90-1.01 0.9840.045 4.62
N3 (n=7) 1.08-1.24 1.15+0.067 5.81
4 1.50-1.57 1.5440.028 1.80
Ns (n=10) 1 81-1.93 1.86+0.036 1.93
A 1.86-1.93 1.88-£0.029 1.52
Maximum width of head
Ni 0.98-1.08 1.04 +:0.038 3.65
Na 1.24-1.29 1.2640.025 1.99
Nz (n=7) 1.60-1.75 1.6840.059 3.53
Ny 2.09-2.27 2.16+0.067 3.09
Ns (n=10) 2.27-2.40 2.3240.043 1.86
2.58-2.68 2.61+40.042 1.61
Length of hind tibia
Nj 0.77-0.83 0.794:0.033 4.14
N> 1.24-1.34 1.304+0.037 2.85
N3 (n=7) 1.70-1.81 1.7440.038 2.16
Ny 2.05-2.32 2.20+0.096 4.36
Ns (n=10) 2.42-2.58 2.49+0.043 1.73
2.68-2.83 2.7540.12; 2.12
Length of wing pads
Nj 0.21-0.23 0.23+0.009 3.96
N2 0.59-0.72 0.67+0.057 8.60
N3 (n=7) 1.68-1.86 1.77 £0.060 3.40
N4 4.95-5.21 5.09+40.103 2.03
Ns (n=10) 5.42-5.78 5.61+0.121 2.15




114 AS. SHAHID AND M.S AKHTAR

‘Length of head to side base of mandibles

The range. mean and standard deviation of length of head to side base of mandibles
for different instars of alate line of O. obesus are given in Table XXVIII. Frequency
distribution of length of head to side base of mandibles of different instars is illustrated
in Fig.20.

The co-efficient of variability was maximum for third instar nymph and was
minimum for alates of 0. obesus (Table XXVIII). Comparison of different instars of
alate line of O. obesus was carried out by student "t* test. There were significant
differences (P<0.05) beiween Jifferent instars of alate of O. obesus. However, fifth

instar nymph was not significiuily different from alates.
Maximum width of head

The range, mean and standard deviation of different instars of alate line of O.
obesus for maximum width of head are given in Table XXVIII. Frequency distribution
of maximum width of head of alate of O. obesus is illustrated in Fig.21.

The co-efficient of variability was maximum (3.65) for first instar nymph, whereas
it was minimum (1.61) for alates. Comparison of different instars of alate line of O.
obesus for maximum width of head was carried out by student "t" test, which revealed
significant differences (P <0.05) between all the instars.

Length of hind tibia

The range, mean and standard deviation of different instars of alate line of O.
obesus for length of hind tibia are given in Table XXVIII. Frequency distribution of
different instars is illustrated in Fig.22.

The co-efficient of variability was maximum for fourth instar nymph, whereas it
was minimum for fifth instar nymph (Table XXVIII). Comparison of different instars of
alate line for length of hind tibia of O. obesus revealed singificant differences
(P<0.05).

Length of wing pads

The range, mean and standard deviation of length of wing pads for different instars
of alate line of O. obesus are given in Table XXVIIL. Frequency distribution of different
instars for length of wing pags-is illustrated in Fig.23.

The co-efficient of variability was maximum for second instar nymph and was
minimum for fourth instar nymph (Table XXVIII)

Comparison of different instars of alate line of O. obesus for length of wing pads
was carried out by student "t" test, which revealed singificant differences (P<0.05)
between all the instars.
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DISCUSSION
Developmental lines of workers

In the field collections of O. obesus, iwo types of workers, major and minor, were
detected. The major and minor workers are as distinct as in the fungus ¢ growing termites
belonging to the genus Macrotermes. Nevertheless, they can be distinguished by
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of 0. obesus.

differences in their maadibular shape (not pattern) and also by the differences in the
measurements (Table VIII and XIV). Okot-Kotber (1985) has reported that besides other
morphological differences, sex differences also exist in the major and minor workers of
M. michaelseni. Major workers develop from third instar male larvae, whereas the
minor workers develop from female third instar larvae.
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Noirot (1985b) has reported that the workers are preceded by two larval stages in
all the Termitidae except the fungus growing Macrotermitinas in which the workers are
preceded by three larval instars. The present study supports Noirot in that the workers of
0. obesus also develops from third instar larva.

The developmental stages through which the worker passes after differentiation
from third instar larva may vary in the Macrotermitinae (Noirot, 1985h). The workers
after emergence from the third larval instar may pass through one stage before becoming
adult. The intermediate stage between the last larval and the adult stage has been referred
t0 as "unpigmented stage” (Luscher, 1976). However, Okot-Kotber (1985) report that in
case of Macrotermes michaelseni, the third stage larva moulis into adult workers, both
major and minor. There is no unpigmented stage in between. The result of the present
biometrical study of the immature stages of O. obesus, however, differ significantly
from those reported in the case of M. michaelseni, the only other fungus growing
termite whose caste differentiation has been studied in detail. The workers (both major
and minor) of O. obesus undergo three moults after coming out from the third instar
larva; adult workers represent the fourth and final stage. Biometrically all the three
instars of the workers (both major and minor) of O. obesus were found 10 be
significantly different (Tables VIIT and XIV) except for the total body length, which in
the case of third instar major worker and adult major workers vary little. Biometric
studies by Akhtar and Rana (1988)on caste polymorphism in a field colony of O.
gurdaspurensis revealed that worker passes through five instars before becoming adult.

Developmental line of soldier

The soldier developmental line is an off-shoot from the third larval instar from
which also arises the developmental line of minor worker. The pre-soldiers in O. obesus
undergoes 5 moults before becoming adult. The rectangularly oval head characteristics
of the species is visible in the last (5th) stage leading to the adults. In the preceding
instars the head capsule remained nearly round.

Okot-Kotber (1985) reports that in M. michaelseni soldiers develop from the third
instar larva. In M. bellicosus minor soldier originate from third instar larva, whereas
origin of major soldier takes place from first instar minor worker (Luscher, 1976).
Akhtar and Rana (1988) stated that soldiers in O. gurdaspurensis develop from third
instar major worker larva and after seven moults develops int adult soldiers.

Developmental line of alates

The present studies on developmental lines of O. obesus revealed that the origm of
alate line takes place from the second instar larva and nymph after 5 significantly
different instars develops into alate. In M. bellicosus five nymphal instars have been
recorded by Luscher (1976). Okot-Kother (1985) has also reported five nyvmphal stages
upto alate after first instar larva in M. michaelseni.
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