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ABSTRACT

The dye marker Sudan Red 7B was tested as an effective and appropriate marking method for searching the territory

of the termite, Reticulitermes speratus, in Korea. The sensitivity of termites to the dye marker was evaluated by measuring

the feed consumption amount, survival rate, retention time, and transfer efficiency of R. speratus according to the

concentration and feeding period of Sudan Red 7B. As the concentration conditions of dye marker increase, Sudan

Red 7B remarkably reduced the feed consumption of the termites. The survival rate was not significantly different

from that of the control group (more than 90%), except when feed containing 1% or 2% concentrations of the dye

marker was given for five days. The duration of the marking effect persisted for seven days, even at a concentration

of 2% dye marker in the feed. No dye transfer by trophallaxis occurred between termites marked with Sudan Red

7B and unmarked termites.
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1. INTRODUCTION

The representative termite (Reticulitermes speratus)
living in Korea is a subterranean termite, which in-
flicts structural and aesthetic damage by accessing
wooden structures and wooden cultural heritages
through the ground. During the renovation of Treasure
No. 1742, Jeongjagak in Sungneung, Donggureung
(Guri-si, Gyeonggi-do), in 2019, damage from termites
was confirmed on the walls and top. Accordingly, it
was decided to dismantle and repair the entire

Jeongjagak in order to repair the deteriorated and dam-

aged members of the entire building (Cultural Proper-
ties Committee, 2019).

Currently, regular monitoring is being conducted on
important wooden cultural properties in Korea to diag-
nose damage caused by termite infestation(Cultural
Heritage Administration, Cultural Heritage Care Su-
pport Project, 2019; Chung et al., 2015; Kim and Han,
2019; Kim et al., 2017; National Research Institute of
Cultural Heritage, 2020). The National Research Insti-
tute of Cultural Heritage conducts annual diagnosis of
termite habitat status using termite detection dogs and

investigations of chewing marks through visual ob-
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servation for national treasures, treasures, national folk
cultural properties, and historic sites (National Re-
search Institute of Cultural Heritage, 2020). In addi-
tion, the Cultural Heritage Care Project Group regu-
larly monitors the damage caused by termites through
the installation of wood elements, diagnosis of in-
vasion and attack using microwave detection devices
and investigation of chewing marks through visual ob-
servation for wooden buildings among regional wood-
en cultural heritages (Cultural Heritage Administrat-
ion, Cultural Heritage Care Support Project, 2019). As
of 2019, a total of 23 cultural property care projects
are active in 17 provinces nationwide. non-destructive
techniques such as ultrasonic waves, portable micro-
scopes, and temperature monitoring were performed
on wooden structures attacked by termites (Son and
Lee, 2007, 2008).

However, Subterranean Termite has a habit of mov-
ing by forming networks in the ground (King and
Spink, 1969). In the case of an urban area, it is very
difficult to investigate the size of the colony and the
extent of its activity area because it is impossible to
observe with visual observation because the passage
is extended under a paved road in contact with the
ground or with wood elements (Grace et al., 1990).
As a result of the research on the excavation of the
Reticulitermes speratus tunnel, it has been confirmed
that it is possible to move actively in both plane and
vertical direction (Hwang and Lee, 2010). It is possi-
ble to check whether there is any visible termite dam-
age through monitoring of termite invasion and in-
festation on wooden cultural properties currently con-
ducted in Korea. However, detailed information on the
extent of attack to wooden structures by termite colo-
nies moving and invading through the ground or
changes in the seasonal activity area of termites cannot
be obtained.

For termite control, it is very important to determine

the size and activity area of termite colonies. Accord-
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ingly, studies on the identification and marking char-
acteristics of the foraging territory of termites have
been conducted overseas since the 1970s using a dye
marker (Nobre et al., 2007; Su and Scheffrahn, 1986,
1988; Su et al., 1991, 1993; Grace et al., 1989;
Tsunoda ef al., 1998, 1999; Thorne et al., 1996). As
a reagent applied for termite marking, Sudan Red 7B
(Su et al., 1983; Su, 1988; Grace and Abdallay, 1989,
1990) is representative. In addition, various color-spe-
cific dye markers such as Nile Blue A, Neutral Red,
and Fast Green were applied to confirm survival rate,
and marking persistence(Atkinson, 2004; Sattar et al.,
2007, Xing et al., 2013). Thorne et al. (1996) pointed
out that, the conventional test (filter paper diet) for
persistence of a vital dye is not a realistic approx-
imation of a field diet or exercise regime, and should
be reevaluated. Accordingly, general food, not filter
paper, was fed as a food to check retention time of
Sudan Red 7B in this study.

As described above, termite marking using a dye
marker is considered to be a very important part for
termite control and monitoring in that it can confirm
various activity patterns and ecological characteristics
of the target termite colony. However, in Korea, re-
search related to this remains very rudimentary.

Therefore, in this study, we tried to find an effective
and appropriate marking method to search the realistic
approximation of the termite (Reticulitermes speratus)
colony territory living in Korea. Sudan Red 7B was
applied as a dye marker for termites collected near
Sejong City. The sensitivity of termites to the dye
marker was evaluated by measuring the feeding
amount, survival rate, retention time and trophallaxis
of Reticulitermes speratus according to the concen-
tration and feeding period of Sudan Red 7B. Through
this study, we propose an effective and appropriate
method for evaluating the marking effect in the search

for Reticulitermes speratus colonies.
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2. MATERIALS and METHODS

2.1. Materials

2.1.1. Termite

Wood attacked by termites was collected from the
hills in the Goundong area of Sejong-si and stored in
a storage container in the laboratory. Termite in-
dividuals to be used in the experiment were separated
as follows by modifying the method of Judd and
Fasnacht (2007), Tamashiro et al. (1973). Immediately
before the start of the experiment, corrugated card-
board was placed in the storage container for a certain
period of time so that termites were transferred to the
corrugated cardboard, so that termites could be sepa-
rated without decomposition of the wood in the
container. The termite used in the experiment was

identified as Reticulitermes speratus.

2.1.2. Dye marker

As a dye marker for termites, Sudan Red 7B, a red
dye applied to Coptotermes formosanus and Reticuli-
termes flavipes, was used in previous studies abroad.
Sudan Red 7B was used without purification as a re-
agent grade. Using acetone as a solvent, 0.5%, 1.0%

and 2.0% diluents were manufactured.

2.1.3. Silica sand

Silica sand (Silica sand No 7, Saeron Industry,
Korea) with relatively small particles was used as
maintain humidity for the termite trial arena. After
washing three times with 97% ethanol to remove im-
purities from silica sand, it was washed three times
with distilled water. After that, large particles were re-
moved by filtering through a 50-300 pm standard
mesh. Finally, it was used after drying for 3 days at
60°C in a dry oven.

2.2. Methods

2.2.1. Marking

The sample for termite marking was prepared as
follows. Filter paper with a diameter of 90 mm
(Advantec No2, Toyo Roshi Kaisha LTD., Japan) was
divided into 4 equal parts (about 1.9 g) and dried in
a dry oven at 60°C until constant weight. 200 ul of
the dye marker prepared for each concentration con-
dition was applied to the dried filter paper, and after
volatilizing acetone, it was dried again to a constant
weight in a dry oven at 60°C. As the dye marker used
in the experiment, Sudan Red 7B was diluted with
acetone at concentrations of 0.5%, 1.0%, and 2.0%
(wt/wt). As a result, the weight ratio of the dye marker
contained in the feed sample was 0.05%, 0.1%, and
0.2% for each concentration, respectively.

The trial arena for termite marking was manufac-
tured as follows (Fig. 1). The pretreated silica sand
and distilled water were mixed in a ratio of 50 g: 5
g (wt/wt) and placed 90 mm petri dish. A sample with
containing dye marker was placed top of silica sand
containing distilled water in the 90 mm petri dish.

200 workers were added to each petri dish to enable

Fig. 1. The trial arena for termite marking.
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feeding activities. The termites were exposed under
No- Choice conditions for 3 days and 5 days accord-
ing to the concentration of the dye marker, so that the
workers were stained with the dye marker. Each ex-
periment was carried out in a total of 15 replicates,

3 times and 5 repetitions for each condition.

2.2.2. Feed consumption

For feed samples (filter papers) impregnated with
different concentrations (0.5%, 1%, and 2%) of the
dye marker, the feeding amounts according to the
feeding periods of termites were measured. After each
feeding period, filter papers were taken out, dried to
a constant weight at 60°C in a dryer, and the weights
were measured and compared with the weights of the

samples before feeding.

2.2.3. Survival rate

In order to check the survival rate of termites shown
in 2.2.1, the following food was fed for 5 days and
10 days. The feed source used to investigate the sur-
vival rate of the marked workers was prepared by
combining soil and wood flour according to the recipe
prepared by laboratory. In a feeding activity vial hav-
ing a diameter of 40 mm and a height of 100 mm,
40 g of a feed source and distilled water were mixed
in a ratio of 3:1 and placed. 15 ml of agar at a concen-
tration of 3% was injected to prevent evaporation of
moisture from the feed source and at the same time
to suppress microbial germination on the feed source
surface as much as possible. According to 2.2.1, 200
marked workers for each condition were divided into
100 individuals and placed in a trial vial. The number
of replicates was 20 for each condition, and after 5
and 10 days, 10 replicates for each condition were ran-

domly selected to check the survival rate.

2.2.4. Retention time of dye marker

The retention time of the dye marker was checked

for termites fed with sample containing 2% concen-
tration of the dye marker. The termites fed with sam-
ple containing the dye marker for 5 days were ob-
served with an stereoscopic microscope for marking
persistence over time for 1, 4, and 7 days while feed-

ing general food.

2.2.5. Transfer effect of dye marker between
termites

In the same colony, it was confirmed whether stain-
ing transfer by the marked reagent occurred between
the marked and unmarked individuals. 50 marked
workers and 50 unmarked workers were introduced to
the same petri dish. The marked units at a concen-
tration of 2% for 5 days were targeted. At this time,
filter paper impregnated with 200 pl of distilled water
was put as a feed source on the petri dish. After 48
hours, the number of marked individuals was meas-

ured to confirm the transfer effect of the dye marker.

3. RESULTS and DISCUSSION

3.1. Feed consumption according to the
concentration of the dye marker

When Sudan Red 7B was used as the dye marker,
the results of the food intake of termites according to
the concentration of the dye marker (0.5%, 1.0%,
2.0%) and feeding period (3 days, 5 days) are shown
in Fig. 2 and Table 1.

It was confirmed that the feeding amount for 5 days
was higher than that for 3 days in the control and
all concentration conditions. Because the longer the
food exposure time the greater the amount of food
that surviving termites feed on. When Sudan Red 7B,
a dye marker, was added to the feed, the feed con-
sumption was significantly reduced. Compared to the
feeding capacity of the control group, the same results

were indicated in two consumption period conditions:
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Fig. 2. Feed consumption according to the concen-
tration of the dye marker.

Table 1. Feed consumption ratio to control according
to the concentration of the dye marker

dye marker Consumption ratio to control (%)

concentration (%

) 3 days exposure 5 days exposure

0.5 2229 + 1.20 27.80+1.26
1.0 2092 + 1.97 24.34+2.32
2.0 10.52 + 5.76 10.17+3.36

0.5%, 1%, about 20% to 25%, and 2%, about 10%.
The results showed consistency in feeding trends by
concentration, although the overall feeding volume
varies with the increasing consumption period. As the
concentration of the dye marker increased, the feed
intake tended to decrease. This was the same trend
in both the 3-day feeding period and the 5-day feed-
ing period. This fact suggests that Sudan Red 7B in-
hibits the termites' feeding activity.

When Reticulitermes speratus were fed 2% Sudan
Red 7B marked food, as shown in Table 1, feed con-
sumption ratios of 9.6% (for 3 days) and 10.0% (for
5 days) were shown compared to the control group.
The findings of Grace and Abdallay (1989) were sig-
nificantly different from our findings. Reficulitermes
flavipes were fed with 2% Sudan Red 7B-marked
feed, which showed a feed consumption of about 43%
(for 3 days) and 66% (for 5 days) compared to the

control group. It was found that the feeding behavior

was very different between Reticulitermes speratus

and Reticulitermes flavipes.

3.2. Survival rate according to the
concentration of the dye marker

The survival rate of termites exposed to the general
food environment after feeding food containing
Sudan Red 7B as a dye marker was investigated. The
results of the survival rate according to the concen-
tration of the dye marker (0.5%, 1.0%, and 2.0%)
and feeding period (3 days and 5 days) are shown
in Figs. 3 and 4.

The termites fed the food containing Sudan Red 7B
for 3 days showed a survival rate of 90% or more
for 10 days even under the 2% condition with the

highest dye marker concentration. However, for termites
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Fig. 3. Survival rate of 3-day feeding termites
according to the concentration of the dye marker.
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Fig. 4. Survival rate of 5-day feeding termites
according to the concentration of the dye marker.
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fed for 5 days, there was no significant difference be-
tween the 0.5% concentration condition group and the
control group, but at 1% and 2% concentration con-
ditions, the survival rate for 10 days was less than
90%. As the concentration of the dye marker in-
creases or the feeding period of the food containing
the dye marker increases, the intake amount of the
dye marker increases, and it is considered that Sudan
Red 7B has an effect on the survival rate of termites.
Grace and Abdallay (1989) reported that when the
concentration of 4% was applied to R. Flavipes, it
was difficult to use as a result of a near 60% mortal-
ity rate, and when the concentration of 2% was fed
up to 15 days, the mortality rate was confirmed to
be 43% but could be used. It is also consistent with
a study by Grace and Abdallay (1989), who men-
tioned that a 2% concentration, approximately 16%
mortality rate in the 5-day feeding condition was con-
firmed and applicable. As a result of visual ob-
servation, it was confirmed that termites that ate food
with a dye marker concentration of 1% or more for
5 days were less active than termites that ate food
(all concentration conditions) for 3 days.

In addition, as the concentration of the dye marker
increased, the standard deviation of the survival rate
tended to equally increase regardless of the feeding
period. This is believed to be due to differences in
the amount of food intake for each termite individual
as the concentration of the dye marker increases.
Grace and Abdallay (1989) reported that Sudan Red
7B did not have immediate toxicity to Reticulitermes
flavipes for 3-5 days, but showed significant toxicity
when exposed for more than 15 days. Delaplane (1988)
found that C. formosanus workers dyed with Sudan
Red 7B had fewer intestinal protozoans and continued
to feed less than undyed workers, suggested that the
reduced feeding may be due to sublethal physiological
effects rather than behavioral avoidance. Therefore,

the results of this study are likely to be the same.

3.3. Retention time of dye marker

In order to confirm the marking effect that can be
monitored for the marked termite individuals, the re-
tention time of the dye marker was checked for the
marked termites. The termites were exposed under
No-Choice conditions for 3 days and 5 days according
to the concentration of the dye marker, so that the ter-
mites were stained with the dye marker. Fig. 5 shows
the change in body color of termites fed for 5 days
with feed containing the dye marker. As shown in the
figure, the termite’s head turned red. This means that
the Sudan Red 7B does not stay in the termite’s gut,
but spreads throughout the body.

In order to clearly distinguish between marked ter-
mites and unmarked termites, termites fed food con-
taining 2% concentration of the dye marker were
studied. As time elapsed as they began to feed on
general food, the body color of termites gradually be-
came lighter as shown in Fig. 6. In the case of termites

with a feeding period of 3 days, it was difficult to

Y 4

Fig. 5. Marking pattern after 5 days feeding activity
according to the concentration of dye marker (A:
control, B: 0.5% C: 1.0%, D: 2.0%).

—

Fig. 6. Changes in body color of marked (2% concen-
tration) termites (A: control, B: after 1-day C: after
4-day, D: after 7-day).
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Fig. 7. The images of attachment of termite saliva (red
vomit) to the wall of the feeding activity vial.

distinguish them from termites of the control group
through visual observation from the elapse of 4 days.
In the case of termites with a feeding period of 5 days,
it became difficult to distinguish them from termites
in the control group after 10 days. However, in the
process of feeding general food, the attachment of
termite saliva (red vomit) to the wall of the feeding
activity vial was observed as shown in Fig. 7. It means
that the dye marker in the body of termites are con-
tinuously released over time.

As a result of the study, even if feed containing
2% concentration of dye marker was fed, the duration
of the marking effect was only 7 days. In reality, the
marking effect is expected to disappear more rapidly
because termites feed on a wider variety of food
sources than in laboratory conditions. Therefore, in
order to estimate the active area of termites using
Sudan Red 7B as a dye marker, the moving radius
of the marked termites must be confirmed within 5

days from the date of release of the marked termites.

3.4. Transfer of dye marker

The same colony, it was confirmed whether staining
transfer by the dye marker occurred between the
marked and unmarked individuals. As a result of
evaluating the transfer effect of the dye marker for
termites fed food containing 2% concentration of the

dye marker, the ratio of the number of marked and

2/ o SR et R
Fig. 8. Marked (red arrow) and unmarked (white
arrow) termites.

unmarked individuals was equal to 1:1 even after 48
hours. Grace and Abdallay (1989) reported the ab-
sence of any appreciable dye transfer by trophallaxis
in Reticulitermes.flavipes. In conclusion, it was found
that individuals marked with Sudan Red 7B did not
transfer the dye marker by trophallaxis (nutrient ex-

change) to other individuals in the same colony.

4, CONCLUSION

Sudan Red 7B was applied as a dye marker in order
to find an effective and appropriate marking method
to search the territory of the termite (Reticulitermes
speratus) colony living in Korea. The sensitivity of
termites to the dye marker was evaluated by measur-
ing the feeding amount, survival rate, retention time
and transfer efficiency of Reticulitermes speratus ac-
cording to the concentration and feeding period of
Sudan Red 7B. As a result, the following conclusions
were obtained.

When Sudan Red 7B was added as a dye marker
to the feed, the feed consumption of termites was re-
markably reduced, and when the concentration of the
dye marker was increased to 2%, feeding disorders

were more pronounced. Nevertheless, the survival rate
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of termites was not significantly different from that
of the control group as the survival rate of termites
was more than 90%, except for the conditions in
which feeds containing 1% and 2% concentrations of
dye marker were fed for 5 days.

In the preceding paper, which evaluated the re-
tention time of marking by feeding the filter paper af-
ter marking, it was reported that the unit marked for
5 days with a concentration condition of 2% was sus-
tained for up to 15 days (Grace and Abdallay, 1989).
However, it was found that the 2% concentration and
5 day condition of the general food (saw dust diet)
lasted only about 7 days in this study.

In conclusion, the marking effect of Sudan Red 7B
on Reticulitermes speratus was confirmed. Sudan Red
7B was indicated to have no transfer efficiency and
survival rate of 2% concentration condition about
85% to R. speratus. However, when the saw dust diet
is fed, the 7 day marking retention time has been con-
firmed and it is considered that it can be applied as
a dye marker to a relatively short-term experiment
within 7 days. whether Sudan Red 7B can exhibit
sufficient marking effect even in outdoor conditions
should be revealed through additional studies.

The laboratory evaluation method for dye markers
established through this study will be applicable to
various colored dye markers in the future. In addition,
it may be usefully used to establish the type and con-
centration standard of the dye marker applicable to

Reticulitermes speratus living in Korea.
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