Volume 7, No 1 (2024): 57-70
DOI. 10.21580/ah.v7i1.20704

yourna/ o
* ‘8,

A Review of Termite Contributions to Sustainable Green Building

Dina Tiara Kusumawardhanil*, Aah Ahmad Almulqu!

1Forest Management Study Program, Forestry Department, Politeknik Pertanian Negeri Kupang,
East Nusa Tenggara

Abstract

Despite their beneficial nature, termites often cause significant losses by damaging materials
composed primarily of cellulose. Therefore, a more in-depth study of termites is essential for
realizing sustainable green building. Although 3,106 termite species have been documented
worldwide, little is known about those in Indonesia. Hence, the present review utilized the
Google Scholar search platform to gather information on termite species. From the 34
sources reviewed, the species were identified in 16 provinces across 4 islands in Indonesia.
Among these sites, the researchers found 106 termite species on Sumatra, Kalimantan,
Sulawesi, and Java islands. The most prevalent species across all regions were Macrotermes

sp., Microtermes sp., and Coptotermes sp.
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Introduction

Termites are found worldwide and play a
crucial role as wood decomposers, nutrient
recyclers, and global carbon cyclers. At least
3,016 species of living and fossilized termites
have been recorded and identified (Krishna etal,,
2013). As a significant group of eusocial insects,
termites are among the most prevalent
structural insect pests. They are eusocial
arthropod decomposers that enhance soil
fertility and crop yield and are utilized by
humans for their benefits globally. As vital
ecosystem components, termites constitute up
to 10% of animal biomass (Ahmad et al,, 2021).

Despite their beneficial aspects, termites
frequently cause substantial losses by damaging
cellulose materials, such as books, stored
timbers, wooden structures, buildings, grain
products, crops, standing trees, and forests
(Ravan et al,, 2015). Termites are estimated to
inflict an economic loss exceeding 40 billion USD
annually worldwide (Subekti et al, 2015).

However, of 3,016 termite species, only 183
species cause significant damage to buildings
and other wooden materials (Hassan & Morrell,
2021). While these studies have significantly
advanced the understanding of termites,
information about their distribution within
individual regions remains scant.

This review was conducted to provide more
detailed information on the species distribution
across different regions of Indonesia. The results
contribute to a broader knowledge base that can
be disseminated widely and utilized in other
related research. In this review, the researchers
compiled information on the termite species in
Indonesia published between 2014 and 2024,
employing online platforms and databases.

Methodology
The information on species and the

distribution of termites in Indonesia from 2014
to 2024 was searched using Google Scholar. The
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keywords included “analisis rayap”, “studi
rayap”, and “kajian rayap”. Two selection criteria
were used to select relevant publications: (1)
studies on termite species conducted in
Indonesia and (2) years of publication from 2014
to 2024. Accordingly, all publications were
obtained using Google Scholar (Fig. 1).

Results and Discussion
Diversity of termite species

In this research, only 34 studies met the
selection criteria. All were peer-reviewed
national publications (see Table 1). In Sumatra
Island, 45 termite species were identified in
Banda Aceh, North Sumatra, West Sumatra, Riau,
Jambi, Lampung, and South Sumatra. In Java
Island, 10 species were recorded in Jakarta, West
Java, the Special Region of Yogyakarta, and
Central Java. In Kalimantan Island, 19 species
were found in West Kalimantan, Central
Kalimantan, and South Kalimantan. A total of 24
species of termites were also identified in North
Sulawesi, Central Sulawesi, and South Sulawesi
(see Table 1).

Termites, often referred to as white ants,
comprise six families. However, only the
Termitidae family falls into the more highly
evolved termites category, featuring four sub-
families, including Macrotermitinae (Lee &
Wood, 1971). These more derived termites have
undergone significant evolutionary changes

Figure 1

compared to their more primitive counterparts.
The more socially complex species of termites
exhibit advanced social structures, such as
constructing mounds with an intricate network
of tunnels at the core of the nest to enhance
defenses and protect the termite queen.

The selection of nesting places is a factor
that supports the rate at which termite
populations increase. Termites from the
Macrotermitinae subfamily prefer soil as a
nesting place because it offers higher nutrient
content and suitable temperature and humidity
stability. The growth of termite colonies from the
Macrotermitinae subfamily can be described as
rapid and extensive. In the tropics, the termite
Macrotermes bellicosus can lay up to 40,000 eggs
daily (Bouillon, 1969). In the sub-tropics, the
winter season disrupts egg-laying activities. In
addition to rapid colony growth, termites of the
Macrotermitinae subfamily also exhibit a long
colony lifespan. Nests occupied by reproductive
castes in some Macrotermes species can be
inhabited and maintained for up to 80 years.
Termite species of Macrotermes construct
mound-shaped nests in the ground, which can be
found isolated in open areas or near trees. The
termite life cycle includes three periods of colony
growth: an early (juvenile) period when only
workers and soldiers are produced, followed by
an adult period when alates are typically
produced, and finally, an old (mature) period
when the production of alates decreases and
eventually ceases (Lee & Wood, 1971).

Chart of the selection process following the selection criteria

39 potential articles were selected

+ 1). Termite survey in Indonesia
 2). Year of publication in the journal betwen 2014 and 2024

34 selected publications
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Table 1
Diversity of termite species and their sources
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No

Location

Province

Region

Species

Sources

1

Banda Aceh

Leuser Mount
National Park

Nasutitermes roboratus
Nasutitermes matangensis
Hospitalitermes bicolor
Nasutitermes neoparvus
Nasutitermes havilandi
Nasutitermes proatripennis
Hospitalitermes hospitalis
Bulbitermes neopusillus
Longipeditermes leucops
Aciculitermes sp
Longipeditermes longipes

Ervany etal. (2019)

North
Sumatra

Medan City

Coptotermes curvignathus

Anugrah (2022)

West
Sumatra

Dharmasraya
Regency

Coptotermes curvignathus
Schedorhinotermes longirostris
Schedorhinotermes javanicus
Heterotermes indicola
Globitermes globosus
Dicuspiditermes nemorosus
Pericapritermes mohri
Macrotermes gilvus
Microtermes sp

Bulbitermes neopusillus
Hospitalitermes hospitalis
Nasutitermes havilandi
Nasutitermes longinasus

Heriza (2023); Heriza et al.
(2022)

Riau

Kampar Regency

Bulbitermes sp
Nasutitermes sp
Capritermes sp
Macrotermes sp
Schedorhinotermes sp
Coptotermes sp

Ayu etal. (2023)

Jambi

Sarolangun
Regency

Macrotermes gilvus
Coptotermes sp

Bagaskara et al. (2017)

Jambi

Jambi City

Pericapritermes mohri
Termes rostratus
Microtermes sp
Odontotermes oblongatus
Hospitalitermes hospitalis
Longipeditermes longipes
Nasutitermes longinasus
Bulbitermes constrictoides
Prohamitermes sp

Johari et al. (2022)

Lampung

Lampung City

Macrotermes gilvus

Pratama et al. (2023)

South
Sumatra

Palembang City

Coptotermes sp

Nurmalina (2019)
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Location
No - - Species Sources
Province Region
9 | South Ogan Ilir e  Macrotermes gilvus Arifin (2018)
Sumatra Regency
10 | Jakarta South Jakarta e Microtermes insperatus Arinana et al. (2016)
e Macrotermes gilvus
e (Coptotermes curvignathus
11 | West Java Bogor City e Macrotermes gilvus Arinana et al. (2023);
e Microtermes sp Mubin et al. (2015)
e Schedorhinotermes sp
12 | West Java Subang Regency | e Coptotermes curvignathus Soesatrijo (2024)
13 | Special Kulon Progo o (Coptotemes curvignathus Lukmandaru et al. (2017)
Region of Regency
Yogyakarta
14 | Central Java | Semarang City e Macrotermes gilvus Savitri et al. (2016)
e (Coptotermes curvignathus
15 | West Pontianak City e Macrotermes sp Novitasari et al. (2014)
Kalimantan
16 | West Mempawah e Coptotermes curvignathus Libertus & Diba (2020);
Kalimantan Regency e Nasutitermes longinasoides Tampubolon et al. (2016)
17 | West Ketapang e Macrotermes gilvus Simanjuntak et al. (2019)
Kalimantan | Regency
18 | West Kubu Raya e (Coptotermes sp Habibi et al. (2017)
Kalimantan | Regency e Schedorhinotermes sp
e Microtermes sp
19 | Central Barito Timur e Macrotermes gilvus Rafli et al. (2020)
Kalimantan Regency
20 | South Banjar Regency e Schedorhinotermes longirostris | Trianto etal. (2020)
Kalimantan e Schedorhinotermes tarakensis
e Macrotermes gilvus
e Microtermes insperatus
e Capritermes mohri
e Procapritermes setiger
e Termes propinquus
e Hospitalitermes hospitalis
e Nasutitermes longinasoides
e Nasutitermes proatripennis
e Parrhinotermes aequalis
21 | North Manado City e (Coptotermes sp Mandagi et al. (2023)
Sulawesi
22 | Central Sigi Regency e Nasutitermes neoparvus Zulkaidhah et al. (2014)
Sulawesi e Nasutitermes havilandi
e Nasutitermes matangensis
e Bulbitermes constrictus
e Bulbitermes contrictiformis
e Odontotermes sp,
o (Coptotermes kalshoveni
e (Coptotermes sepangensis
o (Coptotermes javanicus
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Location

No

Province Region

Species

Sources

Microcerotermes serrula
Microcerotermes dubius
Schedorhinotermes javanicus
Schedorhinotermes
medioobscurus
Hospitalitermes sp
Longipeditermes sp
Glyptotermes sp
Subulitermes sp

23 | South
Sulawesi

Bantaeng
Regency

Coptotermes sp

Arif & Nurdianty (2015)

24 | South
Sulawesi

Makassar
Regency

Coptotermes curvignathus
Schedorhinotermes sp
Coptotermes gestroi
Microcerotermes serrula

Arif, Putri, & Lestari et al.
(2020); Zulkahfi et al.
(2017)

Termites are primary physiological pests in
trees, targeting the bark, phloem, cambium, or
roots (Reinprecht, 2016). Termites from the
Macrotermitinae subfamily bring food such as
twigs, litter, and weathered wood back to the
nest, where it is stored to be processed further
(Arumugam et al.,, 2018). The large workers of
this subfamily usually collect food from outside
the nest, while the small ones work inside. In the
small termite Odontotermes magdalenae, there is
no visible activity in building nests or roaming
burrows. Moreover, the division of workers
between large and small is inconsistent, even
within the Macrotermitinae subfamily. This
division occurs in groups whose colonies forage
in open land (Noirot, 1969). In addition to
collecting food, termites from the
Macrotermitinae subfamily also produce their
food in the form of a fungus garden called a
fungus comb, as is done by species from the
genera Microtermes, Macrotermes, and
Odontotermes (Anwar et al, 2020). Termites
cultivate these fungus combs after they have
ingested and digested plant or wood tissue,
which is then excreted as primary excrement
(mylospheres) consisting of partially digested
plant tissue fragments and spores of the fungus
Termitomyces. The micro mylospheres form
Termitomyces on the fungus comb (Roberts etal.,
2016). If a termite colony fails to establish a
fungus comb, the colony will not be able to

survive (Qian et al, 2011) because its food
source becomes unavailable. The architecture of
the fungus comb is similar to a mammal's brain,
with hollow (alveolar) structures that connect
the two parts of the fungus comb: the fresh part
at the top and the old part at the bottom. The
color of the fresh comb is dark orange, while the
old one is slightly desaturated orange
(Kusumawardhani et al.,, 2021).

Termites Infestation

Termites are part of the soil ecosystem and
play a vital role as worldwide decomposers.
They digest materials containing cellulose, such
as litter, and every part of plants and trees. The
effect of this decomposition can increase the
organic carbon content, soil pH, and porosity,
contributing to the cycling of dead organic
matter. Of the approximately 2,500 species of
termites globally, around 200, or nearly 10%, are
found in Indonesia (Rismayadi & Arinana, 2007).
Therefore, this country is one of the world's most
crucial termite distribution areas (Nandika,
2015). Termites have even reached urban areas
due to their ability to adapt to various
environmental conditions. For example, in big
cities such as Makassar, South Sulawesi
Province, Indonesia, subterranean termites have
been reported in urban housing, including
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species such as Schedorhinotermes  sp.,
Coptotermes gestroi, and Microcerotermes
serrula (Arif, Putri, & Muin, 2020). In the Jakarta
area, Indonesia, Nandika et al. (2015) noted that
the distribution of Microtermes inspiratus
dominated West Jakarta and East Jakarta.
Arinana et al. (2014) reported that in the Bumi
Bekasi region, West Java Province, Coptotermes
curvignathus was the dominant species causing
damage to housing. Furthermore, Arinana et al.
(2016) stated that Macrotermes gilvus
dominated the distribution of subterranean
termites in the South Jakarta area of Indonesia.
These three termites are common in tropical
forests and are reliable decomposers. When
subterranean termites reach urban areas, their
role as decomposers becomes problematic. They
are considered pests because they attack
buildings, most of which in Indonesia still use
wood as the primary material, either as a main
building material or complementary furniture.
Generas of significant economic importance
include Coptotermes, Reticulitermes,
Odontotermes,  Nasutitermes, =~ Macrotermes,
Microcerotermes, and Cryptotermes. Moreover,
two species of subterranean termites belonging
to the genus Coptotermes, namely C. formosanus
Shiraki and C. gestroi Wasmann, are the most
destructive and widely distributed (Acda, 2018).

Attacks have been reported in 45 districts,
nearly 10% of Indonesia's total districts. The
dominant attack by subterranean termites has a
significant economic and sociocultural effect. In
traditional buildings in Aceh, attacks by C. gestroi
and Nasutitermes matureensis were reported
(Novita et al, 2020). Like traditional
constructions in various regions, these buildings
are considered valuable because they are the
centers of cultural tourism and regional pride. In
Ambon C(ity, the attacks were dominated by
Coptotermes species, with a damage percentage
of 61% (Cahyono, 2012).In 8-14 year-old houses
in the Mijen housing area of Semarang City,
termite attacks were prevalent, especially on the
door frames, window sills, and roof, with M.
gilvus causing up to 71% of the damage and C.
curvignathus causing up to 29% (Savitri et al,,
2016). More broadly, termite attacks on various
continents were widely reported. In China,
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around 90% of buildings south of the Yangtze
River were reported to be attacked by termites
(Maxwell Robinson Phelps, 2010; Zhong & Liu,
2002). Similarly, a survey of approximately
2,000 heritage sites in Japan found that 42.6%
were affected by Coptotermes formosanus
(Takahashi & Yoshimura, 2002). In Taiwan,
attacks by C. formosanus and C. gestroi damaged
more than 87% of buildings (Li etal., 2011), and
in Korea, subterranean termite attacks affected
about 182 heritage sites (Kim & Chung, 2022).
Numerous other reports of damage from
subterranean termite attacks have also been
published.

Termite control has been carried out in
various ways. This starts from pre-construction
treatments, such as soil treatment, to post-
construction methods, such as chemical
treatment, baiting, and combinations of both.
However, post-construction measures are most
common, serving as a preventive and control
effort. In Indonesia, baiting is preferred over
chemical treatment because it is more accessible
and has fewer risks (Rahman et al, 2020).
Conversely, in the United States, chemical
treatments are more common (Rust & Su, 2012).
Consequently, pest control has become one of
the world's most advanced and significant
industries. In 2017, the global market's income
reached US$18 billion, with predictions that it
would reach US$23 billion by 2023 (Rentokil,
2018). In Indonesia, the market in 2013, with
over 600 pest control companies in various
cities, was estimated to have received US$22.5
million with an annual growth of 7-9%. The
Association of Indonesian Pest Control
Companies includes 86 companies, or 20%,
headquartered in Jakarta, one of the
concentrated urban areas. It is generally
assumed that developed areas with a high risk of
termite infestation will encourage consumers to
consider termite control. However, Rahman et al.
(2020) revealed that not all consumers exhibited
such characteristics, as differences in awareness
of termite attacks and tolerance thresholds
might be influenced by educational and



economic factors as well as
specifications.

building

In addition to the previously mentioned
methods, termite attack prevention can be
achieved through system detection of termites.
This method has undergone  many
developments, especially in detecting termite
presence. It ranges from identifying termite
excrement markers to using acoustical-based
tools combined with temperature changes. This
allows for the detection of termites and the
prediction of the population size of the termite
colony without damaging the nest or objects
containing termites. This innovation is part of a
developed pest control management process
(Nanda et al,, 2021).

Implications for Termite Management in
Sustainable Green Building

The revolution in building construction is
now leading towards environmental
sustainability by promoting "Green Building." In
this regard, the standards are issued by the
USGBC Leadership in Energy and Environmental
Design (LEED). LEED ratings determine whether
a building should be considered green and how
green it is. The architecture and materials used
are the main factors determining a green
building rating. Many architectural
developments are currently using the concept of
biomimicry, one of which is inspired by termite
mounds. Specifically, termite mound biomimicry
for structural sustainability is used in the
structural topology of low-rise buildings, which
usually consume significant energy, by
manipulating the properties of the materials
used, the shape of the building, and utilizing the
surrounding environmental conditions (Claggett
et al, 2016). Koigi (2015) states that new
building models inspired by termite mound
technology form modern models of energy-
efficient buildings that naturally regulate
temperature and air, with such buildings saving
up to 40% in energy costs. The performative
potential of the tunnel network in the termite
mound acts effectively as a driver of airflow,
which can be applied in building architecture to

A Review of Termite for Sustainable Green Building...

function as a microclimate regulator for building
interiors (Andréen & Soar, 2023).

Pest control management is one of the
indicators employed to determine the LEED
rating, although it is not the main consideration.
This is because pest control managementis often
the last thing considered by construction
engineers, architects, and builders. Effective pest
control creates healthier housing, increases
property value and service life, reduces initial
costs of construction materials or furniture, and
is environmentally friendly by reducing the
continuous use of insecticides and the cutting
down of trees as the main construction material.
Additionally, activities carried out inside
buildings will be more effective. Pest control
management, especially for termites, can be
addressed by controlling buildings' pre- and
post-construction stages.

Physical barriers are one of the controlling
treatments pre-construction for subterranean
termites to prevent tunneling and infestation in
buildings that use wood as part of construction
or for additional furniture. To prevent
infestation in nontoxic ways through sustainable
management, the barrier size must be small
enough to prevent termites from passing
through. The barrier is laid under foundation
walls before the concrete is poured during
construction (Acda, 2018). The materials that
can be used include particles of sand, granite,
crushed basalt, quartz and coral sand, and
crushed cement-stabilized sludge (French &
Ahmed, 1993; Myles, 1997; Su et al, 2016;
Tamashiro et al, 1991; Yanase et al, 2000).
Another material that can be used as a physical
barrier is volcanic mudflow, made from ash,
solid rock particles, and other volcanic debris
washed down by rainwater. This material is
frequently used in the Philippines. Laboratory
and field trials indicated that an effective particle
size of 1.18-2.36 mm would prevent tunneling
and penetration of C. gestroi, N. luzonicus, and
Microcerotermes losbanosensis (Acda & Ong,
2005). A small wooden house builtin 1997 had a
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protective barrier consisting of prescreened
volcanic mudflow particles installed beneath the
floor and concrete foundation walls. Regular
inspections over seven years revealed no signs of
subterranean termite penetration inside or
outside the structure (Acda, 2018).

In Indonesia, soil treatment is the primary
physical barrier utilized to control subterranean
termites in buildings and has been included in
the Indonesian National Standards (SNI). Soil
treatment consists of Pre-Construction Soil
Treatment (SNI  2404:2015) and Post-
Construction Soil Treatment (SNI 2405:2015).
This process involves incorporating termiticide
solutions into the soil beneath and around
buildings to form a chemical barrier to prevent
termite attacks. According to Rismayadi and
Nandika, 2002), soil treatment effectively
prevents subterranean termite attacks on
buildings. However, when applying conventional
soil treatment methods, termiticide solutions
can only be reapplied by drilling into the building
floor and injecting the termiticide into the drilled
holes. This method, called post-construction soil
treatment, has implications for damaging the
floor of the building and results in less secure,
uneven distribution of the termiticide solution
under the floor. The efficacy of the various types
of termiticides currently listed by The Pesticide
Commission of the Republic of Indonesia only
lasts 3-5 years on average. Consequently, if a
termiticide applied by the pre-construction soil
treatment method has expired, it cannot be
reapplied with the same effectiveness.
Therefore, soil treatment methods with a piping
system (replenishment system) have been
developed in the last five years. This system
allows for the reapplication of termiticide
without damaging the building floor.

A unique elastic pipe installed below the
building foundation allows for soil treatment
along the left and right sides of the foundation. It
has small horizontal holes positioned regularly
as channels for the termiticide solution. These
pipelines also have 1-2 intake holes (diameter:
2.5 cm) to pump the termiticide solution,
enabling it to flow into all parts of the pipe and
wet the soil around the foundation. The
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termiticide solution is injected through this
installed pipe to create a chemical barrier
around the building foundation. With this
system, the re-treatment of a building with a
termiticide solution can be implemented without
damaging the floor. A field study was conducted
to determine the working time needed to
implement the system and to measure the
termiticide residue level in the treated soil
around the building foundation. Two units of
building foundation (4.64 x 3.53 m2?) were
constructed at Bogor Agricultural University as
the targeted building foundation for the study.
The termiticide solution, containing 20%
fenvalerate as the active ingredient, was injected
into the pipes using a low-pressure sprayer (600
psi) to distribute the solution along the installed
pipes and flow through the soil around the
building foundation. The activities were carried
out by two professional termite control
operators (skill level = 100). The total working
time needed to implement the replenishment
system on the 16.38 m2 building foundation was
26.97 minutes. The soil around the sample
foundation, classified as sandy clay, had a
fenvalerate termiticide residue level of 1.66 ppm
(Jasman, 2017). Accordingly, the reliability of
soil treatment with a piping system is quite good,
considering the standard time needed is short,
with relatively high residual levels of termiticide.
Hence, soil treatment can be considered an
alternative  subterranean termite control
technique for house buildings in Indonesia.

There is also a treatment method called
baiting. It is carried out after construction (post-
treatment) and can only last up to one year, so
repeat treatments are frequent and expensive.
This method works by inserting a toxic
substance into wood, which acts as bait and has
a slow-acting toxicant effect, allowing the toxic
substance to spread throughout the colony. This
is achieved by taking advantage of the habit of
worker caste termites feeding and transferring
gut microbial proteins to other termites
(trophallaxis). The active compound often used
is hexaflumuron. Around <175-525 mg of
hexaflumuron can Kkill a subterranean termite
colony of hundreds of thousands to millions of
termites. Recently, chlorfluazuron has been



developed as an active compound to selectively
eliminate subterranean termite colonies (Umar
& Majid, 2020).
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