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Foreword

Major vector-borne diseases (VBDs) together account for around
17% of the estimated global burden of communicable diseases
and claim more than 700 000 lives each year. More than 80%
of the global population live in an area at risk from at least one
major VBD. More than half of the global population live in an
area at risk from two or more major VBDs. Every year more than
one billion people are infected by a VBD. More than one million
people die from VBDs globally.

The WHO South-East Asia Region is particularly affected. In
2018 the Region reported an estimated 8 million malaria cases
and 11 600 malaria deaths. In the past 50 years dengue incidence
has surged more than thirty times the base level. More than
52% of the Region’s population is at risk of dengue, which is now
endemicin 10 of 11 Member States. Chikungunya is endemicin
all Member States except Timor-Leste and the Democratic People’s Republic of Korea. Zika virus
disease has been reported from India, Indonesia, Thailand and Maldives. The Region accounts
for around 58% of the global burden of lymphatic filariasis. Japanese encephalitis continues to
be a significant public health problem in India, Nepal and Sri Lanka. Bangladesh, India, Nepal
and Bhutan report around 6000 cases of leishmaniasis annually.

Member States and partners must continue to aggressively respond. To help do that,
this pictorial key will increase knowledge of mosquito vector fauna, its bionomics and proper
identification to enhance the epidemiologic understanding of VBDs. It is the first pictorial key of
its kind and provides a user-friendly guide for public health workers, school teachers, students,
researchers and other interested groups. The illustrations and terms used throughout are
simplified to facilitate the identification process. Rather than portray every taxonomic character,
the guide deals only with characters that are directly relevant to identifying mosquitoes in the
Region.

| urge all stakeholders to make the most of this tool. In recent years the Region has more
than halved the incidence of malaria and kala-azar, demonstrating what focus and determination
can achieve. WHO will continue to support Member States as together we continue the battle

against VBDs for the health of all people everywhere.

Dr Poonam Khetrapal Singh
Regional Director
WHO South-East Asia Region
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Introduction

Vector-borne diseases (VBDs) are widespread in the WHO South-East Asia Region. Most
Member States report the transmission of multiple vector-borne diseases, and only one
Member State (DPR Korea) reports transmission of only a single vector-borne disease.
Mosquitoes are most important among vectors as they transmit six major diseases, namely
malaria, filariasis, Japanese encephalitis, dengue, chikungunya and Zika virus. Mosquitoes
are characterized by a slender elongated body covered with scales and bearing mouth parts
of the piercing and sucking type. They belong to the phylum Arthropoda, class Insecta,
subclass Pterygota, division Endopterygota, order Diptera, suborder Nematocera, super
family Culicoidea, family Culicidae, and the sub families Culicinae, Anophelinae and
Toxorhynchitinae.

In the WHO South-East Asia Region, malaria is transmitted by Anopheles; filariasis
by Culex, Mansonia, Anopheles and Aedes; Japanese encephalitis by Culex; dengue,
chikungunya, and Zika virus by Aedes and kala-azar by Phlebotomus. Among the more
than 3500 species of mosquitoes in the world, more than 300 species are recorded in the
WHO South-East Asia Region. Of these, 76 species are transmitting vector-borne diseases.
This key covers pictorial mosquito identification of 58 Anopheles species, 9 Culex species,
4 Aedes species, 3 Mansonia and 2 Phlebotomus species.

The key presents maps showing the distribution of vectors of vector-borne diseases in
the WHO SEA Region followed by a list of vectors, a note on how to use the key, and the
stages of vector and body parts that are used in their identification. An important feature
of the key is that it not only covers morphological identification of vectors of VBDs but also
identification of all mosquito species of the associated group, such as maculatus group, dirus
group, etc. It is noteworthy to mention that various keys are available country-wise but this
is the first key that covers all vectors of vector-borne diseases in the Region. The key also
elucidates the bio-ecology of each species, i.e. breeding and resting sites.

All drawings depicted in the key have been designed using Coreldraw 13 software. The
old names of a few species such as An. sundaicus (An. ludlowae, An. epiroticus), An. minimus
(An. flavirostris) and An. umbrosus (An. letifer) have been used in the key.
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List of vectors and their distribution

A review of literature on vectors of vector-borne diseases revealed that there are 74 species
of mosquitoes and two species of Phlebotomus responsible for the vector-borne diseases
of malaria, dengue, chikungunya, Zika virus disease, Japanese encephalitis, filariasis and
leishmaniasis, in the WHO South-East Asia Region. The vectors transmitting these vector-
borne diseases are listed below and the distribution of these vectors according to disease in
the Region are also illustrated through maps. From the list of vectors and their distribution
it is revealed that malaria is transmitted by 58 species of Anopheles mosquito; filariasis by
5 species of Culex, 3 species of Aedes, 4 species of Mansonia and 8 species of Anopheles
mosquitoes; Japanese encephalitis by 9 species of Culex; dengue, chikungunya and Zika by
2 species of Aedes mosquito; and leishmaniasis by 2 species of Phlebotomus.

Anopheles

1. An. aconitus Déenitz, 1902

2. An. annularis Van der Wulp, 1884

3. An. argyropus (Swellengrebel), 1914

4. An. baimaii Sallum & Peyton, 2005

5. An. balabacensis Baisas, 1936

6.  An. barbirostris Van der Wulp, 1884

7. An. barbumbrosus Strickland and
Chowdhruy, 1927

8.  An. bengalensis Puri, 1930

9.  An. cracens Sallum & Peyton, 2005

10. An. crawfordi Reid, 1953

11. An. culicifacies Giles, 1901

12. An. dirus Peyton and Harrison, 1979

13. An. dravidicus Christophers, 1924

14. An. farauti s.s. Laveran, 1902

15. An. fluviatilis James, 1902

16. An. hackeri Edwards, 1921

17. An. introlatus Colless, 1957

18. An. jamesii Theobald, 1901

19. An. jeyporiensis James, 1902

20. An. karwari James, 1903

21. An. kochi Dénitz, 1901

22. An. koliensis Owen, 1945

23. An. koreicus Yamada & Watanabe, 1918

24. An. latens Sallum, Peyton, Wilkerson,
2005

25. An. lestri de Meillon, 1931

26. An. lindesayi Giles, 1900

27.
28.
29.
30.
317.
32.

33.
34.

35.
36.
37.
38.
39.

40.
41.
42.
43.
44,

45.
46.
47.
48.
49.
50.
51.

An.
An.
An.

macarthuri Colless, 1956
maculatus Theobald, 1901
minimus Theobald, 1901

An. nigerrimus Giles, 1900

An. nilgiricus Christophers, 1924

An. nitidus Harrisson, Scanlon and Reid,
1973

An. nivipes (Theobald), 1903

An. notanandai Rattanarithikul & Green,
1987

An. pallidus Theobald, 1901

An. paraliae Sandosham, 1959

An. peditaeniatus Leicester, 1908

An. philippinensis Ludlow, 1902

An. pseudojamesii Strickland &
Chowdhury, 1927

An. pseudowillmori Theobald, 1910
An. pujutensis Colless, 1948

An. punctulatus Doenitz, 1901

An. pursati Laveran, 1902

An. sawadwongporni Rattanarithikul &
Green, 1987

An. scanloni Sallum & Peyton, 2005
An. sinensis Weidemann, 1828

An. sinerodes Yamada, 1924

An. splendidus Koidzumi, 1920

An. stephensi Liston, 1901

An. subpictus Grassi, 1899

An. sundaicus Rodenwaldt, 1925
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52.
53.
54.
55.
56.
57.
58.

An.
An.
An.
An.
An.
An.
An.

Culex

59.
60.
61.
62.
63.
64.
65.
66.
67.

Cx.
Cx.
Cx.
Cx.
Cx.
Cx.
Cx.
Cx.
Cx.

tessellatus Theobald, 1901
theobaldi Giles, 1901
umbrosus (Theobald), 1903
vagus Doenitz, 1902

varuna lyengar, 1924

willmori James, 1903
yatsushiroensis Miyazaki, 19571

bitaeniorhynchus Giles, 1901
fuscocephala Theobald, 1907
gelidus Theobald, 1901
perexiguus Theobald, 1903
pseudovishnui Theobald, 1901
quinquefasciatus Say, 1823
tritaeniorhynchus Giles, 1901
vishnui Theobald, 1901
whitmorei (Giles, 1904)

Aedes

68. Ae. aegypti (Linnaeus in Hasselquist,
1762)

69. Ae. albopictus (Skuse, 1894)

70. Ae. niveus Ludlow, 1903

71. Ae. vittatus Bigot, 1861

Mansonia

72. Ma. annulifera Theobald, 1901
73. Ma. indiana Edwards, 1930
74. Ma. uniformis Theobald, 1901

Phlebotomus
75. P argentipes Annandale & Brunetti,
1908

76. P papatasi Scopoli, 1786

Xil
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How to use key for identification of
vectors

This Pictorial Identification Key of important vectors in the WHO South-East Asia Region
identifies 76 species belonging to the genera Anopheles, Aedes, Culex and Mansonia of
mosquitoes and genus Phlebotomus of sandflies. The pattern of identification adopted by
this pictorial key differs from the formal couplet method and offers more clear and precise
identification. In using this Key for identification, the page numbers indicated at various
places should be followed for morphological characters and drawings.

The first character of an insect to be checked under the microscope or hand-lens is the
mouthparts. In the case of the mosquito the proboscis is long and needle-shaped whereas in
the case of the Phlebotomus (sandfly) it is reduced. The other morphological characteristic is
that the mosquito is bigger than the sandfly in size and the wings of sandflies are always erect.

For further identification of genera of mosquitoes, the length of the palpi is taken into
account. In case of genus Anopheles, the size of the palpi in males and females is equal to
the proboscis but in males palpi are club-shaped. In the case of the genera Culex, Aedes and
Mansonia the size of the palpi is one fourth to half of the proboscis in the female whereas
in males it is longer than the proboscis. In all male mosquitoes the antenna is plumose in
appearance. Flow charts and diagrams under each genus have been provided for further
identification up to species level.

Seventy-four vector species of mosquitoes are divided into four genera, namely
Anopheles, Aedes, Culex and Mansonia, and their species based on morphological characters
of mouth parts, wings, legs and abdomen. For sandflies, characteristics of terminalia, pharynx
and spermatheca are mainly used to identify species.

This pictorial key provides the vector distribution, morphological characters and
brief biology (breeding habits and adult bionomics) of each vector prevalent in the WHO
SEA Region. It also contains a bibliography of literature consulted and a glossary of related
taxonomic terms.

Pictorial identification key of important disease vectors in the WHO South-East Asia Region
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Stages of the insect vector

— Anopheles mosquito

Larva
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Culex mosquito
Mansonia mosquito
Eggs

10




Phlebotomus (sandfly)

Larva

Eggs
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Generalized diagram of a female adult
Anopheles mosquito

------- Fore leg
L m Labellum
Maxillary palpus
Head W ... Antenna
Proboscis
Occiput Eye
Vertex
Thorax Scutum
Scutellum = =eeeeeeee R R e e S RNy e g ) Wing
Helt
Meso ellere
Postnotum
Abdomen
Femur
I Tibia
-------------------- Cercus
Tarsomere
Tarsus
Hind leg
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Body parts of Anopheles mosquito

LABIUM ,_ | LABELLUM
PROBOSCIS
APICAL PALE BAND
SUB APICAL PALE BAND
MIDDLE DARK BAND
MAXILLARY PALPUS
BASAL DARK BAND
ANTENNA
CLYPEUS
TORUS
EYE
VERTEX
OCCIPUT

PRE-SECTOR DARK MARK
HUMERAL DARK SPOT

HUMERAL PALE SPOT j«

BASAL PALE  ~
BASAL DARK

—

PRE-HUMERAL PALE SPOT

PRE-SECTOR PALE SPOT
SECTOR PALE SPOT

ACCESSORY SECTOR PALE
SUB-COSTAL PALE

MIDDLE DARK MARK
. PRE-APICAL PALE SPOT

APICAL DARK MARK

BORDER SCALES

COSTA

REMIGIUM

BASE OF WING '_l

SUBCOSTA

— RADIOMEDICAL CROSS VEIN

APEX OF WING

_ =

HUMERAL

ALULA
MEDIOCUBITAL

CROSS VEIN

FRINGE

ANTERIOR
FORKED
CELL POSTERIOR

FORKED CELL

LONGITUDINAL VEINS
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Body parts of Anopheles mosquito

WINGS

——nh

T
REMIGIUM

UPPER CALYPTER
ALULA

Sc R1

x()

FRINGE

R1- radius (1st longitudinal vein); Rs - 2nd longitudinal vein; R2 - upper or anterior branch of 2nd longitudinal; R3 - lower or posterior branch of 2nd
longitudinal vein; R4 + 5 - 3rd longitudinal vein; M - media, 4th longitudinal vein; M1 - upper or anterior branch of 4th longitudinal; M2 - lower or
posterior branch of 4th longitudinal vein; Cu - 5th longitudinal vein; Cu1 - upper or anterior branch of 5th longitudinal vein; Cu2 - lower or posterior
branch of 5th longitudinal vein; CuA (Anal) 6th longitudinal vein; C - costa; SC - Subcosta; h - humeral dark/pale sport.

ABDOMEN

DORSUM (TERGITES)
VENTER (STERNITES)

CERCUS
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Body parts of Anopheles mosquito

LEGS

COX

TROCHANTER SPECKING IN LEG

FEMUR
TIBIA
8
4
| TARSAL SEGMENTS
54&3
COMPLETELY WHITE
TARSI WITH BANDS
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Body parts of culicine mosquitoes

Culicines
Genus: Culex, Aedes, Mansonia

Mesothorax
Thorax mesonotum

Scutellum Metathorax

Proboscis

Hair of Scutellum Lower mesepimeral bristle

scutellum (trilobed) Prothorax

Thorax of Culex showing scutellum and halter (dorsal view)

ABDOMEN

LEG
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Identification key of
insect vector




Put the insect under the dissecting
microscope/hand-lens and look for the mouth parts

l mouth parts are reduced
(specially proboscis)

Proboscis long and
needle shape
‘ wings always erect
Phlebotomus (Sandfly)

Go to Page 66

}
See palpi 7

Palpi 1/4 to half of the proboscis and
slender in the shape (female) and
longer than the proboscis (male)

Mosquito

Palpi equal to proboscis and
slender in shape

\

o7
W=,
2
=,

o
R

9,
\\\‘3‘:“:5:‘7

22558

220,
=<2
AN

Palpi of Palpi of
Female Culex, Aedes Male Culex, Aedes
and Mansonia

Palpi of

Palpi of
Female Anopheles Male Anopheles
and Mansonia
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Anopheles
Focus the wing and count the pale area on
costa and subcosta including vein 1

Pale area > 4 <4 (Less than 4)

EETYM Subgenus Cellia Subgenus Anopheles
1. An. aconitus 26. An. pseudojamesi 1. An. argyropus

2. An. annularis 27. An. pseudowillmori 2. An. barbirostris

3. An. balabacensis 28. An. pujutensis 3. An. barbumbrosus

4. An. baimaii 29. An. punctulatus 4. An. crawfordi

5. An. culicifacies 30. An. scanloni 5. An. koreicus

6. An. cracens 31. An. splendidus 6. An. lesteri

7. An. dirus 32. An. stephensi 7. An. lindesayi

8. An. dravidicus (maculatus)  33. An. subpictus 8. An. nilgiricus

9. An. farauti (puncalatus) 34. An. sundaicus 9. An. nigerrimus

10. An. fluviatilis 35. An. sawadwongporn 10. An. nitidus

11. An. hackeri (maculatus) 11. An. paraliae (sinensis)
12. An. introlatus 36. An. tessellatus 12. An. peditaeniatus

13. An. jamesii 37. An. theobaldi 13. An. sineroides

14. An. jeyporiensis 38. An. vagus 14. An. pursati

15. An. karwari 39. An. varuna 15. An. sinensis

16. An. kochi 40. An. willmorei 16. An. umbrosus

17. An. koliensis (puncultatus) 17. An. yatsushiroensis

18. An. latens (leucosphyrirus)
19. An. maculatus

20. An. macarthuri
21. An. minimus Subgenus Anopheles
22. An. nivipes e—— e

7o

23. An. notanandai (maculatus)
24. An. pallidus
25. An. philippinensis

Wing completely dark
1. An. bengalensis
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Group A (Subgenus Cellia)

An. aconitus, An. annularis, An. baimaii, An. balabacensis, An. cracens, An. culicifacies, An. dirus,

An. dravidicus, An. farauti, An. fluviatilis, An. hackeri, An. introlatus, An. jamesii, An. jeyporiensis, An. karwari,
An. kochi, An. koliensis, An. latens, An. macarthuri, An. maculatus, An. minimus, An. nivipes,

An. notanandai, An. pallidus, An. philippinensis, An. pseudojamesi, An. pseudowillmori, An. pujutensis,

An. punctulatus, An. scanloni, An. splendidus, An. stephensi, An. subpictus, An. sundaicus,

An. sawadwongporn An. tessellatus, An. theobaldi, An. vagus, An. varuna, An. willmorei

Specking in legs

—
D -—
S
—
—
-—
Fore leg §— Fore leg S
Hind leg N

Hind leg
Present Absent
1. An. baimaii 17. An. pseudowillmori 1. An. aconitus
2. An. balabacensis 18. An. pujutensis 2. An. annularis
3.An. cracens 19. An. punctulatus 3. An. culicifacies
4. An. dirus 20. An. scanloni 4. An. fluviatilis
5. An. dravidicus 21. An. splendidus 5. An. jeyporiensis
6. An. farauti 22. An. stephensi 6. An. karwari
7. An. hackeri 23. An. sundaicus 7. An. minimus
8. An. introlatus 24. An. sawadwongporn 8. An. nivipes
9. An. jamesii 25. An. tessellatus 9. An. pallidus
10. An. kochi 26. An. theobaldi 10. An. philippinensis
11. An. koliensis 27. An. willmorei 11. An. subpictus
12. An. latens 12. An. vagus
13. An. maculatus 13. An. varuna

14. An. macarthuri

15. An. notanandai
16. An. pseudojamesi

20
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An. baimaii, An. balabacensis, An. cracens, An. dirus, An. dravidicus, An. farauti,

An. hackeri, An. introlatus, An. jamesii, An. kochi, An. koliensis, An. latens, An. macarthuri,
An. maculatus, An. notanandai, An. pseudojamesi, An. pseudowillmori,

An. pujutensis, An. punctulatus, An. scanloni, An. splendidus, An. stephensi,

An. sundaicus, An. sawadwongporn, An. tessellatus, An. theobaldi, An. willmorei

Banding pattern of palpi

4 banded palpi

1. An. baimaii
2. An. balabacensis
3. An. cracens Apical pale band nearly equal
4. An. dirus to the Pre a|.3.|cal dark band
5. An. farauti 1. An. jamesii
) 2. An. pseudojamesi
6. An. hackeri .
3. An. sundaicus
7. An. introlatus .
) Apical pale band nearly equal

8. An. kochi ﬁ to the sub apical pale band

. i Go to Page 31
9. An. koliensis 1. An. dravidicus
10. An. latens 2. An. notanandai
11. An. macarthuri 3. An. maculatus
12. An. pujutensis 4. An. pseudowillmori
13. An. punctulatus 5. An. sawadwongporn
14. An. scanloni 6. An. splendidus
15. An. tessellatus 7. An. stephensi

8. An. theobaldi
0. . wilmoroi
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An. baimaii, An. balabacensis, An. cracens, An. dirus, An. farauti,
An. hackeri, An. introlatus, An. kochi, An. koliensis, An. latens,
An. macarthuri, An. pujutensis, An. punctulatus, An. scanloni, An. tessellatus

A big white spot at

the tibiotarsal joint

of hind leg

<« S

Hind leg Hind leg
Present Absent
1. An. baimaii 1. An. farauti
2. An. balabacensis 2. An. kochi
3. An. cracens 3. An. koliensis
4. An. dirus 4. An. punctulatus
5. An. hackeri 5. An. tessellatus
6. An. introlatus
7. An. latens An. farauti, An. kochi, An. koliensis,

8. An. macarthuri

) . An. punctulatus , An. tessellatus
9. An. pujutensis

11. An. scanloni Banding on hind leg tarsomeres
Hind leg < Hind leg o
Narrowly banded Joints with broad pale bands
An. tessellatus An. kochi, An. farauti, An. koliensis,

An. punctulatus
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An. farauti, An. kochi, An. koliensis, An. punctulatus

Tufttop black scale on each segment of the abdomen

Present Absent
An. kochi 1. An. farauti

2. An. koliensis
3. An. punctulatus

Other important characters for An. kochi

Vein 6 (anal) with three small dark areas and inner costa interrupted
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An. farauti, An. koliensis, An. punctulatus

See proboscis

Completely dark White patch of scales on the
An. farauti ventral surface towards the apex
An. koliensis

Apical half of the proboscis white scale
An. punctulatus
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An. baimaii, An. balabacensis, An. cracens, An. dirus, An. hackeri,
An. introlatus, An. latens, An. macarthuri, An. pujutensis, An. scanloni

Length of proboscis
I

Distinctly longer than the fore femur

1. An. hackeri

2. An. pujutensis
Slightly longer than the fore femur

1. An. baimaii

2. An. balabacensis
3. An. cracens

4. An. dirus

5. An. introlatus

6. An. latens

7. An. macarthuri
8. An. scanloni
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An. hackeri & An. pujutensis

Apical pale bapd on the palpi
! '

Much smaller than the preapical dark band Nearly equal to the preapical dark band

An. hackeri An. pujutensis

Other important characters for An. hackeri & An. pujutensis
Accessory sector pale spot on vein R
|

Small and shorter than basal dark spot

4

An. pujutensis
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An. baimaii, An. balabacensis, An. cracens, An. dirus, An. introlatus,
An. latens, An. macarthuri, An. scanloni

Presector dark mark spot on vein R

Present Absent

1. An. baimaii An. macarthuri

2. An. balabacensis

3. An. cracens Other characters for An. macarthuri

4. An. dirus Hind tibia with narrow apical extension of dark
5. An. introlatus scales on ventral surface

6. An. latens

7. An. scanloni Ei-mg.:ji

An. baimaii, An. balabacensis, An. cracens, An. dirus, An. introlatus,
An. latens, An. scanloni

Accessory sector pale (ASP) spot on costa

Present Absent

1. An. introlatus 1. An. baimaii

2. An. latens 2. An. balabacensis
3. An. cracens
4. An. dirus

5. An. scanloni
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An. introlatus, An. latens

Apical pale band of palpi
|

Pale band present Pale band absent
An. introlatus An. latens

An. baimaii, An. balabacensis, An. cracens An. dirus, An. scanloni
Apical pale band of hind tibia with dark linear extension

onto basal portion on ventral surface
|

! }
= e _ oV m— = . G —

~— ~—

Present Absent

An. scanloni 1. An. baimaii,
2. An. balabacensis
3. An. cracens
4. An. dirus
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An. baimaii, , An. balabacensis , An. cracens , An. dirus

A long pale spot on vein 6 at level of presector
dark spot (PSD) of costa

Present
An. baimaii

Absent

1. An. balabacensis
2. An. cracens

3. An. dirus

Pictorial identification key of important disease vectors in the WHO South-East Asia Region 29




An. balabacensis, An. cracens, An. dirus

Posteromedical patch of dark scales on abdominal sternum Vi

Broad Reduced
An. cracens 1. An. balabacensis
2. An. dirus

An. balabacensis, An. dirus

A pale spot at the level of presector dark mark on vein 1

Extended basally but not reaching up to the distal end of humeral dark
mark on the costa
An. balabacensis
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Extended basally but reaching up to the distal end of humeral

dark mark on the costa

An. dirus

An. jamesii, An. pseudojamesi and An. sundaicus

Hind tarsomeres 5, 4 and 3

Hind leg ;} Hind leg
Completely pale Small bands at the joints
1. An. jamesii An. sundaicus

2. An. pseudojamesi

Pictorial identification key of important disease vectors in the WHO South-East Asia Region
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An. jamesii and An. pseudojamesi
Area at the bifurcation of wing vein 5 (Cu) and inner costa

Pale and inner costa mainly dark
An. jamesii

Dark and inner costa interrupted

An. pseudojamesi
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An. dravidicus, An. maculatus, An. notanandai, An. pseudowillmori,
An. sawadwongporni, An. splendidus, An. stephensi, An. theobaldi, An. willmori

Dark band at 4th tarsomere of hind leg

Hind le
y“— \*—

: : | :
Hind le Hind le Hind le
P w— 2
Present Completely white  Absent Completely black
1. An. dravidicus An. splendidus An. theobaldi An. stephensi

2. An. maculatus

3. An. notanadai

4. An. pseudowillmori
5. An. sawadwongporni
6. An. willmori

An. dravidicus, An. maculatus, An. notanandai, An. pseudowillmori,

An. sawadwongporni, An. willmori
E

Narrow to broad scales on abdomen Il to VI
Present Absent

1. An. dravidicus An. pseudowillmori
2. An. maculatus

3. An. notanandai,
4. An. sawadwongporni
5. An. willmori
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Other important characters for An. pseudowillmori

Vein 2 longer than vein R2+3 (about double the length)

An. dravidicus, An. maculatus, An. notanandai,
An. sawadwongporni, An. willmori

Number of dark sport on vein 3

3 dark spots 2 dark spots
An. dravidicus 1) An. maculatus  2) An. notanandai,
3) An. sawadwongporni 4) An. willmori

Others characters for An. maculatus, An. notanandai,
An. dravidicus An. sawadwongporni An. willmori
Broad sqatulate pale scales
abdominal terga lI-VI

Abdominal terga IV-VIII with
dark scales on posterolateral
corners, sometimes on Il

Present Absent
An. willmori 1) An. maculatus
2) An. notanandai,
3) An. sawadwongporni
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An. maculatus, An. notanandai, An. sawadwongporni

Black and pale spots on vein 5.1, 4.2 and
division on vein 2.1

Longer
An. sawadwongporni* and An. maculatus™

* Further identification based on egg characters
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An. aconitus, An. annularis, An.culicifacies, An. fluviatilis, An. jeyporiensis,
An. karwari, An. minimus, An. nivipes, An. pallidus, An. philippinensis.
An. subpictus, An. vagus and An. varuna

Hind leg tarsomeres 5, 4 and 3

Hind leg — Hind leg —

Completely pale Dark

1. An. annularis 1. An. aconitus
2. An. nivipes 2. An. culicifacies
3. An. pallidus 3. An. fluviatilis
4. An. philippinensis 4. An. jeyporiensis
5. An. karwari
6. An. minimus
7. An. subpictus
8. An. vagus
9. An. varuna

Go to Page 40
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An. annularis, An. nivipes, An. pallidus and An. philippinensis
Apical pale band nearly equal to preapical dark band

Dark

Pale

1. An. nivipes

2. An. pallidus

3. An. philippinensis
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An. nivipes, An. pallidus and An. philippinensis
Apex of hind tarsomere 1

-«
X -~
: \
Hind leg Hind leg ’
A A
With small pale band Without any pale band
1. An. nivipes An. pallidus

2. An. philippinensis
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An. nivipes and An. philippinensis

Pre-sector dark mark of vein 1 (R1)

Not reaching up to the distal end of humeral dark mark on the costa
An. philippinensis

Reaching beyond the distal end of humeral dark mark of the costa
An. nivipes
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An. aconitus, An. culicifacies, An. fluviatilis, An. jeyporiensis, An. karwatri,
An. minimus, An. subpictus, An. vagus and An. varuna

Banding pattern of palpi

Apical pale band nearly equal to the Apical and sub-apical pale band equal
pre-apical dark band and separated by a small or same sized
1. An. culicifacies dark band called intervening dark band

2. An. fluviatilis 1. An. aconitus

3. An. jeyporiensis 2. An. minimus

4. An. subpictus 3. An. varuna

Pre-apical dark band 1/4 or 1/5 Four banded palpi
of the apical pale band An. karwari
An. vagus

40 Pictorial identification key of important disease vectors in the WHO South-East Asia Region




Other important characters for An. karwatri

P
-—
Fore leg
—

- Legs without specking

- 5th tarsomere of hind leg pale

Other important characters for A. vagus

1

P
Fore leg 1
*’fﬁ -«

Broad band on tarsomeres
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An. culicifacies, An. fluviatilis, An. jeyporiensis and An. subpictus

Banding pattern of palpi

Apical pale band nearly equal Apical pale band smaller than

to the pre-apical dark band pre-apical dark band and thin palpi
An. culicifacies, An. fluviatilis An. jeyporiensis

and An. subpictus

Other important characters for An. jeyporiensis
Small bands on fore leg tarsomeres

Distance of the anterior forked cell from the
base of the costa compared to that of
posterior forked cell is less

Fore leg

479 Pictorial identification key of important disease vectors in the WHO South-East Asia Region



An. culicifacies, An. fluviatilis and An. subpictus

Broad pale bands on the foreleg tarsal segments

-«

Fore leg %@"— Fore leg .
L 7

7" —

Present

Absent
An. subpictus

An. culicifacies, An. fluviatilis

Wing vein 3 (R4+5) and inner costa

Mostly dark and inner costa interrupted
An. culicifacies

Il "
III/I!l(((((!ll//!!!///!ﬂl///((/ll//Il///l/(//l//II/(I(/I{(/IIIIIIIIII!ﬂlﬂ!ﬂﬂﬂ!

Mostly pale and inner costa dark
An. fluviatilis
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Other important character for An. culicifacies

s « s s 2 :
/I” «‘«« e 4 e — :(”:l-:‘:w ..
\ s
| I
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W
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Vein 2.1 (R2), 2.2 (R3), 4.2 (M2) and 5.1 (Cu1) with fringe spots

- S i)
f!ﬂllllllllllllﬂﬂ////!/{ﬂll(Il(( ' <

S i
L L

\
=
=
=
—
=
=
=
—

Interruption by a dark spot at basal area of vein 1 (R1)

Other important character for An. fluviatilis

Fringe spot present on all the veins except vein 6 (anal)
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An. aconitus, An. minimus and An. varuna
Intervening dark band on the palpi

Very small (in most of the Nearly equal to the pre-apical
specimens dark band absent) dark band
An. aconitus 1. An. minimus

2. An. varuna

Other important characters for An. aconitus
Apical half of the proboscis light yellow (fluorescent)

Interruption can be and can not be seen on inner costa

Fringe spot on vein 6
(anal) present
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An. minimus, An. varuna
Inner costa

Dark

Interruptions can be seen at least in one wing
An. minimus
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Other important characters for An. varuna
- Proboscis generally dark, some time half of its yellow

-Vein 5.1 (Cu 1) with
two dark areas

- Fringe spot absent on vein 6 (anal)

Other important characters for An. minimus

- Proboscis generally dark,
some time fluorescence can
be seen towards lower side

- Vein 5.1 (Cu 1) with
three dark areas

[
- Fringe spot absent on vein 6 (anal)
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Group-B (Subgenus Anopheles)

An. argyropus, An. barbirostris, An. barbumbrosus, An. crawfordi,

An. koreicus, An. lensteri, An. lindesayi. An. nilgiricus, An. nitidus,

An. nigerrimus, An. paraliae, An. pursati, An. peditaeniatus, An. sinensis,
An. sineroides, An. umbrosus and An. yatsushiroensis

Banding pattern of palpi

h
Completely dark Small pale bands at Four banded palpi
1. An. barbirostris the joints (tip of the palpi pale)
An. yatsushiroensis 1. An. argyropus

2. An. barbumbrosus

_ 2. An. crawfordi
3. An. koreicus 3. An. lasteri
4. An. lindesayi 4. An. nitidus

5. An. nilgiricus 5. An. nigerrimus
6. An. umbrosus 6. An. paraliae

7. An. pursati
8. An. peditaeniatus
9. An. sinensis

10. An. sineroides

Go to Page 54
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An. barbirostris, An. barbumbrosus, An. koreicus, An. lindesayi,

An. nilgiricus, An. umbrosus

Hind femur with

«— pale area

Hind leg

Present

1. An. lindesayi
2. An. nilgiricus

An. lindesayi, An. nilgiricus
Pale area on the tip of wing veins

Absent

1. An. barbirostris

2. An. barbumbrosus

3. An. koreicus

4. An. umbrosus (An. letifer)

Pale area present on the tip of veins 1 (R1), 2.1 (R2), 4.2 (M2) and 6 (anal)

An. lindesayi

Pale area present on the tip of veins 1 (R1), 2.1 (R2), 6 (anal) and sometime 5.2 (Cu2)

An. nilgiricus
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Other important characters for

An. nilgiricus

Hind femur: a pale ring present nearly )
equal to the femur

Hind leg

Other important characters for An. lindesayi

Hind femur: with basal pale ring occupying 1/5 of the femur

An. barbirostris, An. barbumbrosus, An. koreicus, An. umbrosus

Ventral side of 7th abdominal segment

~

- v
With tuft of dark scales Without any tuft
An. umbrosus 1. An. barbirostris

2. An. barbumbrosus
3. An. koreicus
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Other important characters for An. umbrosus

Foreleg tarsomeres with narrow Hind leg tarsomeres with bands
pale bands at the joints
< . -
Fore leg % Hind leg% —
-~ -«
r

0
{
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Fringe spot present on vein 1 (R1) and 3 (R4+5)
An. umbrosus

An. barbirostris, An. barbumbrosus, An. koreicus
Fringe spot on vein 2.1 (R2), 2.2 (R3), 3 (R4+5) and 4.1 (M1)

Fringe spot present on vein 2.2, 3, & 4.1 the veins, sternie without scales
An. barbumbrosus
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Fringe spot present on vein 3 (R4+5) only,
An. barbirostris

Fringe spot present on vein 2.1 (R2), 2.2 (R3), 3 (R4+5) and 4.1 (M1)
An. koreicus

Other important characters for An. barbumbrosus & An. barbirostris

/

Sternie without tuft of scales

Sternie with tuft of scales
An. barbumbrosus

An. barbirostris

52

Pictorial identification key of important disease vectors in the WHO South-East Asia Region




An. yatsushiroensis

Apical pale band present laterally

Other important characters for An. yatsushiroensis

Fringe spot present on wing 2.1 (R2) & 5.2 (Cu2)
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An. argyropus, An. crawfordi, An. lasteri, An. nitidus, An. nigerrimus,
An. paraliae, An. pursati, An. peditaeniatus, An. sinensis, An. sineroides

Basal & apical pale bands on hind tarsomeres

-—

-—
- -
- A—

Present Absent

1. An. argyropus 1. An. crawfordi
2. An. nitidus 2. An. lasteri

3. An. nigerrimus 3. An. pursati
4. An. peditaeniatus 4. An. paraliae

5. An. sinensis
6. An. sineroides

An. argyropus, An. nitidus, An. nigerrimus, An. peditaeniatus

Pale scale on inner costa and fringe spot on vein 5.2 (Cu2)

Present Absent
1. An. nigerrimus 1. An. argyropus
2. An. nitidus 2. An. peditaeniatus
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An. nigerrimus, An. nitidus
Size of basal dark mark on wing vein 5 (Cu)

Small (0.2 x length of Cu stem)
An. nitidus

Long (0.4 x length of Cu stem)
An. nigerrimus

An. argyropus, An. peditaeniatus
Size of pale bands on hind leg tarsomeres

Hind leg Hind leg §
e -
Broad Small

An. argyropus An. peditaeniatus
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An. crawfordi, An. lesteri, An. pursati, An. paraliae,
An. sinensis, An. sineroides

Fringe spot on vein 2.1 (R2), 2.2 (R3) and 3 (R4+5)

Present in all the 3 veins
1. An. lesteri

2. An. sinensis

3. An. sineroides

4. An. crawfordi

Present only on 2.1, 2.2 veins
1. An. pursati
2. An. paraliae

An. pursati, An. paraliae
Humeral cross vein with dark scales

Present Absent
An. pursati An. paraliae
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An. lesteri, An. sinensis, An. sineroides and An. crawfordi

Vein 6 (anal) with 3 dark spots

Present Absent

An. sineroides 1. An. lesteri
2. An. crawfordi
3. An. sinensis

An. lesteri, An. sinensis, An. crawfordi

Size of pale bands on hind leg tarsomeres

— — —
- —
]
Hind leg Hind leg Hind leg
e - A
Medium Very small Small
An. crawfordi An. lesteri An. sinensis
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Group C (Subgenus Anopheles)

An. bengalensis
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Wing completely dark

Other important characters for An. bengalensis

Prescuttlar space of thorax without setae
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Genus: Culex, Aedes and Mansonia

See wing

Scales small & black

Aedes & Culex \/

CowPaged) SRS
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Broad black and pale scales

Mansonia
Go to Page 65
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Culex and Aedes
See abdomen and leg

Blunt, leg generally without white band Pointed, legs with white bands
Culex species Aedes species

Hind leg Hind leg

Cx. bitaeniorhynchus, Cx. fuscocephala, Cx. gelidus, Ae. aegypti, Ae. albopictus,

Cx. perexiguus, Cx. pseudovishnui, Cx. quinquefasciatus, Ae. niveus, Ae. vittatus

Cx.tritaeniorhynchus, Cx. vishnui, Cx. whitmorei
Go to Page 63

Proboscis and tarsi

v v

Proboscis and tarsi without band Proboscis & tarsi with bands

/
1. Cx. bitaeniorhynchus
2. Cx. gelidus
3. Cx. pseudovishnui
1. Cx. fuscocephala - 4. Cx. tritaeniorhynchus
i 2. Cx. perexiguus Hind leg 5. Cx. vishnui
ind leg

3. Cx. quinquefasciatus 6. Cx. whitmorei
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Cx. fuscocephala, Cx. perexiguus and Cx. quinquefasciatus,
pale bands on abdominal terga

Cx. quinquefasciatus Cx. perexiguus Cx. fuscocephala

Cx. bitaeniorhynchus, Cx. gelidus, Cx. pseudovishnui, Cx. tritaeniorhynchus,
Cx. vishnui, Cx. whitmorei
White spots on wings

Present
Cx. bitaeniorhynchus

Absent
1. Cx. gelidus

2. Cx. pseudovishnui
3. Cx. tritaeniorhynchus
4. Cx. vishnui

5. Cx. whitmorei
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Cx. gelidus, Cx. pseudovishnui, Cx. tritaeniorhynchus,
Cx. vishnui and Cx. whitmorei

Dark pale scaled area on hind femur

=
et usArty e -
T A:-J:-"}t,

o g

ey

Present
Cx. vishnui &

Absent

1. Cx. gelidus

2. Cx. pseudovishnui

3. Cx. tritaeniorhynchus
4. Cx. whitmorei

Cx. gelidus, Cx. pseudovishnui,
Cx. tritaeniorhynchus, Cx. whitmorei

Proboscis with accesssory pale patches

Present Absent

Cx. tritaeniorhynchus 1. Cx. gelidus
2. Cx. pseudovishnui
3. Cx. whitmorei
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Cx. gelidus, Cx. pseudovishnui, Cx. whitmorei

See pattern of scales on mesonotum & scutellum

Cx. gelidus

Cx. whitmorei
Cx. pseudovishnui

Ae. aegypti, Ae. albopictus, Ae. niveus and Ae. vittatus
See thorax

Mesonotum marked with
a pair of lateral curved

V\I/-Ihitl? lines A Mesonotum with narrow
,(4ea ar;oo?is ape) median silvery white line
- aegyp Ae. albopictus Mesonotum with 4 to 6
,S4ma|| _;’;’ht'te spots Mesonotum covered
e. vittatus with white scales

Ae. niveus
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Other important characters for Ae. aegypti, Ae. albopictus,

Ae. vittatus, and Ae. niveus

Hind leg Hind leg

Ae. aegypti Ae. albopictus

Hind leg Hind leg

4

Ae. vittatus Ae. niveus
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Mansonia
Ma. annulifera, Ma. uniformis and Ma. indiana

Y DR 2 SRR ALl e
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T

Wing with broad, often asymmetrical scales; dark and pale scales intermixed

Mansonia
See mesonotum and scutellum

Mesonotum with 4 round
white spots and mid-mode
of scutellum with broad
white scales
Ma. annulifera Mesonotum marked with
a pair of sublateral greenish
stripes and scutellum black Mesonotum dark brown

Ma. uniformis with same white scales
scutellum black

Ma. indiana
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Sandfly (Phlebotomus)

identification of genus Phlebotomus, Subgenus Phlebotomus, Euphlebotomus and their
species is based on morphological characters and male or female genitalia

1. Abdominal tergites 2-6, uniformly erect hairs
2. Cibarium without teeth
3. Wings always erect

Subgenus: Phlebotomus Subgenus: Euphlebotomus
1. Terminalia very long. paramere with 1. Style with 5 -6 spines
2 long dorsal processes 2. Coxite with basal process
2. Style long with 5 short spines 3. Paramere with 1-2 ventral process or
3. Coxite with long and thick setae in a tubercle

distal part and very small basal process 4. Short aedeagus with long lateral spine
4. Surstyles with short spines

Coxite ~ style

Sub basal hairy process Spines

~—— Aedeagus
Surstyle

Ejaculatory duct

Ejaculatory pump Terminalia

Terminalia Spermatheca

Spermatheca Base of pharynx
Base of pharynx Haltere of male
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Species identification

P. papatasi male/female P. argentipes male/female

—

1. Distal part of parameres strongly . Paramere with 2 ventral long

curved up processes
2. Coxite wide

3. Spermatheca short with about
15-17 segment (female)

2. Second dorsal process long and thin.

3. Surstyle with two or three similar
spines

4. Pharynx with uniform squamae

5. Spermatheca cylindrical (female)

ASSUN

Terminalia Terminalia
(Female)
n
oS
<)
i |18 S
HE '°
Spermatheca Cibarium (female) Base of Pharynx Splgr?e.lthtleca
. . female) cylindrica
cylindrical ( (female)

(female)
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Glossary

Abdomen

Accessory sector pale spot

Antennae

Anterior and posterior

forked cells

Anthropophillc

Apical pale band

Bands on legs

Basal band

Costa and Subcosta

Ecology
Endophily
Exophagy
Exophily
Fauna

Female genitalia

Head

Identification

Key, taxonomic

Labium

The abdomen is composed of 10 segments but externally only eight segments
can be seen, the last two being modified into genital organs

The group of pale scales sometimes occurring on the radius at or just distad

of the splitting of radius-one and the radial sector

Antennae are sense organs which arise on the front of the head between
the eyes and consist of a flagellum of 13 flagellomeres in females and 14
flagellomeres in males

The areas of the wing enclosed by the branches of veins 2(RS) and 4(M) are
known as anterior and posterior forked cells respectively

showing a preference for feeding on man even when non-human hosts are
available. A relative term requiring qualification so as to indicate the extent
of this preference

The pale or the white band which is away from the head, i.e., towards the
distal end

There are two types of bands: (1) very narrow bands confined to the apices,
i.e., towards the tips only and leaving the bases dark and (2) broad bands
spreading across the joints on the bases of the next segment

third band, which is towards the basal side, is known as the basal or proximal
pale band.

The thickened anterior border of the wing is known as costa and parallel
to it is the subcostal, which fuses the costa in the middle of the anterior
border of the wing.

The study of the interaction between organisms and their environment
Tendency of Mosquitoes to rest indoors, whether by day or by night
Tendency of mosquitoes to feed outdoors

Tendency of mosquitoes to rest outdoors, whether by day or by night
The animal life of a region

Female genitalia have no special characters which can help in the species
identification, but they may be of use in the separation of species belonging
to subgenus Anopheles from subgenus Cellia

The head is the smallest part of the mosquito body, is almost spherical, and
is connected to the thorax through a narrow, membranous neck.

The determination of the taxonomic identity of an individual

List of distinguishing morphological characters so arranged as to facilitate
identification of species. The commonest form is the dichotomous key, in
which the characters are displayed as pairs of alternatives ("couplets")

The proboscis also consists of a sheath-like structure, known as labium,
enclosing a group of six styles.
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Legs

Longitudinal veins

Male genitalia

Palpi

Pre-apical dark band

Pre-sector dark spot

Proboscis

Pupa

Resistance

Species

Speckling in legs

There are three pairs of legs originating from the lower side of the thorax:
the forelegs, midlegs and hindlegs. Each leg consists of conical coxa, a small
hinge-like trochanter, a long femur, a slender tibia, and a five- segmented
tarsus

There are six longitudinal veins known as veins 1 (R1), 2{RS), 3{R4 +5),
4(M), 5(Cu) and 6{Anal); Veins 1{R1), 3(R4 + 5). and 6(Anal) are undivided
and veins 2(RS), 4(M), and 5(Cu) are bifurcated and their numbers designated
2{RS). 2.1(R2), 2.2(R3), 4(M), 4.1{M1). 4.2(M2), 5(Cu), 5.1(Cu1), 5.2{Cu2).
Veins 2(RS) and 4(M) and subcosta are concave and prominent on the
under surface of the wing and veins 1 (R1), 3{R4 + 5). 5(Cu). and 6(Anal)

The male genitalia is also known as external genitalia, terminalia, or
hypopygium-a copulatory apparatus

A pair of palpi arises from the lower front margin of the head near the either
side of proboscis.

The dark band between the apical and subapical pale bands is known as
the pre-apical dark band or intervening dark band.

The group of dark scales occurring between the presector pale and sector
pale spots

The proboscis projects downwards and forwards from the lower front
margin of the head and generally is continuously dark in colour, except the
labellum, which is light yellow

Stage between the larva and the imago in the development of the mosquito,
during which it is aquatic and active but does not feed. When the larva
undergoes metamorphosis into a pupa ("pupation") the fourth and last larval
skin is cast off.

1. Ability of a parasite strain to multiply or to survive in the presence of
concentration of a drug that normally destroy parasites of the same
species or prevent their multiplication. Such resistance may be relative
(yielding to increased doses of the drug tolerated by the host.)

2. Ability in population of insects to tolerate doses of an insecticide which
would prove lethal to the majority of individuals in a normal population
of the same species; developed as a result of selection pressure by the
insecticide. Simultaneous resistance to one or more insecticides of two
different group is known as double insecticide resistance (not to be
confused with insecticide cross-resistance)

Group of organisms capable of exchanging genetic material with one
another and incapable, by reason of their genetic constitution, of exchanging
such material with any other group of organisms. The limits of species are
indicated by the comparative study of morphological and other characters

Presence of scattered and irregular patches of pale spot on the femur, tibia
and some tarsal segments
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Susceptibility 1. Liability in a population of insects to be killed by a particular insecticide.
The average susceptibility of a species or population of mosquitoes is
usually measured in terms of the median lethal concentration (LC50).

2. Liability of species of mosquito to become infected when fed on a person
known to be infectious; usually measured in relation to the liability of
infection of another species fed at the same time on the same person

3. Liability of a person to become infected. The lower the immunity, the
higher the susceptibility

Systematics The science dealing with the diversity of organisms
Taxonomy The theory and practice of classifying organisms
Tergites and sternites The dorsal part of the abdomen is called dorsum and the segments are

known as tergites; the ventral side is known as venter and segments are
called sternites

Thorax The thorax is the middle part of the body. It bears two pairs of wings and
three pairs of legs and has three distinct parts-pronotum, scutum, and
metanotum-each part consisting of one pair of legs

Vector In malaria, any species of mosquito in which the Plasmodium completes its
sexual cycle in nature and which is thus able to transmit the disease

Vector principal Species mainly responsible for transmitting malaria in any particular
circumstance. Principal vector may overlap or may alternate seasonally

Vector, secondary Species thought to play a minor role in transmission in association with a
principal vector and to be capable of maintaining malaria at a reduced level
in the absence of the latter.

Wings A pair of wings arises from the scutum and bears a number of important
characters which help to identify the subgenus and species.

Zoophilic Term applied to mosquitoes showing a relative preference for non- human
blood even when human hosts are really available
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