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al. 1989; Scheffrahn and Su 2000; Zorzenon and 
Campos 2015). This species damages the heartwood 
(Greaves 1962; King and Spink 1969; Lai et al. 1983; 
Chouvenc and Foley 2018) and infests tree trunks 
from below the ground (Cowie et al. 1989; Lee 2014). 
Typically, infested trees do not show apparent symp-
toms during early infestation stage. Prominent abo-
veground symptoms often only emerge when a 
subterranean termite population within a tree is well 
established (Osbrink et al. 1999). Other subterranean 
termite species, such as Globitermes sulphureus 
(Haviland) and Microcerotermes serrula (Desneux), 
nest arboreally on tree trunks. However, their nesting 
behavior does not pose damage to the trees directly. 
Instead, they are often associated with secondary infec-
tions caused by basal stem rot (Cheng et al. 2008).

INTRODUCTION
The Greenery Movement in Singapore envisions 
increasing the number of trees from the current 7 
million to more than 8 million by 2030 (TreesSG 
2020). Considering the large volume of trees, effi-
cient and effective large-scale tree monitoring is 
essential to allow timely detection of tree health prob-
lems, especially those that compromise structural 
integrity and lead to tree failure. Similar to many 
well-documented problems in tropical urban forestry, 
subterranean termite infestation is one of the most 
common contributors to tree structural failures in 
Singapore. Among subterranean termite species that 
can infest trees, Coptotermes gestroi (Wasmann) and 
Coptotermes curvignathus (Holmgren)[Blattodea: 
Rhinotermitidae] are the most destructive (Cowie et 
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then transferred to unexposed nestmates, ultimately 
resulting in colony collapse (Thorne and Breisch 
2001; Parman and Vargo 2010; Acda 2014)

Despite the widespread use of liquid termiticides, 
Lee and Neoh (2023) highlight that their efficacy 
remains inconsistent, with limited field evidence sup-
porting broad-scale colony elimination. Several fac-
tors have been identified as influencing treatment 
outcomes, including soil characteristics (e.g., clay 
and organic matter content), the physicochemical 
properties of the active ingredient (e.g., adsorption, 
persistence, solubility), and environmental conditions 
such as flooding. Moreover, treatments often suffer 
from high reinfestation rates. The rapid-acting nature 
of some termiticides leads to quick mortality upon 
contact, prompting termites to alter their foraging 
routes and avoid treated areas altogether (Randall 
and Doody 1934; Hu 2011; Su 2019).

Given these limitations and growing concerns over 
the potential adverse effects of chemical residues on 
human health and environmental quality, reliance on 
liquid termiticides as a standalone control method 
has declined. Instead, there has been a shift towards 
integrated approaches, with termite baiting systems—
particularly those using chitin synthesis inhibitors 
(CSI)—increasingly adopted as complementary strat-
egies (Ahmed et al. 2015; Lee and Neoh 2023).

In brief, termite baiting systems include a non-
toxic lure wood piece placed within an in-ground 
(IG) station to attract surrounding termites. Once lure 
wood is attacked by termites, a termite bait matrix 
consisting of cellulose powder impregnated with CSI 
will be added to IG stations as termite control. Bait-
ing with CSI exploits termite foraging behaviors and 
food transfer systems (trophallaxis), whereby CSI 
will be shared throughout the colony through mutual 
grooming and cannibalism (Dhang 2011; Gautam 
and Henderson 2014; Umar and Ab Majid 2020b). 
The mode of action of CSI is molting inhibition (Su 
and Monteagudo 2017), which interrupts termites 
ecdysis process and prevents normal formation of 
peritrophic membrane (Zimmermann and Peters 1987), 
causing termites to be more susceptible towards 
microorganism infection (Arakawa et al. 2002) and 
eventually leading to colony elimination. Compared 
to conventional methods in monitoring and control 
for subterranean termites, IG-CSI systems do not 
rely on spotting aboveground symptoms but directly 
lure the foraging termites below ground to allow 

Termite detection and control are the two major com-
ponents of termite management in trees. For termite 
detection, visual tree assessment is a common and 
highly valuable method used to examine subterra-
nean termite infestations in urban trees by searching 
for aboveground symptoms such as termite mud trails 
or apparent tree wounds (Osbrink et al. 1999; Lestari 
et al. 2021). However, the ease of visual detection varies 
depending on the host tree species and local environ-
ments, as subterranean termites like genus Coptoter-
mes exhibit cryptic behaviors and easily elude the 
naked eye. Coptotermes have been reported to hide 
underneath the superficial outer bark of pine trees or 
deep in the xylem tissues of oak trees, leaving no 
aboveground symptoms and making visual inspec-
tion particularly challenging (Chouvenc and Foley 
2018). As technology has continued to progress, 
advanced inspection methods have been employed. 
Resistance drilling determines internal cavities of 
trees by recording the drill penetration resistance when 
inserted through a trunk along a linear path (Osbrink 
and Lax 2002; Linhares et al. 2021). Sonic tomogra-
phy produces an image of internal cross-sectional 
structures of a tree by recording differences in the 
speed of sound wave transmission (Karlinasari et al. 
2018). Although these technologies offer useful insights 
into tree internal structure and allow accurate inter-
nal defect detection, complex setup as well as high 
operation and maintenance costs associated with these 
devices make them unsuitable as large-scale moni-
toring tools for subterranean termites.

For termite control, the application of liquid ter-
miticides remains the conventional approach (Sajap 
et al. 2000; Lee 2014; Ahmad et al. 2021). As reviewed 
by Lee and Neoh (2023), liquid termiticides are 
broadly classified into repellent and nonrepellent 
compounds. Repellent termiticides are primarily used 
to establish exclusion barriers in preconstruction 
treatments, deterring termites from entering treated 
soil. In contrast, nonrepellent termiticides such as 
imidacloprid and fipronil are typically applied post-
infestation by introducing them directly into the soil 
to suppress or eliminate active termite colonies. 
Alternatively, fipronil and imidacloprid (Ring et al. 
2002), as well as thiamethoxam (Zorzenon and Cam-
pos 2015), can be injected into the tree trunk to treat 
infestations internally. When termites forage through 
treated soil or feed on contaminated tree tissues, their 
bodies become exposed to the toxicants, which are 
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MATERIALS AND METHODS
Study Sites
In this study, a total of 145 trees from 14 species were 
assessed at 15 different study sites in Singapore from 
June 2023 to July 2024 (Table 1). Selected locations 
either had a recent history of or ongoing termite 
infestation based on visual assessment of signs and 
symptoms of termite infestation. These sites were 
broadly categorized into two main groups based on 
soil type: coastal areas (sandy and saline soil) and 
inland areas (loamy and nonsaline soil).

Inland Areas
Gardens by the Bay. At sites A, B, and C (Figure 1A), 
Phoenix sylvestris (L.) Roxb., Enterolobium cyclo-
carpum (Jacq.) Griseb., and Syzygium aromaticum 
(L.) Merr. & L. M. Perry trees were reported to have 
had termite infestations with aboveground symptoms 
in the past. Termite control by chemical treatment 
was applied about 6 months before the installation of 
IG termite monitoring stations. There were no abo-
veground signs and symptoms of termite infestations 
upon installation of the IG stations for sites A through 
C. At site D (Figure 1A), Araucaria columnaris (G. 
Forst.) Hook in this area had termite mud trails spot-
ted during tree inspection in May 2023 with 2 trees 
showing extensive damage to central wood column. 
Due to proximity to a nearby freshwater lake, chemi-
cal application was not feasible, leading to removal of 
the 2 heavily damaged A. columnaris.

Hort Park. Site E contained a standalone Ceiba 
pentandra (L.) Gaertn. (Figure 1A). In 2022 termite 
infestation was detected with aboveground symptoms. 
Chemical application was carried out, and no termite 
activity or aboveground symptoms were observed 
after the chemical treatment.

Singapore Botanic Garden. Site F consisted of 8 
trees: 5 Araucaria cunninghamii W. T. Aiton ex D. 
Don. individuals and 3 Agathis borneensis Warb. 
individuals. Chemical application via spraying was 
applied to all trees one month before the installation 
of IG termite monitoring stations (Figure 1A). Site G 
was located near a carpark with a total of 17 A. cun-
ninghamii trees showing neither signs nor symptoms 
of termite infestation (Figure 1B). This site also had 
no past history of infestation.

Bidadari Park. This park (Figure 1B) was devel-
oped with the concept of rustic aesthetic design with 
several dead wood logs and trees as display pieces. 
Living trees at Site H showed active termite activities 

quick detection through inspecting the stations. Since 
this system has been readily commercialized at a rel-
atively competitive cost, large scale implementation 
of IG-CSI systems has been widely adopted for long 
term monitoring (Smith et al. 2006; Getty et al. 2007; 
Shults et al. 2021). More importantly, because CSI 
bait as a toxicant will be shared throughout the entire 
colony via social grooming, determining the precise 
location of actual termite nests is not necessary as 
long as workers still feed on CSI baits. Chitin synthe-
sis inhibitor (CSI) baits as an effective subterranean 
termite control have been tested in different countries 
and regions, including the United States (Su 1994), 
Malaysia (Umar and Ab Majid 2020b), and Thailand 
(Ngampongsai et al. 2020). Furthermore, to elimi-
nate the entire colony, only a small amount of CSI is 
required, satisfying the requirements of population 
management with reduced pesticide reliance (Su 2011).

When termite activity is detected on trees during 
visual inspection, IG-CSI systems can be supple-
mented with aboveground termite baiting as a reme-
dial control measure (Su et al. 2023). An aboveground 
station is placed directly on active subterranean ter-
mite foraging trails, allowing termites to readily and 
consistently feed on the bait, ultimately leading to 
colony elimination (Su et al. 2023). However, two oper-
ational challenges exist with this approach: (1) the 
irregular tree trunk surfaces and conventional car-
tridge box design of aboveground stations makes 
secure anchoring difficult (Yates and Grace 2000), 
and (2) aboveground systems are more visually notice-
able than IG systems, potentially attracting unwanted 
public attention and disturbance in urban areas and 
compromising treatment effectiveness.

Despite the rich body of research existing on 
IG-CSI systems, much of the published data have 
been restricted to infestation of buildings and struc-
tures. There are limited studies focusing on the appli-
cation of discussed techniques in urban trees. To 
bridge this gap, the present study aimed to evaluate 
IG-CSI system capability: (1) to detect subterranean 
termites for different species of urban trees, and (2) to 
control the detected subterranean termites. To achieve 
these objectives, IG termite monitoring stations were 
installed for 145 associated trees from 14 tree species 
at 15 different sites in Singapore (Table 1) from June 
2023 to July 2024. The activation time of the IG ter-
mite monitoring stations, lure wood feeding rate and 
pattern, and elimination efficacy of chlorfluazuron 
bait were assessed.
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Table 1. List of study sites, their corresponding coordinates, associated tree species, and number of trees in which IG stations 
were installed. IG (in-ground); GB (Gardens by the Bay); HP (Hort Park); SBG (Singapore Botanic Garden); BP (Bidadari Park); 
ECPSR (East Coast Park Service Road); ECP (East Coast Park); CBP (Changi Beach Park); CCR (Changi Coast Road).

Location Type Site Coordinates Associated tree species No. of trees assessed

GB

Inland

A 1.279747, 103.860548 Phoenix sylvestris 5

B 1.279721, 103.861681 Enterolobium cyclocarpum 7

C 1.277776, 103.862271 Syzygium aromaticum 5

D 1.284024, 103.866604 Araucaria columnaris 4

HP E 1.279498, 103.798199 Ceiba pentandra 1

SBG
F 1.313480, 103.814514

A. cunninghamii 5

Agathis borneensis 3

G 1.316170, 103.816188 A. cunninghamii 17

BP H 1.340916, 103.875128

Plumeria spp. 1

Samanea saman 1

Buchanania arborescens 1

ECPSR I 1.294864, 103.891266
S. saman 5

Caryota mitis 10

ECP

Coastal

J 1.294864, 103.891266 Casuarina equisetifolia 9

K 1.295757, 103.897229 Cerbera odollam 10

L 1.297612, 103.903915 C. equisetifolia 8

CBP
M 1.382801, 104.002361 C. equisetifolia 22

N 1.375008, 104.005502 C. equisetifolia 10

CCR O 1.380527, 104.002158
C. equisetifolia 4

Xanthostemon chrysanthus 13

Total 145

with several mud trails spotted during visual inspec-
tion. No chemical treatment had been applied for ter-
mite control in this location.

East Coast Park Service Road. Despite the prox-
imity of this location to the sea, the soil was non-
saline and loamy, so the location was categorized as 
inland. The 5 Samanea saman (Jacq.) Merr were 
planted as a single row along the road while the 10 
Caryota mitis Lour. individuals existed as a cluster 
within a forested patch opposite the S. saman trees 
(Figure 1B). No chemical treatment had been applied 
for termite control in this location.

Coastal Areas
East Coast Park. Sites J and K within this location 
(Figure 1B) were subjected to intermittent flooding 
due to sustained heavy rain or rising water tables 

leading to waterlogged conditions. All trees within 
the 3 sites showed visible signs and symptoms of ter-
mite infestation. No chemical treatment had been 
applied for termite control in this location.

Changi Beach Park. Casuarina equisetifolia L. 
was the main tree species planted in this park (Figure 
1C). Casuarina equisetifolia trees in both Sites M 
and N showed visible signs and symptoms of termite 
infestations. No chemical treatment had been applied 
for termite control in this location.

Changi Coast Road. Casuarina equisetifolia and 
Xanthostemon chrysanthus (F.Muell.) Benth. trees 
were located as a single row along the main road 
(Figure 1C). They showed visible signs and symp-
toms of termite infestation. No chemical treatment 
had been applied for termite control in this location.
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Figure 1. (A) Maps of different sites in which IG stations (depicted as orange circles) were installed. Sites A through D, Site E, and Site 
F are located in Gardens by the Bay, Hort Park, and Singapore Botanic Garden, respectively. Activated stations are depicted as black 
circles with an outer glow. For Site F, T1 and T2 stations were first activated by C. curvignathus before being taken over by Schedorhi-
notermes medioobscurus after the colonies were eliminated, while T3 station was activated by S. medioobscurus. (B) Maps of different 
sites in which IG stations (depicted as orange circles) were installed. Sites G, H, I, and J through L are located in Singapore Botanic 
Garden, Bidadari Park, East Coast Park Service Road, and East Coast Park, respectively. Activated stations are depicted as black cir-
cles with an outer glow. (C) Maps of different sites in which IG stations (depicted as orange circles) were installed. Sites M through N 
and O are located in Changi Beach Park and Changi Coast Road, respectively. Activated stations are depicted as black circles with an 
outer glow.

IG Termite Monitoring Station
In this study, we used IG stations and CSI baits pro-
duced by Exterminex (Agro Technic Ltd Pte, Singa-
pore). A piece of preweighted lure wood (10.5 cm × 
4.5 cm × 2.0 cm) made from pine was placed at the 
center of the station. The lure wood within the station 
served as a nontoxic food source for termite con-
sumption when discovered by foraging termites and 
also served to evaluate the termite consumption rate 
and feeding behavior (Su and Scheffrahn 1986). For 
each tree, 3 stations were installed within intervals of 
3 m at 3 directions (North, Southwest, and Southeast) 
as demonstrated in Figure 2. After installation, the 
stations were monitored weekly for termite activity. 
When the lure pine wood within the station was 

attacked by termites, stations were said to be acti-
vated. Lure wood pieces were then replaced with a 
new piece. The old wood piece was collected for 
weighing to obtain the baseline termite consumption 
rate for 2 to 4 weeks prior to set up of auxiliary mon-
itoring stations and baiting. The described step aimed 
to ensure that the termites were continuously forag-
ing within the same station and to ascertain that there 
was no feeding aversion to the food source given. 
After installation of the auxiliary station and addition 
of CSI bait to the auxiliary station, the consumption 
rate on the lure wood piece of the primary station was 
tracked weekly until 4 weeks after no more termite 
activity or presence were observed in both primary and 
auxiliary stations. To obtain lure wood consumption 
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Termite Species Identification
Morphological Identification
Termite soldier specimens were used for species 
identification. With the aid of a dissecting microscope 
(Olympus SZ61; Olympus Corporation, Hachioji, 
Tokyo, Japan), the morphological characteristics of 
the head, mandibles, antennae, notum, size, and col-
oration of the termites were observed with reference 
to Tho (1992).

Molecular Identification
Genomic DNA was extracted from the head of the 
termite soldier specimen to minimize contamination 
by gut endosymbionts. A Qiagen DNeasy® Blood & 
Tissue Kit (Qiagen N.V., Venlo, Netherlands) was 
used to extract DNA according to the manufacturer’s 
instructions. COI, COII, and 16S genes were used for 
molecular identification. Successfully amplified prod-
ucts were sent to Axil Scientific Pte. Ltd. (Singapore) 
for bidirectional Sanger sequencing. The aligned 
sequences were compared with NCBI GenBank 
(NCBI, NIH, USA) using a BLAST search.

RESULTS
Activation of IG Stations and Detected 
Termite Species
Table 2 summarizes the termite species detected based 
on visual inspection and the actual termite species 
detected by IG stations as well as the associated 

rate by detected termites, collected lure wood from 
activated primary stations were washed, cleaned, and 
oven-dried for 48 hours according to protocol of 
Umar and Ab Majid (2020b). After 48 hours, lure 
woods were weighed and compared to their original 
packaging weight.

Auxiliary Monitoring Station and Bait 
Consumption
An auxiliary monitoring station was installed next to 
the primary monitoring station when termites were 
detected actively feeding within a primary monitor-
ing station. The purpose of the auxiliary station was 
to deliver CSI to detected subterranean termites and 
provide observational data on termite presence. To 
quickly activate the newly installed auxiliary station, 
foraging termites from the primary station were 
transferred together into the auxiliary station. After 
successful establishment of termite activity, 100 g of 
cellulose-powdered chlorfluazuron bait was then 
moistened with 250 mL of distilled water to substi-
tute the lure wood within the activated auxiliary sta-
tion. The bait was monitored weekly and replenished 
when more than 50% of the original CSI bait had 
been consumed. The total weight of CSI bait con-
sumption was determined when termite eradication, 
defined as the disappearance of termites from both 
primary and auxiliary stations, had been achieved.

Wong and Nguyen: Detection and Control of Termites in Singapore Trees with Monitoring and Baiting

Figure 2. In-ground (IG) station placement for individual trees. Top-down diagram of IG stations (Left). Side-view photo of actual IG stations 
installed for one tree (Right).
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termite infestations. Activation time ranged from 1 
week (site D) to 24 weeks (site G).

In Singapore Botanic Garden, IG stations were 
activated by C. curvignathus, S. medioobscurus, 
Macrotermes gilvus, and Macrotermes carbonarius. 
It is important to note that the determination of C. 
curvignathus infestation in an A. cunninghamii tree 
at Site F was only obtained when one of the trees was 

activation time for all 145 trees in 15 sites (A through 
O) across all locations. For all sites in GB and HP, 
activation of IG stations by C. gestroi were achieved 
without apparent aboveground symptoms. Except for 
site D with trees displaying mud trails on trunks from 
active termite workers and soldiers found within the 
trails, the rest of the sites in these two locations did 
not have visible aboveground symptoms indicative of 

Table 2. List of study sites with their corresponding associated tree species, identified termite species observed, and actual 
termite species detected by IG stations. IG (in-ground); GB (Gardens by the Bay); HP (Hort Park); SBG (Singapore Botanic 
Garden); BP (Bidadari Park); ECPSR (East Coast Park Service Road); ECP (East Coast Park); CBP (Changi Beach Park); CCR 
(Changi Coast Road).

Type Location Site Associated
tree species

No. of 
trees 

assessed

Termite species 
detected based on 
visuals signs and 
symptoms or past 

infestation

No. of 
activated 

IG stations

Activation 
time of IG 

station 
(week)

Termite species 
detected in IG 

station

Inland

GB

A P. sylvestris 5 C. gestroi 2 3 C. gestroi

B E. cyclocarpum 7 C. gestroi 1 3 C. gestroi

C S. aromaticum 5 C. gestroi 1 10 C. gestroi

D A. columnaris 4 C. gestroi 4 1 C. gestroi

HP E C. pentandra 1 C. gestroi 2 20 C. gestroi

SBG

F
A. cunninghamii 8 C. curvignathus* 2 1 - 3 C. curvignathus

A. borneensis 4 - 3 2 - 3 S. medioobscurus

G A. cunninghamii 17 -
6 5 - 13 M. gilvus

1 24 M. carbonarious

BP H
Plumeria spp. 1 N. havilandi 0 - -

S. saman 1 N. havilandi 0 - -
B. arborescens 1 N. havilandi 0 - -

ECPSR I
S. saman 5 M. carbonarious 3 2 M. carbonarious

C. mitis 10 T. rostratus
M. crassus 0 - -

Coastal

ECP

J C. equisetifolia 9 C. gestroi 1 14 C. gestroi

K C. odollam 10 N. havilandi 1 2 C. gestroi

L C. equisetifolia 8 C. gestroi
M. crassus 0 - -

CBP
M C. equisetifolia 22 C. gestroi 0 - -
N C. equisetifolia 10 C. gestroi 0 - -

CCR O
C. equisetifolia 4 M. crassus 1 5 M. crassus

X. chrysanthus 13 C. gestroi
M. crassus 0 - -

*C. curvignathus individuals were not visible from visual inspection but only obtained from felling one of the infested trees within the site.
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of C. equisetifolia and X. chrysanthus but did not acti-
vate most of the IG stations in coastal sites (J through 
O), except for one station in Site K, which was 
described formerly, and another station in Site J. Site 
J activation only happened after 14 weeks from 
installation and approximately 1 to 2 weeks after 4 
trees in this area were felled.

Lure Wood Consumption Rate and 
Feeding Pattern
As seen from Figure 3, M. carbonarius and M. cras-
sus had very low average weekly wood consumption 
rates with only 0.4 g/week and 0.5 g/week, respec-
tively. Macrotermes gilvus consumed 9.3 g/week. 
Coptotermes curvignathus, C. gestroi, and S. medio-
obscurus consumed the most with 22.1 g/week, 19.7 
g/week, and 16.8 g/week, respectively.

Figure 4 shows feeding patterns by C. gestroi, C. 
curvignathus, M. carbonarius, M. gilvus, M. crassus, 
and S. medioobscurus in lure wood. Coptotermes 
gestroi and C. curvignathus fed by creating clean and 
sharp carvings with extensive galleries that cut 
through lure wood piece. Meanwhile, M. carbonarius 
and M. gilvus displayed scraping patterns of feeding. 
These species did not create galleries that cut through 
lure wood pieces. As compared to M. carbonarius, 
M. gilvus appeared to scrape more aggressively and 
left rough texture on lure wood surfaces. Microcer-
otermes crassus also displayed scraping feeding pat-
terns similar to M. gilvus and M. carbonarius, but to 
a smaller extent. Schedorhinotermes medioobscurus 
displayed a mixed feeding pattern that included a 
combination of carving and scraping.

CSI Baiting and Colony Eradication
In this study, only activation by C. gestroi, C. curvi-
gnathus, and S. medioobscurus in sites A through F 
showed consistent weekly feeding of the lure wood. 
Therefore, the installation of auxiliary stations in 
conjunction with the primary stations was attempted 
for activated stations in these sites. As seen from Fig-
ure 5, the lure wood consumption rate from primary 
stations all decreased following CSI bait addition. 
Time elapsed from CSI bait addition to auxiliary sta-
tions to disappearance of termites, which indicated 
colony elimination, ranged from 3 to 7 weeks for C. 
gestroi, 6 weeks for C. curvignathus, and 16 weeks 
for S. medioobscurus. The total CSI bait consump-
tion to achieve colony eradication ranged from 206.5 g 

felled, and actual workers and soldiers were collected 
from inside the felled tree trunk. Schedorhinotermes 
medioobscurus, M. gilvus, and M. carbonarius activ-
ities were not observable aboveground, with no indi-
cation of mud trails, mounds, or actual workers and 
soldiers foraging on the ground. For stations at trees 
T1 and T2 (Figure 1A, Site F), C. curvignathus was 
the original species activating the stations. After C. 
curvignathus had been eliminated through CSI bait-
ing, S. medioobscurus was found feeding on the lure 
wood in the same stations after 2 to 3 weeks. Further-
more, IG stations activated by M. carbonarius and M. 
gilvus showed sporadic patterns: different stations 
were activated at different times, and termite activi-
ties within activated stations were not continuously 
observed for more than one week. In general, activa-
tion time ranged from 1 to 3 weeks for C. curvig-
nathus, 2 to 3 weeks for S. medioobscurus, 5 to 13 
weeks for M. gilvus, and 24 weeks for M. carbonarius.

Nasutitermes havilandi was the predominant spe-
cies found foraging in Site H of Bidadari Park and 
Site K of East Coast Park with extensive mud trails 
on tree trunks and branches, but none of the installed 
stations were activated by this termite species. Inter-
estingly, at Site K, one of the IG stations was acti-
vated by C. gestroi from an unknown location. However, 
due to the intermittent flooding of this site, C. gestroi 
was observed to abandon the station after the flood 
subsided. The same station was re-activated by C. 
gestroi after one year but was abandoned again after 
another flood.

Macrotermes carbonarius formed big mounds at 
the base of S. saman trees at Site I and activated IG 
stations installed in this area within 3 weeks after 
installation. Meanwhile, Termes rostratus were the 
predominant species found in the C. mitis palm clus-
ter but did not activate any of the installed IG sta-
tions. Similarly, Microcerotermes crassus were the 
species commonly observed in Sites I, L, and O but 
did not activate most of the installed IG stations 
except for one station in Site O. This station was 
installed right next to the M. crassus mound found on 
the ground. After the initial activation, the lure wood 
was retrieved for lab measurement and replaced with 
a new piece. The new lure wood piece was never acti-
vated again by the M. crassus for the rest of the study.

Although C. gestroi showed consistent activation 
of IG stations for most of the inland sites, C. gestroi 
activities could be observed from mud trails on trunks 
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Figure 3. Box-plot of average weekly wood consumption rates by different termite species.

Figure 4. Feeding patterns of subterranean termites on lure wood pieces. (A) C. curvignathus. (B) C. gestroi. (C) M. crassus. (D) M. car-
bonarious. (E) M. gilvus. (F) S. medioobscurus.
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(Su et al. 2023). In our study, the activation inconsis-
tency could be attributed to various factors. Firstly, 
when comparing the combined activation rates for 
termite species shown to be detectable by IG stations, 
we could see the stark contrast between inland sites 
(37.5%) and coastal sites (3.9%). Considering the sub-
terranean behaviors of the detected termites, sandy 
and saline soil type in coastal sites could have con-
tributed to reduced foraging behaviors of termites 
underground, leading to the low activation rate of IG 
stations. Probably, the loose sand particles in coastal 
sites did not provide sufficient structural support for 
underground tunnels as compared to loamy soil as 
seen in inland sites. The low belowground activity of 
Coptotermes in coastal area has also been reported 
by Li et al. (2017), who found that termite infestation 
was generally lower in regions with higher salinity 
level. Coptotermes has weak salinity tolerance whereby 
dehydration symptoms will be quickly displayed after 
being subjected to saline water (Chiu et al. 2021). 
Nevertheless, Coptotermes still manages to inhabit 
trees in coastal areas due to their ability to obtain 
freshwater from the host trees. This reduces the need 
for underground movement in order to prevent desic-
cation (Chiu et al. 2021). Furthermore, at Site K, 

to 408.5 g for C. gestroi, 240.6 g for C. curvignathus, 
and 324.9 g for S. medioobscurus (Table 3).

DISCUSSION
Monitoring Capacity of IG Stations for 
Subterranean Termite Detection
Based on the presented data, it was evident that IG 
stations were not a suitable tool for monitoring activ-
ities of subterranean termite species such as N. 
havilandi, M. crassus, and T. rostratus, with most of 
the installed stations remaining inactivated after one 
year. Meanwhile, the IG station was an effective 
monitoring tool for C. curvignathus, C. gestroi, M. 
carbonarius, M. gilvus, and S. medioobscurus, with 
installed IG stations activated by respective species 
in all inland sites. More importantly, for Sites F, G, 
and K, the presence of these subterranean termite 
species was not detected based on visual site inspec-
tion nor recorded in site inspection history.

However, the detection period showed great varia-
tion ranging from 1 week up to 24 weeks after instal-
lation. This observation aligns with that of field 
studies to delineate foraging territories and popula-
tion sizes of C. gestroi that also found the inconsis-
tency in activation of IG termite monitoring stations 
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Figure 5. Weekly lure wood consumption rates by termites in primary IG stations for different sites and plant hosts. Addition of CSI bait 
into auxiliary stations was marked as week zero.
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felled, although the same set of stations remained 
inactive for 2 weeks prior to tree removal.

Efficacy of Chlorfluazuron in CSI Bait 
as a Subterranean Termite Control
Previous studies confirmed the elimination of ter-
mite colonies through CSI baiting via destructive 
excavation of termite mounds (Lenz et al. 1996; Lee 
et al. 2014) and underground nests (Yamauchi et al. 
1997). In this study, we demonstrate the efficacy of 
CSI baiting through a 4-week baseline assessment of 
termite consumption rates (Figure 5). Initially, termites 
consistently consumed newly replenished wood blocks. 
However, following CSI baiting (designated as Week 
0 in Figure 5), a sustained cessation of feeding was 
observed (3 to 7 weeks), strongly indicating colony 
elimination. Additionally, an increased soldier-to-
worker ratio was observed toward the end of baiting, 
consistent with the known larvicidal mode of action 
of CSI. This effect directly reduces worker popula-
tions over time, further supporting colony collapse 
(Lee et al. 2014).

In terms of termite control, the reported data 
showed that CSI bait containing chlorfluazuron as 
the active ingredient was effective in eliminating C. 
curvignathus and C. gestroi, moderately effective 
against S. medioobscurus, and not effective in man-
aging M. carbonarius and M. gilvus. According to 
Lee et al. (1999) and Sajap et al. (2000), Coptotermes 
has a higher feeding rate under the Malaysian tropi-
cal conditions. Tropical termite species tend to have 
smaller population sizes and smaller foraging 

frequent intermittent flooding caused termites to 
abandon IG stations shortly after activation, resulting 
in inconsistent detection. These sporadic activations 
may undermine the efficacy of CSI baiting by dis-
rupting sustained bait consumption and reducing the 
quantity of toxicant transferred within the colony. 
Nonetheless, the successful detection of Coptotermes 
at Site K—despite its absence during visual assess-
ment—underscores the value of IG stations in identi-
fying infestations of this destructive species.

Lastly, we noticed that once successfully infesting 
a tree host, subterranean termite species such as C. 
gestroi and C. curvignathus had the tendency to for-
age within or near to the host trees. This behavior 
could be inferred from the fact that IG stations 
installed for trees in Sites C and E took 10 and 20 
weeks, respectively, to be activated by C. gestroi, 
much higher than the median activation period of 3 
weeks. Meanwhile, when trees infested with C. 
gestroi or C. curvignathus were felled, the removal of 
the primary food source repeatedly appeared to force 
the termites to actively expand their foraging range to 
find new food sources, leading to activation of nearby 
IG stations. Site D, with the highest activation rate (3 
out of 4 trees) and fastest activation time (1 week 
after IG station installation) had 2 heavily infested A. 
columnaris removed before the study started. In Site 
J, all IG stations remained inactive for 13 weeks, but 
one of the stations became activated 1 week after a 
cluster of 4 heavily infested C. equisetifolia were 
felled. Similarly, activations of all stations at Site F 
happened 1 week after heavily infested trees were 

Table 3. Total amount of CSI bait consumed by termites until colony elimination and time to colony elimination. CSI (chitin 
synthesis inhibitor); GB (Gardens by the Bay); HP (Hort Park); SBG (Singapore Botanic Garden).

Location Site Associated tree 
species

Associated termite 
species

Consumption rate of 
CSI bait (g)

Time for colony elimination for 
both stations (week)

GB

A P. sylvestris C. gestroi 206.5 3

B E. cyclocarpum C. gestroi 408.5 7

C S. aromaticum C. gestroi 266.4 6

D A. columnaris C. gestroi 241.1 6

HP E C. pentandra C. gestroi 380.5 5

SBG F
A. cunninghamii C. curvignathus 240.6 6

A. borneensis S. medioobscurus 324.9 16
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trees (Foo et al. 2014); and S. medioobscurus feeds on 
dead trees or tree stumps (Jasmi and Ahmad 2011; 
Foo et al. 2014). To our knowledge, there has been no 
published study that provided data giving compara-
tive insight of potential damage of C. gestroi, C. cur-
vignathus, M. carbonarius, M. gilvus, M. crassus, and 
S. medioobscurus in trees. Based on the reported 
weekly consumption rate of lure wood, M. carbonar-
ius and M. crassus showed negligible lure wood con-
sumption. For M. carbonarius, they have a preference 
for leaf litter over lure wood, which could be clearly 
indicated by the lesser amount of leaf litter around 
the termite mound. As for M. crassus, their diet is 
mainly on decayed tree bark and wood litter. This 
species showed no preference towards fresh wood in 
our study. Coupled with superficial scraping marks 
observed on lure wood, our data evidently showed 
these two species did not pose any risk to tree struc-
tural integrity.

Additionally, although belonging to the genus Mac-
rotermes, M. gilvus displayed a much more aggres-
sive feeding behavior on lure wood, with weekly 
consumption rates approximately 23 times higher 
than that of M. carbonarius. Despite the relatively 
higher consumption rate, M. gilvus is rather sensitive 
to its feeding resources. This species tends to abandon 
occupied stations easily due to slight disturbances 
which were likely a consequence of routine checks to 
the station. This finding aligns with the results reported 
by Iqbal et al. (2017). Furthermore, the feeding pat-
tern of M. gilvus was mostly surface scraping with no 
tunneling, implying that this species would be lim-
ited to tree bark and exposed dead wood.

Interestingly, S. medioobscurus lure wood con-
sumption was almost comparable to the notoriously 
destructive C. gestroi and C. curvignathus. More 
importantly, S. medioobscurus displayed a nearly 
similar feeding pattern on lure wood as compared to 
C. gestroi and C. curvignathus, as this species also 
created sharp tunnels through the wood as it fed, but 
to a much lesser extent. Such findings imply potential 
high damage on trees by S. medioobscurus. How-
ever, based on our field observations and tree inspec-
tion records, all cases of tree failure due to termite 
infestation in Singapore have been caused by C. gestroi 
or C. curvignathus. These results are similar to those 
described by Cheng et al. (2008), where C. curvig-
nathus was the primary species that attacked both 
living and dead oil palms while Schedorhinotermes 

territories when compared to temperate species (Lee 
2002). In Malaysia, a colony of Coptotermes requires 
a minimum of one month for suppression of the col-
ony (Lee et al. 2007). In comparison with our results, 
the time taken to achieve complete termite colony 
elimination is similar, with the shortest time required 
for elimination being 6 weeks and the longest time 
required being 10 weeks. For S. medioobscurus, a 
minimum of 6 months was required for eliminating 
the entire Schedorhinotermes colony. This result 
aligns with those reported by Lee et al. (2007). Based 
on our observations of Schedorhinotermes, this spe-
cies has shown feeding preference for wood over bait. 
This feeding behavior led to a slower horizontal 
transfer of active ingredients in the bait, resulting in a 
longer period required for colony elimination. None-
theless, as discussed previously, S. medioobscurus 
has not been attributed as the primary cause of any 
tree failure in Singapore.

In this study, no baiting attempts were made for M. 
carbonarius and M. gilvus, as these species are not 
considered the target species for urban tree termite 
management. Furthermore, higher termites like M. 
carbonarius and M. gilvus exhibit distinct biological 
traits compared to lower termites, particularly the non-
moulting nature of higher termite workers and their 
sporadic foraging behavior. These characteristics 
rendered low efficiency of CSI baiting (Lee et al. 
2014; Chiu and Li 2024). Therefore, from a tree health 
management perspective, CSI baiting was an effec-
tive control method for controlling the two destructive 
species of subterranean termites in Singapore, which 
are C. curvignathus and C. gestroi.

Comparative Field Study of Subterranean 
Termite Biology
There were 6 termite species found in this study to be 
foraging on the lure wood: C. gestroi, C. curvig-
nathus, M. carbonarius, M. gilvus, M. crassus, and S. 
medioobscurus. Besides C. gestroi and C. curvig-
nathus, which have been well studied due to their 
destructive feeding behaviors on structures and trees, 
the biology and feeding behaviors of M. carbonarius, 
M. gilvus, M. crassus, and S. medioobscurus have not 
been well documented. According to the literature, 
M. carbonarius and M. gilvus are mainly foraging 
species that feed on dead plant matters such as dead 
wood, leaf litter, and tree barks (Foo et al. 2014); M. 
crassus feed on decayed or weathered wood and dead 
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destructive species, namely C. curvignathus and C. 
gestroi. The IG termite monitoring station is suitable 
for large-scale implementation complementary to 
visual inspection. The IG-CSI system can be easily 
scaled up to provide an additional layer of detection 
and control, which will help to reduce the risk of 
structural failure for susceptible tree species in urban 
landscapes. Compared to labor-intensive methods 
such as resistance drilling and sonic tomography, the 
IG-CSI system is more cost effective and could be 
integrated into tree assessment routines without 
major additional inspection workload. Given Singa-
pore’s high manpower costs, this system offers a 
more economical, viable solution for urban tree man-
agement in local context. Due to the nature of the 
chemical and targeted mode of treatment, the use of 
CSI as termite control is also much more environ-
mentally friendly as compared to traditional chemi-
cal treatment with termiticides. Future work would 
entail optimizing the IG-CSI system to improve its 
detection efficiency for coastal environments and 
well-established termite colonies within infested trees.
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(CSI) als ergänzende Lösung zur visuellen Inspektion für die 
Erkennung und Bekämpfung von Baumtermiten in Singapur. 
Methoden: Anhand von Holzstücken, die aus aktivierten 
IG-Stationen gesammelt wurden und als Vergleichsgrundlage 
dienten, bewerteten wir die Zerstörungskraft der nachgewi-
esenen Termitenarten und berichteten über ihre einzigartigen 
Fressgewohnheiten. Zur Termitenbekämpfung wurden Köder mit 
dem Chitinsynthesehemmer (CSI) Chlorfluazuron eingesetzt. 
Ergebnisse: Insgesamt wurden 6 Termitenarten nachgewiesen: 
Coptotermes gestroi (Wasmann), Coptotermes curvignathus 
(Holmgren), Schedorhinotermes medioobscurus (Holmgren), 
Macrotermes gilvus (Hagen), Macrotermes carbonarius (Hagen) 
und Microcerotermes crassus (Snyder). Die Nachweisbarkeit 
variierte jedoch je nach Standortbedingungen wie zeitweiligen 
Überschwemmungen, hohem Salzgehalt des Bodens und ver-
mindertem Futtersuchverhalten nach der Ansiedlung in oder in 
der Nähe eines Wirtsbaums. Dieses verminderte Futtersuchver-
halten könnte zum Teil dadurch beeinflusst werden, dass stark 
befallene Bäume entfernt werden, wodurch die Termiten zur 
Wanderung und Suche nach neuen Nahrungsquellen gezwun-
gen werden, was zur Aktivierung in der Nähe befindlicher 
IG-Stationen führt. In Bezug auf die Termitenbekämpfung kon-
nte durch CSI-Köder mit Chlorfluazuron die Termitenkolonie 
von drei Arten wirksam beseitigt werden: C. gestroi, C. curvig-
nathus und S. medioobscurus. Die Zeit bis zur Beseitigung der 
Kolonie lag zwischen 3 und 6 Wochen bzw. 24 Wochen. Fazit: 
Angesichts der Wirksamkeit von IG-Stationen in Verbindung 
mit CSI-Ködern bei der Erkennung und Bekämpfung von unter-
irdischen Termitenarten wird die großflächige Anwendung dieses 
Systems im städtischen Baumbestand diskutiert.

Resumen. Antecedentes: Este estudio demostró el potencial 
de las estaciones de monitoreo para termitas en el suelo (IG) en 
conjunto con cebo inhibidor de síntesis de quitina (CSI) como 
una solución complementaria a la inspección visual para la 
detección y control de termitas en árboles, en Singapur. Métodos: 
Utilizando trozos de madera de cebo recolectados de estaciones 
IG activadas como base de comparación, evaluamos la destruc-
tividad de las especies de termitas detectadas y reportamos sus 
patrones de alimentación únicos. Se utilizó cebo inhibidor de la 
síntesis de quitina (CSI) con clorfluazuron para el control de ter-
mitas. Resultados: Se detectaron un total de 6 especies de termi-
tas: Coptotermes gestroi (Wasmann), Coptotermes curvignathus 
(Holmgren), Schedorhinotermes medioobscurus (Holmgren), 
Macrotermes gilvus (Hagen), Macrotermes carbonarius (Hagen) 
y Microcerotermes crassus (Snyder). Sin embargo, la capacidad 
de detección varió dependiendo de las condiciones del sitio, 
tales como eventos de inundaciones intermitentes, alta salinidad 
del suelo y comportamiento de forrajeo reducido después de ani-
dar dentro o cerca de un árbol huésped. Este comportamiento de 
forrajeo reducido, en parte, podría verse afectado cuando se 
eliminan árboles muy infestados, lo que obliga a las termitas a 
migrar y buscar nuevas fuentes de alimento, lo que lleva a la 
activación de estaciones IG cercanas. En términos de control de 
termitas, el cebo CSI con clorfluazuron podría eliminar eficaz-
mente las colonias de termitas para 3 especies: C. gestroi, C. 
curvignathus y S. medioobscurus. El tiempo de eliminación de 
colonias osciló entre 3 y 6 semanas y 24 semanas, respectivamente. 
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Résumé. Contexte: Cette recherche a démontré le potentiel des 
stations de dépistage des termites dans le sol (DLS), couplées à 
l’appâtage par inhibiteur de synthèse de la chitine (ISC), comme 
démarche complémentaire à l’inspection visuelle pour la détec-
tion et le contrôle des termites dans les arbres à Singapour. 
Méthodes: En utilisant comme appât des morceaux de bois 
recueillis dans des stations DLS activées pour servir de base de 
comparaison, nous avons évalué le caractère destructeur des 
espèces de termites détectées et rapporté leurs schémas d’ali-
mentation uniques. L’appâtage d’inhibiteurs de la synthèse de la 
chitine (ISC) avec du chlorfluazuron a été utilisé pour le contrôle 
des termites. Résultats: Un total de 6 espèces de termites a été 
dépisté: Coptotermes gestroi (Wasmann), Coptotermes curvi-
gnathus (Holmgren), Schedorhinotermes medioobscurus (Hol-
mgren), Macrotermes gilvus (Hagen), Macrotermes carbonarius 
(Hagen), et Microcerotermes crassus (Snyder). Cependant, le 
potentiel de dépistage varie en fonction des conditions du site, 
dont des inondations intermittentes, une salinité élevée du sol et 
un comportement de quête de nourriture réduit après avoir niché 
à l’intérieur ou à proximité d’un arbre hôte. Ce comportement de 
diminution de recherche de nourriture pourrait en partie être 
affecté lorsque des arbres fortement infestés sont enlevés, for-
çant les termites à migrer et à chercher de nouvelles sources de 
nourriture, ce qui entraîne l’activation des stations DLS à proxi-
mité. En ce qui concerne la lutte contre les termites, l’appâtage 
ISC au chlorfluazuron a permis d’éliminer efficacement les colo-
nies de termites de 3 espèces: C. gestroi, C. curvignathus et S. 
medioobscurus. La période d’élimination des colonies était res-
pectivement de 3 à 6 semaines et de 24 semaines. Conclusion: 
Compte tenu de l’efficacité des stations DLS couplées à l’appât 
ISC dans le dépistage et le contrôle des espèces de termites sou-
terraines, l’application à grande échelle de ce système dans un 
contexte d’arbres urbains est discutée.

Zusammenfassung. Hintergrund: Diese Studie zeigte das 
Potenzial von unterirdischen Termitenüberwachungsstationen 
(IG) in Verbindung mit Ködern mit Chitinsynthesehemmern 
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Conclusión: Considerando la efectividad de las estaciones IG 
acopladas con cebo CSI en la detección y control de especies de 
termitas subterráneas, se discute la aplicación a gran escala de 
este sistema en un contexto de arbolado urbano.




