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Abstract 

Background  Over the last few decades, river ecosystem is highly modified through various anthropogenic activities 
which are resulted to alter ecosystem functions and services. This modified ecosystem rendering conducive envi-
ronment to mosquitoes through various ecological links for the self-sustaining populations. However, deciphering 
the community assemblage of immature mosquitoes with reference to water quality at modified ecosystem is very 
essential to make suitable control measure to curtail mosquito populations. In order to understand how the water 
quality influences the larval density, habitat specificity and community assemblage of immature mosquito popula-
tions, a study was conducted at different ecosystems (urban, semi-urban and rural) along the Vaigai river. The physico-
chemical parameters such as pH, TDS, salinity, conductivity, turbidity, DO, were analyzed at each study site.

Results  Our results clearly revealed that Anopheline species were highly preferred to breed less polluted habitat 
than Culicine species. Community assemblage by Anopheline and Culicine mosquitoes were found to be higher 
at all the studies whilst community assemblage by Anopheline were maximum at rural and semi-urban sites. Among 
the Anopheline species, Anopheles subpictus able to breed at high polluted habitat, particularly higher turbid level 
(28.49 ± 2.18 NTU) than other Anopheles species. Cx. gelidus mostly breed at sewage disposal habitats with high 
salinity level (1.01 ± 0.08) whilst Cx. bitaeniorhynchus bred in only fresh water bodies particularly low turbid habitats 
(3.97 ± 0.40 NTU). Grouping of immature mosquitoes based on the habitat similarity, An. subpictus, Cx. vishnui, An. 
vagus, Cx. tritaeniorhynchus, Cx. gelidus and Cx. quinquefasciatus were able to breed in highly polluted habitats which 
are resulted fell in group A than group B mosquitoes. Cx. vishnui and An. subpictus have strong habitat similarity (0.96) 
and can able to share their habitats with more number of Anopheline and Culicine mosquitoes.

Conclusions  From the study we concluded that, Cx. vishnui and An. subpictus were most prevalent species 
and strong habitats similarity along the Vaigai river basin. An. subpictus and An. vagus can adapt to breed in polluted 
habitats and this may be adequate to extend the vectorial capacity and disease outbreak along the Vaigai river basin.
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Background
Most of the Indian river ecosystems have been pro-
foundly altered by various human interventions over 
the last few decades. Human activities such as alteration 
of flow regimes by construction of dams, sand mining, 
water pollution, etc., (CPCB, 1996; Nilsson et  al., 2005; 
Padmalal et al., 2008; Swarnkar et al., 2021) cause serious 
impacts on the river ecosystem. Water pollution, which 
is a consequent event of anthropogenic activity, emerges 
as a serious problem that causes alteration of abiotic fac-
tors eventually threatening biotic communities within 
the river ecosystem (Amoatey & Baawain, 2019; Ishaq & 
Khan, 2013). This water pollution has an adverse impact 
on aquatic insects community, especially medically 
important mosquitoes which eventually effects on the 
epidemiology of mosquito-borne diseases (Buxton et al., 
2020; Fazeli-Dinan et al., 2022; Huzortey et al., 2022; Vil-
lena et al., 2017).

Mosquitoes act as a primary vector for various diseases 
such as malaria, dengue, chikungunya, filariasis and Japa-
nese encephalitis etc. (WHO, 2014). Nearly 700 million 
people are affected by the mosquito borne disease and 
more than one million deaths in every year worldwide 
(Chilakam et  al., 2023). Bionomics of mosquitoes plays 
a crucial role to take suitable control measures to curtail 
mosquito population and disease outbreak (Wu et  al., 
2020). Mosquito population highly regulates by various 
abiotic factors, especially water pollution (Huzortey et al., 
2022). Water pollution acts main driver to alter the mos-
quito vector composition in a habitat/area, hinder prey 
and predator relationship and altering breeding habitats 
(Huzortey et al., 2022). For instance, polluted water bod-
ies are rendering ideal breeding habitats for Culicine than 
Anopheline vectors (Gunathilaka et  al., 2013; Kamalad-
hasan et al., 2016). The polluted habitat, particularly high 
turbid water affects the predatory efficiency due to low 
visibility of prey (Homski et  al., 1994; Paaijmans et  al., 
2008). Last few decades, several studies reported that 
Anopheline vectors have adapted to breed in polluted 
water bodies across the world. For instance, An. gambiae 
(Awolola et  al., 2007; Ossè et  al., 2019), An. culicifacies 
(Gunathilaka et  al., 2013, 2015), An. coluzzii (Kudom, 
2015; Ossè et al., 2019), An. subpictus (Gunathilaka et al., 
2015; Kamaladhasan et  al., 2016), An. stephensi (Fazeli-
Dinan et al., 2022) were breeding in polluted water bod-
ies. In our previous studies, we reported that human 
activities within the river bed rendering conducive envi-
ronment for mosquito breeding through various ecologi-
cal link for the maintenance of self-sustained mosquito 
populations along the river ecosystem (Kamaladhasan 
et  al., 2016). These anthropogenic activities are highly 
modified the river ecosystem especially water quality 
along the river basin. Therefore, deciphering the how 

water quality influence on the mosquito ecology at modi-
fied river ecosystem is very essential to understand the 
epidemiology of mosquito-borne diseases and curtail 
mosquito population. Hence, the present study is aimed 
to study the community assemblage and habitat similar-
ity of immature mosquito population with reference to 
water quality at different habitats along the Vaigai River 
basin.

Methods
Study sites
The Vaigai river bisects the Madurai city into two halves 
and flows downstream for 145  km and passes 127  km 
upstream originating from the Cumbum Valley of the 
Western Ghats. In order to understand the influence 
of water quality on habitat specificity and community 
assemblage of immature mosquito populations, three dif-
ferent study sites viz. urban (Madurai city: 9° 55′ N, 78° 
07′ E), semi-urban (Sholavandan: 10° 01′ N, 77° 57′ E) 
and rural (Thenoor; 9º 59′ N; 78º 00′ E) were selected 
and observations were made on a 5  km linear stretches 
along the Vaigai river in each study site.

Immature mosquito sample collection
The immature mosquito populations were studied at 
three different ecosystems viz., urban, semi-urban and 
rural study sites along the Vaigai river basin. Observa-
tions were made during the pre-monsoon, monsoon and 
post-monsoon seasons of 2013–2014. The larval density 
of Anopheles, Culex and Aedes were calculated by using 
dipper method in all the study sites. Based on the imma-
ture mosquito populations in habitat, the number of dips 
per habitat was determined. The number of dips varied 
from 3 to 10 per habitat depending on the immature 
mosquito population. The sampling was done on alter-
nate days in all the study sites during the entire period 
of the study. The immature mosquitoes were collected 
and transferred to the laboratory, and the emerged adults 
were collected and identified with the help from Center 
for Research in Medical Entomology (CRME), Madurai. 
The species composition and relative frequency of mos-
quitoes were calculated and the average larval density 
was measured at all the study sites. The presence and 
absence of predators in each study site was noted for 
each sample.

Physico‑chemical analysis of water
The physico-chemical parameters such as pH, total dis-
solved solids (TDS), salinity, conductivity, turbidity, dis-
solved oxygen (DO) were analyzed using water analysis 
kit (Systronics, 371). The free carbon dioxide (free CO2) 
and total alkalinity (TA) were analyzed by standard 
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titration method. Temperature and water depth were 
measured in habitats with standard instruments.

Data analysis
Grouping of immature mosquitoes based on their habitat 
similarities
The collected immature mosquitoes were grouped based 
on their breeding habitat similarity. Data was analyzed 
according to the method proposed by Devi and Jauhari 
(2007) and Stein et  al. (2011). The operational taxo-
nomic units (OTUs) were given based on the vegetative 
and non-vegetative habitat types. The vegetation types 
include the presence of floating algae, filamentous algae, 
host plant (Cynodon dactylon, Saccharum spontaneum, 
Cyperus rotundus, Typha sp., Polygonum glabrum, Ipo-
moea aquatica, Arundo donax, Eichhornia crassipes, 
Azolla sp., Marsilea sp. and Lemna sp.), algal bloom and 
the absence of vegetation. The non-vegetative habitat 
types include rock pools, animal hoofs, waste dumping 
(cups, polythene bags, etc.), detritus (stumps, leaves, etc.) 
and cement tanks. The type of habitat sharing among 
immature mosquitoes was considered as an OTU. The 
presence or absence of predators inhabiting with imma-
ture mosquitoes was also considered as another OTU. 
Individual OTUs were assigned for each of water qual-
ity parameters (pH, TDS, salinity, turbidity, conductiv-
ity, DO, free CO2, TA, water depth and temperature) of 
breeding habitats for each species. All the larval habitat 
characteristics were subdivided into groups and codi-
fied as 1/0 (= presence/absence). A matrix of data con-
sisting of 21 rows for mosquito species and 135 columns 
for breeding habitats was developed in tabular form 
based on the codified data. This matrix data was used 
to analyze the similarity among all OTUs using the Jac-
card’s coefficient of association (JC). From the similarity 
matrix, OTUs were grouped and depicted in the form of 
a dendrogram.

Results
Relative frequencies of immature mosquitoes at different 
ecosystem during seasons
The relative frequency of mosquitoes showed greater var-
iations among the study sites and seasons throughout the 
entire study period. Cx. vishnui was found to be a per-
vasive species which showed a higher relative frequency 
(38.46%) than other mosquitoes at urban sites during the 
pre-monsoon season. In contrast to urban sites, An. sub-
pictus had a high relative frequency in semi-urban and 
rural study sites during the pre-monsoon season (35.82% 
and 27.06% respectively). During monsoon season, Cx. 
vishnui had the highest relative frequency (28.10%) in 
the urban sites, while An. culicifacies were found to have 
a higher relative frequency in semi-urban (18.82%) and 

rural study sites (27.27%). During post-monsoon season, 
An. subpictus was observed as a more common species 
and had higher relative frequencies than other mosquito 
species in all study sites. (Table 1).

Average larval density at different study sites 
during seasons
In urban study site, pre-monsoon and post-monsoon 
seasons significantly influenced the Anopheles larval 
density than monsoon season (F = 6.38; p < 0.05). In the 
case of Culex larval density, monsoon season seemed to 
have high influence than the other two seasons (F = 8.059; 
p < 0.05). Oddly, Aedes larval density was not found to be 
influenced by any seasons (F = 1.123; p > 0.05). In semi-
urban study site, Anopheles larval density was strongly 
influenced by pre-monsoon season than other two sea-
sons (F = 34.25; p < 0.05). Culex larval density was not 
influenced by any seasons (F = 3.318; p > 0.05). In rural 
study site, pre-monsoon and post-monsoon seasons sig-
nificantly influenced the Anopheles larval density than 
monsoon season (F = 4.457; p < 0.05). Culex larval den-
sity was influenced by both pre-monsoon and monsoon 
seasons than post-monsoon season (F = 3.587; p < 0.05). 
Aedes larval density was not influenced by any seasons 
(F = 0.380; p > 0.05) (Fig. 1).

Average larval density and presence or absence 
of predators
In urban site, Anopheles and Culex larval density was 
found to be higher in habitats without predators when 
compared to the habitats with predators during the pre-
monsoon and monsoon seasons. Higher Anopheles larval 
density was recorded in habitats without predators when 
compared to habitats with predators whereas Culex lar-
val density was observed to be maximum in habitats with 
predators rather than without predators during post-
monsoon season. In semi-urban site, higher Anopheles 
larval density was recorded in habitats without preda-
tors when compared to habitats with predators during 
pre-monsoon and monsoon seasons whereas Anopheles 
larval density was higher in habitats with predators dur-
ing post-monsoon season. Culex larval density found to 
be high in the presence of predators during the pre-mon-
soon and monsoon seasons. In rural site, Anopheles lar-
val density was greater in habitats without predators than 
with predators during monsoon and post-monsoon sea-
sons. Culex larval density was found to be high in habi-
tats without predators during all seasons (Fig. 2).

Inhabitation of predators along with immature mosquitoes 
under different vegetation
A total of seven aquatic predators were found to co-
exist with immature mosquito populations in all the 
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study sites during the study period. The aquatic preda-
tors such as backswimmer, dragonfly, damselfly and div-
ing beetles were observed in all sites. Water bugs were 
mainly noticed in urban sites whereas fishes and tadpoles 

were recorded in semi-urban and rural sites. Among 
the predators, backswimmers were observed in vari-
ous aquatic vegetation types such as filamentous algae, 
floating algae, Cyperus rotundus, Polygonum glabrum, E. 

Table 1  Mosquito relative frequency (%) at different ecosystems along the Vaigai river, Tamil Nadu

S. no. Name of the species Relative frequency (%)—pre-
monsoon (August & September 
2013)

Relative frequency (%)—monsoon 
(November & December 2013)

Relative frequency (%)—post-
monsoon (May & June 2014)

Urban Semi-urban Rural Urban Semi-urban Rural Urban Semi-urban Rural

1. Anopheles subpictus 33.65 35.82 27.06 19.10 12.94 11.36 46.67 31.43 52.63

2. Anopheles vagus – 10.45 3.53 4.49 12.94 9.09 – 8.57 2.63

3. Anopheles culicifacies – 8.20 25.88 – 18.82 27.27 – 13.17

4. Anopheles annularis – 0.75 – – 1.17 – – –

5. Anopheles barbirostris – 2.24 – – 8.24 3.41 – 5.71 –

6. Anopheles peditaeniatus – – 4.71 1.12 2.35 1.14 – – –

7. Anopheles pallidus – – 1.17 – – 1.14 – – –

8. Anopheles splendidus – – 1.17 – – – – – –

9. Anopheles stephensi – – – – 2.35 – – – –

10. Culex pseudovishnui 0.96 – 1.18 4.49 – 1.14 – – –

11. Culex gelidus 3.85 2.24 – 8.99 2.35 1.14 6.67 11.43 –

12. Culex tritaeniorhynchus 10.58 11.19 9.41 12.36 8.25 1.14 – – –

13. Culex quinquefasciatus 11.54 4.48 1.18 13.48 4.71 – 3.33 14.29 –

14. Culex vishnui 38.46 19.40 16.47 28.10 12.94 12.50 36.67 22.86 21.05

15. Culex bitaeniorhynchus – 4.48 3.53 – 11.77 17.04 – 5.71 5.26

16. Culex infula – – – 4.49 1.17 – – – –

17. Culex fuscocephala – – – – – – 3.33 – –

18. Lutzia fuscana – 0.75 – 1.13 – 1.14 – – –

19. Fredwardsius vittatus 0.96 – 4.71 – – 4.54 – – 5.26

20. Stegomyia aegypti – – – 2.25 – – 3.33 – –

21 Aedeomyia catasticta – – – – – 7.95 – – –
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Fig. 1  Average larval density of Anopheline and Culicine species along the Vaigai river, Tamil Nadu
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crassipes, Ipomoea aquatica, Cynodon dactylon, Azolla 
sp., detritus, algal bloom and in area devoid of vegetation. 
Dragonfly and damselfly were mainly noticed in sites 
dominated by filamentous algae. Water bugs were mainly 
noticed to exist in roots of E. crassipes. Backswimmer 
inhabited with more number of immature mosquitoes 
(18/ 21) followed by dragonfly (13/ 21) and water bugs 
(10/ 21) (Table 2).

Relative frequency of predators at different ecosystems
During pre-monsoon season, backswimmer showed 
greater relative frequency at urban (53.33%) and rural 
sites (61.11%) whereas dragonfly had high relative fre-
quency in semi-urban site (42.11%). Dragonfly had high 
relative frequency at semi-urban (35.29%) and rural 
sites (48.15%) during monsoon season. In urban site, 
backswimmer had maximum relative frequency dur-
ing monsoon season (40.74%). Dragonfly was found to 
have high relative frequency in semi-urban site (50%) 
whereas backswimmer was higher at urban site (38.46%) 
during post-monsoon season. Backswimmer and drag-
onfly showed almost equal relative frequency during 
post-monsoon season in rural site (Table 3).

Percentage co‑occurrence of predators 
along with immature mosquito populations
Predators were found to co-exist with immature mos-
quito populations in all the study sites during the entire 

study period. At urban study site, the percentage of pred-
ator co-occurrence along with larvae was found to be 
higher during post-monsoon followed by pre-monsoon 
and monsoon seasons. The percentage co-occurrence of 
predators was gradually increasing from pre-monsoon 
to post-monsoon season at rural study site. During the 
pre-monsoon and monsoon seasons, the percentage of 
predator co-occurrence was higher in rural whereas the 
maximum percentage of predator co-occurrence was 
noted in urban followed by rural and semi-urban site 
during post-monsoon season (Fig. 3).

Community assemblage of immature mosquitoes 
at different study sites
Community assemblage of immature mosquito popula-
tions was found to be strongly influenced by seasons in 
all the sites. During pre-monsoon season, community 
assemblage of Anopheles with Culex (45.71%) was found 
to be higher followed by Anopheles community and 
Aedes community at rural site. In semi-urban site, habitat 
occupied by Anopheles with Culex was higher followed 
by Anopheles community during pre-monsoon season. 
Community assemblage by Culex species alone was 
not observed in semi-urban and rural sites during pre-
monsoon season. In urban site, assemblage of Anoph-
eles with Culex (64%) was maximum followed by Culex 
alone (30%); Anopheles alone (4%); Aedes with Anoph-
eles and Culex community (2%) during pre-monsoon 
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season. Anopheles with Culex assemblage was observed 
to be higher in all the study sites during monsoon season. 
Community assemblage by Anopheles species alone was 
found to be greater in semi-urban and rural site when 
compared to Culex community alone during monsoon 
season. Community assemblage by Anopheles species 
alone was not observed in urban site during monsoon 
season. During post-monsoon season, Anopheles com-
munity was greater at rural (45.45%) site followed by 
Anopheles with Culex (40.91%). Anopheles sharing their 
habitats with Culex (44.44%) mosquitoes were found to 
be higher at semi-urban whilst community assemblage 
by Anopheles alone and Culex alone was almost in equal 
proportion at semi-urban sites during post-monsoon 
season. In urban site, community assemblage of Anoph-
eles with Culex was observed to be greater followed by 
Anopheles community and Culex community during 
post-monsoon season (Table 4).

Physico‑chemical analysis of water at different study sites
Water quality parameters varied among the sites during 
all seasons. During the pre-monsoon season, pH, con-
ductivity, dissolved oxygen, total alkalinity and salinity 
varied in all the study sites. Total dissolved solids, tur-
bidity, free carbon dioxide was higher in the urban site 
than others. During the monsoon season, pH was found 

to be higher in rural site when compared to other sites. 
Salinity, conductivity, turbidity was higher at urban site 
than other sites whereas total alkalinity, free carbon diox-
ide and TDS varied in all the sites. During post-monsoon 
season, pH was found to be higher in rural site than semi-
urban and urban sites. Salinity and conductivity didn’t 
vary among the study sites whereas total alkalinity was 
higher in semi-urban site than other sites. TDS and tur-
bidity were found to be greater in urban site than semi-
urban and rural sites. Free carbon dioxide was found to 
be lower in rural site when compared to urban and semi-
urban sites (Table 5).

Water quality versus mosquitoes
Anopheles diversity was found to be higher in semi-urban 
followed by rural and urban sites. When comparing with 
Culex mosquitoes, Anopheles mosquitoes seemed to pre-
fer less polluted water bodies. An. subpictus was found to 
breed in polluted water bodies with a wide range of TDS 
(range = 0.53–1010), salinity (range = 0.05–4.39), turbid-
ity (range = 0.38–316) and total alkalinity (range = 0.25–
450). An. vagus and An. peditaeniatus were also able to 
breed in high turbid water (range = 0.93–124 & 1.1–85) 
than other Anopheles species. Among the Anopheles 
species, An. annularis and An. stephensi was found to 
breed in less turbid habitats at low temperature (Table 6). 

Table 2  Inhabitant of predators along with immature mosquitoes in the Vaigai river, Tamil Nadu

Name of the species Without 
predators

Backswimmer Dragonfly Damselfly Water bug Diving beetle Fish Tadpole

Anopheles subpictus + + + + + + + +

Anopheles vagus + + + − − + + +

Anopheles culicifacies + + + − − + + +

Anopheles annularis − + + − − − − +

Anopheles barbirostris + + + − − + − −

Anopheles peditaeniatus + + + + + − + +

Anopheles pallidus + − − − − − − −

Anopheles splendidus − + − − − − − −

Anopheles stephensi + − + − − − − −

Culex pseudovishnui + + − + + − − −

Culex gelidus + + − − + − + −

Culex tritaeniorhynchus + + + + + + − +

Culex quinquefasciatus + + + − + + + +

Culex vishnui + + + + + + − +

Culex bitaeniorhynchus + + + + + − + +

Culex infula + + + + + − − −

Culex fuscocephala − + − − − − − −

Lutzia fuscana + + − − − − − −

Fredwardsius vittatus + + − − − + − −

Stegomyia aegypti + − − − + − − −

Aedeomyia catasticta + + + − − − − −
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Fig. 3  Percentage co-occurrence of predators along with immature mosquito population along the Vaigai river, Tamil Nadu

Table 4  Community assemblage of immature mosquitoes at different study sites along the Vaigai river, Tamil Nadu

Species co-occurrence % of species co-occurrence of immature population in aquatic habitats

Pre-monsoon Monsoon Post-monsoon

Rural Semi-urban Urban Rural Semi-urban Urban Rural Semi-urban Urban

Anopheles only 42.86 29.63 4 22.73 34.29 – 45.45 27.78 30

Anopheles + Culex 45.71 70.37 64 54.54 57.14 52.5 40.91 44.44 40

Culex only – – 30 13.64 8.57 42.5 4.55 27.78 25

Aedes only 11.43 – – – – – – – –

Aedes + Anopheles – – – 4.55 – – 9.09 – –

Aedes + Anopheles + Culex – – 2 4.54 – 5 – – 5

Table 5  Physico-chemical characteristics of water at different study sites along the Vaigai river, Tamil Nadu

TDS, total dissolved solids; SAL, salinity; CON, conductivity; TUR, turbidity; DO, dissolved oxygen; FCO2, free carbon dioxide; TA, total alkalinity; WD, water depth; TEM, 
temperature

Parameters Pre-monsoon Monsoon Post-monsoon

Urban Semi-urban Rural Urban Semi-urban Rural Urban Semi-urban Rural

pH 7.93 ± 0.04c 8.07 ± 0.02b 8.21 ± 0.06 a 7.79 ± 0.08b 8.07 ± 0.05b 8.45 ± 0.06a 7.81 ± 0.08b 7.79 ± 0.04b 8.34 ± 0.12a

TDS (ppm) 109.47 ± 3.97a 35.65 ± 1.58b 27.56 ± 1.60b 124.75 ± 6.74a 52.15 ± 2.75b 31.98 ± 1.1c 365.31 ± 50.12a 99.62 ± 5.42b 97.55 ± 17.10b

SAL (ppt) 1.06 ± 0.04 a 0.41 ± 0.02b 0.29 ± 0.02c 1.19 ± 0.07a 0.45 ± 0.02b 0.32 ± 0.01b 1.10 ± 0.15a 0.83 ± 0.05a 0.75 ± 0.13a

CON (ms) 1.96 ± 0.07 a 0.76 ± 0.03b 0.50 ± 0.03c 4.25 ± 0.47a 0.89 ± 0.05b 0.62 ± 0.02b 2.27 ± 0.31a 1.74 ± 0.09a 1.57 ± 0.24a

TUR (NTU) 70.28 ± 5.09a 10.35 ± 1.19b 12.1 ± 1.53b 36.52 ± 5.05a 5.29 ± 0.59b 3.77 ± 0.82b 49.74 ± 8.33a 16.58 ± 2.63b 19.42 ± 6.04b

DO (ppm) 9.63 ± 0.08a 6.33 ± 0.15b 4.44 ± 0.09c 4.94 ± 0.37a 4.47 ± 0.15a 4.81 ± 0.13a 2.32 ± 0.23b 3.39 ± 0.27a 3.51 ± 0.27a

FCO2 (mg/l) 99.23 ± 6.05a 24.82 ± 1.13b 36.89 ± 2.12b 172.89 ± 2.50a 77.82 ± 6.22b 32.14 ± 2.65c 123.89 ± 2.31a 91.36 ± 7.47ab 70.25 ± 16.48b

TA (mg/l) 307.42 ± 9.28a 144.39 ± 3.56b 103.87 ± 2.63c 152.87 ± 6.68a 79.24 ± 3.04b 51.86 ± 1.73c 73.75 ± 4.98b 108.13 ± 4.75a 8.05 ± 0.5c

WD (cm) 7.44 ± 0.27b 8.34 ± 0.32b 10.16 ± 0.68a 10.27 ± 0.49a 7.12 ± 0.51b 7.27 ± 0.53b 10.31 ± 1.09a 5.71 ± 0.59b 6.79 ± 0.67b

TEM (ºC) 30.04 ± 0.16a 28.65 ± 0.17b 30.32 ± 0.13a 27.57 ± 0.09a 26.20 ± 0.14c 26.66 ± 0.12b 29.25 ± 0.18b 29.99 ± 0.18ab 30.19 ± 0.27a
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Fredwardsius vittatus was found to breed under high pH 
with low free carbon dioxide when compared to other 
mosquitoes. Cx. bitaeniorhynchus and Cx. infula bred 
at high pH (8.19 ± 0.04 & 8.49 ± 0.13) when compared to 
other Culex mosquitoes. Cx. fuscocephala bred at high 
total dissolved solids (570.5 ± 2.5) and free carbon diox-
ide levels (170.5 ± 16.5). Cx. infula was observed at high 
conductivity (6.87 ± 1.45) and high dissolved oxygen lev-
els (9.57 ± 0.99) when compared to other Culex mosqui-
toes. Among Culex mosquitoes, Cx. vishnui (34.07 ± 2.41) 
bred under high turbid water followed by Cx. quinque-
fasciatus (29.55 ± 2.99) and Cx. gelidus (26.26 ± 3.28). Cx. 
gelidus was found to breed only in sewage water whereas 
Cx. bitaeniorhynchus bred only in low turbid fresh water 
bodies (Table 7).

Grouping immature mosquito population by habitat 
similarity
The different species of mosquitoes were arranged into 
two major groups using the values of coefficient of asso-
ciation presented in the similarity matrix (Table  8). 
According to cluster analysis (Fig.  4), An. subpictus, 
Cx. vishnui, An. vagus, Cx. tritaeniorhynchus, Cx. geli-
dus, and Cx. quinquefasciatus fell under group A. The 
group B was divided into two sub groups namely group 
B1 and B2. Sub-group B1 consists of An. annularis, An. 
stephensi, An. splendidus, An. pallidus, Cx. fuscocephala 
and Aedeomyia catasticta whereas An. peditaeniatus, 
An. culicifacies, An. barbirostris, Cx. infula, Cx. pseu-
dovishnui, Cx. bitaeniorhynchus, Lutzia fuscana, Ste-
gomyia aegypti and Fr. vittatus was found under group 
B2. Based on habitat similarity analysis, An. subpictus 
and Cx. vishnui were found to have the highest associa-
tion (0.961). The similarity values within the species for 
Group A are as follows: An. vagus/Cx. tritaeniorhynchus 
(0.899), Cx. vishnui/Cx. tritaeniorhynchus (0.856), Cx. 
tritaeniorhynchus/Cx. quinquefasciatus (0.848) and Cx. 
quinquefasciatus/Cx. gelidus (0.830). In Group A, An. 
subpictus had strongest habitat similarity with Cx. vish-
nui (0.961), Cx. tritaeniorhynchus (0.833), Cx. quinque-
fasciatus (0.818), An. vagus (0.816), and Cx. gelidus 
(0.731). In group B, mosquito species pairs showing high 
similarity were An. culicifacies with Cx. bitaeniorhynchus 
(0.832), An. peditaeniatus with Cx. infula (0.782), An. 
peditaeniatus between Cx. pseudovishnui (0.773), An. 
barbirostris with Lt. fuscana (0.760), Cx. infula with Cx. 
pseudovishnui (0.742) (Table 8). In group A, An. subpic-
tus and Cx. vishnui were found almost in all the types of 
immature habitats at all the sites during the study period. 
It is inferred that these two species had a wide range of 
adaptability to habitats dominated by E. crassipes, C. 
rotundus, S. spontaneum, I. aquatica, P. glabrum, fila-
mentous algae, floating algae, C. dactylon, Marsilea sp., 

algal bloom, Arundo donax, Lemna sp. and Azolla sp. 
An. subpictus, An. vagus, Cx. vishnui, Cx. tritaeniorhyn-
chus, Cx. gelidus and Cx. quinquefasciatus were able to 
breed in polluted water bodies typically associated with 
high turbidity. As a result, the immature mosquitoes of 
group A have been sharing their habitats with more num-
ber of distant or closely related mosquito species along 
the Vaigai river (Table 9). In group B1, mosquitoes pre-
ferred unique ecological habitats along the river. An. 
annularis, An. stephensi, An. splendidus, An. pallidus 
and Ad. catasticta bred in filamentous algae dominated 
sites. These mosquitoes bred at low level of turbid water 
when compared to group A. Immature mosquitoes of 
group B1 utilize limited ecological niches which led us 
to conclude that B1 mostly don’t share their habitat with 
other species. In group B2, few more ecological habitats 
were occupied by mosquitoes when comparing to group 
B1. An. peditaeniatus was found to breed under various 
vegetation types such as floating algae, filamentous algae, 
E. crassipes, C. rotundus, S. spontaneum and Typha sp. 
Cx. pseudovishnui utilized aquatic vegetation such as E. 
crassipes, C. rotundus, I. aquatica, P. glabrum, filamen-
tous algae and C. dactylon as their breeding habitats. The 
immature of An. barbirostris was collected from floating 
algae, filamentous algae, Cynodon dactylon, algal bloom, 
C. rotundus, S. spontaneum, Lemna sp. and Azolla sp. 
dominated sites. An. culicifacies bred in floating algae, 
filamentous algae, C. rotundus, S. spontaneum, detritus, 
Typha sp. and even in open water. Lt. fuscana immature 
was recorded in C. dactylon, C. rotundus and floating 
algae dominated sites. Cx. infula and Cx. bitaeniorhyn-
chus preferentially bred in filamentous algae dominated 
habitats. Immature of the Group B2 was found to breed 
in slightly turbid water than group B1.

Discussion
The Vaigai river is highly altered by various human activi-
ties which have consequently led to support immature 
mosquito populations by providing strong ecological 
links for their sustenance within the ecosystem (Kamalad-
hasan et  al., 2016). Among various human activities, 
sewage disposal into river was found to influence water 
quality thereby affecting the structure and function of the 
ecosystems. Water pollution in river ecosystem causes 
loss of biodiversity by altering species composition from 
natural to pollutant tolerant community (Xu et al., 2013). 
In the present study, water quality parameters considered 
in this study have been found to influence the distribu-
tion and composition of mosquito populations along the 
Vaigai river ecosystem. Among the water quality param-
eters, pH plays a significant role in the habitat preference 
of Anopheline species. Almost all Anopheles species 
have been observed to breed in habitats with pH ranges 
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between 6.95 and 10.08. Similarly, Akeju et  al. (2022) 
reported that the pH of the breeding habitats of Anoph-
eles species ranges between 6.05 and 8.23. This clearly 
reveals that Anopheline species mainly prefer to select 
their oviposition sites with a slightly acidic and slightly 
alkaline pH environment (Akeju et  al., 2022; Getachew 
et  al., 2020). Total dissolved solid has been found to be 
higher in urban sites than semi-urban and rural sites 
which are resulted alter the composition and dominance 
of mosquito species. In the present study, the diversity 
and dominance of Culex mosquitoes were highest in 
urban sites when compared to Anopheles species. These 
results clearly showed that Culex mosquitoes are able to 
breed with high total dissolved solids content, whereas 
Anopheles mosquitoes mainly opt to breed with less total 
dissolved solids content. These results are concurred 
with the findings of Vanlalhruaia et  al. (2014) reported 
that, Anopheles species prefer habitats with less total dis-
solved solid compared to Culex mosquitoes, which have 
strong associations with high dissolved matter and total 
dissolved solid. However, in the present study, An. sub-
pictus can breed in a habitat with a high level of total dis-
solved solids range between 0.53 and 1010, compared to 

other Anopheles species. This finding was in agreement 
with the report of Abai et  al. (2015), where Anopheles 
mosquitoes have a strong association with high levels 
of total dissolved solid (1261.40 1214.31). Among the 
water quality parameters, salinity and conductivity can 
be considered as predictive variables for the existence 
of mosquito species. The increase in salinity and con-
ductivity has resulted in a reduction in species diversity 
and an increase in the density of salinity-tolerant species 
(Gopalakrishnan et al., 2013; Nikookar et al., 2017). This 
was in agreement with the report of the present study, the 
diversity of Anopheles species was observed to be higher 
in breeding habits with less level of salinity and conduc-
tivity when compared to Culex species. However, among 
the Anopheles species, the density of An. subpictus grad-
ually increased with the increase in salinity and conduc-
tivity. This is clearly showed that the An. subpictus have 
adapted to tolerate the high salinity environment condi-
tion. Among the Culex species, Culex gelidus can able 
to thrive under in high salinity habitats. Similar results 
were also observed in the Cx. tarsalis and Cx. quinque-
fasciatus (Kengne et  al., 2019; Patrick & Bradley, 2000). 
Turbidity also plays a crucial role in the identification 

Table 8  Similarity matrix for the operative taxonomic units of different mosquito calculated using coefficient of association

ASU, Anopheles subpictus; AVA, Anopheles vagus; ACU, Anopheles culicifacies; AAN, Anopheles annularis; ABA, Anopheles barbirostris; APE, Anopheles peditaeniatus; 
APA, Anopheles pallidus; ASP, Anopheles splendidus; AST, Anopheles stephensi; CPS, Culex pseudovishnui; CGE, Culex gelidus; CTR, Culex tritaeniorhynchus; CQU, Culex 
quinquefasciatus; CVI, Culex vishnui; CBI, Culex bitaeniorhynchus; CIN, Culex infula; CFU, Culex fuscocephala; LFU, Lutzia fuscana; FVI, Fredwardsius vittatus; SAE, Stegomyia 
aegypti; ACA, Aedeomyia catasticta

Mosquito 
species

ASU AVA ACU​ AAN ABA APE APA ASP AST CPS CGE CTR​ CQU CVI CBI CIN CFU LFU FVI SAE ACA​

ASU 1.00

AVA 0.82 1.00

ACU​ 0.72 0.81 1.00

AAN 0.38 0.50 0.57 1.00

ABA 0.61 0.74 0.78 0.66 1.00

APE 0.66 0.76 0.78 0.61 0.73 1.00

APA 0.32 0.44 0.48 0.59 0.59 0.52 1.00

ASP 0.23 0.31 0.34 0.49 0.34 0.41 0.42 1.00

AST 0.31 0.41 0.47 0.77 0.57 0.53 0.63 0.48 1.00

CPS 0.56 0.68 0.65 0.59 0.69 0.77 0.56 0.46 0.51 1.00

CGE 0.73 0.77 0.74 0.49 0.71 0.73 0.41 0.34 0.43 0.72 1.00

CTR​ 0.83 0.89 0.76 0.46 0.71 0.76 0.41 0.29 0.41 0.69 0.78 1.00

CQU 0.82 0.83 0.75 0.48 0.74 0.70 0.42 0.31 0.42 0.63 0.83 0.85 1.00

CVI 0.96 0.82 0.71 0.39 0.62 0.66 0.32 0.24 0.32 0.58 0.73 0.86 0.80 1.00

CBI 0.62 0.72 0.83 0.65 0.72 0.79 0.58 0.44 0.59 0.73 0.70 0.69 0.69 0.60 1.00

CIN 0.49 0.60 0.59 0.63 0.66 0.78 0.51 0.43 0.61 0.74 0.61 0.59 0.54 0.51 0.67 1.00

CFU 0.20 0.28 0.30 0.46 0.40 0.29 0.38 0.36 0.39 0.38 0.32 0.26 0.27 0.21 0.37 0.40 1.00

LFU 0.46 0.62 0.64 0.60 0.76 0.64 0.57 0.38 0.54 0.68 0.68 0.59 0.59 0.48 0.67 0.61 0.49 1.00

FVI 0.60 0.59 0.57 0.42 0.58 0.54 0.47 0.29 0.36 0.48 0.63 0.59 0.59 0.63 0.52 0.56 0.32 0.56 1.00

SAE 0.53 0.56 0.49 0.42 0.56 0.47 0.41 0.28 0.36 0.51 0.53 0.55 0.58 0.54 0.48 0.52 0.41 0.52 0.54 1.00

ACA​ 0.36 0.46 0.54 0.68 0.58 0.60 0.68 0.64 0.69 0.58 0.45 0.46 0.47 0.39 0.64 0.59 0.35 0.51 0.36 0.41 1.00
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of breeding habitats for Anopheline and Culicine. The 
breeding of Anopheline species was observed in habitats 
with lower turbidity levels, while that of Culex species 
was observed in habitats with high turbidity levels. This 
result is concurred with the finding of Sattler et al. (2005) 
reported that Anopheles mosquito larvae were absent in 
habitats with turbid environments, whereas Culex spe-
cies were much more likely to breed in such habitats. 
However, An. subpictus is able to breed and has a greater 
density in habitats with high levels of turbidity than other 
Anopheles species in the present study. This result is not 
in agreement with the finding of Seal and  Chatterjee 
(2023), reported that, An. subpictus larvae were found to 
be higher in less turbid habitats when compared to highly 
turbid environments.

Water quality also plays a significant role on the com-
munity assemblage of immature mosquitoes along the 
Vaigai river basin. Community assemblage by Anopheles 
have found to be higher in rural sites and semi-urban 
sites when compared to urban sites. In rural and semi-
urban sites, water bodies are less polluted which are 
eventually to breed by Anopheles species than polluted 
water bodies. This result is supported by earlier studies 
reported that Culicine immatures were found in polluted 

water and Anopheline immatures were found in less pol-
luted water (Okorie, 1978; Okogun, 2005; Sattler et  al., 
2005; Devi & Jauhari, 2007; Impoinvil et al., 2008; Mwan-
gangi et  al., 2010). Community assemblage by Anoph-
eles along with Culex species were found to be higher 
in all the study sites during all the season. In the present 
study, habitat similarity index was found to be higher 
between An. subpictus and Cx. vishnui (0.96) and shared 
their habitats with a greater number of distant or closely 
related species which are resulted to increased commu-
nity assemblage by Anopheles along with Culex species 
along the Vaigai river basin. This result is coincided with 
the finding of Devi and Jauhari (2007) reported that Cx. 
mimeticus and An. maculatus have strong association 
with their habitats. This result was similar to the findings 
of Minakawa et al. (1999), Caillouet et al. (2008) who also 
reported that, 58.6% and 42.9% of the habitats were co-
existed by Anopheline and Culicine species respectively. 
Grouping of immature mosquitoes based on their habi-
tat similarity is clearly revealed that Mosquitoes belong-
ing to group A were much more like to breed polluted 
water bodies when compared to Group B mosquito spe-
cies. Among the group A mosquito species, An. subpictus 
and An. vagus have adapted to breed in polluted water 

Fig. 4  Grouping of immature mosquitoes based on the habitat similarity using dendrogram
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bodies in addition to fresh water habitats. Similarly, some 
of the Anopheline species has been observed to breed in 
polluted water habitats across the world. For instances, 
An. subpictus was noted to breed in polluted habitats 
at urban ecosystem (Gunathilaka et  al., 2015). Drainage 
habitats with waste water is an ideal breeding habitats for 
An. culicifacies (Gunathilaka et  al., 2013). An. gambiae 
and An. coluzzii can able to breed wide range of water 
bodies including polluted water (Awolola et  al., 2007; 
Ossè et al., 2019). In the present study, An. subpictus, Cx. 
vishnui, An. vagus, Cx. tritaeniorhynchus, Cx. gelidus, 
and Cx. quinquefasciatus were more prevalent species 
and might be significant role on the mosquito born dis-
ease outbreak along the Vaigai river basin.

Conclusions
The results of this study clearly revealed that physi-
ochemical parameters determine the species com-
position and community assemblage of immature 
mosquitoes along the Vaigai river basin. The habitat 
preference of Anopheline species is greatly influenced 
by physiochemical parameters like pH, total dissolved 

solid, salinity, conductivity, and turbidity. Among the 
immature mosquito species, An. subpictus, and Cx. 
vishnui were the most prevalent species and had strong 
habitat similarity, which led to an increase in the com-
munity assemblage of Anopheline and Culicine species 
along the river ecosystem. In the present study showed 
for the first time An. subpictus and An. vagus can adapt 
to breed in polluted habitats and this may be adequate 
to extend the vectorial capacity and disease outbreak 
along the Vaigai river basin.
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Table 9  Co-occurrence of immature mosquito species in a breeding habitat along the Vaigai river, Tamil Nadu

An. sub, Anopheles subpictus; An. cul, Anopheles culicifacies; An. vag, Anopheles vagus; An. bar, Anopheles barbirostris; An. pal, Anopheles pallidus; An. ped, Anopheles 
peditaeniatus; An. ann, Anopheles annularis; An. ste, Anopheles stephensi; An. spl, Anopheles splendidus; Cx. bit, Culex bitaeniorhynchus; Cx. vis, Culex vishnui; Cx. tri, Culex 
tritaeniorhynchus; Cx. psv, Culex pseudovishnui; Cx. gel, Culex gelidus; Lt. fus, Lutzia fuscana; Ad. cat, Aedeomyia catasticta; Fr. vit, Fredwardsius vittatus; Cx. inf, Culex 
infula; Cx. qui, Culex quinquefasciatus; St. aeg, Stegomyia aegypti; Cx. fus, Culex fuscocephala

Name of the species Co-occurrence of immature mosquitoes

Anopheles culicifacies An. sub, An. vag, Cx. bit, Cx, tri, Cx. vis, Cx. qui, An. spl, An. pal, Cx. psv, An. ped, An. ann, An. bar, Ad. cat, Fr. vit

Anopheles subpictus Cx. vis, Cx, tri, An. vag, Cx. inf, St. aeg, Lt. fus, Cx. qui, Cx. gel, Cx. psv, An. cul, Cx. bit, An. pal, Ad. cat, Ae. vit, An. ste, 
An. ann, An. ped, An. bar, Cx. fus

Anopheles vagus Cx. vis, An. sub, St. aeg, Cx, tri, Cx. inf, Cx. gel, Cx. psv, An. cul, An. bar, Cx. bit, Ad. cat, An. ste, An. ped, Cx. qui, An. ann

Anopheles barbirostris An. cul, Cx. vis, Cx. bit, Ad. cat, An. vag, An. sub, An. ped, Cx. tri, Cx. qui

Anopheles pallidus An. cul, Cx. vis, An. sub, Ad. cat, An. ped, Cx. bit

Anopheles peditaeniatus Cx. vis, Cx, tri, An. pal, Ad. cat, Cx. bit, An. cul, An. bar, An. sub, An. vag, Cx. qui

Anopheles annularis An. sub, Cx. vis, An. cul, An. ste, An. vag, Cx. bit, Cx, tri, Cx. qui

Anopheles stephensi An. cul, Cx. vis, An. vag, An. sub, An. ann

Anopheles splendidus An. cul

Culex bitaeniorhynchus Cx. tri, An. cul, Cx. vis, An. sub, Ad. cat, An. ped, An. vag, An. bar, Cx. psv, Cx. qui, An. ann, An. pal

Culex vishnui An. sub, Cx. tri, Cx. gel, Cx. psv, An. vag, Cx. inf, St.aeg, Lt. fus, Cx. qui, An. ped. An. bar, An. cul, Cx. bit, An. pal, Ae. vit, 
An. ste, An. ann, Cx. fus

Culex tritaeniorhynchus Cx. qui, Cx. vis, An. sub, Cx. gel, St. aeg, Cx. psv, An. vag, An. ped, Cx. inf, An. bar, An. cul, Cx. bit, An. ann

Culex pseudovishnui Cx. vis, Cx. tri, An. sub, Cx. gel, An. vag, An. cul, Cx. bit, Cx. qui

Culex gelidus Cx. vis, Cx. tri, An. sub, An. vag, Cx. psv, Cx. qui, St. aeg, Lt. fus

Lutzia fuscana Cx. vis, An. sub, Cx. gel, Cx. qui

Aedeomyia catasticta An. bar, An. cul, An. vag, An. sub, Cx. bit, An. pal, An. ped

Fredwardsius vittatus An. cul, Cx. vis, An. sub

Culex infula Cx. vis, An. sub, Cx. tri, An. vag

Culex quinquefasciatus Cx. vis, An. sub, Cx. tri, Cx. gel, An. cul, Cx. bit, An. bar, Cx.psv, An. ped, An. ann, An. vag, Lt. Fus

Stegomyia aegypti Cx. vis, An. sub, An. vag, Cx. tri, Cx. gel

Culex fuscocephala Cx. vis, An. sub



Page 15 of 16Nalluchamy et al. The Journal of Basic and Applied Zoology           (2024) 85:39 	

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Biotechnology, The Madura College, Madurai, Tamil Nadu 
625 011, India. 2 PG and Research Department of Botany, The Madura College, 
Madurai, Tamil Nadu 625 011, India. 3 Department of Plant Sciences, School 
of Biological Sciences, Madurai Kamaraj University, Madurai, Tamil Nadu 
625022, India. 4 PG and Research Department of Botany, Arulmigu Palanianda-
var College of Arts and Culture, Palani, Tamil Nadu 624601, India. 5 Department 
of Botany, Centre for Distance and Online Education, Alagappa University, 
Karaikudi, Tamil Nadu 630003, India. 

Received: 22 November 2023   Accepted: 28 August 2024

References
Abai, M. R., Saghafipour, A., Ladonni, H., Jesri, N., Omidi, S., & Azari-Hamidian, 

S. (2015). Physicochemical characteristics of larval habitat waters ofmos-
quitoes (Diptera: Culicidae) in Qom Province, Central Iran. Journal of 
Arthropod Borne Disease, 10, 65–77.

Akeju, A. V., Olusi, T. A., & Simon-Oke, I. A. (2022). Effect of physicochemical 
parameters on Anopheles mosquitoes larval composition in Akure North 
Local Government area of Ondo State, Nigeria. The Journal of Basic and 
Applied Zoology, 83, 34. https://​doi.​org/​10.​1186/​s41936-​022-​00298-3

Amoatey, P., & Baawain, M. S. (2019). Effects of pollution on freshwater aquatic 
organisms. Water Environment Research, 91, 1272–1287. https://​doi.​org/​
10.​1002/​wer.​1221

Awolola, T. S., Oduola, A. O., Obansa, J. B., Chukwurar, N. J., & Unyimadu, J. P. 
(2007). Anopheles gambiaes breeding in polluted water bodies in urban 
Lagos, southwestern Nigeria. Journal of Vector Borne Diseases, 44(4), 
241–244.

Buxton, M., Cuthbert, R. N., Dalu, T., Nyamukondiwa, C., & Wasserman, R. J. 
(2020). Cattle-induced eutrophication favours disease-vector mosquitoes. 
Science of the Total Environment, 715, 136952. https://​doi.​org/​10.​1016/j.​
scito​tenv.​2020.​136952

Caillouet, K. A., Keating, J., & Eisele, T. P. (2008). Characterization of aquatic 
mosquito habitat, natural enemies, and immature mosquitoes in the 
Artibonite Valley, Haiti. Journal of Vector Ecology, 33, 191–197. https://​doi.​
org/​10.​3376/​1081-​1710(2008)​33[191:​COAMHN]​2.0.​CO;2

Chilakam, N., Lakshminarayanan, V., Keremutt, S., Rajendran, A., Thunga, 
G., Poojari, P. G., Rashid, M., Mukherjee, N., Bhattacharya, P., & John, D. 
(2023). Economic burden of mosquito-borne diseases in low- and 
middle-income countries: Protocol for a systematic review. JMIR Research 
Protocols, 12, e50985.

CPCB. (1996). Water quality status and statistics (1993 & 1994): Monitoring of 
Indian aquatic resources (MINARS/10/1995–1996). New Delhi: Central Pollu-
tion Control Board.

Devi, N., & Jauhari, R. K. (2007). Mosquito species associated within some west-
ern Himalayas phytogeographic zones in the Garhwal region of India. 
Journal of Insect Science, 7(32), 1–10. https://​doi.​org/​10.​1673/​031.​007.​3201

Fazeli-Dinan, M., Azarnoosh, M., Özgökçe, M. S., Chi, H., Hosseini-Vasoukolaei, 
N., Haghi, F. M., Zazouli, M. A., Nikookar, S. H., Dehbandi, R., Enayati, A., 
Zaim, M., & Hemingway, J. (2022). Global water quality changes posing 
threat of increasing infectious diseases, a case study on malaria vector 

Anopheles stephensi coping with the water pollutants using age-stage, 
two-sex life table method. Malaria Journal, 21(1), 178. https://​doi.​org/​10.​
1186/​s12936-​022-​04201-x

Getachew, D., Balkew, M., & Tekie, H. (2020). Anopheles larval species composi-
tion and characterization of breeding habitats in two localities in the 
Ghibe River Basin, southwestern Ethiopia. Malaria Journal, 19, 65. https://​
doi.​org/​10.​1186/​s12936-​020-​3145-8

Gopalakrishnan, R., Das, M., Baruah, I., Veer, V., & Dutta, P. (2013). Physicochemi-
cal characteristics of habitats in relation to the density of container-
breeding mosquitoes in Assam, India. Journal of Vector Borne Disease, 50, 
215–219.

Gunathilaka, N., Fernando, T., Hapugoda, M., Wickremasinghe, R., Wijeyerathne, 
P., & Abeyewickreme, W. (2013). Anopheles culicifacies breeding in pol-
luted water bodies in Trincomalee District of Sri Lanka. Malaria Journal, 12, 
285. https://​doi.​org/​10.​1186/​1475-​2875-​12-​285

Gunathilaka, N., Hapugoda, M., Abeyewickreme, W., & Wickremasinghe, R. 
(2015). Entomological investigations on malaria vectors in some war-torn 
areas in the Trincomalee District of Sri Lanka after settlement of 30-year 
of civil disturbance. Malaria Research and Treatment, 2015, 367635. https://​
doi.​org/​10.​1155/​2015/​367635

Homski, D., Goren, M., & Gasith, A. (1994). Comparative evaluation of the 
larvivorous fish Gambusia affinis and Aphanius dispar as mosquito control 
agents. Hydrobiologia, 284, 137–146. https://​doi.​org/​10.​1007/​BF000​06885

Huzortey, A. A., Kudom, A. A., Mensah, B. A., Sefa-Ntiri, B., Anderson, B., & Akyea, 
A. (2022). Water quality assessment in mosquito breeding habitats based 
on dissolved organic matter and chlorophyll measurements by laser-
induced fluorescence spectroscopy. PLoS ONE, 17(7), e0252248. https://​
doi.​org/​10.​1371/​journ​al.​pone.​02522​48

Impoinvil, D. E., Mbogo, C. M., Keating, J., & Beier, J. C. (2008). The role of unused 
swimming pools as a habitat for Anopheles immature stages in urban 
Malindi, Kenya. Journal of the American Mosquito Control Association., 24, 
457–459. https://​doi.​org/​10.​2987/​5739.1

Ishaq, F., & Khan, A. (2013). Aquatic biodiversity as an ecological indicator for 
water quality criteria of River Yamuna in Doon Valley, Uttarakhand, India. 
World Journal of Fish and Marine Sciences, 5, 322–334. https://​doi.​org/​10.​
5829/​idosi.​wjfms.​2013.​05.​03.​72126

Kamaladhasan, N., Tyagi, B. K., Swamy, P. S., & Chandrasekaran, S. (2016). Studies 
on the maintenance of ‘self-sustained’ mosquito vector population in 
Vaigai river, South India. Current Science, 110, 57–68.

Kengne, P., Charmantier, G., Blondeau-Bidet, E., Costantini, C., & Ayala, D. (2019). 
Tolerance of disease-vector mosquitoes to brackish water and their 
osmoregulatory ability. Ecosphere, 10, e02783. https://​doi.​org/​10.​1002/​
ecs2.​2783

Kudom, A. A. (2015). Larval ecology of Anopheles coluzzii in Cape Coast, Ghana: 
Water quality, nature of habitat and implication for larval control. Malaria 
Journal, 14, 447. https://​doi.​org/​10.​1186/​s12936-​015-​0989-4

Minakawa, N., Mutero, C. M., Githure, J. I., Beier, J. C., & Yan, G. (1999). Spatial 
distribution and habitat characterization of anopheline mosquito larvae 
in Western Kenya. The American Journal of Tropical Medicine and Hygiene., 
61, 1010–1016. https://​doi.​org/​10.​4269/​ajtmh.​1999.​61.​1010

Mwangangi, J. M., Shililu, J., Muturi, E. J., Muriu, S., Jacob, B., Kabiru, E. W., 
Mbogo, C. M., Githure, J., & Novak, R. J. (2010). Anopheles larval abun-
dance and diversity in three rice agro-village complexes Mwea irrigation 
scheme, Central Kenya. Malaria Journal, 9, 228–238. https://​doi.​org/​10.​
1186/​1475-​2875-9-​228

Nikookar, S. H., Fazeli-Dinan, M., Azari-Hamidian, S., Mousavinasab, S. N., Aarabi, 
M., Ziapour, S. P., Esfandyari, Y., & Enayati, A. (2017). Correlation between 
mosquito larval density and their habitat physicochemical characteristics 
in Mazandaran Province, northern Iran. PLoS Neglected Tropical Disease, 11, 
e0005835. https://​doi.​org/​10.​1371/​journ​al.​pntd.​00058​35

Nilsson, C., Reidy, C. A., Dynesius, M., & Revenga, C. (2005). Fragmentation and 
flow regulation of the world’s largest river system. Science, 308, 405–408. 
https://​doi.​org/​10.​1126/​scien​ce.​11078​87

Okogun, G. R. A. (2005). Life table Analysis of Anopheles malaria vectors: 
Generational mortality as tool in mosquito vector abundance and control 
studies. Journal of Vector Borne Diseases., 42, 45–53.

Okorie, T. G. (1978). The breeding site preferences of mosquitoes in Ibadan, 
Nigeria. Nigerian Journal of Entomology, 31, 71–80.

Ossè, R. A., Bangana, S. B., Aïkpon, R., Kintonou, J., Sagbohan, H., Sidick, A., 
Sèwadé, W., Kpanou, C., Nounagnon, S., Sominahouin, A., Nwangwu 
Udoka, N., & Akogbéto, M. (2019). Adaptation of Anopheles coluzzii 

https://doi.org/10.1186/s41936-022-00298-3
https://doi.org/10.1002/wer.1221
https://doi.org/10.1002/wer.1221
https://doi.org/10.1016/j.scitotenv.2020.136952
https://doi.org/10.1016/j.scitotenv.2020.136952
https://doi.org/10.3376/1081-1710(2008)33[191:COAMHN]2.0.CO;2
https://doi.org/10.3376/1081-1710(2008)33[191:COAMHN]2.0.CO;2
https://doi.org/10.1673/031.007.3201
https://doi.org/10.1186/s12936-022-04201-x
https://doi.org/10.1186/s12936-022-04201-x
https://doi.org/10.1186/s12936-020-3145-8
https://doi.org/10.1186/s12936-020-3145-8
https://doi.org/10.1186/1475-2875-12-285
https://doi.org/10.1155/2015/367635
https://doi.org/10.1155/2015/367635
https://doi.org/10.1007/BF00006885
https://doi.org/10.1371/journal.pone.0252248
https://doi.org/10.1371/journal.pone.0252248
https://doi.org/10.2987/5739.1
https://doi.org/10.5829/idosi.wjfms.2013.05.03.72126
https://doi.org/10.5829/idosi.wjfms.2013.05.03.72126
https://doi.org/10.1002/ecs2.2783
https://doi.org/10.1002/ecs2.2783
https://doi.org/10.1186/s12936-015-0989-4
https://doi.org/10.4269/ajtmh.1999.61.1010
https://doi.org/10.1186/1475-2875-9-228
https://doi.org/10.1186/1475-2875-9-228
https://doi.org/10.1371/journal.pntd.0005835
https://doi.org/10.1126/science.1107887


Page 16 of 16Nalluchamy et al. The Journal of Basic and Applied Zoology           (2024) 85:39 

Larvae to polluted breeding Sites in Cotonou: A strengthening in Urban 
Malaria transmission in Benin. Vector Biology Journal, 4, 1. https://​doi.​org/​
10.​4172/​2473-​4810.​10001​34

Paaijmans, K. P., Takken, W., Githeko, A. K., & Jacobs, A. F. G. (2008). The effect of 
water turbidity on the near-surface water temperature of larval habitats 
of the malaria mosquito Anopheles gambiae. International Journal of Biom-
eteorology, 52, 747–753. https://​doi.​org/​10.​1007/​s00484-​008-​0167-2

Padmalal, D., Maya, K., Sreebha, S., & Sreeja, R. (2008). Environmental effects of 
river sand mining: A case from the river catchments of Vembanadlake, 
Southwest coast of India. Environmental Geology, 54, 879–889. https://​doi.​
org/​10.​1007/​s00254-​007-​0870-z

Patrick, M. L., & Bradley, T. J. (2000). Regulation of compatible solute accumula-
tion in larvae of the mosquito Culex tarsalis: Osmolarity versus salinity. 
Journal of Experimental Biology, 203, 831–839. https://​doi.​org/​10.​1242/​jeb.​
203.4.​831

Sattler, M. A., Mtasiwa, D., Kiama, M., Premji, Z., Tanner, M., Killeen, G. F., & 
Lengeler, C. (2005). Habitat characterization and spatial distribution of 
Anopheles sp. mosquito larvae in Dares Salaam (Tanzania) during an 
extended dry period. Malaria Journal, 4, 4–18. https://​doi.​org/​10.​1186/​
1475-​2875-4-4

Seal, M., & Chatterjee, S. (2023). Combined effect of physico-chemical and 
microbial quality of breeding habitat water on oviposition of malarial 
vector Anopheles subpictus. PLoS ONE, 18(3), e0282825. https://​doi.​org/​
10.​1371/​journ​al.​pone.​02828​25

Stein, M., Ludueña, A. F., Willener, J. A., & Almirón, W. R. (2011). Classification 
of immature mosquito species according to characteristics of the larval 
habitat in the subtropical province of Chaco, Argentina. Memórias Do 
Instituto Oswaldo Cruz, 106, 400–407. https://​doi.​org/​10.​1590/​S0074-​
02762​01100​04000​04

Swarnkar, S., Mujumdar, P., & Sinha, R. (2021). Modified hydrologic regime of 
upper Ganga basin induced by natural and anthropogenic stressors. 
Scientific Report, 11, 19491. https://​doi.​org/​10.​1038/​s41598-​021-​98827-7

Vanlalhruaia, K., Gurusubramanian, G., & Kumar, N. S. (2014). Effect of environ-
mental parameters on the relative abundance of immature stages of 
mosquitoes in Mizoram, India. Environmental Science: An Indian Journal, 
9, 255–261.

Villena, O. C., Terry, I., Iwata, K., Landa, E. R., LaDeau, S. L., & Leisnham, P. T. (2017). 
Effects of tire leachate on the invasive mosquito Aedes albopictus and 
the native congener Aedes triseriatus. PeerJ, 5, e3756. https://​doi.​org/​10.​
7717/​peerj.​3756

WHO. (2014). A global brief on vector-borne diseases. WHO Press.
Wu, S. L., Sánchez, C. H. M., Henry, J. M., Citron, D. T., Zhang, Q., Compton, K., 

Liang, B., Verma, A., Cummings, D. A. T., Le Menach, A., Scott, T. W., Wilson, 
A. L., Lindsay, S. W., Moyes, C. L., Hancock, P. A., Russell, T. L., Burkot, T. R., 
Marshall, J. M., Kiware, S., … Smith, D. L. (2020). Vector bionomics and 
vectorial capacity as emergent properties of mosquito behaviors and 
ecology. PLoS Computational Biology, 16(4), e1007446. https://​doi.​org/​10.​
1371/​journ​al.​pcbi.​10074​46

Xu, M. Z., Wang, Z. Y., Duan, X. H., & Pan, B. Z. (2013). Effects of pollution on 
macroinvertebrates and water quality bio-assessment. Hydrobiologia, 729, 
247–259. https://​doi.​org/​10.​1007/​s10750-​013-​1504-y

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.4172/2473-4810.1000134
https://doi.org/10.4172/2473-4810.1000134
https://doi.org/10.1007/s00484-008-0167-2
https://doi.org/10.1007/s00254-007-0870-z
https://doi.org/10.1007/s00254-007-0870-z
https://doi.org/10.1242/jeb.203.4.831
https://doi.org/10.1242/jeb.203.4.831
https://doi.org/10.1186/1475-2875-4-4
https://doi.org/10.1186/1475-2875-4-4
https://doi.org/10.1371/journal.pone.0282825
https://doi.org/10.1371/journal.pone.0282825
https://doi.org/10.1590/S0074-02762011000400004
https://doi.org/10.1590/S0074-02762011000400004
https://doi.org/10.1038/s41598-021-98827-7
https://doi.org/10.7717/peerj.3756
https://doi.org/10.7717/peerj.3756
https://doi.org/10.1371/journal.pcbi.1007446
https://doi.org/10.1371/journal.pcbi.1007446
https://doi.org/10.1007/s10750-013-1504-y

