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Abstract. The termite’s life cycle is affected by weather conditions, including temperature. To
keep its activities safe from any direct light, termites design tunnels to hide. This research aims
to analyze the temperature subterrancan termite tunnel Coptotermes curvignathus inside and
outside the room. Tunnel temperature measurement was carried out by thermocouple tool. The
research was conducted at Forest Products Research and Development Center, Gunung Batu,
Bogor. The results showed that the temperature in the tunnel’s indoor ranged between 25.8 - 34.1
°C while temperatures in the tunnel’s outdoor ranged between 25.0 - 32.7 °C. The tunnel’s indoor
temperature was 0.8 °C to 1.4 °C warmer than the tunnel’s outdoor temperature, while the
surrounding’s indoor temperature was 0.2 °C warmer than the surrounding’s outdoor
temperature.

% Introduction

Termites are one of theBlost widespread eusocial isopterous insects, bearing complex division of labor
within each colony [1]. They are a dominant group of invertebrate decomposers of dead organic matter,
in tropical and subtropical terrestrial regions [2]. Until this day, 2,600 species of termites have been
found, and these species consist of 281 genera [3]. Termites spread from 45 °N to 50 °S, but they are
not found in the Antarctic Continent. However, some termite genus is found living in very cold areas at
an altitude of 3000 meters above sea level, for example, in Himalayas [4]. The diversity of termite
species and their nests increase towards tifffequator. and their distribution is related to temperature and
rainfall [4]. Meanwhile, according to [5], the diversity of termite species in South Jakarta is not related
to the amhient air temperature as the air temperature in South Jakarta is relatively stable.
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Coprotermes is one genus closely related with pest. It consists of major pest species causing damage
to forest trees and also buildings [6]. One of the species of termite with a high attack intensity is
Coptotermes curvignathus [7]. According to [8], C. curvignathus termite species has one of Indonesia’s
largest infested areas. C. curvignathus is the only termite species that can make secondary 1fjts that
allow them to attack high-level buildings. [9] stated that C. curvignathus colony could forage up to the
top floor of an apartment building in South Jakarta. C. curvignathus species can also attack living trees
in the outer bark and inmost component of the trees. When termite attack occurs, this can cause death
to R tree [10].

Termites spend their entire life in soil or within their food source and die once removed from their
protected environment and favorable humidity [11]. Termites are cryptobiotic organisms, which means
they do not like to be exposed to light except in the reproductive caste when they come out of the nest
as alates. Termites migrate and look for new food sources by building tunnels so that they are not
exposed directly to light, and tf8y can maintain the microclimate needed for their sustenance.
Environmental factors affecting the development of termite populations are temperature, rainfall,
humidity, nutrient availability, and natural predators [8]. [12] explain that termites tend to prefer places
with high humidity. Furthermore, termites will maintain their nest temperature and humidity [13].
Meanwhile, according to [14]. termites can maintain their nest’s physical attributes to remain constant
so that the nest’s temperature and the surrounding environment’s temperature will be different.

Global climate change causes irregular weather changes, and the same case also hapyfhed in Bogor.
On the other hand, termites must maintain a stable temperature of the nest to survive. Therefore, it is
necessary to investigate the optimum temperature of C. curvignathus nest in Bogor by measuring the
temperatur@nside the subterranean termite tunnel located in the indoor and outdoor study site. This
study aims to analyze the temperature of a subterranean termite C. curvignathus tunnel situated indoors
and outdoors during the day.

2. Materials and methods

2.1. Indoor study

The indoor study was carried out in the WEEK Drying Laboratory, Forest Products Research and
Development Center (P3HH), Gunung Batu, Bogor, West Java, Indonesia. The materials used were a
cross-section of Pinus merkusii wood with a dimension of 2.5 cm x 10 em x 100 cm. Temperature
measurement of the subterranean termite C. curvignathus tunnels in Wood Drying Laboratory was done
utilizing a thermocouple instrument (figure 1) attached to the wood bait infested by termites. Ten stakes
of Pinus merkusii were placed horizontally above the woodpiles attacked by subterranean termite C.
curvignathus. Subterranean termite C. curvignathus species can be seen in figure 2. The temperature
observation was conducted three times a day, at 08.00, 13.30,and 16.00 GMT+7 for 30 days. The wood
bait installation in the Wood Drying Laboratory and the form of wood bait damage caused by C.
curvignathus can be seen in figure 3.

Figure 1. Thermocouple instrument used to measure the temperature in this study.
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Figure 3. Wood bait installation inside Wood Drying Laboratory Forest Products Research and
Development Center P3HH-Gunung Batu, Bogor, West Java, Indonesia in a horizontal manner (a) and
subterranean termites Coptotermes curvignathus wood bait condition (b).

2.2. Outdoors study

The outdoor study was conducted in the P3HH Arboretum, Gunung Batu, Bogor, West Java, Indonesia.
The location comprises a small forest cover with tall and big crowned trees. Theffaiting method was
employed in order to collect the temperature data on a C. curvifinathus nest. The material used in this
study was pine wood (Pinus merkusii) for termiteffait. [15] which showed that termites preference
towards pine wood is higher tha§Ejther species and pine wood has been used commercially termite bait
[16]. Ten stakes of P. merkusii with a dimension of 2.5 cm x 2.5 ecm x 30 cm were installed vertically
on the ground with 25 cm inside the ground and 5 ¢cm above. Previously, the thermocouple was attached
to the ten stakes of wood bait. The installation of wood bait was observed for one month to note the
temperature. The position of the wood bait and thermocouple in the arboretum can be seen in figure 4.
The temperature observation was carried out three times a day at 08.00, 13.30, and 16.00 GMT+7.
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Figure 4. Wood bait installation in the outdoor study site in Arboretum P3HH-Gunung Batu, Bogor,
West Java, Indonesia by vertical means (a) and termite infestation sign on the wood bait (b).

3. Results

3.1. The temperature of indoors situated subrerranean termite tunnel

Wood baits were placed horizontally in woodpiles that have been attacked by termites C. curvignathus
in the Wood Drying Laboratory. Of the ten stakes of bait wood placed, two wood baits were attacked
by termites; termites did not attack the rest. The temperature data taken were the temperature of wood
bait attacked by termites (two wood baits have been attacked by subterranean termites C. curvignathus).
The temperature data from uninfested wood bait as many as four stakes were used to retrieve the control
temperature data displayed on average.

The complete research results can be seen in figure 5, which shows the temperature of the C.
curvignathus s tunnel in the Wood Drying Laboratory of the infested wood 1 ranging from 25.8 °C to
34.1 °C and the temperature of the infested wood 2 between 26 °C to 34 °C. The temperatures of the
uninfested wood ranged from 25.6 °C to 33.8 °C. In comparison, the environmental temperature was
25.1°Cto 34.5 °C.

Temperature (°C)

= Tunnel 1 == Tunnel 2 = Wood Control = Indoor

Figure 5. Temperature inside subterranean termite Coprotermes curvignathus ' tunnels, wood control,
and indoor environment temperature.
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Meanwhile, the average temperature data based on the observation period is portrayed in figure 6.
The average temperature at 08.00, 13.30, and 16.00 GMT+7 of the infested wood 1 was 29.4 °C, 30.6
°C, and 29.7 °C. Meanwhile, the infested wood 2 was 29.6 °C,30.7 °C, and 29.9 °C. Inthe wood control,
29.1 °C, 30.3 °C, and 29.4 °C. The environmental temperature is 28.9 °C, 31.1 °C, and 30.3 °C. The
difference in average morning temperature in infested wood is 0.5 °C - 0.7 °C higher than the
environment temperature and 0.4 °C - 0.5 °C higher than wood control temperature. During the day, the
average infested wood temperature was 0.4 °C - 0.5 °C lower than environmental temperature and 0.3
°C - 0.4 °C higher at the temperf}e of the wood control. In the aftemoon (16.00 EE¥IT+7), the average
temperature of infested wood is 0.5 °C lower than environmental temperature and 0.3 °C - 05 °C higher
than the temperature of wood control.
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Figure 6. Average temperature of subterranean termite Copitotermes
curvignathus’ tunnel, wood control, and indoor environment at 08.00,
13.30, dan 16.00 GMT+7

3.2. The temperature of outdoors situated subterranean termite tunnel

The Forest Products Research and Development Center (P3HH) Arboretum, Gunung Batu, Bogor, West
Java, Indonesia, has high trees covering the study site. Moist leaves and tree branches covered the
ground surface. Changes that occur in the surrounding environment will have a direct influence on the
wood bait.

There were ten stakes of wood baits that were buried vertically. From 10 stakes of wood baits, there
was only one infested stake found. The temperature data used in observation were from wood bait
temperature infested by termites (one temperature data), four data uninfested wood bait temperature,
and the contr@temperature. Those data were displayed by means.

The result can be seen in figure 7, which shows that the temperature value of C. curvignathus infested
wood was 25 °C - 32.7 °C, the wood control temperature was 24.8 °C — 32 °C, and the environment
temperature was 25.1 °C - 34.3 °C. Meanwhile, the average temperature according to the observation
period can be seen in figure 8. The average temperature at 08.00, 13.30, and 16.00 GMT+7 for infested
wood 1 was 28.6 °C, 30.8 °C, and 28.7 °C, respectively. The wood control temperature was 28.3 °C,
30.5 °C, and 28.7 °C. The environment temperature was 29 °C, 31.4 °C, and 29.7 °C.
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Figure 7. Temperature inside subterranean termite Coptotermes curvignathus ' tunnels, wood control,
and outdoors environment temperature.
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Figure 8. Average temperature of subterranean termite Coptotermes curvignathus’
tunnel, wood control, and outdoor environment at 08.00, 13.30, dan 16.00 GMT+7.

3.3. The comparison of indoors and outdoors situated subterranean termite tunnel temperature

The temperature data of subterranean termite tunnel of the wood control and environment temperature
for indoor and outdoor studies are summarized in table 1. According to the data, the indoor environment
temperature was almost similar to the outdoor environment temperature. Meanwhile, the temperature of
indoors situated subterranean termite tunnel was warmer than the outdoors’s.

Table 1. Termite tunnel temperature of termite tunnel, wood control, and the indoor and outdoor
environment

No  Temperature Measurement Sites Temperature (°C)
Indoors Outdoors

1 Termite tunnel 1 (infested wood) 25.8-34.1 25.0-32.7

2 Termite tunnel 2 (infested wood) 26.0-34.0 =

3 Wood Contol 25.6-33.8 24.8-32.0

4 Environment 25.1-34.5 25.1-34.3
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4. Discussion

Based on the data from figure 5, the temperature patterns of infested wood (the temperature inside the
subterranean termite tunnel) situated indoors and the wood control temperature tend to follow the
environment temperature. However, there were several different temperatures recorded in each
measurement. The different temperature values of the infested and wood control temperature indicate
that termites have attacked the wood. According to [17], elevated temperatures indicate that there were
termites in the area. According to [18], based on Ruelle’s research in 1964, the difference in termite
diurnal temperature varies and can exceed 3 °C. Temperature values between the infested wood, wood
control, and the environmental temperature were different. The temperature of the infested wood was
warmer than the control temperature. This condition was due to termite activities like chewing wood
and termite mechanisms that control their nest temperature.

In contrast, there were no termite activities in the wood control that can produce heat, so the
subterranean termite tunnel’s temperature becomes warmer. Temperature differences also occur in the
wood control and environment temperature. Environment temperature has direct contact between the
surrounding air and the thermocouple; thus, suppose there were changes in wind characteristics will
directly affect the measurement value. In contrast, there was no direct contact mechanism between the
thermocouple and the external air, and when changes happen, it requires a certain amount of time for
the air to enter the wood control.

The average temperature in the termite tunnel in figure 6 was steady, ranging from 29.4 °C - 30.7
°C. This condition shows air temperature, gas content, and heat generated in the nest regulation.
According to [19], carbon dioxide gas and other gases that termites do not require must be removed and
replaced with the oxygen needed for the termite respiration process. Therefore, there are some conditions
for termites to open or close their nests. As mentioned before, there will be air exchanges from the
outside to the inside nest along with these conditions.

Wood infested by subterranean termites C. curvignathus tends to have a stable temperature,
According to [14], termites can maintain the ideal temperature inside their nest. This statement was
supported by the result exposed in figure 5, and the infested wood was more stable to the environment
temperature changes. The infested wood temperature by C. curvignathus in the Wood Drying
Laboratory range from 25.8 °C - 34.1 °C, which was different from the optimum temperature of
Macrotermes termites, namely 29 °C - 32 °C, but this result is still under the optimum temperature
interval of insect whichis 15 °C - 38 °C [19].

There always various weather conditions during the period of observation. It was noted that there
had been some rain in the afternoon and evening which caused the measure of ambient temperature
lower than the infested and wood controls. However, the infested wood temperature tends to be stable
and warmer than wood control and the environment temperatures. This condition verifies that termite
can maintain stable nest temperature by insulation.

Meanwhile, the temperature patterns of infested wood (the temperature inside the subterranean
termite tunnel) in the outdoor study site and the wood control temperature also follow the environment
temperature pattern (figure 7). At the beginning of the study, the temperature of control and infested
woods were in a line. The temperature in the soil was lower than the environment temperature above
the ground. This condition means that the wood bait has not been infested by termites and measures the
soil’s temperature. There was a different temperature between infested wood and wood control, and the
appearance of subterranean termite tunnels in wood bait indicates that termites have begun to consume
the wood.

Diurnal temperatures in a termite nest may vary and exceed 3 °C [18]. Figure 8 shows the average
temperature of infested wood, wood control, and the environment above the ground level. The average
temperature of control and infested wood by subterranean termite C. curvignathus were lower than the
environment temperature.

The research result showed ﬁt the temperature inside the C. curvignathus nest is relatively different
from Macrotermes, which ranges hetween 29°C - 32°C (table 1). The range of temperature may differ
depending on the species of termites. [20] stated that Macrotermes nest structure could create a stable
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microclimate, 30°C. A nest’s structure may effectively act as a regulator to keep the temperature inside
stays stable [21]. Like dry wood termites Cryptotermes brevis in Hawaii, their nest could keep inside
temperature between 24.33-37.04 °C despite the outside temperature ranging between 8.71-43.31 °C
[22].

Table 1 showed that indoor temperature was not significantly different from outdoor temperature,
This condition occurred because the indoor temperature was affected by the room’s shape, which has
an open structure (Wood Drying Laboratory). Meanwhile, in the indoor study site, the subterranean
termite tunnel temperature was higher by 0.8 °C - 1.4 °C than the tunnel temperature. The difference
was caused by the study site’s physical characteristics, which lack proper shelter; hence, the weather
elements could affect the termite’s activity. As explained beforehand, the study was done outdoor (in an
arboretum) on many occasions often showered by rain; thus, termites in the infestedggpod bait roamed
to the deeper region of the ground. In addition, a study carried caby [23] stated that temperature inside
the nest of subterranean termite C. curvignathus is warmer by 1.3 °C than the temperature outside the
nest in the laboratory.

Subsequently, this research could be a theoretical baseline for the database development of termite
presence in construction wood based on temperature differences (between infested wood and uninfested
one) through sustainable termite management. The study on the optimum temperature of termite
sustenance could also become a preventive action to avoid the suitable microclimate condition for
termite infestation in the building.

5. Conclusion

The indoor study site subterranean termite tunnel (25.8 — 34.1 °C) was warmer than the tunnel outdoor
study site (25.8 — 34.1 °C). The termite tunnel found on the indoor study site was warmer by 0.8 °C -
1.4 °C than the termite tunnel in the outdoor study site. Meanwhile, the indoor temperature (25.1-34.5
°C) was warmer by 0.2 °C than the outdoor temperature (25.1-34.3 °C). The temperature inside the
subterranean termite tunnel was significantly lower than the surrounding environment temperature.

Acknowledgments
The authors wish to expressfheir appreciation to IPB University and Forest Products Research and
Development Center, Bogor for the supports thus this study could be conducted.

References

[1] Eggleton P 2001 Termites and trees: A review of recent advances in termite phylogenetics Insects
Sociaux 48 187-193

[2] Bignell DE and Eggleton P 2000 Termites in ecosystems in T Abe, M Higashi and DE Bignell
(Eds.), Termites: Evolution, Sociality, Symbioses, Ecology (pp. 363-387) (Dordrecht: Kluwer
Academic Press)

[3] Kambhampati S and Eggleton P 2002 Taxonomy and phylogeny of termites in Abe T, Bignell
DE, Higashi M Termites:Evolution Sociality, Symbioses, Ecology (London: Kluwer Academic
Publishers)

[4] Pearce MJ 1997 Termites: Biology and Pest Management (UK: Cab International UK Forestry
Research)

[5] Arinana A, Aldina R, Nandika D, Rauf A, Harahap IS, Sumertajaya IM and Bahtiar ET 2016
Termite diversity in urban landscape, South Jakarta, Indonesia Insects 7 20

[6] Anantharaju T, Kaur G, Gajalakshmi S and Abbasi SA 2014 Sampling and identification of
termites in Northeastern, Puducherry J Entomol Zool Stud 2 225-230

[7] Kuswanto E, Ahmad I and Dungani R 2015 Threat of subterranean termites attack in the Asian
countries and their control: A review Asian J. Appl. Sci. 8(4) 227-239

[8] Nandika D, Rismayadi Y and Diba F 2015 Rayap Biologi dan Pengendaliannya Edisi 2 (Surakarta
(ID): Muhammadiyah University Press)




IC-FSSAT 2021 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 807 (2021) 022027 doi:10.1088/1755-1315/807/2/022027

9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]
(20]

(21]

(22]

(23]

Rilatupa J 2006 Kondisi komponen konstruksi bangunan tinggi dan hubungannya dengan
karakteristik serangan rayap Jurnal Sains Teknologi EMAS 16(4) 71-86

Badaruddin 2007 Identifikasi rayap dan seranganya di hutan pendidikan UNLAM Mandiangan
Kalimantan Selatan. Jurnal Hutan Tropis Borneo 18(20) 56-70

Edwards R and Mill AE 1986 Termites in buildings: Their biology and control p 261 (East
Grinstead: Rentokil Ltd)

Siregar A Z and Batubara R 2007 Kerugian eonomis akibat serangan rayap pada bangunan rumah
masyarakat di dua kecamatan (Medan Denai dan Medan Labuhan) Jurnal Biologi Sumatera 2
23-27

Gillison A N, Jones D T, Susilo FX and Bignell DE 2003 Vegetation indicates diversity of soil
macro invertebrates: A case study with termites along a land-use intensification gradient in
lowland Sumatra Org. Diverse 3 111-126

Harris V 1971 Termites: Their Recognition and Control (Britain Western Printing Services Ltd.).

Arinana, Tsunoda K, Herliyana E N and Hadi YS 2012 Termite susceptible spesies of wood for
inclusion as reference in Indonesian Standardized Laboratory testing Insects 3 396-401

Jones DT, Verkerk RHJ and Eggleton P 2005 Methods for sampling termites in Leather § Insects
Sampling in Forest Ecosystems (Australia: Blackwell Science Ltd)

Noirot C H and Timothee C N 1969 The digestive system in Krishna K, Weesner FM Biology of
Termites (London: Academic Press)

Lee K E and Wood T G 1971 Termites and Soils (London: Academic Press Inc.)

Krisna K and Weesner F M 1969 Biologi of Termite Volume /Il (New York: Academic Press)

Subekti N, Duryadi D, Nandika D, Surjokusumo S and Anwar S 2008 Sebaran dan karakter
morfologi rayap tanah Macrotermes gilvus Hagen di habitat hutan alam Jurnal llmu dan
Tekmologi Hasil Hutan 1(1) 27-33

Eggleton P 2011 An introduction to termites: Biology, taxonomy and functional morphology in
Biology of Termites: 4 Modern Synthesis Bignell DE, Roisin Y, Nathan Lo eds. (London:
Springer Dordrecht Heidelberg)

Woodrow R J and Grace J K 1999 Microclimate associated with Cryptotermes brevis (Isoptera:
Kalotermitidae) in the Urban Environment PAN-PAC ENTOMOL. 72(2) 68-72

Arinana A, Philippines I, Koesmaryono Y, Nandika D, Rauf A, Harahap IS, Sumertajaya IM and
Bahtiar ET 2016 Coptotermes curvignathus Holmgren (Isoptera: Rhinotermitidae) Capability
to Maintain the Temperature Inside Its Nest.J. Entomol. 13(5-6) 199-202




The daytime indoor and outdoor temperatures of the
subterranean termite Coptotermes curvignathus Holmgren
(Isoptera: Rhinotermitidae) tunnel

ORIGINALITY REPORT

15, 10, 144 3

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Y Deliana, E Wulandari, | M Salam. "Study the 2
. , %
rate of drying and level of osmosis
dehydration on physical properties of dried
Mango Cengkir", IOP Conference Series: Earth
and Environmental Science, 2020

Publication
link.springer.com 2
Internet Source %
Submitted to Universitas Islam Indonesia 1
Student Paper %

Arinana, F E Hutapea, D Nandika, N F Haneda. 1
. . . %
"Field evaluation of subterranean termites
palatability on treated pine wood in Alam
Sinarsari Residence, West Java", IOP
Conference Series: Materials Science and
Engineering, 2020

Publication

mail.scialert.net 'I
Internet Source %




G E Teken, M Yusuf, S Said, A L Toleng. "The
quality of sexed sperm separated using
bovine serum albumin column and extended
using tris aminomethane at different
temperatures"”, IOP Conference Series: Earth
and Environmental Science, 2020

Publication

(K

=

www.sciencegate.app

Internet Source

T

mdpi.com

Internet Source

T

vdocuments.mx

Internet Source

(K

—
o

"Termites and Sustainable Management",
Springer Science and Business Media LLC,
2018

Publication

T

—
—

V Yu Ovsyannikov, A | Klyuchnikov, N N
Lobacheva, D V Klyuchnikova, M A Lobacheva,
A M Davydov. "Functional analysis of the
technological complex for curd whey
concentration by moisture freezing", IOP
Conference Series: Earth and Environmental
Science, 2022

Publication

T

repository.tudelft.nl

Internet Source

T




Silvia U. N. M. Mangurai, Dede Hermawan,
Yusuf S. Hadi, Ignasia M. Sulastiningsih et al.
"Resistance of the inner part of oil palm trunk
impregnated with aqueous polymer-
isocyanate to subterranean termite attack”,
BioResources, 2022

Publication

T

Arinana ., llmina P.hilippir'le, Yonny <1 o
Koesmaryon, Dodi Nandika et al.
"Coptotermes curvignathus Holmgren
(Isoptera: Rhinotermitidae) Capability to
Maintain the Temperature Inside its Nests",
Journal of Entomology, 2016
Publication
iili)nrtrgﬂred to Universitas Jenderal Soedirman <1 o
Yusuf Sudo Hadi, Muh Yusram Massijaya, <1 o
Dodi Nandika, Wa Ode Muliastuty Arsyad, ’
Imam Busyra Abdillah, Loedy Setiono, Yahya
Amin. "Color change and termite resistance of
fast-growing tropical woods treated with
kesambi (Schleichera oleosa) smoke", Journal
of Wood Science, 2020
Publication
I\ﬁ\:m.ststjfcréjournals.org <1 o
www.dovepress.com <1 o
Internet Source 0



A. V. Kolesnichenko, O. I. Grabelnych, V. V.
Tourchaninova, V. V. Zykova et al. "Influence
of Stress Protein CSP 310 and Antiserum
Against This Protein on Oxygen Uptake, Lipid
Peroxidation, and Temperature of Winter
Wheat Seedling Shoots During Cold Stress",
Journal of Immunoassay and
Immunochemistry, 2003

Publication

<1%

Exclude quotes On Exclude matches <5 words

Exclude bibliography On



