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Scanning electron microscopic observations on the eggs
of Anopheles annularis (Diptera: Culicidae)
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ABSTRACT: Accurate identification of Anopheles using different techniques is essential
for having effective malaria control strategies. Present study describes the eggs of species
belonging to subgenus Cellia of genus Anopheles collected from North India using scanning
electron micrographs. An. annularis are sympatric with major malaria vectors like 4n.
culicifacies, An. stephensi and An. maculatus. The eggs of the Anopheles species described
so far are boat-shaped with rounded anterior and posterior ends. However, they can be easily
distinguished by the shape of the deck present on the ventral (upper) surface of the egg. In
An. annularis the deck is continuous along the length of the egg. The restricted deck in some
species is due to presence of chorionic cells on the upper surface of the eggs. The floats
(structure present on the lateral side of the eggs) in some Anopheles species are located in
the middle of the egg and are limited to the lateral sides. In An. annularis the floats extends
up to anterior and posterior frills( slight wavy structures present on both the ends of an egg).
The eggs are compared with related species of genus Anopheles, notably An. culicifacies,
An. splendidus and An. stephensi. It was found that An. annularis can be easily distinguished
from other sympatric species by egg morphology study.
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PE3IOME: IlpaBunbHas uaeHTU(UKANUS BUIOB pona Anopheles ¢ WCNONb30BaHUEM
COBPEMEHHBIX TEXHOJIOTHHA MMeeT Oonblioe 3HadeHne Ui d()(HEKTUBHOTO KOHTPOIS U
pa3paboTKN CTpaTeTuii peryaupoBaHMs Masapuu. Sia HECKOIBKHUX BHIIOB KOMapoOB
noapona Cellia v pona Anopheles coOpaHbl B ceBepHO MHINM M ONTMCAHBI TPH TIOMOTIN
CKaHUPYIOUIEH SIEKTPOHHOW MUKPOCKONIUHU. An. annularis — 3TO CAMITATPUIECKUN BUJ,
OOHUTAONINH Ha OJTHOM TEPPUTOPUH C OOITBITHHCTBOM TIEPEHOCUNKOB MAIIIPHH, TAKAX KaK
An. culicifacies, An. stephensi and An. maculatus. Slitna Anopheles w3 Ctaporo Cserta
OTIMCAHBI KaK JIOJKO0Opa3HbIe C 3aKPYTIICHHBIMHE ITEPETHIM H 38 THIM KOHIIAMH. DTH Sia
MOTYT OBITB JIETKO OTIPEJIEIICHBI 10 (hopMe BEpPXHEN MOBEPXHOCTH SHIIa («ITaryde JI0IKo-
oOpasHoro sina). Y An. annularis «maxyba» nMeeTcs Ha BCEM NPOTSDKEHHH SiIa, B TO
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BpEMsI KaK y IPYTUX BUIOB, «I1ay0ay OrpaHHYCHa XOPHaTbHBIMH KICTKAMH, IPHCYTCTBY-
FOIIMMH Ha BEpXHEH MOBEPXHOCTH stitiia. OcoObIe CTPYKTYPbl — IOMIABKH — Y HEKOTOPBIX
BUJIOB Anopheles 0OGHapyKHBArOTCsI HA OOKOBBIX CTOPOHAX SiIIa, KAK B MPABUIIO B IICHT-
panbHOil ux yactu. Y An. annularis MOTUTaBKN BBIXOAAT 32 MPEAETbl OOKOBBIX CTOPOH U
MPOCTHUPAIOTCS Ha MEPETHION U 3a/IHI0I0 000pKy. [IpoBeieHo cpaBHEHHE TOHKOH MOpP(hO-
JIOTHH sIUI] y OJMU3KUX BUIOB poraa Anopheles: An. culicifacies, An. splendidus and An.
stephensi. CpaBHUTEITBHBIN aHATHM3 MOKa3ajl, 4TO TOHKast Mopdonorus sui An. annularis
CYIIECTBEHHO OTIMYACTCSI OT TAKOBOU Y OJIU3KHUX BUJIOB.
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KJIFOYEBBIE CJIOBA: ckanupytonias anekrponHast Mukpockomnus, Cellia, mophoorusi.

Introduction

In the family Culicidae, members of the
genus Anopheles include some of the principal
vectors of malaria, while others actas secondary
vectors of local importance. Unfortunately, the
majority of them exist in the form of species
complexes of two or more sibling species, which
are difficult to identify on the basis of their
morphotaxonomic characters. This has necessi-
tated the application of additional parameters
for accurate identification of species, which is a
prerequisite for understanding the ecological
and genetic characteristic of the species and
thus for developing effective means of popula-
tion suppression and control of their malario-
genic activity (Green, Miles, 1980; Rao, 1984;
Green et al., 1985; Takai, Kanda,1986; Dam-
rongphol, Baimai, 1989; Linley et al., 1993a;
Ramirezetal.,1994; Reinertetal., 1997; Louni-
bos et al., 1997, 1999). The use of species-
specific polytene chromosome banding pattern,
inversion polymorphism, amino acid and en-
zyme estimations, and PCR-based genomic char-
acterization are the outcome of these basic re-
quirements. In some species the variations in the
egg surface architecture has provided valuable
additional information of taxonomic value. For
example, the type form, intermediate form and
variety mysorensis of Anopheles stephensi have
been successfully distinguished on the basis of
chorionic features of their eggs (Subbarao et al.,
1987; Chaudhry, Gupta, 2004; Tyagi et al.,
2017). Those concerned in the control of malar-

ia have for long paid special attention to the egg
stage as differences between the eggs of closely
allied species are often more marked than the
differences in the larval and adult stages and it
is through the availability of the eggs in the
natural breeding places that it becomes possible
to predict the number of species and races
prevalent in an area. Regardless whether the
eggs have been deposited or retained in the
ovaries, they bear distinctive markings when
observed under light microscope, phase con-
trast microscope and scanning electron micro-
scope (Hinton, 1968). The firstrecognized com-
plex of species of Anopheles (Anopheles) mac-
ulipennis was elucidated on the basis of differ-
ences in the egg morphology (Hackett, Missiro-
li, 1935). Since then, this source has been suc-
cessfully applied to describe relationships in a
number of anopheline species complexes and
their geographical population (Linley et al.,
1993b, 1995, 1996; Tyagi et al.,2016). Howev-
er, these studies have been so far restricted to the
eggs of the Anopheles species belonging to the
New World. The present paper reports the SEM
study of eggs of An. annularis, which are among
the Anopheles species prevalent in the Old
World. Anopheles stephensi (Chaudhry, Gupta,
2004; Tyagi et al., 2017), An. culicifacis
(Chaudhry, Gupta, 2003; Tyagietal.,2016) and
An. fluvitilis (Sehrawat, 2014) are few Anophe-
les species inhabiting this part of the world on
which similar kind of studies have been carried
out so far. In addition to facilitating species
identification, the comparisons of egg structure
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among the closely related species act as source
of interpreting developmental and evolutionary
origins of these characters and their functional
significance (Lounibos et al., 1997).

Materials and Methods

Adult forms of Anopheles annularis were
collected during early morning hours from cat-
tle sheds in the village Bela Dheyani near Nan-
gal, 110 km NW of Chandigarh (30°44'N,
76°53°E). All the specimens were individually
identified by using identification keys (Christo-
phers, 1933; Wattal, Kalra, 1967; Rao, 1984)
and finally on the basis of features of the larval
salivary polytene X-chromosomes. Each gravid
female was individually kept in a vial, where it
was allowed to oviposit on the moist filter
paper; that took about 12—16 hrs. These eggs
were gently lifted with the help of a camel hair
brush and transferred to rearing bowls filled
with distilled water, where they were allowed to
embryonate for 2030 hours at a temperature of
26-27 °C and relative humidity of §0+5%. 100—
150 eggs from each female were first observed
under an optical microscope, so as to make sure
they were neither damaged nor hatched, and
then processed further for SEM examination.
For this purpose, they were dehydrated by fol-
lowing the standard procedure (Linley et al.,
1993a). Accordingly, they were fixed for 1 hour
in alcoholic Bouin’s solution in vials. Complete
dehydration was achieved by treatment with
80% ethanol (two changes of 10 minutes each)
and then by increasing the ethanol concentra-
tion from 5 to 10%, with 10 minutes of treatment
in each concentration. These dehydrated eggs
were then placed on the stubs and sputter-coated
with gold. Each egg was carefully examined
under a Jeol-JSM 6100 scanning electron mi-
croscope and the viewing was completed as
quickly as possible because they have a tenden-
cy to collapse within few hours. Micrographs of
10-20 eggs were examined from all the desired
directions and magnifications, after which the
measurements were taken for various parame-
ters. For each dimension, the meantstandard
error is given, usually basing on 10 measure-
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ments. If the number of measurements (n) was
different, it is given in brackets.

Results

COLOR. Black.

SIZE. Mean length (+Standard Error (SE)):
440.051£7.211 pm (number of eggs (n)=10;
range:420-500 pm).

Mean width (£SE): 151.044+1.737 pm
(n=10; range: 145.5-168.27 pum).

OVERALL APPEARANCE. The egg of
Anopheles annularis is boat- shaped in lateral
view with rounded anterior and posterior ends
(Fig. 1A, D). The deck is almost of same width
throughout the egg length except for the portion
where the frills terminate. The pointed and in-
ward projecting ends of the frill narrow towards
the deck (Fig. 2A). Floats constitute about 45%
ofthe egg length and are not continuous with the
end of the frill.

VENTRAL (UPPER) SURFACE. Deck
continuous along the length of the egg and
slightly narrow at both the ends of the middle
region. Frill moderate in height and extends
beyond the floats (Fig. 1A, B). The edges of the
frill are undulated with grooved inner surface.
Deck surface is completely covered by the pres-
ence of large, prominent irregularly formed
tubercles which are interspersed with the small-
er ones (n=10; mean diameter+SE of tubercles:
2.574+0.399 um) (Fig. 2A, B, C, F). Three to
four prominent lobed and elliptic tubercles are
present at the anterior end of the deck (n=10;
mean diameter +SE:8.024+0.220 pm) while
two similar tubercles are present at the posterior
end (n=3; mean diameter+SE: 6.034£0.540 um).

DORSAL (LOWER) AND LATERAL
SURFACES. The dorsal chorionic cells are
mushroom-shaped convex structure intercon-
nected by bridges of nearly same width. The
chorionic pores in between these cells are al-
most of same size but are lesser in number when
compared to those eggs of other species (Fig.
2D, E). Floats occupying the lateral sides do not
extend to cover the ventral surface and the num-
ber of ridges on the float varies from 16 to 19.
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Fig. 1. Egg of Anopheles annularis. A— ventral (upper) view; B — anterior lobed tubercles; C — micropyle;
D — attachment of floats with frill.

Abbreviations: alt — anterior lobed tubercles; dt — deck tubercles; fl — float; fr — frill; mi — micropyle. Scale bar:
10 pm.

Puc. 1. O6mas mMopdonorus u JeTanu TOHKOW opraHusanuu siua Anopheles annularis. A — Bup ¢
BEHTPAIBHOW CTOPOHBI, CBepXy; B — mepenuue nonpyareie Oyropku; C — wmukpomnmie; D — mecrto
MPUKPETUICHUS MOTJIaBKa U 00OPKH.

O6o3HaueHus: alt — nepeguue nonpuateie Oyropku; dt — Oyropku «many6s»; fl — noruiasok; fr — obopka; mi —
mukponuie. Macmrad 10 MkM.



Fig. 2. Details of fine structure of egg of Anopheles annularis. A — deck tubercles; B, C — magnified deck
tubercles; D — dorsal surface; E — magnified dorsal surface; F — frill and deck tubercles.

Abbreviations: ds — dorsal surface; dt — deck tubercles; fl — float; fr — frill. Scale bar: 10 pm.

Puc. 2. Jletanu Toukoii Mopdonoruu siiinia of Anopheles annularis. A — 6yropku «nany6s»; B, C — 1o xe
rpu OoJIbIIeM yBeNn4eHUH; D — MOBEpXHOCTh TOPCATbHOM CTOPOHBI; E — TO ke mpu O0JbIleM yBeue-
HuM; F — MecTo KoHTakTa 000pKH M «ranyOb» (BUAHBI OyTrOpPKH «IalyObl» M BEIPOCTHI 000PKH).
Abbreviations: ds — nopcanbHast HOBEpXHOCTb; dt — Oyropku «namy6s»; fl — momnasok; fr — o6opka. Macmrab 10
MKM.
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ANTERIOR END (MICROPYLE). The
collar around the micropyle is irregular in shape
and seven ridges from the collar towards the
central orifice which is without any plug (n=2;
mean diameter £SE: 24.302+0.924 pum) (Fig.
1C).

POSTERIOR END. The posterior end is
rounded as compared to anterior end and the
ornamentation of the lateral surfaces is similar
to that of the dorsal surface (Fig. 1A).

Discussion

The results of present SEM studies revealed
that An. annularis can be distinguished from An.
culicifacies (Chaudhry, Gupta, 2003), 4n.
stephensi (Chaudhry, Gupta, 2004) and An.
splendidus (Gupta, Chaudhry, 2005) on the
basis of chorionic sculpturing. In addition to the
ventral surface of all the four species which
presented characteristic chorionic sculpturing,
the length of deck, frill and floats were found to
be species specific. Anopheles culicifaces could
be distinguished from other three species by the
features of dorsal plastron on the ventral surface
which restricts the deck to anterior and posterior
portions. The eggs of An. stephensi could be
casily distinguished by being slipper-shaped
and floats extending to the middle of the ventral
surface. The eggs of An. splendidus and An.
annularis were found to be similar in overall
morphology, in accordance with the similarity
found in the adults of both the species. Howev-
er, they could be distinguished by position of
floats and frill. In An. annularis, the frill extends
slightly beyond the floats, whereas in An. splen-
didus, the beginning of floats and end of frill
coincide. The present observations alsorevealed
that the condition of the floats in An. splendidus
and An. annularis was very different from the
anopheline species studied so far. Very few
species like Anopheles (Nyssorhynchus) pes-
soai and some members of Anopheles gambiae
complex have the eggs which possess the floats
occupying less than half ofthe total length of the
egg(Causey et al., 1944; Lounibos et al., 1999).
In species having restricted deck, like An. culic-
ifacies and An. fluviatilis (Sehrawat, 2014), the
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floats extends almost throughout the length of
the egg. Polymorphic eggs found in studies of
An. culicifacies (Chaudhry, Gupta, 2003), 4n.
triannulatus, An. strode and An. punctimacula
(Rodriguez et al., 2002) couldn’t be detected
during the present investigations. The presence
of lobed tubercles at the anterior and posterior
ends is a feature which is shared by all those
species of the subgenera Cellia, Anopheles and
Kerteszia of the genus Anopheles whose eggs
have been studied for supplementing the data of
taxonomic value. These points of chorionic
homologies have also helped in differentiating
the species belonging to these subgenera from
those belonging to subgenus Nyssorhynchus
(Lounibos et al., 1998, 1999). In the present
study, the eggs of both the species were found to
have lobed tubercles at the anterior and posteri-
or end.

Acknowledgement. The author is grateful
to Department of Zoology and Central Instru-
mentation Lab (CIL), Panjab University, Chan-
digarh for providing the facilities to carry out
the present research work. Sincere thanks to
University Grants Commission, New Delhi, In-
dia for providing financial support of this study
(F.No. 2-40/2000 (ii)-EUII).

References

Causey O.R., Deane L.M., Deane M.P. 1944. An illustrat-
ed key to the eggs of thirty species of Brazilian
anophelines with several new descriptions // Am. J.
Hyg. Vol.39. P.1-7.

Chaudhry S., Gupta S. 2003. SEM studies on the egg
surface architecture of Anopheles (Cellia) culicifa-
cies (Diptera: Culicidae) / EMSI Bulletin. Vol.4.
No.2. P.7-13.

Chaudhry S., Gupta S. 2004. SEM studies on the egg
surface architecture of Anopheles (Cellia) stephensi
Liston (Diptera: Culicidae) // Proc. Zool. Soc. Vol.57.
No.l. P.1-4.

Christophers S.R. 1933. The fauna of British India includ-
ing Ceylon and Burma, Diptera IV. Taylor and Francis
London. 360p.

Damrongphol P., Baimai V. 1989. Scanning electron
microscopic observations and differentiation of eggs
of the Anopheles dirus complex // J. Am. Mosq.
Control Assoc. Vol.5. No.4. P.563-568.

Green C.A., Baimai V., Harrison B.A., Andre R.G. 1985.
Cytogenetic evidence for a complex of species within



404

taxon Anopheles maculatus (Diptera: Culicidae) //
Biol. J. Linn. Soc. Vol. 24. No.4. P.321-328.

Green C.A., Miles S.J. 1980. Chromosomal evidence for
sibling species of the malaria vector Anopheles (Cel-
lia) culicifacies Giles // J.Trop. Med. Hyg. Vol.83.
No.2. P.75-78.

Gupta S., Chaudhry S. 2005. SEM study on the egg surface
architecture of Anopheles(Cellia) splendidus Koid-
zumi (Culicidae: Diptera) // Polish Journal of Ento-
mology. Vol.74. P.7-14.

Hackett L.W., Missiroli A. 1935. The varieties of Anoph-
eles maculipennis and their relation to the distribution
of malaria in Europe // Riv. Malariol. Vol.14. P.45—
109.

Hinton H.E. 1968. Observations on the biology and taxon-
omy of the eggs of Anopheles mosquitoes // Bull.
Entomol. Res. Vol.57. P.495-508.

Linley J.R., Kaiser P.E., Cockburn A.F. 1993a. A descrip-
tion and morph metric study of the eggs of species of
the Anopheles quadrimaculatus complex (Diptera:
Culicidae) // Mosq. Syst. Vol.25. P.124-147.

Linley J.R., Lounibos L.P., Conn J. 1993b. A description
and morphometric analysis of the eggs of four South
American populations of Anopheles (Nyssorhynchus)
aquasalis (Diptera: Culicidae) // Mosq. Syst. Vol.25.
P.198-214.

Linley J.R., Lounibos L.P., Conn J., Duzak D., Nishimura
N. 1996. A description and morphometric comparison
of eggs from eight geographic populations of the
South American malaria vector Anopheles (Nyso-
rhynchus) nuneztovari (Diptera: Culicidae) / J. Am.
Mosq. Control Assoc. Vol.12. P.275-292.

Linley J.R., Yap H.H., Damar T.B. 1995. The eggs of four
species of Anopheles hyrcanus group (Diptera: Culi-
cidae) in Malaysia // Mosq. Syst. Vol.27. P.43-71.

Lounibos L.P., Coetzee M., Duzak D., Nishimura N.,
Linley J.R., Service M.W., Cornel A.J., Fontenille D.,
Mukwaya L.G. 1999. A description and morphomet-
ric comparison of the eggs of species of Anopheles
gambiae complex // J. American Mosq. Control As-
soc. Vol.15. No.2. P.157-185.

Lounibos L.P., Duzak D., Linley L.P. 1997. Comparative
egg morphology of six species of the Albimanus
section of Anophles (Nyssorhynchus) (Diptera: Culi-
cidae) // J. Med. Entomol. Vol.34. P.136-155.

Lounibos L.P., Wilkerson R.C., Conn J.E., Hribar L.J.,
Fritz G.N., Danoff-Burg J.A. 1998. Morphological,
molecular and chromosomal discrimination of cryptic

Sh. Gupta

Anopheles (Nyssorhynchus) (Diptera: Culicidae) from
South America // J. Med. Entomol. Vol.35. No.5.
P.830-838.

Ramirez C.C.L., Dessen E.M.B., Paulo A.O. 1994. Inver-
sion polymorphism in a natural population of 4noph-
eles cruzzi // Cytologia. Vol.47. No.2. P.121-130.

Rao T.R. 1984. The Anophelines of India. Indian Council
of Medical Research, Delhi, India. 518 p.

Reinert J.F., Kaiser P.E., Seawright J.A. 1997. Analysis of
the Anopheles (Anopheles) quadrimaculatus com-
plex of sibling species (Diptera: Culicidae) using
morphological, cytological, molecular, genetic, bio-
chemical and ecological techniques in an integrated
approach//J. Am. Mosq. Control Assoc. Suppl.Vol.13.
P.1-102.

Rodriguez M.H., Chavez B., Ulloa A., Jimenez J.L.A.
2002. Fine structure of the eggs of Anopheles (Anoph-
eles) punctimacula // J. Am. Mosq. Control Assoc.
Vol.18. No.1. P. 1-9.

Sehrawat N. 2014. Scanning electron microscopic obser-
vations of the eggs of Anopheles fluviatilis (T) mos-
quito (Diptera: Culicidae) / Research and Reviews:
Journal of Zoological Sciences. Vol.2. No.4. P.6-12.

Subbarao S.K., Vasantha K., Adak T., Sharma V.P., Curtis
C.F. 1987. Egg-float ridge number in Anopheles
stephensi: ecological variation and genetic analysis //
Med. Vet. Entomol. Vol.1. P.265-271.

TakaiK., KandaT. 1986. Phylogenetic relationships among
Anopheles hyrcanus species group based on the de-
gree of a hybrid development and comparison with
phylogenies by other methods // Jpn. J. Genet. Vol.61.
No.4. P.295-314.

Tyagi V., Sharma A.K., Dhiman S., Srivastava A.R.,
Yadav R., Sukumaran D., Agarwal O.P.,Veer V.2016.
Malaria vector Anopheles culicifacies sibling species
differentiation using egg morphometry and morphol-
ogy // Parasit. Vectors. Vol.9. P.202

Tyagi V., Dhiman S., Sharma A.K., Srivastava A.R.,
Rabha B., Sukumaran D., Veer V. 2017. Morphome-
teric and morphological appraisal of the eggs of Anoph-
eles stephensi (Diptera: Culicidae) from India // J.
Vector Borne Dis. Vol.52. No.2. P.151-156.

Wattal B.L., Kalra N.L. 1967. Region-wise Pictorial Keys
to the Female Indian Anopheles // Bulletin of the
National Society of India for Malaria and other mos-
quito-borne diseases. Vol.9. No.2. P.85-138.

Responsible editor E.N. Temereva



