
Malaria is one of the major public health problems in
rural plain areas of India, where Anopheles culicifacies
Giles (Diptera: Culicidae) is the primary malaria vector
species. This species is responsible for about 60–65% of
all reported malaria cases in India1 that breeds in irriga-
tion channels, ponds, pools and rice fields. Anopheles
fluviatilis James, is another important vector of malaria
in India, which is found specifically in foothills and breeds
in slow moving water in streams and channels. Various
studies carried out in past in western Uttar Pradesh, India
have reported An. culicifacies s.l. as the only established
vector of malaria in this area2–3, whereas An. fluviatilis,
has never been reported from this area. An. culicifacies
s.l. is a complex of five sibling species4 out of which only
two sibling species, viz. species A and species B are re-
ported to be prevalent in this area. The area under Dadri
Community Health Centre (CHC) in western Uttar
Pradesh has remained highly endemic due to perennial
breeding of An. culicifacies in the seepage water from
irrigation channels of the Upper Ganga Canal. During
1980’s a new project of the National Thermal Power Cor-
poration (NTPC) was setup in this area to meet the de-
mand for power supply in the National Capital Region
without the health impact assessment. While carrying out
a field survey in Dadri CHC area, we noticed the pres-
ence of An. fluviatilis in high densities for the first time
during November 2009. In the present study, we report
the establishment of a new focus of An. fluviatilis in the
area and possible repercussion in connection with ma-
laria transmission.

Dadri CHC area of District Gautam Budh Nagar in
Uttar Pradesh (9° 72′N and 80° 28′E) is located at a dis-
tance of about 40–45 km from Delhi. The weather condi-
tions can be divided into four seasons, summer (March–
June), monsoon (July–August), autumn (September–
October) and winter (November–February). The maxi-

mum temperature during summer months goes up to
>46°C and the minimum temperature during winter in
the month of January falls to <4°C.

An entomological survey was carried out in different
villages of Dadri CHC during the months of October–
November 2009, which revealed the prevalence of An.
fluviatilis s.l. in some villages of Dadri CHC. All the vil-
lages (Fig. 1), from where An. fluviatilis were collected
are located adjacent to a canal, which carries the dis-
charged water from NTPC plant along with surplus wa-
ter from the tributary of the Upper Ganga Canal. The den-
sity of An. fluviatilis in this area was regularly monitored
in six representative villages located adjacent to NTPC
canal, where An. fluviatilis was detected for the first time
in the month of November 2009. Indoor resting adult mos-
quitoes were collected at monthly intervals up to Sep-
tember 2012. Adult anopheline mosquitoes were collected
from four fixed and four randomly selected human dwell-
ings and cattlesheds by hand catch method using a flash-
light and an aspirator during the morning hours and trans-
ported in thermocol box to our laboratory for further
analysis. In addition to the indoor resting adult mosquito
collection, anopheline larvae were also collected periodi-
cally from NTPC canal and from other larval habitats in
the area and brought to the laboratory and reared up to
adult stage in the insectary. The emerged adults were iden-
tified both morphologically and by molecular method for
reconfirmation of species. All the adult mosquitoes were
identified morphologically using standard identification
key5. Morphologically identified An. culicifacies and An.
fluviatilis were further processed for the sibling species
composition by cytotaxonomy and DNA sequence6–8.

Cytolological identification of An. culicifacies and
An. fluviatilis sibling species was carried out by examin-
ing the ovarian polytene chromosomes for species-spe-
cific diagnostic inversions for the identification of the
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members of An. culicifacies6 and An. fluviatilis7 com-
plexes. Identification of An. fluviatilis sibling species was
reconfirmed by sequencing D3 domain of 28S rDNA fol-
lowing the method described by Singh et al8. The blood
meal source identification was carried out using fed mos-
quitoes by counter current immunoelectrophoresis9.

Collection of mosquitoes in the six study villages re-
vealed the prevalence of An. culicifacies throughout the
study period, except during the winter months of January
and February, when the density was almost negligible.
The peak mosquito density of An. culicifacies was re-
corded from July to September in each year (Fig.  2). These

observations indicate a seasonal change in the density of
An. culicifacies population during each year. On the other
hand An. fluviatilis were collected only during Novem-
ber 2009 to July 2010 and again during January to April
2012 (Fig. 2). No specimen of An. fluviatilis could be
collected from any of these villages during the months of
August 2010 to December 2011 and further during the
month of May to September 2012. It may be mentioned
that unlike An. culicifacies there was no seasonal changes
in the density of An. fluviatilis population.

Most important observation made from the study was
that the appearance and disappearance of An. fluviatilis
which was correlated with the presence and absence of
thick water hyacinth vegetation cover in the NTPC canal
(Fig. 3a & b). The water hyacinth was later removed
manually throughout the length of NTPC canal during
June–July 2010. The vegetation cover again reappeared
during December 2011, which was again removed dur-
ing March 2012. It may be mentioned that NTPC canal
carries discharged water from Thermal Power Plant after
cooling of towers and ash effluents. This water is taken
from irrigation channel, a tributary of Upper Ganga ca-
nal, which receives water from the River Ganga. It may
be mentioned that this river passes through the Hima-
layan foothills and Terai region, where An. fluviatilis is
found in abundance10–11. Earlier studies have incriminated
An. fluviatilis as one of the malaria vectors in Terai area12.

NTPC is located in the command area of Upper Ganga

Fig. 1: Map of District Gautam Budh Nagar (U.P.) and the locations of villages from where An. fluviatilis was recorded.

Fig. 2: Monthly indoor resting density of Anopheles culicifacies and
An. fluviatilis in Dadri CHC area during October 2009 to
September 2012.

Map not to scale
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Canal, a water logged area due to persistent seepages
from adjoining irrigation channels and responsible for
proliferation of mosquito breeding, particularly of An.
culicifacies. Outbreaks of malaria have been reported dur-
ing the initial phase of construction of thermal power plant
in 1986 in this area, but An. fluviatilis was never reported
from this area earlier3.

In the present study, a total of 503 An. culicifacies
s.l. and 747 An. fluviatilis were collected during the year
2010. All the An. fluviatilis specimens (n = 66) examined
were identified as species T of the An. fluviatilis complex
and were monomorphic for q1 inversion. Representative
samples (n = 10) that were sequenced for D3 domain of
28S rDNA were found to be 100% homologous to An.
fluviatilis species T. Blood meal source analyses revealed
that all An. fluviatilis (n = 66) were zoophagic. Anoph-
eles fluviatilis in India is a complex of four sibling spe-
cies, viz. S, T, U and V13. Cytological and molecular di-
agnostic techniques have confirmed that the An. fluviatilis
found in Dadri area is sibling species T and is primarily
zoophagic.

The appearance of An. fluviatilis species T in Dadri

CHC area might have occurred by transportation of
larval population through the tributary of Upper Ganga
Canal, which carry water from foothills and Terai
areas of Uttar Pradesh (now in Uttrakhand state), where
An. fluviatilis species T and U have been reported10–11.
This had facilitated the establishment of An. fluviatilis
population in NTPC canal, which was under the cover of
thick vegetation. The appearance and subsequent disap-
pearance of An. fluviatilis has a likely association with
the presence and absence of thick vegetation on the sur-
face of slow moving water in the NTPC canal. It may
also be pointed out that although larval collections were
made periodically from NTPC canal and from other breed-
ing habitats present in the study area, An. fluviatilis was
found to be breeding in the NTPC canal only and not in
any other larval habitats in the nearby areas, which could
probably be due to slow moving water in the NTPC
canal. The establishment of An. fluviatilis in the NTPC
command area suggests that health impact assessment
of development projects should be undertaken to prevent
creation of mosquitogenic conditions in malaria endemic
areas.

Cytological examination of An. culicifacies popula-
tions from the same area revealed that species A and B
were prevalent in the study villages with predominance
of species A (73%), and were found to be primarily
zoophagic. The sibling species of An. culicifacies are re-
ported to show different ecological and biological char-
acteristics which influence susceptibility to parasites and
insecticides in India6. Dadri CHC area in Gautam Budh
Nagar, U.P. has been reported to be endemic area for
malaria. Plasmodium vivax is the predominant malarial
parasite followed by P. falciparum. Two peaks of ma-
laria incidences are observed in this area3. However, there
has been a reduction in malaria incidence in this area dur-
ing last few years which might be due to urbanization in
the area and related ecological changes.

Regarding the role of An. fluviatilis in malaria trans-
mission it may be pointed out that out of four sibling spe-
cies of Fluviatilis Complex (species S, T, U and V), only
species S has been implicated as a major malaria vector
in India13–15 and species T and U are considered as poor
vectors. However, recent field studies have revealed that
the species T is also playing a role in the transmission of
malaria in Jharkhand and Madhya Pradesh states in the
country16–17.

Absence of accurate knowledge concerning the ecol-
ogy of vector species has been responsible for our inad-
equate understanding of epidemiology of malaria. The
longitudinal study will open avenues to study mosquito
ecology, particularly dynamics of ecological changes and

Fig. 3(a & b): NTPC canal showing: (a) vegetation cover; and (b)
after removal of vegetation cover.



 J Vector Borne Dis 50, December 2013310

their impact on malaria transmission. In depth study will
provide new insight in understanding the ecological suc-
cession of new mosquito vector species in this area.

The present study shows establishment of An.
fluviatilis population in a completely new area from where
this species has never been reported earlier, due to the
presence of a suitable breeding habitat. The most inter-
esting observation was the linked association of appear-
ance of new mosquito species, i.e. An. fluviatilis with the
presence of vegetation in slow moving water in the ca-
nal. In view of the recent incrimination of An. fluviatilis
species T, we should keep a watchful eye on the appear-
ance of this species and explore its probable role in ma-
laria transmission in the area of its establishment for un-
dertaking suitable vector control measures.
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