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ABSTRACT

A study to assess mosquito species occurrences and the effects of some
ecological characteristics on their breeding was undertaken in Mizoram
during 2010-2013. A total of 8328 mosquitoes, representing the 5 generaof:
Anopheles, Aedes, Culiseta, Culex and Toxorhynchites were collected
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altogether of 20 species. They were found in awide variety of habitatswith
thealtitudinal variation of 54 - 1150m. The zones of lower elevation shared
higher species abundance than the higher elevation. The most dominant
genus was Aopheles followed by Culex, Culiseta, Aedes and
Toxorhynchites. The results of forward multiple regression analyzed the
effect of environmental parameters on the relative abundance of immature
stages of mosquitoes. Theseincluded dissolved oxygen, TDS, temperature,

akalinity, pH and hardness.

INTRODUCTION

Mosquitoes (Diptera: Culicidag) and mosquito-
borne di seases have been threatening human and ani-
mals. There are 38 genera of mosguitoesworldwide
wherein three genera (Anopheles, Aedes and Culex
werethemost important onetransmitting denguefever,
yellow fever, maaria, filariasis, chikungunyaand en-
cephalitisg. No part of theworld isfreefrom vector
borne diseases. Mosguito-borneparasitic diseases are
endemicinmany aressof theworld, causing morethan
3.2billion peopleto beat risk?.

Undergtandingwheremosguitoesbresd and why they
prefer certain water bodies over othersisvital for de-
signing mosquito control strategies. Knowing theecol-
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ogy and behavior of avector isessentid to determineits
rolein diseasetransmission and thetypeof control mea
suresthat may be appropriatefor it¥l. Severa work be-
ing donethrough distribution andtypesof larva bresding
habitats. M osquitoes are more abundant in temporary
breeding placeswhileothersoccurred usudly in perma:
nent ones¥, Theresourcesintermsof food, predators
and competitorspresent inthehabitat determinethe popu-
lation statusof larva mosquitoes, both quditatively and
quantitativelyt. A number of studieshavebeen carried
out on mosquito breedingin varioushabitats™>®, one of
themost important factorswasthevegetation that favours
larva propagetion andiscorrelaed with adult densities®
19 Small and open habitats are more productive and
selected for oviposition stescompared tolargelarva
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habitats during therainy seasong™.

Thedistribution and abundance of aninsect spe-
ciesdependsonitsown biological characteristicsand
theinfluenceof other organisms, onitsphysical envi-
ronment. Weather playsamajor role'?, asinsectsare
poikilothermic or cold-blooded. M etabolic heat, which
isgenerated by most insectsthemsalves, islimited and
haslittleeffect ontheir body temperature. Therefore,
their metabolic rate and the growth and devel opment
rate of insects depend on the temperature of their di-
rect environment. Temperature, rainfall and relative hu-
midity arephysical factorsthat influencethe abundance
of themosquitoes™.

Rainfdl providesthebreeding Sitesfor mosquitoes
and increasesrelative humidity necessary for mosquito
survival, leadingtoincreasein human biting rate. Hu-
midity isoneof themost important environmenta fac-
torsaffecting the mosquito distribution*. Almiron and
Brewer, Rgnikant et al. and Reisen et al. demonstrated
i nterspeci fic associ ationsamong mosquitoes and acor-
relation with physico-chemical and biologica compo-
sition of mosquito breeding waters. Mosquitos’ spe-
ciesdiffer inthetypeof aguatic habitats, they prefer for
oviposition based on | ocation, the physico-chemical
condition of thewater body, and the presence of po-
tential predators®*S. Anophel es mosquito has been
found to usefresh water habitatsfor breeding!*®. Lar-
vae of Anopheesmosquitoesin clear water of suitable
temperature and nutrient conditionshave beenfound to
thrivein aquatic bodies severd studieshaveexamined
therel ationship between habitat characteristicsand lar-
va abundance. In Sri Lanka, An. culicifacieswaspos-
tively associated with light and vegetation and nega-
tively associated with the presence of potential preda-
tors, while An. varuna was positively associated with
avariety of aguatic faund®. InVenezuea, salinity and
dissolved oxygen were associated with the spatial dis-
tribution of An. aquasalis and An. oswaldoi. Cx.
quinquefasciatuslarvae, in Peninsular Malaysia, were
most abundant in polluted drainscontaining 1.0t0 2.0
o/liter of dissolved oxygen, 1.0- 2.4 g/liter of soluble
reactive phosphate, and 0.1-0.9 g/liter of ammonical
nitrogent*”), Studies of Kengluechaet al. in Thailand
stated that, water hardnesswas probably responsible
for thedominance of An. minimuswhilenegativerela-
tionship between pH, An. diruslarvae wasfoundin
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habitatswith lower pH vauesespecidly intheground
pools. However, edgesof streamsand riversleads An.
specieslarval deathsdueto reductioninsmall, tempo-
rary rain pools'® aswell ashighwater current and flood-
ing have been reported to lead to An. species larval
degthsdueto reductionin oxygentension causing physi-
cd harmtothelarvag®®. Physico-chemical factorsthat
influenceovipostion, surviva, and the spati o-tempora
distribution of important di sease vector speciesinclude
sdlts, dissolved organic and inorganic matter, turbidity,
presence of suspended mud, presence or absence of
plants, temperature, light and shade and hydrogenion
concentration*¥. An. vagus prefers a higher pH for
rice paddy fidd whereas An. campestris prefer ahigher
concentration of dissolved oxygen in the swampt*el,
Therefore, the present study isthefirst attempt to un-
derstand mosquito associationsin different breeding
habitats and to characterize the physico-chemical con-
ditionsof thesemosquito larval habitats, toidentify the
factorsthat influencethe abundance and di stribution of
mosquito in diverseaguatic habitatsin Mizoram, India

MATERIALSAND METHODS

Sudy area

The study covered amagjor part of thesix districts
in Mizoram (between 2010-2013) including Aizawl
(23°44° N, 92°42’ E), Serchhip (23°16’ N, 92°44’ E),
Mamit (23°55’ N, 92°29’ E), Lunglei (22°52’ N, 92°43’
E), Lawngtla (22°18’ N, 92°41’ E) and Kolasib (23°13’
N, 92°40’ E) with the altitudinal variation of 54 - 1150
m. Priority onthesitesof collection wasmainly based
onmdaria prevaencesand occurrences dataobtained
from Hedlth Dept. Govt. of Mizoram. Thesewere con-
sidered as probable mosquito larval habitats: (i) ce-
mented pools(cemented walls), (ii) ponds, (iii) house-
hold water storagetanks (barrdls), (iv) stagnant stream
sidepooals, (v) temporary ditches, (vi) shalow pitsand
(vi) seapage pool, (viii) cattle sheds, (ix) humanresi-
dents.

L arvacollection (scoop-net method)

Thewater bodies(ponds, ditches, pools, river beds,
tree holes, rock holes, tanksand containers) were sur-
veyed and subsequently sampl ed, collection of imma-
turemosguitoeswas a so made on the same day (8:00
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DISTRICT MAP OF
MIZORAM (2001)
not (o be scaled
A - Alsawl district
B - Kolasib district
C - Mamit district
D - Champhal district
E - Serchbip district

str
Ci - Salha district
H - Lawngtlal district

BANGLADESH
Figurel: Map of Mizoram showingdifferent districts

am-3:00 pm) by the scoop-net method®”, with alar-
val net of afinemesh net mounted to airon handle (25
cmdiameter), plastic tub of different sizes, plastic dip-
per and dropper (21 - 38°C; 25 - 98% RH). Larvae
collected inthefield were sorted and segregated de-
pending onAnophdineand Culicinelarvae. It wasthen
immediately carried tolaboratory for further anaysis.

| dentification of mosquito

Morphol ogica identification of mosquito wasdone
on adult femaletaking col our pattern of wing, palpi and
leg asidentification charactersusing dissecting light mi-
croscope and hand lens. Theidentification keysfol-
lowed theillustration of Daset al.®, Glick!??, Reuben
et al.>d, Nagpal and Sharma?¥, Oo et al.[?),

Water quality measurement

Water samplesweretaken from thedifferent posi-
tive breeding such as ponds, river beds, ditches and

TABLE 1: Parameter sand their methodsof deter mination

Parameter M ethod employed
pH pH paper and Eutech instrument pc 510
Temperature ;I;]r:rnr:;cr)]rqnectete?; (Mercury in glass
Alkalinity Strong acid titration method
Dissolved Oxygen  Azide modification of Winkler’s method
Hardness Complexometric titrations method
Phosphate Stannous chloride reduction method
Chloride Mohr’s method
-Is—glt S;SD'SSOIVBd Gravimetric method

257

—== Qurrent Research Peper

poolswithinAizaw! district during 2010-2013. It was
thenimmediately carried to laboratory for analysis of
different parametersand to find out the best predictor
for larval abundances. Thefollowing parameters of
water quality were measured: temperature, pH, dis-
solved oxygen (DO), Hardness. Alkanility, Phosphate,
Chlorideand Total dissolved solids. Samplesfor dis-
solved oxygen (DO) were collected into dark bottles.
pH and temperature weretaken in situ. Water turbid-
ity was estimated visually against awhite background
and classified aseither clear, lessturbid, or turbid. On
each sampling, 200 ml of water wascollected fromeach
habitat, using astandard dipper fromthe siteswhere
the mosquito larvae were sampled. The samplewas
fixedinthefield for estimating theamount of dissolved
oxygen present in thewater by theWinkler’s method.
Thewater quality anadysiswasdoneasper Trivedy et
al > and American Public Health Association”.

Data analyses

Daawereandyzed using GraphPad instat Verson
3.0(GraphPad softwareinc., Sandiego, CA) and PAST
1.86b statistical packages. Therelative abundance of
mosquitoeswas expressed as the number of mosguito
larvae and pupae per 20 dips becauselarval and pupal
countswerelow. Thedifferencesinlarva countsamong
habitat types were compared by repeated measures
analysisof variance (ANOVA). Forward multiplere-
gression analysiswas used to obtain the best predictor
variablesexplaning the abundance of themosquitolar-
vae. Statistical analysiswasdone after alog transfor-
mation|ogl10 (n+1) of larval abundancevaluesto nor-
malizethedistribution and minimizethestandard error
(SE).

RESULTS

A total of 8328 mosquitoes, representingthe5 gen-
era of: Anolpheles, Aedes, Culiseta, Culex and
Toxorhynchiteswere collected altogether of 20 spe-
cies(TABLE 2). They werefound in awidevariety of
habitatswith thealtitudinal variation of 54 - 1150m.
Thezonesof lower e evation shared higher Speciesabun-
dance than the higher elevation. The most dominant
genuswas Anol phelesfollowed by Culex, Culiseta,
Aedes and Toxorhynchites. Inthe overall survey, the
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TABLE 2: Distribution and abundanceof collected mosquitoesacrosssix districtsin Mizor am 2009-2011

Co!i?ce;on Cxm Cum Txr Cxt Cxu Cxq Cxr Cxb Aea And Anb Cui Anv Anj Ani Aey Ann Anm Anp Anw
Aizawl District
Lengpui 213 - - 856 245 156 140 - 1250 - 98 - 12 - - - 20
Dinthar - - 23 2 - - - - 12 - - - - - - - - 6
Sihhmui 8 - - 248 8 6 5% - 18 - 53 - - - - - - -
Ramrikawn - - - 128 - - 5 - - - 6 - - - - - - -
Mission - 14 5 - - - - - - 13 - - - - - 8 -
sub total 231 14 28 85 68 1358 253 162 199 1447 1057 12 28 6
Kolasib District
Diakkawn - 48 15 486 - - - - 28528 - 2 - - - - 6 -
rubber S 235 - - - - 123 - 45 - - - - - o
Rengtekawn - 5 2 457 - - - - 8B - - - - - - - - -
sub total 53 17 1178 443 28 45
Serchhip District
Ponds - - - 235 - - 45 - 156 - 8 - - - - - - -
Rock holes - - - - - - - - 86 - 36 2 8 - 12 4 2 -
Ricefield - - - 2 - - - - 12 - 6 - - - - - - -
sub total 460 45 254 50 2 8 12 4 2
Mamit District
Lungsir - - - 5 - - - - 23 - - - - - - - - -
Bawngva - - - 2 - - - 2 5 - 4 - - - - - 4 4
Darlak - - - 45 - - 5 - - - - - 4 2 - 2 - 2
sub total 88 5 2 75 45 4 2 2 4 6
Lunglei District
::rrl‘(g'e' - -9 18 - - 2B - 12 - - . oo
Chawngte - - - % - - - 1 8 - 6 5 - - 4 - - -
sub total 9 153 23 1 9 6 5 4
Lawngtlai District
Ponds - - - 22 - - - - 120 - 5 - - - - - - -
Tanks - - - 45 - - 28 - 122 - - - - - - - - -
sub total 66 28 132 5
G.Totd 231 67 54 85 68 3303 253 162 302 3 2455 28 1208 9 24 2 16 6 40 12

most dominant species was found to be Cx.
qguinquefasciatus (39.67%) followed by An.
barbirostris (29.50%), An. vagus (14.51%), Ae.
albopictus (3.62%), Cx. tritaeniorhynchus (3.03%),
Cx. mimeticus (2.78%), Cx. bitaeniorhyunchus
(1.94%), Cx. tarsalis (1.02%), Cu. melanura
(0.80%), Cx. peus (0.82%), Tx. splenden (0.64%),
An. philipinensis (0.48%), Cu. inornata (0.33%), An.
jamesi (0.29%), An. nivipes (0.19%), An. willmori
(0.14%), An. jeyporiensis (0.10%), An. minimus
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(0.07%), An. dirus (0.03%) and Ae. aegypty (0.02%).

Theresultsof forward multipleregresson andyzed
theeffect of environmental parametersontherdative
abundance of immature stages of mosguitoesinAizawl
district. Themodel included 22 variables: 8 physico-
chemical variables(TABLE 3) and 14 speciesof mos-
quitoesidentifiedinthe samples. Six of the8 physico-
chemica parameters parametersweresignificantly as-
sociated with therel ative abundance of immature mos-
quitoes (TABLE 4); theseincluded dissolved oxygen,
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TABLE 3: Averagevalues(mean+ SE) of the measured environmental factors (water quality) in Aizawl

Study site pH Alkalinity  Hardness  Temp. DO TDS Phosphate Chloride
(mg/l) (mg/l) (mg/l) (©) (mg/l) (mg/) (mg/) (mg/)
Lengpui 7.3+0.2  935+11.5  149.8+33 27.1+1.1 5.49+0.07 362.8+20.1 1.3+0.1 6.6+0.4
Dinthar 7.240.1 98.0+11.21 176.1+52 24.4+1.0 5.42+0.4  199.3+5.7 0.4+0.01 15.6+1.6
Mission-veng  7.0£0.3 48.8+2.7  1355+12.0 24.7+0.7 7505  117.0+19.9 2.5+04 3.3540.5
Ramrikawn 7.1+0.1 52.3+4.5 100+5.0 27£1.0  3.6£0.08 561.0+25.6 2.140.2 26.9+1.3
Sihhmui 6.8+0.06 59.4+6.25 101.5+15.9 282+04 55+0.7 126.0+13.5 0.98+0.02  5.7+0.5
TDS, temperature, dkainity, pH and hardness.
An. barbirogtriswasfound in most the habitat types, DISCUSSION

namely stream margin, stream pool, ground pool, ditch,
swamp, rice paddy, rock pool, and fish pond habitats
and positively associated with pH (P<0.05). High al-
kainity inthe habitat was positively associated with
abundance of An. vagus (p<0.05) whiletherewas a
negetive association againg dissol ved oxygen (p<0.01).
Habitatswith akalinewater bodiesand dightly turbid
withamount of detritushaveapostiveassociaionagang
Cx. quinquefasciatus (P<0.05), found in habitats such
as ditches, seapage pools, swallow pits and
intradomestic contai nerswherethere was huge amount
of debrisand tota dissolved solidsbut An. philipinensis
larval abundance was negatively associated with tem-
perature (P<0.05) and found mostly insmall, open, clear
water habitats moreover, positively associated with
hardnessof water and dissolved oxygen (P<0.05). There
was a positively associated between Cx.
tritaeniorhynchus and alkalinity of water (P<0.05).
Theother environmentd variableswereexcludedinthe
mode becausethey had weaker associationswith mos-
quitolarva abundance.

TABLE 4: Linear regression analysisfor the abundance
mosguitoin Aizawl (showing best water quality predictors)

Species arameter Co- P-
P P efficient  value
An. barbirostris pH 0.30 0.018
DO -0.29 0.038
An. vagus .
Alkalinity 0.07 0.010
c TDS 0.002 0.022
X.
quinquefasciatus pH o 0.28 0.017
Alkalinity 0.01 0.015
Hardness 1.86 0.012
An. philipinensis DO 0.63 0.014
Temperature -0.44 0.033
Cx. Alkalinity 008 0049

tritaeniorhynchus

Understanding the dbundanceand diversity of mos-
quito speciesin the area provides an opportunity to
better understand the dynamics of vector bornedis-
easestransmission in different ecosystems?d. Abun-
dance and digtribution of mosquito inthe present study
showed that An. (9 species) wasmost dominant genus
followed by Culex (5 species) whichwasasimilar to
the survey done by Nagpa and Sharmainl1987. Mos-
quito fauna survey done by Nagpal and Sharmaand
Mal hotrareported the preval ence of Mansonia, Ma-
laya and Armigereswhilethese mosquitoes were not
found during the survey period (2010-2013) but the
present study reported the prevalence of Culiseta
(Cu.melanura and Cu. inornata) which wasthefirst
report sofar.

Both quantitative and qualitative charactersof the
mosguito breeding habitats have contributed to under-
standing thesimilarity of habitat requirementsof differ-
entt™, Almiron and Brewer!¥ pointed out thet, different
typesof habitats, both natural and artificial, nature of
vegetation, water movement and water depth werethe
main charactersthat explain the observed variations
among mosquito species. Cluster analysis done by
Almiron and Brewer™ based on habitat similarity re-
ported that four groups of species have been associ-
atedwhichissimilar to the present study that 4 groups
arerecorded. The phenogram proposed by Almiron
and Brewer¥ with 19 operativetaxonomicunits, issmilar
with that found in the present study that has 19 opera-
tivetaxonomic unitsbut different from the phenogram
proposed by Devi and Jauhari which has 23 operative
taxonomicunits.

Thereareanumber of paperson therelationship
between vegetation and immature stages by several
authorg®* and amost dl of them reported thet larval
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abundanceisrdated to the presence of aparticular kind
of vegetation. Their resultsget support fromAdityaaet
al ¥ who found cemented temporary pool s containing
maximum food resources, interm of detritus, vegeta-
tion and d gae al owing the maximum number of spe-
ciesof different guildsto coexist but inthe present study,
most of theimmature mosquitoeswere collected from
ponds, ditches and river beds. In the present study,
immature mosquitosfound inturbid water wered most
dwaysCulicines whichissmilar tothefindingsof Sattler
et al.®, The preference of Anophelinesimmaturesto
breedin clear to dightly turbid water issimilar tothe
findingsof Batesand Robert et al.. However, Gimning
et al. found An. gambiaelarval densitieswith turbid
water bodies. Further, the results of the present find-
ingsarecontrast tothose of Minakawaet al. and Edillo
et al. in having different mosquito speciesaswell as
fluctuating ecologica conditionsprevailinginthearea.

Cong dering theresultsof the present study in com-
parisonto earlier findings, it hasbeen found that posi-
tive associ ati ons between mosquito speciesmay result
fromacommon preferencefor aparticular habitat. Maxi-
mum immeature associations, asrecorded inthe habitats
such asponds, ditchesand river beds, suggest high sur-
vivd rate, ovipostiond preferencesand favorablephys-
cochemicd characteristicsof thesehabitats. It wasaso
noticed that prolonged water logging withfast changing
ecologicad conditionsand extensivesurfaceareaof habi-
tats offered favorabl e breeding conditionsto anumber
of mosquito speciesincluding disease vectors. Theco-
existence of more than one speciesin ahabitat at a
giventimeindicated that mosguito speciesof thesame
nature and preferenceinteract with each othert, Thus,
Understanding mosguito habitatsecology is, therefore,
important in designing vector borne diseases control
programmeY,

Seasondl variation of mosquito speciesfoundinthe
study was due monsoon that influencestemperature,
humidity and temporary breeding habitats, whichises-
sentid for mosquito surviva™. Apart fromthese, rain-
fal not only providesthe medium for the aguatic stages
of themosguito’s life but also increases the relative hu-
midity and thereby increasing thelongevity of the adult
mosquitoes®, Therefore, theabundancewasincreas-
ing during pre-monsoon (A pr-Jun) and the peak was
found during monsoon season (Jul-Sep) and gradually
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declined at post-monsoon.

M osquitoes use chemical and biological cuesto
detect thewater quaity for ovipositingin habitats. Sev-
eral studieshave examined theinfluence of dissolved
oxygen concentration on the abundance of Anopheles
spp and Culex spp with contradicting results . Grillet
reported apositive associ ation between dissolved oxy-
gen and the abundance of An. oswaldoi. Sunish et al.
suggested that high algal productivity and associated
photosynthesisisrespons blefor high dissolved oxygen
concentrationsin aguatic habitats, thereby favoring
higher survival of mosquitolarvae. Inthe current study,
dissolved oxygen wasabest significant factor in pro-
ductivity of An. philipinensis and An. vagus in
habitats. Totd dissolved solids(TDS), whichisthesum
of dl dissolved organic, inorganic, and suspended sol-
idsinwater wasa so asignificant factor inlarva abun-
dance of Cx. quinquefasciatus (p<0.012). In most
areasof itsdistribution, Cx. quinquefasciatus prefer
habitatsrichin dissol ved matter and such habitatstend
to have high TDS. Cx. tritaerhynchus and Cx.
guinquefasciatus which weremainly collected from
ponds containing alkalinewater bodies, which shows
they cantolerated alkaline habitats. The breeding of
An. weresmall, open and clear habitats characterized
by high dissolved oxygen, low nutrient levelsand nor-
mally good quality water® and this confirmed the as-
sertion that, An. philipinensis had asignificant pro-
ductivity of hardness (P<0.05) and dissolved oxygen
(P<0.05). Besidesin small and open habitats, larval
predation wasless prevaent intemporary habitatsthan
inlarge permanent habitats® and findly, open habitats
that tend to produce more algae (the main food source
for Anophelinespp).

REFERENCES
[1] G.K .Sahaa;

[2]

G.Adityaa, M.K.Pramanika,
J.Vect.Borne Dis., 43, 7 (2006).
World Health Organization (WHO); Techniquesto
detect insecticide resi stance mechanisms (field and
laboratory manual), Geneva. (WHO/CDS/CP/
MAL/98.6), (1998).

J.Shililu, T.Ghebre, F.Seulu, S.Mengistu, H.Fekadu,
M.Zerom, N.Ghebregziabiher; J.Med.Entomoal., 40,
921 (2003).

W.R.Almiron, M.E.Brewer; Mem.Inst. Oswaldo

[3]

[4]

Snvivonmental Science (=
A Jndian ﬂo«/maZ



ESAIJ, 9(7) 2014

K.Vanlalhruaia et al.

Cruz., 91, 1 (1996).

[5] PFRussdl, H.R.Rao; JMal.Inst.of India, 3, 153
(1972).

[6] S.J.Rahman, B.L.Wattal, M.I.D.Sharma; Indian
J.Entomoal., 35, 228 (1973).

[7] PK.Ragagopalan, R.K.Chandrahas, K.N.Paniker;
Indian J.Med.Research, 69, 589 (1979).

[8] S.S.Sahu, S.K.Parida, C.Sadanandane,
K.Gunasekaran, PJambulingam, PK.Das; Indian
JMdariol., 27, 209 (1990).

[9] H.M.Savage, E.Rejmankova, J.I.Arredondo-
Jimenez, D.R.Roberts, M.H.Rodriguez;
JAm.Mosqg.Control Assoc., 6, 612 (1990).

[10] E.Rg mankova, H.M.Savage, M.H.Rodriguez,
D.R.Roberts, M.Rejmanek; Environ.Entomoal., 21,
598 (1992).

[11] J.M.Mwangangia, C.M.Mbogoa, J.E.Muturic,
G.Joseph, J.G.Nzovua, J.I.Githureb, C.John;
J.Vect.Borne Dis., 44, 44 (2007).

[12] M.N.Bayoh, S.W.Lindsay; Bul.Entomol.Res., 93,
375 (2003).

[13] H.L.Lee; Tro.Biomed., 7, 21 (1990).

[14] PDevi, R.K.Jauhari; J.Vect.Borne Dis., 45, 112
(2008).

[15] M.K.Piyaratnea, F.P.Amerasinghe,
PH.Amerasighe, F.Konradsen; J.Vec.Borne Dis,,
42, 61 (2005).

[16] B.M.Tiimub, B.K.Adu, K.Obiri-Danso;
J.Envir.Earth Sc., 2(10), 123 (2012).

[17] A.Hassan, V.Narayanan,
Ann.Med.Entomoal., 2, 1 (1993).

M .Sal mah;

261

—== Qurrent Research Peper

[18] GR.Okogun, J.C.Anosike, A.N.Okere, B.E.Nwoke;
J.Vec.Borne Dis,, 42, 1 (2005).

[19] FAmerasinghe, N.Indrgjith, T.Ariyasena; J.Sci., 24,
13 (1995).

[20] World Health Organization (WHO); Manua on
practical entomology in malaria vector bionomics
and organization of antimalariaactivities. Part | and
part 1, Offset Publication No.13, Geneva (1975).

[21] B.P.Das, R.Rajagopal, J.Akiyama; J.Pure
Appl.Zoo., 2, 131 (1990).

[22] J.1.Glick; Mosg.Systemtematics, 24(2), 155 (1992).

[23] R.Reuben, S.C.Tewari, J.Hiriyan, J.Akiyama;
Mosg.Systematics, 26(2), 75 (1994).

[24] B.N.Nagpal, V.P.Sharma; ‘Indian Anophelines’ Ox-
ford and IBH Publishing CO.Pvt. Ltd. New Delhi,
(1995).

[25] T.T.Oo, V.Storch, N.Becker; J.Vector Ecol., 29, 21
(2005).

[26] R.K.Trivedy, PK.Goel, C.L.Trisa; Practica meth-
odsin ecology and environmental science, Environ-
mental Publications, Veekay Press Karad, India,
(1987).

[27] American Public Health Association; Standard
Methodsfor the Examination of Wastes and Waste-
water, Washington, DC: American Public Health
Association, (1992).

[28] R.H.Zimmerman; Mem.Insti.Oswaldo Cruz., 87,
371 (1992).

[29] M.A.Sattler, D.Mtasiwa, M.Kiama; Malaria J.,
4(4), 1475 (2005).

e Snoivonmental Science
A ndian ﬂowumé



