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Abstract 
Anopheles sinensis is widely distributed in Wanning County, it is necessary 
to understand the spatial distribution characteristics of Anopheles sinensis in 
order to maintain the elimination of malaria in Wanning. During May and 
October 2009, we sampled adult mosquitoes at 36 villages within Wanning 
County on Hainan island, and collected meteorological and geographical data 
at each sampling site. We used these data to analyze the spatial distribution of 
adult Anopheles sinensis mosquitoes, and logistic regression analysis was ap-
plied to explore the association of the spatial distribution of Anopheles sinen-
sis with the geographical and meteorological factors. We found that the den-
sity of Anopheles sinensis showed a significant positive spatial correlation. 
From May to October, on the whole, the high-density area was located in the 
central part of Wanning County. But each month there was a relatively 
high-density cluster, and their location and range were not exactly the same. 
From east to west, the density of Anopheles sinensis increased initially and 
then decreased, but from south to north, there were different trends in the 
periods of May to August and September to October. Logistic regression 
analysis showed that the main environmental factors related with the distri-
bution of Anopheles sinensis were land use type, soil type, distance to road, 
air pressure and relative humidity. These analysis results showed that the dis-
tribution of Anopheles sinensis had obvious spatial heterogeneity in Wanning 
County, which was related with geographical and meteorological factors. The 
mechanism of these environmental factors on the distribution of Anopheles 
sinensis needs to be further studied. 
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1. Introduction 

Hainan Island, located in the South China Sea and separated from Leizhou Pe-
ninsula by the Qiongzhou Strait, makes up the majority of the Hainan Province, 
China. It was once one of the worst malaria endemic areas in China. In 2003, 
Hainan Province started implementing the Global Fund Malaria Project, which 
greatly contributed to the implementation of Hainan’s malaria control program. 
Since 2010, Hainan had carried out malaria elimination according to the Malaria 
Elimination Action Plan (2010-2020), the number of malaria cases continued to 
decline, and realized “No local malaria cases reported” in 2012 [1]. On Decem-
ber 31, 2019, it officially confirmed that Hainan Province had reached the Mala-
ria elimination target. 

Anopheles mosquito is the sole vector of malaria. There are 37 species of 
Anopheles mosquito on Hainan Island. Exophagic, anthropophilic An. dirus and 
endophilic, anthropophilic An. minimus were the principal vectors in the period 
of high malaria prevalence in Hainan Island. An. sinensis, An. jeyporiensis can-
didiensis and several other Anopheles were secondary vectors [2]. With the de-
velopment of society and economy, large areas of forests have been cut down to 
grow tropical cash crops such as rubber, areca nut and fruit, destroying breeding 
habitats for wild inhabiting mosquito species, and with long-term targeted 
mosquito control measures, the distribution and abundance of An. dirus and 
An. minimus have been drastically decreased [3]. An. sinensis is a type of exo-
phagic and endophilic mosquito that feeds on both human and livestock blood. 
It is not an efficient malaria vector compared with An. dirus and An. minimus, 
but it is widely distributed on Hainan Island and has a large species population. 
With the development of agricultural mechanization, the drastic reduction of 
farm cattle has relatively increased the chances of the An. Sinensis mosquito, 
which used to feed on cattle blood, feeding on human blood, An. sinensis may 
become the mosquito species responsible for a low prevalence of malaria in 
Hainan Island, so it is necessary to monitor the spatial and temporal distribution 
of An. sinensis. 

The dry season and the wet season are clearly different in Hainan, as the dry 
season (from November to April) is warm and dry while the wet season (from 
May to October) is hot and humid. The peak season of malaria overlapped with 
wet season during the malaria epidemic [4]. This study took Wanning County as 
the sample area, and analyzed the spatial distribution characteristics of adult An. 
sinensis mosquitoes and their relationship with environmental factors in wet 
season, in order to formulate tailored mosquito control measures to maintain 
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elimination of malaria in Hainan Island. 

2. Materials and Methods 
2.1. Study Area 

Wanning County is located on the southeast coast of Hainan Island with a trop-
ical monsoon climate featuring ample sunshine and precipitation. Wanning is 
mountainous in the west, hilly in the central and plain in the southeast. The 
three terrains account for 46%, 32% and 22% respectively, and the average eleva-
tion is 123 meters. The topography and geomorphology of Wanning is a good 
representation of that of Hainan Island. 

Wanning used to be a malaria-endemic area. After joining the Malaria Pro-
gramme of China Global Fund Round One in 2003，the incidence of malaria in 
Wanning began to decrease significantly. The elimination of malaria has been 
carried out comprehensively in Wanning since 2010 and reached the standard of 
elimination in 2017 [5]. The historical malaria hyper-endemic area of Wanning 
lies in the western and northwestern mountainous regions where An. minimus 
and An. dirus were highly effective vectors. Although mosquito surveillance has 
shown that the population density of An. sinensis is significantly higher than 
that of An. dirus and An. minimus at villages with high malaria incidence, An. 
sinensis is not considered a major malaria vector and has not drawn the same 
attention as An. minimus and An. dirus during the high malaria transmission 
era [6]. 

2.2. Mosquito Surveillance 

In this study, 36 adult mosquito monitoring sites were set up in 36 villages, 26 of 
which were located in the three historical malaria endemic towns (Nanqiao, 
Sangengluo and Beida) and 10 in non-malaria-endemic areas (Figure 1). 
 

 
Figure 1. Study area and monitoring sites. 

https://doi.org/10.4236/jgis.2021.131003


L. Wen et al. 
 

 

DOI: 10.4236/jgis.2021.131003 39 Journal of Geographic Information System 
 

At each monitoring site, adult mosquitoes were collected outdoors twice a 
month using human landing catch technique from May to October 2009, once in 
the middle of the month and once at the end of the month. Due to the time of 
peak activity of An. sinensis is in the first half of the night [7] [8], mosquito 
sampling was carried out from 7 p.m. to 12 p.m. Informed consent was obtained 
from all the participants. Wanning Center for Disease Control and Prevention 
(CDC) provided medical supervision of participants. All collected mosquitoes 
were sent to the laboratory for classification. Densities of An. sinensis adult 
mosquito were measured as the number of An. sinensis adult mosquitoes cap-
tured per person-hour. 

2.3. Environmental Data Acquisition 

GPS receiver was used to record the geographical information (latitude, longi-
tude and altitude) of each sampling site and the distance to the nearest house-
hold.  

The distances from each sampling site to the nearest river and the nearest 
highway were calculated using spatial analysis in ArcGIS9.3 software (Environ-
mental Systems Research Institute, Inc.). 

The paper map of soil type distribution of Wanning County was obtained 
from Hainan Administration of Surveying, Mapping and Geoinformation. Soil 
type of each sampling site was extracted using spatial analysis in ArcGIS9.3 after 
the paper map being digitized.  

The land use types of the sampling sites were classified into three categories: 
residential area, woodland and grassland respectively. 

The temperature, air pressure and relative humidity of the sampling sites were 
recorded at the beginning of sampling using unified barothermohygrographs. 

2.4. Data Analysis 

Global Spatial autocorrelation analysis: Global spatial autocorrelation de-
scribes the overall distribution of observed objects in space to determine if there 
was spatial aggregation. Moran’s I index was used to measures the spatial aggre-
gation patterns and aggregation level of attribute variables across the study area. 
The Moran’s I index was tested using standardized statistic Z values. Values of 
Moran’s I index ranges from −1 to 1, a positive value indicates tendency toward 
clustering while a negative value indicates tendency toward dispersion, a value of 
zero typically indicates no spatial autocorrelation, and the greater the absolute 
value of Moran’s I is, the higher the degree of autocorrelation in spatial distribu-
tion is [9] [10]. In this study, the spatial autocorrelation tool in Arcgis10.2 was 
used to measure the value of Moran’s I.  

Space-time scanning cluster analysis: Scanning statistics are used to discov-
er and evaluate the aggregation of events in pure time, pure space, or space-time 
dimensions by continuously moving scan window in time and/or space dimen-
sions and recording the number of observations and expectations in the window 
for each position [11]. SaTScan9.4 software was used to carry out the purely spa-
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tial and spatio-temporal scanning cluster analysis of the density distribution of 
adult An. sinensis mosquitoes. 

Because density was continuous data, the normal model was used to conduct 
the pure space clustering in order to find the high density aggregation area of 
An. sinensis in each month. For spatio-temporal analysis, the mosquito densities 
of each sampling site in each month were divided into 1, 2, 3, 4, and 5 levels 
from low to high, and ordinary model was used to conduct spatio-temporal 
clustering to clarify the spatial and temporal aggregation of An. sinensis in the 
whole surveillance period. The unit of space was defined by the coordinates of 
the sampling sites and the unit of time was one month. The maximum spatial 
cluster size was set to include up to 50% of the total sampling sites and the 
maximum size of the time frame was 50% of the surveillance period. For 
Monte-Carlo inference, 999 replications were performed.  

Trend surface analysis: Trend surface analysis is a method based on low-order 
polynomials of spatial coordinates for estimating a regular grid of points from 
scattered observations. This approach is aimed to model the overall distribution 
of properties throughout space. It will sketch the global trend of distribution as a 
simplified surface. A trend surface model is a particular case of a bivariate re-
gression model with two independent variables, the coordinates X and Y and a 
dependent variable, the thematic variable Z to be modeled [12] [13]. In this 
study, ArcGIS 10.2 software was used to analyze trend surface and draw trend 
analysis graph. 

Logistic regression analysis: Bivariate logistic regression models were fitted 
to identify environmental variables associated with the presence of adult An. si-
nensis mosquitoes. Then, multivariate logistic regression model, incorporating 
variables significant at P < 0.05 in the univariate analysis, was developed using a 
forward-stepwise procedure and assessed using the likelihood ratio test. All re-
gression analyses were carried out with SPSS 20.0. 

3. Results 
3.1. General 

Of the 36 sampling sites, four sites (Jiarun, Toucun, Shanniutian and Minfeng) 
were stopped sampling from July and one site (Qiaozhong) was stopped sam-
pling in October due to lack of sampling personnel, all the five sites are located 
in the historical malaria high endemic region. Accumulated 1498 person-hours 
of sampling were carried out and a total of 619 An. sinensis mosquitoes were 
caught. The average density of An. sinensis captured in each month from May to 
October was 0.61, 0.37, 0.39, 0.41, and 0.29 per man-hour, respectively. The den-
sity in May was significantly higher than that in other months, and there was no 
significant difference in the density of other months (Friedman M test, M = 
25.273, P = 0.000). Of the 31 sampling sites that have completed all six months 
of surveillance, the highest average density from May to October was 1.08 per 
man-hour observed in Shanjia (see Figure 2). The highest density of single  
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Figure 2. Average mosquito densities of 31 sampling sites during May and October, 2009 
(unit: number of Anopheles sinensis captured per person-hour). 
 
surveillance was 2.75 per man-hour observed in Shanjia in mid-May. No An. si-
nensis was captured during the whole surveillance period at two sampling sites, 
Yuhou and Liulian, which both lie in the historically low endemic area of mala-
ria. 

3.2. Spatial Autocorrelation Analysis 

The global autocorrelation analysis showed that the distribution of An. sinensis 
in each month from May to October 2009 was spatial aggregation rather than 
random one. The highest level of aggregation of mosquito density was in Octo-
ber, the lowest level of aggregation was in June (Table 1). 

3.3. Spatial and Temporal Scanning Clustering 

Purely spatial scanning cluster analysis: It was shown that mosquito popu-
lation was not distributed randomly in Wanning County according to analysis of 
purely spatial clustering of mosquito density from May to October 2009. With 
the maximum spatial cluster size of 50% of the total surveillance sites, the spatial 
clustering identified the most likely cluster with high An. sinensis mosquito den-
sity for each of the six months. The secondary cluster was only detected in Sep-
tember and was not statistically significant (Table 2). The cluster covered three 
sampling sites in May, two sites in June, sixteen sites in July, sixteen sites same as 
those of July in August, eight sites in September, and eight sites same as those of 
September in October (Figure 3). These results showed that the relatively high 
density clusters of each month were not fixed.  

Spatio-temporal scanning cluster analysis: Spatio-temporal scanning cluster 
of An. Sinensis density in Wanning County from May to October, 2009 was 
tested by ordinary model. The most likely cluster with high mosquito density 
located in central area of Wanning County (Coordinates: 18.791N, 110.262E; ra-
dius: 5.56 km; LLR: 17.636; P = 0.001) where covered three sampling sites adja-
cent to Wanning Reservoir in non-malaria-endemic areas (Figure 4), and the 
time frame was from May to July. No secondary cluster was detected. 
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Table 1. Global spatial autocorrelation of An. sinensis mosquito density in Wanning 
County from May to October, 2009. 

Month Moran’s I Index Z-score P-value 

May 0.23 2.36 0.02 

Jun 0.23 2.35 0.02 

Jul 0.43 3.23 0.00 

Aug 0.61 4.44 0.00 

Sept 0.57 4.09 0.00 

Oct 0.70 4.78 0.00 

 
Table 2. Purely spatial An. sinensis clusters in Wanning County from May to October, 
2009. 

Month Coordinates/radius Mean inside Mean outside LLR* P-value 

May (18.791N, 110.262E)/5.56 km 1.75 0.46 12.47 0.01 

Jun (18.791N, 110.262E)/4.03 km 2.00 0.25 21.25 0.05 

Jul (18.694N, 110.180E)/19.70 km 0.64 0.16 8.85 0.03 

Aug (18.694N, 110.180E)/19.70 km 0.64 0.20 7.18 0.05 

Sept 
(18.903N, 110.338E)/10.91 km 0.70 0.29 6.23 0.04 

(18.694N, 110.180E)/14.52 km** 0.55 0.32 2.01 0.86 

Oct (18.903N, 110.338E)/10.91 km 0.60 0.19 14.54 0.00 

*LLR: Log likelihood ratio, **secondary cluster. 
 

 

Figure 3. The monthly spatial clusters of An. sinensis in Wanning County from May to October, 2009. 
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Figure 4. The location of the spatio-temporal cluster of An. sinensis mosquitoes in Wan-
ning from May to October, 2009 (the map was taken from the Google earth. Imagery 
date: 12/31/2009). 

3.4. Trend Surface Analysis 

Trend surface analysis was employed to identify the geographic trends of the 
mosquito density. A coordinate system was created (one axis for each direction 
with X for West-East and Y for South-North) and projections of densities (Z 
axis) reflected the variation trend of West-East and South-North orientation. 

The result showed that density distribution of An. sinensis each month during 
May and October presented an obviously inversed “U” shape from west to east, 
and presented a downward trend from May to August from south to north, a 
less obviously “U” shape from September to October (see Figure 5). 

3.5. Logistic Regression Modeling for Adult An. sinensis  
Mosquitoes Presence/Absence 

Univariate analysis: Univariate two-class logistic regression analysis was used 
to analyze the correlation between various environmental factors and whether or 
not An. sinensis was captured. 

Univariate analysis was used to select environmental factors that were signifi-
cantly associated with the presence of adult An. sinensis mosquitoes. Bivariate 
logistic regression models combining presence of adult An. sinensis mosquitoes 
and various environmental characteristics of sampling site are presented in Ta-
ble 3. The results showed that the presence of adult An. sinensis mosquito was 
more likely in residential areas and sand shale yellow red soil areas, and was ne-
gatively correlated with distance to highway, distance to river, temperature, air 
pressure, and relative humidity, and was positively correlated with the distance 
to household. The presence of adult An. sinensis mosquito had no correlation 
with the sampling month or the elevation of sampling site. 
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Figure 5. Trend surface map of density of An. sinensis in Wanning County from May to 
October, 2009. 
 
Table 3. Bivariate logistic regression results for presence of adult An. sinensis mosquitoes 
and the environmental factors in Wanning County. 

Environmental factor B S.E Wals Odd Ratio (95% CI) P-value 

Date   10.07  0.07 

May 0.73 0.42 3.04 2.065 (0.91 - 4.66) 0.08 

Jun −0.45 0.37 1.48 0.635 (0.31 - 1.32) 0.22 

Jul 0.21 0.40 0.27 1.228 (0.57 - 2.66) 0.60 

Aug 0.37 0.40 0.85 1.447 (0.66 - 3.18) 0.36 

Sept 0.05 0.39 0.02 1.053 (0.49 - 2.26) 0.90 

Oct - - - 1.00 - 

Land use type   37.53  0.00 

Woodland −1.82 0.30 37.35 0.16 (0.09 - 0.29) 0.00 

Grassland −1.36 0.34 15.82 0.26 (0.13 - 0.50) 0.00 

Residential area - - - 1.00 - 

Soil type   53.77  0.00 

Neritic yellow laterite 0.84 0.82 1.04 2.32 (0.46 - 11.62) 0.31 

Granite yellow laterite 2.61 0.80 10.54 13.62 (2.82 - 65.91) 0.00 

Granite yellow red soil 2.87 0.80 12.90 17.57 (3.68 - 83.95) 0.00 

Sand shale yellow red soil 4.91 1.28 14.70 135.00 (11.00 - 1657.37) 0.00 

Paddy soil - - - 1.00 - 

Distance to highway −0.00 0.00 9.10 1.00 (1.00 - 1.00) 0.00 

Distance to river −0.02 0.00 25.91 0.98 (0.98 - 0.99) 0.00 

Distance to household 0.01 0.00 7.91 1.01 (1.00 - 1.01) 0.01 

Elevation 0.00 0.00 0.78 1.00 (1.00 - 1.01) 0.38 

Temperature −0.40 0.10 14.90 0.67 (0.55 - 0.82) 0.00 

Air pressure −0.18 0.04 26.11 0.84 (0.78 - 0.90) 0.00 

Relative humidity −0.09 0.02 15.50 0.91 (0.87 - 0.95) 0.00 
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Multivariate analysis: In order to comprehensively evaluate the effect of en-
vironmental factors on the presence of adult An. sinensis population, multiva-
riate logistic regression was used to develop minimum adequate models with all 
significant variables (P < 0.05) in Table 3. Stepwise logistic regression analysis 
showed that the five environmental factors (land use type, soil type, and distance 
to highway, air pressure and relative humidity) were the influencing factors of 
presence of adult An. sinensis (Table 4). Land use type and soil type had strong 
correlation with the presence of An. sinensis, and distance to highway, air pres-
sure and relative humidity were negative correlation with the presence of An. 
sinensis. Three covariates, distance to river, distance to household and tempera-
ture, were excluded from the model. The R2 of the regression equation was 0.489, 
and using the predicted probability of 0.5 as a cut-off point for classification, the 
correct rate of classification was 80.3%. 

4. Discussion 

In China, An. sinensis is the main or sole malaria vector in the region north of 
34˚ north latitude. It is an important malaria vector in the plains, especially the 
main vector for Plasmodium vivax in rice growing areas [14]. Hainan island lies 
south of 21˚ north latitude, the main vectors of malaria during the high-malaria 
transmission era were An. dirus. and An. minimus. They have a higher suscepti-
bility to Plasmodium vivax and Plasmodium falciparum than An. Sinensis [15] 
[16]. The spatial and temporal distribution characteristics of An. sinensis on 
Hainan Island have been rarely studied since the beginning of this century. 
However, due to long-term targeted mosquito control and environmental 
changes caused by socioeconomic development, the mosquito populations of 
An. dirus and An. minimus have been greatly reduced in recent years [17].  
 
Table 4. Stepwise logistic regression results for presence of adult An. sinensis mosquitoes 
and the environmental variables in Wanning County. 

Environmental factor B S.E Wals Odd Ratio (95% CI) P-value 

Land use type   47.15  0.00 

Woodland −3.39 0.51 44.52 0.03 (0.01 - 0.09) 0.00 

Grassland −2.49 0.49 25.71 0.08 (0.03 - 0.22) 0.00 

Residential area - - - 1.00 - 

Soil type   18.39  0.01 

Neritic yellow laterite 2.61 1.02 6.60 13.65 (1.86 - 100.21) 0.01 

Granite yellow laterite 3.20 0.92 12.18 24.40 (4.06 - 146.74) 0.00 

Granite yellow red soil 3.38 0.93 13.12 29.26 (4.71 - 181.83) 0.00 

Sand shale yellow red soil 5.28 1.43 13.71 196.76 (12.01 - 3224.32) 0.00 

Paddy soil - - - 1.00 - 

Distance to highway −0.01 0.00 10.94 0.99 (0.99 - 1.00) 0.00 

Air pressure −0.10 0.04 5.92 0.91 (0.84 - 0.98) 0.02 

Relative humidity −0.13 0.04 11.47 0.877 (0.81 - 0.95) 0.00 
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During the surveillance period of this study, only three An. dirus mosquitoes 
and no An. minimus mosquito were captured. An. sinensis has a significant 
population advantage over An. dirus and An. minimus in the population struc-
ture of malaria vector Anopheles mosquitoes on Hainan Island, the population 
distribution characteristics and malaria transmission efficiency of the An. sinen-
sis need further attention in order to eliminate malaria on Hainan island. 

Anopheles sinensis has a broad adaptability to the breeding environment. The 
main breeding place is the paddy field and its irrigation systems. The seasonal 
variation of the population size is closely related to climate change and farming 
system in different areas. In China, adult An. sinensis are active throughout the 
year in regions south of 27˚ north latitude, survive the winter in semi-hibernation 
in areas between 28˚ and 33˚ north latitude, and enter hibernation in winter in re-
gions north of 33˚ north latitude [18]. This survey shows that An. sinensis are ac-
tive throughout the wet season from May to October in Wanning County, and 
the density in May is higher than that in the other months. This is consistent 
with a survey conducted in several districts in Hainan island in 2012, in which 
the peak of adult mosquito density appeared from April to June [19], but is in-
consistent with the observations obtained in China mainland which was from 
July to August [20]. Perhaps, the reason is that the temperature and humidity 
conditions in Hainan Island were suitable for breeding and developing of 
mosquitoes all year round, however, with the increase of precipitation and 
tropical low-pressure cyclone from July to October each year, mosquito 
breeding sites and habitats would be destroyed, resulting in a certain drop in 
mosquito density. 

The analysis result showed that the density of adult An. sinensis had signifi-
cant positive spatial correlation. In other words, mosquito densities of neigh-
boring monitoring sites were closer, indicating the distribution of adult An. si-
nensis was dependent on the spatial location. Changes of the intensities of cor-
relation in six months suggest that seasonal changes of some environmental fac-
tors affecting the density of adult An. sinensis may have an impact on the inten-
sity of this dependence. Positive spatial correlation will inevitably result in spa-
tial aggregation. The monthly space scanning statistics showed that there was a 
relative high density spatial aggregation area in each month, the changes of loca-
tion and extent of monthly aggregation areas suggested that the intensity of 
mosquito density changes of different sampling sites were not consistent in dif-
ferent seasons. The space-time scanning from May to October showed that dur-
ing the whole surveillance period, the high density aggregation area of adult An. 
sinensis was located in the northwest of Wanning reservoir and the time frame 
was from May to July. This area is not the traditional malaria high-endemic area 
in Wanning and is obviously inconsistent with the spatial distribution of malaria 
cases in Wanning County in 2009 [21]. Whether this can suggest that An. sinen-
sis is not the main vector of malaria in Wanning County needs more in-depth 
research, because in addition to mosquito vectors, there are many other factors 
that affect the malaria epidemic such as the presence of malaria case and wheth-
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er and how prevention and control measures are taken. 
Besides the characteristics of spatial distribution of adult An. sinensis, this 

study explored the key natural environmental factors related with this distribu-
tion feature. Logistic regression analyses showed that land use type, soil type, 
distance to highway, air pressure, and relative humidity were major factors re-
lated with the presence of adult An. sinensis. 

Adult An. sinensis was more likely to be found in residential areas than in 
woodland and grassland, as they are easier to find vertebrate host to suck blood 
in residential areas. Soil is closely related to insects, it not only indirectly affects 
insects as the plants grow, but also is places where insects live. Studies shows that 
the duration of immature life stages of the mosquitoes is inversely related to 
soil-substrate organic matter content and soil moisture has an impact on the 
density of mosquitoes in the area [22] [23]. Shililu reported that the absolute 
moisture content of the soil is not the only factor that determines the successful 
rate of hatching anopheline eggs, rather, soil moisture, together with the rate of 
drying, physiological factors associated with the age of the egg, and the type of 
soil in which the egg rests, likely influences survival [24]. The mechanism how 
soil type affects distribution of Anopheles mosquitoes in Wanning needs further 
investigation. This study shows that the closer the monitoring point is to the 
highway, the greater the possibility of presence of adult An. sinensis, this may be 
due to some unknown indirect correlations that require further analysis. 

Meteorological factors directly affect the mosquito density, because they affect 
not only reproduction and survival of mosquitoes but also their activities. Ac-
cording to Ma Aimin’s research, total annual precipitation, mean annual air 
pressure, precipitation of the wettest quarter, and minimum temperature of the 
coldest month strongly influenced the distribution of An. sinensis [25]. The in-
fluence of temperature on mosquito populations is highly complex, as the effects 
of temperature on various processes are non-linear and difficult to predict. Some 
surveys have shown a positive correlation between mosquito density and tem-
perature [26] [27] [28]. However, some other surveys showed a negative correla-
tion as we observed in Wanning [29]. The relationship between air pressure and 
mosquito density also has different conclusions, these different conclusions may 
be due to differences in mosquito species and basic climatic conditions. For ex-
ample, a survey conducted in the central Arctic showed that as air pressure rose, 
the probability of mosquito presence increased and the relationship between air 
pressure and activity level was also positive [30], while this study shows that the 
air pressure is inversely related to the presence of An. sinensis and consistent 
with the findings of several surveys conducted in China which have shown that 
there is a significant negative correlation between air pressure and mosquito 
density, and the variation trend of mosquito density can be predicted by using 
the air pressure fitting model [28] [31] [32]. Hainan Island has high relative hu-
midity, the relative humidity recorded in this study ranged from 68% to 97% 
with an average of 80%. This survey shows that the relative humidity is inversely 
related to the presence of An. sinensis, which is consistent with Ferreira’s survey 
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result that humidity above 75% had a negative effect on mosquito abundance 
[33].  

Based on the close relationship between malaria and Anopheles mosquitoes 
and the high prevalence seasons of malaria in Hainan Island, this study carried 
out adult Anopheline mosquitos’ surveillance in Wanning County from May to 
October, 2009, and analyzed the spatial distribution characteristics and envi-
ronmental factors of An. sinensis population. The results showed that the spatial 
distribution of the high density areas of adult An. sinensis was inconsistent with 
the spatial distribution of the high incidence areas of malaria in Wanning. The 
high prevalence area of malaria has been located in the mountainous forest area 
of southwest Wanning for many years [21], however, the high density area of 
An. sinensis in this survey was located in the central hilly area. The density of 
An. sinensis in May was significantly higher than that in the other months, but 
the peak of malaria epidemic in Wanning was usually in summer and autumn. 
Whether this indicates that An. sinensis is not the main vector for maintaining 
the low level of malaria prevalence in Wanning County needs further study be-
cause many socio-economic factors also affect the malaria epidemic in addition 
to mosquito vectors.  

5. Conclusion 

The spatial distribution of An. sinensis adult mosquitoes in Wanning shows 
strong spatial heterogeneity, which is related to geographical and meteorological 
factors. Using the method of spatial epidemiological analysis, the spatial distri-
bution characteristics of An. sinensis mosquitoes and their influencing factors 
could be intensively explored to provide a basis for the local anti-mosquito 
strategies. Hainan Island is adjacent to Southeast Asia where malaria is wide-
spread. As China builds Hainan Island into an international tourism island, 
population movement between Hainan Island and neighboring countries will be 
more frequent. This increases the risk of resurgence of malaria in Hainan Island, 
and monitoring and controlling mosquito vectors remains an important task of 
maintaining elimination of malaria in Hainan Island. To clarify the ecological 
habits of An. sinensis in Hainan Island for accurately forecasting the spatial and 
temporal distribution of An. sinensis, further comprehensive surveys are needed. 
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