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ABSTRACT

Aims: This study assessed the larval mosquito diversity and distribution in rice field agro-
ecosystems in Quezon Province, Philippines.
Study Design: Cross-sectional study.
Place and Duration of Study: Sariaya, Quezon Province, Philippines between November
2011 and January 2012.
Methodology: Grab water samples were obtained in the constructed agricultural wetlands
and were assessed for physicochemical parameters (pH, temperature, and total dissolved
solids). Mosquito larvae surveys were conducted in the rice field agro-ecosystems using
the standard dipping method, and fourth instar larvae were examined to genus level
morphologically using standard keys.
Results: A total of 2,106 mosquito larvae were collected from the rice field agro-
ecosystems.  Of these total, four genera were obtained, namely, Culex sp., Anopheles sp.,
Stegomyia sp., and Toxorhynchites sp. The monitored rice field agro-ecosystem had a
high breeding index but low to medium mosquito diversity. No significant differences on
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the breeding and diversity index exist across the study sites examined (P =0.36).
Conclusion: Continuous monitoring of the occurrence of mosquito larvae is necessary as
it plays an important role in the transmission of mosquito-related diseases.
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1. INTRODUCTION

Agricultural ecosystems or agro-ecosystems are systems of agricultural production geared
towards attaining food security for the need of the general public. Agro-ecosystems,
nowadays, have become popular man-dominated ecosystems, especially in countering the
problems of poverty and hunger. Over the years, agricultural modernization, provision of
agricultural inputs, and agrarian reforms have, been made to alleviate the socioeconomic
conditions of farmers. One of those developments includes the construction of rice fields that
are continuously irrigated with canals. These developments have been made to continually
assist the farmers, especially those who cultivate rice in their fields.

Rice is a commonly cultivated crop in the Philippines.  Rice cultivation has been cultivated in
the Philippines for so many years, and it is the staple food of Filipinos. In the cultivation of
rice in agro-ecosystems, the flooding of rice with water has been the usual practice, since
this ensures provision of nutrients and helps in the control of weeds [1,2]. However, this
practice is also associated with problems, since the flooded areas serve as breeding
grounds for mosquitoes, which may later be responsible for the transmission of numerous
diseases. A study [3] has shown that rice field agro-ecosystems provide important habitats
for insects associated with vector-borne disease transmission. Mosquitoes [4] generally
benefit from flooded rice fields as they gain refuge, resting and breeding grounds for their
growth and survival. However, a study [5] has shown that the occurrence of these
mosquitoes varies from place to place, since this is dependent on the biological and
physicochemical conditions present in their breeding habitats.

The problem nowadays is that mosquitoes continue to thrive and proliferate in the
environment. The existence and distribution of the mosquitoes in flooded rice fields affects
the quality of life of individuals, who may be inflicted by consequent morbidities and
mortalities arising from the diseases borne by these vectors. In the Philippines, there is
limited information pertaining to the occurrence and distribution of mosquitoes in agro-
ecosystems, particularly in rice field agro-ecosystems. This study is aimed at assessing the
larval mosquito diversity and distribution in rice field agro-ecosystems. Most studies [6-9]
have focused on studying the occurrence of mosquitoes in urban areas of the Philippines.
A number of studies [10] have studied the occurrence of mosquitoes in ponds and in water
bodies in the rural areas. There are limited studies on the occurrence of mosquitoes in rice
field agro-ecosystems. The present increase in the distribution of mosquitoes in both urban
and rural areas is of important interest, especially because this enables us to understand the
heterogeneity of mosquito distribution and its diversity in the environment.

2. MATERIALS AND METHODS

Sariaya, Quezon, is an agricultural land occupying 77 hectares of rice fields. It is situated
13º58′1.2″N and 121º31′58.8″E in the Quezon Province (Fig. 1). The mosquito larval
surveillance was conducted in three sampling points. The sampling points were arbitrarily
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identified based on the heterogeneity of the landscape. The first sampling point is situated in
the middle portion of the rice field agro-ecosystem. The second sampling point is situated in
the rice field near a forest ecosystem. The third sampling point is situated in the rice field
near households. A 10m by 10m plot was assessed for the larval mosquito inhabiting the
sampling points. The mosquito surveillance was conducted during the wet season
particularly in the month of November 2011.

Fig. 1. Study site in Sariaya, Quezon Province, Philippines
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Grab water samples were done in the sampling areas where the physicochemical
parameters, particularly pH, temperature, and water depth, were determined in situ. The pH
was determined using a pH paper (Merck, Germany), the temperature through a
thermometer and the water depth through a meter stick. The total dissolved solids were
determined through gravimetric methods in the laboratory.

Mosquito larvae were collected using the standard dipping method [11]. The field-collected
fourth instar larvae in the study sites were examined morphologically, whereas those larvae
that were not in their fourth instar stages were reared until they have reached their fourth
instar stages before being examined morphologically to genus level. Mosquito larvae were
placed in hot water and preserved in 10% formalin solution. They were identified using
standard keys [12,13].

The breeding index for each sampling point in the study site was determined using the
formula as indicated by Belkin [14]: BI = TLP/ND  BP, where BI = breeding index, TLP =
total number of larvae and pupae taken, ND = number of dips, and BP = number of breeding
places/sampling stations.  The diversity of the mosquito larvae at each sampling point was
assessed based on the Shannon–Wiener Diversity Index.  The frequency of occurrence of
each taxon was determined by obtaining the total number of collections of the particular
taxon obtained divided by the total number of samples examined.  The significant differences
on the mosquito larvae diversity in the different sampling points were determined using the
Kruskal–Wallis test.  Significant level was set at P=0.05.

3. RESULTS AND DISCUSSION

Table 1 shows the mean values of the physicochemical parameters on the water quality of
the rice field agro-ecosystem. The results show that water quality of the rice field agro-
ecosystem is conducive for the breeding of mosquitoes in the area [6]. A total of 2,106
mosquito larvae were obtained from all the sampling points in the study site.  The mosquito
larvae obtained were found to belong to four genera, namely Anopheles, Stegomyia, Culex,
and Toxorhynchites. Fig. 2 shows the mosquito larvae obtained in the study site and their
morphological characterization. The most and least common mosquito larvae obtained were
the Culex and the Stegomyia, respectively.

Table 1. Values of physicochemical parameters assessed on water quality of rice field
agro-ecosystem in Sariaya, Quezon Province

Physicochemical
parameters

MeanSEM

Depth (ft) 1.500.29
Temperature (ºC) 31.005.00
pH 6.500.00
Total dissolved solids (ppm) 453.33186.67
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Fig. 2. Mosquito larvae and the morphological differences observed within the rice
field agro-ecosystem of Sariaya, Quezon (A) Stegomyia sp.; (B) Anopheles sp.;

(C) Culex sp.; (D) Toxorhynchites sp.

Table 2 shows the Shannon–Wiener Diversity Index, the breeding index, and the frequency
of occurrence of the mosquito larvae in the rice field agro-ecosystem of Quezon Province.
The highest breeding index was observed in the third sampling point, whereas the least
breeding index was observed in the second sampling point. Although the highest breeding
index was found in the third sampling point, it had the lowest Shannon–Wiener Diversity
Index as compared to those observed in the two sampling points. The Anopheles and the
Culex species were found to predominantly inhabit the rice field agro-ecosystem. Culex
mosquito was the predominant mosquito in the sampling points assessed. The
Toxorhynchites were likewise observed in all sampling points, except that they were few in
number compared to the other two species of mosquitoes. The Stegomyia larva was only
present in the second sampling point.  Results of the study showed that the breeding index
and Shannon–Wiener index in the sampling points examined were not significantly different
(P=0.36).  The indices obtained across the sampling points were found to be the same.
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Table 2. Breeding and diversity index and the frequency of larval mosquito
occurrences assessed in the rice agro-ecosystem of Sariaya, Quezon

Study
site

Breeding
index

Shannon–
Wiener
diversity
index

Frequency of larval mosquito occurrence (%)

Anopheles
sp.

Stegomyia
sp.

Culex
sp.

Toxorhynchites
sp.

1 9.16 0.47 13.33 0.00 86.66 1.77
2 6.87 0.43 9.65 0.46 88.06 1.84
3 13.94 0.17 3.91 0.00 96.01 0.08

This was a cross-sectional study, and its scope was limited to determining the diversity and
distribution of the larval mosquitoes inhabiting a rice field agro-ecosystem. This study was
also limited to determining physicochemical parameters (depth, temperature, pH, and total
dissolved solids) that may affect the water quality and the breeding habitats of mosquitoes.
It was observed that the sampling points were conducive to the breeding and growth of
mosquitoes larvae. It was also detected that the sampling point was a homogeneous
breeding habitat for mosquitoes. Site 3 had the most number of Culex mosquito larvae
collected among the study sites examined.  Our results corroborate results of similar studies
[15,16], which indicated that, in a rice field, the most common mosquito larvae that can be
observed are those of the Culex mosquitoes. We also observed that the highest breeding
index of mosquito larvae was evident in site 3, but that it had the lowest diversity index of
0.17. Site 1 instead showed the highest diversity index of 0.47. The occurrences of the
mosquito larvae in the study sites indicate that mosquito species oviposition may depend on
the presence of resources and the predators that exist in these areas [17]. It was observed
that most of the mosquito larvae existed in areas where there was vegetation present. A
study [17] has indicated that occurrence of mosquitoes in a particular habitat is dependent
on the complexity of the ecosystem, creating also complex scenarios that prevent gradual
attacks by other organisms including other mosquito species. The occurrence of other
organisms in the rice field like fish, tadpoles, and aquatic insects noted at the time of
collection may have influenced the population of the mosquito species thriving in the habitat.
This is also supported by a study [18] where they found that the presence of other organisms
in the rice fields might have influenced the diversity and distribution of the mosquito species
within the habitat. Despite the variability in the breeding and the diversity index observed in
the different study sites, no significant differences were observed (P=0.36).

4. CONCLUSION

In conclusion, this study highlights the diversity and distribution of mosquito larvae
associated with an irrigated rice field agro-ecosystem in the Philippines. The occurrence of
these mosquito larvae in the study sites suggests that the larvae can adapt to a variety of
aquatic habitats. The study likewise demonstrates that, even though the breeding index of
the mosquitoes is high, the diversity index may not be high.  Despite the variability in the
breeding, diversity, and distribution of the mosquito larvae across the different study sites,
the occurrences of the mosquito larvae remain the same. Results of this study, which
presents the diversity of mosquitoes in rice field agro-ecosystems may help in developing
future vector control measures, considering that these mosquitoes have the potential to
transmit vector-borne diseases. Further mosquito surveillance of rice field agro-ecosystems
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are needed to continuously monitor the occurrence of the mosquito vectors, especially those
that have the potential to bring about threats to human health.
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