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ABSTRACT
A study was conductedon the generic composition of mosquitoes at dawn and dusk in a riparian forest at Lambir Hills National Park, 

Malaysia, Borneo. Mosquitos were collected using the bare leg technique, with three human attractors, at every half hour from 5:30am to 8:30am and 
5:30pm to 8:30pm. Each human attractor had one leg covered with 30% DEET insect repellent and one leg with no insect repellent. Temperature and 
humidity were also recorded for each mosquito collection. R analysis shows a strong linear correlation between time of day and net mosquito 
abundance in the evening, but not in the morning. Wilcoxon product sum tests also give evidence for temporal partitioning of mosquito genera in both 
the morning and the evening. Wilcoxon tests show a statistically significant difference in mosquito composition between DEET and non-DEET legs, 
but the number of mosquitoes collected on DEET legs is so small that these results are questionable.
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INTRODUCTION

Mosquitoes are insects classified under the Class Insecta, Order Diptera, in the family Culicidae. They are easily 
recognized by their single pair of wings (“di-”=two, “-ptera”=wings).  Mosquitoes serve as food for many 
insectivorous organisms, but some mosquito species are also vectors for diseases that affect humans. Anopheles 
species can carry malaria; Aedes species are known vectors for yellow fever and dengue virus; Culex are vectors 
for filarial worms and Japanese encephalitis. Different mosquito species prefer different habitats. Anopheles, for 
example, prefer warm water in sun-lit habitats, because warm water may accelerate their growth (Minakawa et al., 
1999). Aedes, which is essentially a forest species, breeds in tree holes or small water bodies in the forest and are 
easily distinguished by their black and white banded body and legs, while Culex is more at home in urban areas 
and is a common tropical species (Hill and Abang, 2005). Many mosquito species are crepuscular (active during 
day and night), although some are diurnal or nocturnal, and conventional medical advice is to stay indoors at dawn 
and dusk in order to avoid contracting malaria.

The riparian forest of Lambir Hills National Park, Malaysia, provides Aedes and Anopheles with ample 
water bodies for breeding. This study seeks to address the issues of whether net mosquito bites correlates strongly 
with time of day; whether temporal partitioning exists between mosquito genera in the hours surrounding dawn 
and dusk; and whether temperature and humidity correlate strongly with mosquito genus abundance. Finally, this 
study investigates to what extent were the different mosquito genera deterred by/sensitive to DEET. All samples 
were taken from a single riparian zone at Lambir: the unnamed trail leading to the tree tower; therefore, the results 
only apply to this particular riparian zone. However, we expect that these results should be indicative of other 
riparian zones in Lambir National Park. As mosquito genus composition in other habitats is may be different, we 
do not expect that these results necessarily apply to other habitats.

METHODS

Sampling of mosquitoes was conducted at dawn for three consecutive days and at dusk for two consecutive days 
at thirty minute intervals (5:30am-8:30am, 5:30pm-8:30pm). Specific locations were chosen along the tree tower 
trail; subsequent locations were spaced at 15 pace interval, perpendicular along the trail. Sampling consisted of 
three human attractors exposing both legs for three minutes. The human attractors exposed themselves in 
sequential order, rather than all at once. The attractors' left legs were treated with 30% DEET before being 
exposed, while their right legs were untreated; precaution measure was taken to prevent contamination of the right 
leg with DEET by the left leg, and a wide stance was used to keep the legs separate during sampling. Two people, 
one for each leg, used aspirators (pooters) to capture the mosquitoes as they landed and began biting the human 
attractor. This process was repeated, using three different attractors; each attractor was used once every thirty 
minutes. The three attractors remained the same throughout the entire study. Each mosquito caught was identified 
in the field or taken back to headquarters to be identified to the genus level. Humidity, temperature, and elevation 
measurements were also taken at each individual sample location. Elevation measurements were used to maintain 
consistency in choosing sampling sites to ensure that no samples were taken above 100 meters elevation. The data 
was analyzed using the statistics software package “R,” using Pearson correlation tests, the lm() function, and 
Wilcoxon rank sum tests.



RESULTS

Two Pearson's product-moment correlation tests were used to test for a correlation between minutes of exposure 
and total mosquito bites, one test for the morning data and one test for the evening data. The total number of 
mosquito bites per person per time of day, irrespective of mosquito genus, were added into a value called “Total.” 
Time of day was compared with “Total” using a Pearson correlation test. The Pearson test for the morning data 
resulted in a statistically non-significant p-value = 0.1619, but the Pearson test for correlation between “time of 
the day” and “total” for the evening was highly significant (p = 0.005). Using the lm() function, a linear model 
was fitted to the evening data (Figure 1), with y max at 5:30pm and a declining slope. Next, for the morning data, 
non-DEET Aedes bites were compared with non-DEET Anopheles bites using a two sample Wilcoxon rank sum 
test. The same was done for the evening data. A Wilcoxon test was used because the Aedes and Anopheles bite 
rates clearly did not show normal distributions against time of day (Table 1 and Table 2). These Wilcoxon rank 
sum tests resulted in a statistically insignificant p-value = 0.06786 for the morning, but a statistically significant p-
value = 0.0000463 for the evening. Finally, each of the net mosquito bite values for each genus, keeping DEET 
and non-DEET values separate, were converted into percentages of the total number of mosquito bites, 
irrespective of genus. Thus, in Table 1, at 6:30am, D-Aedes would have a value of 100 percent, because its value 
is 2 bites out of a total of 2 bites total within the DEET samples. These percentages gave a rough estimate of the 
compositionof mosquito.  Two Wilcoxon rank sum tests were run for the morning data: one test comparing the 
Aedes bites on DEET legs with the Aedes bites on non-DEET legs, and the other test doing the same for 
Anopheles. The Wilcoxon test for Aedes resulted in a statistically non-significant p-value = 0.6986, but the 
Anopheles test resulted in a statistically significant p-value = 0.0236. Finally, we ran four linear regression models 
using R's lm() function to compare non-DEET data to temperature and humidity. Three of these models resulted in 
non-statistically significant p-values. However, the model of evening non-DEET Anopheles vs. temperature and 
humidity resulted in the following statistically-significant p-values:
Intercept p-value = 0.00000778
Temperature p-value = 0.00000417
Humidity p-value = 0.0000127
Temperature & Humidity p-value = 0.00000729

DISCUSSION

For the time frame studied, the linear model of time vs. net mosquito bites in the evening has its highest point at 
5:30pm (Table 1). In addition, because the linear model continues to rise as time of day decreases below 5:30pm, 
the peak activity of mosquitoes over the entire day must occur at some time before 5:30pm. This calls into 
question the accuracy of the term “crepuscular” in describing the behavior of some mosquito species because as 
shown from the result, certain mosquito species only active at certain time of the day. At the very least, this model 
undermines the common medical advice to stay indoors at dawn and dusk (5:50am and 6:50pm at the time of this 
study) in order to avoid contracting malaria. In addition, our analysis of  Aedes and Anopheles abundances shows 
that there is a temporal difference in mosquito composition in the evening. This difference is largely due to 
Anopheles' being near absent by 6:00pm (Table 2) and completely absent by 7:00pm, whereas Aedes levels remain 
strong into the night. Because both Aedes and Anopheles levels were high at 5:30pm, this low p-value should not 
be interpreted as evidence for niche formation. A more plausible explanation may be that Anopheles prefers higher 
light levels or higher temperature levels, but further research is required to answer such a question. Although the 
Wilcoxon test for the morning was not statistically significant, Anopheles activity in the morning noticeably 
increased at 7:30am, whereas Aedes levels once again remained strong throughout the sampling period. This 
reinforces the hypothesis that Anopheles may prefer higher light intensity or higher temperature. The fact that the 
Wilcoxon test for Anopheles bites on DEET vs. non-DEET legs for the morning was also statistically significant 
(p-value = 0.0236) suggests that wearing DEET alters the genus composition of mosquito bites. This different 
composition has no practical value, however. If  Aedes took up a higher percentage of the genus composition after 
DEET was applied, then this could lead to further research on whether different insect repellents could be tailored 
to environments high in different mosquito-born diseases.  However, the five Anopheles at 7:30am (Table 1) 
suggest that DEET is no more effective on Anopheles than Aedes.  In addition, the Wilcoxon test for DEET vs. 
non-DEET data used percentages for measurements of genus composition, which masks the fact that barely any 
mosquitoes were caught on the DEET-covered legs, and therefore the numerical basis for the Wilcoxon test is 
shaky.
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Appendix

Table 1    Temporal Distribution of Mosquito Genera in the Morning
          D=DEET leg, ND=non-DEET leg, values are sums of 3 individuals over 3 days

Time D-Aedes D-Anopheles D-Culex ND-Aedes ND-Anopheles ND-Culex

5:30am 0 0 0 6 2 0

6:00am 0 0 0 8 1 0

6:30am 2 0 0 12 4 2

7:00am 0 0 0 7 2 0

7:30am 1 5 0 9 10 2

8:00am 2 0 0 9 8 1

8:30am 2 0 0 6 7 1

Table 2   Temporal Distribution of Mosquito Genera in the Evening
         D=DEET leg, ND=non-DEET leg, values are sums of 3 individuals over 3 days

Time D-Aedes D-Anopheles D-Culex ND-Aedes ND-Anopheles ND-Culex

5.30pm 0 0 0 11 15 0

6.00pm 0 0 0 12 3 0

6.30pm 0 0 0 6 3 0

7.00pm 0 0 0 7 0 0

7.30pm 1 0 0 7 0 0

8.00pm 0 0 0 9 0 0

8.30pm 0 0 0 9 0 0

FIGURE 1: time vs total mosquito bites, measured as a sum of each individual each day; p-value = 0.005022


