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Abstract

Identification keys are provided for female adults and fourth stage larvae of the mosquito species
likely to transmit dengue viruses in 4 regions of the world. The keys are illustrated with Auto-Mon-
tage® photomicrographs, allowing optimum depth of field and resolution. Species included for the
Afrotropical Region are:Aedes (Stegomyia) aegyptinnaeus)Ae. (Stg.) africanugTheobald),
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ZOOTAXA Ae. (Stg.) albopictuéSkuse) Ae. (Stg.) luteocephalydlewstead)Ae. (Stg.) opokorbet and Van

Someren,Ae. (Diceromyia) furcifefEdwards), andAe. (Dic.) taylori Edwards; for theSouth
Pacific Islands and Australian Region Ae. (Stg.) aegypti, Ae. (Stg.) albopictus, Ae. (Stg.) cooki
Belkin, Ae. (Stg.) hebrideusdwards Ae. (Stg.) hensillFarnerAe. (Stg.) polynesiendidarks, Ae.
(Stg.) rotumaeBelkin, Ae. (Stg.) scutellarigWalker), andOchlerotatus (Finlaya) notoscriptus
(Skuse); for theDriental Region: Ae. (Stg.) aegypti, Ae. (Stg.) albopictasdOc. (Fin.) niveus
subgroup; and for thAmerican Region(North, Central and South America, including the Carib-
bean Islands): Ae. (Stg.) aegypti, Ae. (Stg.) albopictasid Oc. (Gymnometopa) mediovittatus
(Coquillett).

Key words: Diptera, CulicidaeQOchlerotatus Aedes aegyptj albopictus dengue, identification
key, mosquitoes
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tion (CDC) (http://www.cdc.gov/ncidod/dvbid/dengue/map-distribution-2000.htm).

Introduction

AedesandOchlerotatusmosquitoes include species that are known or potential vectors of
dengue viruses infecting humans. With an increasing number of human cases of dengue
and dengue hemorrhagic fever worldwide, it is essential that identification keys for the
mosquito vectors be readily available. A list of mosquito species (Table 1) includes 7
commonly known or potential vectors of dengue viruses in the Afrotropical Region, 9 in
the South Pacific Islands and Australian Region, about 3 in the Oriental Region (particu-
larly Southeast Asia) and 3 in the Americas (North, Central and South America including
the Caribbean Islands). These species are treated separately according to regions (Fig. A)
in the identification keys for both adults and fourth stage larvae. Two spAeides
aegypti(Linnaeus) and\edes albopictugSkuse), are found in all 4 regions of the world

that are treated in this work.
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The purpose of this work is to provide a practical pictorial guide to identification 0fZOOTAXA

commonly known or potential vectors of dengue viruses worldwide. Auto-Montage® pho
tomicrographs of 16 species from 4 regions of the world are included. The pictorial key to
the species was purposely designed for use by non-specialists in mosquito taxonomy. The
user is cautioned that mosquito species not included in this guide may also be collected
from the same habitats of dengue vector species. It is not uncommon that older adult spec-
imens collected from various sites may have missing body parts or characters (i.e. scales,
legs, etc.) that are essential for accurate identifications. Taxonomic authorities should be
consulted for verifications of species identifications. Morphological notes, if necessary,
are provided in the regional keys to pinpoint some diagnostic characters separating vector
species from closely related non-vector species. To those interested primarily in the taxon-
omy of Aedesand Ochleroratus a selected list of useful references for each region is
included.

For general informatiomdedesand Ochlerotatusmosquitoes share a combination of
diagnostic morphological features that distinguish them from species of other genera. The
vertex of the adult head @fedesand Ochlerotatushas either a few or numerous forked
scales that are restricted or not to the occiput (Fig. C; Afrotropical adult key-fijsThe
posterior margin of the scutellum (Fig. C) is trilobed, with a distinct group of setae on each
lobe. The thorax (Fig. D) has no setae in the prespiracular area. Vein 1A of the wing (Fig.
B) ends beyond the base of fork of vein Cu. The alula of the wing (Fig. C) has narrow
fringe scales. The pulvilli of the legs are absent or less developed. The adult abdomen (Fig.
B; Afrotropical adult key figs. ) is completely covered with scales. The larvae of
AedesandOchlerotatushave a well developed siphon (Figs. F & H), with a single pair of
seta 1-S at about the apex of pecten. Comb scales and pecten (Fig. H; Afrotropical larval
key figs. 34 & 35, 37 & 39; Americas larval key figs. 140 & 144) are present. Seta 6-C of
the larval head (Figs. F & G) is either single or branched, but never spine-like. Morpho-
logical generic characters to easily distingufstdesfrom Ochlerotatusare apparently
unavailable. In most case&edesand Ochlerotatusmosquitoes are best separated at the
species level.

lllustrations of the general morphology of mosquito adult (Fig&€)E&nd larva (Figs.

F-H) are presented. As far as possible, the terminology of Harbach and Knight (1980,
1981) is used.

Before using this key check first if your specimen is a mosquito. Light trap collections
and common larval habitats contain numerous specimens that are not mosquitoes. To use
the appropriate regional key, you must know the stage of your mosquito specimen and the
region where it was collected or originated. Check also if your specimen belongs to either
Aedesor Ochlerotatus otherwise you cannot use the present keys. Several references (e.g.,
Mattingly 1971, Harbach and Sandlant 1997, Rueda et al. 1998, Huang 2002) are available
to key out various mosquito genera in various regions of the world. You may visit our
WRBU website (http://wrbu.si.edu/wrbu.html) for the list of references.

KEY TO MOSQUITOES © 2004 Magnolia Press 5
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Materials and Methods

The adult and larval specimens used in this study are from the collection of the National
Museum of Natural History, Washington, DC, with the exception of additional larvae and
reared adults oAedes albopictuBom Maryland, USA.

Photomicrographs of mosquito specimens were taken using JVC digital camera
(Model KY-F70B, JVC, Pinebrook, NJ) under both Nikon SMZ 1500 stereomicroscope
and Nikon Optiphot compound microscope (Nippon Kogaku, Tokyo, Japan) for pinned
and slide mounted specimens, respectively. Auto-Montage® software (Syncroscopy, Fred-
erick, MD) was used to optimize depth of focus for 3-dimensional imaging. The images
were finalized in JPEG (Joint Photographic Experts Group) format using Photoshop® 6.0
(Adobe Co., San Jose, CA).

The key provides several diagnostic characters in couplets and illustrations in Auto-
Montage® photomicrographs. The first one or two characters in each couplet are usually
sufficient for identifications of specimens. Critical characters of adults and larvae can be
seen with a light stereomicroscope and a compound microscope, respectively. Sufficient
lighting and positioning of adult or larval specimens under the dissecting stereomicro-
scope (at least 60 X magnification) are important. Adult specimens may be mounted on a
card point or minuten pin. A microscope stage manipulator may be used to rotate a pinned
specimen on two independent axes while maintaining a relatively accurate focus under a
microscope. In this way, dorsal, ventral, lateral, frontal and caudal aspects of the pinned
mosquito may be observed without touching the specimen. Unmounted trapped adult spec-
imens may be identified under a stereomicroscope using a petri dish with a white paper in
the bottom, manipulating specimens with a pair of forceps or pins. Unmounted larval spec-
imens, that are large enough, can be observed under a stereomicroscope while they are
submerged under ethyl alcohol or water. Some larval specimens, however, need to be
mounted on slides either temporarily (in Hoyer’'s medium) or permanently (using Euparal
medium or Canada balsam) to observe extremely small structures (e.g. setae, pecten, comb
scales, etc.) for diagnosis under a compound microscope. It is a good practice to have
some specimens kept as reference collections, some sent to museums for deposition or
confirmation of identification, and trapped specimens identified locally. For detailed pro-
cedures to mount mosquito adults, immature exuviae and whole larvae, visit our website:
http://wrbu.si.edu/wrbu.html.
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TABLE 1. List of mosquito species associated with dengue virus transmission that are included A®0TAXA
the adult and larval identification keys. (Please see map below).

Afrotropical Region (Subsaharan Africa)
Aedes (Stegomyia) aegyfitinnaeus)

Aedes (Stegomyia) african(iBheobald)
Aedes (Stegomyia) albopict{kuse)
Aedes (Stegomyia) luteocephalewstead)

Aedes (Stegomyia) op@lorbet and Van Someren

Aedes (Diceromyia) furcifgiEdwards)
Aedes (Diceromyia) taylofEdwards

South Pacific Islands and Australian Region
Aedes (Stegomyia) aegyfitinnaeus)

Aedes (Stegomyia) albopict{&kuse)

Aedes (Stegomyia) codielkin
Aedes (Stegomyia) hebrideidwards

Aedes (Stegomyia) hensHarner

Aedes (Stegomyia) polynesieridiarks
Aedes (Stegomyia) rotumBelkin

Aedes (Stegomyia) scutellafis/alker)
Ochlerotatus (Finlaya) notoscriptySkuse)

Oriental Region (including Southeast Asia)
Aedes (Stegomyia) aegyfltinnaeus)

Aedes (Stegomyia) albopict(8kuse)

Ochlerotatus (Finlaya) niveusubgroup

Americas (including the Caribbean Islands)
Aedes (Gymnometopa) mediovittai@equillett)
Aedes (Stegomyia) aegyfitinnaeus)

Aedes (Stegomyia) albopict{fkuse)

Selected References

Trpis & Hausermann (1986),
Rodhain and Rosen (1997)
Rodhain and Rosen (1997)
Rodhain and Rosen (1997)
Rodhain and Rosen (1997)
Rodhain and Rosen (1997)
Rodhain and Rosen (1997)
Rodhain and Rosen (1997)

Cleland et al. (1916), Rodhain and
Rosen (1997)

Belkin (1962a, b), Rodhain and
Rosen (1997)

Rodhain and Rosen (1997)
Belkin (1962a, b), Rodhain and
Rosen (1997)

Savage et al. (1998)

Rodhain and Rosen (1997)
Rodhain and Rosen (1997)
Rodhain and Rosen (1997)
Rodhain and Rosen (1997)

Hammon et al. (1960), Huang
(1979), Rodhain and Rosen (1997)

Rudnick and Chan 1965, Smith et al.
1971, Huang (1979), Rodhain and
Rosen (1997)

Rudnick (1986)

Gubler et al. (1985), Freier and Rosen (1988)
Rodhain and Rosen (1997)
Rodhain and Rosen (1997)

KEY TO MOSQUITOES
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FIGURE A. Map showing different regions of the world, as indicated in the identification keys.
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ZOOTAXA

Morphological features used in the identification keys

proboscis

antenna

HEAD

THORAX

foreleg

wing

vein Cu
vein 1A

femur

ABDOMEN

.

midleg

\

T— hindleg
v
§

FIGURE B. Dorsal view of adult female mosquité\edes (Stegomyia) aegypti

proboscis

antenna

maxillary palpomere 4

clypeus
vertex

occiput
scutum

alula

scutellum

FIGURE C. Dorsal view of adult head and thora&edes (Stegomyia) aegypti

abdominal terga
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ZOOTAXA

scutum
paratergite

prespiracular area
mesepimeron

FIGURE D. Lateral view of adult head, thorax and abdomen (pakgdes (Stegomyia) aegypti

), «———— femur

LY

.Y I
s tarsomere 1

<«—— tarsomere 2 TARSUS

 ———— tarsomere 3

’._* . tarsomere 4
e tarsomere 5 e

FIGURE E. Anterior view of hindleg -Aedes (Stegomyia) aegypti
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HEAD Setas
THORAX
ABDOMEN
segment VIII
siphon
anal segment or
segment X

FIGURE F. Dorsal view of mosquito larva (segments VIII and X, lateral vieagdes (Stegomyia)
albopictus
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seta 4-C
seta 1-C
seta 6-C
seta 5-C

seta 5-M

seta 2-1
seta 1-1

FIGURE G. Dorsal view of larval head, thorax and abdomen (pakBdes (Stegomyia) albopic-
tus.

siphon corrlnb s:::alest
anal segmen
pecten saddle S
seta 1-X

ventral brush or
seta 4-X

FIGURE H. Lateral view of larval abdomen (partpedes (Stegomyia) albopictus
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ZOOTAXA Key for the Identification of Adult Female Mosquitoes Associated with Dengue Virus
Transmission in the Afrotropical Region

1. Head. Vertex with broad erect forked scales numerous, not restricted to occiput (Fig.
1); proboscis with a white band (Fig. 2) ..o 2

Head. Vertex with erect forked scales not numerous, restricted to occiput (Fig. 3); pro-
boscis without a white band (Fig. 4) ......cooooiiiiii e 3

FIGURE 2. Aedes (Diceromyia) furcifer FIGURE 4. Aedes (Stegomyia) aegypti.

14 © 2004 Magnolia Press RUEDA



ZOOTAXA

FIGURE 5. Aedes (Diceromyia) furcifer

FIGURE 6. Aedes (Diceromyia) taylari

3(1). Leg. Femora with white knee-spot (Fig. 7); midfemur without 3 large white patches

KEY TO MOSQUITOES © 2004 Magnolia Press 15



ZOOTAXA

on anterior surface (Fig. 8); hindtarsomere 5 entirely white (Fig. 9)......ccccoeeeeeeeennn. 4

Leg. Femora without white knee-spot (Fig. 10); midfemur with 3 large white patches
on anterior surface (Fig. 11); hindtarsomere 5 entirely dark (Fig. 12) ........ccccc........ 5

FIGURE 10. Aedes (Stegomyia) luteocephalus

FIGURE 8. Aedes (Stegomyia) aegypti.

FIGURE 11. Aedes (Stegomyia) africanus

16 © 2004 Magnolia Press RUEDA



ZOOTAXA

S e S 4

FIGURE 9. Aedes (Stegomyia) aegypti.

FIGURE 12. Aedes (Stegomyia) africanus

4(3). Thorax. Scutum black or brown with a pair of submedian-longitudinal white stripes,
but without median-longitudinal white stripe, or with white lyre-shaped markings
(Fig. 13); mesepimeron with two well separated white scale patches (Fig. 14). Leg.
Anterior portion of midfemur with a longitudinal white stripe (Fig. 15). Head.
Clypeus with white scale patches (Fig. 16) .............. Aedes (Stegomyia) aegypti

Thorax. Scutum with a narrow median-longitudinal white stripe (Fig. 17);
mesepimeron with white scale patches not separated, forming V-shaped white patch
(Fig. 18). Leg. Anterior portion of midfemur without a longitudinal white stripe
(Fig. 19). Head. Clypeus without white scale patches (Fig. 20) ......ccccoeevviviiviiiinnnnnn.
...................................................................................... Aedes (Stegomyia) albopictus

FIGURE 13. Aedes (Stegomyia) aegypti FIGURE 17Aedes (Stegomyia) albopictus

KEY TO MOSQUITOES © 2004 Magnolia Press 17
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NS
FIGURE 14. Aedes (Stegomyia) aegypti FIGURE 18. Aedes (Stegomyia) albopictus

FIGURE 15. Aedes (Stegomyia) aegypti

Ny
e

FIGURE 19. Aedes (Stegomyia) albopictus

4

FIGURE 16. Aedes (Stegomyia) aegypti FIGURE 20. Aedes (Stegomyia) albopictus

18 © 2004 Magnolia Press RUEDA



5(3). Leg. Hindfemur anteriorly with a large pale band at base and with 2 large, whitgoOTAXA
patches on median and apical areas (Fig. 21); hindtarsomere 4 entirely dark (Fig. 22p

............................................................................... Aedes (Stegomyia) luteocephalus

Leg. Hindfemur anteriorly without such a pale band at base, or hindfemur anteriorly
with 3 large, white patches on subbasal, median and apical areas (Fig. 23); hindtar-
somere 4 not entirely dark, usually with short subbasal white band (Fig. 24)........... 6

FIGURE 23. Aedes (Stegomyia) africanus.

FIGURE 22. Aedes (Stegomyia) luteocephalus.

FIGURE 24. Aedes (Stegomyia) africanus.

KEY TO MOSQUITOES © 2004 Magnolia Press 19



ZOOTAXA

6(5). Thorax. Fossal white patch narrow at base along scutal margin (Fig. 25A); prescutel-
lar line of narrow yellow scales absent or sometimes with a few narrow yellow
scales (Fig. 25B). Leg. Hindtibia anteriorly dark with a white stripe on posterior sur-

face in basal 0.20 or more (Fig. 26).............ccceenn. Aedes (Stegomyia) africghus

Thorax. Fossal white patch broad at base along scutal margin (Fig. 27A); prescutel-
lar line of narrow yellow scales well developed and with some broad, flat metallic
white scales posteriorly (Fig. 27B). Leg. Hindtibia anteriorly dark with a white

stripe on posterior surface in basal 0.10 or less (Fig.. 283des (Stegomyia) opbk

FIGURE 25. Aedes (Stegomyia) africanus FIGURE 27. Aedes (Stegomyia) opok

FIGURE 28. Aedes (Stegomyia) opok

20 © 2004 Magnolia Press RUEDA
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Key for the Identification of Fourth Stage Mosquito Larvae Associated with Dengue
Virus Transmission in the Afrotropical Region

1. Head. Antenna with spicules (Fig. 29) .......ooiiiiiiiiiiiiiiiiieeeieeeiee e eeearrannees

Head. Antenna without spicules (Fig. 30) ...,

FIGURE 29. Aedes (Diceromyia) taylofiSP, spicules; seta 1-A).

1-A

FIGURE 30. Aedes (Stegomyia) albopict(seta 1-A).

2(1). Abdomen. Siphon long, with siphon index (or ratio of siphon length to siphon maxi-

mum width) over 3.5 (Fig. 31). Head. Seta 1-A witl2 branches (Fig. 29) .............
Aedes (Diceromyia) taylori

Abdomen: Siphon short, with siphon index (or ratio of siphon length to siphon max-

imum width) less than 3.5 (Fig. 33). Head. Seta 1-A with&anches (Fig. 32) .....
Aedes (Diceromyia) furcifer

KEY TO MOSQUITOES © 2004 Magnolia Press 21
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FIGURE 32. Aedes (Diceromyia) furcifer.

FIGURE 31. Aedes (Diceromyia) taylori.

FIGURE 33. Aedes (Diceromyia) furcifer.

22 © 2004 Magnolia Press RUEDA



3(1). Abdomen. Comb scale spatulate, without distinctly larger median spine (Fig. 34) ..ZPOTAXA

Abdomen. Comb scale not spatulate, with distinct larger median spine (Fig. 35) ...

I !
FIGURE 34. Aedes (Stegomyia) luteocephalus. FIGURE 35. Aedes (Stegomyia) aegypti.

4(3). Abdomen. Seta 1-S double (Fig. 36); pecten spine about 6 times as long as wide
(Fig. 37), usually with single ventral dentricle, sometimes with dmall basal ven-
tral and dorsal dentricles...........ccccccoiiiiiiiiiiieeie Aedes (Stegomyia) africanus

Abdomen. Seta 1-S single (Fig. 38); pecten spine less than 6 times as long as wide
(Fig. 39), usually with 2 ventral dentricles, and wit2 mall dorsal dentricles ......
Aedes (Stegomyia) luteocephalus

FIGURE 36. Aedes (Stegomyia) africanus. FIGURE 38. Aedes (Stegomyia) luteocephalus
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FIGURE 37. Aedes (Stegomyia) FIGURE 39. Aedes (Stegomyia)
africanus(L, length; W, width). luteocephaluslength; W, width)

5(3). Abdomen. Ventral brush (4-X) with 5 pairs of setae (Fig. 40); seta 4-a,b X branched
(Fig. 40); comb scale with stout, subapical spines (Fig. 41) ........cccccvvriiiieieeeeennnnine
............................................................................................ Aedes (Stegomyia) aegypti

Abdomen. Ventral brush (4-X) with 4 pairs of setae (Fig. 42); seta 4-a, b X single
(Fig. 42); comb scale without subapical spines (Fig. 43) .......cccoviiiiiiiiieieeniiiieeee,
....................................................................................... Aedes (Stegomyia) albopictus

FIGURE 40. Aedes (Stegomyia) aegypti. FIGURE 42.Aedes (Stegomyia) albopictus.
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FIGURE'41. Aedes (Stegomyia) aegypti. FIGURE 43.Aedes (Stegomyia) albopictus.

Explanation of Notes

dAedes furcifeadult has abdominal terga 11-VII with pale scales scattered on both apicolateral and
dorsomedian areasdedes cordellierHuang, a closely related speciem furcifer can easily be
distinguished by having abdominal terga II-VII with yellowish scales scattered on apicolateral
areas only and no scattered pale scales on dorsomedian areas.

bAedes tayloriAe. furciferandAe. cordellieriadults can be distinguished from other species by the
following combination of shared characters: thorax with acrostichal, dorsocentral, prescutellar and
lower mesepimeral setae well developed; paratergite with pale scales; scutellum with broad scales
on all lobes; wing veins with white and dark broad scales intermixed dorsally; and, femora, tibiae
and tarsomeres 1 sprinkled with white scales. The absence of any speckles on the abdominal terga

is a reliable specific character fAe. taylorito separate it frome. furciferandAe. cordellieri

CAedes luteocephalusdult can be distinguished from other species by the following combination

of characters: scutum with a median-longitudinal yellow stripe; scutellum with all broad white
scales on lateral lobes; abdominal terga II-VI each with a basal pale band and basolateral white
spots; hindtibia has basal 0.10 to 0.25 white stripe on ventral surface; hindtarsomere 3 with basal
0.50 to 0.80 white stripe; and, hindtarsomere 4 entirely dagdes ruwenzoddaddow and Van
Someren can be distinguished fréwa. luteocephaluby the scutellum having broad dark scales on

the lateral lobes, and the hindfemur with 3 white patches on the anterior, median and apical areas.

daedes africanusadult differs from other species by the following combination of characters:
scutum with short anterior median-longitudinal white stripe, and with fossal white patch narrow at
base along scutal margin; and, hindtarsomere 4 has basal 0.2—0.3 white stripe on ventral surface.
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Ae. cornetiHuang can be distinguished frake. africanudy the hindfemur having 3 white patches
on the anterior surface.

€Aedes opoladult differs from other species by the following additional character: scutum with
fossal white patch broad at base along scutal margin. Larval specinfeasopfolare not available

for this work.
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Key for the Identification of Adult Female Mosquitoes Associated with Dengue Virus ZOOTAXA
Transmission in the South Pacific Islands and Australian Region

1. Head. Vertex with erect forked scales numerous, not restricted to occiput (Fig. 44);
proboscis with submedian white band (Fig. 48¢hlerotatus (Finlaya) notoscriptids

Head. Vertex with erect forked scales not numerous, restricted to occiput (Fig. 46);
proboscis without submedian white band (Fig. 47) ..o 2

FIGURE 45. Ochlerotatus (Finlaya) notoscriptusFIGURE 47. Aedes (Stegomyia) albopictus
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2(1). Thorax. Scutum black or brown with a pair of submedian-longitudinal white stripes,
but without median-longitudianal white stripe, or with white lyre-shaped markings
(Fig. 48). Head. Clypeus with white scale patches (Fig. 49)...........cccccieeen .

......................................................................................... Aedes (Stegomyia)baegypti

Thorax. Scutum with a narrow median-longitudinal white stripe (Fig. 50). Head.
Clypeus without white scale patches (Fig. 51) ....oooovviiiiiiii e 3

FIGURE 48. Aedes (Stegomyia) aegypti.

FIGURE 49. Aedes (Stegomyia) aegypti. FIGURE 51. Aedes (Stegomyia) albopictus.
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3(2). Abdomen. Abdominal terga with complete basal white bands (Fig. 52). Thora)xgooTAxA
Mesepimeron with white scale patches not separated, forming a V-shaped white

PALCN (Fig. 53)uviuieieieeieeeie et Aedes (Stegomyia) albdpictus

Abdomen. Abdominal terga without complete basal white bands (Fig. 54 ). Thorax.
Mesepimeron with white scale patches separated, or if not separated not forming V-
shaped white patCh (Fig. 55) . .ooiiiiiiiii it e e e e eeeeees 4

R,

FIGURE 53. Aedes (Stegomyia) albopictus. FIGURE 55. Aedes (Stegomyia) cooki.
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4(3). Thorax. Lower mesepimeral white scale patch absent or very small, with no more-
than 3 scales (Fig. 56) ......ccccvvvvvviviiiriniiiiiiiniinnnnnns Aedes (Stegomyia) rotum@e

Thorax. Lower mesepimeral white scale patch present or well developed, with more
than 3 SCAIES (Fig. B7) weeeeeiiiiiiiiie s 5

FIGURE 56. Aedes (Stegomyia) rotumae. FIGURE 57. Aedes (Stegomyia) cooki.

-

FIGURE 58. Aedes (Stegomyia) hensilli.

FIGURE 59. Aedes (Stegomyia) cooki
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6(5). Abdomen. Some abdominaltergawith complete subbasal white bands (Figs. 60 and 62DPTAXA
........................... Aedes (Stegomyia) scuteliasisdAedes (Stegomyia) hebridus

Abdomen. Abdominal terga without or with incomplete subbasal white bands (Fig. 62)
........................................................................................................................ 7....

FIGURE 60. Aedes (Stegomyia) scutellaris.

FIGURE 62. Aedes (Stegomyia) polynesiensis.
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ZOOTAXA 7(6). Leg. Hindtarsomere 4 usually white for less than 0.67 (Fig. 63) ............ceeoeeeeeeeeen.

............................................................................................ Aedes (Stegomyid) cooki

Leg. Hindtarsomere 4 usually white for more than 0.67 (Fig. 64) .....cccccoeeeeeevvevvnnnnnn.
............................................................................... Aedes (Stegomyia) polynsiensis

FIGURE 63. Aedes (Stegomyia) cooki.

FIGURE 64. Aedes (Stegomyia) polynesiensis.
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Key for the Identification of Fourth Stage Mosquito Larvae Associated with Dengue ZOOTAXA
Virus Transmission in the South Pacific Islands and Australian Region

1. Head. Seta 1-C stout and usually strongly hooked (Fig. 65); seta 4-C usually caudad
to seta 6-C (Fig. 66). Abdomen. Siphon with acus (Fig. 67); comb scales more than
20, not in a single row, and each scale usually spatulate, fringed with short spinules
(Fig. 68); ventral brush (4-X) with 6 pairs of setae (Fig.69) .......cccccoevveeeeiiniiiiiiinnn.
............................................................................ Ochlerotatus (Finlaya) notoscriptus

Head. Seta 1-C not stout (Fig. 70); seta 4-C usually cephalad to seta 6-C (Fig. 71).
Abdomen. Siphon without acus (Fig. 72); comb scales less than 20, in a single row,
and each scale not spatulate (Fig. 73); ventral brush (4-X) witpdirs of setae

(o TR TSP 2.

FIGURE 65. Ochlerotatus (Finlaya) | FIGURE 70. Aedes (Stegomyia) albopictus.
notoscriptus

FIGURE 66. Ochlerotatus (Finlaya) FIGURE 71. Aedes (Stegomyia) aegypti.
notoscriptus.
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)
FIGURE 68. Ochlerotatus (Finlaya) FIGURE 73. Aedes (Stegomyia) aegypti.
notoscriptus.

FIGURE 69. Ochlerotatus (Finlaya) FIGURE 74. Aedes (Stegomyia) albopictus.
notoscriptus.
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2(1). Abdomen. Comb scales with stout, subapical spines or with multiple stout spin€9OTAXA

(Lo T4 PSRRI 3
Abdomen. Comb scales without subapical spines or multiple stout spines (Fig. 76) 4

FIGURE 75. edes (Stegomyia) aegypti. FIGURE 76. Aedes (Stegomyia) albopictus.

3(2). Abdomen. Anal segment, X, without strong marginal spicules (Fig. 77); saddle
incomplete (Fig. 78); seta 1-X about 0.7 saddle length (Fig. 79); ventral brush (4-X)
with 5 pairs of setae (Fig. 8Q)............ccoeeeveeeeeiiiiie e, Aedes(Stegomyia) aegypti
Abdomen. Anal segment, X, with short, strong marginal spicules (Fig. 81); saddle
complete (Fig. 82); seta 1-X about 1.5 saddle length (Fig. 83); ventral brush (4-X)
with 4 pairs of setae (Fig. 84)........ccccoovvviiieiiiiiiiiie, Aedes (Stegomyia) rotumae

FIGURE 77. Aedes (Stegomyia) aegypti. FIGURE 81. Aedes (Stegomyia) rotumae.
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FIGURE 82. Aedes (Stegomyia) rotumae.

FIGURE 79. Aedes (Stegomyia) aegypti FIGURE 83. Aedes (Stegomyia) rotumae
(S-L, saddle length) (S-L, saddle length)

FIGURE 80. Aedes (Stegomyia) aegypti FIGURE 84.Ades (Stegomyia) rotumae
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4(2). Abdomen. Saddle complete (Fig. 85) ...ccooveiiiiiiiiii ZBTAXA

Abdomen. Saddle incomplete (Fig. 86) .....cccoveeieeiiiiiiee e, 6

FIGURE 85. Aedes (Stegomyia) pi)lynesiensis FIGURE 86. Aedes (Stegomyia) albopictus

5(4). Head. Seta 6-C double (Fig. 87). Thorax. Seta 5-M usually double (Fig. 88) ............
............................................................................................... Aedes (Stegomyia) cooki

Head. Seta 6-C single (Fig. 89). Thorax. Seta 5-M usually single (Fig. 90) ..............
.................................................................................. Aedes (Stegomyia) polynesiensis
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FIGURE 88. Aedes (Stegomyia) cooki FIGURE 90. Aedes (Stegomyia)polynesiensis

6(4). Head. Seta 6-C usually double (Fig. 91). Abdomen. Seta 4-d X single (Fig. 92) ......
....................................................................................... Aedes (Stegomyia) albopictus

Head. Seta 6-C single (Fig. 93). Abdomen. Seta 4-d X double (Fig. 94) ............... 7

FIGURE 92. Aedes (Steéomyia) albopictus. FIGURE 94. Aedés (tegomyia) hebrideus.
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7(6). Abdomen. Anal segment, X, with short, strong marginal spicules (Fig. 95) ............ ZOOTAXA

....................................................................................... Aedes (Stegomyia) scutella

Abdomen. Anal segment, X, without strong marginal spicules (Fig. 96) ................ 8

FIGURE 95. Aedes (Stegomyia) scutellaris. FIGURE 96. Aedes (Stegomyia) hebrideus.

8(6). Abdomen. Seta 4-c X usually single (Fig. 97) .......... Aedes (Stegomyia) hensilli

Abdomen. Seta 4-c X double (Fig. 98) ................. Aedes (Stegomyia) hebrideus

AN .‘l__\_‘._' . 4
FIGURE 97. Aedes (Stegomyia) hensilli FIGURE 98. Aedes (Stegomyia) hebrideus.
(C, abdominal seta 4-c X). (C, abdominal seta 4-c X).

Explanation of Notes

80chlerotatus notoscriptusdult has a small group of white scales at the lower caudal portion of
the patch of dark scales on the pronotum. The prescutal lateral white line is always connected to
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posterior dorsocentral white line. There is a strongly developed patch of white scales in front of the
wing root. The adults exhibit individual morphological variations in ornamentation. In New
Zealand and Australia, adults have the scutum with light yellowish scales and well-developed dor-
socentral anterior pale line. In New Caledonia, adults have the scutum with white scales and poorly
developed anterior dorsocentral pale line.

bAedes aegyptithe yellow fever mosquito, has a pair of white patches on the clypeus. The
mesepimeron has separate white scale patches and the anterior portion of midfemur has a longitudi-
nal white stripe.

“Aedes albopictyghe Asian tiger mosquito, can be distinguished from related species by the pres-
ence of broad flat white scales on the lateral margin of the scutum just before the level of wing
root; other species (e.f§edes pseudoscutelldyisas only narrow curved white scales in this posi-

tion. When scutal markings are rubbed #éf. aegyptcan easily be misidentified @ albopic-

tus. It can be distinguished by having separated white scale patches on the mesepimeron whereas
they are connected iAe albopictus The anterior portion of the midfemur has no longitudinal
white stripe inAe. albopictus.

dAedes rotumaeadults resemblée. upolensidarks in the complete absence of a lower mesepi-
meral white scale patch, or with a very few mesipemeral white sé@ades rotumaean be distin-
guished fromAe. upolensisy having hindtarsomere 4 with basal 0.75 or more whiedes
upolensishas hindtarsomere 4 with basal 0.60-0.70 white.

€Aedes hensillcan be distinguished frome. hakanssoriKnight and Hurlbut by the presence of
white scale patches on all scutellar lobes, and usually with a few apical dark scales on midlobe.
The hindfemur ofAe. hensellhas white markings on the anterior surface tapering towards apex,
and its hind tarsomere 5 is not entirely dark (only distal one-half dark). The hindferiar. of
hakanssonhas white markings on the anterior surface sloping off ventrally towards apex, and its
hindtarsomere 5 is entirely dark.

fAedes scutellariscannot be distinguished froAe. hebrideudy using female adult morphologi-

cal characters. Males of both species, however, can be separated morphologically. The male genita-
lia of Ae. scutellarishas a claspette with specialized setae at most two-thirds as long as the largest
tergal setae whereas the claspette setae are at least as long as the largest tergAksétaierin

deus

9Aedes cookhas abdominal terga with incomplete subbasal white bands Mhileolynesiensis
has abdominal terga usually without subbasal white bands, but with subbasal white lateral patches.
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Key for the Identification of Adult Female Mosquitoes Associated with Dengue Virus
Transmission in the Oriental Region

1.  Thorax. Scutum with a patch of white scales on anterior half (Fig. 99); paratergite
bare (Fig. 100). Leg. Hindtarsomeres entirely dark (Fig. 101). Head. Palpomere 4

without white scales at apex (Fig. 102) Qchlerotatus (Finlaya) niveusubgrouf

Thorax. Scutum with various patterns of white scales (Fig. 103); paratergite with
broad white scales (Fig. 104). Leg. Hindtarsomeres with basal pale bands (Fig. 105).
Head. Palpomere 4 with white scales at apex (Fig. 106) .........ccccceeiiiiimmmmmnninnnnnns 2

FIGURE 99. Ochlerotatus (Finlaya)
niveussubgroup.

o S

FIGURE 100. Ochlerotatus (Finlaya) FIGURE 104. Aedes (Stegomyia) aegypti.
niveussubgroup.
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b b

FIGURE 101. Ochlerotatus (Finlaya) niveusubgroup.

FIGURE 105. Aedes (Stegomyia) albopictus

FIGURE 102. Ochlerotatus (Finlaya) FIGURE 106. Aedes (Stegomyia) albopictus.
niveussubgroup.
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2(1). Thorax. Scutum black or brown with a pair of submedian-longitudinal white stripes,
but without median-longitudinal white stripe, or with white lyre-shaped markings
(Fig. 107); mesepimeron with two well separated white scale patches (Fig. 108).
Leg. Anterior portion of midfemur with longitudinal white stripe (Fig. 109). Head.

Clypeus with white scales (Fig. 110) ...........ccceeeees Aedes (Stegomyia) aegy'ibti

Thorax. Scutum with narrow median-longitudinal white stripe (Fig. 111);
mesepimeron with white scale patches not separated, forming V-shaped white patch
(Fig. 112). Leg. Anterior portion of midfemur without longitudinal white stripe (Fig.
113). Head. Clypeus without white scales (Fig. 114) ........ccccceeiiiiii e,

FIGURE 108. Aedes (Stegomyia) aegypti. FIGURE 112. Aedes (Stegomyia) albopictus.
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FIGURE 109. Aedes (Stegomyia) aegypti.

FIGURE 113. Aedes (Stegomyia) albopictus.

FIGURE 110. Aedes (Stegomyia) aegypti. FIGURE 114. Aedes (Stegomyia) albopictus.
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Key for the Identification of Fourth Stage Mosquito Larvae Associated with Dengue
Virus Transmission in the Oriental Region

1. Head. Antenna spiculate (Fig. 115); seta 1-A branched (Fig. 115); seta 4-C usually
caudad to seta 6-C (Fig. 116). Abdomen. Siphon with acus (Fig. 117) .......ccccccccernnnnnne
......................................................................... Ochlerotatus (Finlaya) siviegioup

Head. Antenna smooth (Fig. 118); seta 1-A single (Fig. 118); seta 4-C cephalad to seta
6-C (Fig. 119). Abdomen. Siphon without acus (Fig. 120) ........ccooeviiiiiiiiiiiiiiiiieeeeeeee, 2

FIGURE 115. Ochlerotatus (Finlaya) niveusubgroup (SP, antennal spicules).

FIGURE 118. Aedes (Stegomyia) albopictus.
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'_F rs 4L 1)# ] !
FIGURE 116. Ochlerotatus (Finlaya) FIGURE 119. Aedes (Stegomyia) aegypti.
niveussubgroup.

FIGURE 117. Ochlerotatus (Finlaya) niveusubgroup (arrow, acus).

FIGURE 120. Aedes (Stegomyia) aegypti.
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ZOOTAXA 2(1). Abdomen. Ventral brush (4-X) with 5 pairs of setae (Fig. 121); seta 4-a,b X

branched (Fig. 121); comb scale with stout, subapical spines (Fig. 122) ...................
................................................................................... Aedes (Stegomyia) aegypti

Abdomen. Ventral brush (4-X) with 4 pairs of setae (Fig. 123); seta 4-a, b X single
(Fig. 123); comb scale without subapical spines (Fig. 124) .........ccccoviiviieeniiniiieeee.
Aedes (Stegomyia) albopictus

FIGURE 121. Aedes (Stegomyia) aegypti. FIGURE 123. Aedes (Stegomyia) albopictus.

FIGURE 122. Aedes (Stegomyia) aegypEIGURE 124. Aedes (Stegomyia) albopictus.
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Explanation of Notes ZOOTAXA

@chlerotatus (Finlaya) niveusubgroup mosquitoes have been incriminated as vectors of dengue
of humans in the forests. They transmit the dengue virus in monkeys in high tree canopies. Out of
11 species ofOchlerotatus (Finlaya) niveusubgroup in the Peninsular Malaysia, 9 species were
found attracted to humans, both at ground and tree canopy levels, na@®elyalbolateralis
(Theobald),0Oc. inermis(Colless),Oc. leonis Colless),Oc. litoreus(Colless),Oc. niveoidegBar-
raud),Oc. novoniveu¢Barraud),Oc. pseudoniveudheobald)Oc. subniveugEdwards), an@®c.
vanus(Colless) (Rudnick and Lim 1986).

baedes albopictyghe Asian tiger mosquito, can be distinguished from related species by the pres-
ence of broad flat white scales on the lateral margin of the scutum just before the level of the wing
root; other species have only narrow curved white scales in this position. When scutal markings are
rubbed off Ae. aegypttan be easily misidentified & albopictus.Ilt can be distinguished by hav-

ing separated white scale patches on the mesepimeron, whereas they are conAectdiloipic-

tus.
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ZOOTAXA Key for the Identification of Adult Female Mosquitoes Associated with Dengue Virus
Transmission in the North, Central and South America, including the Caribbean
Islands

1.  Thorax. Scutum with median-longitudinal pale stripe (Fig. 125A) and dorsocentral
longitudinal pale stripes (Fig. 125B); scutellum without broad flat white scales on all
lobes forming a complete transverse band (Fig. 125C). Leg. Hindtibia with a patch
of white scales about 1/3 distance from base (Fig. 126) ..........ccccccccviviviiiiiiiiiieiieene,

........................................................ Ochlerotatus (Gymnometopa) mediovittafus

Thorax. Scutum with median-longitudinal white stripe (Fig. 133) or submedian-lon-
gitudinal white stripes (Fig. 127B); scutellum with broad flat white scales on all
lobes forming a complete transverse band (Fig. 127C). Leg. Hindtibia without a
patch of white Scales (Fig. 128) .......uuiuiuiieiiiiiiiiiiiiiiiieiiiieiieeeieeeeeeeeeeeneeereeeeeeeeeeeeneennees 2

FIGURE 125. Ochlerotatus (Gymnometopa) FIGURE 127. Aedes (Stegomyia) aegypti.
mediovittatus.

FIGURE 126. Ochlerotatus (Gymnometopa) mediovittatus.

FIGURE 128. Aedes (Stegomyia) albopictus.
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2(1). Thorax. Scutum black or brown with a pair of submedian-longitudinal white stripeszoOTAXA
but without median-longitudinal white stripe, or with white lyre-shaped markings
(Fig. 129); mesepimeron with two well separated white scales patches (Fig. 130).
Leg. Anterior portion of midfemur with longitudinal white stripe (Fig. 131). Head.

Clypeus with white scales (Fig. 132)......ccccceeeeeeeens Aedes (Stegomyia) aegy'ibti

Thorax. Scutum with narrow median-longitudinal white stripe (Fig. 133);
mesepimeron with white scale patches not separated, forming V-shaped white patch
(Fig. 134). Leg. Anterior portion of midfemur without longitudinal white stripe (Fig.

135). Head. Clypeus without white scales (Fig. 18éjles (Stegomyia) albopicl‘&s

FIGURE 130. Aedes (Stegomyia) aegypti. FIGURE 134. Aedes (Stegomyia) albopictus.
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FIGURE 131. Aedes (Stegomyia) aegypti.

FIGURE 135. Aedes (Stegomyia) albopictus.

FIGURE 132. Aedes (Stegomyia) aegypti. FIGURE 136. Aedes (Stegomyia) albopictus.
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Key for the Identification of Fourth Stage Mosquito Larvae Associated with Dengue ZOOTAXA
Virus Transmission in the North, Central and South America, including the Carib-
bean Islands

1. Head. Seta 1-C very stout (Fig. 137); seta 4-C usually caudad to seta 6-C (Fig. 138).
Abdomen. Setae 1,2--VIl stellate (Fig. 139); siphon with pecten spines strongly

arctuate (Fig. 140); pecten spine without subapical dentricle (Fig. 140) ....................
Ochlerotatus (Gymnometopa) mediovittatus

Head. Seta 1-C not stout (Fig. 141); seta 4-C cephalad to seta 6-C (Fig. 142). Abdo-
men: Setae 1,2-1-VII not stellate (Fig. 143); siphon with pecten spines not strongly
arctuate (Fig. 144); pecten spine with 2 or more subapical dentricles (Fig. 144)...... 2

FIGURE 137. Ochlerotatus (Gymnometopa) FIGURE 141. Aedes (Stegomyia) albopictus.
mediovittatus

o " ‘:. . = -
! "ﬁl.ﬂl Tl
FIGURE 138. Aedes (Gymnometopa) FIGURE 142. Aedes (Stegomyia) aegypti.
mediovittatus
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FIGURE 139. Ochlerotatus (Gymnometopa) FIGURE 143. Aedes (Stegomyia) albopictus
mediovittatus.

FIGURE 140. Ochlerotatus (Gymnometopa) mediovitta{RS, pecten sping)

FIGURE 144. Aedes (Stegomyia) aegy(RiS, pecten spine)
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2(1). Abdomen. Ventral brush (4-X) with 5 pairs of setae (Fig. 145); seta 4-a,b XOOTAXA
branched (Fig. 145); comb scale with stout, subapical spines (Fig. 146) ................
.................................................................................. Aedes (Stegomyia) aegypti
Abdomen. Ventral brush (4-X) with 4 pairs of setae (Fig. 147); seta 4-a, b X single
(Fig. 148); comb scale without subapical spines (Fig. 148) ......cccccceeeeevieeiiiiiiieeeeeeenn,
............................................................................... Aedes(Stegomyia) albopictus

FIGURE 147. Aedes (Stegomyia) albopictus.

FIGURE 146. Aedes (Stegomyia) aegypti. FIGURE 148. Aedes (Stegomyia) albopictus.

Explanation of Notes

@0chlerotatus mediovittattis the adult stage can be separated from the other members of the gen-
eraAedesandOchlerotatusin the Americas using various diagnostic characters, namely: scutum

KEY TO MOSQUITOES © 2004 Magnolia Press 55



ZOOTAXA

with a narrow median-longitudinal white stripe; presence of a silver patch of scales or short line in
the fossa and above the prealar knob but no patch of scales on or below the prealar knob; posterior
pronotum with narrow, curved dark scales; paratergite, scutellar lobes and front of mesothoracic
spiracle with broad, flat white scales; hindfemur with a long narrow white line on the anterior sur-
face; hindtarsomeres with pale bands; and, abdominal segments 6—7 not flattened laterally unlike
Ochlerotatus triseriatugSay) (B. A. Harrison, unpublished information).

baedes albopictyghe Asian tiger mosquito, can be distinguished from related species by the pres-
ence of broad, flat white scales on the lateral margin of the scutum just before the level of wing
root. When scutal markings are rubbed A, aegyptcan be easily misidentified &% albopic-

tus.It can be distinguished by having two separate white scale patches on the mesepimeron whereas
they are connected ie albopictus
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INDEX ZOOTAXA
(Numbers or letters in parentheses under a given species designate the figure(s) for that specie

Aedes3-4, 7

aegypti 3-4,7,9, 17, 24, 28, 40, 44, 48, 51, 55 (B-E, 3-4, 7-8, 13-16, 4041, 46, 48-49, 71-73,
75, 77-80, 103-104, 107-110, 119-122, 127, 129-132, 142, 144-146

africanus 4, 7, 20, 23, 25 (11-12, 23-26, 36-37)

Afrotropical Region 3, 4, 7, 14, 21

albolateralis 49

albopictus 4, 6-7, 17, 24, 29, 38, 40, 44, 48, 51, 55, 56 (F-H, 17-20, 30, 42-43, 47, 50-53, 55, 70,
74,76, 86, 91-92, 105-106, 111-114, 118, 123-124, 128, 133-136, 141, 143, 147-148)

American Region 4

Americas 3, 4,7,53,55

Australian Region 3, 4, 7, 27, 33

Caribbean Islands 4, 7, 50, 53

cooki 4, 7, 32, 37, 40 (55, 57, 59, 63, 87-88)

cordellieri 25

corneti 26

Diceromyia 4, 7

Finlaya 4, 7

furcifer 4,7, 15, 21, 25 (1-2, 5, 32-33)

Gymnometopa4, 7

hakanssoni40

hebrideus4, 7, 31, 39, 40 (61, 94, 96, 98)

hensilli 4, 7, 30, 39-40 (58, 97)

inermis 49

leonis 49

litoreus 49

luteocephalus4, 7, 19, 23, 25 (10, 21-22, 34, 38-39)

mediovittatus4, 7, 50, 53, 55 (125-126, 137-140)

niveoides49

niveussubgroup 4, 7, 42, 46, 49 (99-102, 115-117)

notoscriptus4, 7, 27, 33, 39 (44-45, 65-69)

novoniveus49

Ochlerotatus4, 5, 7

opok 4, 7, 20, 26 (27-28)

Oriental Region 3-4, 7, 42, 46

polynesiensis4, 7, 32, 37, 40 (62, 64, 84, 89-90)

pseudoniveust9

pseudoscutellaris40

rotumae 4, 7, 30, 35, 40 (54, 56, 81-84)

ruwenzori 25

scutellaris 4, 7, 31, 39, 40 (60, 93, 95)

South Pacific Islands 3, 4, 7, 27, 33

Southeast Asia 4, 7

Stegomyia3—4, 7
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ZOOTAXA subniveus49
taylori 4,7, 15, 21, 25 (6, 29, 31)
triseriatus 56

upolensis 40
vanus 49
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About this book ZOOTAXA
Mosquito species that are known or likely to transmit dengue viruses to humans are treated
in the pictorial keys. The keys for the identification of adults and fourth stage larvae of
mosquitoes include 148 colored images or photomicrographs, seven colored illustrations
and one map showing four regions of the world, namely Afrotropical Region, South
Pacific Islands and Australian Region, Americas (including the Caribbean Islands), and
Oriental Region (including Southeast Asia). The keys were purposely designed for use by
non-specialists in mosquito taxonomy, including public health personnel and preventive
medicine practioners. Morphological characters of adults and larvae were carefully
selected for easy recognition as possible and accurate diagnosis. Additional notes are pro-
vided to pinpoint some diagnostic characters separating vector species from closely related
non-vector species. For further reading, a selected list of useful references is included for
each region. In the future, the identification keys should be revised to accommodate other
vector species when they become known in each region. It is essential to know the vector
so as to understand the dengue threat.
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