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ARTICLE INFO ABSTRACT

Article history: Eight species members of the Thai Hyrcanus Group were identified based on the intact
Received 20 May 2013 morphology and molecular analysis (COI barcoding, 658 bp) of F;-progenies. Five iso-
Accepted after revision 2 August 2013 female lines of each species were pooled in order to establish stock colonies. A
Available online 4 September 2013 stenogamous colony of each species was investigated by making 200 and 300 newly
emerged adult females and males co-habit in a 30 cm cubic cage for one week. After
Keywords: ovipositon, the spermathecae of females were examined for sperms. The results revealed
Anopheles that Anopheles argyropus, Anopheles crawfordi, Anopheles nitidus, Anopheles pursati,
Hyrcanus Group Anopheles sinensis, Anopheles nigerrimus, Anopheles paraliae and Anopheles peditaeniatus
DNA barcodes yielded insemination rates of 0%, 0%, 0%, 31%, 33%, 42%, 50% and 77%, respectively.

Z;erl;(;ii]n;y Continuous selection to establish stenogamous colonies indicated that An. sinensis,
An. pursati, An. nigerrimus, An. paraliae and An. peditaeniatus provided insemination rates of
33-34%,27-31%,42-58%,43-57% and 61-86% in 1, 2, 5, 6 and 20 generations of passages,
respectively.

© 2013 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction reported within it [1]. In Thailand, eight species members
of the Hyrcanus Group have been reported so far, i.e.,

The Hyrcanus Group Reid (Genus Anopheles, Subgenus Anopheles argyropus, Anopheles crawfordi, Anopheles niger-

Anopheles) is distributed widely from Europe to East and rimus, Anopheles nitidus, Anopheles paraliae, Anopheles

Southeast Asia, including some of the off-lying islands of peditaeniatus, Anopheles pursati, and Anopheles sinensis

the Indian and Pacific Oceans, and at least 27 species are [2-4]. Among these, An. nigerrimus, An. peditaeniatus and

An. sinensis are considered as suspected vectors of malaria

due to Plasmodium vivax [5-9], while An. sinensis and
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encephalitis virus in China and India [12-14], respectively.
Even though An. peditaeniatus has been found abundantly
and widely distributed throughout Thailand [3,15], its
status as a vector of the Japanese encephalitis virus is still a
cryptic question, which needs to be investigated more
intensively. Recently, An. sinensis and An. nigerrimus have
been incriminated as a main vector and secondary or
incidental vector, respectively, of Wuchereria bancrofti in
Asia [16]. In addition, An. peditaeniatus, An. crawfordi,
An. nigerrimus, An. argyropus and An. pursati were reported
as high potential vectors of nocturnally subperiodic Brugia
malayi [17]. Likewise, the Anopheles hyrcanus group was
also considered as an economic pest of cattle because of its
vicious biting behavior and ability to transmit cervid
filariae of the genus Setaria [2,3].

Establishment of anopheline colonies is the backbone
of mosquito researches, and the inability to create a
healthy colony of difficult-to-rear species is the principal
cause behind every failure in research efforts. Very few
research experiments concerning the Hyrcanus Group
have been documented, during the past two decades,
particularly those with a complete multidisciplinary
approach (combination of related-aspects of morphology,
cytology, molecular investigation, hybridization, suscept-
ibility and refractory to pathogens, etc.), although eight
species members of the Hyrcanus Group are found
throughout Thailand and/or other Southeast Asian coun-
tries [2,3]. This might result from the lack of biological
information and/or available laboratory-raised colonies,
particularly the adaptive stenogamous colonies that are
easy to maintain and mass produce, which reduces time,
workload and manpower for artificially mating adult
females with males. Hence, this paper reports establish-
ment of a stenogamous colony of An. peditaeniatus that has
existed for more than 20 successive generations, as well as
promising possible stenogamous colonies of An. paraliae
and An. nigerrimus, which are still being established and
detailed. Furthermore, the utility of DNA barcoding, which
is incorporated with the taxonomic key for exact
identification of the eight species members, is present
as well.

2. Materials and methods
2.1. Mosquito species and strains

Eight species members of the Hyrcanus Group were
collected in five provinces of western and southern
Thailand, where malaria and filariasis are endemic due
to Plasmodium falciparum and P. vivax, and W. bancrofti,
respectively [16,18]. The species and strains were as
follows: An. argyropus (Nakhon Si Thammarat strain:
08°29'N, 100°0’E), An. crawfordi (Trang strain: 07°33'N,
99°38’E), An. nigerrimus (Songkhla strain: 07°13'N,
100°37’E), An. nitidus (Phang Nga strain: 08°27'N,
98°31’E), An. paraliae (Ratchaburi strain: 13°30'N,
99°54’E), An. peditaeniatus (Phang Nga strain: 08°27’'N,
98°31’E), An. pursati (Ratchaburi strain: 13°30'N, 99° 54’E)
and An. sinensis (Chumphon strain: 10°29'N, 99°11’E). Wild

caught, fully engorged females of these species members
were collected from cow-baited traps.

2.2. Species identification

Identification of wild caught females followed standard
illustrated keys [2-4]. Subsequently, identification using
intact morphology of eggs, larvae, pupal skins and adult
females were performed intensively in F;-progenies of iso-
female lines.

2.3. Molecular investigation

In order to guarantee the exact morphological species
identification, thus, individual F;-progeny adult female of
each iso-female line was performed for DNA extraction and
amplification. Genomic DNA was extracted using DNeasy™
Blood and Tissue Kit (QIAGEN, Japan). The LCO1490 (5'-
GGT CAA CAA ATC ATA AAG ATA TTG G-3’) and HC02198
(5'-TAA ACT TCA GGG TGA CCA AAA AAT CA-3’) barcoding
primers of Folmer et al. [19] were used to amplify the
cytochrome c oxidase subunit I (COI) region of mitochon-
drial DNA (658 bp, excluding primers). Each PCR reaction
was carried out in a 20-pL volume containing 0.5 U of Ex
Taq (Takara, Japan), 1X of Ex Taq buffer, 2 mM of MgCl,,
0.2 mM of each dNTP, 0.25 uM of each primer, and 1 p.L of
the extracted DNA. The amplification profile comprised
initial denaturation at 94 °C for 1 min, 30 cycles at 94 °C for
30s, 50°C for 30s, and 72°C for 1min, and a final
extension at 72 °C for 5 min. The amplified products were
electrophoresed in 1.5% agarose gels and stained with
ethidium bromide. Lastly, the PCR products were purified
using the QIAquick®™ PCR Purification Kit (QIAGEN, Japan)
and their sequences directly determined using the
BigDye® V3.1 Terminator Cycle Sequencing Kit and 3130
genetic analyzer (Applied Biosystems of Life Technologies,
Japan). The sequence data obtained have been deposited in
the DDBJ/EMBL/GenBank nucleotide sequence database
under the following accession numbers: An. argyropus
(Nakhon Si Thammarat strain: AB781747-AB781751),
An. crawfordi (Trang strain: AB781752-AB781756),
An. nigerrimus (Songkhla strain: AB781757-AB781761),
An. nitidus (Phang Nga strain: AB781762-AB781766),
An. paraliae (Ratchaburi strain: AB781767-AB781771),
An. peditaeniatus (Phang Nga strain: AB781772-
AB781776), An. pursati (Ratchaburi strain: AB781777-
AB781781) and An. sinensis (Chumphon strain: AB781782-
AB781786). The newly COI sequences were also compared
with those available in GenBank using the Basic Local
Alignment Search Tool (BLAST) available at http://blas-
t.ncbi.nlm.nih.gov/Blast.cgi. Anopheles gambiae (accession
number NC_002084) and Anopheles braziliensis (accession
number DQ076238) were used as outgroup taxa [20,21].
Sequences were aligned with BioEdit version 7.0.5.3 [22].
Genetic distance was calculated using the Kimura two-
parameter (K2P) model [23]. Using the distances, con-
struction of neighbor-joining trees [24] and bootstrap test
with 10,000 replications were performed with the MEGA
version 4.0 program [25]. Bayesian analysis was conducted
with MrBayes 3.2 [26] by using two replicates of 1 million
generations with the nucleotide evolutionary model. The
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best-fit model GTR+1+G were chosen using the Akaike
Information Criterion (AIC) in MrModeltest version 2.3
[27]. Bayesian posterior probabilities were calculated from
the consensus tree after excluding the first 25% trees as
burn-in.

2.4. Rearing procedures

Mosquito rearing procedures for the Thai Hyrcanus
Group (swamp-breeders) followed the detailed techniques
described by Choochote and Saeung [28]. All of the
experiments were performed in the simple insectarium at
27 + 2 °C, 70-80% relative humidity, and illumination from a
combination of natural daylight from a glass window and
fluorescent lighting was provided for approximately 12 h a day.

2.5. Establishment of a stock colony

After exact species identification, based on the intact
morphology of eggs, larvae, pupal skins and adult females,
and molecular investigations in F;-progenies, the stock
colonies of the eight anopheline species were established by
pooling five iso-female lines of each anopheline species that
have been colonized consecutively for more than 10
generations. These stock colonies were used in the investiga-
tion of stenogamous behavior throughout the experiments.

2.6. Screening of stenogamous behavior and establishment of
natural mating colonies

Mosquitoes of the ninth generation (Fg) were used to
determine the natural mating ability in a standard
30 x 30 x 30 cm cage. The reason for using this mosquito
generation was based on the fact that any mosquito colony,
colonized for more than eight consecutive generations,
was of adaptive laboratory mosquito-strains, and easily
maintained and mass produced for any experiments. Thus,
200 female and 300 male newly emerged mosquitoes of
the ninth generation were introduced into the same cage to
co-habit for one week following the former procedures of
Sucharit and Choochote [29], and Choochote et al. [30].
This provided a density resting surface (or vertical resting
surface per mosquito) of 7.20 [31]. Subsequently, the
fasted females were allowed to feed on white rat. Five days
after feeding, 20 gravid females were allowed to lay eggs
for two days in an oviposited-plastic cup [28], and later, the
spermathecae of females were investigated for the
presence of sperms. All the eggs obtained from natural

copulation in the 30 x 30 x 30 cm cage were processed for
hatching, larval and adult rearing, and use for establishing
the next stenogamous colony. This process was performed
repeatedly from generation to generation until the
stenogamous colony was stable.

3. Results
3.1. Species identification

Species identification, based on molecular analyses
(cytochrome c oxidase subunit I barcoding region, 658 bp),
was generated from a total of 40 specimens of the F;-
progenies of the eight species, i.e., using one specimen
from each of the iso-female lines of each species. The NJ
and Bayesian trees revealed eight distinct clusters. Each
species (n=5) showed a low level of mean intra-specific
genetic distances (0.001-0.009), whereas the mean inter-
specific genetic distances were high (0.032-0.077) (Table
1). Among the species examined, the N]J tree revealed two
major clades. Clade I comprised An. crawfordi, An. paraliae,
An. peditaeniatus, and An. sinensis as well as a member of
the Korean Hyrcanus Group, Anopheles lesteri. In this clade,
the five species were separated from each other, with high
bootstrap support (98-100%) (Fig. 1). The phylogenetic
relationship revealed that An. paraliae was more closely
related to An. peditaeniatus (mean genetic dis-
tances = 0.038) than that of An. crawfordi (mean genetic
distances = 0.041). In addition, An. paraliae showed closer
proximity to An. sinensis (mean genetic distances = 0.032)
than that of An. crawfordi (mean genetic distances = 0.047).
Remarkably, the low level of mean genetic distances
(0.011) between An. paraliae and An. lesteri was observed in
this study. Clade Il comprised An. argyropus, An. nigerrimus,
An. nitidus and An. pursati, which were monophyletic with
high bootstrap support (99-100%). Within this clade, An.
nitidus was more closely related to An. pursati (mean
genetic distances=0.039) than that of An. nigerrimus
(mean genetic distances = 0.049). Additionally, An. nitidus
was closely related to An. argyropus (mean genetic
distances = 0.054) than that of other species. Anopheles
crawfordi and An. pursati were most genetically diverse,
with mean genetic distances of 0.077. The Bayesian tree
showed almost similar tree topologies to the NJ tree
(Fig. 2). Four species members, including An. argyropus,
An. nigerrimus, An. nitidus, and An. pursati, were placed
within the same clade, with high posterior probability
(99%), and well separated from the remaining five species.

Table 1
Mean intra- and inter-specific genetic distances (K2P) in eight species members of the Thai Hyrcanus Group based on COI barcoding sequences.
Species Mean intra-specific 1 3 4 5 6 7
genetic distances (n=5)
1. An. argyropus 0.004
2. An. crawfordi 0.002 0.069
3. An. nigerrimus 0.002 0.057 0.061
4. An. nitidus 0.009 0.054 0.075 0.049
5. An. paraliae 0.001 0.059 0.041 0.050 0.058
6. An. peditaeniatus 0.005 0.069 0.057 0.067 0.059 0.038
7. An. pursati 0.006 0.058 0.077 0.050 0.039 0.062 0.063
8. An. sinensis 0.002 0.061 0.047 0.062 0.059 0.032 0.048 0.076
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Fig. 1. Bootstrapped neighbor-joining tree (NJ) of the COI barcoding sequences of eight species members of the Thai Hyrcanus Group and a member of the
Korean Hyrcanus Group, Anopheles lesteri. The Anopheles gambiae and Anopheles braziliensis were used as outgroups. Bootstrap values of higher than 70% are

shown above the node. Bars represent 0.01 substitutions per site.

Anopheles paraliae were nested with An. lesteri with
moderate support (posterior probability = 70%), whereas,
An. crawfordi, An. peditaeniatus, and An. sinensis was placed
into three distinct clusters with high support (posterior
probability = 97-100%).

3.2. Establishment of a stock colony

Eight species members of the Hyrcanus Group, i.e.,
An. argyropus (F»3), An. crawfordi (Fy9), An. nigerrimus (Fys),

An. nitidus (Fyg), An. paraliae (Fyg), An. peditaeniatus (F,9),
An. pursati (F2) and An. sinensis (F;;) were reared
successfully for many consecutive generations by using
artificial mating techniques. The developmental time of
one generation (from eggs to eggs) was more or less
28 days, comprising a duration of 3-4(3),8-14(11)and 1-
3 (2) days of egg, larval and pupal development,
respectively, as well as added durations of 5-day-old adult
females for blood feeding, 5days for gravid-developed
females, and 2 days for egg-laid females.
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Hyrcanus Group, Anopheles lesteri. The Anopheles gambiae and Anopheles braziliensis were used as outgroups. The posterior probability of higher than 70% is

shown above the node. Bars represent 0.05 substitutions per site.

3.3. Screening of stenogamous behavior and establishment of
natural mating colonies

The results of induced natural copulation in a
30 x 30 x 30 cm cage by co-habiting 200 and 300 newly
emerged female and male Fyg mosquitoes for 1 week,
indicated that only five species, i.e., An. pursati, An. sinensis,
An. nigerrimus, An. paraliae and An. peditaeniatus could lay
eggs successfully with insemination rates of 31%, 33%, 42%,
50% and 77%, respectively (Table 2). The remaining three
species of An. argyropus, An. crawfordi and An. nitidus failed
to copulate naturally and provided a 0% insemination rate
at Fy, F1p and Fy4. After selection, the stenogamous colony

of An. peditaeniatus was colonized continuously for more
than 20 generations, with insemination rates that ranged
from 61-86%. As for An. sinensis, An. pursati, An. nigerrimus
and An. paraliae, selection of the stenogamous colony is
still in progress for 1, 2, 5 and 6 selected generations of
passages, respectively, by yielding the insemination rates
ranging from 33-34%, 27-31%, 42-58% and 43-57%,
respectively.

4. Discussion

Prior to the study on biology, ecology and behavior
of mosquito-borne disease vectors, accurate species
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The insemination rates of selective stenogamous colonies of Anopheles peditaeniatus, Anopheles paraliae, Anopheles nigerrimus, Anopheles pursati and

Anopheles sinensis.

Mosquito species

Insemination rates of each selected generation of passage (Fg_29)?

F9 FlO Fll F12 F13 F14 F15 FIS l:17 FlS F19 F20 FZ] FZZ F23 F24 F25 F26 l:27 F28 FZE)
An. peditaeniatus 77 81 75 69 62 83 8 76 61 72 68 64 67 8 66 71 80 72 76 74 79
An. paraliae 50 49 43 45 57 52 56 IP
An. nigerrimus 42 44 51 46 54 58 IP
An. pursati 31 27 30 IP
An. sinensis 33 34 IP

IP: in progress.
2 Examined from 100 spermatecae.

identification is the main key for success in obtaining
robust information. Consequently, ribosomal (ITS2) and
mitochondrial (COI and COIl) DNA have been used
intensively and widely in the Oriental region for recogni-
tion of the species members of the Hyrcanus Group [1,32-
42]. Nonetheless, information on COI barcoding sequences
for identification of eight species of the Hyrcanus Group in
Thailand is lacking. Thus, we initiated this approach to
develop DNA barcodes for this species group. Our
phylogenetic analyses here separated eight species mem-
bers of the Thai Hyrcanus Group into eight distinct
clusters. In accordance with Harbach [43] and Rattanar-
ithikul et al. [9], An. crawfordi, An. paraliae, and
An. peditaeniatus were classified into the Lesteri Subgroup,
while An. nigerrimus, An. nitidus and An. pursati were
classified into the Nigerrimus Subgroup. The An. argyropus
and An. sinensis were categorized into the Unassociated
Species. However, interestingly, An. sinensis and
An. argyropus show closer relationship to the Lesteri and
the Nigerrimus Subgroup, respectively (Figs. 1 and 2).
Furthermore, the intra-specific genetic distances was less
than 1%, while the inter-specific genetic distances was
greater than the 2% value obtained from this study, which
is in agreement with the threshold value for distinguishing
species based on the COI barcode sequences [44-47]. In
contrast to the previously reported of the Neotropical
Anopheles (Nyssorhynchus) by Foster et al. [48], our results
showed a non-overlapping of intra- and inter-specific
genetic distances based on COI sequences. In addition, the
COI sequences of An. paraliae, An. peditaeniatus and
An. sinensis showed little difference (mean genetic
distances = 0.002-0.005) from previous deposited-
sequences in GenBank, i.e., An. paraliae (accession number
AB733031) [49], An. peditaeniatus (accession numbers
AB539069 and AB715091) [42], and An. sinensis (accession
number AY444351) [33]. It was interesting to note that
An. lesteri from Korea (accession number AB733028)
showed a low level (0.011) of inter-specific genetic
distances with our An. paraliae, which was congruent with
the current results of Taai et al. [49], who suggested that
these two morphological species were presumed con-
specific, based on results of no post-mating reproductive
isolation from hybridization experiments, together with
the molecular data of low pairwise genetic distances of COI
(0.007-0.017). In conclusion, our findings on mitochon-
drial DNA sequences of the COI barcoding region (658 bp)
could be used for the identification of eight species
members of the Thai Hyrcanus Group.

It has long been known that the anopheline mosquito
has difficulty in copulating naturally under laboratory
conditions, especially in a small space-cage, such as a
30 x 30 x30cm cage. However, some species could
succeed in copulating in a small space-cage, e.g., Anopheles
quadrimaculatus [50,51], An. gambiae complex [52], Ano-
pheles earlei [53], An. sinensis [54-56], Anopheles farauti No.
1 [57], Anopheles albimanus [58], Anopheles subpictus [59],
Anopheles balabacensis (Perlis Form =Anopheles dirus B,
recently as Anopheles cracens) [29,60], Anopheles annularis
[30], An. dirus [61], Anopheles barberi [62], Anopheles
sergentii [63], Anopheles freeborni [64], Anopheles barbiros-
tris [65], Anopheles minimus [66], Anopheles albitarsis [67],
Anopheles maculatus [68], Anopheles aquasalis [69], Ano-
pheles stephensi [70] and Anopheles pseudopunctipennis
[71]. Therefore, artificial mating techniques have been
developed by previous investigators in order to solve the
mating problems for maintaining laboratory colonies
[72,73].

The mating behavior of anophelines in nature usually
starts from the males, dancing in a swarm at dusk, often
over the tops of bushes and other objects, whereas females
may be seen to enter these swarms in small numbers. Each
female is grabbed promptly by a male, which locates her
through the hearing organs in his antennae, and then, the
couple can be seen to fall out from the swarm [2]. In
An. maculatus, swarming is 15-21 feet from the ground,
which is rather high in comparison to other anopheline
species [74]. Additional mating behavior results of
Anopheles stephensi var. mysorensis in nature revealed
approximately 400 copulations per swarm of 500-600
males, thus, confirming that anopheline females are mated
as a result of entering swarms of males [75]. In laboratory
conditions, the limited space in a 30 x 30 x 30 cm cage
appears to prevent swarming, and therefore causes failure
of copulation. However, there are many species of Aedes,
Culex and Mansonia mosquitoes that can copulate without
males forming a swarm, and they mate easily in small
spaces [74,76,77]. In this study, three species members of
the Hyrcanus Group (An. argyropus, An. crawfordi and
An. nitidus) failed to copulate naturally in a
30 x 30 x 30 cm cage (experiment repeated three times).
The success in selecting a stenogamous An. peditaeniatus
colony strongly suggested that an artificially mated colony
of this anopheline species could be adapted easily to
natural copulation in a 30 x 30 x 30 cm cage.

It has been documented that the behavioral poly-
morphism stenogamy/eurygamy of anophelines is
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inherited and obviously controlled by one or more genes
located on the Y-chromosome [78]. Additionally, the
difference of male genitalia morphometry and frequency
of clasper movements, which may be involved in the
stenogamous behavior of mosquitoes, e.g., between
stenogamous An. balabacensis (Perlis Form) and euryga-
mous An. dirus (Bangkok Colony Strain=An. dirus A,
recently as An. dirus s.s.) [60], have been reported [29].
The genitalia of An. balabacensis (Perlis Form) are larger
than that of An. dirus (Bangkok Colony Strain) and the
former has a shorter duration of clasper movement and
mating time than the latter species.

In conclusion, successful selection of the stenogamous
colony of An. peditaeniatus, which yielded high insemina-
tion rates within a few generations, warrants intensive
investigation of a specific stenogamy/eurygamy control
mechanism(s) in this anopheline species group, and all the
experiments are currently progressing.

Disclosure of interest

The authors declare that they have no conflicts of
interest concerning this article.

Acknowledgements

This work was supported by the Thailand Research
Fund (TRF Senior Research Scholar: RTA5480006) and the
Diamond Research Grant of Faculty of Medicine, Chiang
Mai University to W. Choochote and A. Saeung. The authors
would like to thank Dr Wattana Navacharoen, Dean of the
Faculty of Medicine, Chiang Mai University, for his interest
in this research.

References

[1] C.Paredes-Esquivel, R.E. Harbach, H. Townson, Molecular taxonomy of
members of the Anopheles hyrcanus group from Thailand and Indonesia,
Med. Vet. Entomol. 25 (2011) 348-352.

[2] J.A.Reid, Anopheline mosquitoes of Malaya and Borneo, Stud. Inst. Med.
Res. Malaya 31 (1968) 1-520.

[3] B.A.Harrison, ].E. Scanlon, Medical entomology studies II, The subgenus
Anopheles in Thailand (Diptera: Culicidae), Contrib. Am. Entomol. Inst.
12 (1975) 1-307.

[4] R. Rattanarithikul, B.A. Harrison, R.E. Harbach, P. Panthusiri, R.E. Cole-
man, Illustrated keys to the mosquitoes of Thailand IV. Anopheles,
Southeast Asian J. Trop. Med. Public Health 37 (2006) 1-128.

[5] E.Z. Baker, ].C. Beier, S.R. Meek, R.A. Wirtz, Detection and quantification
of Plasmodium falciparum and P. vivax infections in Thai Kampuchean
Anopheles (Diptera: Culicidae) by enzyme linked immunosorbent assay,
J. Med. Entomol. 24 (1987) 536-541.

[6] R.E.Harbach,].B. Gingrich, L.W. Pang, Some entomological observations
on malaria transmission in a remote village in northwestern Thailand, J.
Am. Mosq Control Assoc. 3 (1987) 296-301.

[7] J. Gingrich, A. Weatherhead, J. Sattabongkot, C. Pilakasiri, R.A. Wirtz,

Hyperendemic malaria in Thai Village: dependence of year-round

transmission on focal and seasonally circumscribed mosquito (Diptera:

Culicidae) habitats, . Med Entomol. 27 (1990) 1016-1026.

S.P. Frances, T.A. Klein, R.A. Wirtz, C. Eamsila, KJ. Linthicum, Plasmodi-

um falciparum and Plasmodium vivax circumsporozoite antigen in

Anopheles collected in eastern Thailand, J. Med. Entomol. 33 (1996)

990-991.

R. Rattanarithikul, E. Konishi, K.J. Linthicum, Detection of Plasmodium

vivax and Plasmodium falciparum circumsporozoites antigen in anoph-

eline mosquitoes collected in southern Thailand, Am. . Trop. Med. Hyg.

54 (1996) 114-121.

[10] C.Liu, Comparative studies on the role of Anopheles anthropophagus and

Anopheles sinensis in malaria transmission in China, Zhonghua Liu Xing
Bing Xue Za Zhi 11 (1990) 360-363.

(8

[9

[11] W.]. Lee, T.A. Klein, H.C. Kim, Y.M. Choi, S.H. Yoon, K.S. Chang, S.T.
Chong, LY. Lee, J.W. Jones, J.S. Jacobs, J. Sattabongkot, J.S. Park, Anopheles
kleini, Anopheles pullus, and Anopheles sinensis: potential vectors of
Plasmodium vivax in the Republic of Korea, J. Med. Entomol. 44
(2007) 1086-1090.

[12] D.T. Mourya, M.A. Ilkal, A.C. Mishra, P.G. Jacob, U. Pant, S. Ramanujam,
M.S. Mavale, H.R. Bhat, V. Dhanda, Isolation of Japanese encephalitis
virus from mosquitoes collected in Karnataka State, India from 1985 to
1987, Trans. R. Soc. Trop. Med. Hyg. 83 (1989) 550-552.

[13] H.L. Zhang, The natural infection rate of mosquitoes by Japanese
encephalitis B virus in Yunnan Province, Zhonghua Yu Fang Yi Xue
Za Zhi 24 (1990) 265-267.

[14] P.C. Kanojia, P.S. Shetty, G. Geevarghese, A long-term study on vector
abundance and seasonal prevalence in relation to the occurrence of
Japanese encephalitis in Gorakhpur district, Uttar Pradesh, Indian J.
Med. Res. 117 (2003) 104-110.

[15] J.E. Scanlon, E.L. Peyton, D.J. Gould, An annotated checklist of the
Anopheles of Thailand, Thai Natl. Sci. Pap. Fauna Ser. 2 (1968) 1-35.

[16] S. Manguin, M.]. Bangs, ]. Pothikasikorn, T. Chareonviriyaphap, Review
on global co-transmission of human Plasmodium species and Wucher-
eria bancrofti by Anopheles mosquitoes, Infect. Genet. Evol. 10 (2010)
159-177.

[17] A. Saeung, C. Hempolchom, V. Baimai, S. Thongsahuan, K. Taai, N.
Jariyapan, U. Chaithong, W. Choochote, Susceptibility of eight species
members of Anopheles hyrcanus group to nocturnally subperiodic
Brugia malayi, Parasit. Vectors 6 (2013) 5.

[18] Bureau of Vector-Borne Disease, Department of Disease Control, Min-
istry of Public Health: Lymphatic Filariasis, 2012 http://www.thaivbd.
org.

[19] O. Folmer, M. Black, W. Hoeh, R. Lutz, R. Vrijenhoek, DNA primers for
amplification of mitochondrial cytochrome ¢ oxidase subunit I from
diverse metazoan invertebrates, Mol. Mar. Biol. Biotechnol. 3 (1994)
294-299.

[20] C.B. Beard, D.M. Hamm, F.H. Collins, The mitochondrial genome of the
mosquito Anopheles gambiae: DNA sequence, genome organization, and
comparisons with mitochondrial sequences of other insects, Insect Mol.
Biol. 2 (1993) 103-124.

[21] M.A. Lehr, C.W. Kilpatrick, R.C. Wilkerson, J.E. Conn, Cryptic species in
the Anopheles (Nyssorhynchus) albitarsis (Diptera: Culicidae) complex:
Incongruence between random amplified polymorphic DNA-Polymer-
ase chain reaction identification and analysis of mitochondrial DNA COI
gene sequences, Ann. Entomol. Soc. Am. 98 (2005) 908-917.

[22] T.A. Hall, BioEdit: a user-friendly biological sequence alignment editor
and analysis program for Windows 95/98/NT, Nucl. Acids Symp. Ser. 41
(1999) 95-98.

[23] M. Kimura, Simple method for estimating evolutionary rates of base
substitution through comparative studies of nucleotide sequences, ].
Mol. Evol. 16 (1980) 111-120.

[24] N. Saitou, M. Nei, The neighbor-joining method: A new method for
reconstructing phylogenetic trees, Mol. Biol. Evol. 4 (1987) 406-425.

[25] K. Tamura, J. Dudley, M. Nei, S. Kumar, MEGA4: Molecular evolution
genetics analysis (MEGA) software version 4.0, Mol. Biol. Evol. 24
(2007) 1596-1599.

[26] F. Ronquist, M. Teslenko, P. van der Mark, D.L. Ayres, A. Darling, S.
Hohna, B. Larget, L. Liu, M.A. Suchard, ].P. Huelsenbeck, MrBayes 3.2:
efficient Bayesian phylogenetic inference and model choice across a
large model space, Syst. Biol. 61 (2012) 539-542.

[27] J.A.A. Nylander, MrModeltest v2. Program distributed by the author.
Evolutionary Biology Centre, Uppsala University, 2004.

[28] W. Choochote, A. Saeung, Systematic techniques for the recognition of
Anopheles species complexes, in: S. Manguin (Ed.), Anopheles mosqui-
toes-New insights into malaria vectors, InTech, 2013, 10.5772/54853.
Available from: http://www.intechopen.com/books/anopheles-mos-
quitoes-new-insights-into-malaria-vectors/systematic-techniques-
for-the-recognition-of-anopheles-species-complexes.

[29] S. Sucharit, W. Choochote, Comparative studies on the morphometry of
male genitalia and frequency of clasper movements during induced
copulation of Anopheles balabacensis (Perlis Form) and Anopheles dirus
(Bangkok Colony Strain), Mosq. Syst. 15 (1983) 90-97.

[30] W. Choochote, S. Sucharit, W. Abeywickreme, A note on adaptation of
Anopheles annularis Van Der Wulp, Kanchanaburi, Thailand to free
mating in a 30 x 30 x 30 cm cage, Southeast Asian J. Trop. Med. Public
Health 14 (1983) 559-560.

[31] EJ. Gerberg, D.R. Barnard, R.A. Ward, Manual for mosquito rearing and
experimental techniques, AMCA, Lake Charles, LA, 1994.

[32] G.S.Min, W. Choochote, A. Jitpakdi, S.J. Kim, W. Kim, J. Jung, A. Junkum,
Intraspecific hybridization of Anopheles sinensis (Diptera: Culicidae)
strains from Thailand and Korea, Mol. Cells 14 (2002) 198-204.

[33] SJ. Park, W. Choochote, A. Jitpakdi, A. Junkum, S.J. Kim, N. Jariyapan,
Evidence for a conspecific relationship between two morphologically


http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0005
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0005
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0005
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0010
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0010
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0015
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0015
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0015
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0020
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0020
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0020
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0025
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0025
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0025
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0025
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0030
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0030
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0030
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0035
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0035
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0035
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0035
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0040
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0040
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0040
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0040
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0045
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0045
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0045
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0045
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0050
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0050
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0050
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0055
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0055
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0055
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0055
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0055
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0060
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0060
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0060
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0060
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0065
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0065
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0065
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0070
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0070
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0070
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0070
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0075
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0075
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0080
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0080
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0080
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0080
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0085
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0085
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0085
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0085
http://www.thaivbd.org/
http://www.thaivbd.org/
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0095
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0095
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0095
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0095
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0100
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0100
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0100
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0100
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0105
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0105
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0105
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0105
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0105
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0115
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0115
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0115
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0120
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0120
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0125
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0125
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0125
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0130
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0130
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0130
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0130
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0135
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0135
http://www.intechopen.com/books/anopheles-mosquitoes-new-insights-into-malaria-vectors/systematic-techniques-for-the-recognition-of-anopheles-species-complexes
http://www.intechopen.com/books/anopheles-mosquitoes-new-insights-into-malaria-vectors/systematic-techniques-for-the-recognition-of-anopheles-species-complexes
http://www.intechopen.com/books/anopheles-mosquitoes-new-insights-into-malaria-vectors/systematic-techniques-for-the-recognition-of-anopheles-species-complexes
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0155
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0155
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0160
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0160
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0160
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0165
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0165

456 A. Wijit et al./C. R. Biologies 336 (2013) 449-456

and cytologically different Forms of Korean Anopheles pullus mosquito,
Mol. Cells 16 (2003) 354-360.

[34] R.C. Wilkerson, L. Cong, L.M. Rueda, H.C. Kim, T.A. Klein, G.H. Song, D.
Strickman, Molecular confirmation of Anopheles (Anopheles) lesteri from
the Republic of South Korea and its genetic identity with An. anthro-
pophagus from China (Diptera: Culicidae), Zootaxa 378 (2003) 1-14.

[35] Y. Ma, J. Xu, The hyrcanus group of Anopheles (Anopheles) in China
(Diptera: Culicidae): species discrimination and phylogenetic relation-
ships inferred by ribosomal DNA internal transcribed spacer 2
sequences, J. Med. Entomol. 42 (2005) 610-619.

[36] L.M. Rueda, Two new species of Anopheles (Anopheles) hyrcanus group
(Diptera: Culicidae) from the Republic of South Korea, Zootaxa 941
(2005) 1-26.

[37] U.W. Hwang, Revisited ITS2 phylogeny of Anopheles (Anopheles) hyrca-
nus group mosquitoes: re-examination of unidentified and misidenti-
fied ITS2 sequences, Parasitol. Res. 101 (2007) 885-894.

[38] M.H. Park, W. Choochote, A. Junkum, D. Joshi, B. Tuetan, A. Saeung, J.H.
Jung, G.S. Min, Reproductive isolation of Anopheles sinensis from Anoph-
eles lesteri and Anopheles sineroides in Korea, Genes Genomics 30 (2008)
245-252.

[39] M.H. Park, W. Choochote, S.J. Kim, P. Somboon, A. Saeung, B. Tuetan, Y.
Tsuda, M. Takagi, D. Joshi, Y.J. Ma, G.S. Min, Nonreproductive isolation
among four allopatric strains of Anopheles sinensis in Asia, ]. Am. Mosq.
Control Assoc. 24 (2008) 489-495.

[40] D. Joshi, M.H. Park, A. Saeung, W. Choochote, G.S. Min, Multiplex assay
to identify Korean vectors of malaria, Mol. Ecol. Resour. 10 (2010)
748-750.

[41] W. Choochote, Evidence to support karyotypic variation of the mos-
quito, Anopheles peditaeniatus in Thailand, J. Insect Sci. 11 (2011) 10.

[42] A.Saeung, V.Baimai, S. Thongsahuan, G.S. Min, M.H. Park, Y. Otsuka, W.
Maleewong, V. Lulitanond, K. Taai, W. Choochote, Geographic distribu-
tion and genetic compatibility among six karyotypic forms of Anopheles
peditaeniatus (Diptera: Culicidae) in Thailand, Trop. Biomed. 29 (2012)
613-625.

[43] RE. Harbach, Anopheles classification, in: Mosquito taxonomic
inventory, 2013 http://mosquito-taxonomic-inventory.info. Accessed
10 May 2013.

[44] P.D. Hebert, A. Cywinska, S.L. Ball, ].R. deWaard, Biological identifica-
tions through DNA barcodes, Proc. Biol. Sci. 270 (2003) 313-321.

[45] N.P. Kumar, A.R. Rajavel, R. Natarajan, P. Jambulingam, DNA barcodes
can distinguish species of Indian mosquitoes (Diptera: Culicidae), J.
Med. Entomol. 44 (2007) 1-7.

[46] M. Laboudi, C. Faraj, A. Sadak, Z. Harrat, S.C. Boubidi, R.E. Harbach, R. El
Aouad, Y.M. Linton, DNA barcodes confirm the presence of a single
member of the Anopheles maculipennis group in Morocco and Algeria:
An. sicaulti is conspecific with An. labranchiae, Acta Trop. 118 (2011)
6-13.

[47] F. Ruiz-Lopez, R.C. Wilkerson, J.E. Conn, S.N. McKeon, D.M. Levin, M.L.
Quifiones, M.M. Povoa, Y.M. Linton, DNA barcoding reveals both known
and novel taxa in the Albitarsis Group (Anopheles: Nyssorhynchus) of
Neotropical malaria vectors, Parasit. Vectors 5 (2012) 44.

[48] P.G. Foster, E.S. Bergo, B.P. Bourke, T.M. Oliveira, S.S. Nagaki, D.C.
Sant’Ana, M.A. Sallum, Phylogenetic analysis and DNA-based species
confirmation in Anopheles (Nyssorhynchus), PLoS One 8 (2013) e54063.

[49] K. Taai, V. Baimai, A. Saeung, S. Thongsahuan, G.S. Min, Y. Otsuka, M.H.
Park, M. Fukuda, P. Somboon, W. Choochote, Genetic compatibility
between Anopheles lesteri from Korea and An. paraliae from Thailand,
Mem. Inst. Oswaldo Cruz. 108 (2013) 312-320.

[50] R.E. Heal, M.M. Pergrin, A technique for the laboratory rearing of
Anopheles quadrimaculatus Say, Proc. Annu. Meet N. J. Mosq. Exterm.
Assoc. 32 (1945) 105-113.

[51] A.H. Casanges, E.R. McGovran, ].V. Chiles, Rearing of Anopheles quad-
rimaculatus Say and Aedes aegypti (L.) in the laboratory, Mosq. News 9
(1949) 112-117.

[52] C. Davidson, The potential use of sterile hybrid males for the eradica-
tion of member species of the Anopheles gambiae complex, Bull. World
Health Organ. 40 (1969) 221-228.

[53] R.D. Kreutzer, ].B. Kitzmiller, Colonization of Anopheles earlei Vargas,
Mosq. News. 29 (1969) 589-590.

[54] Y. Oguma, T. Kanda, Laboratory colonization of Anopheles sinensis
Wiedemann, 1828, Jpn. J. Sanit. Zool. 27 (1976) 325-331.

[55] F.Li, H. Wang, Y. Li, Laboratory rearing technique of Anopheles sinensis,
Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi 17 (1999)
400.

[56] S.J. Kim, W. Choochote, A. Jitpakdi, A. Junkum, S.J. Park, G.S. Min,
Establishment of a self-mating mosquito colony of Anopheles sinensis
from Korea, Korean J. Entomol. 33 (2003) 267-271.

[57] J.H. Bryan, Mode of inheritance of dieldrin resistance in Anopheles
farauti No. 1 and An. farauti No. 2, Ann. Trop. Med. Parasitol. 71
(1977) 379-382.

[58] D.L. Bailey, RE. Lowe, D.A. Dame, J.A. Seawright, Mass rearing the
genetically altered MACHO strain of Anopheles albimanus Wiedemann,
Am. J. Trop Med. Hyg 29 (1980) 141-149.

[59] K.N. Panicker, M. Geetha Bai, A note on laboratory colonization of
Anopheles subpictus Grassi, Indian J. Med. Res. 72 (1980) 53-54.

[60] M.A.M. Sallum, E.L. Peyton, R.C. Wilkerson, Six new species of the
Anopheles leucosphyrus group, reinterpretation of An. elegans and vector
implications, Med. Vet. Entomol. 19 (2005) 158-199.

[61] L. Lianzhu, C. Fuzhen, S. Zhongchen, F. Chongying, H. Fusheng, The
establishment of natural mating colony for Anopheles dirus in labora-
tory conditions, J. Med. Coll. P. L. A. 1 (1986) 49-54.

[62] RS. Copeland, Establishment of a free-mating colony of Anopheles
barberi, with notes on development rates, J, Am. Mosq. Control Assoc.
3(1987) 502-503.

[63] M.S. Beier, ].C. Beier, A.A. Merdan, B.M. el Sawaf, M.A. Kadder, Labora-
tory rearing techniques and adult life table parameters for Anopheles
sergentii from Egypt, ]. Am. Mosq. Control Assoc. 3 (1987) 266-270.

[64] G.N. Fritz, D.L. Kline, E. Daniels, Improved techniques for rearing
Anopheles freeborni, J. Am. Mosq. Control Assoc. 5 (1989) 201-207.

[65] T. Soelarto, S. Nalim, M.J. Bangs, Colonization of Anopheles barbirostris
from Central Java, Indonesia, ]. Am. Mosq. Control Assoc. 11 (1995)
133-135.

[66] P. Somboon, W. Suwonkerd, Establishment of a stenogamous colony
of Anopheles minimus species A, Ann. Trop. Med. Parasitol. 91 (1997)
673-676.

[67] S. Horosko 3rd., J.B. Lima, M.B. Brandolini, Establishment of a free-
mating colony of Anopheles albitarsis from Brazil, ]. Am. Mosq. Control
Assoc. 13 (1997) 95-96.

[68] M.. Bangs, T. Soelarto, B.P. Barodji, D.T. Wicaksana, Boewono, Coloni-
zation of Anopheles maculatus from Central Java, Indonesia, . Am. Mosq.
Control Assoc. 18 (2002) 359-363.

[69] AN. Da Silva, C.C. Dos Santos, R.N. Lacerda, E.P. Santa Rosa, R.T. De
Souza, D. Galiza, I. Sucupira, ].E. Conn, M.M. Pdvoa, Laboratory coloni-
zation of Anopheles aquasalis (Diptera: Culicidae) in Belém, Par4, Brazil,
J. Med. Entomol. 43 (2006) 107-109.

[70] K.Grech, L.A. Maung, A.F. Read, The effect of parental rearing conditions
on offspring life history in Anopheles stephensi, Malar. ]. 6 (2007) 130.

[71] F. Lardeux, V. Quispe, R. Tejerina, R. Rodriguez, L. Torrez, B. Bouchité, T.
Chavez, Laboratory colonization of Anopheles pseudopunctipennis (Dip-
tera: Culicidae) without force mating, C. R. Biologies 330 (2007)571-575.

[72] R.H. Baker, W.L. French, ].B. Kitzmiller, Induced copulation in Anopheles
mosquitoes, Mosq. News 22 (1962) 16-17.

[73] C.K. Ow Yang, F.L. Sta Maria, R.H. Wharton, Maintenance of a laboratory
colony of Anopheles maculatus by artificial mating, Mosq. News 23
(1963) 34-35.

[74] R.H. Wharton, The habits of adult mosquitoes in Malaya IV, Swarming
of Anopheline in nature, Med. J. Malaya 4 (1953) 260-271.

[75] M.S. Quraishi, Swarming, mating and density in nature of Anopheles
stephensi mysorensis, J. Econ. Entomol. 58 (1965) 821-824.

[76] M. Sasa, A. Shirasaka, Y. Wada, Comparative studies on breeding habits
of a laboratory adapted variant and wild colonies of Culex tritaenior-
hynchus summorosus, the principal vector of Japanese encephalitis,
Japn. J. Exp. Med. 37 (1967) 257-264.

[77] AN. Clements, The biology of mosquitoes: sensory reception and
behaviour CABI, Wallingford, UK, 1999.

[78] M. Fraccaro, L. Tiepolo, U. Laudani, S. Jayakar, Y chromosome controls
mating behaviour on Anopheles mosquitoes, Nature 265 (1977)
326-328.


http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0165
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0165
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0170
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0170
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0170
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0170
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0175
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0175
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0175
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0175
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0180
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0180
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0180
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0185
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0185
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0185
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0190
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0190
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0190
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0190
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0195
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0195
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0195
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0195
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0200
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0200
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0200
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0205
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0205
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0210
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0210
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0210
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0210
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0210
http://mosquito-taxonomic-inventory.info/
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0220
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0220
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0225
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0225
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0225
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0230
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0230
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0230
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0230
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0230
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0235
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0235
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0235
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0235
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0240
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0240
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0240
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0245
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0245
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0245
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0245
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0250
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0250
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0250
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0255
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0255
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0255
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0260
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0260
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0260
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0265
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0265
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0270
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0270
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0275
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0275
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0275
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0280
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0280
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0280
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0285
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0285
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0285
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0290
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0290
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0290
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0295
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0295
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0300
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0300
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0300
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0305
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0305
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0305
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0310
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0310
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0310
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0315
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0315
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0315
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0320
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0320
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0325
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0325
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0325
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0330
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0330
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0330
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0335
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0335
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0335
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0340
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0340
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0340
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0345
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0345
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0345
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0345
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0350
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0350
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0355
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0355
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0355
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0360
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0360
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0365
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0365
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0365
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0370
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0370
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0375
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0375
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0380
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0380
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0380
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0380
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0385
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0385
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0390
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0390
http://refhub.elsevier.com/S1631-0691(13)00166-2/sbref0390

	DNA barcoding for the identification of eight species members of the Thai Hyrcanus Group and investigation of their stenogamous behavior
	Introduction
	Materials and methods
	Mosquito species and strains
	Species identification
	Molecular investigation
	Rearing procedures
	Establishment of a stock colony
	Screening of stenogamous behavior and establishment of natural mating colonies

	Results
	Species identification
	Establishment of a stock colony
	Screening of stenogamous behavior and establishment of natural mating colonies

	Discussion
	Disclosure of interest
	Acknowledgements
	References


