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The Anopheles Hyrcanus Group consists of several
speciesthat are vectors of malariaand other mosquito-borne
diseases in the Oriental and Palearctic Regions. The group
has about three-quarters of the species that comprise the
Myzorhynchus Series of genus Anopheles Meigen subgenus
Anopheles in the two regions. It has about 30 species,
including two newly described species, An. belenrae Rueda
and An. kleini Rueda (Rueda2005). In South Korea(Republic
of Korea), there are only six known species of the Hyrcanus
Group, i.e., An. sinensis Wiedemann, An. sineroides
S.Yamada, An. lesteri Baisas and Hu, An. pullus M.Yamada
(Tanakaet a. 1979), and An. belenrae and An. kleini (Rueda
2005). Other non-Hyrcanus Group species of Anopheles
(Anopheles) in South Korea are An. koreicus Yamaha and
Watanabe and An. lindesayi japonicus S.Yamada (Tanaka et
al. 1979). Because of the limited information about the
distribution and larval habitat characteristics of the Hyrcanus
Group and its associated species, we conducted this study
from 1998-2004 in South Korea.

Anopheles sinensis is considered the most common
Anopheles species in South Korea (Chai 1999), but its
distribution within Koreais not well documented, except in
Jeju Province (Kim et al. 2005a). In China, Rueda et al.
(2005a) noted the occurrence of thisspeciesin eight provinces
and one city (Beijing). Adults of An. sinensis have been
incriminated as the natural and/or experimental malaria
(Plasmodiumvivax) vectorsin South Korea(Leeet al. 2002),
Japan (Otsuru and Ohmori 1960), China (Ho et al. 1962) and
Indonesia (O’ Connor 1980). Althoughitisfoundin Thailand,
An. sinensishasminimal or no importance asamalariavector
inthat country (Harrison and Scanlon 1975). In South Korea,
it wasfound to bethe mgjor vector involved inthetransmission
of P. vivax aong the border with North Korea since 1993
(Reeet a. 2001, Kim et al. 2005b).

Keyword Index: Mosquitoes, Anopheles, Hyrcanus Group,
malaria, Diptera, Culicidae, Korea.

Anopheles lesteri is a very important vector of malaria
in many parts of China (Tang et al. 1991, Gu et al. 1996). In
the Philippines, it is not known asamalariavector (Ruedaet
al. 2005b). In South Korea, Shinet al. (2002) confirmed that
An. lesteri was able to carry Korean malaria parasites and
they noted its vector competence in that country. However,
itsstatusasaprimary vector of maarianeedsto beinvestigated
because of its low population density compared with An.
sinensis. Based on a combination of published and newly
generated rDNA ITS2 sequences, Wilkerson et al. (2003)
found that An. lesteri from the Philippines (type locality of
lesteri) and South Korea, and An. anthropophagus Xu and
Fen from China are indistinguishable, and placed An.
anthropophagus in synonymy with An. lesteri. Gao et al.
(2004) disagreed withWilkerson et a. (2003) intheir “lesteri”
interpretation because the original type locality (Sta. Mesa,
Manila, Philippines) conditions no longer exist and that it is
possible that the specimens collected by the latter were not
really “lesteri” but something else. However, Rueda et a.
(2005b) designated and described the neotype of An. lesteri
from the new type locality (Calauan, Philippines) to clarify
and stabilize the taxon. This new type locality is the same
placewherethe* cotypes’ of theoriginal lesteri were collected
in 1936 by Baisas and Hu (1936). According to the
International Code of Zoological Nomenclature (ICZN 1999),
Article 76.3, page 87, the place of origin of the neotype
becomesthetypelocality of the species-group taxon, despite
any previously published statement of the type locality.

Anopheles pullus is a known malaria vector in South
Korea (Shin et al. 2002). Hong?® initially confirmed the
presence of sporozoites of P. vivax from wild adult females
and oocysts from experimental infections of An. pullus in
Korea. Anopheles belenrae and An. kleini have been recently

SHong, H.K. 1977. Ecological studieson Korean mosquitoes
mainly found in human habitation (in Korean). Unpublished
Ph.D. thesis, Tongkook Univ., South Korea.
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Figure 1. Coallection sites of Anopheles mosquitoes in South Korea. A. An. lesteri and An. sinensis. B. An. kleini, An.
koreicus, and An. pullus. C. An. belenrae, An. lindesayi japonicus, and An. sineroides. Province I dentification: (1) Gyeonggi,

(2) Gangwon, (3) Chungcheongbuk, (4) Chungcheongnam,
Jeollanam, and (9) Jeju.

described from reared specimenswhose original parentswere
collected from cowsheds (Rueda 2005). Their biting behavior,
larval habitats, and medical importance are unknown.
Anopheles sineroides, An. koreicus, and An. lindesayi
japonicus are also non-malaria vectors in Korea and Japan
(Tanaka et al. 1979).

We collected mosquitoes from 204 locations in South
Korea from 1998-2004. This resulted in 2,804 individually
reared pinned adults, 782 individually reared adults, and 155
larvae preserved in 100% ethyl alcohol for molecular tests,
and 3,644 exuviae of larvae and pupae and whole larvae.
Anophelesadullts, particularly thosefully engorged with blood,
were collected from cattle sheds, alowed to lay eggs, and
thenreared for larvae, pupag, and adults. Weinitialy targeted
larval collectionsfrom habitats where Anophel es mosqguitoes
were likely to be found. Larvae and pupae from various
habitats were collected using dippersand individually reared
to the adult stage (Walter Reed Biosystematics Unit 2001).
Larval and pupal skinswere preserved in 80% ethyl alcohol
and slide mounted using standard protocols. Emerged adults
were pinned, labeled with appropriate collection data, and
identified. Some adults and whole larvae were separately
preservedin 100% ethyl acohol for molecular analysis. Adult
specimensand associated larval/pupal exuviaewereidentified
using charactersin Tanakaet al. (1979), and confirmed using
rDNA 1TS2-based method (Wilkerson et a. 2003, Li et a.
2005). Voucher specimens are deposited in the National
Museum of Natural History, Smithsonian Institution,
Washington, DC.

Figure 1 shows the collection sites of eight Anopheles
species from South Korea. We collected specimens of An.

(5) Gyeongsangbuk, (6) Jeollabuk, (7) Gyeongsangnam, (8)

sinensis from different provinces throughout South Korea,
except Chungcheongbuk-do, and An. pullus from Gyeonggi-
do and Gyeongsangbuk-do. Anopheleslesteri, An. belenrae,
An. kleini, An. koreicus, and An. lindesayi japonicus were
found only in Gyeonggi-do. Based on both our collection data
and published records (Table 1), all eight specieswerefound
in Gyeonggi-do, four in Jegju-do, three in Gyeongsangbuk-do
and one each in Chungcheongnam-do, Gyeongsangnam-do,
Gangwon-do, Jeollakbuk-do, and Jeollanam-do. No
Anopheles species have been reported in Chungcheongbuk-
do.

Table 2 shows the summary of collection localities and
larval habitats for eight Anopheles species in South Korea.
Adults of Anopheles species that were collected resting in
cow barns or attracted to Centersfor Disease Control (CDC)
light traps also were recorded. Larvae of An. sinensis were
collected from various habitats either alone or in association
with the following Aedes or Culex species: Cx. (Culex)
tritaneorhynchus Giles larvae (in rice fields, irrigation and
roadside ditches, marsh and drainage areas, ground pits, and
ground and drain pools at Gyeonggi-do, Gangwon-do, and
Jgju-do); Cx. (Lophoceraomyia) infantulus Edwards (roadside
ditches at Gyeonggi-do); Cx. (Cux.) orientalis Edwards,
Cx.(Cux.) mimeticus Noe, Cx. (Cux.) pipiens pallens
Coquillett and Cx.(Eumelanomyia) hayashii hayashii Yamada
(stream pools at Gyeonggi-do); Cx.(Neoculex) rubensis Sasa
and Takahashi (roadside ditches at Gyeongsangbuk-do),
Aedes (Aedimorphus) vexans (Meigen) (marshy ground
depressions, drain pools, roadside ditches at Gyeongsangbuk-
do), and Ae. (Finlaya) koreicus (Edwards) (garden ponds,
water drums at Gyeongsangbuk-do). Asidefrom An. sinensis,
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Table 1. Larvae, pupae, and adults of Anopheles species previously recorded from seven provinces of South Korea.

Provinces*
Species CH GA GB GE GN JE JO JU
An. belenrae - - - R, X** - - - -
An. Kieni - - - R, X - - - -
An. koreicus - - - T, X - - - -
An. lesteri - - - C X - - - K, T
An. lindesayi
japonicus - - - X - - - L, T
An. pullus - - T,X C,HT,X - - - -
An. sinensis T,X T,X X CTX X W, X X K,L, X
An. sineroides - - T T, X - - - L, T

*Provinces. CH (Chungcheongnam), GA (Gangwon), GE (Gyeonggi), GB (Gyeongsangbuk), GN Gyeongsangham), JE

(Jeollabuk), JO (Jeollanam), JU (Jeju).

** References. C (Claborn et al. 2002), H (Shin and Hong 2001), K (Kim et al. 2005b), L (Lee 1994), R (Rueda 2005); S
(Shinet a. 2002), T (Tanakaet al. 1979), W (Whang et al. 2002), X (this survey).

no Anophel es specieswere collected from any larval habitats
in association with Aedes or Culex species. The taxonomic
classification used in this paper follows that of Knight and
Stone (1977).

Table 3 shows the number and frequency of the
environmental conditions for five Anopheles species (An.
lesteri, An. pullus, An. sinensis, An. sineroides, and An.
koreicus) from larval collectionsin four provinces in South
Korea. Villageswithricefieldsand rural parks(43%) had the
greatest number of positive larval habitats of Anopheles,
followed by military camps (38%). About 30% of positive
larval habitats had algae and 98% with vegetation. Among
habitatswith vegetation, 31% had submerged plantsand 29%
had emergent and submerged plants. Habitats with clear,
standing water having partial or no plant shade were more
frequently positive for larvae (74%) as compared to other
habitats. Irrigation and other ditches (29%), stream pools
(20%), ponds (10%), ricefieldsand/or swamp drainage areas
(8%), and ground and/or drain pools (8%) were common
habitats of mosquito larvae during our survey.

Our findings on Anophelesdistribution and larval habitat
characteristics will be of interest to preventive medicine
personnel, public health workers, and others tasked with
malaria vector control in South Korea.
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Table 3. Characterization of larval habitats positive for five Anopheles species from four provinces in South Korea (1998-
2004).*

Frequency
n (%) Provinces**

Environment

Military camp 21 38 CH, GE

Swamp 4 7 CH, GE

Urban park 7 13 CH, U

Village (ricefields, rural park) 24 43 GE, JU
Algae

Absence 30 70 CH, GE, JU, GA

Presence 13 30 GE, JU, GA
Vegetation

Absence 1 2 CH, GE, JU

Presence 42 98 CH, GE, JU, GA
Type of vegetation

Emergent 9 21 CH, GE, JU

Floating 5 12 GE, U

Submersed 13 31 Ju

Emergent and floating 12 29 CH, GE, JU

Emergent and submersed 3 7 GE, JU
Condition of larval habitat

Clear, standing water with partial or no plant shade 35 74 CH, GE, JU, GA

Clear, dlow or moderate flowing water with no plant
shade 5 11 GE, U

Clear, fast flowing water, with partia plant shade 2 4 GE

Turbid, standing water with partial or no plant shade 5 11 CH, GE, JU
Type of larval habitat

Garden and/or permanent pond 5 10 CH, U

Ground and/or drain pool 4 8 CH, JU

Ground pit 3 6 GE, JU

Marshy ground depression 1 2 GE, JU

Rice field and/or swamp drainage area 4 8 GE, U

Irrigation, roadside and/or drainage ditch 15 29 CH, GE, JU

Rock pool 3 6 GE

Road rut/track 2 4 GE

Stream margin 2 4 GE, GA

Stream pool 10 20 GE, GA

Well/cisturn 1 2 GE

Water drum 1 2 CH

* Anopheles lesteri, An. pullus, An. sinensis, An. sineroides, An. koreicus.
**Provinces. CH (Chungcheongnam), GE (Gyeonggi), JU (Jgju), GA (Gangwon).
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