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Abstract

Background and Aim: Rhodamine-B (Rh-B) marking shows a great potential for use in mark-release-recapture (MRR) 
studies for rear-and-release mosquito control strategies, including the radiation-based sterile insect technique. However, its 
applicability and evaluation in body-stain-irradiated males of Aedes aegypti have received little attention. The present study 
evaluated the use of Rh-B to mark gamma-irradiated male A. aegypti.

Materials and Methods: Male A. aegypti were irradiated at the pupal stage at a dose of 70 Gy. After emergence, males 
were fed 0.1, 0.2, 0.3, or 0.4% Rh-B in 10% glucose solution for 4 days. Groups of unirradiated males that received the 
same feeding treatments were used as control groups. We evaluated the persistence of Rh-B and the longevity of males after 
Rh-B feeding. Furthermore, the use of Rh-B in irradiated A. aegypti for MRR experiments was evaluated at an urban site.

Results: No difference was observed in the Rh-B persistence among all concentrations at the 24-h postmarking period 
ranging from 91.25 ± 1.61% to 96.25 ± 1.61% and from 90.00 ± 2.28% to 93.13 ± 2.77% for the unirradiated and irradiated 
groups, respectively. Rh-B persistence significantly decreased over time, and persistence was significantly longer with 
increased concentrations in both the unirradiated and irradiated groups. Longevity was considerably decreased by Rh-B 
feeding and irradiation. However, no significant difference in longevity was found among males fed various concentrations 
of Rh-B. Through MRR experiments, irradiated-Rh-B marked males were mostly detected within a radius of 20 m and 40 m 
from the center-release point. The mean distance traveled of the released males from the three MRR events was calculated 
to be 42.6 m.

Conclusion: This study confirms that Rh-B body marking through sugar feeding is applicable for irradiated male A. aegypti, 
with only a slight effect on longevity. Furthermore, considering the significant reduction in persistence over time, further 
study is needed to assess the impact of this reduction on the calculation of field biological parameters resulting from MRR 
experiments.

Keywords: irradiated males, mark-release-recapture, rhodamine-B, sterile insect technique.

Introduction

The mark-release-recapture (MRR) experiment 
to evaluate the biological parameters of radio-steril-
ized males and population parameters of the targeted 
species is a prerequisite for sterile insect technique 
(SIT) field trials against Aedes aegypti [1]. Survival, 
dispersal, and mating competitiveness of released 
sterile males, as well as the target population size, are 
among the fundamental parameters that need to be 

thoroughly studied to ensure the success of an SIT pro-
gram [2]. For instance, several SIT studies on Aedes 
albopictus have estimated the survival (average life 
expectancy [ALE]), dispersal ability (average mean 
distance traveled [MDT]), mating competitiveness of 
irradiated and unirradiated males, and the wild popu-
lation size in preparation for an SIT program [3–5]. In 
MRR, marked mosquitoes are released into the field 
and subsequently recaptured at certain times and dis-
tances [6].

Guidelines for MRR procedures of Aedes mos-
quitoes are available for SIT study. In the guidelines, 
fluorescent pigments are used to mark the exter-
nal organs of males [7]. However, a recent inno-
vation in the marking technique involves the use of 
rhodamine-B (Rh-B) to mark the body and seminal 
fluid of A. aegypti has been developed to support 
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male-based rear and release strategies [8]. This rel-
atively new marking technique is potentially useful 
for MRR studies to estimate mosquito movement, 
mating, and population parameters [9]. The applica-
tion of Rh-B to mark radio-sterilized males is quite 
challenging because ionic radiation exposure results 
in decreased quality of males [10]. Although there 
were no observed negative side effects of Rh-B mark-
ing in wild and Wolbachia-infected A. aegypti (wMel 
strain) [8], it is worth evaluating whether the combi-
nation of gamma radiation and Rh-B marking may 
have multiple adverse effects on the released colony. 
Moreover, alternative techniques for marking in MRR 
studies need to be explored since several studies have 
reported the shortcomings of fluorescent powders and 
their marking procedures [11–15]. After a promising 
demonstration of the Rh-B marking procedure for 
MRR studies in A. aegypti, the use of Rh-B has been 
successfully implemented in mating competitive-
ness and interaction studies in A. aegypti [9, 16] and 
Anopheles gambiae [17]. However, the applicabil-
ity of Rh-B marking to gamma-irradiated A. aegypti 
males is yet to be evaluated.

Thus, this study aimed to evaluate the use of Rh-B 
in gamma-irradiated male A. aegypti. Specifically, we 
assessed the effects of Rh-B concentration on the per-
sistence of the marker in the body of irradiated males 
and their survivorship. In addition, we investigated 
the dispersal of irradiated-Rh-B-marked males in the 
field through MRR experiments. Data resulting from 
this study provide additional information for develop-
ing an alternative marking method for MRR studies as 
a prerequisite before the field implementation of the 
SIT program.

Materials and Methods

Ethical approval

The experimental protocols, including mosquito 
colony rearing, gamma irradiation, and MRR exper-
iments, were reviewed by the designated academic 
board of Al Azhar Indonesia University (No. 002/SK/
FST/UAI/VI/2019).

Study period and location

The study was conducted from December 2018 
to March 2019. Mosquito rearing, irradiation, and lab-
oratory experiments were conducted from December 
2018 to February 2019 at the insectarium and irra-
diator unit of BRIN, Jakarta. The MRR experiment 
was subsequently carried out from February to March 
2019 in South Tangerang City, Banten Province.

Mosquito experimental colony

The A. aegypti strain used in this study was a local 
strain that has been reared at the insectarium of BRIN, 
Jakarta, since 2017. To obtain males for the experi-
mental colonies, eggs were soaked in aged tap water 
for hatching. After 24 h, larvae were transferred into a 
plastic tray (long × wide × tall = 29.5 × 23.0 × 5.0 cm) 
filled with 1 L aged tap water. The larvae were reared 

at a density of 3–4 larvae/mL and fed 0.5 g/day 
Pedigree® dog biscuit (Pedigree®, Mars Petcare Co., 
Ltd., Bangkok, Thailand) until pupation. Male and 
female pupae were separated using larval-pupal sep-
arator model 5412 (John W. Hock Company, Florida, 
USA). Male pupae were transferred into plastic cups 
(10 cm diameter; 8 cm height) containing ± 100 mL 
aged tap water for treatment.

Irradiation procedure

Male pupae aged >24 h were placed in a Petri 
dish (d = 9 cm) containing a small amount of water 
to create damp conditions. Male pupae were irra-
diated at a dose of 70 Gy, which induces approxi-
mately 98% sterility [18, 19]. The irradiation process 
was carried out using a Gamma cell 220 irradiator 
(original version: Atomic Energy of Canada Ltd., 
Ottawa, Canada; upgraded version: Izotop, Institute of 
Isotopes Co. Ltd., Budapest, Hungary with a radiation 
source of Cobalt-60, current activity of 3,549 Curie, 
and dose rate of 2,581.8 Gy/h). The irradiated pupae 
were subsequently placed in adult cages measuring 
30 × 30 × 30 cm (BugDorm 1®, Mega View Science 
Co., Ltd., Taichung, Taiwan) for emergence.

Rh-B solution preparation and marking procedure

The marking procedure of gamma-irradiated 
male A. aegypti was following a previous study by 
Johnson et al. [8] with slight modification. Briefly, 
Rh-B powder [Sigma-Aldrich, USA, ≥95% dye con-
tent (High-performance liquid chromatography)] was 
dissolved in 10% sugar solution to obtain four concen-
trations: 0.1, 0.2, 0.3, and 0.4%. Each Rh-B solution 
was placed in a small plastic cup (4 cm diameter, 1 cm 
height) equipped with roller cotton for feeding. Rh-B 
body staining in males was obtained by feeding males 
A. aegypti with the solution for a consecutive 4-day 
postemergence [8].

Effects of Rh-B concentration on the persistence and 

longevity of gamma-irradiated male A. aegypti

To evaluate the effects of Rh-B concentration on 
the persistence of the marker in the irradiated male 
body and longevity, the following experiments were 
conducted. For the investigation of various concentra-
tions of Rh-B persistence over time, both unirradiated 
(control) and gamma-irradiated male A. aegypti were 
placed into an adult cage and provided free access to 
Rh-B solutions with concentrations of 0.1, 0.2, 0.3, 
or 0.4% for 4 days. After a consecutive 4-day mark-
ing period, the Rh-B solution was replaced with a 
10% sugar solution. Persistence was observed in an 
independent cohort at 24, 48, 72, 96, and 120-h post-
marking periods. Forty males were randomly taken 
from the marking cage and freeze-killed at −20oC for 
30 min. The presence of Rh-B was then observed indi-
vidually under a stereomicroscope (Motic SMZ-171 
Series, Kowloon, Hong Kong) (Figure-1). The per-
sistence rate was calculated by dividing the number 
of positive Rh-B males by the total number observed. 
Each experiment was conducted in four replications.
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For longevity measurements, 50 gamma-ir-
radiated or unirradiated (control) male A. aegypti 
were taken from the marking cage for each Rh-B 
concentration, placed into a 17.5 × 17.5 × 17.5 cm 
cage (Bugdorm-4M1515, MegaView Science Co., 
Ltd., Taichung, Taiwan), and continuously supplied 
with water. Longevity was determined by counting 
the daily survival (interval 24 h) until all males suc-
cumbed to natural mortality [19].

Release and recapture of gamma-irradiat-

ed-Rh-B-marked male A. aegypti

Release and recapture experiments were per-
formed in the Batan Indah housing complex (6o19’45’’S, 
106o40’12’’E), South Tangerang City, Banten Province, 
Indonesia.Twelve adult traps with lures (BG Sentinel-2, 
Biogents, Regensburg, Germany) were placed indoors 
at 12 houses (Figure-2). In this experiment, gamma-ir-
radiated male A. aegypti were marked using 0.4% Rh-B 
in 10% sugar solution. The release of the males was 
conducted 3 times from a single point. Data collection 
was performed daily, starting 1-day post-release for 
5 days by changing the collection bags. Each release 
event was separated by a 3-day interval. Temperature 
and humidity at the time when males were released into 
the study site were recorded using a thermo-hygrome-
ter HT110 (PCE Instruments Hong Kong Ltd., Hong 
Kong), while wind speed during the day’s recapture 
was recorded using an anemometer UT-363 (Uni-Trend 
Technology Co., Ltd. China).

The MDT was calculated by drawing virtual annuli 
around the release point. The annulus was 20 m apart. 
A correction factor (CF) was applied to the calcula-
tion to accommodate unequal capture densities. Hence, 
the MDT and CF were determined according to Lillie 
et al. [20] and Morris et al. [21], where MDT = Sum 
(Estimated recapture [ER] × distance) for all annuli/Total 
number of ER. The ER was defined as ER = (Number of 
observed recaptures in annulus/Number of traps in annu-
lus) × CF. CF = (Area of annulus/total trapping area) × 
total number of traps. Distance is defined as inner radius 
plus outer radius divided by 2.

Statistical analysis

Data were pooled based on the studied parameters. 
Before the analysis, persistence data for Rh-B were 
tested for normality and homogeneity. A general linear 

model (GLM) full univariate factorial test followed 
by Tukey’s post hoc test was performed to examine 
the influence of the treatments (i.e., gamma irradi-
ation, Rh-B concentrations, and time postmarking 
period) on persistence. Longevity was analyzed using 
Kaplan-Meier survival analysis followed by Mantel-
Cox log-rank and Kruskal–Wallis tests. All statistical 
analysis was performed using Statistical Package for 
the Social Sciences version 22.0 for Windows (IBM 
Corp., Armonk, NY, USA).

Results

Effects of Rh-B concentration in persistence and lon-

gevity of male A. aegypti

The GLM analysis showed that Rh-B persistence 
was significantly affected by Rh-B concentration and 

Figure-1: Visibly positive Rh-B bodies in irradiated male Aedes aegypti specimen under a stereo microscope (Motic 

SMZ-171 Series, Kowloon, Hong Kong) at 4× magnification. Left: Rh-B pin the abdomen, thorax, and crushed male body 

on filter paper. Rh-B=Rhodamine-B.

Figure-2: Release points and 12 BG-Sentinel trap 

placements for release and recapture trials of irradiated 

Rhodamine-B-marked males Aedes aegypti. The virtual 

annuli were set at a 20-m interval.
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time postmarking as a single factor, whereas irradia-
tion had no significant effect. In the two-way inter-
action, there was no significant effect on the Rh-B 
persistence between Rh-B, whereas the effect of Rh-B 
concentration and time postmarking was significantly 
different depending on the level of time postmark-
ing and irradiation, respectively. Interestingly, in 
the three-way interaction, the effects of Rh-B con-
centration, time postmarking, and irradiation factors 
did not differ from the simple sum of their effects 
(Table-1). The mean Rh-B persistence at the 24-h 
postmarking period in all Rh-B concentrations ranged 
from 91.25 ± 1.61% to 96.25 ± 1.61% and from 
90.00 ± 2.28% to 93.12 ± 2.77% for the unirradiated 
and irradiated male A. aegypti groups, respectively, 
and there was no significant difference among the 
Rh-B concentrations in each irradiation treatment. In 
general, Rh-B persistence significantly reduced over 
time until the 120-h postmarking period, with the 
value ranging from 3.75 ± 1.61% to 18.12% and from 
4.38 ± 2.13% to 25.00 ± 2.28% for the unirradiated 
and irradiated male groups, respectively (Table-2). In 
the present study, males fed 0.4% Rh-B resulted in 
longer persistence of Rh-B both in unirradiated and 
irradiated groups, whereas lower Rh-B concentra-
tions significantly reduced Rh-B persistence in male 
A. aegypti body markings. However, no significant 
difference was observed between 0.3 and 0.4% Rh-B 
concentrations.

The longevity of the unirradiated and irradiated 
male A. aegypti postmarking periods is presented in 

Figure-3 and Table-3. There was a significant differ-
ence in the longevity of unirradiated A. aegypti males 
between the unmarked and marked groups regard-
less of Rh-B concentrations. The mean longevity of 
unirradiated-unmarked males was 8.50 ± 0.375 days, 
whereas the unirradiated-marked groups were 
reduced with increasing Rh-B concentration ranging 
from 6.74 ± 0.332 to 5.80 ± 0.327 days (Table-3). 
However, this reduction was not significantly different 
(long-rank test, p < 0.05). Similar results were found 
in the longevity of irradiated male A. aegypti. There 
was a significant difference between the unmarked and 
marked groups, except for the 0.1% Rh-B group. The 
mean longevity of the irradiated-unmarked males was 
6.16 ± 0.32 days, whereas the irradiated-marked groups 
tended to decrease with increasing Rh-B concentra-
tion ranging from 5.38 ± 0.317 to 4.9 ± 0.322 days 
(Table-3). However, this reduction was not signifi-
cantly different (log-rank test, p < 0.05). In addition, 
the irradiation factor significantly affected the longev-
ity of male A. aegypti (long-rank test, p < 0.05).

Release and recapture of irradiated Rh-B-labeled 

males

The temperature and humidity were 33.08°C and 
77.58%, 31.38°C and 72.14%, and 31.9°C and 78.71% 
during the 1st, 2nd, and 3rd day of release, respectively. 
The wind speeds were between 0.4 and 2.2 m/s. 
The wind speed was averaged at 1.028, 1.024, and 
1.013 m/s in the 1st, 2nd, and 3rd releases, respectively.

A total of 14,570 irradiated Rh-B-marked 
males were released, with 4,789, 4,884, and 4,897 

Table-1: GLM analysis of the effects of gamma irradiation, Rh-B concentration, and time postmarking on Rh-B 

persistence.

Factor df Mean square F p-value

Rh-B concentration 3 0.329 30.357 <0.0001

Time postmarking 4 4.560 421.172 <0.0001

Irradiation 1 0.009 0.876 0.351

Rh-B concentration*time postmarking 12 0.020 1.847 0.048

Rh-B concentration*irradiation 3 0.001 0.112 0.953

Time postmarking*irradiation 4 0.037 3.301 0.011

Rh-B concentration*time postmarking*irradiation 12 0.004 0.362 0.974

GLM=General linear model, Rh-B=Rhodamine-B

Table-2: Rh-B persistence in unirradiated and irradiated male A. aegypti groups at various concentrations and time 

postmarking periods.

Treatments Persistence (mean ± SE) (%)

Gamma 

irradiation

Rh-B 

concentration

Time postmarking

24 h 48 h 72 h 96 h 120 h

Unirradiated 0.1% 91.25 ± 1.61aA 65.00 ± 5.10aB 39.38 ± 5.14aC 11.25 ± 3.89aD 3.75 ± 1.61aD

0.2% 92.50 ± 3.23aA 65.62 ± 3.44aB 43.12 ± 4.25abC 21.25 ± 2.17abD 7.50 ± 2.28aD

0.3% 94.38 ± 1.20aA 72.50 ± 3.68aB 57.50 ± 5.20abB 28.75 ± 3.31bC 13.12 ± 5.98aC

0.4% 96.25 ± 1.61aA 75.00 ± 2.28aB 62.50 ± 4.21bB 35.62 ± 5.44bC 18.12 ± 5.72aC

Irradiated 0.1% 90.00 ± 2.28aA 65.00 ± 5.30aB 37.50 ± 5.10aC 19.38 ± 3.73aD 4.38 ± 2.13aD

0.2% 90.62 ± 3.13aA 65.62 ± 3.73aB 43.75 ± 4.62abC 25.62 ± 5.04abD 9.38 ± 2.77aD

0.3% 91.88 ± 2.13aA 66.25 ± 5.05aB 53.12 ± 3.29abBC 42.5 ± 4.89bC 23.75 ± 4.39bD

0.4% 93.12 ± 2.77aA 70.62 ± 4.38aB 58.75 ± 2.17bBC 44.38 ± 4.38bC 25.00 ± 2.28bD

The same lowercase and uppercase letters indicate no significant difference within a column (in each gamma irradiation 

treatment) and a row, respectively (p < 0.05), Rh-B=Rhodamine-B, A. aegypti=Aedes aegypti
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males released during the 1st, 2nd, and 3rd events, 
respectively. The percentage of recaptured males 
over a 5-day period was between 3.12, 4.54, and 
5.15% (Table-4). During the first release event, 105 
out of 149 released males were recaptured in traps 
within a radius of 20 m from the release point. In 
this release, a male was detected in the furthest trap 
installed between a radius of 120 and 140 m. In the 
second event, released males were recaptured within 
a 20–60 m radius, with 162 released males found 
in traps within a 20 m radius. Similar to the second 
event, all released males from the third event were 
captured within a radius of 20–60 m (Figure-4).

The movement of irradiated Rh-B-marked 
A. aegypti males was estimated to be up to 42.6 m on 
average. Specifically, for the first, second, and third 
release events, MDTs were calculated up to 62.3, 
24.3, and 27.4 m, respectively.

Discussion

In this study, we aimed to evaluate the Rh-B 
marking procedure in irradiated male A. aegypti, 
which may be useful for the future development of the 
rear-and-release mosquito control strategies, includ-
ing the classical SIT. We found that the Rh-B marking 
procedure by Johnson et al. [8] was reproducible in 

Table-3: Longevity of the postmarking period of male A. aegypti at various Rh-B concentrations.

Treatments Longevity (mean ± SE) (95% CI) (days)

Gamma irradiation Rh-B concentration

Unirradiated Unmarked 8.5 ± 0.375 (7.765–9.235) aA

0.1% 6.74 ± 0.332 (6.09–7.39) bA

0.2% 6.46 ± 0.293 (5.886–7.034) bA

0.3% 6.0 ± 0.365 (5.285–6.715) bA

0.4% 5.80 ± 0.327 (5.159–6.441) bA

Irradiated Unmarked 6.16 ± 0.32 (5.533–6.787) aB

0.1% 5.38 ± 0.317 (4.759–6.001) abB

0.2% 5.0 ± 0.323 (4.366–5.634) bB

0.3% 5.18 ± 0.314 (4.565–5.795) bB

0.4% 4.9 ± 0.322 (4.268–5.532) bB

CI=Confidence interval. Pairwise comparisons of longevity were performed using log-rank (Mantel-Cox) and Kruskal–

Wallis tests. The same lowercase and uppercase superscript letters indicate no significant difference in a column within 

irradiation treatment and rows within the same Rh-B concentration, respectively (p < 0.05), A. aegypti=Aedes aegypti, 
Rh-B=Rhodamine-B, SE=Standard Error

Table-4: Release and recapture of Rh-B-irradiated male A. aegypti.

Release events No. of males released No. of males recaptured The percentage of males recaptured

1st 4789 149 3.12%

2nd 4884 222 4.54%

3rd 4897 252 5.15%

A. aegypti=Aedes aegypti, Rh-B=Rhodamine-B

Figure-3: Kaplan-Meier survival curves of (a) unirradiated and (b) gamma-irradiated male Aedes aegypti postmarking 

periods at various Rh-B concentrations. N-Nm, N-Rh-B, R-Nm, and R-Rh-B represent unirradiated-unmarked, unirradiated-

marked with Rh-B (0.1%–0.4%), irradiated-unmarked, and irradiated-marked with Rh-B (0.1%–0.4%), respectively. 

Rh-B=Rhodamine-B.

ba
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irradiated male A. aegypti. However, the general per-
sistence of body staining in irradiated males was lower 
than that observed in wild-type and wMel A. aegypti 
males [8]. Increased metabolism has been reported 
in gamma-sterilized males [22] and may reduce the 
persistence of Rh-B staining [17]. Although inspect-
ing the marker under a fluorescent microscope 
greatly improved the percentage of males positive for 
Rh-B [8], the gradual loss of Rh-B marking over time 
is a shortcoming of this technique. Losing the mark 
during the spell of recapture may affect the estima-
tion of entomological parameters, such as the total 
population, probability of daily survival, and flight 
range. Taking the Petersen method as an example, 
the number of marked individuals captured is one of 
the components in estimating the total population, in 
which any inaccurate inputs may lead to an over- or 
underestimation value [23]. This may be a potential 
limitation of Rh-B marking because of the ALE of 
sterile male A. aegypti was reported as 3.76 days [24]. 
A long-lasting marking technique that can last over 
life expectancy is favorable to ensure that the efficacy 
of the marking method remains high.

Persistence is an essential attribute of MRR 
studies; hence, it is challenging to develop a mark-
ing method that maintains long-lasting persistence 
without any negative impact on sterile males. In this 
study, the persistence of Rh-B staining in the male 
A. aegypti body at 24 h postmarking period with all 
Rh-B concentrations ranged from 91.25% to 96.25% 
and 90.00% to 93.13% for the unirradiated and irra-
diated groups, respectively. No significant difference 
was observed among the Rh-B concentration groups. 
We found that Rh-B persistence at all concentrations 
was significantly reduced over time; however, the 
highest Rh-B concentration (0.4%) exhibited the lon-
gest persistence. A previous study by Trewin et al. [9] 
reported that a Rh-B concentration of 0.4% was used 
in an MRR study of A. aegypti in North Queensland, 
Australia. Similar results were reported in a previous 

study by Johnson et al. [8] in which higher Rh-B con-
centrations (0.4% and 0.8%) resulted in long-lasting 
persistence in body tissue and seminal fluid of male 
A. aegypti for 72-h postmarking observation; how-
ever, our persistence reduction was lower. Several 
factors potentially affect this difference, including the 
metabolic rate, strain, and environmental conditions. 
Considering persistence reduction, a comprehensive 
study is needed to develop a standard Rh-B mark-
ing method for mosquito MRR studies. In addition, 
it is necessary to assess the association between per-
sistence reduction and the effectiveness of MRR.

Longevity, which is correlated to survivability of 
gamma-irradiated and Rh-B-marked male A. aegypti, 
is one of the main quality parameters for the success 
of SIT programs [25]. The results of the present study 
demonstrate that Rh-B in 10% sugar solution at all 
concentrations was detrimental to unirradiated and 
irradiated male survivorship. However, there was no 
difference among the Rh-B concentrations. Similar 
observations have been observed for both male and 
female A. gambiae [17] but were not observed in 
wild type and wMel A. aegypti [8], tobacco budworm 
moths Heliothis virescens [26], sand flies [27], and 
Culex mosquitoes [28, 29]. Various factors may play 
important roles in the significant decrease in irradiated 
Rh-B-marked male survival, including the concentra-
tion of Rh-B, mosquito strain, and irradiation treatment. 
Although Rh-B 0.4% worked well in wild and wMel 
A. aegypti culture, strain-specific tolerance to the dye 
may exist. A lower concentration of Rh-B (0.2%) was 
used to investigate the mating competitiveness of the 
Wolbachia-infected line A. aegypti [16], whereas dif-
ferent mortality rates were reported between A. colu-
zzii (Banfora strain) and A. gambiae (Kisumu strain) 
after 72 h of 0.2% Rh-B exposure [17]. Hence, opti-
mization of Rh-B concentrations for specific mosquito 
strains is strongly suggested before application.

There was an obvious interaction between Rh-B 
feeding and gamma irradiation, which slightly reduced 

Figure-4: Number of released males recaptured in 5 consecutive days after release in (a) 1st, (b) 2nd, and (c) 3rd release 

events.
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longevity compared with individual assessments. This 
result was expected because Rh-B or gamma irradi-
ation alone reduces longevity. Reduced longevity, 
regardless of ray exposure, in irradiated male mos-
quitoes was reported in previous studies by Yamada 
et al. [30], Bond et al. [31], Du et al. [32], Balestrino 
et al. [33], and Ernawan et al. [34]. Somatic damage 
that often occurs during ionic irradiation may reduce 
longevity in mosquitoes [35]. The irradiation pro-
cess induces the bonding of atoms in the molecules 
in the cell, resulting in the formation of a single rad-
ical ion. Free radicals damage more cells, including 
somatic cells, and the work system can cause DNA 
mutations [36, 37]. Rh-B has a photodynamic abil-
ity, in which the molecules can interact with light and 
catalyze the reaction of changing triplet oxygen (3O

2
) 

to reactive oxygen such as cytotoxic singlet oxygen 
(1O

2
). Singlet oxygen can oxidize molecules and com-

pounds in cells, causing cell damage [38, 39].
Despite the reduction in persistence and longev-

ity compared with unirradiated males, the recapture 
rates of irradiated Rh-B-marked males were com-
parable with those of other MRR studies on other 
species, using different marking agents, and in vari-
ous ecotypes. In this study, the recapture rates 5-day 
post-release were between 3.12% and 5.15%. This is 
similar to the recapture rates observed for irradiated 
male A. albopictus marked with fluorescent dust [3, 5] 
and for Rh-B marked wild-type male A. aegypti [9]. 
Our released males were mostly dispersed within a 
radius of 40 m (Figure-2). This was in accordance with 
the average MDT of irradiated Rh-B-marked males, 
which was calculated at 42.6 m. This average MDT was 
shorter than the MDT of wild Rh-B-marked A. aegypti 
and dusted radio-sterilized A. aegypti, which were 
estimated to be between 126.7 and 310.5 m [9] and 
77.3 m [24], respectively. However, the shorter aver-
age MDT in our study relative to the two other studies 
is not a clear indication of the reduced flight ability 
of irradiated Rh-B-marked male A. aegypti, since the 
MDT was associated with various variables, such as 
trap placement and time of mosquito release [40].

Conclusion

The results revealed that higher Rh-B concen-
trations (0.4%) resulted in long-lasting persistence in 
male A. aegypti, which ranged from 96.25%–18.13% 
to 93.13%–25.00% in the unirradiated and irradiated 
groups, respectively. We found that Rh-B was detri-
mental to the longevity of unirradiated and irradiated 
male A. Aegypti; however, no significant difference 
was found among the concentrations. According to 
the data presented here, we found 0.4% Rh-B to be 
an appropriate concentration for the MRR field exper-
iment on gamma-sterilized male A. aegypti, resulting 
in an average MDT of 42.6 m. However, considering 
the significant reduction in Rh-B persistence over time, 
further studies are needed to assess this correlation with 
the effectiveness of the MRR study in the SIT program.

Authors’ Contributions

HIS, BE, and YHS: Conceptualization, 
methodology, and validation. TR, SS, MM, and 
APB: Investigation and data curation. HIS and 
BE: Data interpretation and drafted and revised the 
manuscript. All authors have read, reviewed, and 
approved the final manuscript.

Acknowledgments

The authors acknowledge Muklas Sadar and 
Dodon Sutarji for their technical assistance in field 
data collection. We are also grateful to Dr. Maylen 
Gomez Pacheco and Dr. Brian J. Johnson for their 
constructive comments to improve this manu-
script. This research was funded by the Joint Food 
and Agriculture Organization/International Atomic 
Energy Agency (FAO/IAEA) Division of Nuclear 
Techniques in Food and Agriculture, under the coordi-
nated research project (CRP D44002): Mosquito han-
dling, transport, release, and Male Trapping methods, 
Contract No.19098.

Competing Interests

The authors declare that they have no competing 
interests.

Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.

References

1. Bouyer, J., Yamada, H., Pereira, R., Bourtzis, K. and 
Vreysen, M.J. (2020) Phased conditional approach for mos-
quito management using sterile insect technique. Trends 
Parasitol., 36(4): 325–336.

2. Benedict, M.Q. and Robinson, A.S. (2003) The first releases 
of transgenic mosquitoes: An argument for the sterile insect 
technique. Trends Parasitol., 19(8): 349–355.

3. Iyaloo, D.P., Damiens, D., Facknath, S., Elahee, K.B. and 
Bheecarry, A. (2019) Dispersal and survival of radio-steril-
ised male Aedes albopictus Skuse (Diptera: Culicidae) and 
estimation of the wild populations in view of an sterile insect 
technique programme in Pointe des Lascars, Mauritius. Int. 
J. Trop. Insect Sci., 39: 63–72.

4. Le Goff, G., Damiens, D., Ruttee, A.H., Payet, L., Lebon, C., 
Dehecq, J.S. and Gouagna, L.C. (2019) Field evaluation of 
seasonal trends in relative population sizes and dispersal 
pattern of Aedes albopictus males in support of the design 
of a sterile male release strategy. Parasit. Vectors, 12(1): 81.

5. Velo, E., Balestrino, F., Kadriaj, P., Carvalho, D.O., Dicko, A., 
Bellini, R., Puggioli, A., Petrić, D., Michaelakis, A., 
Schaffner, F., Almenar, D., Pajovic, I., Beqirllari, A., 
Ali, M., Sino, G., Rogozi, E., Jani, V., Nikolla, A., Porja, T., 
Goga, T., Fălcuă, E., Kavran, M., Pudar, D., Mikov, O., 
Ivanova-Aleksandrova, N., Cvetkovikj, A., Akıner, M.M., 
Mikovic, R., Tafaj, L., Bino, S., Bouyer, J. and Mamai, W. 
(2022) A mark-release-recapture study to estimate field per-
formance of imported radio-sterilized male Aedes albopic-
tus in Albania. Front. Bioeng. Biotechnol., 10: 833698.

6. Hagler, J.R. and Jackson, C.G. (2001) Methods for marking 
insects: Current techniques and future prospects. Annu. Rev. 
Entomol., 46: 511–543.

7. FAO/IAEA. (2023) In: Bouyer, J. and Mamai, W., edi-
tors. Guidelines for Mark-Release-Recapture Procedures 



Veterinary World, EISSN: 2231-0916 1879

Available at www.veterinaryworld.org/Vol.17/August-2024/25.pdf

of Aedes Mosquitoes Version 2. Food and Agriculture 
Organization of the United Nations, International Atomic 
Energy Agency, Rome. Available from: https://www-
naweb.iaea.org/nafa/ipc/public/guidelines-for-mrr-aedes_
v1.0.pdf. Retrieved on 03-04-2024.

8. Johnson, B.J., Mitchell, S.N., Paton, C.J., Stevenson, J., 
Staunton, K.M., Snoad, N., Beebe, N., White, B.J. and 
Ritchie, S.A. (2017) Use of rhodamine B to mark the body 
and seminal fluid of male Aedes aegypti for mark-release-re-
capture experiments and estimating efficacy of sterile male 
releases. PLoS Negl. Trop. Dis., 11(9): e0005902.

9. Trewin, B.J., Pagendam, D.E., Johnson, B.J., Paton, C., 
Snoad, N., Ritchie, S.A., Staunton, K.M., White, B.J., 
Mitchell, S. and Beebe, N.W. (2021) Mark-release-
recapture of male Aedes aegypti (Diptera: Culicidae): Use 
of rhodamine B to estimate movement, mating and popu-
lation parameters in preparation for an incompatible male 
program. PLoS Negl. Trop. Dis., 15(6): e0009357.

10. Calkins, C.O. and Parker, A.G. (2005) Sterile insect quality. 
In: Dyck, V.A., Hendrichs, J. and Robinson, A.S., editors. 
Sterile Insect Technique: Principles and Practice in Area-
Wide Integrated Pest Management. Springer, Dordrecht, 
Netherlands, p269–296.

11. Verhulst, N.O., Loonen, J.A.C. and Takken, W. (2013) 
Advances in methods for colour marking of mosquitoes. 
Parasit. Vectors, 6(1): 200.

12. Dickens, B.L. and Brant, H.L. (2014) Effects of marking 
methods and fluorescent dust on Aedes aegypti survival. 
Parasit. Vectors, 7: 65.

13. Culbert, N.J., Gilles, J.R. and Bouyer, J. (2019) Investigating 
the impact of chilling temperature on male Aedes aegypti 
and Aedes albopictus survival. PLoS One, 14(8): e0221822.

14. Culbert, N.J., Kaiser, M., Venter, N., Vreysen, M.J., 
Gilles, J.R. and Bouyer, J. (2020) A standardised method 
of marking male mosquitoes with fluorescent dust. Parasit. 
Vectors, 13(1): 192.

15. Rojas-Araya, D., Alto, B.W., Burkett-Cadena, N. and 
Cummings, D.A. (2020) Detection of fluorescent powders 
and their effect on survival and recapture of Aedes aegypti 
(Diptera: Culicidae). J. Med. Entomol., 57(1): 266–272.

16. Li, I., Mak, K.W., Wong, J. and Tan, C.H. (2021) Using the flu-
orescent dye, rhodamine B, to study mating competitiveness 
in male Aedes aegypti mosquitoes. J. Vis. Exp., 171: e62432.

17. Aviles, E.I., Rotenberry, R.D., Collins, C.M., Dotson, E. 
and Benedict, M.Q. (2020) Fluorescent markers rhodamine 
B and uranine for Anopheles gambiae adults and matings. 
Malar. J., 19(1): 236.

18. Ernawan, B., Sasmita, H.I. and Parikesit, A.A. (2018) 
Sterility of male Aedes aegypti post γ-ray sterilization. 
J. Anim. Plant Sci., 28(4): 973–977.

19. Ernawan, B., Anggraeni, T., Yusmalinar, S., Sasmita, H.I., 
Fitrianto, N. and Ahmad, I. (2022) Assessment of compaction, 
temperature, and duration factors for packaging and trans-
porting of sterile male Aedes aegypti (Diptera: Culicidae) 
under laboratory conditions. Insects, 13(9): 847–860.

20. Lillie, T.H., Marquardt, W.C. and Jones, R.H. (1981) 
The flight range of Culicoides variipennis (Diptera: 
Ceratopogonidae). Can. Entomol., 113(5): 419–426.

21. Morris, C.D., Larson, V.L. and Lounibos, L.P. (1991) 
Measuring mosquito dispersal for control programs. J. Am. 
Mosq. Control Assoc., 7(4): 608–615.

22. Bellini, R., Balestrino, F., Medici, A., Gentile, G., Veronesi, R. 
and Carrieri, M. (2013) Mating competitiveness of Aedes 
albopictus radio-sterilized males in large enclosures exposed 
to natural conditions. J. Med. Entomol., 50(1): 94–102.

23. Itô, Y., Yamamura, K. and Manoukis, N.C. (2021) Role of 
population and behavioural ecology in the sterile insect 
technique. In: Dyck, V.A., Hendrichs, J. and Robinson, A.S., 
editors. Sterile Insect Technique: Principles and Practice in 

Area-Wide Integrated Pest Management. 2nd ed. CRS Press, 
Florida, USA, p245–282.

24. Gato, R., Menéndez, Z., Prieto, E., Argilés R., Rodríguez M., 
Baldoquín W., Hernández Y., Pérez D., Anaya J., Fuentes I., 
Lorenzo, C., González, K., Campo, Y. and Bouyer, J. (2021) 
Sterile insect technique: Successful suppression of an Aedes 
aegypti field population in Cuba. Insects, 12(5): 469–482.

25. Lance, D.R. and McInnis, D.O. (2021) Biological basis of 
the sterile insect technique. In: Dyck, V.A. Hendrichs, J. and 
Robinson, A.S., editors. Sterile Insect Technique: Principles 
and Practice in Area-Wide Integrated Pest Management. 
2nd ed. CRC Press, Florida, USA, p113–142.

26. Blanco, C.A., Perera, O., Ray, J.D., Taliercio, E. and 
Williams, L. 3rd. (2006) Incorporation of rhodamine B into 
male tobacco budworm moths Heliothis virescens to use as 
a marker for mating studies. J. Insect Sci., 6(1): 1–10.

27. Mascari, T.M. and Foil, L.D. (2010) Laboratory evaluation of 
the efficacy of fluorescent biomarkers for sugar-feeding sand 
flies (Diptera: Psychodidae). J. Med. Entomol., 47(4): 664–669.

28. Bailey, S.F., Eliason, D.A. and Iltis, W.G. (1962) Some 
marking and recovery techniques in Culex tarsalis Coq. 
flight studies. Mosq. News, 22(1): 1–10.

29. Sarkar, D., Muthukrishnan, S. and Sarkar, M. (2017) 
Fluorescent marked mosquito offer a method for tracking 
and study mosquito behavior. Int. J. Mosq. Res., 4(6): 5–9.

30. Yamada, H., Parker, A.G., Oliva, C.F., Balestrino, F. and 
Gilles, J.R.L. (2014) X-ray-induced sterility in Aedes 
albopictus (Diptera: Culicidae) and male longevity follow-
ing irradiation. J. Med. Entomol., 51(4): 811–816.

31. Bond, J.G., Osorio, A.R., Avila, N., Gómez-Simuta, Y., 
Marina, C.F., Fernández-Salas, I., Liedo, P., Dor, A., 
Carvalho, D.O., Bourtzis, K. and Williams, T. (2019) 
Optimization of irradiation dose to Aedes aegypti and Ae. 
albopictus in a sterile insect technique program. PLoS One, 
14(2): e0212520.

32. Du, W., Hu, C., Yu, C., Tong, J., Qiu, J., Zhang, S. and 
Liu, Y. (2019) Comparison between pupal and adult X-ray 
radiation, designed for the sterile insect technique for Aedes 
albopictus control. Acta Trop., 199: 105110.

33. Balestrino, F., Medici, A., Candini, G., Carrieri, M., 
Maccagnani, B., Calvitti, M., Maini, S. and Bellini, R. 
(2010) Gamma Ray dosimetry and mating capacity stud-
ies in the laboratory on Aedes albopictus males. J. Med. 
Entomol., 47(4): 581–591.

34. Ernawan, B., Anggraeni, T., Yusmalinar, S. and Ahmad, I. 
(2022) Investigation of developmental stage/age, gamma 
irradiation dose, and temperature in sterilization of male 
Aedes aegypti (Diptera: Culicidae) in a sterile insect tech-
nique program. J. Med. Entomol., 59(1): 320–327.

35. Helinski, M.E.H., Parker, A.G. and Knols, B.G.J. (2009) 
Radiation biology of mosquitoes. Malar. J., 8(Suppl 2): S6.

36. LaChance, L.E. (1967) The induction of dominant lethal 
mutations in insects by ionizing radiation and chemicals-as 
related to the sterile male technique of insect control. In: 
Wright, J.W. and Pal, R., editors. Genetics of Insect Vectors 
of Disease. Elsevier, Amsterdam, Netherlands, p617–650.

37. Curtis, C.F. (1971) Induced sterility in insects. Adv. Reprod. 
Physiol., 5: 119–165.

38. Heitz, J.R. and Downum, K.R. (1995) Light Activated Pest 
Control. American Chemical Society, Washington, DC, 
USA, p616.

39. El-Shourbagy, N.M., Hussein, M.A., El-Dahab, F.F., 
El-Monairy, O.M. and El-Barky, N.M. (2018) 
Photosensitizing effects of certain xanthene dyes on Culex 
pipiens larvae (Diptera-Culicidae). Int. J. Mosq. Res., 
5(6): 51–57.

40. Moore, T.C. and Brown, H.E. (2022) Estimating Aedes 
aegypti (Diptera: Culicidae) flight distance: Meta-data 
analysis. J. Med. Entomol., 59(4): 1164–1170.

********


