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ABSTRACT
Introduction: This study examined the parity of Anopheles mosquitoes and the infl uence of abiotic factors on the distribution of 
these mosquitoes in the Manso dam, Mato Grosso, Brazil. Methods: The anophelines were captured using the Human Attraction 
Technique for 12 h, while recording the temperature and relative humidity. Parity was determined by examining the conditions 
of the fi laments. Results: Anopheles darlingi and Anopheles triannulatus accounted for 98.5% of the anophelines, with 88% of 
these being parous. Conclusions: Sudden variations in weather could be the cause of shifts from the total absence of mosquitoes 
to the appearance of females in abundance over a three-day period.
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Currently, 99.5% of all cases of malaria transmission in 
Brazil are concentrated in the Legal Amazon Region, which has 
a fauna rich in anopheline mosquitoes. The State of Mato Grosso 
is responsible for 1.1% of the reports of this disease in the Legal 
Amazon Region, and this percentage has not changed since 20031.

Anopheles darlingi is the main malaria vector in the Amazon 
region, and it is the one that benefi ts the most from human-
caused changes to the natural environment2. The presence 
of this species in the region is increasing due to changes in 
the environment3, including the formation of reservoirs, that 
provide favorable conditions for the proliferation of this vector; 
thereby increasing the incidence of the disease and the effects 
on human health. Other factors that affect the development of 
anopheline mosquitoes are climate and environmental factors 
such as temperature, humidity, rainfall, and the vegetation 
around large bodies of water4.

Malaria has been cited as the most important disease 
associated with hydroelectric power plants and their reservoirs, 
which are considered favorable habitats for several species of 
Anopheles. The possibility of the return of malaria has become a 
real concern in the areas surrounding the Porto Primavera Dam, 
where there is a large settlement of people who are frequently 
in contact with anopheline mosquitoes5.

In 2006, the fi rst case of malaria was reported in the area 
infl uenced by the Manso Dam, at the time of the initial fl ooding 
to form the reservoir1.

The behavior of Anopheles darlingi regarding anthropophily, 
exophily, and even the nychthemeral rhythm, has shown regional 
and seasonal variation. In general, it is believed that this species 
has either one peak of hematophagic activity around midnight, or 
two peaks: one at dawn and the other at dusk, with uninterrupted 
activity throughout the night2.

The purpose of this study was to determine the parity and the 
infl uence of abiotic factors on the annual distribution of the Anopheles 
nychthemeral rhythm in the area infl uenced by the reservoir of the 
Manso Hydroelectric Plant in the State of Mato Grosso.

The area infl uenced by the Manso Hydroelectric Plant is 
located in the south-central region of Mato Grosso, approximately 
96km from the City of Cuiabá.

The samples were collected at the geographic coordinates 
14°56′54.2′′S 55°47′57.0′′W, at Marina Morro do Chapéu, in 
the City of Chapada dos Guimarães, located on the banks of 
the Manso reservoir.

The samples were collected quarterly, in June, September, 
and December 2005, and in March, June, and September 2006, 
at a location 50m from the lake. The samples were collected 
during a 12-h period, beginning at 6:00pm and ending at 6:00am 
the next day, for three nights during a week, totaling 36h of 
collection per quarter.

Each night, four individuals working in teams of two, 
worked three-hour shifts, capturing anopheline mosquitoes 
using the human landing technique for 12h (HLT12h) with 
the aid of a Castro sucking tube. This method, chosen for its 
simplicity and effi ciency, requires a device consisting of an 
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TABLE 1 - Nychthemeral distribution of female Anopheles 
darlingi collected in quarterly samplings at Marina Morro do 
Chapéu in the area infl uence by Usina Hidrelétrica de Manso, 
State of Mato Grosso, Brazil, between June 2005 and September 
of 2006.

            Sampling date 

                           2005               2006 

Day time Jun Sep Dec Mar Jun Sep Total

06:00 to 07:00pm 17 13 3 646 45 1 726

07:00 to 08:00pm 0 1 2 133 0 0 136

08:00 to 09:00pm 0 0 0 156 0 0 156

09:00 to 10:00pm 4 0 0 126 0 0 130

10:00 to 11:00pm 2 0 0 66 0 0 68

11:00 to 00:00pm 0 1 3 26 0 0 30

00:00 to 01:00am 0 0 1 64 0 0 65

01:00 to 02:00am 0 0 0 125 0 0 125

02:00 to 03:00am 0 0 0 98 0 0 98

03:00 to 04:00am 0 0 0 105 0 0 105

04:00 to 05:00am 0 0 0 37 0 0 37

05:00 to 06:00am 8 4 0 123 2 0 134

Total 31 19 9 1,705 47 1 1,809

TABLE 2 - Mean number* of parous females of Anopheles darlingi 
collected each night and the total over all three nights, sampled every 
three months, at Marina Morro do Chapéu in the area infl uenced by 
Usina Hidrelétrica de Manso, State of Mato Grosso, Brazil, between 
June 2005 and September 2006.

   Sampling night 

Sampling date fi rst second third Mean

June 2005 0.00  a 0.25 ab 1.67  b 0.64 AB

September 2005 0.00  a 0.83  b 0.50  a 0.44 AB

December 2005 0.33  a 0.42  a 0.00  a 0.25   A

March 2006 13.83  a 62.75  b 31.25  b 35.94   C

June 2006 2.50  a 1.08  a 1.25  a 1.61   B

September 2006 0.00  a 0.00  a ** 0.00   A

*Numbers in the same row with the same lowercase letter and numbers 
in the same column with the same capital letter are not signifi cant 
median differences, according to a Mann-Whitney test, with α = 0.05. 
**No sampling. 

acrylic tube containing a fi ne screen on the bottom end, which 
connects to a latex hose, and a fl ashlight to illuminate the area of 
the body before the mosquito starts the process of hematophagy.

At the beginning of each hour of collection, the air 
temperature and humidity were measured using a digital 
thermometer/hygrometer, and later an hourly average was 
calculated for each factor.

The captured specimens were placed in 500-ml adapted 
plastic jars, which were duly labeled. The jars were replaced 
every hour. The Anopheles mosquitoes were fed using cotton 
balls dipped in a 10% solution of water and sugar, placed inside 
a Styrofoam box prepared as a humid chamber, and transported 
live to the Entomology Laboratory of the Medical School of the 
Federal University of Mato Grosso, Cuiabá, Brazil.

At the laboratory, the female specimens were anesthetized in 
tubes containing ethyl acetate and then identifi ed to the species 
level2 with the aid of a stereoscopic microscope.

The anesthetized females were dissected to establish parity 
based on the condition of their fi laments6,7.

A chi-square test was used to test for signifi cance (at the 
p = 0.05 level) regarding the relative numbers of nulliparous and 
parous females. The Mann-Whitney U test was used to compare 
the median number of parous females during each night, and the 
average number of parous females collected per hour.

The Wang and Engel7 model was used to analyze the effect 
of temperature and humidity on the number of insects captured.

After 17 twelve-hour periods and 204 total hours of 
sampling, 2,762 Anopheles of seven different species were 
captured. The majority of the anopheline mosquitoes were 
Anopheles darlingi (65.5%), followed by An. triannulatus 
(33.1%), An. lutzi (0.9%), An. albitarsis (0.4%), An. benarrochi 
(0.1%), and An. lanei and An. mattogrossensis (0.04%). An. 
darlingi and An. triannulatus, which are primary and secondary 
vectors, respectively, comprised 98.6% of the mosquitoes 
captured. Anopheles darlingi and An. triannulatus were present 
every quarter, and were most prevalent in March 2006, at the 
end of the region’s most intense rainy period of the year.

The results of the quarterly captures, by time intervals, are 
listed in Table 1. Only during sunset (6:00 to 7:00pm) did An. 
darlingi show signifi cantly higher activity than during the other 
collection times, reaching 646 individuals in March 2006.

A total of 1,579 female mosquitoes were dissected, the 
majority of which [1,377 (88%) individuals] were parous 
females. A small number [187 (12%)] were nulliparous females.

The number of parous females was signifi cantly higher than 
the number of nulliparous females (p = 0.0009).

By applying the Mann-Whitney U test to compare the 
median number of parous females captured per hour during each 
three-month period of capture, it was verifi ed that the occurrence 
of females in March 2006 was signifi cantly higher than during 
the other periods of collection. The second largest number of 
parous females, observed in June of the same year, was more 
than twenty times lower than the number obtained in March. 
The quantities obtained during other collection periods did not 
differ signifi cantly from each other (Table 2).

Comparison of the median number of parous females 
captured per hour during each of the 17 sampling nights, 
using the Mann-Whitney U test, revealed several instances of 
signifi cant differences between some of the nights within the 
same quarterly three-day period. As can be seen in Table 2, 
there was a signifi cant difference between the number of parous 
females captured on the fi rst and third nights of June 2005, 
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and between the second night and the fi rst and third nights in 
September 2005. In March 2006, the number of females obtained 
during the three nights was signifi cantly higher than the numbers 
collected in all other quarters, although the values obtained for 
the fi rst night were signifi cantly lower than those obtained for 
the second and third nights. In December 2005, June 2006, and 
September 2006, there were no signifi cant differences among 
the three nights with respect to the number of females collected.

The significant differences between the hourly values 
observed on different nights in the same week, as can be 
verifi ed in Table 2, indicate that more care should be taken to 
avoid generalizations regarding the results obtained. Conditions 
affecting the favorability of capturing females may have varied 
signifi cantly over a relatively short period of time, which would 
infl uence the data obtained. Therefore, based on the results 
obtained, it is not prudent to affi rm that the abundance of the 
vector is linked to specifi c time periods during the year.

It is probable that some of the biotic and abiotic environmental 
variables that are subject to hourly differences accounted for the 
observed variation, and had a greater effect on the occurrence 
of females than variation over longer periods, such as dry and 
rainy seasons, seasons of the year, or even months of the year.

According to Forattini6,8, the hematophagic activity of An. 
darlingi is crepuscular and nocturnal, and variation in the activity 
can depend on the location within Brazil, time of year, precipitation, 
genetic variability, and habits of the local human population.

Oliveira9 observed a similar pattern during quarterly 
sampling from 2000 to 2002 on the banks of the APM 
Manso Dam reservoir: a unimodal frequency distribution of 
hematophagy with signifi cant incidences of Anopheles in the 
fi rst hours after sunset.

Analysis of the air temperature and humidity recorded 
at each time and date of capture revealed that the number of 
females did not show a signifi cant simple correlation with 
either of these two variables. However, an observation of 
the dispersion of the number of females based on these two 
variables seems to indicate that the number of females must 
be infl uenced by other biotic and abiotic factors in addition to 
these two variables.

It is probable that the several factors that infl uence the number 
of females captured can be described with a multiplicative 
model, as used by authors such as Wang and Engel8 and Yin 
et al.10. In this case, each one of the variables involved could 
be represented by a factor with values between 0 and 1, which 
would represent a nonlinear relationship with the independent 
variable, and which would limit the maximum value of the 
dependent variable. Lardeux and Chefort11, López et al.12, and 
Boivin et al.13 obtained experimental results for the effect of 
temperature on the development of different insects that fell 
into this type of model. Xu14 reported similar results for fungi. 
Wang and Engel6 called one such factor f (T) and used an optimal 
temperature and low and high temperature limits to estimate f (T).

In the case of this study, this relationship could be represented 
as in Figure 1A and Figure 1B, in which the points represent 
the number of parous females of An. darlingi observed, and, 

10

0

50

100

150

200

250

300

350

0 20 40 60 80 100

P
ar

ou
s 

fe
m

al
es

 n
um

be
r

Relative humidity (%)

0

50

100

150

200

250

300

350

0 10 20 30 40

P
ar

ou
s 

fe
m

al
es

 n
um

be
r

Temperature ( C)

obs

max

o

A

B

FIGURE 1 - Air temperature (A), and relative humidity (B) and number of 
parous females of Anopheles darlingi captured during quarterly samples in 
2005 and 2006, in the area infl uenced by Usina Hidrelétrica de Manso, State of 
Mato Grosso, Brazil. Observed (obs) and maximum number (max), calculated 
by the function f (T).

respectively, the temperature and relative humidity measured 
during each 1-hour interval.

In Figure 1A, the line represents the maximum number of 
females calculated according to the function f (T), considering 
four parameters: the highest number of captured females; the 
minimum limit of 10°C, below which there would be no females 
to captured; the maximum limit of 30°C, above which there 
would be no females to captured; and the optimal temperature 
of 27.4°C, when the number of females would be highest. 
Figure 1B shows the equivalent results, using f (RH), an 
adaptation of the function f (T) to the relative humidity of the 
air, defi ned using a minimum limit of 36%, a maximum limit 
of 100%, and an optimal humidity of 77%.

In Figures 1A and 1B, the values observed are either on 
the line of maximum estimated values or below it. The values 
observed on the line of maximum estimated values using 
the Wang and Engel6 model indicate that the horizontal axis 
variable is the one that restricts the presence of females at 
the time of capture. The values observed below the line of 
maximum estimated values using the Wang and Engel6 model 
indicate that another variable, different from that expressed on 
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the horizontal axis, imposes an even higher restriction on the 
appearance of females at the time of the capture. Several other 
phenomena, which depend on different environmental factors 
acting concomitantly, present similar behavior, a principle 
known as Liebig’s Law of the Minimum, which was originally 
described by Justus von Liebig in the 19th century15.

Therefore, sudden variations in weather variables could be 
the cause of the alternating total absence and high abundance 
of parous females of An. darlingi and An. triannulatus in the 
region within the space of three consecutive days, in every 
month of the year.
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