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A NEW SPECIES OF THE HYRCANUS GROUP OF ANOPHELES,
SUBGENIJS ANOPHELES, A SECONDARY VECTOR OF MALARIA IN

, COASTAL AREAS OF SOUTHERN VIETNAM

NGUYEN DUC MANH,' TRAN DUC HINH,' RALPH E. HARBACH,, JOANNA ELPHICK, AND Y.-M. LINTON,

ABSTRACT Anopheles (Anopheles) nimpe, a new species of the Hyrcanus Group from the coastal areas of

southern Vietnam, is described and illustrated in the adult, pupal, and larval stages. Partial DNA sequence data

from paratypes are included for the mitochondrial cytochrome c oxidase I and 165 rRNA genes. The species is

distinguished from other members of the group occurring in Southeast Asia.

KEY WORDS Anopheles nimpe, Calicidae, mosquitoes, new species, Vietnam

INTRODUCTION

As currently defined, the Hyrcanus Group in-
cludes nearly three quarters of the species that com-
prise the Myzorhynchus Series of Anopheles sub-
genvs Anopheles. With the addition of the new
species described in this paper, the goup includes
28 formally recognized species in the Oriental and
southern Palaearctic regions. Ten of these species,
8 in China, 1 in Japan, and 1 in Vietnam, were
recognized after the Southeast Asian members of
the group were described in detail by Reid (1968)
and Harrison and Scanlon (1975). Whether these
species occur outside of the countries where they
were discovered is unknown. and their affinities
with other members of the group are likewise un-
known. In fact, relationships, based on morphologic
similarity, have been hypothesized for only 9 spe-
cies of the group, those that comprise the Lesteri
(5 species) and Nigerrimus (4 species) Subgroups
(Harrison 1972).'t"be other species of the group,
including the new one described here, are unplaced
within the Hyrcanus Group because they cannot be
segregated into supraspecific taxa on the basis of
available information. As pointed out by Reid
(1968) and Harrison (1972), much additional tax-
onomic work needs to be done on the group to dif-
ferentiate the species, determine their distributions,
and establish their relationships to one another. The
complexity of the taxonomic problem lends itself
to an integrated approach, using morphologic, mo-
lecular, and bionomic data. The description of the
new species below is a contribution toward this
goal.

MATERIALS AND METHODS

This study is based on specimens collected in
coastal areas of southern Vietnam. Wild-caueht lar-
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vae and the progeny of wild-caught adults were in-
dividually reared to provide adults with associated
larval and pupal exuviae. Observations of the
adults were made under simulated natural light.
Larval and pupal chaetotaxy were studied using a
combination of bright-field and differential inter-
ference contrast microscopy. Measurements and
counts were made from available specimens. Num-
bers in parentheses represent modes of the reported
ranges. Except for wing spot nomenclature (Wilk-
erson and Peyton 1990), the morphologic terminol-
ogy used in the species description follows Harbach
and Knight (1980, 1982). The new species is rec-
ognized on the basis of corelated anatomical fea-
tures in associated life stages. Diagnostic and dif-
ferential characters were confirmed in all available
specimens. Type specimens are deposited in The
Natural History Museum (BMNH), London, and
the National Institute of Malariology, Parasitology
and Entomology (NIMPE), Hanoi.

DNA was extracted from pinned male paratypes
(B,P2-1, E3) following a phenol--chloroform proto-
col (adapted from W. Tabachnick, personal com-
munication) and resuspended in 100 pl of l0 mM
Tris-HCl, pH 8.5. Partial DNA sequence data for
the mitochondrial genes cytochrome c oxidase I
(COI) (472 bp) and 165 rRNA (50a bp) were ob-
tained from the paratype E,P2-1, and can be ob-
tained from GenBank under the accession numbers
AF216285 and AF216284, respectively. The COI
gene fragment was amplified using the universal
insect primers Cl-J-1718 and C1-N-2191, and the
primers LR-N-13398 and LR-J-12888 were used to
amplify the 165 rRNA amplicon (Simon et al.
1994). In both cases, the last five digits indicate the
position of the 3' end of the primers with respect
to the Drosophila yakuba (XO324O) mtDNA ge-
nome (Clary and Wolstenholme 1985). Purified
DNA was amplified by polymerase chain reaction
(PCR) using the following reaction mix (50 p,l): 2
pl DNA, 25.5 p.l double-distilled Hz9, 2.5 1t"l 2.5
mM MgClr, 0.1 pl Taq polymerase (lioline, Lon-
don, England), and 5 pl each of primers at 5 pM,
deoxynucleotide phosphates (dNTPs), and NH,
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buffer (Bioline). The PCR thermocycler program
consisted of a 2-min denaturation at94"C'.34 cvcles
of 94'C,53"C, and 72'C for 30 sec each; followed
by a 5-min extension at72oC. Sequence data were
obtained after PCR puriflcation using a commer-
cially available PCR purification kit (QIAgen Ltd,
Sussex, England) and cycle sequencing reactions
were read by an ABI 3'77 automated sequencer
(Applied Biosystems, Perkin-Elmer Corporation,
Wellesley, MA). Sequence data were edited and
aligned on Macintosh@ computers using Sequench-
ero 3.0 (Genes Codes Corporation, Ann Arbor,
MI).

TAXONOMIC TREATMENT

Anopheles (Anopheles) nimpe Ngayen, Tran,
and Harbach

Anopheles (Anopheles) sp I of IMPE 1987:13
(adult key); Nguyen Duc Manh et al. l99l:.54,
55 (taxonomy); Nguyen Tang Am 1993:.495,496
(bionomics, control); Nguyen Tang Am et al.
1993:465-468, 47O, 472 (bionomics); Eoin
Hanh Nhan 1993:38 (vector incrimination); Vu
Thi Phan 1998:49 (medical importance).

Anopheles (Anopheles) sp. I of Nguyen Duc Manh
et al. 1993;215 (mention).

Diagnosis. Adults of An. nimpe are disttn-
guished from other members of the Hyrcanus
Group in having niurow apical tarsal bands, apex
of wing with long pale fringe spot, preapical pale
spot of costa and vein R, absent or weakly devel-
oped, humeral crossvein with dense patch of dark
scales, preapical dark spot of vein Rr without pale
scales, and veins CuA and 1A largely dark-scaled
with long basal dark spot on CuA (usually not well
defined) ending at nearly same level as base of up-
per dark spot on lA. Pupae have the trumpet rim
thin and uniform. seta 5-III-Vtr inserted on inter-
segmental membrane, seta 8-VII inserted lateral to
fold line, seta 9-VIII with well-developed branches,
paddle with marginal serrations rarely reaching
0.75 its length, and seta l-Pa with 2-7 branches
arising at base. Larvae af,e not so clearly distin-
guished: seta l-A usually with fewer than 6 branch-
es, seta 8-C has fewer than 12 branches (3-8, mode
6), seta 9-C with 3-6(4) branches, and seta l4-P
relatively short and with 5 or fewer branches.

Female. Head: Yertex with pale erect scales
behind frontal tuft, dark erect scales posterolater-
ally; frontal tuft with long pale setae. Clypeus with
patch of dark scales on either side. Antenna length
about 1.5 mm; pedicel with small pale scales on
lateral surface; basal 2 or 3 flagellomeres with pale
scales on mesal surface. Proboscis entirely dark-
scaled, scales semierect proximally and appressed
distally; labella paler than prementum; length
about 2.0 mm, 1.25X length of forefemur, slightly
longer than maxillary palpus (about 1.1x). Max-

illary palpus (in dorsal view) with pale scales on
apex of palpomere 5, narrow pale bands (incom-
plete ventrally) across joints between palpomeres
4-5, 3-4, and 2-3; palpomere 2 usually without
pale scaling on mesal surface, occasionally with
few indistinct pale scales in this location. Thorax:
Integument brown; scutum usually with darker
median line extending back to prescutellar area,
often with darker lateral line on posterior dorso-
central areas, and much darker spot just behind
scutal fossa of either side; scutum sparsely cov-
ered with fine golden piliform scales; anterior
promontory with long pale setae and piliform
scales mesally, dark setae and scales laterally;
dark setae on acrostichal. dorsocentral. lateral
prescutal, scutal fossal, antealar, and supraalar ar-
eas. Scutellum with long dark setae and golden
piliform scales; integument dark medially, pale
laterally. Mesopostnotum and postpronotum bare.
Antepronotum with patch of dark erect scales on
dorsoanterior margin, dark setae laterally. Pleura
with dark setae on upper proepisternum, prespi-
racular area, prealar knob, upper and lower me-
sokatepisternum, and upper mesepimeron. Wing
(Fig. 1): Length about 3.4 mm; mainly dark-
scaled; small subcostal pale spot on costa, apex of
subcosta, and R,; preapical pale spot on costa and
R, weakly developed or absent, especially on cos-
ta; remigium dark-scaled, sometimes with few in-
distinct pale scales; humeral crossvein with dark
scales; vein R with scattered pale scales between
base and small sector pale spot; R, usually with
few scattered pale scales between sector and sub-
costal pale spots, always entirely dark-scaled be-
tween subcostal and preapical pale spots, apex
with dark scales; veins Rr, Ro*5, M,, Mr, and Mr*o
usually with some pale scaling, as proximal spots
on R2, M,, and Mr, and speckling on Ror, and
M.*o; CuA predominantly dark-scaled with dark
scales more concentrated in "basal" and apical
spots, basal dark spot (generally not sharply de-
limited) long, terminating at or just before level of
base of upper dark spot on vein lA; 1A also usu-
ally predominantly dark-scaled, dark scales con-
centrated in "upper" and apical spots; apical pale
fringe spot long, extending from R, to Ro*, or
slightly beyond (Figs. lA, 1C), sometimes indef-
inite and seemingly ending before Ro*. (Fig. 1D);
posterior margin of wing without pale fringe spot
at apex of CuA. Halter: Pedicel mainly pale, sca-
bellum and capitellum dark, capitellum dark-
scaled. Legs: Coxae without pale scales, forecoxa
with few dark scales at base; femora, tibiae, and
tarsi mainly dark-scaled, posterior or ventropos-
terior surfaces of femora. tibiae. and lst tarsomer-
es with dirty yellowish scaling, mid- and hindti-
biae with few pale scales dorsally at apex;
foretarsomeres l-3 with apical pale bands approx-
imately equal to width of tarsomeres; midtarso-
meres 1-3 and hindtarsomeres l-4 with nrurow
dorsoapical pale spots. Abdomen: Integument dark
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Table 1. Range of numbers of branches for pupal setae of Anopheles (Anopheles) nimpe. Mode in parentheses

Abdominal segmentsCephalo-
Seta thorax
no. CT VITVIIVIIVm

Paddle
Pa

0
I
2
3

5
6
7
8
9

t0
l l
1 2
T4

l-3(1) 70-l 15
1,2(2) 2-6(3)

r-3(2) 2-6(3)
r-3(2) 2-s(3)
r-4(2) r-4(2)
r-3(2) r-3(1)
r-4(2) 1-6(l)
r ,2(1)

r-3(2) r-4(2)
r-4(2)
2-4(3)
2,3(2)

r-3(2\ r-3(2)
4-16(8) 10-33(18)

3-:7 3-8(6)
r-3(2) 2-5(3)
1-3(3) r-3(2)
1-4(2) 9-38(14)
r,2(r) r-4(2)

2-4(3) r-3(2)
r-3(2)

l 1
0,1(0) 1,2(2)

r-4(2)

r,2(r\

r-3(2) r-3(2)
2-17(6) l-3(l)
3-6(4) 2J(4)
r-3(2) 1-3(2)
r-4(2) L-3(2)

rr-40(r7) 4-3r(13)
r,2(1) 1-3(1)

1-3(2) r,2(r)
r-3(2) r-3(2)

l 1
l  1-3(1)

r-3(2) t-Ir,

I I

r-3(2) l-3(l)
1,2(r) 2-7(4)

2-s(4) l-3(l)
2-4(3)
r,2(2) r-3(2)

3-1s(s)
r-3(2)
r-3(1)
r-4(3)

I t2-23
2,3(2)
r-3(2)

r,2(r) r,2(r)

r-3(2)
l  l -30(17)

2-s(4)
3-7(5)
r-3(2)
l0-39

I
1-4(2)
r-3(2)

1
r,2(r)
r-3(2)

r.2(r)

with long golden-brown setae; without scales ex-
cept stemum VII sometimes with few narrow dark
erect scales near posterior margin (without con-
spicuous tuft of dark scales that characterizes oth-
er members of the Hyrcanus Group).

Male. Resembles the female except as follows.
Head: MaxTllary palpus with indistinct line of pale
scales on mesal surface of palpomere 2 and lateral
patches of pale scales at base of palpomere 4,
across joint between palpomeres 4 and 5, and on
distal portion of palpomere 5. Genitalia (Fig. 2):
Gonocoxite with pale scales on lateral and dorsal
surfaces; inner and outer parabasal setae straight or
nearly so, outer seta slightly longer than inner seta;
internal seta rather long, relatively stout, and slight-
ly curved or bent apically; tergum IX with pair of
long slender caudally directed lobes with slightly
expanded tips; aedeagus with 3 pairs of leaflets,
leaflets without teeth or serrations; ventral lobe of
claspette with 2 long setae, outer seta nearly twice
as long as inner seta and noticeably curved or bent;
dorsal lobe of claspette with club formed of at least
3 setae on inner-sternal side and 2 flat appressed
setae on outer-tergal side.

Pupa. (Fig. 2). Character and positions of setae
as flgured; numbers of branches in Table I. Ceph-
alothorax: Lightly to moderately pigmented, all se-
tae usually with ring of darker cuticle around al-
veoli; mesothoracic wing with blurred lattice
pattern of darker spots; antenna usually with apex
and most distal joint darkly pigmented,. Trumpet:
Without secondary cleft or tragus; rim thin and uni-

form, without thickened saw-toothed areas. Abdo-
men: Liglrily to moderately pigmented, terga III-
VII without central dark spot, sterna II-IV darker
anteriorly, integument at bases of setae 2-4-II-V,
2-VI,2,3-VIJ, and 0-VlI darkly pigmented; length
about 3.2 mm. Seta 10-tr, or more often its alveo-
lus, usually present; s-trI-VII inserted on interseg-
mental membrane posterior to tergum; 8-VII in-
serted on lateral side of fold line; 9-VItr with
well-developed branches (12-23). Paddle: Lightly
pigmented; asymmetrical, outer part larger than in-
ner part; refractile border about 0.6 paddle length;
length about 0.70 mm, width about 0.53 mm, index
about 1.3. Seta l-Pa short, with 2J(4) branches
arising at base.

Larva, 4th-stage. (Fig. 3). Character and posi-
tions of setae as flgured; numbers of branches in
Table 2. Head: Slightly longer than wide, length
about 0.70 mm, width about 0.65 mm; unevenly
pigmented, with mottled pattern of moderately dark
tanning, collar and dorsomentum darkly pigmented.
Seta 2-C single, simple; 3-C dendritic, with 21-
39(24) branches arising from distinct basal stem; 4-
C small, double or triple; 5,6,8,9-C with relatively
few branches, 5-C with ll-16(12), 6-C with 9-
16(14), 8-C with 3-8(6), and 9-C with 3-6(4)
branches. Antenna: Lightly pigmented; mesal and
ventral surfaces strongly spiculate; length about
O.27 mrn. Seta 1-A moderately long, usually with
fewer than 6 branches (1-7, mode 3). Thorax: In-
tegument hyaline, smooth. Seta l-P without setal
support plate, single or branched aprcally; 2-P on

Fig. 2. Pupa and male genitalia of Anopheles (Anopheles) nimpe. Ptpa: A, left side of cephalothorax, dorsal to
right; B, dorsal (left) and ventral (right) aspects of metathorax and abdomen. C, Male.genitalia, aspects as indicated.
Ae, aedeagus; c, club on dorsal lobe of claspette; Cl, claspette; CT cephalothorax; Gc, gonocoxite; Gs, gonostylus;
InS, internal seta; is, inner seta on ventral lobe of claspette; LAe, leaflets of aedeagus; os, outer seta on ventral lobe
of claspette; Pa, paddle; PBS, parabasal setae; I-VIII, abdominal segments I-VIII; IX-Te, tergum IX; 1-14, setal
numbers for specified areas, e.g., seta 3-I. Scales in mm.
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setal support plate, with 7-17 branches; 11-P sig-
nificantly larger than 1l-M,T with 3-5(4) branches;
support plate of pleural setal group 9-12-P with
strong spine; 14-P with relatively few branches (2-
5, usually 3); 4-M with 2-5(a) branches arising
from central stem, not sinuous; 3-T palmate with
simple lanceolate leaflets (not differentiated into a
blade with apical filament), with 8-23(15) unpig-
mented branches. Abdomen: Integument hyaline,
smooth except for fine spicules ventrally on seg-
ments II-VII; tergal plate of segment VIII roughly
hexagonal, with anterior margin wider than poste-
rior margin and greatest width about 1.7 length.
Seta I-IJI similar to seta 3-l palmate with simple
lanceolate leaflets; I-III-VII fully palmate, leaflets
with blades darkly pigmented proximal to shoul-
ders, shoulders not well developed, filaments not
pigmented; 6-I most often with fewer than 21
branches (14-28, mode l9), 6-II most often with
more than 2l (18-27, mode 23); 5-II usually with
fewer than 12 branches (6-12, mode 9); 9-trI most
often with more than 10 branches (6-13, mode 11);
l3-fv intermediate in length between 13-III and
l3-V with 2-lI(5) branches and approximately 0.5
length of seta lO-fV. Pecten plate lightly to mod-
erately pigmented, with 7 or 8 long and 8-12(9)
small spines. Saddle moderately pigmented, length
about 0.65 mm. Seta l-X slightly longer than sad-
dle.

Molecular characterization. The 472 bp partial
sequence for the mtDNA COI fragment sequence
comprised the following nucleotide bases: 38.87o I
29.5% A, l6.5Vo C, and 15.27o G (see GenBank
accession AF216285). Higher insect mitochondrial
DNA sequences are unique in their high AT content
(Jermiin and Crozier 1994), and the COI fragment
for An. nimpe (68.2Vo AT) falls within the range of
previously sequenced COI genes of Culicidae, for
example, Anopheles quadrimacularzs Say LO4272
(65.4%) and An. gambiae Giles L20934 (68.4Vo).
A FASTA search of available sequences (Pearson
and Lipman 1988) revealed closest homology at
9O.4Vo with An. gambiae (Beard et al. 1993).

The 504 bp mtDNA 16s rRNA amplicon com-
pised 4O.7Vo "1, 33.7Vo A, 16.9%o G, and 8.7Vo C
nucleotides, with an AT bias of 74.4Vo (see
GenBank accession AF216284). A FASTA search
revealed closest homology with An. quadrimacu-
latus (LO4272) and An. gambiae (L2O934), with
97.5Vo and 96.OVo shared bases, respectively.

EtymologSr. The species is named in recognition
of the National Institute of Malariology, Parasitol-
ogy and Entomology (NIMPE-Hanoi) and its sup-

{-

port of mosquito taxonomy in relation to malaria
control. For purposes of nomenclature, the specific
name nimpe is to be regarded as an arbitrary com-
bination of letters without gender.

Systematics. The Hyrcanus Group is an ex-
tremely complex assemblage of species that occurs
in the southern Palaearctic and Oriental regions,
with the majority of species known from China and
Southeast Asia. Despite recent studies of the group
in Thailand (Harrison and Scanlon 1975), China
(Xu Jin-jiang and Feng Lan-chou 1975, Lu Baolin
et al. 1997), and Vietnam (Nguyen Duc Manh et
al. 1993), present knowledge of the species in east-
ern Asia is surprisingly inadequate and fragmen-
tary. The group as a whole is distinct in the adult
and immature stages, but individual species are of-
ten difficult or impossible to distinguish in 1 or
more life stages. As currently interpreted, the group
includes 28 species: 5 placed in the Lesteri Sub-
group, 4 in the Nigerrimus Subgroup, and the other
19, including An. nimpe, are unplaced within the
group (Harbach 1994). Most species of the last
group were described in recent years by Chinese
workers without careful study of species that occur
outside of China. Needless to say, the taxonomic
status and affinities of these nominal species are
unclear and the entire group is in need of compre-
hensive revision. To further complicate the situa-
tion, the group undoubtedly includes a number of
unrecognized species; for example, we are aware
of at least 2 additional new species in Vietnam that
require formal description. In order to aid identifi-
cation, we intend to include keys to the species of
the Hyrcanus Group in Vietnam in a later paper that
will describe the other new species.

Anopheles nimpe seems to show closer affinities
with An. crawfordi Reid, An. lesteri Baisas and Hu,
An. paraliae Sandosham, and An. sinensis Wiede-
mann than with other members of the Hyrcanus
Group, but it cannot be confused with any of these
species in the adult, larval, or pupal stages. Three
of these species, An. crawfordi, An. paraliae, and.
An. sinensis, are known from southern Vietnam and
occur in various degrees of sympatry with An. nim-
pe. Anopheles lesteri, in addition to its presence in
China, the Philippines, Okinawa, and Japan (Har-
rison and Scanlon 1975), is recognized in northern
Vietnam (IMPE 1987, unpublished records).

Adults of An. nimpe key to An. crawfordi in
Nguyen Thuong Hien (1968) and to An. sinensis in
Stojanovich and Scott (1965, 1966); larvae key to
An. sinensis in the former and to the combination
of Anopheles nigerrimus Giles and An. sinensis in

Fig' 3. Fourth-stage larva of Anopheles (Anopheles) nimpe, reconstructed from exuviae. A, Head, dorsal (left) and
ventral (right) aspects of left side; B, thorax and abdominal segments I-VI, dorsal (left) and ventral (right) aspects of
left side; C, abdominal segments VII-X, left side; D, palmate seta l-V showing pigmentation of leaflets; E, abdominal
segments VII-X, left side. A, antenna; C, cranium; B prothorax; M, mesothorax; S, spiracular lobe; T, metathorax; I-
X, abdominal segments I-X; l-15, setal numbers for specified areas, e.g., seta 5-c. Scales in mm.
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the latter. No life stage (females, males, larvae, or
pupae) key to a terminal species in Harrison and
Scanlon (1975). Adults of An. nimpe differ from
these 3 species, as well as An. lesteri artd An. par-
aliae, in having the preapical pale spot of the costa
and vein R, absent or weakly developed. Fupae are
easily distinguished from these species by the
unique insertion of seta s-Itr-V[ on the interseg-
mental membrane, the insertion of seta 8-VII on the
lateral side of the fold line, and the distinct devel-
opment of seta l-Pa. The larval stage of An. nimpe
is not as strongly differentiated as the adult and
pupal stages, but larvae can be distinguished from
those of the other species in having setae l-A, 8-
C, 9-C, and 14-P with fewer branches.

Sequence data for the 165 rRNA gene of An.
nirnpe revealed relatively high homology with dis-
tantly related taxa within Anopheles, thus suggest-
ing that this gene region has high levels of conser-
vation due to functional or structural constraints.
Results of recent studies on Culicoides (Linton et
al., unpublished) indicated that the COI gene is use-
ful in defining both intra- and interspecific relation-
ships. The COI sequences are widely used and have
proven to be informative across a broad range of
divergences in insects, for example, tetranychid
mites (Navajas et al. 1996) and Coleoptera (How-

land and Hewitt 1992; for review see Caterino et
al. 20OO). Brown et al. (1994) reported high levels
of congruence between COI sequence data and
morphologic characters in Greya (Irpidoptera). In
addition, the role of COI as a functional protein
coding region, adhering to structural (Saraste 1990)
and amino acid constraints (Lunt et al. 1996), pro-

vides a solid framework around which to investi-
gate relationships between both closely related and
distant taxa. We advocate use of this gene region
in any future studies of the molecular systematics
of the Hyrcanus Group.

Bionomics. Larvae of An. nimpe are found in
bodies of brackish water where Anopheles (Cellia)

sundaicus (Rodenwaldt) and An. (Cel.) subpictus
Grassi also occur. Howeve! larvae of the last 2 spe-
cies inhabit masses of floating plants (Ceratophyl-

Ium and NaTas spp.) exposed to full or partial sun-
light, whereas larvae of An. nimpe are found among
emergent grasses and plants shaded from the sun.
Females of An. nimpe have been collected biting
humans both indoors and outdoors, but they have
never been found resting indoors (Nguyen Duc
Manh and colleagues, unpublished observations).
The species has been incriminated as a secondary
vector of malaria by enzyme-linked immunosorbent
assay detection of Plasmodium falciparum and P.

vivax in head-thoracic sections of specimens (Dohn

Hanh Nhdn 1993, Nguyen Tang Am 1993).
Distribution. Anopheles nimpe is only known

from coastal areas of southern Vietnam, from the
most southerly province of Cd Mau northward to
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the Cdn Gid, Binh Ch6nh, and Duy€n Hai districts
of Ho Chi Minh City.

Material examined. One hundred one speci-
mens (179, 15d, 6d genitalia, 32 larual exuviae
ll-el, 31 pupal exuviae [Pe]) from 32 larval rear-
ings. Holotype, I (EPl-l), with LePe on separate
microscope slides, VIETNAM: Ci Mau Province,
Dam D6i District, Tan Ti€n Commune, Village
TK97, 22.x.98 Q,A Xudn Hdt) (BMNH). Paratypes,
66 (F,Pl-2; EP2-1 [used for DNA extraction], -2, -
5,  -6,  -11) ,5? (EP1-3,  -4;EP2-8,  -9,  -10) ,6d gen-
italia, 1ll-e, 10Pe (EP-I1 without Pe), same data as
holotype (BMNH); Ho Chi Minh City, Binh Ch6nh
District, Phong Phu Commune, ii.1988 (PhamXudn
Dinh et al.),46 (Dl2,EI, E3 [used for DNA ex-
tractionl, E6), 3I (C12, C27, E2), TLePe on sep-
arate microscope slides (BMNH); 5d (88, C2,C6,
D6, D7), 89 (82, B11, C4, C5, C7, C29, Dr6,
E10), l4l-ePe on separate microscope slides (NIM-
PE-Hanoi).

ACKNOWLEDGMENTS

We are grateful to L€ Xudn H6i, National Insti-
tute of Malariology, Parasitology and Entomology
(NIMPE), Hanoi, for collecting and rearing the
specimens from Ci Mau Province; to the staff of
NIMPE for help in the field and laboratory; to the
Photographic Unit of the The Natural History Mu-
seum (NHM) for preparing Fig. 1; to Theresa
Howard (NHM) for drawing Figs. 2 and 3; and to
Bruce A. Harrison, North Carolina Department of
Natural Resources Public Health Pest Manage-
ment, for critically reviewing the manuscript. This
work was carried out as part of the European
Commission INCO-DC research project ER-
BICl8CT970211.

REFERENCES CITED
Beard CB, Hamrn DM, Collins FH. 1993. The mitochon-

drial genome of mosquito Anopheles gambiae: DNA
sequence, genome organization, and comparisons with
mitochondrial sequences of other insects. Insect Mol
Biol  2: lO3-124.

Brown JM, Pellmyr O, Thompson JN, Harrison RG. 1994.
Phylogeny of Greya (Lepidoptera: Prodoxidae), based
on nucleotide sequence variation in mitochondrial cy-
tochrome oxidase I and II: congruence with morpho-
Iogical data. Mol Biol Evol 17:128-141.

Caterino MS, Cho S, Sperling FAH. 20OO. The current
state of insect molecular systematics: a thriving tower
of Babel. Annu Rev Entomol 45:I-54.

Clary DO, Wolstenholme DR. 1985. The mitochondrial
DNA molecule of Drosophila yakuba: nucleotide se-
quence, gene organisation and genetic code. J Mol EvoI
22:252-271.

Eoan Hanh Nhan. 1993. Preliminary results of the use of
ELISA for the detection of sporozoites in mosquitoes.
Bull Prev Malaria Other Parasit Dis Inst Malariol Par-
asitol Entomol Hanoi 2:36-38 (in Vietnamese).

Harbach RE. 1994. Review of the internal classification
of the genus Anopheles (Diptera: Culicidae): the foun-

dation for comparative systematics and phylogenetic re-
search. Bull Entomol Res 84:331-342.

Harbach RE, Knight KL. 1980. Taxonomists' glossary of
mosquito anntomy Marlton, NJ: Plexus Publishing.

Harbach RE, Knight KL. (1981) 1982. Corrections and
additions to Taxonomists' glossary of mosquito anato-
my. Mosq Syst 73:2Ol-217.

Harrison BA. 1972. A new interpretation of affinities
within the Anopheles hyrcanus complex of Southeast
Asia. Mosq Syst 4:73-83.

Harrison BA, Scanlon JF,. 1975. Medical entomology
studies-Il. The subgenus Anopheles in Thailand (Dip-
tera: Culicidae). Contrib Am Entomol Inst (Ann Arbor)
l2(1) : iv  + l -307.

Howland DE, Hewitt GM. 1992. Phylogeny of Coleoptera
based on mitochondrial COI sequence data. Insect MoI
Biol 4:203-215.

IMPE. 1987. Keys to rfte Anopheles in Vietnam (adults-
pupae-larvae) Hanoi, Vietnam: Department of Ento-
mology, Institute of Malariology, Parasitology and En-
tomology (in Vietnamese).

Jermiin LS, Crozier RH. 1994. The cytochrome b region
in the mitochondrial DNA of the ant Tetraponera ru-

foniger: sequence divergence in Hymenoptera may be
associated with nucleotide content. I Mol Evol38:282-
294.

Lu Baolin et al. [sic]. 199'7. Fauna Sinica, Insectavol. 9,
Diptera: Culicidae // Beijing, China: Science Press.

Lunt DH, Zhang D-X, Szymura JM, Hewitt GM. 1996.
The insect cytochrome oxidase I gene: evolutionary
patterns and conserved primers for phylogenetic stud-
ies. Insect Mol Biol 5:153-165.

Navajas M, Gutierrez J, Lagnel J, Boursot P 1996. Mi-
tochondrial cytochrome oxidase I in tetranychid mites:
a comparison between molecular phylogeny and chang-
es of morphological and life history nuts. Bull Entomol
Res 86:407-417.

Nguyen Duc Manh, Tran Duc Hinh, Nguyen Tho Vien.
1993. Anopheles (Anopheles\ vietnamensis; a new spe-
cies in the Anopheles hyrcanus Group from Vietnam
(Diptera: Culicidae). Mosq Syst 25:215-221.

Nguyen Duc Manh, Tran Duc Hinh, Nguyen Tho Vien,
Vu Khac De et al. [sic]. 1991. Studies on theAnopheles
(Anopheles) hyrcanus Group (Diptera: Culicidae) in Vi-
etnam [abstract]. In: First Vietnam Conference of En-
tomology, 1991 October 22-27;Hanoi, Vietnam. p 53-
55 (in Vietnamese and English).

Nguyen Tang Am. 1993. Le paludisme au Viet-nam, en-
vironnement, pr6vention et traitement. BuIl Soc Pathol
Exot 86:494-499.

Nguyen Tang Am, Le Quy Riec, Vu Thi Huy6n, Nguyen
Bieh Lan. 1993. Etudes entomo-6pid6miologiques du
paludisme dans la zone c6tilre de Ho Chi Minh-Ville,
1990-1992. Cah Santd 3:464-473.

Nguyen Thuong Hien. 1968. The genus Anopheles in the
Republic of Viet Nam Saigon, Vietnam: Bureau of En-
tomology, National Malaria Program, Ministry of
Health.

Pearson WR, Lipman DJ. 1988. Improved tools for bio-
logical sequence comparison. Proc Natl Acad Sci USA
85:2444-2.448.

Reid JA. 1968. Anopheline mosquitoes of Malaya and
Borneo. Stud Inst Med Res Malnya 3l:xiii + 1-520.

Saraste M. 1990. Structural features of cytochrome oxi-
dase. Q Rev Biophys 23:331-336.

Simon C, Frati F, Beckenbach A, Crespi B, Lui H, Flook
P. 1994. Evolution, weighing and phylogenetic unity of



198 JounN,lr- oF THE AMERTcAN MoseulTo CoNrnol AssoctetloN VoL.

mitochondrial gene sequences and a compilation of
conserved polymerase chain reaction primers. Ann En-
tomol Soc Am 87:65IJOI.

Stojanovich CJ, Scott HG. 1965. Illustrated key ro Anoph-
eles mosquitoes of Vietnam Atlanta, GA: U.S. Depart-
ment of Health, Education, and Welfare, Public Health
Service, Communicable Disease Center.

Stojanovich CJ, Scott HG. 1966. Illustrated key to mos-
quitoes of Vietnam Atlanta, GA: U.S. Department of
Health, Education, and Welfare, Public Health Service,
Communicable Disease Center.

Vu Thi Phan. 1998. Epiddmiologie du paludisme et lutte
antipaludique au Vietnam Hanoi, Vietnam: Editions
M6dicales Vietnam.

Wilkerson RC, Peyton EL. 1990. Standardized nomencla-
ture for the costal wings spots of the genus Anopheles
and other spotted-wing mosquitoes (Diptera: Culicidae).
J Med Entomol 27:207-224.

Xu Jin-jiang, Feng Lan-chou. 1975. Studies ontheAnoph-
eles hyrcanus group of mosquitoes in China. Acta En-
tomol Sin 18:77-98, 6 pls.




