J. Korean Wood Sci. Technol. 2021, 49(5): 514~534 pISSN: 1017-0715 eISSN: 2233-7180

https://doi.org/10.5658/WOOD.2021.49.5.514

Original Article

Selection of Dye Markers for Monitoring Reticulitermes
speratus and Identification of Colonies by Heterogeneous

.
Dye-Marking
Ik-Gyun IM** + Gyu-Seong HAN®**

ABSTRACT

To estimate the territorial size of Reficulitermes speratus, a species of subterranean termites that damages wooden
structures in Korea, appropriate dye markers were selected and the diffusion tendency was analyzed. According to
the results of the sensitivity assessment using sawdust diet, increase in dye concentration reduced the amount of feed
consumption but the dyeing becomes more intense. Except for the Neutral Red 0.5% group, all other concentration
groups, including the control group, showed a survival rate of > 85% until week 4. For both, Nile Blue A and Neutral
Red dye markers, all concentration conditions > 0.2%, except for the 0.1% concentration, were maintained for 11 weeks,
and no sign of transfer effect was found except when the termites were fed with the dye markers. Therefore, it appears
that 0.2% of Nile Blue A and Neutral Red is the optimal concentration for monitoring the R speratus colonies. Additionally,
we prepared an indoor 40 m long foraging arena consisting of a colony of 25,000 termites and released individuals
stained with 0.2% of Nile Blue A and Neutral Red at both ends to assess the diffusion trends over time. The results
showed that it took approximately 7 days for each dyed individual to gradually cover the 40 m distance and mix
with each other. These findings reveal that when mark-release-recapture monitoring is conducted on the R. speratus
colonies damaging wooden structures, the extent of the colony’s activity area could be measured and different colonies
could be distinguished from each other.
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heritage structures by subterranean termites (Im et al.,

1. INTRODUCTION

2021). The results from previous studies have confirmed

In a recent survey conducted from 2018 to 2019,
in the 2,805 wooden heritage structures, 486 cases of
subterranean termite infestations were discovered, of
which 30% were ongoing. This finding indicates the

continuous nationwide damage to the outdoor wooden

that subterranean termites belonging to Reticulitermes
spp. inflict damage to various wooden structures in
Korea (Kim et al., 2010; Lee and Jeong, 2004; Chung
et al., 2015; Lee et al., 2015). Owing to these charac-

teristics of the subterranean termites, there has been
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an increase in the structural damage to the wooden
heritage structures, and the Risk Management Division
of Animal and Plant Quarantine Agency has selected
28 termite species with a high risk of damage once
domestic termite invasion and settlement occurs
(Korea Forest Service, 2016). Additionally, the National
Research Institute of Cultural Heritage under the
Cultural Heritage Administration and the 23 Cultural
Heritage Care Project groups in 17 cities/provinces are
regularly monitoring the termite infestations in wood-
en heritage structures nationwide. These organizations
are monitoring the subterranean termites through many
methods, such as termite detection dogs, microwave
detection devices, ultrasonic detection devices, video
microscope, installation of wood specimens, and in-
vestigate trace of damages through visual observation
(Cultural Heritage Care Support Project, 2019; Kim et
al, 2019; Son and Lee, 2008).

However, these domestically employed termite
monitoring methods have limitations in monitoring
and controlling the size of the colonies and the extent
of the activity area since the Reticulitermes speratus
colonies that invade via tunneling under the ground
near the targeted wooden structure cannot be de-
termined using such measures. To solve these problems,
in the late 1980s, inspection via monitoring stations
was conducted overseas to detect the foraging territory
to control the termite colonies (Su et al., 1986; Grace,
1989, 1990; Thorne et al, 1996; Tsunoda et al, 1998,
1999) and various colored dye markers were applied
to the collected specimens. In the early stages of
dye-marker research (early 1980s), the marking effect
of Sudan Red 7B based on concentration conditions
was evaluated on majorly affecting species such as
Coptotermes formosanus and Reticulitermes flavipes
(Su et al, 1983, 1988; Grace and Abdallay, 1989).
Additionally, the application of several other dye
markers, such as Nile Blue A (Su ef al, 1993; Grace,
1989, 1990; Forschler and Townsend, 1996; Thorne

et al., 1996) and Neutral Red (Evans, 2000; Nobre et
al., 2007) to Coptotermes formosanus and Reticulitermes
flavipes have been studied since the 1990s. Moreover,
Tsunoda et al. (1998, 1999) applied 0.05% Nile Blue
A to R speratus to monitor the territory of the outdoor
colony.

Meanwhile, to review the dye markers suitable for
monitoring subterranean termites in Korea, Kim et al.
(2014) investigated the survival rate, transfer effect,
and appropriate concentrations of Nile Blue A on R.
speratus. Furthermore, Kim et al. (2020) investigated
the applicability of Nile Blue A on R. speratus. The
key issue is that it lowered the overall survival rate
because the restricted study environment was exposed
to the atmosphere, which is different from the actual
living conditions of the subterranean termite. Im and
Han (2020) used Sudan Red 7B on R. speratus to de-
vise an assessment method that considered the actual
habitat environment of the subterranean termite. However,
even at the highest concentration of Sudan Red 7B,
the dye persistence was shown in R. speratus within
2 weeks, indicating that it was not suitable for dyeing
for subterranean termite monitoring.

Therefore, in this study, the type and appropriate
concentration of a dye marker to measure the extent
of R. speratus territory was investigated using the as-
sessment method established by Im and Han (2020).
The range of the dye markers for evaluating the appro-
priate concentration was between 0.1% and 0.5%. For
the dye-marker evaluation, Nile Blue A, which has
been investigated on R. speratus previously, was com-
pared with Neutral Red, a new marker for R. speratus.
Also, when the extent of the territory of the sub-
terranean termite invading the wooden structures is
monitored using the dye markers, it appears that a cer-
tain amount of time is required for the released in-
dividuals to spread evenly to all areas within the
colony. Therefore, an indoor foraging arena was pro-

duced, and two dye markers were applied to 1,000
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individuals (Nile Blue A: 500 unit and Neutral Red:
500 unit) to observe the range of the spread area and the

mixing patterns of the released individuals over time.

2. MATERIALS and METHODS

2.1. Termite collection and DNA
sequencing

The termite-infested logs were collected from the
forests in Goun-dong, Sejong City and Cheongju City,
Chungcheongbuk-do and stored in containers in the
laboratory. The study object separation method was
modified from the established procedures of Judd and
Fasnacht (2007) and Tamashiro (1973) as follows:
Right before the start of the experiment, corrugated
cardboard was placed in a storage container for a cer-
tain amount of time for the termites to move over to
the cardboard so that they were separated without any
decomposition of logs inside the containers.

Mitochondrial DNA (mtDNA) of the collected sub-
terranean termites was extracted using DNeasy Blood
& Tissue Kit (SolGent Co., Ltd. Korea). Polymerase
Chain Reaction (PCR) was performed using Takara
PCR Thermal Cycler Dice TP600 (Takara Bio Inc.,
Japan) and the PCR primer sets used in this study were
LCO-1490 and HCO-2198. To obtain the cytochrome
oxidase I (COI) barcode sequence of the collected sub-
terranean termite mtDNA, 2x Uh-taq PCR Pre-Mix
(SolGent Co., Ltd., Korea) was used. COI sequence
(658bp) was confirmed with GenBank and BOLD sys-
tem (barcoded of the Life Data System). According
to the results, the termites used in this study were

identified as R. speratus.
2.2. Marking and consumption of samples
containing marking reagents

Based on previous studies abroad, Nile Blue A
(CAS Number: 3625-57-8, Sigma, St. Louis, Mo. USA)

and Neutral Red (CAS Number: 553-24-2, Acros Organics,
New Jersey, USA) were used (Nobre et al, 2007;
Evans, 2000, 2006; Kim ef al., 2020). The sample con-
taining the marking reagents was produced according
to the method of Im and Han (2020). Dye-marker con-
centration conditions for each type of dye in R. sper-
atus were prepared by diluting the dye to 0.1%, 0.2%,
and 0.5% according to the weight ratio (wt/wt), as re-
ported in previous studies related to dye-marker con-
centration on C. acinaciformis, C. lacteus, and R. grassei
(Nobre et al, 2007; Evans, 2000).

The trial arena for marking was prepared as follows:
35g of substrate prepared by mixing washed silica
sand and distilled water in a ratio of 10:1 (wt/wt) was
placed in a 90 mm Petri dish, and the sample containing
the marking reagents was placed on it. Subsequently,
400 workers were added to the arena to be exposed
under forced feeding (no-choice) conditions for 5 days.
These termites were stained according to each concen-
tration condition of the dye markers. Each experiment
was conducted three times, five repetitions were per-
formed for each condition, and the final value of the
experiment was averaged from a total of 15 replicates.

Feeding amounts of the filter paper for 5 days in
line with each concentration of a type of dye were
measured. After 5 days of the feeding period, feed
samples were collected, dried to a constant weight at
60°C in a dryer, and the weights were measured. The
feeding amounts for the concentration conditions of
each dye type were compared to investigate the feed-

ing activities according to the concentration increase.

2.3. Survival rate and retention time of
marking reagent

Survival rate per dye marker type and concentration
condition were investigated. In this method, 25 g of
silica sand containing moisture in the same condition

described in 2.2 was placed in a 55 mm Petri dish.
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In terms of the feeding source, 5 g of sawdust diet
containing a mixture of sawdust and cellulose powder,
etc., was prepared according to Matsuura and Nishida
(2001) and placed on top of the silica sand. Fifty con-
ditionally marked workers, as described in 2.2, were
introduced. The container was covered with the lid and
sealed with Parafilm to prevent evaporation of the
moisture. Aeration and the replenishment of the saw-
dust diet were performed weekly. The number of repli-
cates was 20 for each concentration condition, and 5
replicates were randomly selected each week to check
the survival rates for 4 weeks. Additionally, to eval-
uate the marking persistence of each condition, the
same study arena and marking methods were prepared
as described in 2.2 for 200 workers to be deployed
in each condition. For the feeding source, 5 g of saw-
dust diet was provided per week. Depending on the
time progress and feeding activity, the marking persis-
tence was measured using a stereoscopic microscope
(Nicon, JSMZ800N, JPN). The shoot was conducted
right after the marking at week 4 and week 8 for each
condition by collecting the workers for each concen-

tration condition.

2.4, Transfer effect

Marking reagent transfer between the marked and
unmarked individuals by Trophallaxis was investigated.
The concentration of both the dye markers, Nile Blue A
and Neutral Red, was 0.2% for the marked individual.
Therefore, 30 marked workers, 30 unmarked workers,
and 3 unmarked soldiers were placed in a 55 mm Petri
dish under the same survival assessment condition as
2.3. Sawdust diet was provided as the feeding source.
Petri-dish aeration and sawdust diet feeding were pro-
vided once every week for 21 days, and simulta-
neously, the number of marked and unmarked workers
was estimated and the marking transfer-effect trends

of the soldiers were observed.

2.5. Spread area coverage over time

To confirm the applicability of the markers for in-
vestigating the extent of the activity area of the sub-
terranean termite colony infesting the wooden struc-
tures and the area of the wooden heritage site, the for-
aging arena was produced to measure the spread area
coverage over time of the marked individual. The are-
na was composed of four pathways for each direction
based on the main nest, and each tube was about 5 m
long. For each direction, four tubes were connected
to make a 20 m long pathway, and the total length
of both sides was 40 m, with the main nest in the
middle (Fig. 1, 2).

The main nest was a container of 100 mm diameter
and 110 mm height containing 250 g of sawdust diet
as a constant feeding source for the termite colony.
Furthermore, for up to a height of 10 mm, 3.5% agar
was poured on the top to suppress microbial germina-
tion on the sawdust diet surface to the best possible
extent.

The shelter was composed of a 45 mm diameter and
85 mm height plastic cylinder column with a hole dril-

led at the center of the bottom surface and at a height
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Fig. 1. Foraging arena for estimating the activity area
(A: Release point of Nile blue A dyed individuals / B:
Release point of Neutral Red dyed individuals).
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Fig. 2. Pathway of foraging arena for dyed termite (A: Before termite introduction / B: After termite introduction).

of 30 mm from the bottom surface (Fig. 1S). Shelters
of 5 m each were installed at the corners of the planar
arena as an intermediate habitat. Each shelter was fil-
led with 30 g of sawdust diet to provide feeding
source to maintain the activities. Agar was injected in-
to the top of the feeding head, just like the main nest.
A flexible plastic tube was connected to the hole of
the shelter to produce an artificial pathway so that the
whole arena was connected as a single colony. Planar
arena, which was installed as a screen to observe the
movement of the subterranean termites placed inside,
was modified according to the features of R. speratus
based on a method reported in previous studies on C.
Jormosanus (Su, 2005; Chouvenc ef al,, 2011; Chouvenc,
2018). A transparent acrylic plate of 1 mm thickness
was placed between two 2 mm thick transparent acryl-
ic plates in a sandwich format to produce a space for
the termite individuals to move actively inside. The
upper 2 mm acrylic plate had a hole in the corner
where it met the shelter for facilitating the entry of
the termites. Moreover, 30 g of silica sand (Silica sand
No 7, Saeron Industry, KOR) injected with 10% dis-

tilled water was added to the inside of the planar

arena. This process maintained the internal humidity
so that the individuals can move actively along differ-
ent shelters through the planar arena.

In the foraging arena, 25,000 of R. speratus colony
was divided into 33 groups and placed in the main
nest and shelters. After 25,000 R. speratus colony were
introduced, it was monitored for 7 days to confirm the
connection of the entire area. 500 individuals marked
with 0.2% of Nile Blue A and Neutral Red were sepa-
rated based on each color and placed in the shelters
located at both ends of the planar arena (Fig. 1(A),
1(B)). Through this process, the spread area coverage
of the marked individual for each day and the time
taken to reach the opposite point, which was at a dis-
tance of 40 m from the input point, was measured.
Five replicates were conducted to confirm the spreading
tendency after Nile Blue A and Neutral Red were in-

jected into one foraging arena.

2.6. Data analysis

Analysis of variance (ANOVA) was performed using
the SPSS Statistics program (IBM SPSS Statistics 26,
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USA) on the amount of feed consumption depending
on the type and concentration conditions of the dye
markers and the survival rate for each condition. When
ANOVA demonstrated a significant difference be-
tween the average results of each treatment, different
letters (a-e) were used for marking. For the post-hoc
comparison analysis, Tukey’s honestly significant dif-
ference post-hoc test was conducted. The results of the

analysis are presented along with standard deviation (£).

3. RESULTS and DISCUSSION

3.1. Marking and feed consumption of
sample containing marking reagent

Nile Blue A and Neutral Red were used at concen-
trations of 0.1%, 0.2%, and 0.5% to stain the termites
for 5 days. The results suggested that when compared
with the control group, it was possible to visually dis-
tinguish the marked individuals with naked eyes even
when only 0.1% of both dyes were used (Fig. 3). This
result is probably due to the accumulation of the fed
dye markers within the trophocytes, the cells present
in the fat bodies of the termites (Evans, 1997).

Very few unstained individuals were found during
the 5 days of the staining period, which is thought
to be caused by the pre-molting fasting or physio-

logical reasons (Su et al, 1983).

Meanwhile, in all conditions, every soldier was
marked by the transfer effect from the workers at the
end of the 5 days of the staining period (Fig. 4). Just
like the workers, the soldiers also demonstrated deeper
marker color as the concentration increased since the
workers transferred the marking reagent along with the
other nutrients through the trophallaxis. Also, such a
result is consistent with those from previous studies
investigating the appropriate concentration of Nile Blue
A on various species such as R. speratus, Coptotermes
frenchi, C. lacteus, Nasutitermes exitiosus (Evans, 1997,
Kim et al, 2020).

Even under the forced feeding (no-choice) con-
dition, as the concentration of Nile Blue A and Neutral
Red increased, feed consumption decreased depending
on the concentration compared to the control group
by 76%~88% in the 0.1% concentration condition,
46%~61% in the 0.2% concentration condition, and
18~29% in the 0.5% concentration condition (Fig. 5).
Additionally, ANOVA showed that there was a difference
in the amount of feed consumption between the control
group and each concentration condition. These results
suggest that both dyes, irrelevant of the type, had ad-
verse effects on feed consumption depending on the
concentration of the dye.

This trend is consistent with the findings of Im and

Fig. 3. Marking pattern according to the concentration of Nile Blue A and Neutral Red Deviation (A: Control
B: 0.1% C: 0.2% D: 0.5% / Left: Nile Blue A, Right: Neutral Red).
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Fig. 4. Marking of soldier due to trophallaxis immediately after feeding (A: Nile Blue A / B: Neutral Red).

b

90 e

80
= 70 4
=
£ w
s <
s
g 50
2 a0 g
8

30 d

20

10

o

0.1 0.2 05 0.1 0.2 0.5
Control Nile Blue A Neutral Red

Concentration(%)

Fig. 5. Feed consumption (mean + SD) according to
the concentration of the marking reagent (ANOVA,
Tukey post hoc test, @ = 0.05).

Han (2020), which demonstrated a reduction in the
feed consumption of R. speratus as the Sudan Red 7B
concentration increased. Furthermore, similar results
have been obtained in previous studies when various
dye markers such as Nile Blue A, Neutral Red, Sudan
Red 7B, and Sudan Blue 35 were applied to R. flavipes
(Atkinson, 2004; Grace and Abdallay, 1989, 1999).

In this regard, Delaplane et al. (1988) stated that
as the concentration of the marking reagents increases,
their uptake comparatively rises for the same amount
of feed, which causes a reduction in the intestinal pro-

tozoa and impacts the digestion efficiency negatively.

Also, Grace and Abdallay (1989) stated that such a
reduction in feed consumption depending on the con-
centration could be caused by the sublethal physio-
logical effect and not by the behavioral avoidance of
the marking reagents.

Therefore, this trend of decreased feed consumption
according to the concentration increase appeared to be
caused by sublethal physiological effects, such as the
reduced number of intestinal protozoa, and further
studies are needed to measure the changes in the num-
ber of intestinal protozoa right after the marking of

the R speratus for each concentration condition.

3.2. Survival rate according to the
concentration of the marking reagent

The survival rate of the termites for 4 weeks after
the forced feeding of the marking reagents containing
different concentrations of Nile Blue A and Neutral
Red was investigated (Fig. 6, 7).

For Nile Blue A, all concentration conditions showed
approximately 90% survival rate until week 3. and ap-
proximately 85% until week 4 (Fig. 6). The result
from ANOVA on the survival rate of the control group

and all the other treatment groups for each week in-
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Fig. 6. Survival units (mean + SD) for 4 weeks according
to the concentration of Nile Blue A (ANOVA, Tukey
post hoc test, « = 0.05).

dicated that the significance level was < 0.05 (P >
0.05), which confirmed that there was no difference
in the survival rate for all the groups. This result is
also consistent with the study by Nobre (2007), which
found that the survival rate of R. grassei when 0.2%
and 0.5% of Nile Blue A were applied was maintained
at 90%, with no difference from the control group.

For Neutral Red treatment, the control group and
all 0.1%-0.5% treatment groups demonstrated approx-
imately 90% survival until week 3 (Fig. 7). However,
0.5% concentration condition decreased the survival
rate to 84% after week 4, which confirmed the pres-
ence of a difference between the control and treatment
groups in the survival rate as per ANOVA (Fig. 7).
Therefore, the application of 0.2% Neutral Red to R.
speratus is considered appropriate.

According to the study by Nobre ef al. (2007), the
mortality rate of Neutral Red 0.5% stained R. grassei
was approximately 35%, which is three times higher
than that of the control group. This mortality rate is
much higher than that observed in the present study
(about 16%), and this difference could be due to the
variation in the feeding sources during the 4 weeks
of incubation after the staining. During the study by
Nobre et al. (2007), nutritional deficiencies could have

been caused in the termites as they were provided with

abe ped abe
cde Tz 59 e cde
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100 _"fi_f__x_ —1—{»

Survival rate(%)

1 Weeks 2 Weeks 3 Weeks 4 Weeks

mControl M0.1% 00.2% D05%

Fig. 7. Survival units (mean + SD) for 4 weeks according
to the concentration of Neutral Red (ANOVA, Tukey
post hoc test, « = 0.05).

only filter papers for 3 weeks; however, the termites
were fed with a sawdust diet in the present study.

Additionally, when Im and Han (2020) applied
Sudan Red 7B to R. speratus in the same environmental
condition, the difference in survival rate of the control
and treatment groups was clear after 10 days of
staining. The survival rate of the treatment group was
< 85%, which is a limitation of the application of this
dye. However, except for 0.5% Neutral Red, both dyes
did not cause any difference in the survival rate be-
tween the groups, and a survival rate of > 90% was
maintained even after 4 weeks. In conclusion, it was
confirmed that Nile Blue A and Neutral Red do not
affect the survival rate of R speratus and could serve

as appropriate dye markers for staining the subject.

3.3. Retention time of the marking reagent

After staining R. speratus for 5 days with Nile Blue
A and Neutral Red at each concentration condition
(0.1%, 0.2%, and 0.5%), marking was persistently measured
for 11 weeks while feeding Sawdust diet. Both Nile
Blue A and Neutral Red exhibited a deeper color of
marking as the concentration increased with visual ob-
servation over time. Additionally, none of the marked

individuals in any of the conditions exhibited any
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Fig. 8. Comparison of dye marking patterns by concentration conditions over time (A-C: initial, D-F: 4weeks
later, G-I: 8weeks later, J-L: 11weeks later / Left: Nile Blue A, Right: Neutral Red).
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signs of fading after week 4 (Fig. 8). However, after
week 8, some of the individuals stained with 0.1% of
the dye retained the marking (Fig. 8(G)), while the
marking of other individuals faded. This finding is
consistent with previous studies stating that when R.
flavipes and R. virginicus were stained with 0.1% Nile
Blue A for 3 days and fed with a mixed-wood diet
for 27 days (approximately 4 weeks), the marking fad-
ed and the marked individuals were measured as un-
marked ones (Thorne et al., 1996). However, there
was a difference in the fading time between the pre-
vious study and this one. In this study, the marking
reagents were fed for 5 days, which resulted in a com-
paratively larger amount of the reagent to be accumu-
lated in the body. Hence, even when stained with 0.1%
of the dye, fading occurred only at 8 weeks, which
is twice as long as the 4 weeks reported in the pre-
vious study.

Meanwhile, at all concentration conditions > 0.2%
of Nile Blue A and Neutral Red, no sign of fading
was observed in any of the marked individuals after
week 11, and the marking was clearly persistent (Fig.
8). When compared with the study by Im and Han
(2020) that showed 1 week (7 days) marking persis-
tence of the 2% Sudan Red 7B, which was the highest
concentration condition applied, this result demon-
strated 11 times longer durability of the marking reagents.
Therefore, the application of Nile Blue A and Neutral
Red at 0.2% and 0.5% concentration conditions on R.

speratus is suitable for the visual observation monitor-

ing for the range of the subterranean termite colony
areas. Thus, it is possible to apply the mark-release-re-
capture (MRR) method for monitoring via monitoring

device round wooden structures.

3.4, Transfer of the marking reagent

Transfer effect through nutrient exchange between
the marked and unmarked individuals in the same colony
was measured (Table 1). Since there was no increase
in the number of individuals stained with Nile Blue
A and Neutral Red for 21 days, there was no transfer
effect through trophallaxis. Furthermore, soldiers
placed together did not exhibit any transfer effect.
Similar results have been reported in a study by Evans
(1997), which stated that once the marking reagents
are accumulated in the lipids, transfer effect does not
occur through trophallaxis.

Meanwhile, Nile Blue A and Neutral Red markings
were retained by the individuals even after molting
(Fig. 9). Since the fed marking reagents were dissolved
in lipids that constituted the fat body of the termites
(Evans, 1997), marking did not fade even after molting.
In conclusion, while marking R. speratus with Nile
Blue A and Neutral Red, the workers can transfer the
marking reagent via nutrient exchange to soldiers.
However, when the dyed workers are placed in the
colony with soldiers, there is no transfer effect
through nutrient exchange between the workers and

soldiers.

Table 1. Change in the numbers of dyed and undyed R. speratus workers after mixing thirty workers fed Nile

Blue A or Neutral Red

Number of Dyed: Undyed Post-Exposure
Marking Regent Initial 7 days 14 days 21 days
Dyed Undyed Dyed Undyed Dyed Undyed Dyed Undyed
Nile Blue A 30 30 29.740.5 29.3+0.5 28.7+0.9 29.0+0.0 28.3+0.5 27.7+0.5
Neutral Red 30 30 29.3+£0.9 29.0+0.0 28.3+0.5 28.3+0.5 28.3+0.5 28.0+0.0
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3.5. Spread area coverage over time

Five hundred marked individuals were placed in a
planar arena with an R. speratus colony of approx-
imately 25,000 termites to investigate the speed and
area of spread of the marked ones (Fig. 10, 11). It
was observed that the marked individuals moved a dis-
tance of up to 5 m within a day. Within 2 - 3 days,
these individuals spread over a relatively wide range
of up to 25-30 m, and a mixture of Nile Blue A and
Neutral Red stained individuals released from each
end was detected (Fig. 11(B)). After 6 days, the spread
area of the marked individuals was 35 - 40 m, which
is the whole area of the arena.

Restricted laboratory conditions with limited foraging

40

30

Distance (m)

1 2 3 4 5 6 7
Days

Fig. 10. Foraging range of marked individuals over time.

Fig. 9. Molting of dyed worker (Left: Nile blue A / Right: Neutral Red).

arena space and containing a colony of approximately
25,000 R. speratus are different from the natural conditions
of the R. speratus colony in terms of the number of
colony members and the size of the habitat. Also, careful
interpretation of this study results should be made
since the length was measured in one-dimensional
plane space. In contrast, the natural condition occurs
in a three-dimensional range of area. The subterranean
termites move around in the range of the colony area
by tunneling in nature, and this study too observed
the pattern of spread of the marked individuals
through the tube connected to the planar arena over
time. Thus, it could be concluded that the result of
this study is not significantly different from the activ-
ity patterns of termites in their natural habitat.
Tusunoda (1999) reported that in nature, the R.
speratus colony has an area range of approximately
10 m in a linear distance. However, previous studies
(Paulmier et al, 1997; Grace et al., 1989; Grace,
1990; Su, 1993; Vargo, 2006) on Reticulitermes spp.
other than R. speratus measured the foraging distance
of colonies using dye markers in the field, and the
reported linear distance varied from 30 to 122 m, de-
pending on the size and species of the colony (Table

2). According to such results, it is most likely that the
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Fig. 11. Foraging pattern of the released dyed worker.

Table 2. Comparing the results of a prior study in the foraging distance according to the species of Reticulitermes spp.

Species Foraging Populations Foraging Distance Journal
- 23.5m Vargo, 2003
- 30m Vargo and Carlson 2006
720,000 ~ 940,000 41m Grace, 1990
R flavipes
20,000 ~ 5,000,000 71m Su et al., 1993
1,761,170 ~ 2,407,268 48m
Grace et al., 1989
2,581,197 ~ 3,793,879 79m
R hageni - 30m Vargo and Carlson 2006
1.070.000 ~ 1,330,000 65m
R santonensis Paulmier et al., 1997
216,000 ~ 244,000 40m
- Sm Nakajima and Mori, 1961
R. speratus
109,400 ~ 466,400 10m Tsunoda et al., 1999
\Y 2003
R. virginicus - 122m ago,

Vargo et al., 2006

linear distance of the extent of the activity area for

R. speratus colony in nature is > 10 m.

4. CONCLUSION

It was confirmed that when different concentration

conditions of Nile Blue A and Neutral Red are used

to dye R. speratus, the amount of feed consumption
decreases as the concentration increases. However, the
body color is deepened since more marking reagents
are accumulated in the body. Also, after assessing the
survival rate, marking persistence, and transfer effect
while feeding the termites with sawdust diet, 0.2% of
Nile Blue A and Neutral Red appear to be appropriate
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for staining.

Termites stained with the two dye markers selected
in this study, Nile Blue A and Neutral Red, could be
clearly distinguished with visual observation. Thus, if
individuals are collected from each end of the area
where the subterranean termite infestation has been
confirmed and marked with different dyes and released
(application of MRR method) in the same way as in
the foraging distance experiment of this study, it is
possible to check the same colony according to the
presence of the mixed marked individuals.

In the laboratory environment, the marked individuals
were observed to spread to a distance of up to 40 m
in 7 days. Therefore, when calculating the activity area
of termites colony around the wooden structure through
the monitoring device, it is necessary to observe the
diffusion of marking units by recapturing them after

sufficient time has elapsed after Mark-Release.
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APPENDIX

(Korean Version)

Reticulitermes Speratus ¥-A|2] RUEIL 3 G X2k AA 9
o|F uF) & 3 #A 7+ AE

2E . Y BEXAZES 71elieke A5 SN0l Reticulitermes speratus T-A12] F W AP 3t A A
A4 9 A A BHE AATEEGT Sawdust dietE o83 7HrA] HoF A3, QAR FETL FUVEEE AARRE A

FAE L Mol AMel A XS AYtale fle AoR SRIESITh o]o] whe} Nile Blue A9} Neutral Red 2+
02% 5% 27| R speratus A9 99 BUE P A9 et AGH) o|¢} tlEo] Ay 2704 A2t 40m
Z0]9] foraging arenaol] oF 25,000u}8] ZA|E A41A17] F, Nile Blue A9} Neutral Red 0.2% =2 Z17F M= AAS
& & Zof WAkl Azt el whE A AR welstoitt 1 Aat A A7 7Y HEE 7|7kl 40m A7 HA
Hog A o]Fste] AR Aol Aol ERIEGI. olF Fdl BExUSFE FUHE R speratus LAE WEORE
Mark-Release-Recapture(MRR) H-& 0|83t HUE S AAIT 9, #4|9] g9 S AT 4= 9lom, A& t& &4
9] AMr 7453 Zojtk

1. ME

U A4 A S7Wu|Ql Reticulitermes sppa= = H 2] ERAFEES AEAT]L 9l Ao] o] A A+ 21t gols
QItHKim et al., 2010; Lee and Jeong, 2004; Chung et al., 2015; Lee et al., 2015). =3t 2L 31| ool A= 2018d~2019¢
7|Eo ' A= 2,805709] 2Lt BREIHAY 5 4867104 A% S0 TlefEo] WAEUOH, o] F oF 30%= 77}
3 F1 A2 ERlgo| wel A=A o2 2% Sfmof gt ofe] HxgapAe] walj7t glstA A8 F91 AR uhetE|gl
THIm ez al.,, 2021). o|2J3t A5 S7jw] 9] 54 wizo] H205E0] F22Q1 izt soldol whet Ao 25 ze]atolA
= =AY g AZ AL g fFel 2 LAY An| 28%F-2 A48k S (Korea Forest Service, 2016), #3H)% 4ls}
SHESA AT At 174 Al - & 2370 B3] EEARY T Aae] BxEs Su] w3 7] BUEYS Ak
Atk &g 718E2 S A4, S2duk 'R ], 253 g4 AH], Video Microscope, T o|27] A3, 7ha)&
20} #(Cultural Heritage Care Support Project, 2019; Kim et al., 2019; Son and Lee, 2008) 5= A5 &7|n] ZYEH
g ot

-

SEANE ol2gt Ui A8 X5 ] RUHY WRHEEE t 5205w Y A5l HE98E S Idste R
speratus TA| 2] FAZ AT = glo] HYE A ¥ w9 BUEHY 9 Ao AL ik olett ZAIKEE s A
9lsto] 1980t FRHAE FejollX= S| Ao HAIE 5t L5 B (Foraging Territory) ZHol-& 9ol HUE g AH|o|
AL o] 83t 2AME A3 I(Su ef al., 1986; Grace, 1989, 1990; Thorne ef al., 1996; Tsunoda ef al., 1998, 1999), o]
BN HHE HAE ez ohgrt MY HMoK(Dye marker)s 2-&5k3ch GAF A 27|9E 1980d tholl=
Coptotermes formosanus, Reticulitermes flavipes 52| 9 93] 25 A2 & Sudan Red 7BO] =4 28 A7} A3y
ATHSu ef al., 1983, 1988; Grace and Abdallay, 1989). ©]% 1990t 5-El+= Coptotermes formosanus, Reticulitermes flavipes
o] tha}o] Nile Blue A (Su ef al., 1993; Grace, 1989, 1990; Forschler and Townsend, 1996; Thorne ef al., 1996)¢} Neutral
Red (Evans, 2000; Nobre et al., 2007) 59| o&] QM A|oFof tfgt &84 o7} A= ict 28]l Tsunoda et al. (1998,
1999)2- Reticulitermes speratus©l| T3} Nile Blue A 0.05%E %]-g3}o] o9 A9 d9o HUE L AA5Fch

S Bl A% Slo] HUEDS Siak A Aok A3t Bstel, Kim er al. (2014)0] R speraruso] th) Nile
Blue AE ZA83lo] AZRE, #o|d, AR Fr Fof tsle] HESITE E3F Kim er al. (2020)% R. speratus©] T3} Nile
Blue A%l %8 71548 AEsgO, A7) AZA0SY B BATE G2A thrlo] w2 AR Bl Aol
AP o2H HAtd o g PEFo| W7 Hrie|rk= SHAE 7FX AL §irt. Im and Han (2020)-2 R. speratus®] ?3f Sudan

o

2 ol
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Red TBE 243+ AAold A% SAvlel A4 84L& mett B7h gere stk shAw 97 o2 284 Sudan
Red 7B R speratuso] 3] 231 5= ZAAE @4 4] 717k0] 27 olakz vebde] uteh S gl A
orgol SelEjoik

ueh £ QoS R speranus®] G 9] Aol A 94 Aloke] F79t 44 S Im and Han (2020)0]4]
HY B/ el utek shorstaa shich B2k ol G Aloko R Ha QTN R speranusol] 2§55 Ho] gl
Nile Blue AS} o}&)7tx] 2188 Hjo] ¢li= Neutral Redo] tha} w]i ZESIsck. 573 52 siotshs] 9lste] G4 Alofe]
FEL 0.1:0.5% WSS A83Hch oloh o] GACES ol 83 BAAZE 99 A% WA 2R G Wl BUHY
A, WA RS ] A W BE Qelo] 127 SkE A4 Azte] Wa Ao ARHr). o2 9I3) Ay Aol
foraging arena AR5 AR THE G AAE WAstol Ak Hutol WE R sperarus @4 AAY B W9l R £
WS BESTA T,

2, Mz 3 diy

2.1, A5 &7u] Y7 L F 53 (Termite collection and DNA sequencing)

AFSUAA ) TEE U FHEE B2 3 AolA] Dol g Astel A7A o) m §7]0] Bl
Aol AHg-" B0 HFHE-L Judd and Fasnacht (2007)2} Tamashiro (1973)¢] WS W ste] thSa} Zro] Helslglck.
Ag A2 Z -] B3 27] Yof 2| (corrugated cardboard)E A 7]7F Yoo A n|7t LHAR SAVIER o @M
£7] W) B1o] ) glo] ] w7} AsIES el

P8 A% 317]u| 2] mDNA(P] E2E 2|0} DNA)= DNeasy Blood & Tissue Kit (SolGent Co., Ltd., Korea)S ©]-&3}¢]
ZFZ3I%tk. PCRE Takara PCR Thermal Cycler Dice TP600 (Takara Bio Inc., Japan)¥} LCO-1490 ¥ HCO-2198 zto]m]
M EZ AMESHITE -3 A= 3l7u]of st mtDNAQ] COI HZE A Y-S A7) 93 2x Uh-taq PCR Pre-Mix (SolGent
Co., Ltd., Koreay= AM-3}21t}. COI A 2(658 bp)S GenBank 2! BOLD A|AE|(AH tlo]g] A|AE|0] HlT=)S E3) Sols}
fom, 54 A, Ao AgE XS AT R speratus= F7E ATk

2.2. X% 37u] FA (Marking and Consumption of sample containing marking reagents)

9] A1) 5 #=x3}o] Nile Blue A (CAS Number: 3625-57-8, Sigma, St. Louis, Mo. USA)%} Neutral Red (CAS
Number: 553-24-2, Acros Organics, New Jersey, USA)S AF8-5}%tHNobre et al., 2007; Evans, 2000, 2006; Kim et al.,
2020). 57} (Marking) & 912+ %141 A== Im and Han (2020)3 2081 AoIL00, R sperarusollZ] 245 Gk 552
Fr AL A3 AFANA C. acinaciformis, C. lacteus, R. grassei Eo7] 245 =& ZARIY] 0.1%, 0.2%, 0.5% (Nobre
et al., 2007; Evans, 2000)2 Feul(wywiol e} 3]45te] A|z3igc).

OIS 9 AR B T3 o] ARec AFT A2zl WES ER%et 10:1 (wwe] VST daet 717
(subsate) 35 & 417 90 mm Peti<lishol] S 7 $10] GHOKE: T3 AR Sk, ofF A8 0] 2 A 4000}z
2 BqJsto] 59719] 74 AA(No-Choice) ZA0E w230 2 A7Au]7L 55 24 Aslok] o3} GHE=S s,
A AME 3R R 53] AAskglon, & 15 RHEY 43k Hatcto] Aupghs Lokgith
sjoro] .52 510l wje 59 Fe 141K 8 AR (fier papen)E TPFO.R A4S STk 5U 594 414)
Ad & o] A& Aol Ax7|oA 60°C 2O F=F7HA] 7AxX3 §, FF S48tk o] gaod 5
e AT vnse] FE 27l UE 44 AL lskud s

o
rlo
BN
¢

)}

. A= than |
Aoko] 22 =i 7o 2 AJZE(survival rate)S 215 tt 55 mm Petri-disho]] 2.29} 53 A2 =82S

baiee
Fafelo] 2123t Sawdust diet 5 g2 Aal7} A= 9lo] Hojglo 2 EQlalgiet. 22014 A
FYAAT F4E dal g E0 8 Uasto] §7] WY a8 S8 AASIh 15 1402 Wgs Fof ool
! 2403 Sawdust diet F5HTh 2 5E 22 W i 203lo]n), FAEE Y oI Beh 450 HERS

olgh Tio] @ure] FR| ME = 22 §x2L s Sisto] 229 @4 W UY 7S FAA T4l
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S 2AME FQIott YoYU o & Sawdust diets w5 g¥ FASHATE A7 A W Ho| Ao

o2 A frAEE AR )% (Nicon, JSMZBOON, JPN) .2 2Relstich. A 2AE2 G 25, 4, 854} sk 2=
[e]

=

2.4, GA Zo] (Transfer effect)

Q1 hAlo} 4 2] A 7t Aok Trophallaxis)ell o3 @4 Ho] 55 Shelakaict. @Al AA|e] 4 =L Nile
biue A%} Neutral Red 5 02% 55 2713 A5ko] ALAIstelch. 908 ajo] 300telel Bqel lopv] 300ke), 23l
W7} 30215 55 mm SEe] ci4jo] 239 AEE B7leh FU 2ol FUGAT Ho|AOT Sandust dier i1
th 219 F2t 7Y 7HA o R HER t]4] YR ofofg o] Yl Sawdust diet Fol& HATT FAlol HME vt FAA
Al AA 5 AS D BAEW Y G Ho] ot st

2.5. A7t Z3}o] w2 Al F (Spread area coverage over time)

szpp) 20 9 Aol $05 A% Wie 2] BE d] A4S ol BLEE Qalore] 48 THAS TRIE]
$19] Foraging arena A/4tsto] @14l Ao} Ak 3ol uhe: Tk WIS SHISHSITE. Main nestS 71502 aafo
449 oblve skl REIF OF 5 mo| Zojolt}. g Wk 4710 REHE dZAE|o] F 20 m&] Zo]o|il Main nestE
V|Eer FEY F dol= 40 moltiFig. 1, 2).

Main Nest®] 7%, 217 100 mm, %°] 110 mm®] &7]°] Saw dust diet 250 g 2] dol 27ln] A9 A|&2Q] Holgloz
A8tk L flofl 3.5% agars $£0] 10 mm FHE o] Saw dust diet®W O |YE o5 Fhgt AAskilch

Shelter= 217 45 mm, o] 85 mmo] 228 YFdy AYCR vy S} vigH O 2REH 30 mm o] X3
hole < E)ckFig. 1S). Shelter'= 5 m 7202 438 Planar arena®] 2AJ2] ¥2of Hx|5o] Z7F A414 3he Sagict.
Zt Shelter o= Saw dust diet 30 g2 ¢ go] F8E Ho| IFF 2 FAS FASHEE sh¢lch o] A& flol=
Main Nest®} 52317 agarE H-3lth Shelter 3™ holed]| &= flexible plastic tubeE A ATI] QF2]2] o]FEZE WE]
ol HAZE shte] THE AAHES shic.

Wil f-4E A5 duY] AU WET 4 Qli= Screen?l Planar arena= C. formosanuss /g o2 3H A
974Su, 2005; Chouvenc ef al., 2011; Chouvenc, 2018)2] A& ®Hol| we} R speratus2] A4] EA0| 2| HEsto] A&l
o} 2709 2 mm FA B9 of2d IR x A|Z 150 mm x 150 mm) Alelo]] 1 mm T of=2d #E AMEL]X] P2
719 R A Se] BT 4 ol BT S| 2k 915 2 mm o} o] 2, Shelters} HaH 3iLo]
hole 0] €177} U2 §U 4 L= e1%ih Planar arena Uhitoll %o oF 10% SR8 I Aelr} A=
(Silica sand No 7, Saeron Industry, KOR)E 30 g £43}3t} 0|5 53 UE 55 YA AXA1A 7§AE°] Planar
arenas 53l g shelterg Autiym] A3 7]7F ¢ S5 & 4= J=ES 3k

Foraging arena©l] R. speratus colony 25,0009}2]& Main nest ¥ Sheltero| 337} 1502 e FUsHTE 74 5o
Foraging arena 2|7} 9244E w7} ZYE P33 &, Nile Blue A2} Neutral Red 0.2%2 FMSH 7§14 500u}2]E Planar
arena®] O Shelterol] AP3S 510l 2t2F =ateirkFig. 1(A), 1(B)). o1 $a bl 4 7jHe] et wieje} =)
A} vl A" el 40 m7bA] 9] =5k 7|7 Eelsk3ith 1709 Foraging arena Nile Blue A%} Neutral Red& ZH2-
FEQuste] 2k AgS Glshs WHer F 53 BHE AHSISIC

[

ol

2.6. d|o|E 4] (Data analysis)

GAore] 22 Ul e AW AR AR, B 208 YELE YA R SPSS Statistics EZ1(IBM SPSS Statistics
26, USA)Z AM-5H9] ANOVA 418 AA31IR ANOVA £4] 2] Bt 7ol ool 9le AF AR HE B e
FABFGIT AR Bl WS Tukey HSD post hoc $35t3itt 4] A= Bt + EFHAKStandard Deviation) 2 LERT.

o]

3. Znt  u¥

3.1, GA oFAF 9 A&7 JA)%F (Marking and Feed Consumption of sample containing marking reagent)
Nile Blue A9} Neutral RedZ 0.1%, 0.2%, 0.5%%] %% Z7ACE 5¢U 7 JAAI7] A5 B2ast dute o) 2k 2717
QtloF B Y2 HLE ), 0.1% S ZUONE RekeR 98 AAle] Ta0] F5ackFie 3). ol AAE Alefol
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S7hu] AW fat body] -4 Al2ES] trophocytes®] 2] A(lipid)oll ot A= o] Z2Hol w2 A2 wHTKEvans, 1997).
59U 7k GA 7171 B B A 2R olA S48 B A7 A E YL, o]+ 29 H(pre-molting) T (fasting)
Ex= YA olf HEQ] AoE AHETKSu ef al., 1983).

o A 7Hul(soldier) 2] 4%, EE A 27104 5Y 7+ A Soll= Ufu]et SUEHA A= SickFig. 4). ¥R =
Ufmlof mVIA 2 NE R A4E 3 sk dME o, ol dn|7t Ao A JFusto 2 JFdT} T
G Aok AFal7] wjiolct w3t o] 2|3t AX= Reticulitermes speratus, Coptotermes frenchi, C. lacteus, Nasutitermes
exitiosus 5 A S Z Nile blue A9] A% 5 ALt A8 19 Ao} UX|scEvans, 1997; Kim et al., 2020).

Nile Blue A9} Neutral Red 25 5 =7} 27}t wet 734 A Al(No-Choice) ZAY o= T 2t2] 212 tiu] 76~88%
0.1% %= =H), 46~61% (0.2% 5% =4), 18~29% (0.5% = =) JE=2 JAlFFo] 74 ko] gkl w I thFig.
5). 3t ANOVA 54 Aol N dixatat 52d A2kl Zo|7t §lgol RlE|glet. ofof uhe} 271x] @Ajek mE o
FHGol R speratusol| A F& St WE AARF Favt ehd AoE ddEch

o3t H& Z7o] g JAE] 74 Z3FS Im and Han (2020)9A] R speratusE 4O & Sudan Red 7BE HE=
A7 Ao} AA|gic) E3E R flavipesE HJAFC & Nile Blue A, Neutral Red, Sudan Red 7B, Sudan Blue 35 59
clokst oMoke. 23k M8 Alo A FUst A7y} EHQlw 3t Atkinson, 2004; Grace and Abdallay, 1989, 1999).

olo] tsll Delaplane et al. (1988)= @ A|¢F9] s F7to whet Y AR AT tie] Adidoz e G Ao
AFE sl W A5 E(intestinal protozoa)©] AstHA 43} A&o] ol o whE Zoj2tal Agatsich olet gl
Grace and Abdallay (1989)% WIIZIA| 2 57t 71| whet tixatie} Aol 3 24 dashs daks g4 Al
tfgt 7]3] HH-3(Behavioral avoidance)o] o} AJE]& & i(sublethal physiological effect)Q] A2 FdE T 3} TH

webh QA we Frto| whE AR s AU A FEY Aat T2 A Yl ofgt Ao wrhEw,
FE AfolM= R speratus WA BN AT, & F7to] whE AW AATEY o] 2l oY Zor HErh

3.2. AZ=8 (Survival rate according to the concentration of the marking reagent)

Nile Blue A%} Neutral Red 36184 512 2203 AIRE 24 44 A7) 3, A7 430 12 2rjv]o] 42ee 4577
ZALSF THFig. 6, 7).

Nile Blue A8 9, B T 20X 37742 oF 90%, 472 0ll= oF 85% o9 &S UehllthFig. 6). 2
FAE Q27T T 20 YEEE ANOVA E43 23}, BE 204 {9 & 0.05 ueh(P > 0.05) 2.2 2l & o]
23 7 5 A5 Azg) Aol7h §o] BHlE|9ITh ol Nobre (2007)2] Azhe} o] 353} 744 R. grasseiol
thsh Nile Blue A 0.2%2} 0.5% 5= 279 AE&0] 90% ol F22 FAHH 2 2ozt gd Axel dA|jich
weha] 2 B71e] AT wet R speransE 0.2 Nile Blue AS 283 42, 0.5% 1= 24714 @alefo] olat Az g
9 glo] Aol s Aow BuH.

Neutral Red®] 7%, 35471 223} 0.1-0.5%] LE & 2 A oF 90% o|Af9] AEE-S LrelHicFig 7). sHAI%
0.5% 1= 2719] 790tz 4737} AR HEE0| OF 84% HEZ M50 ANOVA B0l 223} 18 7+ 2]z}
120 Bl % th(Fig. 7). wWabA Neutral RedS R. speratusol| | 248 74, 0.2% 5= 247N 283l= Zo] vz
S Ao AtrEch

Nobre et al. (2007)- Neutral Red 0.5% 2702 MGt R grassei®] AFEE0| th2L2) 34 o]AFel oF 35%etal B 15k%]
T, 2 Ao AuoF 16%) ek A Eolth olejgh AEEo] 2 Aol FA o 43:0] HI%F 7|7 Fto] Ho] Holo]
71918 20 2 BEHETh £ ATOIHE Saw dust dietS HHOLL Nobre 5] G041 3% 5ok Bejsfo|sjuie wglo 2y
G AWo] WAL AOR FAUh

ole} ¥%o] Im and Han (20200014 5 87 270 Sudan Red TBE R. sperarusol A 2183 27}, @4 3 109
Sof| Ag th2at o] YEE o7t FHskA vrehn 85% n|gte] HEES ol Hgof A 7F A%tk SHAIRE Nile blue
A 9 Neutral Red®] 7 9-o+= Neutral Red 0.5%% A 2|3}l 457} F skl = AEE0] 90% oA A5k o) 2+L1}
£ Holg Holx ¥yrt AEH o2 Nile Blue A Y Neutral Red= R speratus?] AZ&0| TS 7|34 P& Aoz
selslo} Q4] Aoko.2 2go] 15T o2 BuHr,
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3.3. 9™ A< 7]7F (Retention time of marking reagent)

R speratusE 59 7t Nile Blue A, Neutral RedS 5% Z27(0.1%, 0.2%, 0.5%)0] w2} JMAIZ] F, Sawdust dietS 4]4]A]7]
w AP @A A4S 1137 lsteith Nile Blue A9} Neutral Red HF & F27t 571845 AlZF Aol $of e
St A B AL Aol ERlE Qi) 0]9f BlEe] HE 2704 4 A} Ao HM JfH| S| AA fadingo] HEFE]A]
ASkTh(Fig. 8). LU 8571 ATt T, 0.1% F& oA djFEY A9 HMo] {2 = AXTHFig. 8(G)), L+ Al A
o] fading F T} 0|23t A}+= Nile Blue AS 0.1% oA 39 59 AMAIZ] R flavipes®?} R. virginicus | 7] mixed
wood dietE FJAAIZ] 2] 279(¢f 45) Foll= FAY NARE ASE v fading=| kil AHg F2E3F YA gcK Thorne
et al., 1996). SFA|NE & A Aol AFY A9 fading T2 A7 A 2po]7} gRlE ek & ALY AY AAEY] B¢
S0 <E QRS HAAZ] Thel] ATHoR Be d8joro] Aol ZAEIUT, olof wet A ] 4ret 20)
70 8% AT 50l 0.1% S5 A0 ANo| fading ¥ A0.2 BeE

A 0.2% o9 F& oA Nile Blue A9 Neutral Red &5 115 o] ok 4| A (Ao A A fading §lo]
S A4 AREA B8lo] 445 ek Fig §). o]e AT Sudan Red 7BE FEHE 283 Im and Han (2020))
AellA] HA FEd 2% o] 15(7Y) Fe] A&AS Zhe A vwd o 116 o]4de] 71 A& Zh= Aol

olo] u}2} Nile Blue A2} Neutral Red®] 0.2%2} 0.5%2 FXMAZ] R speratus+w= SFHES £t 2|35 37u] 249
9 He ZYEH] A8 ¢ 3lE Aor wdd &, BEx0%5E FH HAE 275 L83 -
(Mark-Release-Recapture, MRR) W& 53t YE|F) o] 71&3]th

3.4, GA Zo] (Transfer of marking reagent)

Fo FANA 94 A BAe AR 210 deFmao] o3 @4 o] wakS HelsHrkTable 1). Nile Blue ASt
Neutral Red 55 21919] 717F 5+ @A) A|319] %7} opapo] Bhalsl 4] shol Gofmato] |t #lo] &b} glolch w9
A FRIE B HAAN oA HolEA] eigkeh o]eF T A= Evans (1997)7F @A oFo] 2o F4-F o] &2
Folle Fgugtol g M Mozt WAHA derh AEE duet AR

QaoES. B17hu] AU fat body S TASHE 2| (ipid)el §3h=lo] Z2%7] WEolEvans, 1997), G4 A Slat Follw
8 whgo] Qofubx] oH= Ao Bt

AZ2Zog YA A|%F Nile Blue A9} Neutral RedZ R. speratusS G 3L, A7ful7t GA A|eFS A4]8h= Fotol=
Pk Foll HAME A G AerY Aozt hEsith s FAE dAuE WAMNRTE e Al AT B

A=
Qmle} W uizte] Qjormato] ofat Q4 Mol lofuba] gt

3.5. A7t ZA}o]| wE EAF 9 (Spread area coverage over time)

oF 25.0000}219] R speratus A7} £V planar arenao] S00ut2]9] A ] EeS ol AlZE Aol uHE @A) A5
A & 9 S ZARSFGITHFig. 10, 11). 1 ojyjo] 5 m ¥$I7HA] F4E G4 hA50] ol &dhe A& Ikl
o]% 29 - 3¢9 o]Ho] 25 m - 30 m7}A] v A WE HE NAFo] SALEHA o8 Fo HAME Nile Blue A9} Neutral
Red A4 744 7+ &3to] gl lrhFig. 11(B)). 6 olFoll= AA 7HA7L 35 m - 40 me] A H$I= A=k

A4 2709 Foraging arena®] AgHAQl 37kt oF 25,0000t2] HEo] FAR H7hg s A2 Ad AHY R
speratus <A 9] 7WH| 4, HAH Q] A7) GollA Zol7} & 4 Aok EIF W A= 14 B 37 Aol SHE 5T
St wigloln g, ZulR A AE Y] 3A4LAR g9 MR sjMst= AL AASoF Pt AAA M E XF Av]=
Eldge Foll @499 A9 99 H9] ol &&e]aL §irt. & Al planar arenaE Fo FEE 3l o]ol7l ol5EEE
ol GA A7} SHabels Heke AlRE el whe &gt Aojth whebA 2 AR Ak A AJE1Y] A% DA FAelA
Ueht= 87in| o) g5 P & Zol7h §lE Aer wdtEch

%t Tsunoda (1999)= R. speratus <-A|7F A+ AFefoll 4] AAA=R ¢F 10 m HE0] 9 [ Z=rhal Bushgich
SFAUL R. speratus 20 +9]9] Reticulitermes spp.2 WA 2 SR ol A GMokS 0] 83t 14| T 9] foraging distanceS
AP A8 A7 (Paulmier et al., 1997; Grace et al., 1989; Grace, 1990; Su, 1993; Vargo, 2006)]| A= A9 2719} o
w2l A4 AZ]7F oF 30 m - 122 m7HA] thoFshA R E QIt(Table 2). o]& AWER v|Fo] B uf R speratus A2
Aol AaANA Y S Hee FAA 10 m Btk © A%E 7FeAe] tk
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IN]
rhu

eratusZ Nile Blue A%} Neutral Red2 552 2ejato] gt A7), @ajoke] B Z7lato] we} A|go] Az
Ao o B g RS0l AWl &4 = o) AM(Body color)o] % of ATt 3 Saw dust dietS w5}

S

F-V#FPN Ig R
‘ﬁu

s
Nzg A&A, Ho)dE Hrlst A3} Nlie Blue A2} Neutral Red =5 0.2%9] =2 FMsH= Ao| 713 AA-st Ao 2
oo

ol¥l AFE Fto] AE HA AF(Nile Blue A)T} A4 A H(Neutral Red)?] 27F2] FA G Ajofoz Mgt HAE2
S WA= FElehA -tk nheba] offl A9 foraging distance HE W FUSHA A A7u]9] F-4lo] EH
GO JE TolA AR NAE AdE Felsto] FARE F AARITHA(TH] Tl MRRY 2-8), A4 A ¢] £ -5l
et U FA RS geld 4= Qi

AR oA G AHA7E 7 A=) 717E el 40 m AR7ER] HRH o & gt o] Fdl= Aol BRIE T webA
AA B5205E FH AJ27E B3l 99 4HS & dols, ATl ARE R G D AEAE 3 ks 913 SRt
AlZto] Zaket o] A AfH 9] gt o fE THEkstolof gt

- 534 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


