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Figure 9: Main diagnostic morphological characters for adults of IMS

Figure 9: Main diagnostic morphological characters for adults of IMS. A. Thorax (scutum, dorsal side); B. Abdomen (dorsal side),
C. Hind tarsus (last segments of the third leg). Males have a more hairy and slender abdomen. A. Thorax (scutum, dorsal side);
B. Abdomen (dorsal side), C. Hind tarsus (last segments of the third leg).

Males have a more hairy and slender abdomen

Ae. aegypti Ae. albopictus  |Ae. atropalpus  |Ae. j. japonicus

A. Silver scales in a A. Median silver- A, Mixed yellow A. 5 stripes of A. 5 stripes of A. Broad median
shape of a lyre scale line and dark scales, golden scales, golden scales, dark-scale band,
dark median stripe = submedians long submedians short = sides with silver

scales

B. Pale lateral marks B. Thin basal pale | B. Pale basal bands B. Pale lateral and  B. Pale lateral and ' B. Pale lateral

and thin basal bands  bands, laterally median patches median patches patches
enlarged
C. Segment V entirely ' C. Segment V C. Inter-articular C. Segments IV & V ' C. Segments IV C. Tarsi entirely
white entirely white pale bands S. V black and V with basal dark
white pale bands
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4 A key for the rapid identification of European container-
breeding Aedine mosquitoes (larvae and adult females)

There is no identification tool available which includes all six IMS reported in Europe (cf. Table A). The available
identification keys — which also include some IMS — cover a large spectrum of other species; consequently, the
identification process can be rather time-consuming, unless it is multi-access (as in a computer-aided system). It is
therefore suggested that a specific tool should be developed to rapidly and easily distinguish IMS from other
container-breeding mosquitoes; this tool should also be specifically adapted to the surveillance of IMS.

The 37 species and sub-species reported in Europe as breeding in natural or artificial containers are listed in Table
B. As a first step, a written dichotomous key is provided here for (1) sorting mosquito genera; and (2) identifying
all European container-breeding Aedine species, for both larvae and adult females.

Frequency of reports of | Tyre Road drains|Other man-  |Phytotelms Soft water |Salt water |Natural (non-

container-breeding made rock pool |rock pool |container)
mosquito species O AR

according to their
preferences for larval
breeding sites, in their
respective distribution area

Ae. aegypti +++ ++ +++ ++ ++ - -
Ae. albopictus +++ ++ +++ ++ ++ - -

Ae. atropalpus +++ - +++ + e+ - _

Ae. berlandy - - - 4 _ . _

Ae. cretinus + - + 4 _ . _

Ae. eatoni - - + 4+ _ - ~

Ae. echinus - - - 4 _ -

Ae. geniculatus ++ - + 4+ - - _

Ae. gilcolladoi - - - 4+ - - _

Ae. J. japonicus +++ +++ +++ ++ +++ - -

Ae. koreicus +++ + 44+ + ++ - +2
Ae. mar /aez - - - - - 444 -

Ae. p. pulcritarsis - - - +++ - - _

Ae. triseriatus ++ - + +++ + - _

Ae. vittatus - - - - 4+ - _
Ae. zammitif - - - - - . _

An. claviger ++ - + - + - 4+
An. maculipennis s.1. + - + - - - 4+
An. petragnani + - + - + - e+
An. plumbeus ++ + + 4+ - - _

Cs. annulata ++ - ++ - - - +
Cs. atlantica - - - - e+ - _

Cs. bergrothi - - - - + - +
Cs. glaphyroptera + - + - + _ —+
Cs. longiareolata ++ ++ +++ - ++ - T+
Cs. subochrea - - ++ - - - 4+
Cx. h. hortensis ++ + +++ - +++ - +++
Cx. h. maderensis - - + - 44+ - +
Cx. impudicus - - - - + - 4+
Cx. laticinctus - - ++ - ++ - 4+
Cx. mimeticus - - - - + - e+
Cx. perexiguus - - + - - - e+
Cx. pipiens +++ +++ +++ + ++ - +++
Cx. territans - - + - - - +
Cx. theileri - - ++ - + - P
Cx. torrentium + + +4++ - - - 4+
Or. pulcripalpis - - - +++ - - _

1 Also salt water containers ° Road tracks, ditches, garden ponds

+++ frequently reported; ++ occasionally reported; + rarely reported; - not reported at all.
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Key to larvae (4th instar) of container-breeding Aedine mosquitoes of

Europe

1 Genera

1 ST 0] ale] I 10T o | PP Anopheles
SIPNON WEIL AEVEIOPEM ...ttt e e e et et e e e et e e et e e et e e e e e et e e eaeeanaeanaaeen 2

2 PECLEN ADSENT ... et e Orthopodomyia pulcripalpis
LSTod (=] g I o] (TSI o | PP UPTPTN 3

3 Siphonal setae (1-S) consisting of three Or MOre PAIIS ....c...iiei i Culex
Siphonal setae (1-S) consisting Of @ SINGIE PAIN ....ccuuiiiniiii et e e e e ees 4

4 Siphonal setae (1-S) inserted near base of SIPhON ............iiiiiiiii i Culiseta
Siphonal setae (1-S) inserted nearer to middle of siphon ..., Aedes (incl. Ochlerotatus)

2 Aedes (incl. Ochlerotatus)

1

10

11

66

Siphonal index < 4.0; pecten teeth long and SPINE-IKe ..........ccouuiiiiiiiiii e 2
Siphonal index > 4.0; pecten teeth short and SCale-liKe ... 14

Cephalic seta 5-C multiple (4—7) branched and inserted far forwards on the front at level of 4- and 6-C and
o L= o] gl (o T O PP PRSP PPPPTTT

.......................................................................................................................................................... 3
Cephalic seta 5-C simple or double branched and inserted far posterior to 4- and 5-C and at level of or

101 (=T o] i o T U
.......................................................................................................................................................... 5
Pecten spines all VENIY SPACEM .........cuu i et e e et aaaaas 4
Pecten with one or more distal spines more widely spaced............cc.oveiiiiiiiiiiiiiii s Ae. japonicus
Siphonal index > 2.5; saddle bearing developed spicules at its distal margin ...............ccc.cceeeene. Ae. koreicus

Siphonal index < 2.5; saddle bearing long spines at it distal margin [Madeira and Canary archipelagos] ... Ae.
eatoni

Pecten with one or two distal spines more widely SPACeA..........cc.uiiiuiiiiiiii e 6
Pecten spines all @VENlY SPACEM ...... .. . i ettt e e e annas 7
Comb of abdominal segment VIII developed in a triangular patch of more than 20 fringed scales ............ Ae.
atropalpus

Comb of abdominal segment VIII developed in a single row of 6-9 large and pointed scales ....... Ae. vittatus
FA a1 =Y gl P IRST=] = B AN T4 o1 o =P 8
Antennal seta 1-A With 6—9 BranChes ............oiiiiiiiiiii e 15

Abdominal setae 1 of segment I not longer than half of the length of the segment, with at most four branches
=TT IS [T | oLV =] 1= L= PPN 9

Abdominal setae 1 of segment | as long or longer as the segment, with at least four branches and clearly
R (=] PSP 12

Thoracic setae 10-12-M and 10-12-T inserted near a small tooth; comb scales with a strong central tooth and
several minute basal denticles or Without dentiCIES...........oeniiiiii i 10

Thoracic setae 10-12-M and 10-12-T inserted near a stout spine; comb scales with well developed basal

denticles each side of central tO0th...........o.uiiiiiiii e Ae. aeqypti
Comb of segment VIII in a single regular row of scales with a strong central tooth and several minute basal
denticles; saddle lateral seta 1-X simple or double branched .............ooi i, 11
Comb of segment VIII in a single or partly double irregular row of scales with a strong central tooth and
without denticles; saddle lateral seta 1-X multiple (5—=7) branched.............cccoiiiiiiiiiiii e,
........................................................................................................................................ Ae. triseriatus
Outer cephalic seta 7-C with 2—-3 branches; additional seta on the siphon .............ccc.cceeeennie. Ae. albopictus



12

13

14

15

Outer cephalic seta 7-C simple; in addition to the siphonal tuft 1-S, a simple seta is inserted laterally within

the apical third of the SIPRON ... e Ae. cretinus
Branches of stellate seta 1 on abdominal segment | about the same length as the segment; pecten 1/4-2/5
o o] oo = T30 1 1= o o o o TR PPN 13
Branches of stellate seta 1 on abdominal segment | longer than the length of the segment; pecten at least
half as 10N @S the SIPNON . ... e e e e aans Ae. echinus
Comb scale number usually less than 16; cephalic setae 6-C with 1-2 branches .................... Ae. geniculatus

Siphon extremely long and slender, siphonal index > 5.5; comb of segment VIII developed in a triangular
PALCH OF 1324 SCAIES......uiiieii et e e et e e e et e e e e et e e e e e e e aans Ae. berlandi

Siphon shorter, siphonal index 4.0-5.0; comb of segment VIII developed in a more or less irregular row of 6—
OIS0 o PP Ae. pulcritarsis

Antenna with numerous spicules; pecten teeth with less than 4 lateral denticles at the base; comb of segment
VI with usually 1€SS than 16 SCAIES .......ccuuuiiiiiiiiieei e e e e e e e e ees Ae. zammitii

Antenna with less numerous spicules; pecten teeth with 4 or more lateral denticles at the base; comb of
segment VI with usually more than 16 SCaleS ..........iviuiiiiiiiici e Ae. mariae

Key to adult females of container-breeding Aedine mosquitoes of

Europe

1 Genera

1 Maxillary palps as long as proboscis; scutellum evenly rounded and uniformly setose.................... Anopheles
Maxillary palps distinctly shorter than proboscis; scutellum trilobed, setae arranged in 3 sets.............c........ 2

2 PrespiraCular SEtAE PrESENL ...... . .. it et et e et e e e e e e e e et e et e et e e ea e eeaaeanaean Culiseta
Prespiracular SEtAE @DSENT .........ciiuiii e e e e e e e et e e ar e, 3

3 Tarsomere | of fore legs longer than tarsomeres 1l to V together; tarsomere IV of fore legs reduced, not

longer than Broad ... Orthopodomyia pulcripalpis

Tarsomere | of fore legs usually shorter than tarsomeres Il to V together; tarsomere 1V of fore legs not
reduced, distinctly longer than Broad .............cooouiiiiiiiii e 4

Postspiracular setae present; abdomen tapering apically, cerci long easily visible ... Aedes (incl. Ochlerotatus)

Postspiracular setae absent; abdomen rounded apically, cerci short, hardly visible ............................... Culex

2 Aedes (incl. Ochlerotatus)

1

Tarsomeres I-111 of hind leg With Pale FINGS ......ocuniiiii e e e e e ean 2
Tarsomeres I-111 of hind leg Without pale MiNGS.......c.. e 8
Pale rings present only at base Of tarSOMEIES .. ... cc. i e e e e e e e eaaas 3
Each pale ring embraces two tarsomeres, the apex of one and the base of the following tarsomere ......... 11
Scutum with white longitudinal stripes; palps with an apical white scale patch.............ccoooeviiiiiiiiiinnnnns 4
Scutum with longitudinal yellowish stripes or bands; palps entirely dark or with a few white scales ............ 7
Scutum with one or more longitudinal white stripes; tibia of hind leg without a median white ring.............. 5

Scutum with two or three pairs of small white spots, distributed along the dorsocentral area; tibia of hind leg
WIth @ Median WHiIte FNQS ... .eee e e e e e e e e et e e e e e aneees Ae. vittatus

Scutum with two narrow medio-dorsal white stripes and 2 broad lateral white stripes, lyre shaped Ae. aegypti

Scutum with one acrostrichal white stripe; if lateral stripes are present, they are narrow and do not continue
over transverse Suture, NEVEr Iyre-Shaped ..........coeuiiii it e et e e e e ees 6

Acrostrichal white stripe broad; two posterior medio-dorsal white stripes narrow, short, not reaching the
middle of SCUtUM; METAMEION DAIE ...... et e e e e e e aas Ae. albopictus

Acrostrichal white stripe narrow; two posterior medio-dorsal white stripes narrow, long, reaching the middle
of scutum; metameron with a patch of white SCales ...........cceiviiiiiiiiiii e, Ae. cretinus
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7 Hind leg tarsomere IV entirely dark or with a few pale scales at the base (no ring); subspiracular area usually
WILNOUL SCAIE PALCH ....cee e e e e e e et e e e e e e e e e eeans Ae. japonicus

Hind leg tarsomere IV with a short basal pale ring; subspiracular area usually with a patch of pale scales......
......................................................................................................................................... Ae. koreicus

8 Scutum with one medio-dorsal acrostrichal narrow stripe, and with two thin or broad lateral stripes........... 9
Scutum with a small anterior acrostrichal patch of white scales, not prolonged in a medio-dorsal stripe, and
with two broad wWhite lateral StFPES ........eieniiiee e eas Ae. triseriatus

9 Proboscis entirely dark scaled; lateral stripes of scutum broad........... ..o 10
Proboscis with pale scales at the apex; lateral stripes of scutum narrow [Madeira and Canary archipelagos] ..
Ae. eatoni

OV T v La =T o] T o - U PP Ae. geniculatus, Ae. gilcolladoi
Metameron with a patch Of pale SCAIES...... o i Ae. echinus

11 Tarsomeres V of all legs entirely pale SCaled ........ .o e 12
Tarsomeres V of fore and mid legs dark scaled, of hind leg entirely pale scaled ...............ccooeeiiiiiiiinnenn. 13

12 Hind femur entirely dark; hind tibia only white at the apex; metameron with a patch of pale scales......... Ae.
berlandr
Hind femur and hind tibia scattered with pale scales; metameron bare ...............ccooeeveennnnnn. Ae. pulcritarsis

13 Wing veins uniformly dark scaled or with at most a few isolated pale scales; palps entirely dark scaled ... Ae.
atropalpus
Wing veins covered by mixed dark and pale scales; palps with dark and pale scales.............cccoiviiiiiinnnes 14

14 Palps with mixed dark and pale scales; metameron with a patch of pale scales..................ccun... Ae. mariae
Palps with dark scales at the basis and pale scales at the apex; metameron bare....................... Ae. zammitii

5 Identification of eggs of invasive and indigenous European
Aedes container-breeding species

Table C: References for egg description of invasive and indigenous container-breeding European
Aedes species

Mosquito species Egg description

Ae. aegypti Matsuo et al. 1972; Linley 1989a

Ae. albopictus Matsuo et al. 1972; Linley 1989a

Ae. atropalpus Linley & Craig 1994

Ae. berlandi Encinas-Grandes 1982

Ae. cretinus -

Ae. eatoni -

Ae. echinus -

Ae. geniculatus Encinas-Grandes 1982

Ae. gillcolladoi -

Ae. japonicus Matsuo et al. 1972; Haddow et al. 2009
Ae. koreicus -

Ae. mariae -

Ae. pulcritarsis -

Ae. triseriatus Zaim et al. 1977, Linley 1989b

Ae. vittatus Hinton & Service 1969; Encinas-Grandes 1982

Ae. zammitif -
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6 ldentification of mosquitoes by molecular tools

When morphological identification is not possible (e.g. when specimens are damaged), mosquitoes can be
identified with genetic methods or protein profiling at any biological stage (from egg to adult), using only part of
the insect (e.g. a single leg, a thorax).

Molecular, as morphological identification, can be provided as a service by properly equipped laboratories. The
process may vary depending on the country, but mainly depends on the number of specimens to be analysed and
the level of performance requested (i.e. whole process or only part of it). Indicative estimations can be given from
cheapest to the most expensive process and per specimen, as follow: EUR 24 for MALDI-TOF MS, EUR 28 for
morphological identification, 32 EUR for PCR, 56 EUR for PCR/sequencing.

Genetic identification

Mosquitoes can be identified with genetic methods at any biological stage (from egg to adults), using only part of
the insect (e.g. a single leg, a thorax).

Genetic information of several loci is available for mosquitoes, particularly at the mtDNA CO1 barcode locus

(Table D). Polymerase chain reaction (PCR) combined with sequencing of the amplicon can identify a specimen,
providing that corresponding sequence data are deposited in the GenBank (http://www.ncbi.nlm.nih.gov/genbank/)
data base. For mitochondrial genes, a sequence identity higher than 98% is needed to confirm identification.

For routine identification of mosquitoes, specific conventional real-time PCR assays have been developed in single
or multiplexed formats. Unfortunately, no such assays are as yet available for the invasive and indigenous Aedes
container-breeding species of concern in Europe, but such developments are in progress.

For DNA-based identification, specimens can be used fresh, kept dry (in tubes with silica gel), in 70% or absolute
ethanol, or frozen at -20 °C.

Table D: Molecular identification tools applied on invasive and indigenous Aedes container-breeding
species

Mosquito spp. Described gene sequences™> PCR assays | MALDI-TOF

rRNA rRNA rDNA 18s mtDNA mtDNA  mtDNA MS profile
ITS1 ITS2 Co1 CO2 ND4

Ae. aegypti v v v v v v v

Ae. albopictus v v v v v v

Ae. atropalpus v v

Ae. berlandi

Ae. cretinus v

Ae. eatoni

Ae. echinus

Ae. geniculatus v

Ae. gillcolladoi

Ae. japonicus v v v

Ae. koreicus v v

Ae. mariae v

Ae. pulcritarsis

Ae. triseriatus v v v

Ae. vittatus v v

Ae. zammitif

* Only the most frequently used sequences are listed; rRNA/DNA: ribosomal RNA/DNA; mtDNA: mitochondrial DNA

Protein profiling

Identification of mosquitoes by isoenzyme analyses has been described (Rioux et al 1998; Awono et al 2006), but
this approach is time-consuming and expensive and has only been used for invasive species in one study; this
study revealed diagnostic enzymes that exhibited species-specific patterns that correctly identify Ae. cretinus and
Ae. albopictus (Taafe Gount et al. 2004). For such identifications, specimens can only be used fresh or stored
frozen at -80 °C.

As an alternative, protein profiling by using matrix-assisted laser desorption/ionisation time-of-flight mass
spectrometry (MALDI-TOF MS) was recently described for the characterisation of Ae. japonicus, and this approach
was extended to include other mosquito species (Kaufmann et al. 2011) (Table D). MALDI-TOF MS, which is a
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rapid, simple, reliable and cost-effective method, was demonstrated to be suitable for the routine species
identification of Culicoides biting midges (Kaufmann et al. 2012). Reference spectra need to be determined
separately for the different developmental stages, and removal of the abdomen is needed to avoid the interference
effects of gut contents. The specimens can be analysed fresh or after storage in 70% ethanol for several months.
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