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MEDICAL ENTOMOLOGY STUDIES - XII.

A REVISION OF THE AEDES SCUTELLARIS GROUP OF TONGA
(DIPTERA: CULICIDAE),1

by

Yiau-Min Huang2 and James C. Hitchcock3

ABSTRACT

This revision of the Aedes scutellaris group of Tonga is based on the
examination of more than 9,000 specimens (including 1, 866 individual rearings
with associated pupal and/or larval skins) of 3 species and one subspecies.
The group is defined and keys to the identification of the species of the group
in the Fiji-Tonga-Samoa area are provided and their geographical ranges pre-
sented.

Aedes (Stegomyia) kesseli, a new species from Tafahi Island, is recog-
nized. Aedes cooki Belkin (1962) is shown to be distinct and Ae. tabu
Ramalingam and Belkin (1965) is considered a subspecies of fongae Edwards
(1926).

The known stages of the 3 species and one subspecies in Tonga are des-
cribed or redescribed and illustrated and information on type-data, distribu-
tion, bionomics, medical importance and a taxonomic discussion of all 4 spe-
cies and subspecies are presented.

The male, female, pupa and larva of kesseli n. sp., the pupa and larva of
tongae tongae, and the male, female and female terminalia of cooki, fongae
tabu and tongae tongae are described and illustrated for the first time.

New records include: cooki from Niuafo'ou Island and Vava'u Group,
kesseli from Tafahi Island and Niuvatoputapu, fongue fabu from Pangaimotu

IThis study was supported jointly by Research Contract No. DAMD-17-74C-
4086 from the U. S, Army Medical Research and Development Command,
Office of the Surgeon General, Ft. Detrick, MD 21701 and the Division of
Malaria and other Parasitic Diseases, World Health Organization, Geneva,
Switzerland.

2Medical Entomology Project, Department of Entomology, Smithsonian Insti-
tution, Washington, DC 20560.

3Formerly Scientist, Division of Malaria and Other Parasitic Diseases,
World Health Organization. Present address: P. O. Box 1288, Nevada
City, CA 95959,
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Island, in Tongatapu Group, and fongae tongae from Lifuka Island, Luahoko
Island, Ha'ano Island, Foa Island, Limu Island, Luangahu Island, Nukunamo
Island, Tatafa Island, Tofanga Island, Uanukuhahake Island, Uanukuhihifo
Island, Uiha Island, and Uoleva Island, in the Ha'apai Group.

Information is presented on the bionomics and medical importance of the
above species and subspecies based on field studies conducted by James C.
Hitchcock in Tonga from 1968-73. Special emphasis is placed upon immature
habitats, relative abundance of each member of the group, composition of
associated invertebrate fauna, biting behavior, fecundity and gonotropic cycle.
The role of the scutellaris group in the transmission of filariasis and dengue
viruses in Tonga is discussed.

INTRODUCTION

Members of the scutellaris group of the subgenus Stegomyia Theobald,
genus Aedes Meigen serve as the primary vectors of subperiodic Wuchereria
bancrofti (Cobbold) on many islands of the South Pacific. A thorough study to
determine the species of mosquitoes present in the area and to develop adequate
and reliable methods for recognizing them became evident and led to this tax-
onomic revision of the group in the area. The accompanying biological data
was summarized from field observations conducted by the junior author during
a 5 year period under the auspices of the World Health Organization (WHO).

The taxonomic study of the scutellaris group of the South Pacific at the
Southeast Asia Mosquito Project (SEAMP) and later the Medical Entomology
Project (MEP) directly related to the WHO Aedes scutellaris project in that
area. It concentrated mainly on the Tonga area which is the most critical for
a detailed study of the fongae complex. Aedes tongne Edwards is one of the
most important vectors of subperiodic filariasis in the South Pacific. Unfor-
tunately, there has been some taxonomic confusion in the past (see Huang 1972a,
1975). The present study clarifies the situation and also provides a better
definition of the identity of these mosquitoes.

This study was based primarily on specimens accumulated by the Southeast
Asia Mosquito Project and the Medical Entomology Project, Department of
Entomology, Smithsonian Institution. Most of this material was from:

(1) progeny rearings by SEAMP and MEP; (2) individual rearings and progeny
rearings from the field made by James C. Hitchcock, World Health Organiza-
tion; (3) individual rearings from the field made by James C. Hitchcock (per-
sonal collection). Unless otherwise indicated in the DISTRIBUTION sections,
all individual rearings were conducted in the field. Additional material was
borrowed largely from the John N. Belkin collection at the University of Cali-
fornia at Los Angeles (UCLA) and a few from the British Museum (Natural
History) (BMNH) and United States National Museum (USNM).

The nomenclature chosen for the chaetotaxy of the larva and pupa and the
terminology of structural parts of the adult largely follows that of Belkin
(1962) and Huang (1977b). Scientific names of plants have been verified in
Yuncker (1959).

An asterisk (*) following the abbreviation used (&' = male, @ = female,

P = pupa, L = larva and E = egg) indicates that all or some portion of that sex

*In May 1976, the South Pacific Culicidae from this collection were transferred
to the USNM.
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or stage is illustrated. Abbreviations used for the references to the literature
conform to the 1978 '""Serial sources for the BIOSIS data base, '" BioSciences
Information Service, Philadelphia, PA.

Distribution records are indicated as follows: Country names are in capital
letters, island group and island names are in italics and place names have the
first letter capitalized. The letters, 1 = larval skin, p = pupal skin and L =
whole 4th stage larva.

The information on distribution presented in this paper is entirely based on
specimens which we have examined.

The Aedes scutellaris group of Tonga is described. Three species and one
subspecies of the scufellaris group, of which one species (kesseli) is described
as new, 2 species (cooki and fongae) are revalidated, and one species (fabu) is
reduced to subspecies status, are recognized from the Tonga islands. All
known stages of the above species and subspecies are described or redescribed
and illustrated. These 4 taxa are recorded for the first time from certain
islands. Keys to the identification of the species of the scutellaris group in the
Fiji-Tonga-Samoa area are provided and their geographical ranges are pre-
sented on Map VIIT*,

DEFINITION OF THE AEDES SCUTELLARIS GROUP OF TONGA

The Aedes scutellaris group is characterized by the following combination
of characters:

MALE. Head. Proboscis dark scaled, with or without some pale scales on
the ventral side, slightly longer to longer than forefemur; palpus dark, slightly
shorter to shorter than proboscis, with a white basal band on each of segments
2-5; those on segments 4,5 dorsally incomplete; segments 4,5 subequal, slender,
upturned, and with only a few short setae; antenna plumose, shorter than pro-
poscis; clypeus bare; torus covered with white scales except dorsally; decum-
bent scales of vertex broad and flat; erect forked scales dark, not numerous,
restricted to occiput; vertex with a median stripe of broad white scales, with
broad dark scales on each side interrupted by a lateral stripe of broad white
scales followed ventrally by a patch of broad white ones. Thorax. Scutum
with narrow dark scales and a distinct, median longitudinal stripe of narrow
white scales; median stripe from anterior margin, narrowing slightly posteri-
orly and reaching beginning of prescutellar space; prescutellar line present or
absent, with a few narrow golden yellowish scales or pale yellowish scales;
posterior dorsocentral line present or well developed, with some narrow golden
yellowish scales or pale yellowish scales; supraalar line with broad white
scales; acrostichal bristles absent; dorsocentral bristles present; scutellum
with broad white scales on all lobes and with a few broad dark scales at apex of
midlobe; anterior pronotum with broad white scales; posterior pronotum with
narrow dark scales on upper portion and with broad white scales on lower por-

*Editor's note: After this manuscript was completed, Hoyer and Rozeboom
(1977) published a paper on the genetic affinities between several species or
populations of the Ae. (Stg.) scutellaris group by comparison of insemination
rates, fecundity, egg fertility and larva-to-adult survival of parental and
crossbred populations. They indicated that 4 autogenous populations from
Niue and the Tonga islands (de. cooki, tongae tabu and kesseli n. sp, ) are
closely related and belong to a single polymorphic species. -R. A. W,
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tion forming a white stripe instead of a white patch; paratergite with broad
white scales; postspiracular and subspiracular areas without scales; patches
of broad white scales on propleuron, on the upper and lower portions of ster-
nopleuron and on the upper portion of mesepimeron; lower mesepimeron with
or without scales; upper sternopleural scale patch reaches to anterior corner
of sternopleuron; lower mesepimeral scale patch of small, medium, or large
size and well separated from, or narrowly connected to the upper mesepimer-
al scale patch; lower mesepimeron without bristles; metameron bare. Wing.
With dark scales on all veins except for a minute basal spot of white scales

on costa; cell Ry about 1.5 length of Ry 3. Halter. With dark scales. Legs.
Coxae with patches of white scales; knee spots present on all femora; fore-
and midfemora anteriorly dark; hindfemur anteriorly with a white, longitudinal
stripe which widens at base and is separated from apical white scale patch; all
tibiae anteriorly dark; fore- and midtarsi with basal white bands on tarsomeres
1,2, or sometimes on tarsomere 1 only; hindtarsus with basal white bands on
tarsomeres 1-4; tarsomere 5 all white, or sometimes with a few dark scales at
tip on ventral side; sometimes hindtarsus with basal white band on tarsomere 4
interrupted by a few dark scales on ventral side as well, or basal white bands
on tarsomeres 4, 5 interrupted by a stripe of dark scales on ventral side; some-
times hindtarsus with basal white bands on tarsomeres 2-5 interrupted by a
stripe of dark scales on ventral side; fore- and midlegs with tarsal claws
unequal, the larger one toothed, the smaller one simple; hindleg with tarsal
claws equal, simple. Abdomen. Segment I with white scales on laterotergite,
with or without a median pale spot; tergum II with basal lateral white spots,
with or without a basal median spot; terga III- VI each with a sub-basal

median pale yellowish or white spot and with lateral white spots which are
turned dorsomesally, or terga III-VI each with a complete or incomplete sub-
basal white or pale yellowish band and with lateral white spots which are
turned dorsomesally and connected to sub-basal white or pale yellowish bands;
or terga III- VI each with a complete sub-basal transverse pale band and with
lateral white spots which are connected to the tergal band; tergum VII with
lateral white spots only, or with a sub-basal median spot as well, or with
sub-basal transverse complete or dotted band; sternum VIII largely covered
with white scales. Terminalia. Basimere 3.5-3.8 as long as wide, scales
restricted to dorsolateral, lateral and ventral areas, with a patch of setae on
the basomesal area of dorsal surface, mesal surface membranous; claspette
simple, slender, sternal and tergal sides parallel, with modified setae, 4-7
in a row on apical 0. 16-0. 25 of sternal side, lateral surface with fine setae
extending basad to about level of modified setae, or to 0.25-0. 40 of the entire
claspette length, apex tergally with setae about 0. 5 length of entire claspette;
distimere simple, elongate, length of basimere, with a spiniform process and
a few setae near apex; aedeagus with a distinct sclerotized lateral toothed
plate on each side; paraproct without teeth; cercal setae absent; apical margin
of tergum IX with middle rounded or truncated and with a hairy lobe on each
side.

FEMALE. Essentially as in the male, differing in the following respects:
Head. DPalpus 4-segmented, about 0.2 length of proboscis, with white scales
on apical half, or less, or more. Wing. With cell Ry about 2. 0 length of
R9,3. Legs. Fore- and midlegs with tarsal claws equal, simple. Abdomen.
Terga II- VII with basal lateral white spots which are turned dorsomesally;
terga II- VII all dark dorsally, with basal lateral white spots only, or terga
II-V with not very distinct sub-basal pale yellowish spots as well, or terga
III- V with distinct sub-basal (sometimes basal on tergum III) median pale spots
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as well, or terga III-V with incomplete, or dotted sub-basal pale yellowish bands
connected to lateral white spots, or terga III-V with complete or dotted sub-
basal transverse pale bands and connected to lateral white spots; tergum VI
with lateral white spots only, or with a sub-basal median pale spot and with
lateral white spots which are turned dorsomesally, or with a sub-basal trans-
verse complete or dotted pale band and connected to the lateral white spots;
segment VIII completely retracted. Terminalia. Apical margin of sternum
VIII with a deep U-shaped notch at middle and with conspicuous rounded lateral
lobes; insula longer than broad, with minute setae and with 6-8 larger setae

on apical 0. 4; tergum IX with well-developed lateral lobes, each with 3-6 setae;
apical margin of postgenital plate with a shallow notch; cerci short and broad;

3 spermathecae, one larger than the other 2.

PUPA. Cephalothovax. Trumpet 3.0-4.0 as long as wide at the middle;
setae 1, 2-C usually single (1, 2), 3-C single, 1,3-C longer than 2-C, 4-C
usually double (1-3), 5-C usually double (1-4), 6-C single, stout, much
stouter than 7-C, 7-C single or double, 8-C with 1-8 branches, 9-C
single, 10-C with 1-6 branches, mesad and caudad of 11-C, 11-C single,
stout, 12-C with 1-3 branches. Abdomen. Seta 1-1 well developed, with
more than 10 branches, dendritic, 2-I single, 3-I single, long, 2,3-I not
widely separated, distance between them same as the distance between 4,
5-I; 1-II with 4-16 branches; 1-III usually double (1-6); 3-II,III single,
shorter than segment III; 1-IV single or double; 2-IV,V mesad of 1-1V,V;
5-IV, V single or double; 5-IV-VI usually short, not reaching beyond pos-
terior margin of following segment, or sometimes 5-I1V,V long, reaching
beyond posterior margin of following segment; 9-I-V small, single, sim-
ple; 9-VI, VII usually single, simple or barbed, or sometimes 9-VI, VII
double, much stouter and longer than preceding ones; 9-VIII with 2-8
branches, each barbed, or 9-VIII with 2,3 main stems (2-6) and lateral
branches of various lengths. Paddle. Margins with fringe; apex rounded
or produced; seta 1-P single.

LARVA. Head. Antenna less than 0.5 length of head, without spicules;
seta 1-A inserted near middle of shaft, single; inner mouth brushes pectinate
at tip; 4-C well developed, branched, closer to 6-C than 5-C, cephalad and
mesad of 6-C, 5-C single, long, 6-C single or double, 7-C with 2-4 branches,
8,9-C single, 10, 13-C single or double, 11-C with 2-5 branches, 12-C usually
double, 14,15-C with 2,3 branches; mentum with 9-13 teeth on each side.
Thovax. Setae 1,7-P with 2,3 branches, 2,6,9,11-P single, 3-P double, 4-P
usually double (2,3), 5-P single or double, 14-P with 2-4 branches; 5-M usually
double, rarely single, 6-M with 3-6 branches, 7-M single, 8-M with 4-7
branches, 9-M with 2-4 branches, 10,12-M single, long, stout, 11-M single,
small; 7-T with 4-8 branches, 9-T with 2, 3 branches, 10,11-T similar to
those on mesothorax, 12-T much reduced. Abdomen. Seta 6-I,II with 3-5
branches; 7-1 single or double; 7-II with 2,3 branches; 6-III-V usually double
(2,3); 6-VI single or double; 1-VII usually 3-branched (2-4), 2-VII single or
double; 2-VIII distant from 1-VIII, 2, 4-VIII single, 1,3, 5-VIII with 3-5 bran-
ches; comb of 8-16 scales, in a single row, each scale with fine denticles at
the base of the apical spine, sometimes comb scale with apical spine split at
tip. Anal segment with saddle complete or incomplete; marginal spicules
present; 1-X usually 2-branched (2, 3), 2-X with 2-4 branches, 3-X single or
double; ventral brush with 4 pairs of setae on grid, 4a,b-X with 1-4 branches,
4c,d-X with 2-4 branches; no precratal tufts; anal papillae 1. 5-3. 5 length of
saddle, the dorsal pair longer than the ventral pair, sausage-like. Siphon.
Short, about 2. 0-2.6 as long as wide, acus absent; pecten teeth 8-20, evenly
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spaced, each tooth with 1,2 large and 1,2 small basal denticles; seta 1-S with
2-5 branches, inserted beyond last tooth and beyond the middle of the siphon.

DISTRIBUTION. The scutellaris group of Tonga is confined to the Tonga
islands and Niue Island, in the South Pacific. It is found from Tafahi Island
in the north, to Eua Island in the south, and from Niue Island in the east, to
Niuafo'ou Island in the northwestern corner (Map VII).

TAXONOMIC DISCUSSION. At present, the scutellaris group comprises
3 species and one subspecies: cooki Belkin, kesseli n. sp., fongue tongae
Edwards and tongae tabu Ramalingam and Belkin. Aedes cooki is found within
the Fiji-Tonga-Samoa area while kesseli, tongae tongae and tongae tabu are
restricted to Tonga.

In the identification of the members of the group in Tonga, a combination
of male terminalia and larval characters are the most promising. All adults
treated in this revision are very similar and those of each taxon are extremely
variable, particularly in ornamentation of the abdomen. Consequently, speci-
fic and subspecific identification of single specimens is frequently difficult or
impossible. The male terminalia of most members are distinct, but the dif-
ferences between them tend to be very slight and often not of sufficient magni-
tude to provide definite identification. The same applies to the immature stages
so that for an accurate identification or determination of the members of the
scutellaris group of Tonga, all stages must be examined.

KEYS TO THE SPECIES OF THE AEDES SCUTELLARIS GROUP
IN FIJI-TONGA-SAMOA

ADULTS (MALES AND FEMALES)

1, Supraalar white line complete, with broad flat scales over wing root;
midlobe of scutellum with broad white scales and with dark
apical scales (Fig. 23). . . . v v v v v v v v v v o e e e e 2
Supraalar white line more or less complete, with only narrow scales
over wing root; midlobe of scutellum with all broad white scales
and without dark apical scales (Fig. 16). . . . . . futunae Belkin

2(1). Lower mesepimeral white scale patch absent or very small, with no
morethan3 scales. . . . . ... ... ... ... ... ... 3
Lower mesepimeral white scale patch well developed, with more than
3scales. . . . . s e e e e e e e e e e e e e e e e e e e 5

3(2). Hindtarsomere 4 with basal 0. 75 or more white (Fig. 16).
rotumae Belkin
Hindtarsomere 4 with basal 0.70 or less white. . . . . . .. .. 4

4(3). Dorsal surface of hindfemur with basal 0.25 or more white (Fig. 16).
kesselin, sp. (in part)(p. 23)
Dorsal surface of hindfemur with basal 0.12 or less white (Fig. 16).
upolensis Marks

5(2). Lateral prescutal white line present, or at least with some narrow
white scales on scutal angle area (Fig. 23).
pseudoscutellaris (Theobald)
Lateral prescutal white line not present. . . . . . . . .. .. .. 6
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7(6).

8(7).

9(8).

10(9).

11(9).

2(1).

3(2).
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Subspiracular area with scales (Fig. 16). . . . horrescens Edwards
Subspiracular area without scales. . . . ... .. ... ...... 7

Males (See Key to Male Terminalia)
Females. . . . . . . . . i i i it e e e e e e e e e e e e e e 8

Dorsal surface of hindfemur with basal area all dark or at most 0, 07

white (Fig. 16). . . . .. ... .. .. ... polynesiensis Marks
Dorsal surface of hindfemur with basal area 0.10 or more white
(Fig. 16). . . . v o e e e e e e e e e e e e e e e e e 9

Lateral white spots on abdominal terga VI, VII extending considerable
distance dorsad (best seen from dorsal aspect); abdominal tergum
VI usually (80% or more) with a complete or dotted sub-basal trans-
verse pale band and connected to the lateral white spots (Fig. 15).

10

Lateral white spots on abdominal terga VI, VII with only a short dorsal
projection (best seen from dorsal aspect); abdominal tergum VI
usually (80% or more) without a complete or dotted sub-basal
transverse pale band (Fig. 15). . . . .. ... ... ... ... 11

Scutum with a prominent median longitudinal white stripe; abdominal
tergal bandings usually curved up, basal at middle and sub-basal
on lateral sides; dorsal surface of hindfemur usually with basal at
least 0,20 white (Fig. 15). . . ... tongae tongae Edwards (p. 35)

Scutum usually with a rather narrow median longitudinal white stripe;
abdominal tergal bandings usually rather narrow and straight, sub-
basal at middle and lateral sides; dorsal surface of hindfemur
usually with basal at most 0, 15 white (Fig. 15).

tongae tabu Ramalingam and Belkin (p. 45)

Abdominal terga II- VII usually with basal lateral white spots only, or
sometimes terga INI-V with not very distinct sub-basal pale yellowish
spots as well (Fig. 15). . . . . .. kesseli n. sp. (in part) (p. 23)

Abdominal terga II-V usually with sub-basal (sometimes basal on ter-
gum IIT) median pale spots, or sometimes with incomplete or dotted
sub-basal pale yellowish bands connected to lateral white spots
(Fig. 15). . . . . . . . . . i v i oo cooki Belkin (p. 10)

MALE TERMINALIA

Claspette with modified setae. . . . . . . . .. . .. ... ... .. 2
Claspette without modified setae (best seen from sternal aspect of
dissected claspette) (Fig. 21, 23) . .. . . polynesiensis Marks
Claspette distinctly apically expanded (Figs. 17, 19). . . . . . .. 3
Claspette slightly apically expanded. . . . . . . . . . . .« + o .. 4

Claspette strongly compressed, with a row of modified setae along api-
cal margin from apicotergal to apicosternal angles in lateral aspect
(dissected) (Fig. 19). . . . . . ... ... horrescens Edwards



4(2).

5(4).

6(5).

7(6).

8(7).

9(7).

2(1).

3(2).
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Claspette with expanded apical portion facing laterad, with numerous
setae and with several modified setae on mesal angle of expanded
apical portion in lateral aspect (dissected) (Fig. 17).

Jutunae Belkin

Claspette short, sternally truncated, with a distinct oval face in sternal
aspect (dissected), with numerous setae and with 3-5 spine-like
modified setae on mesal side of oval face (Fig. 26).

rotumae Belkin
Claspette rather elongate, apically rounded. . . . . .. ... ... 5

Claspette with poorly developed, slender, apically attenuate or curved
modified setae on sternal side in lateral aspect (dissected)

(Fig. 28). . . . . . . v i v i v i v v v . upolensis Marks
Claspette with distinctly flattened, sharply pomted modified setae on
sternal side in lateral aspect (dlssected) ............. 6

Lateral surface of claspette with setae extending basad to about 0. 5 of
the entire claspette length (Fig. 24).

pseudoscutellaris (Theobald)

Lateral surface of claspette with setae extending basad to at most 0. 4

of the entire claspettelength., . . .. ... ... ... ..... 7

Claspette with 4 or 5 modified setae in a row on apical 0. 16-0. 20 of
sternal side, the modified setae rather slender; without a basoster-
nal angle in lateral aspect (dissected) (Figs. 1, 4). . . .. ... 8

Claspette with 5-7 modified setae in a row on apical 0. 20-0. 25 of
sternal side, the modified setae rather stout and distinct; with a
basosternal angle in lateral aspect (dissected) (Figs. 7, 10). . 9

Tergum IX usually with middle rounded (Fig. 1). . cooki Belkin (p. 10)
Tergum IX with middle truncated (Fig. 4). . . . kesselin. sp. (p. 23)

Lateral surface of claspette with setae extending basad to about level
of modified setae, or to 0.33 of the entire claspette length (Fig. 7).
tongae tongae Edwards (p. 35)
Lateral surface of claspette with setae extending basad to 0.28-0. 40
of the entire claspette length (Fig. 10).
tongae tabu Ramalingam and Belkin (p. 45)

PUPAE
Seta 9-VI much stouter than 9-V, at least 2.0 lengthof 9-V. . . . 2
Seta 9-VI about as thick as 9-V, less than 2.0 length of 9-V (Fig. 17).
Jfutunae Belkin

Seta 1-II usually primarily branched. . . . ., .. ... ... .... 3
Seta 1-II usually secondarily branched. . . . . e e e e e e e e 4

Seta 9-VI, VII usually single, simple; 5-IV, V usually single (Figs. 24,
26). . .... . . . pseudoscutellaris(Theobald), rotumae Belkin
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Seta 9- VI, VII usually double; 5-IV, V usually double (Fig. 19).
horvescens Edwards

Seta 9-VI, VII usually single, slender and simple (Figs. 4, 28).
upolensis Marks kesseli n, sp. (p. 23)
Seta 9-VI, VII usually single, stout and barbed or forked at tip. . . 5

Seta 5-1IV, V usually single (Figs. 7, 10, 21). . polynesiensis Marks
tongae tongae Edwards (p. 35)

tongae tabu Ramalingam and Belkin (p. 45)

Seta 5-IV, V usually double (Fig. 1). . . ... .. cooki Belkin (p. 10)

FOURTH STAGE LARVAE

Saddle complete. . . . . . . . . . .. e e e e e e 2
Saddle incomplete. . . . .. ... .. .. ... e e e e e e e e 8
Seta 5-M single. . . . . . . . . . . L e e e e e e e e e e e e e 3
Seta 5-Mdouble. . . . . . . . L L L e e e e e e e e e e e e e 6
Seta 4a,b-X single (Fig. 25). . ... . pseudoscutellaris (Theobald)
Seta 4a,b-Xbranched. . . . . . . .. ... ... ... 4
Comb scale with fine denticles or fringes at base of apical spine

(Fig. 22). . . v v v i e i e e e i e polynesiensis Marks
Comb scale with coarser denticles at base of apical spine. . . . . . 5

Pecten tooth with very strong basal anterior denticles (Fig. 20)
horvescens Edwards
Pecten tooth with rather small basal anterior denticles (Fig. 27)
rotumae Belkin

Setae 4a,b-X usually singleordouble. . . . . .. .. .. .. ... 7
Setae 4a,b-X usually with 3 branches (2-4) (Flg 2).
cooki Belkin (p. 10)

Setae 4a,b-X usually single (1, 2) (Fig. 11).
tongae tabu Ramalingam and Belkin (p. 45)
Setae 4a,b-X usually double (1, 2) (Fig. 8)
tongae tongae Edwards (p. 35)

Seta 5-M single. . . . . . . . . oo e b e e e e e e Wallis form*
Seta 5-Mdouble. . . . . . . . . L. i . e e e e e e e e e e e 9

Pecten tooth with broad main shaft and apically frayed (Fig. 18).
futunae Belkin
Pecten tooth with very slender main shaft and apically pointed. . . 10

Seta 13-P present (Fig. 29). . . . . ... .. .. .. upolensis Marks
Seta 13-Pabsent (Fig. 5). . . . . .. ... ... kesseli n. sp. (p. 23)

*See Belkin 1962: 480,
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DESCRIPTIONS, BIONOMICS AND MEDICAL IMPORTANCE
OF THE SPECIES OCCURRING IN TONGA

AEDES (STEGOMYIA) COOKI BELKIN
(Figs. 1, 2, 3, 13, 14, 15, 16)

Aedes (Stegomyia) cooki Belkin 1962: 454 ('*, @, P*, L*).

MALE. Head. Proboscis dark scaled, with some pale scales on the ven-
tral side (proboscis in Niuafo'ou specimens sometimes without such scales),
longer than forefemur; palpus 5-segmented, dark, shorter than proboscis,
with a white basal band on each of segments 2-5; those on segments 4,5 dor-
sally incomplete; segments 4, 5 subequal, slender, upturned, and with only a
few short setae; antenna plumose, shorter than proboscis; torus covered with
white scales except on dorsal side; clypeus bare; decumbent scales of vertex
all broad aid flat; erect forked scales dark, not numerous, restricted to
occiput; vertex with a median stripe of broad white scales, with broad dark
ones on each side interrupted by a lateral stripe of broad white scales followed
ventrally by a patch of broad white scales. Thorax. Scutum with narrow dark
scales and a distinct median longitudinal stripe of similar white scales, median
stripe from anterior margin, narrows slightly posteriorly and reaches to the
beginning of the prescutellar space; prescutellar line with a few narrow pale
yellowish scales (Niuafo'ou specimens usually lack prescutellar line); posterior
dorsocentral line developed, with some narrow pale yellowish scales; supra-
alar line of broad white scales; acrostichal bristles absent; dorsocentral
bristles present; scutellum with broad white scales on all lobes and with a few
broad dark scales at apex of midlobe; anterior pronotum with broad white
scales; posterior pronotum with narrow dark scales on upper portion and with
broad white scales on lower portion forming a white stripe instead of a white
patch; paratergite with broad white scales; postspiracular area without scales;
subspiracular area without scales; patches of broad white scales on propleuron,
on the upper and lower portions of sternopleuron and on the upper and lower
portions of mesepimeron; upper sternopleural scale patch reaches to anterior
corner of sternopleuron; lower mesepimeral scale patch small, or medium
sized (Niuafo'ou specimens lower mesepimeral scale patch usually small) and
separated from upper mesepimeral scale patch, or sometimes narrowly
connected; lower mesepimeron without setae; metameron bare. Wing. With
dark scales on all veins except for a minute basal spot of white scales on costa;
cell Ry about 1.5 length of Rg,3. Halter. With dark scales. Legs (Fig. 16).
Coxae with patches of white scales; knee spots present on all femora; fore- and
midfemora anteriorly dark; hindfemur anteriorly with a broad white longitudinal
stripe which widens at basal 0.33-0. 50 and is separated from apical white scale
patch; all tibiae anteriorly dark; fore- and midtarsi with basal white bands on
tarsomeres 1, 2 (Niuafo'ou and Niue specimens sometimes have fore- and mid-
tarsi with basal white bands only on tarsomere 1); hindtarsus with basal white
bands on tarsomeres 1-4, the ratio of length of white band to the total length of
tarsomere is 0,33, 0,33, 0.40 and 0. 50-0, 60; tarsomere 5 entirely white, or
sometimes with a few dark scales at tip on ventral side; sometimes hindtarsus
with basal white band on tarsomere 4 interrupted by a few dark scales on ven-
tral side as well (Niuafo'ou specimens), or basal white bands on tarsomeres
4, 5 interrupted by a stripe of dark scales onventral side (Vava'u and Niue speci-
mens); sometimes hindtarsus with basal white bands ontarsomeres 2-5 interrupt-
ed by a stripe of dark scales onventral side (Nieu specimens); fore- and midlegs
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with tarsal claws unequal, the larger one toothed, the smaller one simple; hindleg
with tarsal claws equal, simple. Abdomen (Fig. 14). SegmentIwith white scales
onlaterotergite, rarely witha large median pale spotas well; tergum Il with baso-
lateral white spots only, or sometimes with a basal median spot aswell; terga III-VI
each witha complete or incomplete sub-basal white or pale yellowish band and with
lateral white spots which are turned dorsomesally and connected to sub-basal white
or paleyellowish bands; sometimes tergum VI with a sub-basal median pale spot
and with lateral white spots which are turned dorsomesally;tergum VII with lateral
white spots which are turned dorsomesally; tergum VII with lateral white spots only
or sometimes with a small subbasal median spot as well; sternum VIII largely cov-
ered with white scales. Terminalia (Figs. 1, 13). Basimere3.8aslongaswide,
scales restricted to dorsolateral, lateral and ventral areas, with a patch of
setae on the basomesal area of dorsal surface, mesal surface membranous;
claspette simple, slender, sternal and tergal sides parallel, apically rounded,
with 4 or 5 modified setae in a row on apical 0.16-0.20 of sternal side, lateral
surface with fine setae extending basad to about level of modified setae, or to
0. 25 of the entire claspette length, apex tergally with setae about 0. 5 length of
entire claspette length; distimere simple, elongate, length of basimere, slightly
swollen near tip, with a spiniform process and a few setae near apex; aedeagus
with a distinct sclerotized lateral toothed plate on each side; paraproct without
teeth; cercal setae absent; apical margin of tergum IX with middle rounded and
with a hairy lobe on each side.

FEMALE. Essentially as in the male, differing in the following respects:
Head. Palpus 4-segmented, about 0.2 length of proboscis, with white scales
on apical half or less. Wing. With cell Ry about 2.0 length of Ry,3. Legs.
Fore- and midlegs with tarsal claws equal, simple. Abdomen (Fig. 15). Ter-
gum I sometimes with a large median pale spot as well; terga II- VII with basal
lateral white spots which are dorsomesally turned; terga III-V usually with
subbasal (sometimes basal on tergum III) median pale spots as well, or some-
times terga ITII-V with incomplete or dotted subbasal pale yellowish bands con-
nected to lateral white spots, rarely terga III-V with complete subbasal pale
yellowish bands connected to lateral white spots; sometimes terga II- VII
dorsally dark; segment VIII completely retracted. Terminalia (Fig. 3). Api-
cal margin of sternum VII with a deep U-shaped notch at middle and with con-
spicuous rounded lateral lobes; insula longer than broad, with minute setae
and with 6 or 7 larger ones on apical 0. 4; apical margin of tergum IX with
well-developed lateral lobes, each with 4 (3-5) setae; apical margin of post-
genital plate with a shallow notch; cerci short and broad; 3 spermathecae, one
larger than the other 2.

PUPA (Fig. 1). Cephalothorax. Trumpet about 4.0 as long as wide at the
middle; setae 1,2, 7-C usually single (1,2), 3-C single; 1,3-C longer than 2-C,
4-C usually double (1-3), 5-C usually double (1-4), 6-C single, stout, much
stouter than 7-C, 8-C usually with 3,4 branches, 9-C single, long, 10-C usu-
ally double (1-5), mesad and caudad of 11-C, 11-C single, stout, 12-C usually
single (1-3). Abdomen. Seta 1-Iwell developed, with more than 10 branches,
dendritic; 2-1 single, 3-I single, long, 2,3-I not widely separated, distance
between them same as the distance between 4, 5-I; 1-II with 6-13 branches;
1-II usually double (1-3); 3-II, III single, shorter than segment III; 1-IV usually
double (1,2); 2-IV, V mesad of 1-IV, V; 5-IV, V usually double, or sometimes
5-IV- VI single; 5-IV-VI short, not reaching beyond posterior margin of follow-
ing segment; 9-I-V small, single, simple; 9-VI, VII usually single, stout and
barbed, or sometimes 9-VII double, much stouter and longer than preceding
ones; 9-VII with 2-5 branches, each barbed. Paddle. Margins with fringe;
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seta 1-P single.

LARVA (Fig. 2). Head. Antenna less than 0, 5 length of head, without
spicules; seta 1-A inserted near middle of shaft, single; inner mouth brushes
pectinate at tip; 4-C well developed, branched, closer to 6-C than to 5-C,
cephalad and mesad of 6-C, 5-C single, long, 6-C usually double (1, 2), 7-C
usually 3-branched, 8-10,13-C single, 11-C usually with 2-5 branches, 12-C
usually double, 14,15-C usually with 2,3 branches; mentum with 9, 10 teeth on
each side. Thovax. Seta 1-P usually 3-branched, 2,6,9,11-P single, 3,4-P
double, 5-P usually single (1,2), 7-P usually double (2, 3), 14-P usually double
(2,3); 5-M usually double, rarely single, 6-M with 3,4 branches, 7-M single,
8-M usually with 4-6 branches, 9-M usually 3-branched (3,4), 10,12-M
single, lgng, stout, 11-M single, small; 7-T usually with 5,6 branches, 9-T
usually double (2,3), 10,11-T similar to those on mesothorax, 12-T much
reduced. Abdomen. Seta 6-Iusually 3-branched (3-5), 7-Iusually single
(1,2); 6-II usually 3-branched (3,4), 7-II usually 3-branched (2, 3); 6-II-V
usually double (2, 3); 6-VI usually double (1, 2); 1-VII usually 3-branched (3, 4),
2-VI usually double (1, 2); 1-VIII usually with 3,4 branches, 2-VIII distant
from 1-VIII, 2,4-VIII single, 3-VIII usually 4-branched (3-5), 5-VIII usually
with 4, 5 branches; comb of 9-15 scales, in a single row, each scale with fine
denticles at the base of the apical spine, sometimes comb scale with apical
spine split at tip; anal segment with saddle complete; marginal spicules pres-
ent; 1-X usually 2-branched (2, 3); 2-X usually with 3,4 branches, sometimes
2-branched; 3-X usually double (1, 2); ventral brush with 4 pairs of setae on
grid, each seta usually 3-branched (3,4), rarely 2-branched; no precratal tufts;
anal papillae 1, 5-2. 0 length of saddle, the dorsal pair longer than the ventral
pair, sausage-like., Siphon. Short, about 2.3 as long as wide, acus absent;
pecten teeth 10-19, evenly spaced, each tooth usually with 1 large and 1,2
small basal denticles; seta 1-S with 3,4 branches, inserted beyond last tooth
and beyond the middle of the siphon.

TYPE-DATA. Aedes (Stegomyia) cooki Belkin, holotype male with associ-
ated terminalia slide (580704-23), in BMNH; type-locality: Niue Island,
IX-1957 (M. O. T. Iyengar). Allotype female, with same data as holotype,
except from cistern, collected in X-1957, in BMNH. Paratypes: 13 females,
5 larvae, with same data as allotype; 1 male with associated terminalia slide
(580714-7), same data as holotype, collected IX-20-1957; 1 male with associ-
ated terminalia slide (580714-1), same data as holotype, collected IX-21-1957;
3 pupae, with same data as holotype, except from coconut shells, collected
I1V-10-1958,

DISTRIBUTION. This species is known from Niue Island and Tonga.

In Tonga, we report it for the first time from Niuafo'ou Island and the Vava'u
Group (Maps III, IV).

2,659 specimens examined: 526c, 5259, 1460 terminalia, 59 terminalia,
650 L, 1051, 54 p, 328 individual rearings (320 1, 328 p).

NIUE ISLAND. (IX-X-1957, M. O. T. Iyengar), 3¢, 14%, 3¢ terminalia,
5 L; (IV-1958, M. O. T. Iyengar), 3 p; (V-VI-1973 progeny rearings in USMN),
785, 669, 390 terminalia, 5@ terminalia, 28 1, 145 individual rearings (144
1, 145 p); (VII-1973 individual rearings), 1790, 1699, 10d terminalia, 434 1,
71, 35p.

TONGA. Niuafo'ou Island, (XI1-1972-1-1973 progeny rearings in USNM),
149, 159, 110 terminalia, 14 L, 31 individual rearings (31 1, 31 p); (1970,
individual rearings), 4o, 32, 1o terminalia; (1972 Coll, 70-71), 118", 132%,
270" terminalia, 981, 16 p, 40 individual rearings (33 1, 40 p); Vawva'u Group,
(VII-1975 progeny rearings in USNM), 24c, 349, 200 terminalia, 2 L, 59 in-
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dividual rearings (59 1, 59 p); (1975, individual rearings), 1060, 929, 355" ter-
minalia, 167 L, 53 individual rearings (53 1, 53 p).

TAXONOMIC DISCUSSION. This species has been confused in the past
with fongae, which is apparently restricted to the Ha'apai Group. Although
cooki closely resembles tongae, it is definitely a distinct species and its male
terminalia especially are different from those of fongae. The 2 species can
be fairly readily differentiated in all stages by the characters given in the
keys.

Aedes cooki is an extremely variable species. Its affinities appear to be
with tongae and polynesiensis, but the male terminalia most closely resemble
those of kesseli, a new species from the Niuatoputapu Group.

The ornamentation of the adults of cooki is somewhat intermediate between
polynesiensis and tongae. The pupa is extremely similar to those of poly-
nesiensis and tongae in seta 9-VI, VII usually single, stout, and barbed, or
forked at tip. It can be distinguished from those of polynesiensis and tongae
by seta 5-IV, V which is usually double. The larva is very similar to that of
polynesiensis but can easily be distinguished from that of polyresiensis by the
branched condition of seta 5-M. It is also very similar to that of fongae but can
be distinguished from fongue by setae 4a,b-X which are usually 3-branched
(2-4). In fongue, setae 4a,b-X are usually double (1, 2).

At present, cooki is the only known species of the scutellaris group on
Niue, Niuafo'ou, and the Vava'u Group, in the South Pacific.

BIONOMICS. Aedes cooki is well established within its range and is a
common man-biter. The immatures occur in all types of natural and man made
habitats. It is the commonest mosquito found throughout its range and its first
batch of eggs can develop autogenously. Aedes cooki is an important vector of
filariasis and has been found naturally infected with Wucherevia bancrofti and
Divofilaria immitis Leidy. It is suspected to have been the major vector of
dengue-2 on Niue Island and is a suspect vector of dengue-1 in the Vava'u group.
Field studies were made on Niue Island from 18 April to 23 May 1973 and in
the Vava'u group of Tonga from 12 June to 1 July 1975. Only incidental col-
lections were made on Niuafo'ou Island on 29 April 1968, 24 September 1970
and 14 October 1972 during a brief trip ashore, with the main emphasis on
obtaining biting-landing mosquitoes for colony development.

Immature habitats. One hundred and sixty potential mosquito immature
habitats were surveyed for cooki (Niue Island (83), the Vava'u Group (70) in
Tonga, and Niuafo'ou Island (7) in northern Tonga (see Maps VII and VIII)).

One hundred and thirty-nine samples were positive for mosquitoes of which 117
were positive for cooki as shown in Table 1. The 21 sites negative for mos-
quito larvae were mainly large artifical containers (including 14/24 cisterns).
The 3 coral rock holes were on Niue and included one coastal rock hole and 2
on the terrace between 24 and 61 m above sea level. Sixteen of the leaf axil
collections positive for cooki were on Niue where there is no competition for
this niche by Ae. oceanicus Belkin or any other member of the Ae. (Finlaya)
group*. On Vava'u, cooki was collected in association with oceanicus on one
occasion from Pandanus, while only oceanicus was recovered from the remain-
ing 14 leaf axil collections made in Vava'u. Among the natural immature habi-
tats sampled (excluding artificial containers) only 4. 2% were negative for mos-
quitoes, and 80.2% were found with cooki; while 26, 6% of the artificial

*The only other species that occur on Niue are Ae. aegypti (Linnaeus), Culex
quinquefasciatus Say and Cx. sitiens Wiedemann,



14 Contrib. Amer. Ent. Inst., vol. 17, no. 3, 1980

containers were negative for mosquitoes, with 62. 5% positive for cooki. It is
interesting that on Niue Island only 7.2% of the sampled sites were negative,
while 90. 4% were positive for cooki as compared to 19. 5% and 54. 5% in Vav'u
and Niuafo'ou. This noticeable difference was due to 2 major factors. First,
the full scale utilization of the leaf axil niche on Niue by cooki in the absence
of other leaf axil breeders, i.e., 88.9% positive; compared to Vavu'u where
cooki was competing with oceanicus for the niche, 1007 of the leaf axil collec-
tions were positive for oceanicus while only 1(6.7%) provided cooki which was
in association with oceanicus. Second, the relatively sterile nature of large
artificial containers used for water storage (cisterns) where 14 of 19 (73.7%)
were negative for mosquitoes in Vava'u, whereas 5 of 5 sampled on Niue were
positive for cooki. Both Niue Island and the Vava'u group are short of water
and of necessity employ the use of cistern and large water storage containers,
which besides providing breeding place for cooki, also provide larval habitats
for the 2 introduced domestic mosquitoes, Culex quinqguefasciatusand Ae.
aegypti.

Relative abundance of cooKi in aquatic habitats. Even though only sub-
samples are taken from any aquatic sites and usually more than one leaf axil
is sampled in a single collection, the relative abundance among similar sites,
as well as cross category estimates, can be made by establishing some rather
arbitrary levels derived from the number of immatures sampled per collec-
tion. * It was observed that 53. 0% of the samples of cooki were considered
abundant, 17.9% common and 29. 1% few (Table 1).

Among the natural larval habitats it was 58.4%, 19.5% and 22. 1% respec-
tively. Sixty per cent of the tree holes were considered abundant habitats
with all 10 of the larger tree holes and 38.9% of the smaller tree holes in the
abundant range. Coconuts represent a niche in which total counts of immatures
can be obtained. This numerous and prolific niche provided abundant counts in
74. 1% of the samples, with actual counts as high as 393 healthy immature cooki
from a drinking nut from Pangai Motu, an island in the Vava'u group. The
highest count on Niue Island was a split coconut with 142 immatures. Only
35.3% of the leaf axil collections provided abundant counts. These were all
from giant talo (kape), Alocasia macvorvhiza (Linnaeus) which has larger
accumulations of water than in either talo, Colocasia esculenta (Linnaeus), or
Pandanus sp. Artificial containers provided 42. 5% abundant, 15.0% common
and 42. 5% few for cooki immatures. However, if we look at the smaller con-
tainers which more closely resemble natural immature sites we find that 66. 7%
were abundant and only 16.7% few. This compares with 32. 1% abundant and
53.6% few for the larger containers.

Immature habitat preference. The 3 major natural habitats for immature
cooki are tree holes, coconuts (either drinking, rat-eaten or split) and leaf
axils. The order of relative importance of these sites appears to differ in
each of theareas. OnNiue, it isleafaxil - treehole - coconut, while onVava'u,
it is coconut - tree hole - leaf axil. Although few collections have been made
on the isolated volcanic island of Niuafo'ou, the order of importance would
probably be tree hole - coconut - leaf axil, The order of preference depends
upon the numbers of available sites in the area as well as the possible inter-
specific competition that is most likely responsible for the full exploitation of
the leaf axil niche in Niue. Coral rock holes are abundant on Niue and when

*Abundant = 20+; common = 10-19; few = 1-9 immatures per sample.
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they hold water (many are permeable), they are effectively utilized by cooki.
No coral rock holes were observed in Vava'u. Volcanic rock holes are common
on Niuafo'ou and probably provide excellent conditions for cooki as they do for
kesseli on Tafahi, however, the only 2 sampled were splashed by waves with
consequent high salinity and occurrence of Cx. sitiens. Because of the short-
age of water on these islands, there are many water storage containers which
provide easily accessible peridomestic habitats for the ubiquitous cooki. In
Vava'u, the large concrete cisterns appear to be less attractive to cooki than
other man-made sites and parallels that observed for fongue tabu on Tongatapu.
Mosquito species composition at lavval habitats. In its range, cooki was
found with 4 other species: Ae. aegypti, Ae. oceanicus, Cx. quinquefasciatus
and Cx. sitiens. Table 2 summarizes the associations and gives the species
composition of all immature collections. Of 139 collections positive for Culi-
cidae: 115 contained cooki, 23 aegypti, 15 oceanicus, 14 quinquefasciatus and
8 sitiens. Aedes cooki dominated all larval habitats with the exception of those
too foul. It occurred in 82. 7% of the habitats, with 63.3% containing cooki
alone. On Niue Island where it is obvous that both aegypti and Cx. quinquefas-

TABLE 2. Mosquito species composition at larval habitats.

Species Total Niue Vava'u Niuafo'ou
(No mosquitoes found) (21) (6) (15) (0)
Ae. cooki only 88 54 29 5
Ae. cookiwith Ae. aegypti 13 12 1 0
Ae. cooki, Ae. aegypti and 4 1 3 0
Cx. quinquefasciatus
Ae. cooki, Ae. aegypti and 4 4 0 0
Cx. sitiens
Ae. cooki with Cx. quin- 3 0 3 0
quefasciatus
Ae. cookiwith Cx. sitiens 2 2 0 0
Ae. cooki with Ae. oceanicus 1 0 1 0
Ae. aegypti with Cx. quin- 1 0 1 0
quefasciatus
Ae. aegyptionly 1 0 1 0
Cx. quinquefasciatus only 6 3 3 0
Cx. sitiens only 2 0 0 2
Ae. oceanicus only 14 0 14 0
Total 139 76 56 7

ciatus are recent immigrants, the latter being the most recent, cooki was
recovered in 96. 1% of all collections in a wide variety of habitats, and as

the only species in 71.1%. For Vava'u, the figures were similar if the 15 leaf
axil collections, in which oceanicus was omnipresent were extracted, giving
87.8% and 70, 7% respectively; showing that aegypti and Cx. quinquefasciatus
are also not so well established in the Vava'u group. In both areas, many
habitats were sampled in peridomestic situations, including numerous arti-
ficial containers. Only 21 collections positive for Culicidae did not contain
cooki, including: 14 leaf axil collections in Vava'u, all positive for oceanicus
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only; 2 collections from volecanic rock holes on Miuafo'ou contained only Cx.
sitiens; while the remaining 7 were in artificial containers: 3 (2 water troughs
and a grease trap) on Niue with Cx. quinquefasciatus only; and 4 on Vava'u, 2
with Cx. quinquefasciatus (cistern and drum), one cistern with aegypti and one
cistern with both. Aedes cooki was found with other species in only 4 natural
sites, i.e. with Cx. sitiens in a coconut fragment (Niue), with aegypti and Cx.
quinquefasciatus in a drinking coconut (Vava'u), with Cx. quinquefasciatus in

a split coconut (Vava'u), and with oceanicus in a Pandanus leaf axil collection
(Vava'u) and 18 artificial container sites. Since artificial containers are so
diverse in character, and since they are the major habitat where an associa-
tion of species occurs, the composition of species in the various artificial
container habitats has been subdivided in Table 3. Forty-seven (73.4%) of

the artificial containers sampled were positive for Culicidae of which 85.1%
had cooki, with 21 associated with other species. Only 4 of the 21 associations
occurred in Vava'u, i.e., a drum with aegypti; a double sink with aegypti and
Cx. quinquefasciatus and a pot and a wooden bowl with Cx. quirnquefasciatus;
the other 17 associations occurred on Niue and can be derived from Table 3.

Invertebrate fauna found associated with mosquito larval habitats. Of the
160 collections, 90.6% provided samples of various invertebrates including:
86. 9% positive for Culicidae and 73.1% for cooki. Eighty samples (50%) con-
tained species of invertebrates other than mosquitoes, and with the exception
of 6 collections, in which only non-culicid invertebrates were found, the re-
mainder were associated with mosquitoes. Table 4 shows the invertebrate
fauna associated with specific larval habitats. The coconut niche provided the
greatest diversity of invertebrate taxa as well as numbers. It included all of
the phyla recorded as well as all the families of Diptera. The coconut niche
also provided the greatest variety for single collections. On Niue, from a
fragment of coconut shell, 6 taxa were found: 3 cooki, 2 Cx. sitiens, Cera-
topogonidae, a snail, Platyhelminthes and Rotifera. Another 4 collections,

(2 Niue, 2 Vava'u) provided 5 associations, for example, 2 from Vava'u con-
tained: 1) a split coconut - 30 cooki, 30 Cecidomyiidae, 25 surface mites, 11
cyclorrhaphous Diptera larvae, and one Staphylinidae, and, 2) a drinking coco-
nut - 393 cooki, Ceratopogonidae, Psychodidae, cyclorrhaphous larvae and
surface mites. A coral rock hole 12.7x6.0x 1.9 cm deep, situated 0.76 m
above the ground also contained 6 taxa: 42 cooki, Ceratopogonidae, an undeter-
mined orthorrhaphous larva, cyclorrhaphous larvae, Platyhelminthes and sur-
face mites. The coconut niche was followed by the diverse habitats offered by
artificial containers and surprisingly, leaf axils, For non-culicid Diptera, the
coconut niche was the most prolific, followed by tree holes and leaf axils.

Next to Culicidae and other Diptera, the most ubiquitous invertebrate associ-
ate was a minute milky white platyhelminth. By far the most significant forms
obtained in larval habitats were the Diptera which were recorded in all 145
sites that were positive for invertebrates. Even excluding the target group,
Culicidae, the order was the most obvious faunal group present with 40, 6% of
all site collections sampled and 81.3% of the non-culicid samples. Table 4
also subdivides the Diptera.

Among the non-arthropods, Platyhelminthes (Turbellaria) were sampled
on 13 occasions in a variety of sites and included a single specimen of a rela-
tively large terrestrial Tricladida from a split coconut on Niue, while all other
samples from Niue and Vava'u contained minute milky white forms, probably
members of the genus Dendrocoelum. The Aschelminthes, class Rotifera,
often overlooked because of their size, were nonetheless recorded on 9 occa~
sions. The Mollusca, class Gastropoda, were all small snails, both discoidal
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and conical. The 2 samples of Annelida, both from Vava'u, included 2
Oligochaeta from the leaf axils of talo and unexpectedly, a Hirudinea from a
drinking coconut. The non-dipterous arthropods included: surface mites
(Acarina), 2 millipedes in a tree hole at base of a flamboyant (Delonix regia
{Bojer)), Collembola (both Arthropoleona and Symphypleona) were collected
from 3 tires, a cistern and 5 coconuts, but, like surface mites, they are easily
missed by the usual mosquito sampling methods and are undoubtedly more
common than the records indicate. Anisoptera naiads were observed in a water
trough and cistern; while Coleoptera (Staphylinidae and Curculionidae) were
found in coconuts.

Non-culicid Dipteva associated with cooki. Ceratopogonidae were the most
numerous and diverse taxa recovered on Niue and Vava'u and the only associ-
ated family recorded in the few samples from Niuafo'ou. This family was
represented in 17. 5% of all samples and 35% of all non-culicid invertebrate
collections. However, there were 2 species involved. On Niue, Dasyhelea
carolinensis Tokunaga was the only species present (15 collections) and the
only species recovered from artificial containers and coral rock holes; it also
was in small tree holes, coconuts and leaf axils. In Vava'u, only Dasyhelea
hitchcocki Wirth was found in small and large tree holes, coconuts and leaf
axils of Pandanus, but did not occur in artificial containers. Interestingly, on
Niuafo'ou both species were recovered, D. carolinensis in volcanic rock holes
and D. hitchcocki in small tree holes (2). The niches utilized by these Dasy-
helea are the same as those utilized by cooki. With the exception of 2 volcanic
rock holes on Niuafo'ou where it was associated with Cx. sitiens and 3 samples
where D. carolinensis was the only invertebrate in a foundation, roof gutter
and leaf axil of the compass palm, it was always associated with cooki.

Chironomidae were in 21, 2% of the non-culicid samples, on Niue, but were
found on only 3 occasions in Vava'u, i.e. in a cistern and the leaf axils of
Pandanus and pineapple (Ananas sp. ) (the 2 leaf axil samples were from the
subfamily Orthocladiinae while the cistern and all collections on Niue provided
Chirvonomus sp.). The artificial containers positive for Chironomus sp. on
Niue were a canoe, a petrol drum and 4 of 6 tires sampled. Except for the
cistern on Vava'u, where it was the only invertebrate recorded, Chivornomus
sp. was always collected with cooki.

Psychodidae, probably Telmatoscopus vitiensis Satchell, were recovered
only from a leaf axil of kape on Niue, all others were from Vava'u. The
Psychodidae were usually found in the more turbid and foul habitats, even so,
all of our samples were associated with cooki.

Cecidomyiidae of the genus Resseliella were found only in coconut shells,
often in large numbers (30 or more). The only exception, in numerous collec-
tions of these forms in the Fiji - Tonga - Samoa area was in the base of a
fallen coconut frond on Niue in which a single red-orange larva was found in
association with 2 cooki larvae. The usually orange but occasionally yellow-
ish larvae are very placid, showing few signs of life, but, if removed from
the coconut and placed on the hand or table they double up and catapult them-
selves through the air, with an audible snap.

Cyclorrhaphous larvae included Drosophilidae and Syrphidae in fermenting
putrid coconuts, and the larvae of undetermined aquatic calypterate and acaly-
perate forms.

Biting activity. Aedes cooki, as with other members of the scutellaris
group, is a diurnal biter and is common in most habitats encountered on the
islands in its range. It has been collected biting man from sea level to the
summit of Mount Talau, (198 m) on Vava'u, in all areas visited in Niue and is
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said to be encountered even on the highest points on Niuafo'ou up to 227 m.

The highest densities are encountered in the shade and tend to increase with
increased densities of cover. Very high densities were not encountered as in
some species in Tonga where the crab hole niche is present and utilized. It

is not known whether cooki utilizes crab holes but the major islands in its
range provide few areas suitable for extensive crab hole habitats. Biting-
landing collections on Utungaki and Pangai Motu islands in the Vava'u group,
among mangroves and near a lagoon where crab holes were observed, gave an
average of 0.2 cooki/min based on 40 minutes of collecting. At least in these
areas, crab hole habitation by cooki was not apparent. The highest densities
were encountered at Tafolomahina in the center of Niue Island where biting-
landing cooki were encountered at rates of 6 to 10 per minute. A systematic
biting-landing survey was made in Ha'akiu village on Vava'u. Twenty-seven
houses were surveyed by a 10 minute human bait collection in the shade near
each house. The average biting rate was about 1 per minute (264 cooki/270
min). with a range of 0 to 76 (7.6/min). Seven (26%) of the stations yielded
10+ cooki, 5had 1-9, 11 provided 1-4 and 4 were negative for cooki. There
was a tendency for the highest densities to occur on the periphery. All of the
negative sites were in the central portion of the village. It appears that cooki
may have a greater tendency to bite and rest indoors than the other scutellaris
species in the area. Indoor biting-resting collections made on Niue included:

6 in Alofi, our laboratory house (4), the treasure building (1), and the next
door to the laboratory. A total of 13 females and 4 males were caught, all
between 1000-1630 h. In a search for naturally infected cooki, 43 females
(most freshly fed) were collected inside an isolated house, mainly in a partial-
ly screened kitchen, in Tafolomahina. This was the only occasion in all is-
lands studied where large numbers of the scutellaris group were found resting
in a house. Usually, it is a case of entering the house to feed and exiting
immediately after feeding. The partial screening may have made the exit more
difficult. In Vava'u, 27 houses were surveyed for indoor resting mosquitoes.
Only 16 mosquitoes were captured of which 4 were males (3 aegypti, 1 Cx.
quinquefasciatus) and 12 were females (7 cooki, 3 Cx. quinquefasciatus, 2
aegypti). The T cooki were in essence biting-landing females. All had stage II
ovarian follicles, 5 with empty midguts, one fully fed with fresh blood and one with
a partial meal of fresh blood suggesting that it had been disturbed while feeding.
The aegypti included a female with stage V follicles and old blood, while the
other had stage II follicles and empty midgut, i.e. a biting-landing rather than
a resting female. The 3 Cx. quinquefasciatus were resting mosquitoes, fresh-
ly fed, with stage II or III ovarian follicles. Even though the numbers are small,
it suggests that cooki on both Niue and Vava'u may prefer to bite indoors more
than the other scutellaris group species in the Tonga area.

Fecundity - Individual egg batches were obtained from 63 cooki (Vava'u-21,
Niue-29 and Niaufo'ou-13) ranging from 22 to 130 eggs per female, providing
3,831 eggs or a mean clutch size of 60.8 eggs. The median clutch was 55 and
the mode 50 to 59 eggs per female. The median and ranges of Vava'u and Niue
were similar, 51 and 52, and, 26-130 and 22-126, respectively; however, be-
cause of the 3 very large egg batches from Vava'u (114, 129, 130) providing
27.2% of the total eggs, the mean clutch was 65.3 as compared to 58, 8 for
Niue where the 2 large egg batches provided only 13, 4% of the total. The egg
batches in excess of 100 were 7.9% and they contributed 15. 7% of the eggs.

Gonotrophic cycle. The length of the gonotrophic cycle for cooki on Vava'u
during June 1975, was 72 to 73 hours from blood meal to oviposition. The
figure was derived from 16 females with known feeding and oviposition times.
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Oviposition began 70 to 75. 5 hours after the blood meal with a mean of 72.3 h
and a mode of 72 h. It appeared that the length of the gonotrophic cycle on
Niue during April and May 1973 was longer by about 0.5 day, i.e. 3.5 days.
However, only one female was timed to the hour and it oviposited at 72 hours.
The other 12 were checked for oviposition only in the morning (0600-0800 h)
and afternoon (1600-1800 h), consequently, the figures are crude but definitely
in excess of 72 hours. The rough derived average was 83.3 hours from blood-
feeding to oviposition. From data derived from dissection of 178 biting-landing
cooki in Haakiu village, Vava'u, it was observed that 15.7% of the parous
females had distended pedicels showing that they were returning for a blood
meal within 24 hours of oviposition.

Autogeny. Aedes cooki was the 2nd species of the scutellaris group shown
to be autogenous, i.e. capable of developing the first egg batch without a blood
meal. This was observed in a colony derived from Niuafo'ou, in 1972, The
first species observed to be autogenous was kesseli in 1970 (Hitchcock and
Rozeboom 1973). Autogeny was also demonstrated in cooki from Niue and
Vava'u in 1973 and 1975 (Hitchcock, unpublished data; Hoyer and Rozeboom
1976). Through our work, autogeny has been observed in all species and sub-
species of the scutellaris group in the Tonga area but has not yet been described
outside of the area in any member of the scutellaris group.

MEDICAL IMPORTANCE. Aedes cooki is the major vector of filariasis in
its range. It was experimentally infected with W. bancrofti on Niue and found
naturally infected with both W. bancrofti and D. immitis in Vava'u. This
species was suspected to have been the major vector of the dengue-2 virus out-
break on Niue Island (1972) and is a suspect vector of both dengue-1 (1975) and
dengue-2 (1974) viruses in Vava'u.

Filaviasis. In cooki, experimentally infected on Niue, 50% of 30 females
dissected from post-infection day 9 to 14 contained stage II or III larvae of
W. bancrofti. The first active stage ITI larvae were observed on day 11, how-
ever, it was not until day 12 that infective stage larvae were observed migrat-
ing out of the thoracic area and into the head and mouthparts. Because of
mass drug administration of Diethylcarbamazine citrate in progress on Niue
at the time of the study, no naturally infected cooki were observed in the 115
parous cooki dissected. However, cooki was found naturally infected with
W. bancrofti and D. immitis in females dissected from a biting-landing survey
made in Ha'akiu village, Vava'u. One hundred seventy-eight cooki were dis-
sected, of which 108 were parous (60.7%). Twenty-five filarial infections
were recorded among 21 cooki - there were 8 infections with W. bancvofti and
17 infections with D. immitis, including: a multiple infection with W. ban-
crofti, a multiple infection with D. immitis and 2 mixed infections, i.e. W.
bancrofti and D, immitis. Infective larvae (stage III) were recovered from 2
cooki: 9 stage III of W. bancrofti (6 head and mouthparts, 2 thorax, 1 abdo-
men); and 13 stage III of D. immitis (12 abdomen, 1 thorax). Interestingly,
these were the 2 females with mixed infections, the first a 4-parous cooki also
contained 4 stage I of D. immitis while the 2nd, a 3-parous female also had 9
stage I of W. bancrofti. The infection and infective rates based on the 108
parous cooki were: W. bancrofti - 1.4% and 0.93; and D. immitis 15. 7% and
0.93% respectively. One hundred eighty-nine filaria larvae were recovered
from the 108 parous cooki dissected (1. 75/female) of which 38 were W. ban-
crofti (0.35/female) and 151 were D, immitis (1.4/female). The average
worm burden per infected mosquito was: W. bancrofti, 4.8; and D. immitis
8.9. The average number of stage III larvae per parous and infected mos-
quito was W. bancrofti, 0.08 and 1.13; and for D. immitis, 0.12 and 0. 77,
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Dengue. An explosive outbreak of dengue-2 virus occurred on Niue during
1972, It appears that the usual vector, aegypti, is a recent immigrant to Niue
and is now in the process of establishing itself there. It was becoming widely
distributed by the time of our observations early in 1973, but it was always in
association with, and less abundant than cooki, even in its most preferred lar-
val habitats. Observations made during the outbreak on Niue by Dr. L. Rosen
and Punapa Eric (personal communication), showed such low densities of
aegypti that it could not have played a major role in the transmission of dengue-
2 during the outbreak. Subsequent laboratory studies, with both cooki and
aegypti from Niue Island, showed that cooki consistently supported salivary
gland infections, (i.e. became infective) with the Niue strain of dengue-2, while
it appeared that aegypti was refractory to salivary gland infection (Drs. D.
Gubler and L. Rosen, personal communication). It appears that on both epi-
demiological and experimental grounds cooki was at least the major vector, if
not the only vector on Niue at the time of the outbreak. During our study on
Niue, the prevalence of cooki and aegypti in all larval habitats was 88. 0% and
19. 3% while for artificial containers, only, it was 81.1% and 43. 2% respec-
tively, Aedes aegyptiwas less frequent than cook: in all but 3 artificial con-
tainers: a canoe in Alofi and two 50 gallon drums, one in Avatele and one in
Liku. The relative abundance of aegypti in Vava'u just after an outbreak of
dengue-1 was also very low. The prevalence at the sites for cooki and aegypti
were: all collections (77) 54. 5% and 7. 8%; artificial containers (27) 33.3% and
18.5%. The prevalence rates for the combined village surveys of Nioafu and
Ha'akiu, for cooki and aegypti, were: all collections (39) 59. 0% and 15. 4%,
artificial containers (18), 66.7% and 27. 8% respectively, while the Breteau
indices, based on 57 houses surveyed were: 40.4 and 10. 5; and for artificial
containers, 21.1 and 8. 8 respectively. The number of immatures collected in
the 77 samples were: cooki 1,802 and aegypti, only 26. For artificial con-
tainers it was: 151 and 18 respectively, i.e. nearly a 10-fold difference. Due
to the low incidence of aegypti in peridomestic sites, it was not at a sufficient
level to support the recent dengue outbreaks on Vava'u. Thus it appears that
cooki was probably involved in transmission.

AEDES (STEGOMYIA) KESSELI HUANG AND HITCHCOCK, NEW SPECIES
(Figs. 4, 5, 6, 13, 14, 15, 16)

Aedes (Stegomyia) sp. Tafahi form, Huang 1977a: 291 (L*),

This species is named for Dr. John F. Kessel, in recognition and apprecia-
tion of his great contribution to the knowledge of subperiodic Bancroftian filaria-
sis and its control in the South Pacific. As in cooki, except for:

MALE. Head. Proboscis dark scaled, sometimes with a few pale scales
on the ventral side, longer than forefemur. Thorax. Median stripe from
anterior margin of scutum narrows slightly posteriorly and forks at begin-
ning of the prescutellar space; prescutellar line with a few narrow golden
yellowish scales or sometimes absent; patches of broad white scales on pro-
pleuron, on the upper and lower portions of sternopleuron and on the upper
and lower portions of mesepimeron, or sometimes the lower mesepimeron
without scales; upper sternopleural scale patch reaches to anterior corner of
sternopleuron; lower mesepimeral scale patch small and well separated from
upper mesepimeral scale patch, Legs (Fig. 16). Hindfemur anteriorly with a
broad white longitudinal stripe which widens at base and is narrowly
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separated from the apical white scale patch; fore- and midtarsi with basal white
bands on tarsomeres 1, 2; sometimes fore- and midtarsi with a basal white
band on tarsomere 1 only; hindtarsus with a basal white band on tarsomeres
1-4, the ratio of length of white band to the total length of tarsomere is 0. 25-
0.33, 0.33, 0.40 and 0. 50-0, 60; tarsomere 5 all white or sometimes with a
few dark scales on the ventral side; sometimes hindtarsus with basal white
band on tarsomere 4 interrupted by a few dark scales on the ventral side or

by a stripe of dark scales on the ventral side (Niuatoputapu specimens some-
times have hindtarsus with basal white bands on tarsomeres 4, 5 interrupted by
a stripe of dark scales on ventral side); hindleg with tarsal claws equal,
simple. Abdomen (Fig. 14). Segment I with white scales on laterotergite;
tergum IT dorsally dark, with basal lateral white spots only or sometimes with
a small basal median spot as well; terga ITI-VI each with a subbasal median
pale yellowish or white spot and with lateral white spots which are turned dor-
somesally; sometimes terga IV, V with some pale scales on each side of the
subbasal median spot forming a subbasal transverse pale dotted band; occasion-
ally tergum VI also with a subbasal transverse pale dotted band; rarely terga
ITI-V each with a complete subbasal transverse pale band (Niuatoputapu speci-
mens sometimes have terga ITI- VI with complete subbasal transverse pale
bands); tergum VII with lateral white spots only or sometimes with a small
median spot as well.

Tevyminalia (Figs. 4, 13), Basimere 3.5 as long as wide, distimere simple,
elongate, length of basimere, with a spiniform process and a few setae near
apex; apical margin of tergum IX with middle truncated and with a hairy lobe
on each side.

FEMALE. Essentially as in the male of cooki, differing in the following
respects: Head. Palpus with white scales on less than apical half, Abdomen
(Fig. 15). Terga II-VII with basal lateral white spots only or sometimes terga
III-V with not very distinct subbasal pale yellowish spots as well; occasionally
tergum VI also with a small subbasal pale spot as well; rarely terga III-IV each
with a more or less complete subbasal transverse pale band and a dotted sub-
basal pale band on tergum V (Niuatoputapu specimens sometimes have terga
III-V each with a more or less complete subbasal transverse pale yellowish
band and a dotted subbasal pale band or subbasal pale spot on tergum VI).
Terminalia (Fig. 6). Insula with minute setae and with 7 (6-8) larger setae on
apical 0. 4; apical margin of tergum IX with well-developed lateral lobes, each
with 5 (3-5) setae.

PUPA (Fig. 4). Cephalothovax. Trumpet short, about 3.0 as long as wide
at the middle; setae 1,3-C single, longer than 2-C, 2-C usually single (1, 2),
4,7-C usually double (1, 2), 8-C usually double (1-4), 10-C usually 3-branched
(2-5), mesad and caudad of 11-C, 12-C usually double (1-3). Abdomen. Seta
1-II with 4-12 branches; 1-IIT usually double (1-6); 1-IV single or double;
5-IV-VI single, or sometimes 5-1IV, V double; 5-IV, V usually long, reaching
beyond posterior margin of following segment; 9-VI, VII usually single and
simple, or sometimes barbed, much stouter and longer than preceding setae;
9-VIII with 2-8 branches, each barbed.

LARVA (Fig. 5). Head. Seta 6-C single or split at tip, 7-C with 2-4
branches; 11-C usually with 2, 3 branches, 12,14, 15-C usually double; mentum
with 12,13 teeth on each side. Thorax. Seta 1-P usually 3-branched (2, 3),
5-P usually double, 7-P usually 3-branched (2, 3), 14-P usually 3-branched;
6-M with 4-6 branches; 8-M usually with 6,7 branches, 9-M 3-branched; 7-T
usually with 6-8 branches, 9-T usually 3-branched (2,3). Abdomen. Seta 6-I
usually 4-branched (4, 5), 7-Iusually double (1,2); 6-II usually 4-branched
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(3,4), 6-III-V double; 6-VI usually single (1,2); 1-VII usually 3-branched,
2-VII usually single (1,2); 3-VIO usually with 4,5 branches, comb of 8-14
scales, in a single row, each scale with rather distinct denticles at the
base of the apical spine, sometimes comb scale with apical spine split at
tip; anal segment with saddle incomplete, marginal spicules present; seta
1-X 2-branched, 3-X single or double; ventral brush with 4 pairs of setae
on grid, each .seta usually with 3,4 branches, sometimes 1 or 2 setae
2-branched; anal papillae 2. 0-3. 0 length of saddle. Sipkon. Short, about 2.0
as long as wide, pecten teeth 8-16, evenly spaced, each tooth usually with 2
large and 1,2 small basal denticles; seta 1-S with 3-5 branches, inserted be-
yond last tooth and beyond the middle of the siphon.

TYPE-DATA. Holotype male (S. P. -I-4) with associated larval and pupal
skins and terminalia slide (YMH-'72-3), Tafahi Island, Tonga, VII-1971,
SEAMP. Deposited in the USNM. Allotype female (S. P. -I-149) with associated
larval and pupal skins, all with same data as holotype. Deposited in the USNM.
Paratypes: 19 males, 9 females as follows: 9 males (S.P.-I1-1,3,5,6,8,11,
12,13,16) with associated larval and pupal skins and terminalia slides (YMH-
'72-1,2,4,5,6,7,8,9,10); 2 males (S. P. -1-36, 125) with associated larval and
pupal skins; 8 males (S. P. -1-55,56,97,98,100,104, 128, 162) with associated
pupal skins; 9 females (S. P.-1-2,17,9, 10, 14,15, 18, 26, 110) with associated lar-
val and pupal skins, all with same data as holotype. Deposited in the USNM
and BMNH. (All type materials were reared at SEAMP from eggs which were
from Dr. J. C. Hitchcock's collection #7, females biting man on Tafahi Island,
Tonga, 30-VI-1970).

DISTRIBUTION. This species occurs only in Tonga. In Tonga it is known
from the following islands: Tafahi, Niuatoputapu, Hunganga, Motualanga,
Nukunono, Tavili and Hakauto'utu'u (Map II). 1,874 specimens examined:
547, 6502, 1700 terminalia, 129 terminalia, 21 L, 288 individual rearings
(186 1, 288 p).

TONGA. Tafahi Island, (VI-1969, individual rearings), 300", 242, 8d
terminalia; (VI-VII-1970, individual rearings), 574, 379, 174 terminalia;
(1970 progeny rearings), 250", 189, 119" terminalia; (1970, biting in field),

239; (VII-1971, progeny rearings in SEAMP), 91¢, 719, 240 terminalia, 89
terminalia, 14 L, 170 individual rearings (80 1, 170 p); Niuatoputapu Island;
(IV-1968, University of California, Los Angeles colony), 657, 1359; (V-VII-
1969, individual rearings), 44d, 489, 80 terminalia; (VII- VIII-1970, individual
rearings), 540, 459, 18¢" terminalia; (VII- VIII-IX-1970, progeny rearings),
560", 799, 190 terminalia; Falehau (VIII-1970, individual rearings), 394, 239,
180" terminalia; Vaipoa (IX-1970, individual rearings), 6, 109, 20° terminalia;
Hunganga Island, (VIII-1970, individual rearings), 150", 269, 55 terminalia;
Motualanga Island, (VIII-1970, individual rearings), 135", 169, 50 terminalia;
Nukunono Island, (VII-1970, individual rearings), 19¢", 182, 84 terminalia;
Tavili Island, (VIII-1970, individual rearings), 19; Hakautu'utu'u Island,
(IX-1970, individual rearings), 59, 62, 25" terminalia; (XI-1972, progeny rear-
ings in SEAMP), 28d, 709, 250 terminalia, 49 terminalia, 7 L, 118 individual
rearings (106 1, 118 p).

TAXONOMIC DISCUSSION. Aedes kesseli is a member of the scutellaris
subgroup, having the supraalar white line complete and well developed, with
broad flat scales over the wing root and toward the scutellum. The adults are
very similar to those of upolensis from Samoa, especially, when there is
complete absence of the lower mesepimeral scale patch, or the presence of at
most 3 scales in this region. It is also very similar to adults of horrescens
and polynesiensis from Fiji, especially if the female has only basal lateral
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white spots on the abdomen. It can be recognized, however, in having the dor-
sal surface of the hindfemur with the basal portion at least 0. 25 white; in
upolensis, horrvescens and polynesiensis the dorsal surface of hindfemur has
at most 0. 12 of its surface white.

Aedes kesseli is most closely related to cooki. We are describing kesseli
as a distinct species in spite of the fact that the claspette of the male termina-
lia of kesseli is indistinguishable from that of cooki. The larva of kesseli is
strikingly different from that of cooki by the incomplete saddle. In this
respect, kesseli is very similar to upolensis. However, it can easily be dis-
tinguished from upolensis by the absence of seta 13-P. The pupa is indis-
tinguishable from that of upolensis.

The Niuatoputapu specimens differ rather markedly from the Tafahi speci-
mens in that the abdominal terga III-VI sometimes have complete sub-basal
transverse pale bands (in male) and abdominal terga ITI-V sometimes have
incomplete or dotted sub-basal pale yellowish bands (in female). In other
respects these populations appear to be identical.

There is considerable variation in kesseli from the different islands and
even on the same island - individual, and geographic, but all the males we
have examined conform to a single type which can be distinguished from those
of tongae tabu and tongae tongae by the characters given in the key.

At the present time kesseli is the only known species of the scutellaris
group on Niuatoputapu Group (Tafihi, Niuatoputapu) in the Tonga islands.

BIONOMICS. Aedes kesseli probably has the widest range of larval habi-
tats of all species of mosquitoes in the Tonga area and is certainly on a par
with the closely related, ubiquitous and wide ranging Ae. polynensiensis. It
readily feeds on man and was found to be in the highest densities recorded for
members of the group in the area. It has been found naturally infected with W,
bancrofti and D. immitis on both Niuvatoputapu and Tafahi, and is the most im-
portant vector of W. bancrofti in its range. Furthermore, it is from an area of
very high endemicity of W. bancrofti. Aedes kesseli is the suspect vector of
dengue-1 virus on Tafahi (1975) and may have been the major vector of dengue-
1 on Niuatoputapu (1975). Field studies were made on Niuatoputapu and Tafahi:
March and April 1968, May to July 1969, end of June to September 1970, and
for Niuatoputapu only, September and October 1972.

Immature habitats. One hundred and sixty-three potential mosquito imma-
ture habitats were surveyed for kesseli, on the northern outliers of Niuatoputapu
(125) and Tafahi (38) islands. Collections for Niuatoputapu include those made
on the small island of Hunganga (16) and the islets of Motualango (4) Nukunono
(2) Tavili (1) and Hakautu'utu'u (1), (see Map I and II). One hundred and fifty-
two (93.3%) were positive for mosquitoes and 68. 7% were positive for kesseli
(Table 5). Only 11 sites (6. 7%) were negative for mosquitoes. Of particular
interest was the collection of kesseli from ground water on Niuatoputapu, an
unusual niche for the Ae. scutellaris group, hence a brief description of each
of the sites, The first was a borrow pit, 1.2x 1.2 x 0,9 m, with 12,7 cm of
water with many coconuts lying in the water. There was also a copious devel-
opment of filamentous green algae. The water was semi-permanent, clear,
fresh with a mud bottom and in partial shade alongside a road. The larvae
were all 2nd stage and were numerous. Only kesseli was recovered from the
site and because of the coconuts, one could speculate that the oviposition
occurred in the coconuts and thence into the ground water. The 2nd site how-
ever, was 3.7x 1.2 m with 7.6 to 30,6 cm of semi-permanent, clear, fresh
water with a mud bottom and neither coconuts nor algae. It was in deep and
partial shade alongside the road. It also contained larvae of kesseli in the
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same stage as the previous site. The 3rd had characteristics more like a
roadside puddle than a borrow pit - it was 3.7 x 4.6 m and 15.3-20.4 cm
deep with turbid fresh water in full sun. It contained 3rd stage larvae of Ae.
vexans (Meigen), Cx. annulivostris Skuse and Ae. kesseli. The well was on
the southern side of the island in the shade of a large mango tree (Mangifera
indica Linnaeus) at an agriculture farm. It was 0.9 m in diameter and 3.7 m
down to the clear fresh water. It contained mainly kesseli with a few Cx.
quinquefasciatus and Cx. annulivostris. Crab holes provided an excellent
niche for kesseli. Only 7 collections were made from this category even
though the site probably produces the greatest biomass of mosquitoes on
Niuatoputapu, and the small associated islets. Some people call Niuatoputapu
"mosquito island', and it is probable that the crab hole habitat of kesseli on
Niuatoputapu is responsible for this name. Three of the crab holes were dug
out at the time of collecting and had only kesseli, the turbid milky white water
was black with pupae and larvae of kesseli. The other 4 were previously
opened to catch the crab for eating. Three were 25, 5-30,6 cm in diameter
and about 20. 4 cm to the water level with the submerged crab hole being 7. 6-
10.1cm indiameter. The 4thwaslessalteredand not indirect sunlightaswere
the other 3. These crab holes were ecologically altered from the freshly dug
out sites and consequently, vexans was recovered from the 4 sites and in asso-
ciation with kesseli in 3. The water was brackish and turbid milky-white with
water temperatures in the 3 larger holes 299C, and in the smaller, 26,5° C.
It was interesting that although the opened crab holes were directly exposed to
full sunlight, and were acceptable to the ground pool inhabiting vexans, they
still continued to be suitable for kesseli. The adult densities of kesseli en-
countered in dense crab hole areas could account for this phenomenon, as well
as the utilization of the borrow pits, especially the one with more of the char-
acteristics of a roadside puddle. Volcanic rock holes were found and collected
from on Tafahi. They represented 3 distinct types. Those along the coast in
open sunlight, often splashed by waves, contained Cx. sitiens (3/3), in one
instance in association with Cx. annulirostris. Those in partial to deep shade
collecting rain water, leaves and much detritus were found copiously producing
kesseli (5/5). The 3rd type were 2 rather large shallow rock holes of clear
fresh water and some emerged vegetation at an elevation of approximately 181
m. Onewas 1.5x 0.8 m and 7.6 to 10.1 cm deep, with mainly oceanicus
(usually a leaf axil breeder), a few Cx. annulivostris and a few vexans. The
2nd, in close proximity to the first, had an irregular shape about 1.1 m at its
longest measurement and likewise 7.6 to 10.1 cm deep, was producing only Cx.
annulirostris. Of 32 leaf axil collections, 6 were negative for mosquitoes, the
remainder were positive for ocearicus, including 2 in association with kesseli
in Pandanus on Niuatoputapu. However, like cooki on Vava'u, the only observed
leaf axil harboring kesseli larvae was in Pandanus. Artificial containers, at
least between March 1968 and October 1972, were of little significance on
Niuatoputapu or Tafahi in either numbers of containers or mosquito production.
The 9 collections from ground pools (including roadside puddles), swamps and
marshes contained vexans, Cx. sitiens and Cx. annulivostris, but not kesseli
and have been combined for convenience. The importance of sampling all of
the available niches in an island situation can be easily seen with our collection
of kesseli, a basically container-inhabiting species, from ground water in crab
holes, borrow pits and a well.

Relative abundance of kesseli in aquatic habitats. Based on the arbitrary
levels for abundance* by the number of immatures in the sample it was seen

*Abundant = 20+, common = 10-19, few = 1-9 immatures per sample.
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that 58.0% of the samples positive for kesseli were considered abundant, 16.1%
common and 25.9% few (Table 5). The natural immature habitats were:
60.2%, 12.6% and 217.2% respectively. The 5 volcanic rock holes on Tafahi
positive for kesseli were all in the abundant range. Fifty-four percent of the
tree holes were considered abundant, with the small tree holes 42.9% abundant,
21,4% common and 35. 7% few, while the large tree holes were 78.9%, 5.3%
and 15.8% respectively. All large tree holes on Tafahi were abundant. Sixty-
five percent of the coconuts were graded abundant for kesseli while 30. 0% were
few. The fallen tree, fallen frond and 3 fallen coconut spathes all provided
abundant immatures. The 2 leaf axil collections of kesseli from Pandanus on
Niuatoputapu each provided few immatures of kesseli and abundant oceani-

cus in a ratio from 1:5 to 1:6 (17.8% kesseli). This compares with cooki from
Pandanus in Vava'u at about 1:6 (15.7% or 1:6.4). One-third of the artificial
containers positive for kesseli were classified abundant, 55.6% common and
11.1% few.

Immature habitat preference. Aedes kesseli may be the most ubiquitous
in its choice of immature habitats of any of the scutellaris group, utilizing as
noted above, 11 habitat categories. However, tree holes and coconuts are the
dominant niches, with volcanic rock holes on Tafahi and crab holes on Niua-
toputapu providing the 3rd major natural site. The invasion of ground water
sites on Niuatoputapu is of ecological significance and could be related to both
mosquito density and their invasion of the crab hole niche. The leaf axil
appears 