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Mosquito population dynamic (diptera: culicidae) in a eutrophised dam
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Abstract

This study observed the mosquito population in a rural eutrophised dam. Larvae of L3 and L4 stages and pupae 
were dipped out during twelve month collections and the reared to the adult stage for identification. The collections 
were done along nine metres from the edge of the dam divided in three parts (P1, P2 and P3), each part being 3 m 
long. P1 did not have vegetation (grass) along its edge,which would reach or sink into the water to promote some 
shade on the marginal water. A total of 217 adults of four species was identified with the following constancies and 
frequencies: Culex quinquefasciatus (Say, 1823) (83% and 40.6%), Anopheles (Nyssorhynchus) evansae (Brèthes, 
1926) (92% and 26.7%), Anopheles (Nyssorhynchus) rangeli (Gabaldon, Cova Garcia and Lopez, 1940) (83% and 
14.3%) and Culex nigripalpus (Theobald, 1901) (33% and 18.4%). C. quinquefasciatus, A. evansae, A. rangeli and 
C. nigripalpus were more frequent in the quarters Nov./Dec./Jan. (85.7%), May/June/July (75%), Aug./Sept./Oct. 
(29.4%) and Aug./Sept./Oct. (23.5%) particularly in the months of December (88.4%) Sept.tember (48.94), (38.3) 
and August (47.62) respectively. The presence of C. quinquefasciatus and the high incidence of Daphinia sp. and also 
the levels of Organic Nitrogen (0.28 mg/L) and of total Phosphorus (0.02 mg/L) are indications of the eutrophication 
of the dam. There was a difference regarding the total of Anopheles (A. avansae + A. rangeli) and Culex species 
(C. quinquefasciatus + C. nigripalpis) between P1 and P2 (χ2 = 0.0097), P1 and P3 (χ2 = 0.0005), but not between P2 
and P3 (χ2 = 0.2045).The high C. quinquefasciatus constancy and frequency were confirmed to be a good biological 
indicator for a eutrophised environment and A. evansae showed a good potential for this environment. Vegetation can 
be an important factor for anopheline population dynamic also in eutrophic breeding sites.
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Dinâmica populacional de mosquitos em açude eutrofizado

Resumo

Este estudo observou a dinâmica populacional dos mosquitos em açude eutrofizado na área rural de Paraíba do Sul, 
Estado do Rio de Janeiro. Foram realizadas 12 coletas mensais de mosquitos imaturos pelo método da conchada em 9 m 
de borda, divididos em três postos (P1, P2 e P3), com 3 m de extensão cada. O posto P1 difere por não ter vegetação 
(capim, mato) na margem, alcançando ou penetrando e promovendo alguma sombra na água. Larvas L3, L4 e pupas foram 
isoladas para a obtenção dos adultos e identificação. Foram identificados 217 espécimes adultos de quatro espécies, com 
as seguintes constâncias e frequências: Culex quinquefasciatus (Say, 1823) (83% e 40,6%), Anopheles (Nyssorhynchus) 
evansae (Brèthes, 1926) (92% e 26,7%), Anopheles (Nyssorhynchus) rangeli (Gabaldon, Cova Garcia e Lopez, 1940) 
(83% e 14,3%) e Culex nigripalpus (Theobald, 1901) (33% e 18,4%), com maiores frequências nos trimestres nov./
dez./jan. (85,7%), maio/jun./jul. (75%), ago./set./out. (29,4%), ago./set./out. (23,5%) e, nos meses dezembro (88,4%), 
setembro (48,94), (38,3) e agosto (47,62), respectivamente. A presença do Culex quinquefasciatus (40%) e a elevada 
incidência de Daphinia sp., juntamente com os níveis de Nitrogênio orgânico (0,28 mg/L) e de Fósforo total (0,02 mg/L), 
indicam a eutrofização do açude. Houve diferença comparando os totais de anofelinos (A. avansae + A. rangeli) com os 
totais de culicini (C. quinquefasciatus + C. nigripalpis) entre P1 e P2 (χ2 = 0,0097), e entre P1 para P3 (χ2 = 0,0005), 
mas não entre P2 e P3 (χ2 = 0,2045). A elevada frequência e a constância de C. quinquefasciatus confirmam esta ser 
uma boa espécie bioindicadora para ambientes eutrofizados e A. evansae apresentou boa potencialidade nesse nível 
trófico. A vegetação pode influir na dinâmica populacional dos anofelinos também em ambientes eutróficos.
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1. Introduction

Due to the importance of mosquitoes to public health, 
they have been much studied, and that is particularly the 
case of vector species adapted to anthropic environments. 
These studies have privileged the adults, mainly females, for 
epidemiological purpose, to the detriment of studies on their 
immature aquatic stages. In the meantime, the increasing 
degradation and pollution of aquatic environments have 
fostered accelerationof the eutrophication phenomena and 
pointed to the importance of investigating the mosquito 
capacity for exploiting the eutrophised breeding sites.

Eutrophication is one of the most important human-
induced modifications affecting aquatic systems in the 
biosphere (Pinto-Coelho et al., 2005) and it is the enrichment 
by nutrients, especially nitrogen and phosphorus, leading 
to the imbalance of the aquatic ecosystem and degeneration 
of the water quality (Brito de Figueiredo et al., 2007). It 
may occur in lakes, dams, rivers and even on the marine 
coast and it may be natural or due to the human activities.

Knowledge of the mosquito capacity to exploit degraded 
environments is limited to the species which may occur in 
polluted breeding, such as the Culex quinquefasciatus (Say, 
1823), Culex pipiens (Linnaeus, 1758), Culex nigripalpis 
(Theobald, 1901), Armigeres subalbatus (Coquillett, 
1989), (Clements, 1999; Forattini, 2002) and Anopheles 
(Anopheles) quadrimaculatus (Say, 1824) (Reinert et al., 
2003). Before the work presented here, Wermelinger et al. 
(2010) pointed out the first occurrence of immature stages 
of species belonging to the subgenus Nyssorhynchus 
(Blanchard, 1902)- Anopheles (Nyssorhynchus) evansae 
(Brèthes, 1926) and Anopheles (Nyssorhynchus) rangeli 
(Gabaldon, Cova Garcia and Lopez, 1940) - in eutrophised 
breeding habitats. The subgenus Nyssorhynchus includes 
the main Neotropical vectors of malaria in the genus 
Anopheles, such as Anopheles darlingi (Root, 1926) and 
Anopheles aquasalis (Curry, 1932).

There are some reports of Anopheles species that can 
occur in breeding sites with a lot of organic matter such 
as A. aquasalis, Anopheles albitarsis (Lynch Arribálzaga, 
1878), Anopheles galvaoi (Causey, Deane and Deane, 
1943), Anopheles rondoni (Neiva and Pinto, 1922) and 
Anopheles benarrochi (Gabaldon, Cova Garcia and Lopez, 
1941) (Forattini, 1962; Deane et al., 1948; Galvão et al., 
1942). Tadei et al. (1998) noticed that localities altered by 
human activites showed a greater diversity of anopheline 
species, probably caused by agricultural activities that 
provide additional nutrients to the area. Usually immature 
stages of species in the Nyssorhynchus subgenus are found 
in natural and man-made breeding habitats (Deane et al., 
1948; Forattini, 1962, 2002; Faran and Linthicum, 1981; 
Rubio-Palis, 2000). Former studies were carried out on 
the biology of Nyssorhynchus group without however 
measuring trophic levels of breeding habitats. Previous 
observations were mostly focused on breeding habitat 
size, type, presence of vegetation, phytoplankton, chlorine 
and pH levels (Deane et al., 1948; Forattini, 1962, 2002; 
Faran and Linthicum, 1981; Rubio-Palis, 2000). According 

to Faran (1980), immatures of Anopheles albimanus 
(Wiedemann, 1820) are often collected in polluted 
waters. There are reports of A.rangeli and A.evansae 
from breeding habitats contaminated with feces (Faran, 
1980) and other species of Nyssorhynchus have been 
reported on breeding habitats rich in organic matter such 
as A. aquasalis, A. albitarsis, Anopheles strodei (Root, 
1926), A. galvaoi, A. rondoni and A. benarrochi (Forattini, 
1962; Deane et al., 1948; Faran, 1980; Galvão et al., 
1942).Anopheles strodei immature stages were found in 
water with nitrate concentration varying from 0.008% to 
0.064% (Faran, 1980). Anopheles tarsimaculatus - perhaps 
A. aquasalis (Bates, 1970) - larvae were found in breeding 
habitats in which ammonia nitrogen contents were above 
0.3 ppm in Trinidad (Buxton, 1934). Anopheles albimanus 
(Wiedemann, 1820) immature stages were present in 
637.7 ppb of PO4-P in wet season (Reijmákova et al., 1991). 
Nevertheless, all of those previous reports are inaccurate 
and insufficient to characterise eutrophised trophic levels. 
The organic matter had been mostly associated with the 
visual amount of vegetation. These reports are therefore 
insufficient to show the potential for the Nyssorhynchus 
species to explore eutrophicated environments. This is 
also valid for other subgenus of Anopheles. For example, 
Anopheles (Celia) minimus (Theobald, 1901) was correlated 
with low concentrations of nitrogen (De Jesus 1936 apud 
Bates, 1970) and A. (Anopheles) quadrimaculatus (Say, 
1824) was reported in eutrophicated breeding habitats 
(Reinert et al., 2003).

From those reports,there are no observations on the 
mosquito population dynamic in eutrophic breeding and 
these studies may notallow for determining the capacity 
of the mosquito species to exploit these anthropic and 
altered environments. In this way, the possible influence of 
vegetation on this breeding deserves attention because it has 
been well recorded that vegetation exerts an influence on 
mosquito populations, especially on Anopheles (Forattini, 
1962; Service, 1993). In this work, the mosquito population 
dynamic was observed in a rural anthropic dam of the city 
of Paraíba do Sul, Rio de Janeiro state, Brazil.

2. Material and Methods

The observations were accomplished in a rural anthropic 
dam of approximately 560 m2 in the city of Paraíba do 
Sul, Rio de Janeiro state, Brazil (22° 13’ 27.53” S and 
43° 14’ 42.73” O), from November 2004 to October 
2005. Surrounding or in the dam there are some small 
herds of animals such as pigs, cattle, ducks and hens and 
small-scale agriculture cultures for subsistence. A white 
enamel recipient was used to dip out third and fourth 
instar larvae and pupae during twelve monthly collections 
and then reared to the adult stage for identification based 
on dichotomous keys presented by Consoli and Oliveira 
(1994) and Forattini (2002). Twelve monthly collections 
were carried out along nine metres from the edge of the 
dam divided in three parts (P1, P2 and P3) each one 3 m 
long,  where P1 differed from P2 and P3 because it did not 
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have vegetation (grass) on the edge reaching or sinking 
into, and promoting some shade on the marginal water. In 
all collections, three dippings were conducted for each part 
of the edge. The specimens collected are deposited in the 
Biological Sciences Department of the National School 
for Public Health, FIOCRUZ/Rio de Janeiro. After the 
collections, the levels of Organic Nitrogen and the total 
Phosphorus of the water were measured. The frequency 
- percentage of the specimens of the species from the 
total of specimens collected – and constancy - percentage 
of the species present from the total of species from the 
collections - were calculated (Silveira Neto et al., 1976). 
To observe the possible effects of vegetation on Anopheles 
and Culicini larvae, Qui Square and Kruskal-Wallis tests 
were used with the total of adults emerged.

3. Results

A total of 241 adults emerged from the immatures 
(larvae and pupae) collected (Table 1), of which 88 
(40.6%) were C.  quinquefasciatus, 58 (26.7%) were 
A. evansae, 40 (18.4%) C. nigripalpus and 31 (14.3%), 
A. rangeli (Table 2). The constancies and frequencies 
were: C. quinquefasciatus (83% and 40.6%), A. evansae 
(92% and 26.7%), A. rangeli (83% and 14.3%) and 
C. nigripalpus (33% and 18.4%). The C. quinquefasciatus, 
A. evansae, A. rangeli and C. nigripalpus were more 
frequent in the quarters Nov./Dec./Jan. (85.7%), May/
June/July (75%), Aug./Sept./Oct. (29.4%), Aug./Sept./Oct. 
(23.5%) particularly in the months December (88.4%), 
September (48.94), (38.3) and August (47.6) respectively 
(Table 2). The levels of Organic Nitrogen and total 
Phosphorus were 0.28 mg/L and 0,02 mg/L respectively. 
The Kruskal-Wallis test did not reveal differences among 
P1, P2 and P3 with all species: A. evansae (p = 0.4419), 
A. rangeli (p = 0.3159), C. quinquefasciatus (p = 0.8918) 

and C. nigripalpis (p = 0.1600). There was a difference 
with the total of anophelines (A. avansae + A. rangeli) 
and culicines (C. quinquefasciatus + C. nigripalpis) 
between P1 and P2 (χ2 = 6.682; p = 0.0097), P1 and P3 
(χ2 = 12.000; p = 0.0005), but not between P2 and P3 
(χ2 = 1.610; p = 0.2045).

4. Discussion

The low diversity of mosquitoes, the high incidence of 
C. quinquefasciatus and of Daphinia sp. and also the levels 
of Organic Nitrogen (0,28 mg/L) and of total Phosphorus 
(0.02 mg/L) are indications of the eutrophication of the 
dam although there are different interpretations for limits 
of concentration of Phosphorus for each trophic level 
(Branco, 1986; Esteves, 1998; Tundisi and Matsumura, 
1992). Some part of the eutrophication may be due to the 
small herd of animals such as pigs, cattle, ducks and hens.

Lower levels of A. evansae, A. rangeli and 
C. nigripalpis occurred in the hotter months in 
opposition to C. quinquefasciatus. The highest incidence 
of C. quinquefasciatus in the hotter months was also 
observed in other studies (Strickman, 1988; Reisen et al., 
1992) although these observations were not seen in the 
tropical season. In São Paulo, Brazil, Laporta et al. (2006) 
did not detect correlation between climate variation 
and C. quinquefasciatus adults in shelters, although the 
data for the months of September, February and March 
were not utilised. This species is well known for it good 
capacity to exploit polluted breeding and the temperature 
elevation favoured the time reduction of microorganism 
generation which may have favoured the rise in the pollution 
level. This fact may help to explain the high incidence 
of C. quinquefascitaus in the hotter months suggesting 
that this species may support high levels of pollution in 

Table 1. Adults emerged from larvae and pupae collected in a eutrophised dam in Paraiba do Sul city, Rio de Janeiro state, 
Brazil.

Months
A. evansae A. rangeli C. quinquefasciatus C. nigripalpus

Total
PI P2 P3 ∑ PI P2 P3 ∑ PI P2 P3 ∑ PI P2 P3 ∑

Nov./04 0 0 2 2 0 1 0 1 7 5 4 16 0 1 0 1 20
Dec./04 1 0 0 1 0 0 0 0 10 3 10 23 1 1 0 2 26
Jan./05 0 0 1 1 0 0 0 0 3 2 4 9 0 0 0 0 10
Feb./05 0 1 0 1 0 0 0 0 1 5 1 7 0 1 3 4 12
Mar./05 0 0 0 0 0 0 0 0 3 0 1 4 0 0 1 1 5
Apr./05 0 0 1 1 0 0 0 0 9 7 1 17 1 0 3 4 22
May./05 0 2 1 3 0 0 0 0 0 0 0 0 0 0 0 0 3
June/05 2 0 3 5 0 0 0 0 0 0 1 1 0 2 1 3 9
July/05 2 4 1 7 0 0 0 0 0 0 0 0 1 0 0 1 8
Aug./05 1 5 6 12 0 1 6 7 0 2 1 3 0 19 1 20 42
Sept./05 2 13 8 23 1 7 10 18 0 1 3 4 0 1 1 2 47
Oct./05 0 2 0 2 0 5 0 5 0 4 0 4 0 2 0 2 13
Total 8 27 23 58 1 14 16 31 33 29 26 88 3 27 10 40 217
P1, P2 and P3 - parts of the edge of dam.

edge.The
Janeiro.After
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this breeding habitat and can be dominant over the other 
species in these conditions. The high predominance of 
C. quinquefasciatus in hotter months (85.7% in the quarter 
Nov./Dec./Jan.), together with its high annual constancy 
(83%) and frequency (40%), point to this species as a 
good mosquito bioindicator for eutrophised environments.

Studies on the population dynamics of 
Nyssohynchus Anopheles are poor, particularly in their 
breeding sites and there is no data for the species A. evansae 
and A. rangeli. The high constancy (92%) and good frequency 
(26.7%) of A. evansae also points to this species as having 
good capacity and potential to exploit these environments. 
A. avansae was more frequent in the cooler months (75% 
in May/June/July) and A. rangeli practically only occurred 
and also was more frequent in the next quarter (29.4% in 
Aug./Sept./Oct.) (Table 2). These results seem to support 
former observations for A. evansae and A. rangeli in their 
potential to exploit breeding habitats rich in organic matter 
(Faran, 1980). Although the Kruskal-Wallis test did not 
point to a difference among P1, P2 and P3 with all species, 
the difference with the totals of anopheline and culicini 
between P1 x P2 (χ2 = 0.0097) and P1 × P3 (2 = 0.0005) 
suggests that vegetation can also influence Anopheles 
population dynamics in eutrophised breeding.

5. Conclusions

The C. quinquefasciatus constancy and frequency 
confirm this species as a good mosquito bioindicator for 
eutrophised environments, with A. evansae showing good 
potential for that kind of environment. Vegetation can also 
influence the Anopheles population in those environments 
being an important factor for anopheline population dynamic 
in eutrophic breeding sites.
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