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Abstract
BACKGROUND: The diversity and biting activity of Mansonia can predict the incriminated vector and pattern of the 
mosquito behavior in establishing the vector control program.

AIM: The present study aims to investigate the prolonged biting behavior of Mansonia spp. in Banyuasin Regency, 
South Sumatera Province, Indonesia.

METHODS: The investigation was conducted monthly from April 2017 to May 2018 using human landing collection 
method with six groups of collectors divided into two groups for indoor and outdoor conditions. Two villages, Sedang 
and Muara Sugih villages, were used as the representative of Banyuasin Regency since those two villages recorded 
as the endemic area of filariasis cases in Indonesia.

RESULTS: A total of 4956 Mansonia spp. mosquitoes collected during the study comprising six species: Mansonia 
uniformis (40.37%), Mansonia annulifera (32.04%), Mansonia indiana (19.97%), Mansonia bonneae (5.28), 
Mansonia dives (2.14%), and Mansonia annulata (0.18%). M. uniformis (41.254%) and M. bonneae (45.490%) 
become the most dominant species caught in Sedang village and Muara Sugih village, respectively, and presented 
the higher biting activities in outdoor than indoor with biting peaked time at approximately 18.00–19.00. The study of 
biting activities also found the shifting of behavior activity where Mansonia spp. as the nocturnal mosquitoes had the 
high biting peak in the daylight time. In terms of biting period, there was no significantly period of high activity where 
the activity was fluctuated in all studied years. Furthermore, there was no correlation between the biting activity and 
rainfall level, indicating that the biting activity was not depended on the season.

CONCLUSION: The results showed that Mansonia spp. potentially spread the filariasis vector all the years and the 
prevention action should be made all the year to suppress the high cases of filariasis in the Banyuasin Regency.
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Introduction

Lymphatic filariasis is a debilitating disease 
and the prevalent in tropical and subtropical areas 
such as Asia, Africa, and Australia [1]. The World 
Health Organization determines that South Asia 
region faces 55.7% of at the world risk population 
where 94.6% and 85.2% of the reported having 
lymphoedema and hydrocoele cases globally [2]. 
In general, filariasis is an infection of microfilariae 
by Wuchereria bancrofti, Brugia malayi, and Brugia 
timori which transmitted by mosquitoes [3], [4], [5]. 
Approximately 23 species of mosquito from five 
genera which are Mansonia, Anopheles, Culex, 
Aedes, and Armigeres are reported as the vectors 
of lymphatic filariasis [6], [7], [8], [9]. To be more 
specific, the genera of Mansonia spp. have been 
implicated in the transmission of filariasis in many 
regions of Asia [10]. In South Sumatera, Indonesia, 
our previous study has successfully identified the 

biodiversity of mosquitoes in Sedang villages as the 
endemic area of filariasis and found that Mansonia 
spp. was one of the most prevalent mosquitoes in 
Sedang Village and Muara Sugih [11]. In case of 
filariasis cases, the survey conducted during the 
1983–2002 found that the average microfilarial rate 
was 2.02% and the number of filariasis in 2018 
was still 89 cases [12]. The number of lymphatic 
filariasis cases is still high and the understanding of 
transmission becomes the primary importance for 
the further control strategies.

Herein, the present study aims to investigate 
the prolonged biting behavior of Mansonia spp. by 
collecting and investigate its 24 h activity patterns of 
Mansonia spp. in Sedang and Muara Sugih villages 
as the endemic area of filariasis. The understanding of 
biting pattern provided us the valuable information to 
determine the further prevention activity. Thus, exploring 
the behavior of Mansonia spp. can lead an approach to 
control filariasis vectors in endemic area of filariasis.
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Materials and Methods

The research area was Sedang village and 
Muara Sugih where the detailed location can be seen 
in our previous work paper [11]. The collecting data of 
biting activity were conducted using human landing 
collecting method developed by Gimnig et al. (2013) 
and Barnard et al. (2014) with several modification of 
collector and period of time [12], [13], [14]. The collection 
data were performed by six groups of collector divided 
into two groups for investigating the indoor and outdoor 
conditions. The collection period was 14 months started 
from April 2017 to May 2018. Each group in indoor and 
outdoor was managed to sit in the chair in the specific 
area for 40 min to let the mosquitoes doing biting 
activity. The mosquitoes were trapped using aspirator 
and transferred to the paper cup with a cotton soaked in 
sugar water. The number of mosquitoes was recorded 
in the end of the test and divided into several categories 
such as diversity, abundance, and man biting rate 
(MBR).

The diversity was determined after 
investigating the mosquitoes species. The abundance 
was recorded by calculating the number of mosquito 
as the function of mosquitoes species in percentage 
(%) (Equation 1) [11]. The total of collected mosquitoes 
was divided into the number of collector in the period 
of collection time (per month) to obtain the MBR 
(Equation 2). To analyze the specific patterns of each 
species of Mansonia spp., the seasonal biting activity 
of each Mansonia spp. was performed to see when the 
high peak of biting activity occurred. All the analysis 
of biting behavior was assessed with t-test analysis 
to statistically study the significance of prolong biting 
behavior occurred in both studied areas.

Abundance(%)=

£collectedmosquito
per species
£collectedmosquitoos

×100%  (1)

Manbitingrate= £collected mosquito per species
£collector × £periood of collection  (2)

Results and Discussion

The collection of mosquitoes caught in 
Sedang and Muara Sugih villages

The total number of mosquitoes collected 
in Banyuasin Regency in the collection period was 
14,757 mosquitoes where 4455 mosquitoes and 

10,302 mosquitoes collected in Sedang village 
and Muara Sugih village, respectively. The species 
identification identified 15 genera of all the collected 
mosquitoes 13 genera found in Sedang village and 
10 genera found in Muara Sugih village. In Sedang 
village, the specific genera were Mansonia, Culex, 
Aedes, Anopheles, Coquilettidia, Topomyia, Armigeres, 
Triptoides, Miomyia, Malaya, Uranataenia, Hodgesia, 
and Urotonia. In Muara Sugih village, the genera were 
Culex, Aedes, Mansonia, Anopheles, Coquilettidia, 
Lutzia, Topomyia, Uranotaenia, Malaya, and Udaya 
consist as the domestic genera. Furthermore, the 
species identification 36 species and 40 species 
identified in Sedang village and Muara Sugih village, 
respectively. However, the study was only specified 
Mansonia spp. which found as filariasis vector on our 
previous study [11], [15]. Therefore, only Mansonia spp. 
was used to further identifications.

The number of Mansonia spp. caught during 
this period was 4956 individuals where 4448 mosquitoes 
caught in Sedang village and 508 mosquitoes caught 
in Muara Sugih village. The diversity of Mansonia spp. 
in Sedang village was found as six species: Mansonia 
uniformis, Mansonia annulifera, Mansonia indiana, 
Mansonia bonneae, Mansonia annulata, and Mansonia 
dives. In Muara Sugih village, there was no M. annulata 
detected indicating only five species collected in the 
study. The environmental characteristics of both studied 
areas differentiated the diversity of Mansonia spp. 
Sedang village was consisted of swamp area and Pistia 
stratiotes as the water plant which potentially become 
the suitable breeding area of Mansonia spp. However, 
the environmental characteristics of Muara Sugih 
village were dominated by open field such as plantation 
and paddy field where paddy plant (Oryza sativa) as 
the aquatic plant dominant. The open area and paddy 
plant require the strong flier of mosquitoes to reach the 
breeding site or resting site. Therefore, Muara Sugih 
village was not suitable for Mansonia spp., especially 
M. annulata which was categorized as the weak flier 
compared to the other species of Mansonia spp. [16]. 
The detail percentage of collected Mansonia spp. in the 
study area is shown in Figure 1.

M. uniformis was found as the dominance 
mosquitoes showed by the high percentage caught 
in both studied areas. It indicated that the type areas 
of swamp and paddy field were the suitable place for 
M. uniformis to breed and do resting. Besides, the 

Figure 1: The percentages of Mansonia spp. in Sedang village and 
Muara Sugih village

https://oamjms.eu/index.php/mjms/index
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swamp area in Sedang village was only suitable for 
M. annulifera and M. indiana. On the other hand, M. 
bonneae and M. dives became the most collected 
species in Muara Sugih village, indicating that the paddy 
field and paddy plant were suitable for M. bonneae and 
M. dives to breed and rest during their activities.

The findings showed the fingerprint of the 
studied area as the diversity of mosquitoes where the 
characteristics of percentage of collected mosquito 
should be different with the other area. For example, 
a similar research about the diversity of mosquitoes 
conducted in Brazil which has the specific weather and 
tropical characteristic (similar with the studied area) 
reported that there was a small amount of Mansonia 
spp. collected during the research period (<1%) [17]. 
Near the studied area, Malaysia, Chen et al. (2017) also 
reported the similar study where only 3.5% Mansonia 
spp. consisted from all the collected mosquitoes [18]. 
The study confirmed that a change in the environment 
significantly impacted, directly or indirectly, the behavior 
and bionomics of mosquitoes. The local climate 
parameters and the physicochemical properties had a 
great role in determining the distribution and diversity 
of these vectors, because the transmission of vector-
transmitted diseases as limited by the vectors’ tolerance 
to local climate [19], [20].

Seasonal MBR of Mansonia spp.

In Figure 2, the seasonal patterns for 
M. uniformis, M. annulifera, and M. indiana in Sedang 
village were similar with bimodal peaks; a big peak in 
April–July 2017 and a small peak after July 2017. The 
highest peak of biting rate was found in April 2017 and 
continually decreases until June 2017. Furthermore, 
the MBR was fluctuated from July 2017 to May 2018, 
indicating the unimodal peak in April 2017–March 2018.

The rainfall level was used to see the effect of 
season to the biting activity. The result showed that the 
high season of rainfall (wet season) began in October 
2017–May 2018 did not provide any significant to the 
high number of MBR, indicating that the rainfall level did 
not provide a significant effect to the mosquito activity. 
However, the main reason why the rainfall did not 

provide any significant effect was because two possible 
reason. First, the rainfall potentially washed all the 
larvae in the surface of water resulting the low number 
of mosquitoes. Second, the nutrients and pollutant 
containing in the water as the mosquito breeding site 
reduced with the high rainfall level made the water 
cleaner which was not a good site for breeding site [21].

The seasonal MBR and rainfall pattern of 
M. uniformis, M. annulifera, M. indiana, M. bonneae, 
and M. dives in Muara Sugih village are shown in 
Figure 3. The seasonal patterns for M. uniformis M. 
bonneae, and M. dives were fit with bimodal peaks; 
with the big peak in April 2017–September 2017 and 
the small peak after September 2017. M. indiana and 
M. annulifera had only an unimodal small peak June 
2017–May 2018. The result in Muara Sugih village was 
quite similar with the result in Sedang village where 
the rainfall pattern did not provide any significance 
occurrence to the number of MBR. The highest peak of 
MBR occurred in May 2017, April 2017, and May 2018 
where the pattern of rainfall was relatively decreased 
in those periods. Therefore, the rainfall pattern had 
no significant effect to the seasonal biting activity of 
Mansonia spp. in both studied areas.

Figure 3: Seasonal variation in man biting rate of Mansonia spp. and 
rainfall patterns at Muara Sugih village, Tanjung Lago district

The investigation of biting behavior of 
Mansonia spp. found that the mosquito activity 
decreased gradually from August 2017 to October 2017 
and increased after November 2017. The peak was 
increased again in March 2018 and having the highest 
peak at May 2018 of the collection period. The main 
species performing the highest MBR in Sedang village 
were M. uniformis, M. annulifera, and M. indiana while 
M. bonneae, M. uniformis, and M. dives were found as 
the dominant in Muara Sugih village.

The seasonal patterns for M. annulata and 
M. bonneae were similar with bimodal peaks; a small 
peak in May–August 2017 and a big peak after August 
2017. Both M. uniformis and M. indiana had a unimodal 
peak in April 2017–October 2017. The biting of M. 
bonneae occurred in high numbers throughout the study 
period, ranging from 4.3 bites per person-hour in April to 
24.3 bites per person-hour in October 2017. M. indiana 
had lower rates (0.2–5.7 bites per person-hour). 

Figure 2: Man biting rate of Mansonia spp. and the rainfall patterns 
at Sedang village
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M. annulata bit people at the highest rate of 31.7 bites 
per person-hour in October 2017 but occurring no bite 
cases in April 2017–August 2017. In conclusion of MBR 
in Muara Sugih village, Mansonia activity increased 
gradually from April 2017 to October 2017 with the first 
peak (28.5 bites person-hour) in July 2017 followed 
by a greater peak in October 2017. M. uniformis and 
M. indiana were the main species comprising the 
highest biting density in April–August 2017, while M. 
annulata, M. bonneae, and M. dives formed the bigger 
subsequent peak in August–December 2017.

The investigation of biting behavior

The hourly biting behavior of mosquitoes

The host seeking of biting behavior of 
anthropophagic Mansonia spp. as the feeding time 
was studied in two villages of Banyuasin Regency, 
South Sumatera, using 24 h collection method. The 
understanding of biting behavior played the important 
role since it provides the detailed information about the 
high activity periods which further indicated the most 
possibilities of transmission time. However, the further 
investigation about the hourly collection was conducted 
only to the highest biting pattern of the collection 
mosquitoes which were M. uniformis, M. annulifera, 
and M. indiana for Sedang village and M. uniformis, 
M. bonneae, and M. dives for Muara Sugih village. The 
investigation was conducted in both indoor and outdoor 
conditions to see the most dominant condition of each 
species to feed themselves as the biting behaviors. 
The biting pattern of Mansonia was then reported as a 
function of time started from 18:00 to 17:00 in next day 
(24 h investigation period).

Figure 4 shows the highest biting activities 
of M. uniformis in Sedang village which began at 

approximately after sunset (18.00–20.00) and slightly 
decreases at 21.00–22.00 for outdoor and indoor, 
respectively. After the high peak of biting activities, the 
activities were relatively fluctuating during the midnight 
and after midnight to early morning at 06.00. The biting 
activity was fluctuating but relatively going up after 
08.00 in the next day. Furthermore, the biting activities 
of M. uniformis were quite similar in the morning, 
noon, afternoon, and evening, indicating that the biting 
behavior of M. uniformis was whole day in both indoor 
and outdoor.

Figure 5 shows the highest biting activities 
of M. annulifera in Sedang village which began at 
approximately 18.00 and fluctuated in high peak until 
05.00. The highest peak was found in the evening 
started at 19.00–22.00. The result confirmed that 
M. annulifera was the nocturnal species [22]. However, 
the small activities were detected after the midnight 
where the biting activity was fluctuated in the morning 
and afternoon. To be specific in indoor activities, 
M. annulifera relatively showed similar biting activities 
in 24 h with the highest peak at the sunset (19.00). In 
conclusion, the night and noon biting behavior were 
quite similar for M. annulifera in indoor but having a 
slightly different in outdoor. However, this finding proved 
that M. annulifera had the whole day biting behavior in 
indoor and outdoor conditions.

Figure 6 presented that the highest biting 
activities of M. indiana in Sedang village were similar 
with the other Mansonia spp. in which the high peak 
season began after the sunset (18.00). The indoor 
activities started at 18.00, decreased from 19.00, and 
have a fluctuating pattern until 17.00 in the next day. 
In outdoor activity, the highest peak was similar with 
indoor activity in which the high biting activity started 
at 18.00 and having the highest biting activity at 19.00 

Figure 4: Indoor and outdoor biting behavior of Mansonia uniformis in Sedang village investigated in 24 h biting periods

https://oamjms.eu/index.php/mjms/index
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Figure 5: Indoor and outdoor biting behavior of Mansonia annulifera in Sedang village investigated in 24 h biting periods

Figure 6: Indoor and outdoor biting behavior of Mansonia indiana in Sedang village investigated in 24 h biting periods

and slightly decrease after the highest peak season 
and form the fluctuating activity whole the collection 
time. Comparing both conditions, M. indiana has higher 
activities in outdoor than indoor condition, but relatively 
similar activities during all days. It concluded that 
M. indiana biting behavior was whole day in both indoor 
and outdoor.

The study was continued by seeing the 
biting activities of M. uniformis in Muara Sugih village 
(Figure 7). The highest biting activities of M. uniformis 
were similar with the result at Sedang village (18.00 in 
outdoor and 19.00 in indoor). However, by comparing 
the number of M. uniformis collected in Sedang village, 

the collected M. uniformis was extremely small in 
number. The environmental characteristics of Muara 
Sugih village which consist of paddy plant and open 
field resulting in the strong flier mosquitoes found in 
high number such as Culex spp. [23]. The small number 
of collected mosquitoes was because M. uniformis 
only bite the human target at the night to the morning 
(18.00–08.00). However, only one M. uniformis found at 
16.00 in outdoor condition.

Figure 8 shows the biting activities of 
M. bonneae in Muara Sugih village. The biting periods 
were began at 18.00 and continuously decreased in 
number after midnight with the highest peak of biting 
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activities 20.00 for the outdoor and 19.00 and 01.00 for 
the indoor. Similarly, M. dives in Muara Sugih village 
showed a similar pattern where the mosquito started 
doing the feeding period at 18.00 in outdoor and 20.00 
for indoor (Figure 9). The detail biting pattern of M. dives 
in Muara Sugih can be seen in Figure 9. The period of 
biting was only active during the night with small activity 
at outdoor in the morning (08.00 and 10.00).

The biting behavior of Mansonia spp. in Sedang 
village and Muara Sugih village had different pattern. 
The presence of three major species in Sedang village 

had biting pattern in whole day, meanwhile in Muara 
Sugih village, the most dominant mosquito only active 
in the night. Our finding was different with the result of 
Apiwathnasorn et al. (2006) which collected Mansonia 
spp. mosquitoes in Thailand [24]. The collected 
Mansonia spp. has the biting activity in the noon which 
the high biting activity started at 09.00 in the morning 
with the highest peak occurred at 10.00. However, the 
activity decreased in the afternoon (12.00–17.00). Near 
to our studied area, Rohani et al. (2013) investigated 
the biting activity of mosquito in Sarawak, Malaysia, 

Figure 7: Indoor and outdoor biting behavior of Mansonia uniformis in Muara Sugih village

Figure 8: Indoor and outdoor biting behavior of Mansonia bonneae in Muara Sugih village
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and found the similar result in which M. bonneae 
started the biting activity at 19.00 and with the highest 
peaked at 20.00. The pattern was similar with our 
finding in which the biting activity was dramatically 
decrease after the highest peak [25] However, Rohani 
et al. found that there was no biting activity of Mansonia 
spp. in day time, indicating our result about the whole 
day activity of Mansonia spp. becoming interesting 
findings. The result proved that the different study area 
would generate different biting behavior, transmission 
possibilities, and characteristic of mosquitoes.

Prolonged biting activity

The statistical analysis was further used to 
determine the distribution time of biting activities of 
Mansonia. in both study areas. In Sedang village 
area, the average mosquitoes caught during the day 
(06.00–17.00) and the night (18.00–05.00) were quite 
similar. The p-value calculation showed 0.230 which is 
higher than the significant value (α) of 0.05, indicating 
that there was no difference in the average number 
of mosquitoes biting activities in Sedang village area 
during the day and the night (Table 1). There was a 
behavior changing of Mansonia spp. which commonly 
active at night (nocturnal) prolonged to be active at 
noon (diurnal).

Table 1: The biting activity base on time in Sedang village
Biting activity n Mean SD t-test p-value
Day 171 11.97 18.25 –1.203 0.230
Night 165 14.62 22.05

In Muara Sugih village area, the statistical 
analysis using t-test exhibited the p-value of 0.03 

which less than the significant value (α) of 0.05. The 
statistical analysis indicated significant different in the 
biting behavior of Mansonia spp. in the night and noon 
day (Table 2) indicating Mansonia spp. as the nocturnal 
species. Furthermore, the highest biting activity of 
Mansonia in Muara Sugih village was similar to Sedang 
village which was at 18.00–20.00. However, the biting 
activity pattern was only during the night and only small 
number of mosquitoes caught in the morning and noon.

Table 2: The biting activity base on time in Muara Sugih village
Biting activity n Mean SD t-test p-value
Day 39 2.56 2.68 2.182 0.03
Night 297 1.43 3.09

The further statistic investigation was 
conducted by comparing the biting activity of Mansonia 
spp. in both studied area and analyzed the prolong 
biting activities. The result showed that Mansonia spp. 
in Sedang village had prolonged biting activity which 
shown by the higher number of biting activity during the 
day (50.9%) than night (49.1%). In Muara Sugih village, 
Mansonia only had 11.6% during the day and 88.4% 
during the night. However, the small amount of prolong 
biting activities was still made in Muara Sugih village 
and becomes the interesting issue for the next research 
to investigate if Mansonia spp. in both studied areas 
have changed their behavior. The statistical analysis 
concluded that prolonged biting activity of Mansonia 
was only found in Sedang village which provided the 
high-risk ratio (RR) (8 times greater risk of transmission 
of disease with 95% of confidence interval 5.31–11.73 
shown in Table 3).

The biting activity changed the profiles across 
the boundaries of species and countries [13]. In this study, 

Figure 9: Indoor and outdoor biting behavior of Mansonia dives in Muara Sugih village
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M. uniformis could be captured during the daytime, mostly 
in shaded locality and the biting pattern of each mosquito 
species varied widely. The differences of the result could 
be due to the level of adaptation displayed by each 
species in different areas and environment. However, 
most of mosquito species typically started to hunt for blood 
meal shortly before sunset (18.00) and usually reach their 
peaks during the succeeding 1–3 h at night (20.00).

The daily flight activities of Diptera mosquitoes, 
from Culicidae family, were dominated for mating, 
feeding, and oviposition. Of all these activities, the 
feeding on blood was the most important, because of 
its disease transmission properties and the fact that it 
would cause discomfort for the host [26]. The majority of 
mosquitoes including Mansonia spp. were nocturnal, in 
which several finding found Mansonia spp. having high 
biting activities in the afternoon (15.00–16.00). However, 
these conditions were happened in the specific condition 
of high humidity and ambient temperature (25–28°C) [21]. 
The change of biting activity or prolong biting activity of 
Mansonia spp. occurred in noonday and after midnight 
potentially increased the case of lymphatic filariasis. 
It was supported by the biting pattern approaches the 
nocturnal subperiodic pattern of B. malayi [11], [15].

Conclusion

There were six species of Mansonia spp. 
caught in Sedang village and five species caught 
in Muara Sugih village which potentially transmitted 
the filariasis disease in Banyuasin, South Sumatera, 
Indonesia. The biting pattern of those mosquitoes was 
relatively similar both outdoors and indoors in which 
most of the mosquitoes have the high biting behavior 
at 18.00. However, there was a prolong biting activity 
detected in Sedang village during the noonday where 
Mansonia spp. was known as a nocturnal mosquito. 
The result becomes the valuable information to arrange 
the further controlling action of filariasis transmission in 
Sedang and Muara Sugih villages as the endemic area 
of filariasis in South Sumatera, Indonesia.
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