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ABSTRACT
Ten factors which may a!ect the behavior of Microcerotermes crassus Sny-

der were evaluated in this study. "e factors include: disturbance, crushed 
workers or soldiers (nestmates or non-nestmates), crushed Asian subter-
ranean termites (Coptotermes gestroi [Wasmann]), crushed longlegged ants 
(Anoplolepis gracilipes (Smith)), crushed Ghost ants (Tapinoma indicum 
Forel), crushed millipedes (Harphaphe sp.) and crushed wood lice (Porcel-
lionides sp.). "e distribution of M. crassus was recorded between treated 
and untreated areas on day 1 and day 6 post-treatment. Observations show 
that disturbances or the presence of carcasses only deterred the termites 
temporarily. However, prolonged treatment with crushed C. gestroi showed 
that termites avoided the treated area even at 6 days post-treatment. Initially, 
M. crassus was probably deterred from the treated area temporarily because 
of the presence of C. gestroi carcasses. However, repeated treatments soon 
lead to fungi growth on the wood blocks and carcasses, rendering the area 
and the food un#t for the termites. Survival was also lowest in dishes treated 
with crushed C. gestroi which could be attributed to the presence of fungi. 
Termites consumed less wood in the dishes containing or treated with 
crushed conspeci#cs (workers or soldiers of nestmates and non-nestmates), 
or with C. gestroi. M. crassus either consumed the carcasses or buried them 
with sand.
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INTRODUCTION
Microcerotermes crassus Snyder is common in Peninsular Malaysia ("o 

1992). It builds mainly above-ground nests or arboreal nests in the lowlands 
of Peninsular Malaysia. M. crassus can also be readily found in and around 
rural dwellings and in the suburban areas ("o 1992, Lee et al. 2007) and oc-
curs o$en together with other pest termites in one building (Lee et al. 2007). 
Coptotermes gestroi is usually the dominant species and M. crassus is very likely 
to have encounters with it. Previous studies showed #erce attacks from both 
sides, resulting in heavy losses (Wong & Lee unpublished). M. crassus and 
C. gestroi would frequently attack each other. "e feeding site where both of 
these species meet could be contaminated with cadavers.

Encounters between M. crassus with other termites (same or di!erent 
species) and with other insects such as ants may result in #ghting and sub-
sequently carcasses may be le$ at feeding sites. Moreover, M. crassus may 
encounter other invertebrate carcasses such as millipedes and wood lice that 
can be found within their nests, at feeding sites around buildings, etc.

It is common to see behavioral reactions of healthy nestmates against 
diseased or dead individuals in social insects (Su 1982). When termites are 
exposed to soil treated with a slow-acting toxicant, dead termites that ac-
cumulate at the site of exposure will subsequently cause foraging termites to 
avoid that particular area. Termites could also have learned to avoid feeding 
in treated areas as a result of sub-lethal exposure to a slow-acting toxicant 
(Su & Sche!rahn 1991, Su et al. 1995). "is behavior has been reported in 
Coptotermes formosanus tested with sul%uramid (Su & Sche!rahn 1991) and 
hydramethylnon (Su et al. 1982). However, Woodrow et al. (2008) suggested 
that a direct stimulus is not necessary to cause learned avoidance. Instead, 
contact with dead or moribund nestmates is enough to produce this behavior. 
Su (1982) termed this behavior as ‘necrophobic behavior’. 

Campora & Grace (2007) found that C. formosanus did not avoid borate-
treated wood as a result of necrophobia or a learned response. Instead, the 
termites appeared to avoid the location of the toxic resource because of a 
decrease in amounts of trail pheromone (due to termite mortality) rather 
than the chemical treatment itself.
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When termites interact with dead nestmates a range of behaviors are 
exhibited. It can begin with anti-feeding e!ects and ultimately, abandon-
ment of a site and walling-o! of dead termites and the source of mortality 
(Woodrow et al. 2008). Di!erent termite species may react di!erently towards 
introduced disturbances and the responses vary within a species depending 
on the type of disturbance. In the extreme, termites may even abandon their 
nest temporarily or permanently (Noirot & Darlington 2000). 

Here we hypothesize that the presence of carcasses (i.e. dead termites, ants, 
millipedes, etc.) at the food source will have a negative e!ect on the behavior 
of M. crassus. As part of our ongoing research into the biology and interac-
tions between Malaysia’s pest species of termites, we initiated this study to 
determine the e!ects of disturbance and the presence of termite and other 
invertebrate carcasses at feeding sites on the behavior of M. crassus. 

MATERIALS AND METHODS

Termites
M. crassus was collected from the #eld within the vicinity of Universiti 

Sains Malaysia, Minden campus, Penang Island, Malaysia. Part of the nest 
was excavated to obtain the required number of termites. "e nest portion 
was brought back to the laboratory and the termites separated out by lightly 
tapping on the nest carton. "en the termites were carefully isolated from nest 
and soil debris by using a piece of moistened and crumpled #lter paper. 

Fig. 1: Experimental set-up for the study on the e!ects of disturbance and the presence of termite and 
other invertebrate carcasses at feeding sites of M. crassus.
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Assay
"ree Petri dishes were connected to one another using tygon tubes 

measuring around 5 cm in length and 0.4 cm in diameter. Sieved sand (40 
g- mesh size 4) was placed into each container and 8 ml of water were added 
to moisten the sand. One rubber wood (Hevea brasiliensis) block (2 cm x 1 
cm x 1 cm) was placed in the middle of both the right and le$ Petri dishes 
(Fig. 1). "e central Petri dish with moistened sand only was designated as the 
release dish, where 250 workers and 15 soldiers of M. crassus were introduced. 
"e experimental set-up was kept in the dark (25.2 ± 0.2 °C, 56.3 ± 0.7 % 
RH) for one week. A$er this acclimatization period, one of the Petri dishes 
containing a rubber wood block was randomly chosen for treatment. 

Table 1 lists the procedures carried out a$er the acclimatization period. 
Each treatment was  repeated at weekly intervals two more times before the 
experiment was discontinued. "e distribution of termites was ranked as fol-
lows: (0= no termites, 1= low termites [<20 individuals], 2= moderate number 
[20 – 50 individuals], 3= high number [>50 individuals]) on the 1st and 6th 
day post-treatment. At the same time, the %oors of the dishes were scanned 
using a %atbed scanner (Canon CanoScan LiDE20, China Inc., China). On 
the 5th week, the set-up was dismantled and numbers of surviving termites 
were counted. "e rubber wood blocks were washed and oven-dried at 50°C 
for 2 days before weighing to obtain the di!erence in wood loss between 
treated and untreated sections. Using the same colony, the experiment was 
replicated #ve times for each treatment.

Analysis
Termite distribution ranks were statistically analysed using the non-

parametric Wilcoxon signed rank test. Wood consumption between wooden 
blocks in treated and untreated dishes was compared using the paired-t test 
at α=0.05. Termite survival (%) was transformed into arcsine values before 
being analysed using one-way ANOVA. Means were separated using Tukey 
HSD. All analyses were performed using Statistix® Version 7.0 (Analytical 
So$ware, Tallahassee, Florida).

RESULTS AND DISCUSSION
Termites approaching or moving away from a certain area following an 

induced disturbance form a complex distribution pattern (Hu et al. 2003). 
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Table 1: "e procedures carried out on week 2, 3 and 4 of this study.

Factor Treatment 

Control Nothing was done to all rubber wood blocks.

Wood disturbance "e rubber wood block (in treatment dishes) was removed and termites present on 
the wood were knocked back into the dish. "en, a$er 5 minutes, the block was placed 
back into its original location.

Crushed workers 
(nestmates)

"e rubber wood block (in treatment dishes) was removed and used to crush 10 
worker termites from the same colony in a Petri dish. "e wood block with the crushed 
carcasses le$ on it was placed back into its original position.

Crushed soldiers 
(nestmates)

"e rubber wood block (in treatment dishes) was removed and used to crush 5 sol-
dier termites from the same colony in a Petri dish. "e wood block with the crushed 
carcasses le$ on it was placed back into its original position.

Crushed C. gestroi "e rubber wood block (in treatment dishes) was removed and used to crush 10 C. 
gestroi worker termites collected from the #eld in a Petri dish. "e wood block with 
the crushed carcasses le$ on it was placed back into its original position.

Crushed Yellow 
Crazy Ants (A.                   
gracilipes (Smith))

"e rubber wood block (in treatment dishes) was removed and used to crush 10 A. 
gracilipes from the ant culture in the laboratory in a Petri dish. "e wood block with 
the crushed carcasses le$ on it was placed back into its original position.

Crushed Ghost 
Ants (T. indicum 
Forel)

"e rubber wood block (in treatment dishes) removed and used to crush 20 T. indicum 
from the ant culture available in the laboratory in a Petri dish. "e wood block with 
the crushed carcasses le$ on it was placed back into its original position.

Crushed workers 
(non-nestmates)

"e rubber wood block (in treatment dishes) was removed and used to crush 10 worker 
termites from a di!erent colony in a Petri dish. "e wood block with the crushed 
carcasses le$ on it was placed back into its original position.

Crushed soldiers 
(non-nestmates)

"e rubber wood block (in treatment dishes) was removed and used to crush 5 soldier 
termites from a di!erent colony in a Petri dish. "e wood block with the crushed 
carcasses le$ on it was placed back into its original position.

Crushed millipede
(Harphaphe sp.)

"e rubber wood block (in treatment dishes) was removed and used to crush 1 Har-
phaphe sp. collected from the #eld in a Petri dish. "e wood block with the crushed 
carcasses le$ on it was placed back into its original position.

Crushed woodlice 
(Porcellionides sp.)

"e rubber wood block (in treatment dishes) removed and used to crush 5 Porcel-
lionides sp. collected from the #eld in a Petri dish. "e wood block with the crushed 
carcasses le$ on it was placed back into its original position.
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Our study showed that at day 1 post-treatment, M. crassus avoided the treated 
dishes. However, inspection at 6 days post-treatment showed that the termites 
had revisited the disturbed area. "ey were congregated around the wood 
blocks and feeding to an extent that would indicate that the termites were 
repelled only for a limited period a$er treatment. 

Tunnel formations could be seen from the underside of all Petri dishes. 
Moreover, shelter tubes were also formed above the sand leading towards 
the rubber wood in both treated and untreated dishes. In some of the release 
dishes, shelter tubes and tunnels were made between the opposing exits. 

Wood blocks with crushed workers and soldiers of M. crassus showed no 
traces of these termite carcasses a$er 6 days (except for the presence of a few 
head capsules of crushed soldiers). Most likely, the termites had consumed 
the carcasses. 

M. crassus covered the dead carcasses of crushed C. gestroi (Fig. 2) and 
crushed Tapinoma indicum (Fig. 3) with sand. Removal of infected or dying 
termites from the colony or isolation/burying of termites can inhibit the 
spread of infection (Pearce 1997) or eliminate the source of contamination 

Fig. 2: Crushed carcasses of the Asian subterranean termite, C. gestroi on wood blocks partly covered 
with sand by M. crassus.

Fig. 3: Crushed carcasses of ghost Ants, T. indicum, covered within shelter tubes built with sand by 
M. crassus.
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(Su 1982). Su et al. (1982) reported that foraging termites walled-o! and 
avoided the area where large numbers of dead and decaying termites accumu-
lated in soil treated with a slow-acting toxicant. C. formosanus was observed 
to bury dead termites in gallery walls as a means to avoid further contact (Su 
et al. 1982). It is also a means of preventing contamination of the carcasses 
with pathogens which could spread through a group or colony of termites 
(Pearce 1997). "erefore, regular feeding on the wood will prevent or reduce 
the spread of fungi. "is is important because poisoned or dead termites will 
o$en become repellent a$er a certain time (Pearce 1997). A study carried 
out by Chouvenc et al. (2005) showed that as soon as some of the alates of 
Pseudacanthotermes spiniger died, necrophobic behavior could be observed. 
"e alates were observed to groom and cover the cadavers with saliva before 
they were buried with sand and soil, thus physically isolating the cadavers. 

Observations showed that fungi were present on the wood blocks treated 
with crushed C. gestroi and crushed T. indicum as well as on the carcasses. If 
termites are present, they can keep things in check up to a point, if not, fungi 
can take over. Fungi can grow on cadavers and o$en other types of fungi such 
as bluestains and so$-rot fungi can grow on wood (Becker 1969). Lefevre-
Rouland (2000) reported that certain fungi can act as parasites of termites 
and the mycelium and spores of certain fungi can be harmful to termites when 
consumed. Some of the fungi on cadavers can also produce potent toxins (e.g. 
Aspergillus fungi) once they sporulate (Becker 1969). Aspergillus !avus was 
found to be toxic to C. formosanus and as the fungi concentration increases, 
mortality of termites also increased ( Jayasimha 2006). 

"e presence of fungi could be due to speci#c circumstances. In our study, M. 
crassus was #rst deterred by the carcasses of C. gestroi at 1 day post-treatment, 
but on the 6th day, the termites were back in the treated area. However, at 
week 4 (3rd treatment), fungi had covered the surfaces of the rubber wood 
blocks which were placed in the dishes treated with crushed C. gestroi. "e 
numbers of M. crassus in the treated dishes were reduced. "e termites could 
have been deterred by C. gestroi carcasses long enough for fungi to readily 
develop on the wood blocks. Abandonment of wood blocks treated with 
carcasses can trigger fungi to thrive and spread (Pearce 1997). "e presence 
of the fungi then renders the wood less suitable for feeding, especially since 
the blocks were kept on a moist matrix. According to Pearce (1997), food 
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Fig. 4: Distribution of M. crassus in each interconnected Petri dish in control at the end of week 4.        

Fig. 5: Distribution of M. crassus subjected to treatment performed on the le$ Petri dish which 
showed less presence of termites at the end of week 4.
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sources under humid conditions can be colonised and attacked by fungi. 
Contamination of a food source with microorganisms can deter termites 
and thus reduce termite activities within the fungus-infected area. "ere is 
primary deterrence from C. gestroi, which in turn leads to secondary changes 
of the food source (fungal growth). Hence, two impacts come together to 
contribute to the detriment of M. crassus.  

Fungi were also present on wooden blocks with crushed T. indicum but 
fungal presence/growth was less extensive compared to wood blocks treated 
with crushed C. gestroi. In this study, M. crassus was able to withstand the 
fungi present in dishes treated with T. indicum. 

Figs. 4 to 6 show the distribution patterns of M. crassus between the con-
trols and some of the treatments. In the controls, termites were spread out 
evenly across all three dishes (Fig. 4). But depending on the type of treatment, 
termites were either absent from the treated area (Fig. 5) or treatment had 
limited to no impact on termite distribution (Fig. 6).

A$er the initiation of treatments in weeks 2, 3 and 4, the number of termites 
visible underneath the treatment dishes was signi#cantly lower compared to 
untreated dishes (p<0.05) for crushed workers and soldiers (nestmates or 

Fig. 6: Distribution of M. crassus subjected to treatment performed on the le$ Petri dish showing 
presence of termites in all dishes at a rather equal amount at the end of week 4.     
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non-nestmates), or crushed C. gestroi at day 1 post-treatment. "e soldier 
frontal glands contain various compounds which might elicit the responses 
in M. crassus workers described here when they encountered crushed soldier 
heads. Reinhart & Clement (2002) found that the alarm reactions of several 
Reticulitermes spp. were generated by crushed soldier heads. Schwinghammer 
& Houseman (2006) reported that the alarm responses by Reticulitermes 
!avipes usually consist of an immediate partial evacuation. A movement back 
into the site follows and eventually more termites are present in the area a$er 
the alarm than before. 

Treatment with crushed Anoplolepis gracilipes, T. indicum, Harphaphe sp., 
and Porcellionides sp. or disturbance of the food source did not deter M. cras-
sus. Numbers of termites present in the treated areas and at the food sources 
was not signi#cantly di!erent from the untreated areas (p>0.05) at any point 
of the experimental period. 

By day 6 post-treatment for weeks 2, 3 and 4 (Figs. 7, 8 and 9), termite 
numbers in most treated dishes revealed no signi#cant di!erence when com-
pared to the number of termites in the untreated dishes (p>0.05). Although 

Fig. 7: Termite number in dishes containing treated and untreated woods on day 1 and day 6 of 
week 2.  
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termite numbers were not signi#cantly di!erent between the treated and 
untreated dishes by day 6 post-treatment at week 2 and 3 for dishes treated 
with crushed C. gestroi, termite numbers were signi#cantly di!erent (p<0.05) 
between treated and untreated dishes by day 6 post-treatment at week 4. 

"is shows that some of the factors evaluated only have a temporary e!ect 
on the behavior of M. crassus and termites will usually return to the treated 
sites within one or a couple of days a$er the e!ects of the treatments have 
lessened. In workers and soldiers of R. !avipes and C. formosanus, various vi-
brational frequencies were found to cause them to withdraw from the source 
of vibration (Hu et al. 2003). However, the alarm responses were brief. In our 
study, only crushed C. gestroi appeared to deter termites a$er a prolonged 
period of treatments. Other factors could be involved to explain prolonged 
avoidance of a site with cadavers of C. gestroi such as speci#c compounds in 
the cadaver which identify them as those of the main competitor to M. cras-
sus, or anti-feedants.

Fig. 8: Termite number in dishes containing treated and untreated woods on day 1 and day 6 of 
week 3.   
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In laboratory trials, the feeding activity of both C. formosanus and R. 
!avipes was signi#cantly reduced on food sources that were contaminated 
with dead or moribund termites (Woodrow et al. 2008). "is corresponds 
well with the results (Table 2) of our study, where wood consumption of 
M. crassus was signi#cantly a!ected by all the treatments involving termites 
(p<0.05). "e other factors evaluated showed no signi#cant di!erences in 
wood consumption (p>0.05). 

Fig. 10 shows the mean percentage of surviving termites. "e survival rate 
was relatively high in dishes treated with crushed nestmate workers (83.8%), 
nestmate soldiers (76.3%), non-nestmate workers (76.2%), non-nestmate 
soldiers (73.4%), A. gracilipes (81.8%), T. indicum (77.3%) and dishes con-
taining wooden blocks that were disturbed (77.8%). Groups exposed to 
crushed C. gestroi experienced the lowest survival (55%) of all termite and 
ant treatments p<0.05), with the exception of crushed Harphaphe sp. and 
Porcellionides sp. (p>0.05). 

Fig. 9: Termite number (distribution) treated and untreated dishes on day 1 and day 6 of week 4.   
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Fig. 10: Survival (%) of M. crassus subjected to various treatments (disturbances) at the end of the 
experimental period (Tukey HSD, p<0.05)

Table 2: Wood consumption (mean ± S.E.M.) of M. crassus in treated and untreated dishes.

                  Treatments                                   Wood consumption (gm) (mean ± S.E.M.)
    Treated dish                           Untreated dish
Control                     0.1697±0.0181a  0.2053±0.0153 a

Disturbance                   0.1588±0.0090 a  0.2281±0.0139 a

Crushed workers (nestmates)   0.0745±0.0104 a  0.2073±0.0342 b

Crushed soldiers (nestmates)  0.0542±0.0135 a  0.1806±0.0108 b

Crushed workers (non-nestmates)   0.1078±0.0018 a  0.2052±0.0160 b

Crushed soldiers (non-nestmates)   0.0749±0.0060 a  0.1783±0.0082 b

Crushed Coptotermes gestroi   0.0962±0.0090 a  0.1828±0.0278 b

Crushed Anoplolepis gracilipes   0.1561±0.0154 a  0.2479±0.0409 a

Crushed Tapinoma indicum   0.1733±0.0196 a  0.1881±0.0167 a

Crushed millipede    0.1846±0.0269 a  0.1921±0.0142 a

Crushed wood lice   0.1194±0.0170 a  0.1321±0.0175 a

a Means followed by di!erent letters within the same column are signi#cantly di!erent at α=0.05 (paired 
t-test)
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Our previous research has given a deeper insight into intra- and interspeci#c 
interactions in the pest species community around buildings and in other habitats 
where those species co-occur. When M. crassus and C. gestroi came in contact 
with each other, intense #ghting erupts, resulting in the death of many of the 
participants (Wong & Lee unpublished). However, such confrontations have a 
more lasting impact on M. crassus. "e higher mortality of M. crassus recorded 
from dishes treated with crushed C. gestroi could have the following cause: M. 
crassus stayed away from dishes treated with C. gestroi for longer periods than 
for any other treatment. C. gestroi cadavers were also neither consumed nor 
walled in. Hence, mould and wood-colonising fungi had longer periods of 
unhindered growth and development. By the time M. crassus returned to the 
dishes it had to confront a more adverse environment with more signi#cant 
microbial presence than in all other scenarios presented to termites in this study, 
probably resulting in higher mortality of M. crassus workers. 

"us, the dominance of C. gestroi over M. crassus and possibly other subter-
ranean species of termite is achieved by a combination of greater aggressiveness 
of C. gestroi, longer-term avoidance of confrontation sites by the more timid 
species, and in consequence rendering sites of such encounters unsuitable for 
future use through unchecked microbial growth.
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