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Morphometrics, caste composition and behaviour were studied in Bulbitermes sarawakensis 
(Isoptera; Nasutitermitinae) in Malaysia. Morphometric studies displayed two larval stages, a 
presoldier and a soldier caste, two worker castes and different nymphal stages. Four different 
nymphs with long wings and two with wing pads were found. The function of the latter is not 
understood. Removal of parts of galleries in the field resulted in an immediate but temporary 
retreat of workers and the appearance of soldiers. Soldiers stayed at the broken gallery until 
workers had it reconstructed. Foraging activity differed per colony and over daytime. The positive 
exponential relation found between foraging activity and caste ratio (workers/soldiers) can be 
explained by a stronger increase in worker numbers than in soldier numbers. 
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Although termites have already been studied for centuries, considerable knowledge about many 
species is still lacking. Due to the fact that most species have a cryptic way of life especially little 
is known about their natural behaviour (Miura & Matsumoto 1998). This is also true for 
Bulbitermes sarawakensis (Haviland) (Termitidae, Nasutitermitinae), conspecific of B. germanus 
(Tho 1992). 

Of all termite species, those of the subfamily Nasutitermitinae are considered to be the most 
advanced because of their highly specialized and effective chemical defence: soldiers possess a 
long pear-shaped rostrum (nasus) (Fig. 1), which is used to squirt an irritating sticky solution 
towards their enemies, which immobilizes them (Moore 1969). 

In the Oriental region (zoogeographic area around South East Asia), all Nasutitermitinae 
soldiers have strongly reduced mandibles. They probably are the dominant termite group in 
Malaysia (Harris 1961). Concerning the genus Bulbitermes, all 30 species are restricted to the 
Oriental region (Kambhampati & Eggleton 2000). This genus is closely related to, and likely 
nested within, the large and worldwide distributed Nasutitermes genus (Eggleton 2001). 

Bulbitermes sarawakensis only occurs in tropical rainforests of the Malay Peninsula and 
Indonesia (John 1925, Roonwal 1970). All Bulbitermes species live in arboreal ‘stercoral carton’ 
nests and foraging takes place via tunnels, or ‘galleries’, which extend from the nest. The galleries 
prevent the termites from drying-out and protect them from ants, which are their main invertebrate 
enemies (Deligne et al. 1981). 

Here we report about morphometrics, caste composition, defence behaviour and foraging 
behaviour of B. sarawakensis in Peninsula Malaysia. 

MATERIAL AND METHODS 

Colonies 
We studied three colonies of B. sarawakensis (A, B and D) in compartment 33 of the Sungai 
Lalang Forest Reserve, Semenyih, Malaysia; a lowland dipterocarp forest that was selectively 
logged in 1990. We carried out behavioural observations from 20 to 31 July 2002. At 31 July, the 
nest of colony A was abscised from its host tree for laboratory studies. We did additional 
observations on colony B and D from 10 to 15 October 2002. 
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Castes 
The abscised nest of colony A was packed in plastic bags for transport and was frozen at -20ºC 
about six hours later. The nest was opened after defrosting and termites were separated from the 
nest debris by flotation in water (after Clarke & Garraway 1994). Larvae, workers, presoldiers, 
soldiers, nymphs and the queen could easily be distinguished. To find possible polymorphism we 
studied morphometrics, using a microscope (Leica MZ 8) with a digital camera, connected with a 
computer and the software Leica Qwin Standard 2.4 (Colour, RGB). We randomly selected a 
number of individuals per caste and added individuals of extreme sizes or typical shapes to 
decrease the chance of missing a stage. Body length, maximum head width, head length and wing 
length (of nymphs) were measured. Polymorphism within castes was tested statistically 
(Independent Samples t-tests for workers, one-way ANOVAs for nymphs and a Mann-Whitney U 
test for larvae.) To determine caste composition, we mixed all termites in ethanol and randomly 
took three volumetric subsamples of five ml (after Thorne 1984). Individuals of all castes were 
counted. Because nymphs were too few in number to get reliable morph proportions and workers 
too numerous to determine the morph of each individual, a random selection of 200 nymphs and 
200 workers was used to calculate morph ratios. 

Defence behaviour 
To study defence behaviour, we removed a couple of cm from a gallery with a pocket-knife 
(experimental disturbance) or watched galleries that had been opened naturally before (natural 
disturbance, e.g. by heavy rain). We observed the reaction of soldiers and workers about thirty 
times. For an analysis of termite numbers, we removed three cm gallery with a pocket-knife within 
two seconds. In the following three minutes, we counted the number of soldiers and workers that 
were present in and around the open space every ten seconds. When the termites outside the 
gallery borders numbered more than ten or when they had moved more than five cm from the 
gallery, we estimated their number. Five repetitions were made for colony B, one for colony D. 

Foraging behaviour 
After foraging had resumed in open galleries (>15 min. after disturbance), we considered those 
termites that crossed the open space without stopping to be involved in foraging. We counted 
workers and soldiers passing in one direction (going to or coming from the nest) during one 
minute and in the opposite direction during the next minute. Series consisted of four to ten 
repetitions, interrupted by short breaks (4 series for colony A, 3 for D, 2 for B). We calculated 
foraging activity (sum of termites in both directions/min) and caste ratio (sum of workers/sum of 
soldiers) per series. We made non-parametric weighed tests (weighing by the number of 
repetitions) to test if foraging activity depended on colony, daytime or way of disturbance 
(naturally or experimentally). We made a weighed correlation analysis for foraging activity with 
soldier numbers and with worker numbers and a weighed regression analysis for average foraging 
activity (of all series) and average caste ratio (sum of workers of all series/sum of soldiers of all 
series). 

RESULTS 

Castes 
The morphometrics of castes of colony A are summarized in Table 1. The unsclerotized larvae 
(11.1% of the colony) are white and consist of two morphs, differing in head width, head length 
and body length (all P<0.001, Mann-Whitney U test). The worker caste (76.4%) also shows two 
morphs, differing in head width and head length (both P<0.001, Independent-Samples t-test) and 
body length (P<0.05, Independent-Samples t-test). Presoldiers (0.2%) are not sclerotized yet and 
head width doesn’t differ from second stage larvae (P=0.153, Mann-Whitney U test), but they can 
be distinguished from larvae by the characteristically nasus. 

Soldiers vary strongly in pigmentation. Morphometrics of soldiers of colony A (10.7%) can be 
compared to colony B and D in Table 1. Morphometric parameters differ significantly among the 
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colonies (head width: P<0.001; head length: P<0.05, ANOVA). Soldiers of colony A are biggest, 
followed by those of colony B and D. 

Nymphs (1.7% of the colony) can be recognised by the possession of wings. One unsclerotized 
nymph was morphometrically similar to second stage larvae. We found three larger types of 
nymphs, about twice the size of workers: ‘unsclerotized’ nymphs, ‘sclerotizing’ nymphs and 
‘sclerotized’ nymphs (Fig. 1). Head widths of unsclerotized nymphs were smaller than those of 
sclerotizing and sclerotized nymphs, (P<0.001, ANOVA) and body length of sclerotized nymphs 
was larger than of the others (P<0.01, ANOVA). In addition, we found nymphs with rudimental 
wings (wing pads) (Fig. 1), making up 68% of all nymphs. The ‘small wing pad’ nymph was 
somewhat bigger than the smallest nymph whereas ‘big wing pad’ nymphs were about the size of 
the larger nymph types with head widths like those of unsclerotized nymphs. Only one queen, and 
no king, was found in the nest (Fig. 1). 

Defence behaviour 
Workers always fled into the covered galleries while soldiers immediately ran out as soon as the 
gallery was broken (Fig. 2b). Soldiers usually scattered within five cm of the break, moving criss-
cross at high speed, interrupted by some stops and sometimes by jittering (moving the body 
forwards and backwards at a high frequency). They returned to the gallery within a few minutes. 
Meanwhile more soldiers came out of the gallery and together they formed a row at the place of 
the former gallery border, with their nasus pointed outwards and with waving antennae (Fig. 2c). 
Sometimes they were replaced by others. 

 
 
 

Table 1. Morphometrics and caste composition of Bulbitermes sarawakensis (colony A) and morphometrics 
of other soldiers (colony B and D). Body length, head width, head length and wing length are given for the 
average (±SD) of N individuals. Caste composition is given in percentages. 
  caste and morph N body length 

(µm) 
head width 
(µm) 

head length 
(µm) 

wing length 
(µm) 

% of 
colony A 

p1  

larva 1 15  1207 (255) 422 (44) 493 (42) - 4.4 
larva 2 25 2474 (390) 758 (42) 940 (53) - 6.7 
worker 1 13 3066 (497) 914 (18) 1117 (39) - 39.0 
worker 2 17 3448 (509) 1080 (22) 1342 (53) - 37.4 
Presoldier 9 3090 (347) 750 (17)2 1421 (76) - 0.2 

ne
ut

er
 li

ne
 

soldier  40 2833 (222) 868 (21) 1394 (32) - 10.7 
nymph 1 1 2682 707 904 ? 0.00 
nymph 'unsclerotized' 8 6149 (438)2  1091 (49) 1294 (72) 3098 (222) 0.08 
nymph 'sclerotizing' 7 6061 (216) 1175 (54) 1437 (60)2 3212 (52) 0.05 
nymph 'sclerotized' 7 6898 (546) 1220 (52) 1454 (37) 3374 (91) 0.41 
nymph 'big wing pad' 8 6476 (357) 1062 (28) 1284 (76) 1228 (102) 1.16 

co
lo

ny
 A

 
re

pr
od

uc
tiv

e 
lin

e 

queen 1 17000 1296 1587 - 0.00 
  soldier colony B 16 - 840 (14) 1380 (29) - - 
  soldier colony D 16 - 807 (22) 1371 (31) - - 
  soldier Tho (1992) ? - 830 (?) 1430 (?) - - 
1 Stage preceding neuter and reproductive line. 2 One individual could not be measured. 

 
 

 
Figure 1. From left: ‘unsclerotized’, ‘sclerotizing’ and ‘sclerotized’ nymphs of B. sarawakensis; ‘big wing 
pad’ and ‘small wing pad’ nymph; queen surrounded by workers and soldiers; soldier of B. sarawakensis. 
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Figure 2 a-g. Drawings show the general reaction of workers and soldiers of B. sarawakensis to the removal 
of a part of the gallery. 

 
 

 
Figure 3. The number of soldiers after removal of three cm of the gallery. Symbols represent the number of 
soldiers that was outside the covered gallery, averaged over three counts over a period of half a minute. 
Letters indicate colonies. 
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Date time colony disturbance N activity soldier 
number 

     (termites/min) (soldiers/min) 

26/7 11:30 A natural 10 10.4 7.6 

26/7 22:00 D natural 10 81.7 17.8 

27/7 9:30 D experimental 5 139.2 4.2 

27/7 22:30 B experimental 10 36.6 12.1 

28/7 12:30 B natural 10 48.1 16.2 

28/7 14:30 A experimental 10 39.2 11 

28/7 21:45 A experimental 8 21.0 6.4 

29/7 22:00 A experimental 10 93.0 10.4 

10/8 10:30 D natural 4 36.3 8.5  

 
Figure 4. Relation between caste ratio (y) and activity (x) during foraging in B. sarawakensis. Each dot 
represents one series of observations at one of the colonies (A, B and D). The line is a regression line: 
y=0.0117x – 0.198, R2adj=0.801. The table shows details of each repetition. 
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Workers appeared within two to six minutes and moved between the soldier rows (Fig. 2d). 
Workers started building activities after a few to 90 minutes. The workers carried a pellet (piece of 
building material) in their mandibles and placed it at the spot of the former gallery, turning their 
head around its axis. Then they turned 180° and dropped some brown fluid from their abdomen at 
the same spot. Those two actions could also be performed separately or in the reverse order. In this 
way piles of pellets were formed (Fig. 2e) that became the base of the gallery (Fig. 2f). Finally, the 
arch of the gallery was built in decreasing concentric circles (Fig. 2g) until the complete gallery 
was covered. As long as there were openings, soldiers were present at the edges. 

Figure 3 shows the number of soldiers that were seen during the three minutes after 
disturbance. Workers hardly appeared during this period. Four to thirteen soldiers appeared within 
the first 30 seconds after the removal of the gallery. Three minutes after the disturbance, the 
number of soldiers had increased (P<0.05, Wilcoxon Signed Rank Test). Colony D showed the 
strongest increase. 

Foraging behaviour 
Both activity and caste ratios were highly variable among the series of observations. Foraging 
activity varied from 10 to 139 termites passing per minute (Fig. 4). In the latter case, the gallery 
was filled with a continuous stream of termites. Foraging was positively correlated with the 
number of workers (ρ=0.985, P<0.01, Spearman correlation) and soldiers (ρ=0.318, P<0.05, 
Spearman correlation). 

Activity seemed to be dependent on colony (P<0.01, Kruskal-Wallis) (colony D showed 
higher activity than the other two colonies) and on time of measurement (P<0.05, Kruskal-Wallis). 
The way of disturbance did not affect activity (P=0.151, Mann Whitney U-test). 

There was a strong and significant exponential relation between caste ratio (y) and activity (x) 
(P<0.001, ANOVA regression) (Fig. 4). 

The overall fraction of soldiers of colony A during foraging was 0.21 (N=77, sum of soldiers/ 
sum (workers+soldiers)), in contrast to 0.12 in the nest of colony A (Table 1). 

DISCUSSION 

Castes 
Bulbitermes sarawakensis shows two larval castes, which is common in Termitidae (Noirot 1969). 
After the first larval stage, reproductive and non-reproductive (neuter) castes diverge. The second 
larval stage, workers, presoldiers and soldiers form the neuter line; nymphs represent the 
reproductive line. 

The worker caste is dimorph. Nasutitermes spp. show sexual worker dimorphism in which 
females are at least 1.20 times bigger than males (Brian 1979, Roisin 2000). Those workers know 
at least three succeeding worker instars, in which pigmentation and possibly size increases (Noirot 
1985, Roisin 2000). Head width of our second worker caste was 1.18 times that of the first and 
both showed varied pigmentation, suggesting that B. sarawakensis also knows sexual dimorphism. 
Because foragers were excluded from the analysis, workers make up more than 76.4% of the 
whole colony. 

The presoldiers in Termitidae usually develop from workers (Noirot 1985). However, our 
presoldiers have the size of the second larval stage and their head width is smaller than that of the 
smallest worker. Therefore it is likely that they develop from the second larval stage. John (1925) 
described two stages between the larval and soldier caste in B. sarawakensis but we only 
recognized one stage. 

Termite species are usually identified using the soldier caste. Although morphometric 
parameters differed between the three colonies, only the average head width of soldiers of colony 
A exceeded the range of Tho’s (1992) soldiers (750-860 µm). It is likely that the actual range of 
head width and length is wider than that given by Tho (1992) because his morphometrics 
concerned a small number of individuals from a few colonies. Moreover, Husseneder & Grace 
(2001) proved significant morphological differences between termite colonies of the same species, 
which even enabled them to classify 79% of the soldiers to their original colony. The large 
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variance in head colours between soldiers was already mentioned by Tho (1992) and might be 
explained by pigmentation increasing with age (Noirot 1985). In addition, we found remarkable 
differences in colour variation between colonies, suggesting that pigmentation might also be 
determined by other factors (e.g. environment, genetics). The percentage of soldiers in the whole 
colony is again higher than the 10.7% we found in the nest, because we excluded foraging soldiers. 
Similar percentages are found in Nasutitermes costalis and N. ephratae. Bulbitermes 
singaporiensis and other Nasutitermes spp. show higher percentages. However, more nests should 
be examined since caste composition changes with colony age, season, proximity to resources, 
predation risk and queen number (Thorne 1985). 

In the reproductive line Termitidae know five nymphal stages that precede the fully winged 
adult (alate) (Noirot 1969). Since our smallest nymph has a larval size, this should be the first 
nymphal stage. Statistical analysis shows significant differences between ‘unsclerotized’, 
‘sclerotizing’ and ‘sclerotized’ nymphs. Therefore, they might represent three other nymphal 
stages. The absence of alates in our colony can be explained by nymph generations being seasonal 
and developing synchronically. Very remarkable are the ‘wing pad’ nymphs, which form 68% of 
all nymphs. The presence of a ‘small wing pad’ morph suggests that the development of wings has 
already stopped in this early stage. Those morphs have to our knowledge only previously been 
found in higher termites by Thorne et al. (1996). They reported ‘conspicuous brood of wingbud 
nymphs in the penultimate and ultimate instars’ in colonies of N. nigriceps. So far, we don’t 
understand their function. Sexual dissection is needed to examine whether they still have a 
reproductive function. 

The termite king typically stays with his queen its entire life. The absence of a king in colony 
A is probably due to an escape, because kings are relatively mobile. 

Overall, B. sarawakensis shows many similarities with other Nasutitermitinae, but soldier 
development seems to be different. 

Behaviour 
Bulbitermes sarawakensis showed distinct behaviours after disturbance, like hiding workers, 
appearing of soldiers, formation of a row of soldiers and jittering. These behaviours are similar to 
reactions described in Nasutitermes spp. (Eisner et al. 1976, Lubin & Montgomery 1981) and 
Tenuirostritermes tenuirostris (Nutting et al. 1974). Jittering is probably a means of alarm 
(Deligne et al. 1990) and may result in recruitment of soldiers. 

In an experiment with N. corniger, similar to ours, Lubin & Montgomery (1981) also found an 
increase in soldiers outside the gallery after disturbance. However, in our experiment the number 
of soldiers that accumulated each half minute was not higher than the number that would have 
passed each half minute during foraging. This suggests that soldiers were not actively recruited to 
the place of disturbance in the gallery, although jittering occurred. In our study colony D reacted 
with a stronger increase than colony B, which might be explained by the higher activity level of 
colony D, or possible difference in aggressiveness and caste composition (Husseneder & Grace 
2001). 

The way of rebuilding the gallery is similar to what Zootermopsis spp. do (reviewed by Howse 
1970): faecal fluid is used as cement and by turning the head from side to side, workers form the 
pellet into the right shape and position. 

Foraging activity appears to differ per colony and over time of the day. Differences between 
colonies can be explained by difference in colony age, size, proximity to and availability of 
resources. Concerning foraging activity over time, Bulbitermes sarawakensis seems to forage 
around the clock (S. Lommen, unpublished data) but there are differences over the day. Those 
differences could explain the unequal numbers of termites moving in opposite directions in the 
galleries (S. Lommen, unpublished data). 

Our data show a positive exponential relation between foraging activity and caste ratio. 
Because foraging activity is positively correlated both with worker activity and soldier activity, 
high caste ratio during high foraging activity is mainly caused by an enormous increase of 
workers, which is reflected by the values of Spearman’s ρ. However, soldier number could be 
underestimated when activity was very high. This would make the relation between foraging 
activity and caste ratio more linear. 
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The overall proportion of soldiers of colony A in galleries was almost twice as high as in the 
nest. Although Lubin & Montgomery (1981) found an equal proportion in galleries and nest, other 
studies also show a higher proportion of soldiers outside the nest (Nutting et al. 1974). This high 
proportion is likely for the defence of foraging workers that are very vulnerable outside the nest, 
especially aboveground (Deligne et al. 1981, Traniello & Leuthold 2000). 
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