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Abstract 
Background: Southeastern Iran has been established as an area with the potential to harbor Asian tiger mosquito popu-

lations. In 2013, a few numbers of Aedes albopictus were detected in three sampling sites of this region. This field study 

was aimed to evaluate the efficacy of various traps on monitoring mosquitoes and status of this dengue vector, in five 

urban and 15 suburban/rural areas. 

Methods: For this purpose, four adult mosquito traps (BG-sentinel 2, bednet, Malaise, and resting box trap) were used 

and their efficacy compared. In addition, large numbers of CDC ovitraps were employed, within 12 months. 

Results: A total of 4878 adult samples including 22 species covering five genera were collected and identified from 

traps. It was not revealed any collection of Ae. albopictus. Statistical analysis showed no significant difference in mete-

orological variables between the two periods, the previous report and the current study. There were significant differ-

ences in the total number of mosquitoes collected by various traps in the region across different months. 

Conclusion: The resulting data collected here on the efficiency of the various trap types can be useful for monitoring 

the densities of mosquito populations, which is an important component of a vector surveillance system. While the pres-

ence of Ae. albopictus was determined in this potential risk area, there is no evidence for its establishment and further 

monitoring needs to be carried out.  
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Introduction 
 

Like many countries around the globe, the 

dengue vector, Aedes albopictus, has been re-

cently detected in Iran, with the first report of 

this species being in 2016 (1). Considering a 

previous report about the presence and estab- 

 

 
lishment of this species in the eastern neigh-

bor of Iran, Pakistan, this was not unexpected 

(2-4). Despite its short flight length, Ae. al-

bopictus is considered an invasive species 

with a rapid potential expansion. It has been 
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able to spread and establish in various areas 

from Southeast Asia to America, Europe, Af-

rica and Australian regions (5-7). Due to cli-

matic changes, global warming, and increased 

international traveling, arboviral diseases and 

their vectors have been expanded from en-

demic areas (8). The first Iranian dengue fe-

ver case with travel background to Southeast 

Asia was reported in 2008 (9). The health sys-

tem expressed its growing concern after DENV-

IgG detection in blood donors in southeast of 

the country, an Oriental ecozone situated in 

the transit route between East Asia and other 

countries (10, 11). This area has also been es-

timated as potentially harboring Ae. albopic-

tus (12). This hypothesis was verified by the 

detection of Ae. albopictus, although only five 

larvae and seven adults were collected (1). 

Therefore, it is crucial to ascertain the estab-

lishment status of this species based on eco-

logical studies and using various sampling 

methods (13). Indeed, the efficiency of differ-

ent mosquito traps needs to be investigated 

across a region to establish an effective vector 

surveillance system (14). Using a range of 

trap types, this study tests whether Ae. al-

bopictus is established in southeastern Iran 

and explores the presence of other diurnally 

active mosquitoes in this potential risk area.  

 
Materials and Methods 
 

Study area  

This study was carried out in Sistan and 

Baluchestan, the largest province in Iran (181, 

785km²). It includes 19 cities, 37 towns, and 

9716 villages. It has a long shared border with 

Pakistan and Afghanistan in the east and the 

Arabian Sea in the south. Aridity, dust storms, 

and especially the so-called ‘Wind of 120 Days’ 

constitute its general climate. Nevertheless, pe-

riodic monsoon systems contribute to a di-

verse climate in the region, especially in 

southern coastal areas where there are sum-

mer rainfalls (11). The maximum average rain-

fall within 5 years (2011–2015), has been 

145.6±89.1mm in the south and 87.9±45.5mm 

in the northern part of this province. While 

the region does not possess numerous water 

bodies (12), cement water tanks (ponds,) as 

usual water sources especially in rural areas, 

could be considered mosquitoes breeding plac-

es. The humidity in this region is mainly due 

to the Bengal Gulf streams, which come to Iran 

only in the summer (15). Despite the growing 

of date palm gardens, small farms, and even 

paddy fields in this province (11), the normal-

ized difference vegetation index (NDVI) shows 

a thin vegetation cover (12). Based on biogeo-

graphical considerations, this province has a 

unique climate including the Palaearctic and 

Indo-Malaya Realms (11). This part of the coun-

try still struggles with malaria and other vec-

tor-borne diseases, resulting in the establish-

ment of a substantial vector surveillance sys-

tem in the area (16, 17) (Fig. 1). 
 

Traps description  

The CO2-baited bednet tarp prepared for 

this study was 2×2×1.2m in size, with 156 

threads per inch mesh size and constructed 

from polystyrene fabrics. CO2 gas was re-

leased using a pressure reducing regulator 

with about 0.5 l/min applied in pulses (20s on/ 

40s off) (Fig. 2a). The BG-sentinnel 2 trap con-

sisted of a black collapsible fabric container 

with 40cm high and 36cm in diameter. It has 

a white gauze lid with a black catch pipe that 

is opened in case of air suction by an electrical 

fan. The created airflow, released a BG lure 

(18) (Fig. 2b). Figure 2c shows the Malaise 

trap used (height 190–110cm, length 165cm, 

width 115cm) with a pyramid of white net on 

a black framework, fabricated from polysty-

rene. Two sachets of the new BG-sweet scent 

were used as a mosquito attractant in this trap. 

The sachets were hung on the inner side of the 

black framework. Two types of resting box 

trap (35×35×35cm) were used, depending on 

the color of the outer walls (black or black-

white banded). The internal walls were cov-

ered with black cotton fabric. On the front 

side, there was a 35×15cm entry near the top, 

while the rest of the front was covered by a 
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black wooden\cotton wall. A sugar-ferment-

ing yeast solution was applied to attract mos-

quitoes. The solution was made up of a mix-

ture of dry yeast (7g), sugar (100g) and water 

(1L) (19) in 1.5L bottles\jars placed in traps 

or out of them with a connector plastic tube 

(Fig. 2d). Mosquitoes in this trap (as well as 

the bednet and Malaise traps) were collected 

with an oral tube aspirator. The CDC ovitrap 

is a standardized device for mosquito egg-

laying. It involves a black glass jar which is 

12.7cm high and 7.6cm in diameter at the top 

(Fig. 2e). As an oviposition substrate, a wood-

en paddle (2.7cm long and 1.9cm wide) was 

placed in the jar, which was filled with water 

(20). In our study, the glass jar was replaced 

by a black plastic pot (19×14cm) due to its 

lower weight and breaking probability.   
 

Field sampling procedure and statistical 

comparison 
This descriptive–analytic study was con-

ducted from July 2016 to June 2017. In total, 

five urban (Zahedan, Rask, Nikshahr, Chaba-

har and Konarak) 12 rural, and three suburban 

areas were explored for mosquitoes. In our 

study, suburb means peri-urban which in-

cludes outer residential areas of a city. The 

sampling points were chosen based on a pre-

vious study which had resulted in the Ae. al-

bopictus collection. The larvae of this species 

had been detected in Rask (26.28471 °N, 

61.40040 °E; elevation 421 meter above sea 

level [MASL]) and adult samples were col-

lected from Paroomi (25.44267°N, 

60.90731°E; elevation 44 MASL) and Vash-

name-dori (25.45919°N, 60.83179°E; eleva-

tion 9 MASL) (1). Besides, the sampling 

points were exploited from a modeling study 

conducted in this area covering various sub-

climates and topographies. Adult sampling 

was undertaken at 10 points; three were fixed 

(Rask, Paroomi, Vashname-dori) and seven 

were varied within an area. The first fixed 

sampling point was urban, and the other two 

points were classified as rural areas. Sampling 

started before noon until half an hour after 

dusk. Adult mosquito traps were installed 20–

50m apart. During adult sampling, meteoro-

logical variables including temperature, hu-

midity and wind speed were recorded every 

two hours (Fig. 3b). The CO2-baited bednet, 

Malaise and Resting box tarps were checked 

every 15 minutes for five minutes. However, 

it was done once only at the end of the sam-

pling day for the BG-sentinel 2 trap. Due to 

air suction by the electrical fan, the collected 

mosquitoes could not escape. Like other traps, 

the BG-sentinel 2 trap is installed outdoors. 

Trap placement was conducted according to 

the instruction manual provided by Biogents 

AG. It was protected from wind, rainfall, and 

direct sunlight, yet visible to mosquitoes. Be-

sides, the trap was positioned close to the 

mosquito breeding sites. The collected adult 

specimens were identified based on an Iranian 

mosquito key (21). In addition, 505 ovitraps 

were installed at 31 points (Fig. 3a), including 

cities, villages, customs areas, and seaports. The 

paddles were checked every two weeks and 

suspected cases were moved to the insectary for 

laboratory assessments. Finally, the obtained 

data, collected specimens, month, average me-

teorological variables and trap types were an-

alyzed statistically. Contingency analysis was 

used to assess the co-occurrence of a species 

at a location/time point and computed phi from 

contingency tables as a measure of the strength 

of species’ association of species between dif-

ferent trap types. To this end, generalized lin-

ear models (GLMs), were ran, and the data 

were analyzed as a dichotomous variable in 

IBM SPSS Statistics 24. 

 
Results 
 

Adult sampling results 

A total of 4878 adults were collected from 

various traps, in which 22 species of five gen-

era (including three of the genus Aedes, nine 

Culex, eight Anopheles, one Culiseta, and one 

Uranotaenia) were identified. Overall, Ae. 

caballus (35.5%) and Culex quinquefasciatus 

(23.82%) were the dominant species, followed 
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by Cx. sitiens (17.6%), Cx. tritaeniorhynchus 

(10.9%) and Ae. caspius (4.2%) (Table 1). When 

pooled across species, a clear mosquito col-

lection peak was detected in February, which 

coincided with a period of low wind speed, 

low temperature, and high humidity (Fig. 4). 

Of the 11 meteorological stations scattered 

throughout the study area, three points were 

selected. Based on the previous report, Ae. al-

bopictus was collected from three sampling 

sites. The adults had been trapped in Chaba-

har County in 2013, and the larvae were col-

lected in Nikshahr and Rask Counties in 2009. 

Thus, meteorological data including the mean 

temperature as well as mean relative humidity 

along with precipitation related to these three 

counties were obtained from the data center of 

the provincial meteorological organization. Fig-

ure 5 shows the monthly comparison of these 

variables. In December 2013, the maximum 

rainfall (38.5mm) was recorded in Chabahar 

station, followed by February of the same year 

(20.4mm). In 2017, the maximum rainfall oc-

curred in February (68.9mm). The Mann-Whit-

ney test revealed no significant difference con-

cerning these three variables between two years 

(12 months); 2013 and 2016–2017 (P> 0.05), 

in three larvae and adult sampling sites (Chaba-

har, Nikshahr, and Rask). Most mosquitoes 

were collected by CO2-baited bednet traps 

(65.13%), and with a substantial percentage 

were caught by Malaise traps (34.09%). The 

Resting-box traps and BG traps only collected 

0.51% and 0.27% of the mosquitoes respec-

tively. The percentage of species collected by 

Malaise and bednet traps tended to be highly 

correlated (Table 1), whereas it varied in the 

case of other adult trap types (for instance, 

BG traps captured a high percentage of Cx. si-

tiens). Contingency tables (Table 2) indicated 

that the two trap types placed at the same lo-

cation tended to collect the same species. This 

was also reflected in the high phi scores asso-

ciated with these comparisons. When pooled 

across trap types, the presence/absence of spe-

cies was only associated with Cx. quinquefas-

ciatus and Cx. tritaeniorhynchus (X2= 15.90, 

df= 1, P< 0.001, phi= 0.375) as well as Cx. 

sitiens and Ae. caspius (X2= 36.04, df= 1, P< 

0.001, phi= 0.565). The data for these four most 

common species were statistically ana-lyzed. 

Another common species, Ae. caballus, was 

only de-tected in rural areas in one period and 

it was not analyzed further. Aedes ca-ballus 

was only collected in February by both Ma-

laise and bednet trap types. The other species 

were collected throughout the year (Fig. 6). 

Bednet and Malaise trap data were combined 

to evaluate the effects of the three regions 

(urban, suburban, and rural) along with other 

environmental variables on the occurrence of 

the four common species. For Ae. caspius, 

GLM indicated the significant effect of region 

(Wald X2= 9.846, df= 2, P= 0.007), such that 

this mosquito was more common in urban ar-

eas (Fig. 7). Moreover, wind was found to ex-

ert a marginally non-significant effect (Wald 

X2= 3.458, df= 1, P= 0.063), such that lower 

wind speed was associated with a higher 

probability of positive traps (B= 1.221, 95% 

CI 0.066, 2.509). For Cx. quinquefasciatus, 

GLM only confirmed the significant impact 

of wind speed (Wald X2= 5.153, df= 1, P= 

0.023), such that lower wind speed again was 

related to positive traps (B= 1.699, 95%, CI 

0.232, 3.167). Regarding Cx. tritaeniorhynchus, 

the results of GLM exhibited the significant 

effect of location, as reflected by the impact 

of latitude (Wald X2= 6.708, df= 1, P= 0.010) 

and longitude (Wald X2= 6.773, df= 1, P= 

0.009). Additionally, this species was signifi-

cantly affected by wind speed (Wald X2= 

5.402, df= 1, P= 0.020). Finally, none of the 

parameters had a significant role in the occur-

rence of Cx. sitiens. 

 

Ovitrap results 

No Aedes eggs and larvae were detected 

on ovitraps’ paddles and waters respectively. 

Two species, Cx. tritaeniorhynchus (n= 11) 

and Anopheles stephensi (n= 4), were collect-

ed from water of ovitraps at two points locat-

ed in Sarbaz County (26.14118 °N, 61.45337 
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°E, elevation 329 MASL) and (26.15303°N, 61.44254 °E, elevation 360 MASL). 

 
Table 1. The collected mosquito species by trap types, southeastern Iran, Sistan and Baluchestan Province, 2016–2017 

 

Species Co2-baited 

Bednet 

Malaise BG Resting Box Total 

n % n % n % n % n % 

Aedes caspius 94 3.0 107 6.4 3 12 1 7.7 205 4.20 

Ae. caballus 1031 32.5 698 42.0 4 16 1 7.7 1734 35.55 

Ae. vexans 2 0.1 1 0.1 0 0 0 0 3 0.06 

Culex quinquefasciatus 798 25.1 354 21.3 5 20 5 38.5 1162 23.82 

Cx. tritaeniorhynchus 335 10.5 191 11.5 3 12 2 15.4 531 10.89 

Cx. pipiens 87 2.7 19 1.1 0 0 3 23 109 2.23 

Cx. sitiens 602 18.8 247 14.8 10 40 0 0 859 17.61 

Cx. prexigus 38 1.2 10 0.6 0 0 0 0 48 0.98 

Cx. bitaniorhynchus 5 0.2 0 0.0 0 0 0 0 5 0.10 

Cx. theileri 5 0.2 1 0.1 0 0 0 0 6 0.12 

Cx. pseudovishnui 15 0.5 2 0.1 0 0 1 7.7 18 0.37 

Cx. siniticus 41 1.3 21 1.3 0 0 0 0 62 1.27 

Anopheles stephensi  61 1.9 9 0.5 0 0 0 0 70 1.44 

An. culicifacies s.l. 16 0.5 0 0.0 0 0 0 0 16 0.33 

An. superpictus s.l. 10 0.3 0 0.0 0 0 0 0 10 0.21 

An. turkhudi 1 0.0 0 0.0 0 0 0 0 1 0.02 

An. subpictus s.l. 5 0.2 0 0.0 0 0 0 0 5 0.10 

An. fluviatilis s.l. 2 0.1 0 0.0 0 0 0 0 2 0.04 

An. dthali 1 0.0 0 0.0 0 0 0 0 1 0.02 

An. moghulensis 1 0.0 0 0.0 0 0 0 0 1 0.02 

Urantaenia unguiculata 2 0.1 0 0.0 0 0 0 0 2 0.04 

Culisets longiareolata 25 0.8 3 0.2 0 0 0 0 28 0.57 

Total 3177 100 1663 100 25 100 13 100 4878 100 

 

 
 

Fig. 1. Location of the study area, Sistan and Baluchestan Province, southeastern Iran, surveyed during 2016–2017 
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Table 2. Co-occurrence of mosquitoes from the same species in the two trap types, Sistan and Baluchestan Province, 

2016–2017 
 

Species Present in both 

B and M 

Absent in both 

B and M 

Only in B Only in M X2 (df= 1), P Phi 

Aedes caspius 26 83 2 2 92.56, <0.001 0.905 

Culex quinquefasciatus 58 19 35 1 21.71, <0.001 0.438 

Cx. tritaeniorhynchus 29 60 21 3 30.92, <0.001 0.587 

Cx. sitiens 17 91 5 0 82.77, <0.001 0.856 

 

B: CO2-baited bednet Trap, M: Malaise Trap 

 

 
 

Fig. 2. Traps used for mosquito collection, CO2-baited bednet tarp (a), Malaise trap (b), 450 resting box (c), BG (d), 

ovitrap (e), southeastern Iran, Sistan and Baluchestan Province, 2016–2017 

 

 
 

Fig. 3. Mosquito sampling sites; Adults (a), Ovitraps (b), southeastern Iran, Sistan and Baluchestan Province, 2016–2017 

http://jad.tums.ac.ir/


J Arthropod-Borne Dis, December 2020, 14(4): 376–390                                    J Nejati et al.: Employing Different Traps for … 

 

382 http://jad.tums.ac.ir 

Published Online: December 31, 2020 

 
 

Fig. 4. The collected mosquitoes and meteorological variables by month, southeastern Iran, Sistan and Baluchestan 

Province, 2016–2017 

    

 
 

Fig. 5. Monthly comparison of the meteorological variables between two years, 2013 and July 2016–June 2017 in three 

sampling sites: (a) Rask, (b) Nikshahr, (c) Chabahar, southeastern Iran, Sistan and Baluchestan Province, 2016–2017 
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Fig. 6. Monthly number of mosquitoes from traps as an estimate of population density for (a) Aedes caspius, (b) Ae. 

caballus, (c) Culex quinquefasciatus, (d) Cx. tritaeniorhinchus and (e)  Cx. sitiens. Note log scale apart from (b), Sistan 

and Baluchestan Province, 2016–2017 

 

 
 

Fig. 7. Box plots for ln density of five common species by two traps in different areas. (Ae. cab) Aedes caballus, (Ae. 

cas) Ae. caspius, (Cx. qui) Culex quinquefasciatus, (Cx. sit) Cx. sitiens, (Cx. tri) Cx. tritaeniorhynchus are plotted. Ln 

counts from (R) rural, (SU) suburb, and (U) urban regions are plotted separately. Traps were (B) bednet or (M) Malaise. 

Asterisks indicate outliers, Sistan and Baluchestan Province, 2016–2017 
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Discussion 
 

Aedes albopictus is a successful container 

breeder. Once introduced into an area, its es-

tablishment can be considered as evidence. Be-

sides, most control efforts focus on the erad-

ication of this species in case their first detec-

tion attempts prove unsuccessful. Meanwhile, 

this is dependent on the species’ environ-

mental adaptability and the quality of control 

measures applied (22). Our study was con-

ducted in a broad area with imported dengue 

cases and historical vector collection. Using 

different mosquitoes sampling methods with-

in 12 months, did not obtain any collection of 

Ae. albopictus. In a similar investigation per-

formed in southern California, surveillance of 

this species after about one year from discov-

ery indicated no presence of adults or signs of 

oviposition. In that research, two types of trap 

were used: battery-operated CDC/CO2-baited 

light traps and ovitraps. It was carried out af-

ter a report supporting the collection and de-

tection of significant numbers of Ae. albopic-

tus in the cargo containers of lucky bamboo 

shipped from China. The rapid control response 

to the first report of this species and the co-

operative efforts aimed at eliminating it were 

regarded as reasons for this success (22). Mean-

while, we do not have any evidence on the 

eradication efforts carried out by the Iranian 

health system and their aftereffects on the Ae. 

albopictus community consequently. Never-

theless, some modeling studies have suggest-

ed that northern parts of Iran can be suscepti-

ble to the establishment of this vector. In a high-

resolution map, it was found that enhanced veg-

etation index (EVI) annual mean, EVI range, 

annual monthly maximum precipitation, annu-

al monthly minimum precipitation, tempera-

ture suitability, and urban as well as peri-ur-

ban areas are environmental covariates affect-

ing the occurrence probability of Ae. albopic-

tus. Specifically, in order of significance, tem-

perature suitability, minimum precipitation, and 

EVI demonstrated the most relative contribu 

 

 
tions to predicting this map (23). Studies con-

ducted in southeast of Iran have indicated that 

low vegetation index, high temperature, along 

with low rainfall associated with this part of 

the country affect the establishment of Ae. 

albopictus in this region (12). In a previous 

study in this area, Ae. albopictus adults were 

collected during November/December 2013 

after a heavy rainfall (1). Although this spe-

cies was not collected in our study, the high-

est peak of mosquito activity was preceded by 

a torrential rainfall. Some researchers attrib-

ute an important role to rainfall in establishing 

Ae. albopictus, such that at least 500 mm of 

annual rainfall is needed for this species to 

develop (24, 25). Meanwhile, some studies 

suggested 290mm of annual rainfall for this to 

happen (26, 27). Evidently, Ae. albopictus 

could be established in areas with 200–500 

mm annual rainfall (5). Despite the correlation 

between rainfall and the presence of Ae. Al-

bopictus, some researchers have highlighted 

the behavior of Ae. albopictus as a container 

mosquito which could exist in the rainfall in-

dependently from its breeding sites (28). In a 

study in India, this species was collected from 

arid and semi-arid areas. Analogous to the re-

gion investigated in the present study, these 

were plain sandy places with thin vegetation 

and water stored in containers including a large 

number of cement and plastic tanks (29). As a 

result, the risk of Ae. albopictus establishment 

in this area can never be ignored. Although 

Ae. albopictus was not collected in the current 

study, the efficacy of four types of trap on 

catching six Aedes and Culex species were eval-

uated. Some species such as Ae. vexans, Ae. 

caballus, Cx. quinqaefasciatus, Cx. tritaeniorhyn-

chus, and Cx. sitiens can be regarded as West 

Nile fever and Chikungunya vectors (30-34) 

that occur in Iran (8, 35). In fact, Cx. quin-

qaefasciatus and Ae. vexans have been previ-

ously reported as dominant species in south-

east of Iran (36, 37). 
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Our results showed that the meteorological 

factors of wind speed and temperature have a 

direct significant correlation with the total num-

ber of collected mosquitoes. In particular, in 

southern Norway, mosquito abundance dis-

played a negative association with wind speed, 

and no mosquitoes were collected at speeds 

above 7·5m/s (38). Our results confirmed that 

wind speed affects the collection likelihood of 

several mosquito species.Monitoring densities 

of mosquito populations can be performed by 

various sampling methods to evaluate the vec-

tors’ behavior, especially the effects of vector 

control interventions (39). In the current study, 

CO2-baited bednet trap was associated with the 

majority of collected mosquitoes. We selected 

this trap based on a previous study in Iran 

where it was proved effective in collecting Ae. 

albopictus (1). Also, this trap has been used 

for sampling in other vector-borne diseases 

such as dirofilariasis (40) and malaria (41) in 

Iran. However, no report has been made so far 

concerning the efficacy of this trap type for 

mosquito sampling. Compared to other traps, 

CO2-baited bednet trap covers a larger space, 

possibly increasing its ability to collect mos-

quitoes especially in a semi-desert climate with 

low mosquito density. Furthermore, CO2 used 

in this trap might have served as an efficient 

mosquito attractant (42). Most studies on trap 

efficacy have focused on evaluating BG traps 

versus other traps. For instance, a study in 

Germany observed that the BG trap was better 

at collecting a range of mosquito species than 

three other types of traps: Heavy Duty En-

cephalitis Vector Survey trap (EVS trap), Cen-

ters for Disease Control miniature light trap 

(CDC trap) and Mosquito Magnet Patriot Mos-

quito trap (MM trap). Also contrary to our find-

ings, the widest range of mosquito species was 

collected by BG traps (43). The field efficacy 

of the BG trap for collecting of Ae. albopictus 

has been also studied in New Jersey, US, where 

it collected more mosquitoes compared with 

the CDC trap and the gravid trap (GT). There-

fore, this trap type has been recommended as 

an important part of vector monitoring and sur-

veillance programs (44). Although most ento-

mological studies with BG traps have been un-

dertaken in Europe, North and South America, 

Australia, and Southeast Asia, covering tropi-

cal regions or areas with dense vegetation, the 

poor performance of BG traps in the current 

study was surprising (44-46). Perhaps this type 

of trap, especially in the absence of CO2, is 

less effective in a dry climate with a low mos-

quito density. On the other ahnd, Malaise traps 

(47) and bednet traps performed well in our 

study. There are few published papers on the 

usage of Malaise traps for mosquitoes in trop-

ical areas of the world (48). In the US, Townes-

type Malaise traps (49) were used for about 

five months to collect mosquitoes, with Aedes 

species being the most widely collected, fol-

lowed by Culex species. Vision as well as dark 

color can play an important role in the attrac-

tion of some insects such as Tabanid flies and 

mosquitoes (50). Mosquitoes possibly showed 

a positive response to the Malaise trap due to 

its black color and its BG lure as an attractant. 

Since this trap and the bednet traps tend to 

catch common mosquitoes in similar propor-

tions at the same locations and times, both trap 

types could be useful for general mosquito sur-

veys. The so-called resting Bbox trap has been 

applied and modified for sampling malaria vec-

tors, particularly outdoor-resting mosquito spe-

cies (39). We modified it to monitor Ae. al-

bopictus with a strong exophilic (resting) be-

havior (51). However, in our study, this trap 

did not perform well compared to others. This 

trap is marked by a low efficiency in collect-

ing Cs. inornata (48). There are few published 

papers regarding the usage of resting box traps 

for Aedes sampling. In Thailand, two types of 

trap consisting of short boxes (45cm) and tall 

boxes (90cm) were placed inside houses (52). 

The short boxes, whose size was close to the 

one employed in our trap, attracted relatively 

more females. Perhaps this type of trap is an 

efficient method for sampling Ae. aegypti ra-

ther than the species collected here. Ovitraps 
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are commonly used for sampling container-

breeding mosquitoes such as Ae. albopictus 

and Ae. aegypti (53), even though their effi-

cacy in catching malaria vectors has also been 

evaluated (54). In the current study, Ae. al-

bopictus larvae were not detected in ovitraps, 

but the two species of Cx. tritaeniorhynchus 

and An. stephensi were occasionally observed. 

In studies designed for mosquito control, Cx. 

quinquefasciatus, Cx. tritaeniorhynchus, and 

An. stephensi have been reported alone or along 

with Ae. aegypti in ovitraps (53, 55-58). Ovit-

raps could, therefore, be used in surveillance 

but their low return rate needs to be taken into 

account, given that > 500 ovitraps were placed 

outdoors in this study.  

 
Conclusion 
 

Data collected here on the efficiency of 

various trap types can be useful for monitor-

ing densities of mosquito populations, which 

is an important component of a vector surveil-

lance system. Although Ae. albopictus had been 

previously collected from the study area, its 

establishment is now questionable given that 

we could not collect it despite substantial ef-

fort. Further inquiry into Ae. albopictus estab-

lishment in this potential risk area should be 

rewarding. Eventually, in case of local trans-

mission of dengue, studies on the potential 

transmission of other Aedes species should be 

considered in any new situation. 
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