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บทน า: แมลงริน้ด าเป็นแมลงขนาดเลก็ จดัอยูใ่นวงศซ์มิลูอิดิ ี  อนัดบัดพิเทอรา ทีม่คีวามส าคญัดา้น
การแพทยแ์ละสตัวแพทย ์ การกดัของแมลงริน้ด าเพศเมยีนัน้ เป็นปญัหาอยา่งมากแก่คนและสตัว์
เลีย้ง แมลงริน้ด าบางชนิดเป็นพาหะน าหนอนพยาธฟิิลาเรยีมาสู่คนและสตัว ์ โรคโปรโตซวัในเลอืด 
ไวรสัและแบคทเีรยีในสตัว ์ นอกจากน้ี มรีายงานพบผูป้่วยโรค zoonotic onchocerciasis ในหลาย
ประเทศ ซึง่เกดิจากการตดิเชือ้หนอนพยาธฟิิลาเรยีทีพ่บในสตัวเ์ลีย้ง และตดิต่อมาสู่คนโดยมแีมลง
ริน้ด าเป็นพาหะน าโรค อย่างไรกต็าม องคค์วามรูเ้กี่ยวกบัการตดิเชือ้หนอนพยาธฟิิลาเรยีในแมลงริน้
ด าในประเทศไทยยงัมอียู่น้อยมาก ทัง้ยงัไมม่กีารศกึษาวจิยัอย่างเป็นระบบและจรงิจงั 
วิธีการทดลอง: ท าการเกบ็ตวัอย่างแมลงริน้ด าในระยะตวัหนอนวยัสุดท้าย และระยะดกัแด ้จาก
แหล่งน ้าธรรมชาตจิ านวน 14 แหล่ง ใน 10 จงัหวดั ซึง่เป็นตวัแทนของ 4 ภูมภิาคของประเทศไทย 
ในระหว่างเดอืนพฤษภาคม พ.ศ. 2559 ถงึ เดอืนพฤษภาคม พ.ศ. 2561  และจบัแมลงริน้ด าตวัเตม็
วยัเพศเมยีทีม่พีฤตกิรรมบนิเขา้มาหาคน โดยใชส้วงิโฉบจบั ในช่วงเวลาตัง้แต่ 06.00 น. ถงึ 18.00 
น. ทีบ่า้นแมก่ลองค ีอ าเภออุม้ผาง จงัหวดัตาก ภาคตะวนัตกของประเทศไทย (ระดบัความสูง 1,237 
เมตร จากระดบัน ้าทะเลปานกลาง) จากนัน้ท าการผ่าตวัอย่างแมลงริน้ด าที่จ าแนกชนิดแล้ว เพื่อ
ตรวจหาการตดิเชือ้หนอนพยาธฟิิลาเรยี  จ าแนกชนิดและวดัขนาดหนอนพยาธฟิิลาเรยีตามลกัษณะ
ทางสณัฐานวทิยาร่วมกบัการใชเ้ทคนิคทางชวีวทิยาระดบัโมเลกุล  โดยการวเิคราะหล์ าดบันิวคลโีอ
ไทดข์องไมโตคอนเดรยีลดเีอน็เอ (ยนี COI และ 12S rRNA) นอกจากนี้ยงัไดท้ าการศกึษาลกัษณะ
ทางสัณฐานวิทยาภายนอกของแมลงริ้นด าตัวเต็มวัยเพศเมียชนิ ด Simulium (Simulium) 
nigrogilvum โดยใช้กล้องจุลทรรศน์อิเล็กตรอนแบบส่องกราด (SEM) และการใช้เทคนิคทาง
ชวีวทิยาระดบัโมเลกุล (ยนี COI, COII และ ECP1) เพื่อท าการยนืยนัความแตกต่างระดบัชนิดของ
แมลงริน้ด าชนิดนี้กบัชนิด S. (S.) umphangense ซึง่เป็นชนิดทีม่คีวามคลา้ยคลงึกนัเป็นอย่างมาก 
ทัง้ในด้านลกัษณะทางสณัฐานและนิสยัการเข้ากดัคน ทัง้นี้ยงัได้ท าการศึกษาความสมัพนัธ์ทาง
พนัธุกรรมดว้ยการสรา้งแผนภูมวิงศ์วานววิฒันาการรปูต้นไมข้องกลุ่มแมลงริน้ด าและหนอนพยาธฟิิ
ลาเรยีทีพ่บในการศกึษานี้กบัชนิดอื่นๆ 
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ผลการทดลอง: ในช่วงระยะเวลา 2 ปี การศกึษานี้ ไดค้น้พบแมลงริน้ด าชนิดใหม่ของโลก จ านวน 
14 ชนิด ทีจ่ดัอยูใ่น 3 สกุลยอ่ยของแมลงริน้ด าสกุล Simulium นอกจากนี้ ยงัไดเ้ขยีนอธบิาย
ลกัษณะตวัเตม็วยัเพศผูข้องแมลงริน้ด าชนิด Simulium (Simulium) suchariti และตวัเตม็วยัเพศ
เมยีและระยะตวัหนอนของ Simulium (Gomphostibia) udomi เป็นครัง้แรกอกีดว้ย ผลการศกึษา
อวยัวะรบัความรูส้กึบนหนวดแมลงริน้ด าตวัเตม็วยัเพศเมยี S. (S.) nigrogilvum โดยใชก้ลอ้ง
จลุทรรศน์อเิลก็ตรอนแบบส่องกราด พบว่ามจี านวน 4 แบบ ไดแ้ก่ chaetica sensilla, trichoid 
sensilla, basiconic sensilla และ coeloconic sensilla ในการศกึษานี้ พบการตดิเชือ้หนอนพยาธฟิิ
ลาเรยีตวัอ่อนระยะที ่3 (ระยะตดิต่อ) ในทรวงอกของแมลงริน้ด า S. (S.) nigrogilvum จ านวน 4 ตวั 
จากแมลงริน้ด าทัง้หมดทีจ่บัไดจ้ านวน 494 ตวั (คดิเป็นรอ้ยละ 0.81) โดยพบตวัอ่อนหนอนพยาธิ
ระยะที ่ 3 จ านวน 6 ตวั มลี าตวัขนาดใหญ่ (ยาว 1,100-1,300 µm กวา้ง 24-26 µm) และหลอด
อาหารเรยีวยาวและมขีนาดสัน้กว่าครึง่หนึ่งของความยาวของล าตวั  ผลการจ าแนกชนิดตวัอ่อน
ระยะที ่ 3 ดว้ยลกัษณะทางสณัฐานวทิยาและการใชเ้ทคนิคทางชวีวทิยาระดบัโมเลกุล  พบว่าตวั
อ่อนพยาธทิัง้หมดเป็นชนิด Onchocerca sp. type A  ซึง่ตรงกบัพยาธฟิิลาเรยีทีพ่บในโคของ
ประเทศญี่ปุน่ 
สรปุผลการทดลอง: คน้พบและรายงานแมลงริน้ด าชนิดใหม่ของโลกจากประเทศไทยแล้วจ านวน 
14 ชนิด ซึง่ท าใหจ้ านวนชนิดของแมลงริน้ด าในประเทศไทยมเีพิม่มากขึน้ โดยมรีายงานการคน้พบ
แล้วขณะนี้จ านวนทัง้สิ้น 107 ชนิด  และเป็นครัง้แรกที่มกีารศึกษาลักษณะทางสัณฐานวิทยา
ภายนอกในระดบัโครงสรา้งทีม่คีวามละเอยีดมากยิง่ขึน้ในแมลงริน้ด าตวัเตม็วยัเพศเมยีชนิด S. (S.) 
nigrogilvum ท าให้เข้าใจชีววิทยาของแมลงริ้นด าชนิดนี้ ได้ดียิ่งขึ้น ทัง้ยังท าให้ข้อมูลด้าน
อนุกรมวธิานของแมลงริน้ด าชนิดนี้มคีวามสมบูรณ์มากขึน้ แมลงริน้ด า S. (S.) nigrogilvum มี
พฤตกิรรมชอบกดักนิเลอืดคน และพบเป็นจ านวนมากทีสุ่ดในพื้นที่ของหมู่บ้านแม่กลองค ีอ าเภอ
อุ้มผาง จงัหวัดตาก ซึ่งจากผลการตรวจพบการติดเชื้อหนอนพยาธิฟิลาเรยีระยะติดต่อ ท าให้
ประชาชนที่อาศยัในหมู่บ้านนี้ มแีนวโน้มที่จะมคีวามเสี่ยงต่อการตดิเชื้อหนอนพยาธฟิิลาเรยีจาก
สตัว ์ 
 
 
ค าหลกั: แมลงริน้ด า หนอนพยาธฟิิลาเรยี ไมโตคอนเดรยีลดเีอน็เอ 
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Abstract 
 
Project Code: MRG5980101  
Project Title: Molecular identification of filariae larvae and their black fly vectors in Thailand 
Investigator: Assistant Professor Dr. Atiporn Saeung 
  Department of Parasitology, Faculty of Medicine, Chiang Mai University 
E-mail Address: atisaeung.noi@gmail.com; atiporn.s@cmu.ac.th 
Project Period: 24 months (From 2 May 2016 to 1 May 2018) 
 
Background: Black flies belonging to the family Simuliidae of the order Diptera, are a 
group of small bloodsucking insects of medical and veterinary importance. Due to the biting 
habit, females of certain simuliid species can transmit viruses, protozoans and filarial 
parasites. Numerous cases of zoonotic onchocerciasis have been caused by Onchocerca 
spp. of animal origin, as reported from several countries, but little is known about the 
transmission of zoonotic filarial parasites by black flies in Thailand.  
Materials and Methods: Black fly larvae and pupae were collected from 14 stream sites in 
10 provinces in four regions across Thailand during May 2016 to May 2018. Female adult 
flies flying around a human were collected at Mae Klong Kee village, Um-phang District, 
Tak Province, western Thailand (elevation 1,237 m) during the daytime from 06.00 to 18.00 
hours. Adult female black flies were dissected and examined for filarial larvae. The filarial 
larvae were identified based on morphological and morphometric characters and analysis of 
sequences of mitochondrial COI and 12S rRNA gene regions. Furthermore, the external 
morphology of the adult female Simulium (Simulium) nigrogilvum was examined using 
scanning electron microscopy (SEM) and DNA-based assays [multi-locus approaches: 
mitochondrial genes (COI, COII) and nuclear gene (elongation complex protein 1, ECP1)] 
for species identification of S. (S.) nigrogilvum and its closely S. (S.) umphangense. The 
phylogenetic trees were constructed in order to determine the relationships among these 
black fly species as well as Onchocerca species. 
Results: Fourteen new species of black flies belonging to three subgenera of the genus 
Simulium were discovered and described during 2 year periods. In addition, this study was 
the first to describe the male of S. (S.) suchariti and the female and larva of S. (G.) udomi. 
Using SEM, four types of antennal sensilla, including chaetica sensilla, trichoid sensilla, 
basiconic sensilla and coeloconic sensilla, were observed on flagellum of S. (S.) 
nigrogilvum. Four of 494 S. (S.) nigrogilvum females dissected were naturally infected with 
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six third-stage larvae (infective stage) (0.81%). All these infective larvae are characterized 
by their large body size (1,100-1,300 µm long by 24-26 µm wide), and elongate 
esophagus, which was shorter than half of the body length. All L3 were morphologically 
and molecularly identified as type A of Onchocerca sp., a parasite of cattle in Japan.  
Conclusions:  Fourteen new black fly species were discovered in our recent surveys, which 
led to a total 107 black-fly species in Thailand. External morphological characters of adult 
female S. (S.) nigrogilvum were studied by SEM for the first time, providing a better 
understanding of biological behaviours of this species, and greatly assisting in species 
identification. Simulium (S.) nigrogilvum is a main human-biter in Mae Klong Kee village, 
Um-phang District, Tak Province. People in this village are likely to be exposed to the risk 
of infection with zoonotic filariae. 
 
Keywords: Black fly, Filarial worm, Mitochondrial DNA 
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EXECUTIVE SUMMARY 
 

Black flies (Diptera: Simuliidae) are biting dipteran insects of medical and veterinary 
importance and widely distributed worldwide. The medical and socioeconomic impact 
associated with black flies include reduced levels of tourism, the death of domesticated 
birds and mammals, and the transmission of viral, protozoan and filarial diseases. More 
than 25 black fly species transmit the filarial nematode, Onchocerca volvulus, which is the 
causative agent of onchocerciasis or river blindness in humans in Africa, and Central and 
South America. Furthermore, at least 35 cases of zoonotic onchocerciasis caused by 
Onchocerca spp. of animal origin have been reported from several countries. A biting habit 
of adult females can cause serious problems for humans, since it inflicts pain, localized 
swelling, intense itching, inflammation accompanied by intense irritation that lasts for 
several days or weeks, and chronic allergic dermatitis, which is caused by IgE-mediated 
reactions.  
 Prior to studies of biology, ecology and behavior of simuliid vectors, and 
implementation of effective control programs, accurate species identification is an essential 
first step for success in obtaining robust information. However, the taxonomic identification 
of adult black flies is relatively complicated due to identical morphology or minimal 
morphological distinction of sibling or cryptic species. Imperfect taxonomy could lead to 
misidentification of certain vector species, and may jeopardize vector control programmes. 
Throughout the world, several approaches have been used for species identification of 
black flies, such as, morphotaxonomy, cytotaxonomy and molecular methods, but only one 
report used scanning electron microscopy (SEM) to examine the larva cuticular patterns of 
black flies. 
 Simulium (Gomphostilbia) asakoae, Simulium (Simulium) (nigrogilvum) and Simulium 
(Simulium) nodosum, were incriminated as natural vectors of three filarial species including 
the genus Onchocera, based on the recovery of infective stages (L3 larvae) from wild-
caught female black flies. At present, taxonomy classification is based on the morphometric 
measurement of filarial larvae at the infective stage, with this now being the principal 
method for species identification. Nonetheless, this method has a limitation, as it cannot 
distinguish isomorphic filarial species. Hence, an alternative method such as a molecular-
based DNA technique is needed.  
 Nowadays, the number of tourists visiting at northern Thailand is increasing year by 
year, particularly for ecotourism in forest, waterfall and high mountainous areas, like Doi 
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Suthep-Pui and Doi Inthanon National Park. Hence, people and animals may be at risk of 
infection with zoonotic filarial parasites transmitted by black fly vectors. However, the 
vectorial status of these three vector species and other biting species in Chiang Mai 
Province, northern Thailand should be revised since adult females of most of these human 
biting species are a species complex composed of two or more related sibling species 
which are morphologically indistinguishable. In particular, adult females of S. asakoae are 
so similar to those of other members of the S. asakoae species-group.  
 As pointed out by the above information, this study used the novel morphological 
approach through scanning electron microscopy (SEM) and DNA-based assays (multi-locus 
approaches: 2 mitochondrial genes: COI, COII and nuclear gene: ECP1) for species 
identification of human- and animal-biting black flies and mitochondrial cytochrome c 
oxidase subunit I (COI) gene-based DNA barcoding and 12S rRNA gene regions for the 
filarial larvae of Onchocerca spp. 

The results obtained from this study provided a new body of knowledge on the 
prevalence of zoonotic filarial parasites and their black fly vectors, and the application of 
novel approaches were useful for precise species identification of black flies in Thailand 
and/or other countries, where these diseases exist. Accurate information is an important key 
necessary in forming a reliable and effective strategy for vector control measures in future. 

During 2 year’s operation of this project: 12 papers were published in international 
journals that contributing to PubMed online. Two Ph.D. students were the dynamic research 
assistants of this project.  
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OBJECTIVES 
 

1. To determine the vectorial roles of human- and animal-biting black fly species in 
zoonotic filarial transmission. 
2.  To identify the human- and animal-biting black fly species using scanning electron 
microscopy and molecular approaches. 
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วิธีการทดลอง (MATERIALS AND METHODS) 

1. Ethical approval 
All experiments were performed in accordance with animal guidelines and 

regulations of Institute of Animal for Scientific Purposes Development (IAD), The National 
Research Council of Thailand (NRCT). No specific permits were required for this study, 
which did not involve endangered or protected species. 

 
2. Study sites 
 Simuliid larvae and pupae were collected from 14 stream-sites in 10 provinces of 
Thailand during May 2016 to May 2018 (Table 1). 
 
3. Collection of black flies 

Collected larvae were preserved in small glass vials (for 10 ml) with 80% ethanol, 
whereas each pupa attached to a substrate was maintained in a plastic tube (10 cm long 
and 1.7 cm diameter), which contained very little water for adequate moisture until the adult 
fly emerged, which usually takes about 1 to 3 days. The emerged adults were maintained 
while alive in the same plastic tube for at least 24 hours in order to secure hardening and 
coloring of the body and legs, and then they were killed and kept individually in small 
plastic vials (for 1.5 ml) with 80% ethanol, together with their associated pupal exuvia and 
cocoon.  

Adult female black flies were caught by an insect net while flying around human at 
Mae Klong Kee village, Um-phang District (elevation 1,237 m), Tak Province, western 
Thailand during the daytime from 06.00 to 18.00 hours. They were kept in paper cup with a 
pad of cotton wool soaked with 5% sucrose solution placed on the top-screen, and stored 
in a humid chamber. After that, they were transported to Department of Parasitology, 
Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand, and then were 
processed for species identification and further experiments. 
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Table 1. Names of sampling sites, geographical coordinates and elevation of black-fly 
collections at 14 sampling sites in 10 provinces of Thailand 

 
N = northern; W = western; C = central; NE: northeastern 

 

Province Names of sampling sites Regions* Latitude/Longitude Elevation 
(m) 

Chiang Rai Pang Khon village, Muang District N 19˚53'55.4" N/99˚35'59.4" E 1.321 

Chiang Mai Mae Klang Watershed Management 
Unit, Chomthong District 

N 18˚31'01.9" N/98˚28'17.3" E 1,314 

 Huai Kaeo, Muang District N 18˚48'44.2" N/98˚56'21.3" E 503 

 Kiew Mae Pan, Chomthong District N 18˚33'29.4" N/98˚22'51.7" E 2,210 

Lampang Pa Miang village, Chae Hom 
District 

N 18˚50'03.7" N/99˚22'32.2" E 1,097 

Phrae Mae Yom, Song District N 19˚26'55.5" N/97˚59'50.1" E 267 

Nan Khunsathan, Nanoi District N 18˚16'44.5" N/100˚30'14.2" 
E 

1,316 

Mae Hong Son Mae Suai Au village, Muang District N 19˚15'59" N/97˚51'12.7" E 605 

 Doi Chang village, Pai District N 19˚21'00.2" N/98˚35'06.4" E 1,737 

Tak Mae Klong Kee village, Um-phang 
District 

W 16˚13'34.2" N/98˚58'47.4" E 1,237 

 Mae Klong Yai village,  Um-phang 
District 

W 16˚14'39.2" N/98˚59'56.5" E 1,241 

Kamphaeng 
Phet 

Chong Yen, Pang-sila Thong 
District 

C 16˚05'21.2" N/99˚06'47.9" E 1,274 

Phetchabun Ton Nampasak Research Station, 
Khao Kho District, Phetchabun 
Province 

C 16˚32'42.9" N/101˚02'17.8" 
E 

540 

Surin Along Korn waterfall, Sang kha, 
District 

NE 14°23'26.4" N/103°51'50.8" 
E 

337 
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4. Morphological description and illustration under light microscope 
Comparative morphological description and illustration of last-instar larva (matured), 

pupa and reared adult species followed those of published articles that identified black flies 
in Thailand (Takaoka and Davies 1995; Adler et al. 2004; Takaoka and Choochote 2004, 
2006; Takaoka and Srisuka 2009; Takaoka 2012, 2017). Description was made from the 
best alcohol specimens of adults, pupal exuvia and mature larvae. Additional specimens of 
each stage were examined also for intraspecific variations. The head, wings, legs and 
genitalia of each adult specimen were removed, but only the head and genitalia were 
cleared in 10% NaOH at room temperature for 12-16 hours. The head was placed on a 
glass cavity slide with distilled water, and the genitalia on a similar glass slide with glycerin. 
For illustrations and measurements, the length of the female labrum being shown relative to 
that of the clypeus. The other body parts of the adults (e.g., legs and wing) and cocoons 
were illustrated and measured while held on a glass cavity slide with 80% ethanol. The 
pupal exuviae and mature larvae were placed on a glass cavity slide with glycerin and 
acetic alcohol, respectively, for illustrations and measurements, using a camera lucida 
(Olympus U-DA) attached to a compound microscope. The cryptic morphological 
identification of some black-fly species was processed for molecular identification. 

 
5. Fine structure of adult female black flies revealed by scanning electron microscopy 
(SEM) 

The ultrastructure of adult females of S. (S.) nigrogilvum was investigated using 
SEM with minor modifications to the method described by Taai et al. (2017) and 
Hempolchom et al. (2017). Briefly, 30 specimens of adult females were immersed in 
phosphate buffer in order to remove surface debris and prefixed in 2.5% glutaraldehyde 
mixed with phosphate buffered at 4 °C for 24 hours. Head of each female black fly was 
excised under a stereo microscope. All samples were then dehydrated through an ethanol 
series of 35, 70, 80% (10 min, two changes) and 95% (15 min, two changes), followed by 
absolute ethanol (10 min, two changes). Following dehydration, they were dried in a critical 
point dryer. The antennae were carefully dissected from the head capsule under a 
stereomicroscope. Antennae were mounted on aluminum stubs with double-sided carbon 
adhesive tape and sputter-coated with gold. Sensilla were observed and photographed in a 
JEOL-JSM6610LV scanning electron microscope (JEOL, Japan). The terminology and 
nomenclatures used to identify antennal sensilla types in this study follow previously 
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reported (Zacharuk 1985; Sukontason et al. 2008; Tangtrakulwanich et al. 2011; Wang et 
al. 2014; Liu et al. 2016). 

 
6. Molecular species identification of female black flies 
 6.1 DNA extraction 
 Genomic DNA was extracted from individual black fly using the PureLink® Genomic 
DNA Mini Kit (Invitrogen, USA) according to the manufacturer’s instructions. DNA 
concentrations were measured using the Nanodrop 8000 Spectrophotometer (Thermo 
Scientific, USA). 
 6.2 PCR amplifications and sequencing 

Amplifications of the mitochondria-encoded COI and COII, and nuclear-encoded 
ECP1 genes of S. nigrogilvum and S. umphangense were performed following the methods 
described previously (Conflitti et al. 2012; Low et al. 2014, 2016b). Primer pairs for 
amplifying each gene region are listed in Table 2. Briefly, PCR reactions were conducted in 
a total volume of 20 µl containing 1-2 µl of genomic DNA, 0.5 U of Taq DNA polymerase, 
1.5-3 mM of MgCl2, 0.25 mM dNTPs and 0.2 pM of each primer. The PCR cycling 
parameters followed those of Conflitti (2012) for COI; Low et al. (2014) for COII; and Low 
et al. (2016b) for ECP1. To obtain the single banded products, the annealing temperature 
of the ECP1 gene was varied as necessary.  

After PCR amplification, the amplified products were subjected to electrophoresis on 
1.5% agarose gel stained with SYBR® Safe DNA gel stain (Invitrogen, USA), and 100 bps 
DNA marker was used as standard. Then, PCR products were purified using the PureLink® 
PCR Purification Kit (Invitrogen, USA). Sequencing were performed at Macrogen (Seoul, 
Korea) using the same primers as in the PCR. The sequences obtained from this study 
were also compared with deposited sequences available through GenBank.   
 6.3 Sequence alignment and DNA analyses 

Both forward and reverse sequences were assembled and edited manually using 
MEGA Version 7.0 program (Kumar et al. 2016). All sequences were aligned using the 
CLUSTAL W multiple alignment programs (Thompson et al. 1994). Gap sites were excluded 
from the following analyses. To determine whether the separate genes should be analyzed 
in combination, a partition homogeneity test (Farris et al. 1995) was calculated using the 
PAUP 4.0b10 (Swofford 2002), with 100 replicates. The test revealed significant differences 
among the three gene regions, but no significant differences were found between the two 
mitochondria-encoded gene regions. Thus, the aligned sequences of single genes and the 
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concatenated dataset (COI + COII) were used for phylogenetic analyses. Accession 
numbers of sequences retrieved from GenBank for the analyses were shown in 
phylogenetic trees. Genetic distances were estimated from the Kimura two-parameter 
method (Kimura 1980). Phylogenetic trees were constructed using neighbor-joining (NJ) and 
maximum-likelihood (ML) methods in MEGA Version 7.0 program (Kumar et al. 2016). 
Branch supports for both methods were calculated using bootstrap test with 1,000 
replications. Sequences of Aedes aegypti and Simulium quinquestriatum were used as 
outgroup in phylogenetic analyses.      
 
Table 2. Primers for amplifying the mitochondrial genes and nuclear genes of black flies. 
 
Gene and 
primers 

Sequences (5'–3') References 

Mitochondrial   
COI 
LCO1490  
HCO2198  

 
GGTCAACAAATCATAAAGATATTGG 
TAAACTTCAGGGTGACCAAAAAATCA 

 
Folmer et al. (1994) 

COII 
TL2-J-3034 
TK-N-3785 

 
ATTATGGCAGATTAGTGCA 
GTTTAAGAGACCAGTACTTG 

 
Conflitti et al. (2010) 

Nuclear   
ECP1 
BECP1_F 
BECP1_R 

 
TGCCCTCAAATATCGTCACA 
GGCCTTCTTCAATGTCCAAA 

 
Low et al. (2016b) 

  
 
7. Dissections of adult black flies and study of recovered nematodes 

7.1 Morphological species identification of nematodes 
After classification to species, individual adult female black fly was microscopically 

dissected and examined for filarial larvae in a drop of 0.85% normal saline solution on a 
slide glass. The filarial larva found was measured under a compound microscope (Olympus 
BX53, Japan). Morphological generic identification of infective larvae (third-stage larvae) 
recovered followed Bain and Chabaud (1986). In addition, infective larvae of Onchocerca 
species were classified into two types (A with the body width over 23 µm and esophagus 
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shorter than half of the body length; B with the body width narrower than 23 µm and 
esophagus longer than half of the body length) (Fukuda et al. 2008; 2010). 

7.2 Molecular species identification of nematodes 
7.2.1 DNA extraction of infective larvae 
Total DNA of individual infective larvae was extracted with the PureLink® 

Genomic DNA Mini Kit (Invitrogen, USA) according to the manufacturer's protocol. The final 
volume of each extracted DNA was 30-50 µl. 

7.2.2 PCR amplifications and sequencing 
The partial mitochondrial COI gene was amplified using a primer set: 

COIintF (5´-TGATTGGTGGTTTTGGTAA-3´) and COIintR (5´-
ATAAGTACGAGTATCAATATC-3´) (Casiraghi et al. 2001). PCR was performed in a final 
volume of 20 µl comprised 1-2 µl of genomic DNA, 0.5 U of Taq DNA polymerase, 2-3 mM 
of MgCl2, 0.25 mM dNTPs and 0.2 pM of each primer under the following conditions: an 
initial denaturation at 94 °C for 3 min, followed by five cycles of 94 °C for 30 s, 55 °C for 
30 s, and 72 °C for 1 min and 37 cycles of 94 °C for 30 s, 48 °C for 30 s, and 72 °C for 1 
min.  The mitochondrial 12S rRNA gene was also amplified with a primer set: 12SF (5´-
GTTCCAGAATAATCGGCTA-3´) and 12SR (5´-ATTGACGGATG(AG)TTTGTACC-3´) 
Casiraghi et al. (2004). Amplifications of 12S rRNA gene were conducted using the same 
reaction mixture as described above. The thermal profile included 40 cycles of 94 °C for 45 
s, 50 °C for 45 s, and 72 °C for 90 s (Fukuda et al. 2010).  

The amplified fragments were electrophoresed on 1.5% agarose gels and 
stained with SYBR® Safe DNA gel stain (Invitrogen, USA). Then, PCR products were 
purified using the PureLink® PCR Purification Kit (Invitrogen, USA). Sequencing were 
performed at Macrogen (Seoul, Korea) using the same primers as in the PCR. The 
sequences obtained from this study were also compared with deposited sequences 
available through GenBank.   

7.2.3. Sequence alignment and DNA analyses 
Sequence alignment and phylogenetic analyses were performed using 

similar procedures as mentioned above. However, phylogenetic trees were constructed 
separately for each gene (COI and 12S rRNA) using neighbor-joining (NJ) and maximum-
likelihood methods. Accession numbers of sequences retrieved from GenBank for the 
analyses were shown in phylogenetic trees. 
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ผลการทดลอง (RESULTS) 
 
1. Discovery of new species 
 Since May 2016, 14 new species of black flies which belong to three subgenera of 
the genus Simulium have been discovered, including S. (G.) maleewongae Takaoka, 
Srisuka & Saeung, S. (S.) umphangense Takaoka, Srisuka & Saeung, S. (S.) srisukai 
Takaoka & Saeung, S. (S.) kiewmaepanense Takaoka, Srisuka & Saeung, S. (G.) fukudae 
Takaoka, Srisuka & Saeung,  S. (A.) saeungae Takaoka & Srisuka, sp. nov., S. (G.) 
chiangraiense Takaoka, Srisuka & Saeung sp. nov., S. (G.) pamiangense Takaoka, Srisuka 
& Saeung sp. nov., S. (G.) maeklangense Takaoka, Srisuka & Saeung sp. nov., S. (G.) 
khaokhoense Takaoka, Srisuka & Low sp. nov., S. (G.) huaikaeoense Takaoka, Srisuka & 
Low sp. nov., S. (G.) isanense Takaoka, Srisuka & Saeung sp. nov., S. (S.) phraense 
Takaoka, Srisuka & Saeung sp. nov., S. (G.) paiense Takaoka, Srisuka & Saeung sp. nov., 
based on the systematic investigations (see appendix, article number 2-4, 6-12). 
 
2. Description of unknown stage of black flies 
  2.1 S. (S.) suchariti Takaoka & Choochote  
 The male of S. (S.) suchariti Takaoka & Choochote is described for the first time 
based on a unique male reared from a pupa collected from a stream at Ang Ka, Doi 
Inthanon National Park, Thailand. A key to identify males of all 16 species of the Simulium 
griseifrons species-group recorded from Thailand is provided (see appendix, article number 
5). 
  2.2 S. (G.) udomi Takaoka & Choochote  
  The female and larva of S. (G.) udomi Takaoka & Choochote collected from Thab 
Tao village, Doi Chom Dao, Thoeng District, Chiang Rai Province, are described for the 
first time. The female of this species is similar to those of S. (G.) asakoae Takaoka & 
Davies from Peninsular Malaysia, Thailand, Hong Kong and Vietnam, and S. (G.) 
chiangdaoense Takaoka & Srisuka from Thailand. The larva of this species is similar to S. 
(G.) curtatum Jitklang et al. and S. (G.) nr. asakoae 2 from Thailand in having a medium-
long postgenal cleft. Taxonomic notes are given to separate this species from these related 
species. The COI gene sequence of S. (G.) udomi is compared with those of eight species 
of the S. asakoae species-group and three species of the S. ceylonicum species-group. 
This species is transferred from the S. ceylonicum species-group to the S. asakoae 
species-group based on the adult female and male morphological characters, comparisons 
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of the genetic distances and phylogenetic relationships inferred from the COI gene 
sequences (see appendix, article number 1). 
  
3. Description of morphology of black flies revealed by SEM 
 The external morphology of adult female of the human-biting black fly species, S. 
(S.) nigrogilvum, was examined using SEM. Adult female S. (S.) nigrogilvum are small, at 
about 2-3 mm long, with stout bodies and a humped thorax. The body is divided into three 
parts: head, thorax, and abdomen (Fig. 1). The thorax of S. (S.) nigrogilvum is comprised of 
three segments: scutum, scutellum and postnotum. A pair of short and broad wing is 
housed on scutellum, whereas a pair of halter is housed on postnotum. The wing includes 
three expressed veins: the costa, subcosta and radius. Each thorax segment composed of 
a pair of leg (forelegs, mid legs and hind legs) (Fig. 1).  
 
 

 
 

Figure 1. Scanning electron micrograph of adult female S. (S.) nigrogilvum. 
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The distal part of each leg consisted of a pair of claw with subbasal tooth which 
protrude from tarsomere V (Fig. 4). Simulium (S.) nigrogilvum has nine abdomen segments 
(tergite I-IX) which the cercus and ovipositor are housed on the last segment (Fig. 2). 

 
 

 
 
Figure 2. Scanning electron micrographs of (a) claw with subbasal tooth and (b) cercus of 
adult female S. (S.) nigrogilvum.  
 
 

 The head of this species is consisted of a pair of large compound eyes 
which almost completely in the male (holoptic), while incompletely, being divided medially 
by the frons in the female (dichoptic) (Fig. 3). The compound eyes were made up of dome-
shaped facets or ommatidia. A close-up view of an ommatidium revealing surface 
ultrastructure of the corneal lens (Fig. 4). Maxillary palp consists of five segments, with 
ellipsoidal sensory vesicle (or pit) having medium-sized opening (Figs. 3 and 5). Group of 
bulp sensilla (club-like or spoon-like) were found in the sensory pit (Fig. 5b). 
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Figure 3. Scanning electron micrographs of head of adult female S. (S.) nigrogilvum. 
 
 
 

 
 
Figure 4. Scanning electron micrographs of compound eye of adult female S. (S.) 
nigrogilvum. (a) dome-shaped ommatidia, (b) higher magnification of an ommatidium 
revealing surface ultrastructure of the corneal lens. 
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Figure 5. Scanning electron micrographs of (a) mouthpart and maxillary palpi, (b) higher 
magnification of bulb sensilla inside the sensory vesicle (pit) observed on the palpomere III 
of maxillary palp of adult female S. (S.) nigrogilvum. 
 
Characterization of antennal sensilla 

The antenna of the black fly is short and cigar-like. Each antenna composed of 
scape, pedicel, and distal flagellum. The scape (Sc) is collar-shaped and hidden behind the 
pedicel (Pe), which is a bulbous cup shaped-segment and provides the attachment of the 
flagellum. Each flagellum consists of nine flagellomeres (Fig. 6). 
 

 
 

Figure 6. Scanning electron micrographs of antenna of adult female S. (S.) nigrogilvum. 
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The surface of the scape, pedicel and flagellomere is covered densely with 
microtrichia (Mt) (Fig. 7). Only one type sensillum, chaetica sensilla (Ch) are found on the 
antennal scape and pedicel. Ch are arranged in a single row and characterized as long 
bristle-like structures with longitudinal grooved wall, whose bases are fitted in apparently 
elevated and smooth sockets. Three subtypes of Ch (Ch I, Ch II and Ch III) can be 
distinguished by their shape and size. Ch I and Ch II are observed on scape and pedicel 
while Ch III are found only on the flagellum. The longest Ch I are curved sensilla that 
gradually taper to an acute tip (Fig. 7a, b), whereas Ch II are straight sensilla and shorter 
than that of Ch I (Fig. 7a). 
 
 

 
 
Figure 7. Scanning electron micrographs of scape and pedicel of adult female S. (S.) 
nigrogilvum. (a) chaetica sensilla (Ch) I and II on scape and pedicel, (b) higher 
magnification of microtrichia (Mt) and Ch I on scape. 
 
 

Four major types of sensillum: chaetica (Ch); trichoid (Tr); basiconic (Ba) and 
coeloconic (Co) exist on the cuticular surface of flagellum (Fig. 8). The entire surfaces of 
nine flagellomeres are densely covered with microtrichia that taper to their acute apices. 

Chaetica sensilla 
  Chaetica sensilla subtype III (Ch III) found on nine flagellomeres with a few 
numbers. They were characterized by having a deeply longitudinally grooved cuticular wall 
along the shaft with blunt tips and were set into a tight socket. They were the shortest 
among all chaetica subtypes (Fig. 8). 
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  Trichoid sensilla 
  Trichoid sensilla (Tr) are elongated, slightly curved, and hair-like structures with 
smooth surface and a gradually tapers to an acute tip distally. They are slender and 
shorter in width and length than Ch I but longer than Ch III. Tr is the most abundant 
sensilla type found on antennal flagellum. No pores or grooves are found on their surface 
(Fig. 8). 
 Basiconic sensilla  
  Multiporous basiconic sensilla can be classified into four subtypes: Ba I, Ba II Ba III 
and Ba IV, according to their shape and size (Figs. 8-11). Their length is shorter than that 
of Tr. Sensilla basiconica subtype I (Ba I) have the appearance of long, straight or slightly 
curve and sharp tip (pen-like shape), and with or without a distinctive droplet shape (Fig. 
8). Sensilla basiconica subtype II (Ba II) are straight or slightly curve with blunt tipped-
sensilla (Figs. 8 and 9). Ba I and Ba II are widely distributed all over the flagellum surface 
of antennae. Sensilla basiconica subtype III (Ba III) are seated within the deeply sunken 
depressions or sacculus. Ba III are shorter than Ba I but broader than Ba I and Ba II (Figs. 
9 and 10). Sensilla basiconica subtype IV (Ba IV) have morphologically resemble Ba III but 
with point tips (Fig. 11). Both subtypes are commonly found on the proximal region of each 
flagellomere either singularly or in groups (Figs. 9-11). Remarkably, Ba I and Ba II have a 
random pattern of pits in the cuticle whereas densely pitting of cuticle were observed on Ba 
III and Ba IV surface (Figs. 10 and 11). 
 Coeloconic sensilla  
  Coeloconic sensilla (Co) are short, cone-shaped peg with a relatively pointed tip 
sensilla and characterized by distinct longitudinal grooved on their cuticular walls. They 
situated centrally in a deep sacculus on the antennal flagellum, and stand up 
perpendicularly or slightly curve (Fig. 12) 
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Figure 8. Scanning electron micrographs of antennal sensilla of adult female S. (S.) 
nigrogilvum. Distribution of different types of sensilla on the surface of antennal flagellum. 
Abbreviations: Ba I, subtype I basiconic sensilla; Ba II, subtype II basiconic sensilla; Ch III, 
subtype III chaetica sensilla; Mt, microtrichia; Tr, trichoid sensilla. 
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Figure 9. Scanning electron micrographs of basiconic sensilla on the surface of antennal 
flagellum of adult female S. (S.) nigrogilvum. Abbreviations: Ba II, subtype II basiconic 
sensilla; Ba III, subtype III basiconic sensilla; Tr, trichoid sensilla. 
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Figure 10. Scanning electron micrographs of basiconic sensilla situated on a deep and big 
sacculus of antennal flagellum of adult female S. (S.) nigrogilvum. Higher magnification 
revealed highly pitted cuticle of two subtypes (Ba II and Ba III). Abbreviations: Ba II, 
subtype II basiconic sensilla; Ba III, subtype III basiconic sensilla. 
 
 

 
 
Figure 11.  Scanning electron micrographs of subtype IV basiconic sensilla on the surface 
of antennal flagellum of adult female S. (S.) nigrogilvum. Abbreviations: Ba IV, subtype IV 
basiconic sensilla. 
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Figure 12. Scanning electron micrographs of basiconic sensilla on the surface of antennal 
flagellum of adult female S. (S.) nigrogilvum. Abbreviations: Co, coeloconic sensilla; Tr, 
trichoid sensilla. 
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4. Dissections of adult black flies and study of recovered nematodes 
4.1 Morphological species identification of nematodes 
Natural filarial infections of adult black flies were investigated. A total of 494 females 

were collected, and all were identified as S. (S.) nigrogilvum (Fig. 13). Four of 494 females 
dissected were infected with six infective third-stage larvae (L3) (0.81%). However, S. (S.) 
nigrogilvum is morphologically very similar to S. (S.) umphangense. Thus, the identity of the 
Onchocerca-positive S. (S.) nigrogilvum were confirmed their species identity using PCR. 
The measurements of all unknown infective larvae were 1,100-1,300 µm long by 24-26 µm 
wide, esophagus shorter than half of the body length (Fig. 14). All L3 were morphologically 
identified as Onchocerca sp. type A. In order to clarify its morphotaxonomic status, the 
PCR-based assay was further conducted for molecular species identification. 

 
 

 
 
Figure 13.  Adult female of the human-biting black fly, S. (S.) nigrogilvum. Scale bar = 2 
mm. 
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Figure 14. Third-stage larva (Infective larva) found in thorax of S. (S.) nigrogilvum collected 
from Um-phang District, Tak Province. Scale bar = 100 µm.  
 

4.2 Molecular species identification of black flies 
The ranges of intraspecific genetic divergence among four Onchocerca-positive S. 

(S.) nigrogilvum sequences were 0.00-0.30% for COI, 0.60-0.90% for COII and 0.70-1.50% 
for ECP1. Intraspecific divergence for COI+COII dataset varied from 0.30 to 0.60%. The 
ranges of intraspecific genetic divergence among three sequences of S. (S.) umphangense 
were 0.20-0.30% for COI, 0.00-0.10% for COII and 0.00% for ECP1. Intraspecific 
divergence for COI+COII dataset varied from 0.10 to 0.20%. Average interspecific genetic 
divergence between S. (S.) nigrogilvum and S. (S.) umphangense was 5.40%, 7.53%, 
3.83% and 6.45% for COI, COII, ECP1 and concatenated COI+COII sequences, 
respectively. Intraspecific and interspecific genetic distances of S. (S.) nigrogilvum and S. 
(S.) umphangense are summarized in Tables 3-4. 

 
Table 3. Ranges of intraspecific and interspecific genetic distances based on concatenated 
COI and COII sequences 
 
 1 2 
1. S. nigrogilvum 0.30-0.60%  
2. S. umphangense 6.40-6.60% 0.10-0.20% 
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Table 4. Ranges of intraspecific and interspecific genetic distances based on ECP1 
sequences 
 
 1 2 
1. S. nigrogilvum 0.70-1.50%  
2. S. umphangense 3.70-4.10% 0.00% 

 
Phylogenetic analyses 
Phylogenetic trees based on single genes (COI, COII and ECP1) and concatenated 

dataset (COI+COII) revealed the similar tree topology in all phylogenetic analysis methods 
(NJ and ML); thus only ML trees are shown for ECP1 gene (Fig. 15) and for the combined 
dataset (Fig. 16). All trees comprised two main clusters with strong support. One cluster 
consisted of S. (S.) nigrogilvum and the other cluster consisted of S. (S.) umphangense. 
The level of genetic divergence and the phylogenetic analyses based on single genes and 
combined dataset confirmed that S. (S.) nigrogilvum identified by morphological 
characteristics was exact S. nigrogilvum. Simulium quinquestriatum was used as an 
outgroup. 
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Figure 15. Maximum likelihood phylogenetic tree of (S.) nigrogilvum and S. (S.) 
umphangense from Thailand based on ECP1 gene. Bootstrap values [ML/NJ] are shown 
above or near the branches. The scale bar represents 0.02 substitutions per nucleotide 
position. ML = maximum likelihood; NJ = neighbor-joining. 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 16. Maximum likelihood phylogenetic tree of (S.) nigrogilvum and S. (S.) 
umphangense from Thailand based on concatenated sequences of COI and COII genes. 
Bootstrap values [ML/NJ] are shown above or near the branches. The scale bar represents 
0.02 substitutions per nucleotide position. ML = maximum likelihood; NJ = neighbor-joining. 
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4.3 Molecular identification of infective larvae from wild-caught black flies 
All six infective larvae morphologically identified as Onchocerca sp. type A were 

used for determination of the mitochondrial COI and 12S rRNA gene regions. All the 
sequences were 649 bp long for COI gene and 471 bp long for 12S rRNA gene. Compared 
with other Onchocerca species available in GenBank databases, five of the six infective 
larvae successfully amplified were identical to Onchocerca sp. type A with nucleotide 
differences 1.00-1.20% and 0.00% for COI and 12S rRNA genes, respectively. Onchocerca 
sp. type A of the present study clustered with Onchocerca sp. type A infected Simulium 
bidentatum in japan and formed a monophyletic clade with high bootstrap support in 
phylogenetic trees of both genes. Sequence analyses of the COI and 12S rRNA genes of 
Onchocerca sp. type A revealed 9.80-13.50% and 3.80-7.20% difference, respectively, 
when compared with those of all Onchocerca spp. The phylogenetic relationships based on 
COI and 12S rRNA genes between Onchocerca sp. type A and other Onchocerca spp. are 
shown in ML trees (Figs. 17 and 18).   
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Figure 17. Maximum likelihood phylogenetic tree based on COI gene sequences of 
Onchocerca spp. Numbers at the nodes are the bootstrap values [ML/NJ] after 1,000 
replicates. Values more than 50% are shown. The scale bar represents 0.2 substitutions 
per nucleotide position. ML = maximum likelihood; NJ = neighbor-joining. 
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Figure 18. Maximum likelihood phylogenetic tree based on 12S rRNA gene sequences of 
Onchocerca spp. Numbers at or near the nodes are the bootstrap values [ML/NJ] after 
1,000 replicates. Values more than 50% are shown. The scale bar represents 0.05 
substitutions per nucleotide position. ML = maximum likelihood; NJ = neighbor-joining. 
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สรปุและวิจารณ์ผลการทดลอง (DISCUSSION AND CONCLUSIONS) 
 

In this study, 14 new species were discovered in Thailand. In addition, this study 
was the first to describe the male of S. (S.) suchariti and female and larval stage of S. (G.) 
udomi. Our study yielded the body of new knowledge for better understanding of the 
species diversity of the simuliid fauna in the country, which is necessary for the future 
studies of ecology, behavior, population genetics, and roles of simuliids as disease vectors 
and/or vicious biters to humans and animals. 

Some black fly species has been misidentified because the overlapping of their 
morphological characters. Thus, we applied a multi-gene approach, recognized for resolving 
evolutionary relationships in the Simuliidae (Phayuhasena et al. 2010; Low et al. 2015). Our 
first attempt reveals that the mitochondria-encoded COI gene could clearly distinguish S. 
(S.) nigrogilvum from S. (S.) umphangense. In addition, the mitochondria-encoded COII 
gene and a fast-evolving nuclear gene, ECP1, which has been useful to resolve species 
complexes and species groups (Senatore et al. 2014, Low et al. 2016b) were used to 
separate these two closely related species. The COII and ECP1 genes also successfully 
differentiate S. (S.) nigrogilvum from S. (S.) umphangense, further supporting their 
morphological classification and molecular identification based on the COI gene. In this 
study, the two mitochondrial genes, COI and COII, can unequivocally produce higher 
phylogenetic signals than did ECP1 or the concatenated dataset. The large COI and COII 
genetic distances between S. nigrogilvum and S. umphangense would certainly serve as the 
barcoding gap for species delimitation (Low et al. 2016a). Furthermore, because cutoff of 
3% divergence is the basic criterion to advocate species complex in insects (Low et al. 
2016a; Pramual et al. 2016), we propose the use of COI and COII genes as the gold 
standard for identifying these two species.  

In addition, fine structure of S. (S.) nigrogilvum, is presented for the first time using 
scanning electron microscopy (SEM) to contribute information on the morphology of the 
adult of this fly species and may eventually provide a basis for understanding the biological 
behavior of this species. Many types of sensilla examined on the antennae of S. (S.) 
nigrogilvum are similar to those of other insects species such as blow fly (C. 
megacephala), stable flies (Stomoxys calcitrans), cleg fly (Haematopota pandazisi), 
(Sukontason et al., 2008; Tangtrakulwanich et al. 2011; Wang et al. 2014; Liu et al. 2016; 
Pezzi et al. 2018). These sensilla include the chaetica sensilla (2 subtypes), trichoid 
sensilla, basiconic sensilla (4 subtypes) and coeloconic sensilla.  
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In this study, all infective larvae were morphologically identified as Onchocerca sp. 
type A, resemble Onchocerca sp. type A infected Simulium bidentatum, a natural vector of 
several Onchocerca spp. in Japan (Fukuda et al. 2010). Type A is presumed to be identical 
to type I from black flies collected in a cattle shed (Takaoka and Bain 1990; Takaoka 1994). 
Molecular identification of the infective larvae based on mitochondrial COI and 12S rRNA 
genes also indicated that they are Onchocerca sp. type A which similar to the previously 
reported (Fukuda et al. 2010). It is thus suggested that S. (S.) nigrogilvum is the 
predominant black fly species attacking human in the study area and one type of 
Onchocerca larvae are natural infecting this black fly species. 

 
 
 
 
 

ข้อเสนอแนะ  (SUGGESTION) 
 
The whole mitochondrial and nuclear genome sequences of Onchocerca sp. type A 

need further investigation in order to obtain the genomic information. 
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บทความส าหรบัการเผยแพร่ 
 

แมลงร้ินด าและการเป็นพาหะน าโรคในประเทศไทย 
 

ริน้ด าเป็นแมลงขนาดเลก็ทีม่คีวามส าคญัทางด้านการแพทยแ์ละสตัวแพทย ์โดยเป็นพาหะ
น าโรคมาสู่คนและสตัว์เลี้ยง เช่น โรค Onchocerciasis (หรอืโรค river blindness) ซึ่งเกิดจาก
หนอนพยาธฟิิลาเรยีชนิด Onchocerca volvulus ซึง่ท าใหเ้กดิอาการตาบอดในประชากรของหลาย
ประเทศในทวปีแอฟรกิา ลาตนิอเมรกิา และประเทศเยเมน นอกจากน้ีมรีายงานพบผูป้่วยจากการตดิ
เชือ้หนอนพยาธฟิิลาเรยีในสกุล Onchocerca ในประเทศญี่ปุ่น และเยอรมนั ซึง่เป็นพยาธฟิิลาเรยีที่
พบในสตัวเ์ลีย้ง เช่น โค กระบอื และหมปู่า ซึง่ตดิต่อมาสู่คนโดยมแีมลงริน้ด าเป็นพาหะ (zoonotic 
onchocerciasis)  ในประเทศไทย มรีายงานว่านกัท่องเทีย่วและประชาชนทอ้งถิน่ทีอ่าศยัในเขตป่าที่
เป็นแหล่งเพาะพนัธุต์ามธรรมชาตขิองแมลงริน้ด า มอีาการภูมแิพจ้ากการถูกแมลงริน้ด ากดั เช่น ตุ่ม
บวมแดง ผวิหนังอกัเสบ ขอ้บวม และมไีข้ นอกจากนี้ มรีายงานพบหนอนพยาธฟิิลาเรยีในสกุลนี้
เช่นกนัที่จงัหวดัเชยีงใหม่ โดยพบในแมลงริน้ด า 3 ชนิด คอื Simulium nigrogilvum, Simulium 
nodosum และ Simulium asakoae และขอ้มลูล่าสุดจากงานวจิยัในระหว่างปี พ.ศ. 2559 ถงึ พ.ศ. 
2561 พบการตดิเชื้อหนอนพยาธฟิิลาเรยี Onchocerca type A ในแมลงริน้ด าชนิด Simulium 
nigrogilvum ทีจ่งัหวดัตาก  อย่างไรกต็าม แมว้่าขณะนี้ยงัไม่มกีารรายงานพบผูป้่วยโรค zoonotic 
onchocerciasis ในประเทศไทย แต่ควรมกีารเฝ้าระวงัการเจบ็ปว่ยดว้ยโรคนี้อย่างใกลช้ดิ  

ในช่วงระหว่างปี พ.ศ. 2527 ถงึ พ.ศ. 2557 มรีายงานการคน้พบแมลงริน้ด าในประเทศไทย 
จ านวน 93 ชนิด ใน 6 สกุลย่อยของสกุล Simulium Latreille s.l.  ในประเทศไทย ได้แก่ 
Asiosimulium, Daviesellum, Gomphostilbia, Montisimulium, Nevermannia และ Simulium s. 
str. จากการส ารวจความหลากหลายของชนิดแมลงริน้ด า ทีม่กีารกระจายตวัในภูมภิาคต่างๆ ของ
ประเทศไทย โดยการศกึษาอนุกรมวธิานรว่มกบัการประยุกต์ใชเ้ทคนิคทางชวีวทิยาระดบัโมเลกุลใน
การศกึษาระหว่างปี พ.ศ. 2559 ถงึ พ.ศ. 2561 ไดร้ายงานการคน้พบแมลงริน้ด าชนิดใหม่เพิม่เตมิ
อีกจ านวน 14 ชนิด ท าให้ขณะนี้พบแมลงริ้นด าในประเทศไทยจ านวนทัง้สิ้น 107 ชนิด ซึ่งองค์
ความรูใ้หม่ทีไ่ด้จากงานวจิยั มปีระโยชน์ต่อผู้ทีศ่กึษาวจิยัแมลงริน้ด าทัว่โลก ส าหรบัใช้จ าแนกชนิด
แมลงริน้ด า รวมทัง้น าไปใชเ้ป็นแนวทางในการวางแผนบรหิารจดัการทรพัยากรชวีภาพในประเทศ
ไทย และเพื่อการประยกุตใ์ชป้ระโยชน์ดา้นการแพทยใ์นอนาคต 
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A B S T R A C T

The female and larva of Simulium (Gomphostilbia) udomi Takaoka & Choochote from Thailand are described for
the first time. The female of this species is similar to those of S. (G.) asakoae Takaoka &Davies from Peninsular
Malaysia, Thailand, Hong Kong and Vietnam, and S. (G.) chiangdaoense Takaoka & Srisuka from Thailand. The
larva of this species is similar to S. (G.) curtatum Jitklang et al. and S. (G.) nr. asakoae 2 from Thailand in having a
medium-long postgenal cleft. Taxonomic notes are given to separate this species from these related species. The
COI gene sequence of S. (G.) udomi is compared with those of eight species of the S. asakoae species-group and
three species of the S. ceylonicum species-group. This species is transferred from the S. ceylonicum species-group
to the S. asakoae species-group based on the adult female and male morphological characters, comparisons of the
genetic distances and phylogenetic relationships inferred from the COI gene sequences.

1. Introduction

Gomphostilbia Enderlein is the second largest among 37 subgenera of
the genus Simulium Latreille (Diptera: Simuliidae), consisting of 234
species which are classified into 15 species-groups (Adler and Crosskey
2016; Takaoka 2012). It is characterized by a combination of certain
morphological characters, such as the haired katepisternum, haired
basal portion of the radius in the adults, ventral plate with hairs on the
posterior surface in the male, abdominal segment 9 with grapnel-
shaped hooklets in the pupa, hypostoma with smooth lateral margins
and mandible with a major tooth at the acute angle against its ventral
margin. It is mainly distributed in the Oriental Region although 13 and
26 species are recorded from the Palearctic and the Australasian
Regions, respectively.

Among 10 species-groups of the subgenus Gomphostilbia in the
Oriental Region, the S. ceylonicum species-group, redefined by Takaoka
(2012), is unique in having four subgroups, which are characterized by
4, 6, 8 and 10 pupal gill filaments, respectively.

Simulium (Gomphostilbia) udomi Takaoka & Choochote was originally
described based on a single male reared from a pupa from

Samorraphume, Thung Chang District, Nan Province, Thailand
(Takaoka and Choochote, 2006). It is characterized by the enlarged
male hind basitarsus, pupal gill with six long filaments and cocoon with
an elongate anterodorsal projection. It was temporarily placed in the
Simulium ceylonicum species-group, redefined by Takaoka (2012),
mainly based on the ventral plate of the male genitalia. The female
and larva remained unknown. The biting habit and other biological
aspects of this species remain to be studied.

Recently, we collected pupae and larvae of this species from Chiang
Rai Province, Thailand and reared four females and two males from
pupae. The female and mature larva of S. (G.) udomi are described for
the first time, and their COI gene segments are sequenced and
compared with those of eight species of the S. asakoae species-group
and those of three species of the S. ceylonicum species-group.

The relationships of S. (G.) udomi are investigated based on adult
female and male morphological characters and by comparing the
genetic distances and constructing a phylogenetic tree, using the COI
gene sequences
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2. Material and methods

Materials examined in this study include four females, two males, all
reared from pupae, and 10 mature larvae of S. (G.) udomi, collected
from a stream (width 60 cm, depth 3 cm, bottom sandy, temperature
20.5° C, pH 5.92, partially shaded, elevation 1286 m, 19°44′17.4″N,
100°23′58.9″E), Thab Tao village, Doi Chom Dao, Thoeng District,
Chiang Rai Province, Thailand, 28-X-2016, by W. Srisuka.

The methods of collection, description and illustration, and terms
for morphological features follow those of Takaoka (2003) and partially
those of Adler et al. (2004).

Two females and two larvae were used for sequencing of the COI
genes and a subsequent phylogenetic analysis. The protocols for DNA
extraction, PCR amplification, and sequencing follow those of Low et al.
(2015). Briefly, DNA was extracted from each specimen using the i-
genomic CTB DNA Extraction Mini Kit (iNtRON Biotechnology, Inc.,
Seongnam, South Korea). PCR amplification of the COI gene region was
carried out in a final volume of 50 μL containing 50–100 ng of genomic
DNA, 25 μL of ExPrime TaqMasterMix (GENETBIO, Inc., Daejeon, South
Korea), and 10 pmol of each forward and reverse primer from Folmer
et al. (1994). Purified PCR products were sent to a commercial
company for DNA sequencing. The COI gene sequences of S. udomi
were assembled and edited using ChromasPro Version 1.7.7 (Techne-
lysium Pty Ltd., Australia and BioEdit 7.0.9.0 (Hall, 1999)). The
representative sequence generated in this study was deposited in the
NCBI GenBank database under accession number KY751928.

The sequences of S. (G.) asakoae Takaoka & Davies (Thai samples)
(Pramual et al., 2011) and those of 10 related species (seven spp. of the
S. asakoae species-group and three spp. of the S. ceylonicum species-
group, all Malaysian samples) (Low et al., 2015) were used for
calculation of genetic distances and phylogenetic tree construction. A
maximum likelihood analysis was performed on an on-line web-based
server PhyML 3.0 (Guindon et al., 2010). An automatic model selection
was implemented based on the Akaike information criterion (AIC). The
best-fit model was the general time-reversible (GTR) model with a
proportion of invariable sites of 0.588 and with a gamma shape
parameter of 0.819. To estimate the level of genetic divergence,
uncorrected p pairwise genetic distances were estimated using PAUP
4.0b10. (Swofford, 2002).

3. Results

3.1. Descriptions of the female and larva of S. (G.) udomi

Female. Body length 2.1–2.2 mm Head. Slightly narrower than
width of thorax. Frons brownish black, densely covered with yellowish-
white scale-like recumbent short hairs interspersed with few dark
longer hairs along lateral margins and near vertex; frontal ratio
1.8–1.9:1.0:2.3–2.5; frons:head ratio 1.0:4.2–4.5. Fronto-ocular area
well developed, narrow, directed dorsolaterally. Clypeus brownish
black, densely covered with yellowish-white scale-like hairs inter-
spersed with six to eight dark longer hairs on each side. Labrum
0.6–0.7 times length of clypeus. Antenna composed of scape, pedicel
and nine flagellomeres, medium brown except scape, pedicel and basal
one-fourth to half of first flagellomere yellowish. Maxillary palp
composed of five segments, light brown except third segment medium
brown, proportional lengths of third, fourth, and fifth segments
1.0:1.2:2.3–2.7; third segment (Fig. 1A) slightly widened apically;
sensory vesicle (Fig. 1A) medium sized, ellipsoidal (0.3 times length
of third segment), with medium-sized opening. Maxillary lacinia with
10–12 inner and 14–16 outer teeth. Mandible (Fig. 1B) with 24 or 25
inner teeth and seven or eight outer teeth at some distance from tip;
outer margin near tip undulated, appearing four or five vestigial teeth.
Cibarium (Fig. 1C) medially forming sclerotized plate folded forward
from posterior margin, with moderately sclerotized mediolongitudinal
ridge with bifid apex. Thorax. Scutum medium brown except ante-

rolateral calli ochreous, and three blackish longitudinal vittae (one
median, two submedian), thinly pruinose and shiny when illuminated
at certain angles, densely covered with whitish-yellow to yellow scale-
like recumbent short hairs except three vittae with dark recumbent
short hairs. Scutellum ochreous, covered with yellow short hairs and
dark-brown long upright hairs along posterior margin. Postnotum dark
brown, slightly shiny when illuminated at certain angles, and bare.
Pleural membrane bare. Katepisternum longer than deep, medium
brown, shiny when illuminated at certain angles, moderately covered
with fine short hairs. Legs. Foreleg: coxa whitish yellow; trochanter
yellow; femur dark yellow with apical cap light brown (though extreme
tip yellowish, and basal two-thirds of inner surface yellowish white);
tibia white except apical one-fourth dark brown; tarsus brownish-black,
with moderate dorsal hair crest; basitarsus moderately dilated, 6.4–6.6
times as long as its greatest width. Midleg: coxa medium brown;
trochanter whitish yellow; femur light brown with basal one-fifth
whitish yellow and apical cap medium brown (though extreme tip
yellowish); tibia light brown except basal two-thirds yellowish white
and apical cap dark brown, covered with yellowish-white fine hairs on
posterior and inner surfaces of basal two-thirds; tarsus dark brown
though basal one-third of basitarsus dark yellow to light brown. Hind
leg: coxa light brown; trochanter whitish yellow; femur light brown
with base whitish yellow and apical cap dark brown (though extreme
tip yellowish white); tibia (Fig. 1D) yellowish white on basal two-thirds
and brownish black on rest, covered with whitish fine hairs on outer
and posterior surfaces of little more than basal three-fourths; tarsus
medum black except basal two-thirds (though base light brown) and
basal half of second tarsomere yellowish white; basitarsus (Fig. 1E)
narrow, nearly parallel-sided though slightly narrowed apically,
6.2–6.5 times as long as wide, and 0.7 and 0.6 times as wide as greatest
widths of tibia and femur, respectively; calcipala (Fig. 1E) slightly
shorter than width at base, and 0.5–0.6 times as wide as greatest width
of basitarsus; pedisulcus (Fig. 1E) well developed; claw (Fig. 1F) with
large basal tooth 0.54 times length of claw. Wing. Length 2.1–2.3 mm.
Costa with dark spinules and hairs except basal patch of hairs yellow.
Subcosta with dark hairs except near apex bare. Hair tuft on base of
radius yellow. Basal portion of radius fully haired; R1 with dark spinules
and hairs; R2 with hairs only. Basal cell absent. Halter. White except
basal portion darkened. Abdomen. Basal scale grayish yellow, with
fringe of whitish-yellow hairs. Dorsal surface of abdomen light to
medium brown except segment 2 yellow, moderately covered with dark
short to long hairs; tergites of segments 2 and 6–9 shiny when
illuminated at certain angles. Ventral surface of segment 2 yellow,
those of segments 3 and 4 dark yellow and those of other segments
medium brown; sternal plate on segment 7 undeveloped. Terminalia.
Sternite 8 (Fig. 1G) bare medially, with 18–22 medium-long to long
hairs together with four or five slender short hairs on each side.
Ovipositor valves (Fig. 1G) triangular (though posteromedial corners
rounded), thin, membranous, moderately covered with microsetae
interspersed with one or two short hairs; inner margins slightly sinuous,
somewhat sclerotized, and moderately separated from each other.
Genital fork (Fig. 1H) of usual inverted-Y form, with slender stem;
arms of moderate width, moderately folded medially, without lobe
directed posteromedially. Paraproct in ventral view (Fig. 1I) somewhat
concave anterolaterally, with three or four sensilla on anteromedial
surface; paraproct in lateral view (Fig. 1J) produced ventrally beyond
ventral tip of cercus, 0.5 times as long as wide, with 17–20 medium-
long to long hairs on ventral and lateral surfaces. Cercus in lateral view
(Fig. 1J) short, rounded posteriorly, 0.4 times as long as wide.
Spermatheca (Fig. 1K) ellipsoidal, 1.3–1.4 times as long as its greatest
width, well sclerotized except duct and small area near juncture with
duct unsclerotized, and with many fissures on outer surface; internal
setae absent; both accessory ducts slender, subequal in diameter to
major one.

Mature larva. Body length 5.3–5.8 mm. Body light ochreous except
abdominal segments 1–3 light greenish and ventral surface of abdom-
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inal segments 5–9 whitish, with following color markings: abdominal
segments 5 and 6 each with reddish-brown transverse band having
darkest medial portion on dorsal surface along anterior margin, though
that on abdominal segment 6 often so faint, leaving medial portion as
small spot dorsomedially; abdominal segment 4 rarely with faint
reddish-brown transverse band; abdominal segments 7 and 8 rarely
with faint reddish-brown markings dorsally, dorsolaterally and ven-
trally. Head. Head capsule yellow except eye-spot region whitish,
sparsely covered with minute setae (though moderately on dorsal
surface); head spots faintly positive though mediolateral spots and
anterior spots of posterolateral spots on cephalic apotome usually
indistinct; eyebrow faintly discernible. Antenna composed of three
articles and apical sensillum, longer than stem of labral fan; propor-
tional lengths of first, second, and third articles 1.0:0.6–0.8:0.7. Labral

fan with 30–36 primary rays. Mandible (Fig. 2A) with three comb-teeth
decreasing in length from first tooth to third; mandibular serration
composed of two teeth (one medium-sized, one small); major tooth at
acute angle degrees against mandible on apical side; supernumerary
serrations absent. Hypostoma (Fig. 2B) with row of nine apical teeth, of
which median tooth is longer than each corner tooth; lateral margin
smooth; five hypostomal bristles per side lying nearly parallel to lateral
margin. Postgenal cleft (Fig. 2C) rounded, medium-long, 1.2–1.3 times
length of postgenal bridge. Cervical sclerites composed of pair of small
yellow rod-like pieces. Thorax and Abdomen. Histoblast of pharate
pupal gill with six long thread-like filaments. Cuticle of thoracic and
abdominal segments sparsely covered with unbranched colorless and
dark minute setae on dorsal surface, though more setae on few posterior
abdominal segments; last abdominal segment densely covered with

Fig. 1. Female of Simulium (Gomphostilbia) udomi. (A) Third segment of maxillary palp showing sensory vesicle (right side; front view). (B) Mandible. (C) Cibarium. (D) Hind tibia. (E)
Basitarsus and tarsomere 2 of hind leg (left side; outer view). (F) Claw. (G) Sternite 8 and ovipositor valve (only right half shown; ventral view). (H) Genital fork (ventral view). (I) & (J)
Paraprocts and cerci (right side; I, ventral view; J, lateral view). (K) Spermatheca. Scale bars. 0.1 mm for D and E; 0.02 mm for A–C, G–K; 0.01 mm for F.
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unbranched colorless minute setae on dorsolateral and lateral surfaces
of each side of anal sclerite and on each lateral surface even down to
near tip of ventral papilla; thorax and abdomen without dorsal
protuberances. Rectal scales minute and colorless (almost overlooked).
Rectal organ compound, each of three lobes with 14–16 finger-like
secondary lobules. Anal sclerite of usual X-form, with anterior arms 1.1
times as long as posterior ones, broadly sclerotized at base; no sensilla
on broad base and posterior to posterior arms; accessory sclerite absent.
Last abdominal segment with pair of large conical ventral papillae.
Posterior circlet with 101–103 rows of hooklets with up to 12–14
hooklets per row.

3.2. COI gene sequence-based analysis

Genetic distances between S. (G.) udomi and seven members of the
S. asakoae species-group and three members of the S. ceylonicum
species-group are 6.83–7.68% for S. (G.) asakoae, 6.66–6.83% for S.
(G.) izuae, 6.31–6.83% for S. (G.) roslihashimi, 7.51% for S. (G.)
tanahrataense, 6.83–7.00% for S. (G.) brinchangense, 8.36% for S. (G.)
sofiani and 8.02–8.53% for S. (G.) lurauense, 10.07–10.41% for S. (G.)
trangense, 10.58% for S. (G.) leparense and 9.90% for S. (G.) sheilae
(Table 1).

The phylogenetic tree constructed based on the COI gene sequences
is shown in Fig. 4. Simulium (G.) udomi is differentiated from all the
related species by forming a highly supported monophyletic clade
(100% bootstrap value). Its phylogenetic relationship is closest to S.
(G.) asakoae, followed by six species of the S. asakoae species-group and
most distant to three species of the S. ceylonicum species-group. Never-
theless, the numbers of S. udomi used in the present study might not
sufficient to infer their intraspecific variation; and the specimens were
only collected from a single location which did not allow us to evaluate
their possible geographic variations. Further works with increasing

sampling efforts are needed to clarify these situations.

4. Discussion

4.1. Morphotaxonomic notes on the female and larva of S. (G.) udomi

The female and mature larva of S. (G.) udomi are described for the
first time. The female of this species is characterized by having the
medium-sized sensory vesicle (Fig. 1A), mandible with outer teeth
(Fig. 1B), yellow hair tuft of the base of the radial vein, hind tibia
whitish on the basal two-thirds (Fig. 1D), and yellow abdominal
segment 2. This species is morphologically similar in the female to
two species of the S. asakoae species-group of the subgenus Gomphos-
tilbia: S. (G.) asakoae Takaoka & Davies, originally described from
Peninsular Malaysia (Takaoka and Davies, 1995), and recorded from
Thailand (Takaoka and Davies, 1995), Hong Kong (Takaoka et al.,
1995) and Vietnam (Pham, 1998), and S. (G.) chiangdaoense Takaoka &
Srisuka from Thailand (Takaoka and Srisuka, 2009). The female of this
species is barely distinguished from that of S. (G.) asakoae by the
narrower plate folded from the dorsal margin of the cibarium, which is
one-third as wide as the width of the cibarium in S. (G.) udomi (Fig. 1C)
but slightly more than half the width of the cibarium in S. (G.) asakoae,
and from S. (G.) chiangdaoense by the color of the hind tibia, which is
whitish on the basal two-thirds in S. (G.) udomi (Fig. 1D) but whitish on
the little more than basal half in S. (G.) chiangdaoense.

The mature larva of this species is characterized by the medium-
long postgenal cleft with an anterior margin rounded (Fig. 2C), by
which it is distinguished from most species of the S. asakoae and S.
ceylonicum species-groups, except two Thai species, S. (G.) nr. asakoae
2, of which the female and male are unknown, and S. (G.) curtatum
Jitklang et al. (Jitklang et al., 2008). However, the mature larva of S.
(G.) udomi is easily distinguished from those of the latter two species by

Fig. 2. Larva of Simulium (Gomphostilbia) udomi. (A) Mandible. (B) Hypostoma. (C) Head capsule showing postgenal cleft (ventral view). Scales. 0.05 mm for C; 0.02 mm for A and B.

Table 1
Ranges of interspecific uncorrected p distances (%) among members of the Simulium asakoae and S. ceylonicum species-groups based on COI sequences.

1 2 3 4 5 6 7 8 9 10 11

1. S. udomi –
2. S. asakoae 6.83–7.68 –
3. S. izuae 6.66–6.83 7.68–8.19 –
4. S. roslihashimi 6.31–6.83 7.17–8.02 1.71–2.39 –
5. S. tanahrataense 7.51 6.83–8.00 4.27–4.44 4.44–4.61 –
6. S. brinchangense 6.83–7.00 6.14–7.17 5.97–6.31 5.63–6.41 5.29–5.63 –
7. S. sofioni 8.36 8.02–8.70 8.19–8.36 7.85–8.02 6.66 7.00–7.17 –
8. S. lurauense 8.02–8.53 7.85–9.04 7.85–8.36 7.51–8.02 6.31–6.66 6.66–7.17 0.34–0.68 –
9. S. trangense 10.07–10.41 9.90–11.09 10.24–10.58 9.56–10.24 9.73–9.90 9.22–9.39 9.39 9.04–9.73 –
10. S. leparense 10.58 10.41–11.26 10.92–11.43 10.92–11.09 9.56 10.24–10.75 10.41 10.24–10.75 11.95 –
11. S. sheilae 9.90 9.56–9.90 10.41–10.58 9.73–9.90 9.73 10.24–10.58 9.56 9.56–9.90 9.73–10.07 10.92 –
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having a reddish-brown marking on the dorsal surface of abdominal
segment 5 (without such a color marking in S. (G.) nr. asakoae 2) and
pharate pupal gill with six filaments (eight filaments in S. (G.) nr.
asakoae 2 and S. (G.) curtatum).

4.2. Molecular identification of S. (G.) udomi

The close morphological similarities of the female of S. (G.) udomi to
that of S. (G.) asakoae raise a challenging problem to identify adult
female flies caught in the field for transmission studies of S. (G.)

Fig. 3. Maximum likelihood phylogenetic tree of the Simulium asakoae and S. ceylonicum species-groups based on COI gene sequences.

Fig. 4. Male of Simulium (Gomphostilbia) udomi. (A) & (B) Third segments of maxillary palp of two different males showing sensory vesicles (right side; front view). (C) & (D) Ventral plates
of two different males (ventral view). Scales. 0.02 mm for A–D.
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asakoae, which is a human biter (Choochote et al., 2005) and a vector of
an unknown filaria in Thailand (Fukuda et al., 2003; Ishii et al., 2008).

Our result of the COI gene sequence-based analysis (Table 1) clearly
shows that S. (G.) udomi and S. (G.) asakoae are molecularly distin-
guished from each other, making it possible to investigate in the future
whether females of S. (G.) udomi are included in wild-caught females
morphologically identified as S. (G.) asakoae and also whether they are
involved in the transmission of any pathogens and parasites.

4.3. Transfer of S. (G.) udomi to the S. asakoae species-group

Simulium (G.) udomi was temporarily placed in the S. ceylonicum
species-group, redefined by Takaoka (2012), based on the shape of the
ventral plate of the male genitalia, despite the hair tuft of the base of
the radial vein being yellow (not dark, as one of key characters of the
group). The ventral plate of the male genitalia illustrated in the original
description (Takaoka and Choochote, 2006) is, when viewed ventrally,
widest subbasally, then gradually narrowed posteriorly, somewhat
similar to the typical ventral plate of the S. ceylonicum species-group,
which is, though, abruptly narrowed on the posterior half. However,
the ventral plates are nearly parallel-sided (Fig. 4C) in one male
examined in this study, fitting neither the definition of the S. ceylonicum
species-group nor that of the S. asakoae species-group. On the other
hand, the ventral plate of another male is widened from the base to the
middle, then tapered posteriorly (Fig. 4D), being essentially similar in
shape to a typical ventral plate of the S. asakoae species-group, which is
characterized by its widest portion posteriorly and lateral margins
depressed basally or subbasally (Takaoka, 2012).

Despite the variability of the shape of the ventral plate, we propose
the transfer of this species from the S. ceylonicum species-group to the S.
asakoae species-group based on the facts that both the female and male
have yellow hair tufts of the base of the radius, the female hind tibiae
are whitish on the basal two-thirds, and this species is closely related to
S. (G.) chiangdaoense of the S. asakoae species-group in sharing many
adult and pupal characters including the cocoon with an elongate
anterodorsal projection, a rare character occurring only in these two
species within the subgenus Gomphostilbia. Our phylogenetic analysis
using the COI gene sequences (Fig. 3) shows that S. (G.) udomi is most
closely related to S. (G.) asakoae of the S. asakoae species-group,
followed by six other members of the S. (G.) asakoae species-group
whereas it is relatively distantly related to S. (G.) leparense, S. (G.)
sheilae and S. (G.) trangense, all of the S. ceylonicum species-group,
strongly supporting the transfer of S. (G.) udomi to the S. asakoae
species-group. Although the S. ceylonicum species-group is not mono-
phyletic based on the COI gene, our previous multi-locus sequence
analysis has revealed two distinct evolutionary lineages, conforming to
the morphotaxonomically recognized S. asakoae and S. ceylonicum
species-groups (Low et al., 2015).

5. Supplementary notes for the male of S. (G.) udomi

The holotype male of S. (G.) udomi has the different shape of the
sensory vesicles on each side: an opening of the sensory vesicle is large
in the right side and small in the left side (Takaoka and Choochote,
2006). Two males of this species newly obtained in this study show that
sensory vesicles have a small opening (Fig. 4A, B). Since the right
maxillary palp of the holotype male is aberrant, having the third and
fourth segments unsegmented (Takaoka and Choochote, 2006), a large
opening of its sensory vesicle is interpreted to be exceptional and the
sensory vesicle with a small opening of the left sensory vesicle is
normal, as in males of most species of the subgenus Gomphostilbia.

The enlarged upper-eye facets of the two males of this species
examined are in 13 vertical columns and 14 or 15 horizontal rows (in
13 vertical columns and 16 horizontal rows in the original description).
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Abstract

Background: Blackflies are an important medical and veterinary group of small blood-sucking insects. Ninety-three
blackfly species have been reported in Thailand. However, information on their biodiversity and population dynamics
in each region is lacking. The main aim of this study was to assess the regional biodiversity, seasonal abundance and
distribution of blackflies in six eco-geographically different regions in the country.

Methods: Blackfly larvae and pupae were sampled monthly from 58 sites between May 2011 and April 2013. Diversity
parameters, seasonal abundance, regional distribution and frequency of species occurrence in stream sites
were analyzed.

Results: A total of 19,456 mature larvae representing 57 species, and belonging to six subgenera in the genus Simulium
Latreille (s.l.), were found. The five predominant taxa were S. fenestratum (8.6%), the S. asakoae complex (8.3%), S.
nakhonense (7.5%), the S. siamense complex (7.4%) and the S. doipuiense complex (6.7%). The most frequent
taxa at all sites were the S. asakoae complex (84.5%), followed by S. fenestratum (82.8%), the S. siamense complex
(75.9%), S. decuplum (60.3%), S. nakhonense (58.6%) and the S. tani complex (48.3%). The richness of regional
species was highest (40 species) in the north and predominated in the cold season. However, blackflies in
the south predominated during the hot season. The highest numbers of blackflies collected from central, northeastern,
eastern and western regions of the country were observed in the rainy season. Overall, the mean number of blackflies
collected across the six regions during the rainy and cold season had no statistically significant difference, but it differed
significantly in the hot season.

Conclusions: Blackflies in Thailand were surveyed in all three seasons across six geographical regions. These findings
demonstrated that blackfly communities at each stream site varied with seasonality, and the regional relative
abundance of blackflies differed markedly in the hot season. It was also found that the occurrence and distribution
of blackflies in each region were associated strongly with elevation.
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Background
Blackflies (Diptera: Simuliidae) are distributed widely in
all zoogeographical regions and found almost every-
where with running water that is suitable as a habitat for
their aquatic stages [1]. Larvae and pupae are aquatic,
and attach themselves to various submerged objects in
many types of lotic environments, ranging from large
rivers to tiny spring-fed trickles, and from swift currents
to water that barely moves [2]. The choice of habitat
usually varies between species. Due to their blood-
sucking habits, adult females of certain blackfly species
are of a medical and veterinary importance. Blackflies
have been considered as vectors of many pathogens,
such as filarioid nematodes of the genus Onchocerca in
humans, cattle and deer, the genus Dirofilaria in bears,
the genus Splendidofilaria in ducks; blood protozoans of
the genera Leucocytozoon and Trypanosoma in birds;
and viruses (rift valley fever, vesicular stomatitis) in
horses and cattle; as well as chlamydial bacteria that
cause blindness in sheep and abortion in cattle [1–3].
Furthermore, blackfly bites can cause other severe prob-
lems in humans, since they frequently inflict pain, local-
ized swelling, chronic dermatitis and inflammation
accompanied by intense irritation that lasts for several
days or even weeks [2].
In Thailand, a total of 93 blackfly species belonging to

six subgenera, including Asiosimulium, Daviesellum,
Gomphostilbia, Montisimulium, Nevermannia and Simu-
lium, have been reported ([4], W. Srisuka, unpublished
observations), with most new blackfly species being dis-
covered in the northern part of the country. Remarkably,
although the above information reflects rich species di-
versity, there are only a few reports of simuliids from
other regions in Thailand, for instance, S. otsukai, S.
thongsahuani, S. datfaense and S. trangense, in the south
[5–7]; S. vanellum from the west [8], S. atipornae and S.
lomkaoense from central Thailand [9, 10]; and S.
kuvangkadilokae from the northeast [11, 12]. Notably,
there were no reports on regional biodiversity, seasonal
abundance or distribution of blackflies in macro-scale
areas of Thailand, apart from only the hotspot area in the
tropical rainforest at Doi Pha Hom Pok National Park, in
the northern region [13]. Additionally, human-biting
blackfly species are found in large numbers, and cause
irritation in domestic environments and to indigenous
people and tourists [14], thus, most previous studies
focused on the annual biting activity of adult females at
Doi Inthanon and Doi Suthep-Pui National Park as well as
in the village of Ban Pang Faen, Chiang Mai Province,
northern Thailand [14–17].
Hence, the main aim of this study was to deter-

mine the seasonal abundance and dynamics of black-
flies in six geographically and ecologically different
regions of Thailand.

Methods
Study areas and sampling
This study was carried out at 58 fixed-stream sites in 41
provinces in six regions across Thailand, including 15,
10, 10, 7, 8 and 8 sites in the north (9 provinces), central
(7 provinces), northeast (7 provinces), east (5 provinces),
west (5 provinces) and south (8 provinces), respectively
(Fig. 1, Additional file 1: Table S1). A total of 696 collec-
tions were made in this study (12 at each 58 fixed-
stream sites at monthly intervals) from May 2011 to
April 2013 which covered all seasons for each region.
Larvae and pupae were hand sampled using fine forceps
from available substrates in streams, such as fallen
leaves, mud or rock surfaces, and trailing grasses. Forty-
five minutes exactly were spent for the collection of
larvae and pupae by the same person (one person) at
each stream site. Larvae were preserved in 80% ethanol.
The substrates were cut into pieces so that each part
harboured a single pupa. Matured pupae were main-
tained individually in a plastic tube (10 cm long and
1.7 cm in diameter) with very little water at the bottom
until adults emerged. After emergence, adult flies were
kept alive in the same tube for at least 24 h, to secure
hardening and colouring of their body and legs. Adult
flies, associated with their pupal exuviae, were used to
confirm the species identification of the larvae.

Meteorology and regions
The classification of the season in each region follows
the Thai Meteorological Department, which bases its re-
cords on rainfall and air temperature data. Thus, each
year is divided climatically into three seasons in the fol-
lowing regions: North region, with hilly and mountain-
ous areas ranging from 392 to 2210 m in height, total
rainfall of approximate 1287 mm and an average air
temperature of 25 °C; West region, with mostly moun-
tainous areas in the range of 111–560 m in height,
similar to the north, and total rainfall and average air
temperature of 1243 mm and 27.13 °C, respectively;
Central region, with largely low-level plains and a few
mountains ranging from 167 to 1550 m high in the
northern and western part of the region, with a total
rainfall and average air temperature of 1377 mm and
26.1 °C, respectively; Northeast region, which is a natur-
ally high-level plain called the northeast plateau;
Northwest-southeast region, which has Phu Phan Ridge
oriented in the northeastern portion that separates this
area into two basins, the first one is a large high-level
plain in the west and the other smaller and sloped to-
wards the east with an elevation ranging from 110 to
1337 m; this region has a total rainfall and average air
temperature of 1589 mm and 25.1 °C, respectively; East
region, which is mountainous in the northeast, and its
eastern area is close to the Gulf of Thailand with an
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elevation ranging from 76 to 409 m, and total rainfall
and an average air temperature of 2903 mm and 26.7 °C,
respectively; South region, which has a peninsula moun-
tain spine that is very steep. Its eastern area is close to
the Gulf of Thailand and its western region near the
Andaman Sea. It has an elevation ranging from 111 to
560 m, and total rainfall and an average air temperature
of 2601 mm and 28.9 °C, respectively.

Species identification
Species identification was based on morphological char-
acteristics of last-instar larvae (matured), pupae and
reared adults by using the standard keys of Takaoka &

Choochote [18], which covered 45 blackfly species, and
additional keys that dealt with blackflies in Thailand
[5–12, 19–26]. When formally named species were
known to consist of cryptic species, they were referred to
as species complex [4]. All specimens of blackflies from
this study were deposited at the Entomology Section,
Queen Sirikit Botanic Garden (QSBGE), Chiang Mai
Province, Thailand.

Data analysis
Species and relative abundance of mature larvae at each
site were recorded. The frequency of blackfly species
was calculated by the total number of species occurrence

Fig. 1 Map of Thailand showing 58 fixed-stream sites located in 41 provinces where larvae and pupae of blackflies were collected during the two-year
study period (May 2011 to April 2013). Details of sampling sites are given in Additional file 1
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divided by the total number of collections and presented
in percentages. Stream occurrence (SO) (expressed in
percentage) was obtained by calculating the number of
sites where a species was taken and dividing it by the
total number of sites sampled (n = 58). Species diversity
and richness (SDR) version 4 [27] and PAST version
3.11 were employed for statistical analyses [28]. Deter-
mination and comparison of diversity parameters
between regions were calculated using the Shannon-
Wiener index (H), the expected value of H (Exp H) and
evenness (J’). The species accumulation curves (rarefac-
tion) for regions were also compared. In evaluating spe-
cies richness, the first order jackknife was used to
estimate the number of species presenting in all stream
sites. Sample interpopulation was used to estimate the
number of species from all regions (696 collections)
[27]. Detrended correspondence analysis (DCA) was
used to describe the regional distribution of blackfly lar-
vae associated with sampling sites [28]. A ternary plot,
based on data of blackfly species in each season and re-
gion, was used to interpret seasonal occurrence and
abundance [28]. Regional and seasonal differences in
blackflies were compared using non-parametric Kruskal-
Wallis tests, and P-values were adjusted by the Bonferroni
correction for post-hoc multiple comparison tests. In
addition, the Mann-Whitney U-test was used to compare
the mean number of blackflies collected from the
southern region in two seasons. Statistical analyses
were conducted using IBM SPSS statistics, version 24
for Windows (Chicago, SPSS Inc.). Statistical signifi-
cance was set at P < 0.05.

Results
Species composition of blackflies
A total of 19,456 mature larvae, representing 57
blackfly species of six subgenera, were collected from
58 stream sites across six regions in Thailand (Table 1,
Additional file 1: Table S1). At the subgenus level,
Simulium was the most diverse (28 species), followed
by Gomphostilbia (16 species), Nevermannia (7 spe-
cies), Asiosimulium (3 species), Montisimulium (2
species) and Daviesellum (1 species). Simulium fenes-
tratum, the S. asakoae complex, S. nakhonense, the S.
siamense complex, and the S. doipuiense complex
were the five predominant taxa, each representing
8.6% (n = 1681), 8.3% (n = 1608), 7.5% (n = 1451),
7.4% (n = 1441) and 6.7% (n = 1298) of those col-
lected. The most frequent taxa at all sites were the S.
asakoae complex (84.5%, 49/58 sites), followed by S.
fenestratum (82.8%, 48/58 sites), the S. siamense com-
plex, (75.9%, 44/58 sites), S. decuplum (60.3%, 35/58
sites), S. nakhonense (58.6%, 34/58 sites) and the S.
tani complex, (48.3%, 28/58 sites).

Species diversity, richness and distribution pattern
Species diversity and richness of blackflies in each region
are shown in Fig. 2, with the highest in the northern re-
gion (H = 3.1, J’ = 0.8) and lowest in the southern
(H = 2.1, J’ = 0.5). Of 58 stream sites, the Shannon diver-
sity index (H) was highest at Rom Klao (Phitsanulok
Province), followed by Doi Phu Kha (Nan Province), Phu
Ruea (Loei Province) and Mae Wong (Kamphaeng Phet
Province), which represented 2.4, 2.4, 2.3 and 2.3, re-
spectively (Additional file 2: Table S2).
The species accumulation (rarefaction) curves (Fig. 3)

showed the expected and observed richness of species
occurring in all sites, with a total from all collections be-
ing 71 and 57 species, respectively. The expected (± SE)
and observed species richness were 52 ± 4.5 and 40 spp.
in northern, 45 ± 4.1 and 34 spp. in the central, 38 ± 2.9
and 28 spp. in western, 31 ± 2.8 and 22 spp. in north-
eastern, 25 ± 4.3 and 17 spp. in southern and 24 ± 1.8
and 15 spp. in eastern regions, respectively (Fig. 4).
The detrended correspondence analysis (DCA) for the

distribution of blackfly species associated with sampling
sites (axis 1: eigenvalue 0.8; axis 2: eigenvalue 0.5) is pre-
sented in Fig. 5. Overall, the S. asakoae complex and S.
fenestratum were common species found in all sites. The
distribution of the S. doipuiense complex, S. inthano-
nense, S. fruticosum, S. chiangdaoense, S. maeaiense, S.
(Montisimulium) sp., S. vessabutrae, S. atipornae and S.
lomkaoense were associated strongly with high elevation
(site nos. 8, 13,14, 17, 21 and 22) in the northern and
central region, while S. quinquestriatum, S. siamense
complex, S. decuplum and S. dentistylum were associ-
ated with low elevation (site nos. 20, 23, 24, 25, 29, 30,
31, 35, 38, 40, 41 and 42) in the central and northeastern
regions. However, S. lampangense, S. weji, S. prayongi
and S. takense were associated with calcareous waterfalls
(site nos. 5, 12 and 44).

Seasonal dynamics
Overall, S. fenestratum was the dominant species during
all three seasons (Additional file 3: Table S3). Almost all of
the species in the north were dominant in the cold season,
and S. chumpornense and S. phayaoense were recorded
only during that time, while S. pahangense was collected
only during the rainy season (Fig. 6, Additional file 3:
Table S3). Most species in the central region were discov-
ered in the rainy season, and S. oblongum, S. aureohirtum,
S. bullatum, S. phukaense and the S. tani complex were
found only during that time, whereas S. yongi was only
recorded in the cold season (Fig. 6, Additional file 3:
Table S3). A greater number of blackflies were collected
during the rainy season in the northeastern, eastern and
western regions (Figs. 7, 8, Additional file 3: Table S3).
Simulium oblongum, S. aureohirtum and S. yuphae were
found only during the rainy season in the eastern region,
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similar to species found in the central region. Remarkably,
blackflies in the southern region were more dominant
during the hot season (Fig. 8, Additional file 3: Table S3).
The mean number of blackflies collected across the six re-
gions during the rainy (Kruskal-Wallis test, H = 6.242,
df = 5, P = 0.283) and cold season (Kruskal-Wallis test,
H = 8.650, df = 4, P = 0.070) had no statistically significant
difference, but it differed significantly in the hot season
(Kruskal-Wallis test, H = 26.589, df = 5, P < 0.0001).

Regional relative abundance
Northern region
The most frequent taxa at all sites were S. asakoae com-
plex (80%) and S. fenestratum (80%), followed by S.
yuphae (73.3%) and the S. siamense complex, (66.7%). In
addition, the S. doipuiense complex, S. inthanonense, the
S. asakoae complex, S. decuplum/S. fenestratum and S.
chiangdaoense were the five predominant taxa, represent-
ing 15.4% (n = 860), 11.6% (n = 647), 7.0% (n = 389), 6.4%
(n = 358) and 5.3% (n = 298), respectively (Additional file 4:
Table S4). The hot season had significantly lower mean
numbers when compared to the rainy (Kruskal-Wallis

Table 1 Total number, relative abundance (percentage), and stream
occurrence (SO) of mature larvae of 57 blackfly species collected
from 58 sampling sites in six regions in Thailand

Species Total
collected

%flies %SO

Simulium (Asiosimulium) furvum 34 0.2 1.7

Simulium (Asiosimulium) oblongum 487 2.5 17.2

Simulium (Asiosimulium) wanchaii 34 0.2 3.5

Simulium (Daviesellum) pahangense 9 0.1 5.2

Simulium (Gomphostilbia) angulistylum complex 515 2.7 22.4

Simulium (Gomphostilbia) asakoae
complexa,b

1608 8.3 84.5

Simulium (Gomphostilbia) burtoni 523 2.7 24.1

Simulium (Gomphostilbia) chiangdaoense 515 2.7 10.3

Simulium (Gomphostilbia) chumpornense 182 0.9 27.6

Simulium (Gomphostilbia) curtatum 235 1.2 12.1

Simulium (Gomphostilbia) decupluma 1175 6 60.3

Simulium (Gomphostilbia) dentistylum 367 1.9 37.9

Simulium (Gomphostilbia) duolongum 450 2.3 22.4

Simulium (Gomphostilbia) gombakense 90 0.5 13.8

Simulium (Gomphostilbia) inthanonense 753 3.9 19

Simulium (Gomphostilbia) piroonae 52 0.3 1.7

Simulium (Gomphostilbia) kuvangkadilokae 98 0.5 3.5

Simulium (Gomphostilbia) parahiyangum 3 0 1.7

Simulium (Gomphostilbia) sheilae 556 2.9 44.8

Simulium (Gomphostilbia) siamense
complexa,b

1441 7.4 75.9

Simulium (Montisimulium) nanense 51 0.3 1.7

Simulium (Montisimulium) sp. 57 0.3 1.7

Simulium (Nevermannia) aureohirtum 408 2.1 22.4

Simulium (Nevermannia) fangense 22 0.1 1.7

Simulium (Nevermannia) feuerborni complex 142 0.7 8.6

Simulium (Nevermannia) fruticosum 329 1.7 17.2

Simulium (Nevermannia) khunklangense 73 0.4 1.7

Simulium (Nevermannia) maeaiense 241 1.2 8.6

Simulium (Nevermannia) vessabutrae 7 0 1.7

Simulium (Simulium) atipornae 98 0.5 3.5

Simulium (Simulium) baimaii 69 0.4 1.7

Simulium (Simulium) brevipar 16 0.1 1.7

Simulium (Simulium) bullatum 61 0.3 10.3

Simulium (Simulium) chamlongi 217 1.1 20.7

Simulium (Simulium) chiangmaiense 79 0.4 3.5

Simulium (Simulium) doipuiense complexb 1298 6.7 25.9

Simulium (Simulium) fenestratuma,b 1681 8.6 82.8

Table 1 Total number, relative abundance (percentage), and stream
occurrence (SO) of mature larvae of 57 blackfly species collected
from 58 sampling sites in six regions in Thailand (Continued)

Species Total
collected

%flies %SO

Simulium (Simulium) grossifilum 15 0.1 3.5

Simulium (Simulium) lampangense 139 0.7 5.2

Simulium (Simulium) lomkaoense 98 0.5 3.5

Simulium (Simulium) malayense 21 0.1 1.7

Simulium (Simulium) manooni 196 1 8.6

Simulium (Simulium) nakhonensea,b 1451 7.5 58.6

Simulium (Simulium) nigrogilvum 17 0.1 5.2

Simulium (Simulium) nobile 843 4.3 17.2

Simulium (Simulium) nodosum 301 1.5 15.5

Simulium (Simulium) phayaoense 54 0.3 6.9

Simulium (Simulium) prayongi 35 0.2 1.7

Simulium (Simulium) phukaense 37 0.2 6.9

Simulium (Simulium) quinquestriatum 614 3.2 34.1

Simulium (Simulium) siripoomense 19 0.1 1.7

Simulium (Simulium) takense 69 0.4 1.7

Simulium (Simulium) tani complexa 385 2 48.3

Simulium (Simulium) thailandicum 228 1.2 12.1

Simulium (Simulium) weji 609 3.1 6.9

Simulium (Simulium) yongi 38 0.2 3.5

Simulium (Simulium) yuphae 311 1.6 36.2

Total 19,456 100
aThe most frequent taxa at all sites
bThe most predominant taxa
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test, H = 21.195, df = 2, P = 0.021) and cold seasons
(Kruskal-Wallis test, H = 34.122, df = 2, P < 0.0001).

Central region
The most frequent taxa at all sites were S. asakoae com-
plex (90%) and the S. siamense complex, (90%), followed

by S. decuplum and S. fenestratum (80%). Additionally, the
S. asakoae complex, the S. doipuiense complex, the S. sia-
mense complex, S. nakhonense and S. ducuplum, were the
five predominant taxa, representing 10.3% (n = 353), 10%
(n = 345), 7.4% (n = 254), 7.3% (n = 251) and 6.3%
(n = 218), respectively (Additional file 5: Table S5).

Fig. 2 Diversity parameters, Shannon-Wiener index (H), evenness (Pielou J’) and expected H value (Exp H) for blackflies in the six regions of Thailand

Fig. 3 Species accumulation (rarefaction) curves for blackflies from 696 collections overall at 58 sites in the six regions of Thailand
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Fig. 4 Species accumulation and species richness curves representing the observed (obs) and estimated (est) number of blackflies collected from
58 sites across the six regions of Thailand (northern: 180 collections; central: 120 collections; northeastern: 120 collections; eastern: 84 collections;
western: 96 collections; southern: 96 collections)

Fig. 5 Ordination diagrams extracted by detrended correspondence analysis (DCA) of blackflies distributed in 58 sites
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There were significant differences in the mean number of
blackflies captured in the central region during the hot
season, when compared to the rainy (Kruskal-Wallis test,
H = 30.265, df = 2, P < 0.0001) and cold seasons (Kruskal-
Wallis test, H = 19.456, df = 2, P = 0.020).

Northeastern region
The most frequent taxa at all sites were S. asakoae com-
plex and S. siamense complex (100%), followed by S. decu-
plum, S. fenestratum and S. quinquestriatum (90%). In
addition, the S. asakoae complex, S. oblongum, S. fenestra-
tum, the S. siamense complex and S. quinquestriatum

were the five predominant taxa, representing 15.7%
(n = 415), 13.4% (n = 353), 12.8% (n = 338), 11% (n = 290)
and 8.3% (n = 219), respectively (Additional file 6:
Table S6). There was a significant difference in the
mean number of blackflies collected among the three sea-
sons (Kruskal-Wallis test, H = 28.687, df = 2, P < 0.0001).

Eastern region
The most frequent taxa at all sites were S. decuplum, S.
dentistylum, the S. siamense complex, S. fenestratum
and the S. tani complex (100%), followed by the S.

Fig. 6 Ternary plots representing the occurrence and seasonal abundance of blackflies in the northern (a) and central region (b) of Thailand

Fig. 7 Ternary plots representing the occurrence and seasonal abundance of blackflies in the northeastern (a) and eastern region (b) of Thailand
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asakoae complex and S. nakhonense (85.7%). Additionally,
S. fenestratum, the S. siamense complex, S. decuplum, S.
dentistylum and S. nakhonense were the five predominant
taxa, representing 24% (n = 479), 19.6% (n = 391), 18.5%
(n = 369), 8.1% (n = 163) and 7% (n = 140), respectively
(Additional file 7: Table S7). The mean number of black-
flies captured in the hot season was lower than that in the
rainy (Kruskal-Wallis test, H = 21.195, df = 2, P = 0.021)
and cold season (Kruskal-Wallis test, H = 34.122, df = 2,
P < 0.0001). There was a significant difference in a mean
number of the blackflies collected in this region be-
tween the hot and rainy seasons (Kruskal-Wallis test,
H = 15.033, df = 2, P < 0.005).

Western region
The most frequent taxa at all sites were S. nakhonense
and S. tani complex (75%), followed by the S. angulisty-
lum complex, the S. asakoae complex, S. sheilae, the S.
siamense complex and S. fenestratum (62.5%). In
addition, S. nakhonense, S. weji, the S. angulistylum com-
plex, S. duolongum and the S. siamense complex were
the five predominant taxa, representing 16.1% (n = 548),
12% (n = 406), 9.3% (n = 317), 7.5% (n = 255) and 6.5%
(n = 221), respectively (Additional file 8: Table S8). The
mean number of blackflies captured was lower during
the hot season than that during the rainy (Kruskal-Wallis
test, H = 27.071, df = 2, P < 0.0001) and cold season
(Kruskal-Wallis test, H = 22.589, df = 2, P = 0.002).

Southern region
The most frequent taxa at all sites were S. burtoni, S.
sheilae, S. nakhonense and S. nobile (100%), followed by
the S. asakoae complex and S. fenestratum (87.5%).

Additionally, S. nobile, S. burtoni, S. nakhonense, S.
sheilae and the S. asakoae complex were the five pre-
dominant taxa, representing 31.1% (n = 746), 19.8%
(n = 474), 12.4% (n = 297), 12.1% (n = 289) and 5.2%
(n = 124), respectively (Additional file 9: Table S9).
There were no significant differences in the mean num-
ber of blackflies captured between the hot and rainy sea-
sons (Mann-Whitney U-test, U = 128.000, P = 0.570).

Discussion
Species composition, species richness, seasonal abundance
and diversity
The number of blackflies reached its highest during the
cold season, according to a previous report by Srisuka et
al. [13], who studied the seasonal biodiversity of black-
flies at Doi Pha Hom Pok, northern Thailand. The great-
est number of blackflies in the southern region was in
the hot season. This study found that seven of seventeen
species identified from this region increased their popu-
lations approximately two to three times during this sea-
son. This observation agrees with the study of blackflies
in northern Sweden, where they were higher in the sum-
mer than other seasons [29]. The highest number of
blackflies collected from central, northeastern, eastern
and western regions of Thailand peaked in the rainy sea-
son. The findings in this study were consistent with
those in a previous report by Pramual & Wongpakam
[30], who studied the seasonal variation of blackflies at
Phu Phan mountain range in northeastern Thailand.
They demonstrated that the species abundance was
higher in rainy seasons than in others and blackfly com-
munities at each stream site varied with seasonality, i.e.
S. nakhonense, the S. angulistylum complex and S.

Fig. 8 Ternary plots representing the occurrence and seasonal abundance of blackflies in the western (a) and southern region (b) of Thailand
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kuvangkadilokae were more dominant in the rainy sea-
son, whereas the S. asakoae complex, S. aureohirtum
and S. trangense were dominant in the hot and cold sea-
son [30]. Likewise, blackflies were caught in higher num-
bers during the rainy season in Nigeria, Africa [31].
Takaoka [32] showed that seasonal abundance patterns
of adult populations of S. ochraceum, the vector of on-
chocerciasis in Guatemala, Central America, differ by lo-
calities depending on the availability of permanent and
temporary streams suitable for its immature stages.
In addition to seasons and geographical locations, ele-

vation also can influence blackfly populations. The re-
sults of this study showed that the Shannon diversity
index was highest in areas with high elevations, i.e. Rom
Klao (1047 m), Doi Phu Kha (1629 m), Phu Ruea
(1337 m) and Mae Wong (1274 m). It was found that 36
species manifested in optimal or unique environments
that had suitable factors for their breeding habitats. For
example, S. baimaii breeds at Phu Kradueng, Loei
Province in only high mountains, with slow-flowing
streams exposed to sunlight. Likewise, all species mem-
bers in the subgenus Montisimulium are restricted to
high elevations at Doi Inthanon National Park, Chiang
Mai Province. In contrast, S. gombakense has a wide ver-
tical distribution range from a height of 500 m in small
streams in the foothills to 2100 m near the summit of
Doi Pha Hom Pok National Park [13], and it is also
found at an elevation of 412 m at Mae Klang Waterfall,
Doi Inthanon National Park [33]. In addition, the S. asa-
koae complex, S. fenestratum, the S. siamense complex,
S. decuplum, S. nakhonense, and the S. tani complex
were the most common taxa found in this study, which
is similar to previous reports by Pramual & Kuvangkadi-
lok [34], and Pramual & Wongpakam [30].

Relationship of subgenera to elevation
The subgenus Asiosimulium is a small and endemic sub-
genus in the Oriental region. It is represented by four
species, of which three, S. oblongum, S. wanchaii and S.
furvum, have been reported in Thailand [35–37], and
the remaining one, S. suchitrae, in Nepal [38]. The first
three species were found in lowland streams, flowing
slowly over rock surfaces exposed to the sun during the
rainy season, while S. suchitrae was found at high eleva-
tion (1826 m) in a small stream flowing slowly over
rocks [38]. Both S. furvum and S. wanchaii were re-
stricted to their sites, but S. oblongum was distributed
widely in and near the northeastern, central and eastern
regions. The subgenus Daviesellum is represented by
two species, S. pahangense and S. courtneyi, in Thailand
[39]. Only S. pahangense was distributed at high eleva-
tion from northern to central regions along the bound-
ary with Myanmar, and also in lowland streams in the
southern region. Most species of Gomphostilbia, such as

those of the S. batoense, S. ceylonicum, S. epistum, S.
gombakense and S. varicorne species-groups, are the sec-
ond largest subgenus in Thailand and distributed at low
elevations. This study found S. sheilae, the S. siamense
complex and S. chumpornense in all six regions of
Thailand, with their breeding habitats mostly in lowland
streams as previously reported [7, 30]. In contrast, spe-
cies of the S. asakoae and S. darjeelingense species-
groups were found in highland streams, except for the S.
asakoae complex, which was distributed widely from
low elevations to 2500 m at the summit of Doi Inthanon
National Park, Chiang Mai Province and in other Asian
countries, such as Malaysia, China (Hong Kong) and
Vietnam [7, 13, 21, 25, 40–42].
The subgenus Montisimulium is represented by six

species in Thailand. Two of them, i.e. S. nanense and S.
(Montisimulium) sp., were discovered in this study at
high elevations, as reported by Takaoka & Somboon [43]
and Takaoka et al. [44], who collected three species of
this subgenus at high elevations ranging from 2229 to
3720 m in Bhutan and 1750 m in Vietnam, respectively.
The remaining species have been found only on Doi
Inthanon and Doi Pha Hom Pok in Chiang Mai Province
[45, 46]. Of ten species of the subgenus, Nevermannia
reported in Thailand, seven were found in this study.
Most species were collected at high elevations, for ex-
ample, the high mountains of Chiang Mai Province,
northern Thailand [13, 26, 47, 48]. Other reports from
several other Asian countries, such as Malaysia,
Myanmar, Vietnam, Indonesia and Bhutan, indicated
that members of this subgenus were associated with high
elevations ranging from 1000 to 2532 m [43, 49–53].
The subgenus Simulium is the largest subgenus in
Thailand, including 45 described species, of which 28
(62% of total species) were collected. Most of the com-
mon taxa, such as S. fenestratum, S. nakhonense, S. quin-
questriatum, and the S. tani complex, breed in lowland
streams. The findings of this study were in accordance
with those reported by Takaoka et al. [44], Srisuka et al.
[13] and Pramual & Wongpakham [30]. Species of the S.
christophersi, S. malyschevi and S. variegatum species-
groups were distributed in middle to high elevations
(1200–2200 m), as previously studied in Vietnam and
Thailand [44, 54]. In contrast, most of the species within
the S. multistriatum, S. nobile and S. striatum species-
groups occurred in lowland streams, as reported by
Srisuka et al. [13] and Ishii et al. [17]. Members of the S.
griseifrons species-group colonized streams at low to
high elevations (200–2210 m).

Conclusion
The findings of this study demonstrated that the rich-
ness and relative abundance of blackflies were different
between regions, and blackfly communities at each
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stream site varied with seasonality. Also, the elevation of
sampling sites, which ranged from high mountainous to
lowland streams as well as covering all mainland steams,
influenced the distribution of blackflies in the country.
Concurrent species, population dynamics and seasonal
abundance in each area are important as useful informa-
tion for pest species management and control programs,
and especially for ecotourism in forests, by waterfalls
and in high mountainous areas, where the number of
tourists increases yearly.
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A B S T R A C T

A new species of black fly, Simulium (Gomphostilbia) isanense, is described based on females, males, pupae and
mature larvae from Thailand. This new species is placed in the Simulium epistum species-group of the subgenus
Gomphostilbia Enderlein. It is characterized by the pupal gill with eight filaments arranged as 3 + 3 + 2 from
dorsal to ventral, of which an inner filament of the ventral pair is slightly longer than its counter filament.
Taxonomic notes are provided to distinguish this new species from S. (G.) angulistylum Takaoka &Davies from
Peninsular Malaysia, and three other related species. The difference between this new species and S. (G.) an-
gulistylum is supported by genetic distances using the mitochondrial COI gene.

1. Introduction

The Simulium epistum species-group is one of 15 species-groups of
the subgenus Gomphostilbia, the second largest of the 37 subgenera of
the genus Simulium Latreille (Adler and Crosskey, 2017). This species-
group consists of 30 species and is distributed only in the Oriental
Region (Adler and Crosskey, 2017; Takaoka, 2012). In this species-
group, little is known about the biting habits and other biological as-
pects, although S. (Gomphostilbia) asakoae Takaoka & Davies of the S.
asakoae species-group is a vector of an unknown filaria parasite in
northern Thailand (Fukuda et al., 2003; Ishii et al., 2008).

In Thailand, the S. epistum species-group is represented by five
species, S. (G.) adleri Jitklang & Kuvangkadilok, S. (G.) angulistylum
Takaoka & Davies, S. (G.) cheongi Takaoka & Davies, S. (G.) datfaense
Takaoka &Otsuka, and S. (G.) otsukai Takaoka & Choochote (Takaoka
and Davies, 1995; Kuvangkadilok and Takaoka, 2000; Jitklang and
Kuvangkadilok, 2007; Takaoka et al., 2009). Pramual and
Kuvangkadilok (2012) reported that S. (G.) angulistylum is a species
complex consisting of three cytoforms in Thailand.

In a recent survey of pupae and larvae of black flies in Surin
Province in northeastern Thailand, we collected one undescribed spe-
cies of the S. epistum species-group, which is similar to S. (G.) angulis-
tylum in having the male style wide and abruptly bent inward, a char-
acter differing from those of the four other Thai species of the same
group.

The DNA sequence-based analysis using the COI gene supports the
difference between this undescribed species and S. (G.) angulistylum.

This species is here described as new based on females, males,
pupae and larvae.

2. Materials and methods

The methods of collection, description and illustration, and terms
for morphological features follow those of Takaoka (2003) and partially
those of Adler et al. (2004). The holotype and paratypes are deposited
at the Entomology Section, Queen Sirikit Botanic Garden, Chiang Mai,
Thailand.

Simulium (G.) isanense sp. nov. from Thailand, three Peninsular
Malaysian species, S. (G.) angulistylum (from the type locality, Gombak), S.
(G.) whartoni Takaoka&Davies and S. (G.) cheongi Takaoka&Davies, and
one Indonesian species, S. (G.) atratum De Meijere, all members of the S.
epistum species-group, were subjected to DNA isolation, COI gene ampli-
fication, and sequencing as described by Low et al. (2015). Thai S. (G.)
angulistylum sequences (AY251483–AY251486, HM775234–HM775241,
and JQ619907–JQ619931) were retrieved from the NCBI GenBank data-
base and included for analysis. New sequences generated from the present
study were deposited in the NCBI GenBank database under accession
numbers MF476242–MF476257.

Uncorrected p pairwise genetic distances were computed using
PAUP 4.0b10 (Swofford 2002). Bayesian inference (BI) analysis was
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performed using MrBayes (Huelsenbeck and Ronquist, 2001) with the
following settings. The analysis model employed two substitution types
(“nst = 2”), with rate variation across sites modelled using a gamma
distribution (rates = “gamma”). The Markov chain Monte Carlo search
was run with four chains for 500000 generations, with trees begin
sampled every 100 generations. The first 1000 trees were discarded as
burnin. Neighbor-joining (NJ) analysis was performed in MEGA7
(Kumar et al., 2016) with Kimura's two-parameter model of substitution
(K2P distance), using 1000 bootstrap replicates.

3. Results

3.1. Simulium (Gomphostilbia) isanense Takaoka, Srisuka & Saeung sp.
nov.

3.1.1. Female
Body length 2.2–2.7 mm. Head: Slightly narrower than width of

thorax. Frons brownish black, and moderately covered with yellowish-
white scale-like recumbent short hairs interspersed with few dark
longer hairs near vertex; frontal ratio 1.7:1.0:2.8–3.0; frons: head ratio
1.0:5.3–5.5. Fronto-ocular area well developed, directed dorsolaterally.
Clypeus brownish black, densely covered with yellowish-white scale-
like hairs interspersed with several dark longer hairs on each side of
lower half. Labrum 0.7 times length of clypeus. Antenna composed of
scape, pedicel and nine flagellomeres, medium to dark brown except
scape, pedicel and basal half of first flagellomere yellow. Maxillary palp
composed of five segments, light to medium brown, proportional
lengths of third, fourth, and fifth segments 1.0:1.1–1.2:2.5–2.7; third
segment (Fig. 1A) somewhat widened apically; sensory vesicle (Fig. 1A)
medium sized, ellipsoidal (0.27–0.30 times length of third segment),
with medium-sized opening. Maxillary lacinia with 10 or 11 inner and
13–15 outer teeth. Mandible with 21–24 inner teeth and 11–15 outer
teeth. Cibarium (Fig. 1B) medially forming small sclerotized plate
folded forward from posterior margin, with weakly sclerotized medio-
longitudinal ridge having bifid apex. Thorax: Scutum brownish black
except anterolateral calli dark brown, shiny and thinly white pruinose
except medial and submedial longitudinal vittae nonpruinose, when
illuminated dorsally and viewed anterodorsally, densely covered with
whitish-yellow scale-like recumbent short hairs except on median and
submedian longitudinal vittae. Scutellum dark brown, covered with
yellow short hairs and dark long upright hairs. Postnotum dark brown,
shiny when illuminated dorsally and viewed dorsolaterally, and bare.
Pleural membrane bare. Katepisternum longer than deep, dark brown,
shiny when illuminated ventrally and viewed laterally, moderately
covered with fine short hairs. Legs: Foreleg: coxa yellow; trochanter
light brown except base and inner surface yellow; femur light brown
with apical cap medium brown (though extreme tip yellow); tibia
medium brown except median large areas on outer surface light brown
and base yellow; tarsus brownish black, with moderate dorsal hair
crest; basitarsus moderately dilated, 7.3–7.4 times as long as its greatest
width. Midleg: coxa medium brown except posterolateral surface dark
brown; trochanter yellow except posterior surface light brown; femur
light brown with inner surface widely yellow and apical cap medium
brown (though extreme tip yellow); tibia white on base, yellow to light
brown on basal one-third with medium brown subbasal spot, and
medium to dark brown on apical two-thirds; tarsus dark brown except
basal half of basitarsus dark yellow to light brown. Hind leg: coxa
yellow except anterior and posterior surface medium brown; trochanter
yellow; femur dark yellow to light brown except base yellow and apical
cap dark brown (though extreme tip yellow); tibia (Fig. 1C) dark yellow
to light brown on basal two-third except base yellowish white, subbasal
spot and posterior surface medium brown, and apical one-third
brownish black; tarsus brownish black except basal two-thirds (though
base light brown) and basal half of second tarsomere yellowish white;
basitarsus (Fig. 1D) narrow, nearly parallel-sided though slightly nar-
rowed apically, 6.4–6.5 times as long as wide, and 0.54 and 0.50 times

as wide as greatest widths of tibia and femur, respectively; calcipala
(Fig. 1D) as long as width at base, and 0.53 times as wide as greatest
width of basitarsus; pedisulcus (Fig. 1D) well developed; claw (Fig. 1E)
with large basal tooth 0.51 times length of claw. Wing: Length
2.0–2.1 mm. Costa with dark spinules and hairs except basal patch of
hairs yellow. Subcosta haired except near apex bare. Hair tuft on base of
radius yellow. Basal portion of radius fully haired; R1 with dark spinules
and hairs; R2 with hairs only. Basal cell absent. Halter: White except
basal portion darkened. Abdomen: Basal scale light brown, with fringe
of whitish-yellow hairs. Dorsal surface of abdomen light to dark brown
except basal half yellow, moderately covered with dark short to long
hairs and yellow short hairs; tergites of segments 2 and 6–8 shiny when
illuminated at certain angles. Ventral surface of segment 2 white, those
of other segments light to medium brown; sternal plate on segment 7
undeveloped. Terminalia: Sternite 8 (Fig. 1F) bare medially, with
18–25 medium-long to long hairs together with two to five slender
short hairs on each side. Ovipositor valve (Fig. 1F) tongue-like, thin,
membranous, moderately covered with microsetae interspersed with
one or two short hairs; inner margins shallowly concave, somewhat
sclerotized, and moderately separated from each other. Genital fork
(Fig. 1G) of usual inverted-Y form, with slender stem; arms of moderate
width, moderately folded dorsally, with distinct short lobe directed
posteromedially. Paraproct in ventral view (Fig. 1H) nearly triangular,
with anterior surface bare, and anteromedial surface well sclerotized,
and with three to five sensilla; paraproct in lateral view (Fig. 1I) slightly
produced ventrally beyond ventral tip of cercus, 0.63 times as long as
wide, with 17–20 medium-long to long hairs on ventral and lateral
surfaces. Cercus in lateral view (Fig. 1I) short, rounded posteriorly, 0.6
times as long as wide. Spermatheca (Fig. 1J) ellipsoidal, 1.4–1.6 times
as long as its greatest width, well sclerotized and with many fissures on
outer surface; internal setae absent; both accessory ducts unpigmented,
subequal in diameter to major one.

3.1.2. Male
Body length 2.3–2.5 mm. Head: Somewhat wider than thorax.

Upper eye medium brown, consisting of large facets in 11 (rarely 12)
vertical columns and 12 or 13 horizontal rows. Face brownish black,
white pruinose when illuminated dorsally and viewed anteriroly.
Clypeus brownish black, white pruinose when illuminated dorsally and
viewed anteriroly, densely covered with yellow hairs interspersed with
several dark brown longer hairs on each side of lower half. Antenna as
in female except following characters: light to medium brown except
scape, pedicel and base of first flagellomere; first flagellomere elongate,
1.5–1.6 times length of second one. Maxillary palp light to medium
brown, with five segments, proportional lengths of third, fourth, and
fifth segments 1.0:1.2–1.3:2.8–2.9; third segment (Fig. 2A) widened
apically; sensory vesicle (Fig. 2A) small, ellipsoidal (0.18–0.26 times
length of third segment), and with small opening. Thorax. As in female.
Legs: Color almost same as that of female. Fore basitarsus moderately
dilated, 7.7–7.8 times as long as its greatest width. Hind basitarsus
(Fig. 2B) nearly parallel-sided, 5.4–5.5 times as long as wide, and
0.53–0.54 and 0.57–0.59 times as wide as greatest widths of tibia and
femur, respectively; calcipala (Fig. 2B) slightly longer than basal width,
and 0.5 times as wide as greatest width of basitarsus. Pedisulcus
(Fig. 2B) well developed. Wing: Length 1.9–2.0 mm. Other characters
as in female except subcosta bare. Halter: Grayish except basal stem
darkened. Abdomen: Basal scale light to medium brown, with fringe of
yellow hairs. Dorsal surface of abdomen medium brown to brownish
black except basal four-fifths of second segment yellow, covered with
dark brown short to long hairs; segments 2 and 5–7 each with pair of
shiny dorsolateral or lateral patches; ventral surface of segment 2
whitish, those of segments light to medium brown. Genitalia: Coxite in
ventral view (Fig. 2C) nearly rectangular, 1.5 times as long as its
greatest width. Style in ventral view (Fig. 2C) bent inward, tapered to
apex, and with apical spine; style in ventrolateral view (Fig. 2D) 0.7
times length of coxite, 2.3 times as long as basal width, nearly parallel-
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sided from base to near apex, then abruptly tapered toward apex, with
rounded apex; style in caudal view (Fig. 2E) abruptly bent inward and
tapered toward apex. Ventral plate in ventral view (Fig. 2C) with body
transverse, 0.6 times as long as wide, with anterior margin produced
anteromedially, posterior margin nearly straight, and lateral margins
much narrowed posteriorly from middle, and densely covered with
microsetae on ventral surface except anterolateral areas bare; basal
arms of moderate length, parallel-sided or somewhat divergent; ventral
plate in lateral view (Fig. 2F) moderately produced ventrally and also
dorsally; ventral plate in caudal view (Fig. 2G) with ventral margin
rounded, dorsal margin nearly straight medially, densely covered with
microsetae on posterior surface except dorsolateral areas bare. Median
sclerite (Fig. 2H) weakly sclerotized medially, and wide throughout its
length. Parameres (Fig. 2I) of moderate size, each with four distinct
long hooks and several short hooks. Aedeagal membrane (Fig. 2J)
moderately covered with microsetae; dorsal plate absent. Ventral sur-
face of abdominal segment 10 (Fig. 2K and L) without distinct hairs
near posterolateral corners. Cercus (Fig. 2K and L) small, rounded, with
14–18 hairs.

3.1.3. Pupa
Body length 2.5–3.0 mm. Head: Integument ochreous, densely

covered with small round tubercles except antennal sheaths and ventral

surface almost bare; antennal sheath without any protuberances; frons
with three unbranched long trichomes with straight or coiled apices
(Fig. 3A), arising close together on each side; face with one unbranched
long trichome with straight or coiled apex (Fig. 3B) on each side.
Thorax: Integument ochreous, densely covered with round tubercles,
except posterior one-third of thorax moderately covered with tubercles
on dorsal surface and sparsely on lateral surface, and with three long
anterodorsal trichomes of different lengths (anterior trichome longest,
and posterior one shortest) with coiled apices (Fig. 3C), two ante-
rolateral trichomes (anterior trichome medium-long, with straight
apex, and posterior one long, with coiled apex) (Fig. 3D), one medium-
long mediolateral trichome with straight apex (Fig. 3E), and three
ventrolateral trichomes (one short, two medium-long) with straight
apices (Fig. 3F) on each side; all trichomes unbranched. Gill (Fig. 3G)
composed of eight slender thread-like filaments, arranged as (1 + 2)
+ (1 + 2) + 2 or 3 + (1 + 2) + 2 from dorsal to ventral; two triplets
and one ventral pair arising close together from short common basal
stalk, and each with short primary stalk; two triplets not sharing stalk;
dorsal triplet composed of one individual and two paired filaments with
extremely short stalk, or of three individual filaments arising at same
level; middle triplet composed of one individual and two paired fila-
ments with secondary stalk that is extremely short to medium-long (0.9
times length of interspiracular trunk); all filaments subequal in length

Fig. 1. Female of Simulium (Gomphostilbia) isanense sp. nov.
(A) Third segment of maxillary palp with sensory vesicle
(right side; front view). (B) Cibarium (front view); (C) Hind
tibia (left side; outer view). (D) Hind basitarsus and second
tarsomere (left side; outer view). (E) Claw. (F) Sternite 8 and
ovipositor valve (right side only; ventral view). (G) Genital
fork (ventral view). (H) and (I) Paraprocts and cerci (H,
ventral view; I, lateral view). (J) Spermatheca. Scale bars:
0.1 mm for C and D; 0.02 mm for A, B and F–I; 0.01 mm for E.
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to one another (1.7–1.9 mm long) except three filaments of dorsal tri-
plet slightly shorter; relative thickness of eight filaments from dorsal to
ventral when measured basally 1.0:0.8–1.0:0.8–1.0:1.0–1.2:0.8
–1.0:0.8–1.0:1.0–1.2:1.1–1.2; cuticle of all filaments ochreous, with
annular ridges and furrows, though less distinct on apical half of fila-
ments, and densely covered with minute tubercles. Abdomen: Dorsally,
segments 1, 2 and 9 almost entirely light brown, segments 3, 4 and 5
each light brown narrowly along anterior margin, and other segments
unpigmented; segment 2 weakly tuberculate anterolaterally or not tu-
berculate; segment 1 with one unbranched slender short hair-like seta
on each side; segment 2 with one minute seta submedially near anterior
margin, and one unbranched slender short hair-like seta and five
minute setae near posterior margin, on each side; segments 3 and 4
each with one minute seta submedially near anterior margin, four
hooked spines and one minute seta near posterior margin, on each side;
segment 5 without spine-combs in transverse row, and with or without
comb-like groups of minute spines on each side; segments 6–9 each
with spine-combs in transverse row and comb-like groups of minute
spines on each side; segment 5 with four minute setae near posterior
margin on each side; segments 6–8 each with two minute setae near
posterior margin on each side; segment 9 with pair of wide terminal
hooks, of which outer margin 2.7–3.3 times length of inner margin and
crenulated (Fig. 3K). Ventrally, segment 4 with one unbranched hook

(nearly as long as those on segments 5–7) and few minute setae on each
side; segment 5 with pair of bifid or trifid hooks submedially and few
minute setae on each side; segments 6 and 7 each with pair of bifid
inner and unbranched or bifid outer hooks somewhat spaced from each
other and few minute setae on each side; segments 4–8 each with comb-
like groups of minute spines. Each side of segment 9 with three grapnel-
shaped hooklets. Cocoon: Wall-pocket-shaped, densely woven, moder-
ately extended ventrolaterally; anterior margin somewhat thickly
woven, without anterodorsal projection; posterior three-fifths with
floor roughly woven; individual threads clearly visible; 3.1–3.8 mm
long by 1.6–2.5 mm wide.

3.1.4. Mature larva
Body length 4.5–5.2 mm. Body grayish, mottled with reddish-brown

pigments to varying extent. Head: Head capsule moderately covered
with colorless unbranched minute setae dorsally (sparsely laterally and
ventrally); cephalic apotome yellow to dark yellow except anterior two-
fifths whitish yellow, head spots obscured, except anterior one of two
mediolongitudinal spot groups faintly positive and anterior one of
posterolateral spot groups negative; lateral surface of head capsule dark
yellow except eye-spot region white and area along posterior margin
somewhat darkened, with spots obscured; eyebrow well defined; ven-
tral surface of head capsule yellow to dark yellow except each basal side

Fig. 2. Male of Simulium (Gomphostilbia) isanense sp. nov. (A)
Third segment of maxillary palp with sensory vesicle (right
side; front view). (B) Hind basitarsus and second tarsomere
(left side; outer view). (C) Coxites, styles and ventral plate
(ventral view). (D) and (E) Styles (right side; D, ventrolateral
view; E, caudal view). (F) Ventral plate and median sclerite
(lateral view). (G) Ventral plate (caudal view). (H) Median
sclerite (caudal view). (I) Paramere (right side; caudal view).
(J) Aedeagal membrane (caudal view). (K) & (L) Abdominal
segment 10 and cerci (right side; K, lateral view; L, caudal
view). Scale bars: 0.1 mm for B; 0.02 mm for A and C–L.
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of postgenal cleft darkened. Antenna composed of three articles and
apical sensillum, longer than stem of labral fan; proportional lengths of
first, second, and third articles (apical sensillum not measured)
1.00:0.92:0.88. Labral fan with 37–41 primary rays. Mandible (Fig. 4A)
with three comb-teeth decreasing in length from first tooth to third;
mandibular serration composed of two teeth (one medium-sized, one
small); major tooth at acute angle against mandible on apical side;
supernumerary serrations absent. Hypostoma (Fig. 4B) with row of nine

apical teeth, of which median tooth is slightly longer than each corner
tooth; three intermediate teeth on each side shorter than corner tooth;
lateral margin smooth, with five or six hypostomal bristles per side,
lying nearly parallel to lateral margin. Postgenal cleft (Fig. 4C) long,
11.8–12.9 times length of postgenal bridge, widened to middle, then
narrowed to apex, and length:width ratio 1.0:0.7. Cervical sclerites
composed of pair of small yellow rod-like pieces. Thorax and Abdomen:
Thoracic and abdominal segments 1–4 sparsely covered with un-
branched colorless minute setae dorsally; abdominal segments 5–8
moderately to densely covered with dark setae each with two to five
branches (Fig. 4D) on dorsal and dorsolateral surfaces, and sparsely to
moderately covered with unbranched colorless minute setae on lateral
surface; last abdominal segment moderately covered with unbranched
colorless minute setae on dorsolateral and lateral surfaces of each side
of anal sclerite and on each lateral surface even down to base of ventral
papilla. Rectal scales present, unpigmented. Rectal organ compound,
each of three lobes with 9–14 finger-like secondary lobules. Anal
sclerite of usual X-form, with anterior arms 0.9 times as long as pos-
terior ones, broadly sclerotized at base; no sensilla on broad base or
posterior to posterior arms; accessory sclerite absent. Last abdominal
segment with pair of conical ventral papillae. Posterior circlet with
94–98 rows of hooklets with up to 15 or 16 hooklets per row.

3.1.5. Type material
HOLOTYPE: Female (with associated pupal exuviae and cocoon)

reared from pupa, collected from a moderately flowing stream (width
3 m, depth 5 cm, bottom sandy and rocky, temperature 21.7° C, pH
4.71, partially shaded, elevation 337 m, 14°23′ 26.4″N, 103°51′50.8″E),
Along Korn waterfall, Sangkha District, Surin Province, Thailand, 2-I-

Fig. 3. Pupa of Simulium (Gomphostilbia) isanense sp. nov. (A)
Frontal trichome. (B) Facial trichome. (C)–(F) Thoracic tri-
chomes (C, anterodorsal; D anterolateral; E, mediolateral; F
ventrolateral). (G) Anterior half of thorax and gill filaments
(right side; outer view). (H) Terminal hooks (caudal view).
Scale bars: 0.1 mm for G; 0.02 mm for A–F and H.

Fig. 4. Larva of Simulium (Gomphostilbia) isanense sp. nov. (A) Mandible. (B) Hypostoma.
(C) Head capsule showing postgenal cleft (ventral view). (D) Dark multi-branched setae
on dorsal surface of abdominal segment 8. Scale bars: 0.1 mm for C; 0.02 mm for A, B and
D.
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2017, by W. Srisuka. PARATYPES: Six females, eight males (all with
associated pupal exuviae and cocoons), and 10 mature larvae, same
data as those of the holotype; two pupae, one pupal exuviae and one
mature larva, same data as those of the holotype except 29-XI-2016, by
S. Suriya.

3.1.6. Biological notes
The pupae and larvae of this new species were collected from

trailing grasses and fallen leaves in the water. A species collected in the
same stream was S. (G.) fukudae Takaoka, Srisuka & Saeung.

3.1.7. Etymology
The species name isanense refers to the name of the region, Isan,

including Surin Province, where this new species was collected.

4. Discussion

This new species is assigned to the Simulium epistum species-group of
the subgenus Gomphostilbia, defined by Takaoka (2012), by having the
antenna with nine flagellomeres, bare pleural membrane, yellow hair
tuft on the base of the radius, tibiae of the female and male with a
subbasal dark spot, and slender male hind basitarsus (Fig. 2B).

This new species is characterized in the female by the genital fork
with a distinct posteromedial projection on each arm (Fig. 1G); in the
male by the style wide, abruptly bent inward (Fig. 2C, E), and the
ventral plate widest subbasally (Fig. 2C); and in the pupa by the gill
with eight filaments arranged in three groups arising at the same level

from a short common basal stalk (Fig. 3G), dorsal surface of abdominal
segments 1–5 darkened, and terminal hooks wide and with serrated
outer margin (Fig. 3H).

This new species is similar to S. (G.) angulistylum described from
Peninsular Malaysia (Takaoka and Davies, 1995), but is distinguished
from the latter species by the following characters (those of S. (G.)
angulistylum in parentheses): in the female by the length of the fore
basitarsus relative to its greatest width, which is 7.3–7.4 (6.5); in the
male by the length of the fore basitarsus relative to its greatest width,
which is 7.7–7.8 (5.5); and in the pupa by abdominal segments 1–5
darkened on the dorsal surface (not darkened).

In sharing the wide, inwardly twisted style, this new species appears
to be related to S. (G.) auratum Takaoka from Sarawak, Malaysia, S. (G.)
epistum Delfinado from Palawan Island, the Philippines, and S. (G.)
otsukai Takaoka & Choochote from southern Thailand (Takaoka, 1983,
2009; Takaoka et al., 2009). However, these three species are dis-
tinguished from this new species by the arrangement of the pupal gill
filaments. An outer filament of the ventral pair is twice as long as the
other filaments in S. (G.) auratum and S. (G.) epistum, and the gill fi-
laments are arranged as 1 + 1 + 2+ [1 + (1 + 2)] from dorsal to
ventral in S. (G.) otsukai.

In accordance with its morphological classification, S. (G.) isanense
sp. nov. is genetically related to S. (G.) angulistylum, and clearly sepa-
rated from S. (G.) whartoni, S. (G.) cheongi and S. (G.) atratum, although
a non-monophyletic relationship is observed for S. (G.) whartoni and S.
(G.) cheongi (Fig. 5). This new species is in its own genetic clade with
high bootstraps support (BI = 1.00, NJ = 95%).

Fig. 5. Phylogenetic relationships among five mem-
bers of the S. epistum species group. Posterior prob-
abilities/bootstrap values (BI/NJ) are shown on the
branches. The scale bar represents 0.1 substitutions
per nucleotide position. Sequences generated in this
study are in bold.
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Pramual and Kuvangkadilok (2012) reported divergent mitochon-
drial lineages within cytoforms (A, B, and C) of S. (G.) angulistylum in
Thailand. However, none of their Thai gene sequences of S. (G.) angu-
listylum was consistent with those of the new species, although three
sequences of S. (G.) angulistylum: HM775234 (unknown cytoform),
JQ619927 (cytoform B), and JQ619928 (cytoform B), all collected from
Sisaket Province in the lower northeastern region, show a sister re-
lationship with the new species (Fig. 5). The genetic distances between
these two clades are relatively high (2.48–2.97%), and are comparable
with the species boundaries among members of the subgenus Gom-
phostilbia in Southeast Asia (Low et al., 2015; Saeung et al., 2017;
Takaoka et al., 2017).

Further chromosomal studies are needed to determine whether one
of the three cytoforms of S. (G.) angulistylum is the same or not the same
as S. (G.) isanense sp. nov. According to Pramual and Kuvangkadilok
(2012), cytoform A is recorded from lowlands (110–330 m in elevation)
in the northeast and south regions, cytoform B is distributed in the
central, northeast and east regions, and cytoform C is restricted to a
high elevation (1153 m) in the northeast region.
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Abstract

Simulium (Gomphostilbia) maleewongae sp. nov. is described based on the adult males and females, their pu-

pal exuviae, and larvae from Thailand. This new species is placed in the Simulium gombakense species-group

of Simulium (Gomphostilbia). It is characterized by the female cibarium with a cup-like appendage, male ventral

plate deeply depressed ventromedially, pupal gill composed of an inflated structure and eight slender filaments,

cone-shaped pupal terminal hooks, and cocoon with an anterodorsal projection. Taxonomic notes are given to

separate this new species from 10 other species of the same species-group known from China, India, Malaysia,

Thailand, Nepal, and Vietnam. Keys to identify all 11 species of the S. gombakense species-group are provided

for females, males, pupae, and larvae.

Key words: black fly, Gomphostilbia, Simuliidae, Thailand, new species

The fauna of black flies (Diptera: Simuliidae) in Thailand is rich,

consisting of 85 species (16.2% of the total number, 524, of species

in the Oriental Region), all of which are in the genus Simulium

Latreille and are further placed in six subgenera (three species in

Asiosimulium Takaoka & Choochote, two species in Daviesellum

Takaoka & Adler, six species in Montisimulium Rubtsov, 20 species

in Gomphostilbia Enderlein, nine species in Nevermannia Enderlein,

and 45 species in Simulium; Adler and Crosskey 2016). In Thailand,

three species (S. (G.) asakoae Takaoka & Davies, S. (S.) nigrogilvum

Summer, and S. (S.) nodosum Puri) are reported to be vectors of

unidentified filarial parasites (Fukuda et al. 2003, Takaoka et al.

2003, Ishii et al. 2008).

In a recent survey of pupae and larvae of black flies in Mae

Hong Son Province in northern Thailand, we collected one unde-

scribed species, the pupa of which has the gill composed of an in-

flated structure and eight slender filaments. It is assignable to the

Simulium gombakense species-group of subgenus Gomphostilbia,

defined by Takaoka (2012), and differs from all 10 species of the

same species-group including S. (G.) gombakense Takaoka &

Davies known from Peninsular Malaysia and Thailand and S.

(G.) prayongi Takaoka & Choochote from Thailand, by the con-

figuration of the pupal gills or shape of the male ventral plate

(Takaoka and Davies 1995, Kuvangkadilok and Takaoka 2000,

Takaoka 2000, Takaoka and Choochote 2005, Takaoka et al.

2010a).

This species is described as new, based on adult female, male, pu-

pal, and larval specimens, and taxonomic notes are given to separate

it from other related species from China, India, Malaysia, Nepal,

Thailand, and Vietnam. Keys to identify all 11 species of the S. gom-

bakense species-group are provided.

The methods of collection, description, and illustration, as well

as terms for morphological features, follow those of Takaoka

(2003). The holotype and paratypes are deposited at the Queen

Sirikit Botanic Garden, Chiang Mai, Thailand.

Nomenclature

This paper and the nomenclatural act it contains have been regis-

tered in Zoobank (www.zoobank.org), the official register of the

International Commission on Zoological Nomenclature. The LSID

(Life Science Identifier) number of the publication is:

urn:lsid:zoobank.org:pub:4D62D712-7283-4B46-BD19-

8B7A2E233A21

Simulium (Gomphostilbia) maleewongae Takaoka, Srisuka &

Saeung sp. nov.

(urn:lsid:zoobank.org:act:2181C0AF-8D8F-4CA8-B4CE-

1A946C11AC0D).

The female of this new species is almost identical to that of S.

(G.) thuathienense (Takaoka et al. 2015) as “Female. Body length

2.0 mm. Head. As wide as thorax. Frons black, thinly, densely cov-

ered with whitish-yellow recumbent short hairs interspersed with

several dark simple longer hairs along each lateral margin; frontal

ratio 1.71–1.73:1.00:3.07–3.49; frons:head ratio 1.0:5.71–5.83.
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Fronto-ocular area well developed, narrow, directed dorsolaterally.

Clypeus black, densely covered with whitish yellow recumbent short

hairs (though mediolongitudinal portion on posterior half narrowly

bare) interspersed with seven to ten dark-brown longer hairs along

each lateral margin. Labrum 0.61–0.66 times as long as clypeus.

Antenna composed of scape, pedicel, and nine flagellomeres, me-

dium to dark brown except scape, pedicel, and basal half of first

flagellomere whitish-yellow, though first flagellomere entirely yel-

low when viewed anteriorly. Maxillary palp composed of five seg-

ments, light to medium brown, proportional lengths of third, fourth,

and fifth segments 1.00:1.00–1.02:2.07–2.21; third segment (Fig.

1A) somewhat produced inward; sensory vesicle (Fig. 1A) of me-

dium size, 0.29–0.32 times as long as third segment, with medium-

sized opening. Maxillary lacinia with 10 inner and 14 outer teeth.

Mandible with 26–28 inner and 11 outer teeth. Cibarium (Fig. 1B)

medially forming short wide sclerotized plate folded forward from

posterior margin, and with slightly sclerotized medial longitudinal

ridge with well-sclerotized cup-like apex. Thorax. Scutum brownish

black, slightly shiny, thinly grayish-white pruinose with three faint

nonpruinose longitudinal vittae (one medial and two submedial)

when illuminated anterodorsally and viewed dorsally, densely cov-

ered with whitish-yellow recumbent hairs (except three longitudinal

vittae bare). Scutellum light brown, covered with whitish-yellow

short hairs and with dark-brown long upright hairs along posterior

margin. Postnotum dark brown to brownish black, bare. Pleural

membrane bare. Katepisternum dark brown, longer than deep, mod-

erately covered with whitish-yellow hairs interspersed with dark-

brown hairs. Legs. Foreleg: coxa whitish yellow; trochanter light

brown except anterodorsal portion whitish yellow; femur light

brown with apical cap medium brown (though extreme tip whitish

yellow); tibia light brown with apical cap medium brown; tarsus

brownish black, with moderate dorsal hair crest; basitarsus moder-

ately dilated, 6.60–6.78 times as long as its greatest width. Midleg:

coxa medium brown except posterolateral surface dark brown; tro-

chanter light brown except anterior portion whitish yellow; femur

light brown with apical cap medium brown (though extreme apex

whitish yellow); tibia light to medium brown except basal one-third

whitish yellow; tarsus dark brown except basal half whitish yellow.

Hind leg: coxa light brown; trochanter whitish yellow; femur light

brown except base whitish yellow and apical cap dark brown

(though extreme tip yellow); tibia (Fig. 1C) whitish yellow on basal

one-half with light-brown narrow spot subbasally, then light brown

on middle one-fourth and dark brown on apical one-fourth; tibia

densely covered with yellowish-white fine hairs on posterior and

outer surfaces of basal three-fourths; tarsus dark brown except basal

three-fifths of basitarsus (though base light brown) and basal half of

second tarsomere yellowish white; basitarsus (Fig. 1D) narrow,

nearly parallel-sided, 6.67 times as long as wide, and 0.63–0.68 and

0.54–0.58 times as wide as greatest widths of tibia and femur, re-

spectively; calcipala nearly as long as wide, and 0.53 times as wide

as greatest width of basitarsus. Claw (Fig. 1E) with large basal tooth

0.46 times as long as claw. Wing. Length 2.0 mm. Costa with dark-

brown spinules as well as light to medium brown hairs except basal

portion with patch of yellow hairs. Subcosta with medium-brown

hairs except near apex bare. Hair tuft of base of radius yellow.

Basal portion of radius fully haired; R1 with dark-brown spinules

and light to medium brown hairs; R2 with light to medium brown

hairs only. Basal cell absent. Halter. White with dark base.

Abdomen. Basal scale light brown, with fringe of whitish-yellow

hairs. Dorsal surface of abdominal segments medium brown to

brownish black except tergite of segment 2 light brown, moder-

ately covered with dark brown hairs interspersed with yellow fine

hairs; tergites of segments 2 and 6–9 wide and shiny; ventral sur-

face of segments 2 and 3 entirely pale whitish yellow and those of

other segments medium brown; sternal plate on segment 7 unde-

veloped. Terminalia. Sternite 8 (Fig. 1F) bare medially, with 19–

21 medium-long to long hairs together with four to six short setae

on each side. Ovipositor valves (Fig. 1F) triangular, with round

medioposterior corners, thin, membranous, moderately covered

with microsetae interspersed with five or six short setae; inner

margins slightly sinuous, moderately sclerotized and narrowly

separated from each other. Genital fork (Fig. 1G) of usual

inverted-Y form, with arms of moderate width; arm with triangu-

lar projection directed posteromedially and folded medially.

Paraproct in ventral view (Fig. 1H) nearly quadrate, somewhat

raised along anteromedial margin and with four or five sensilla on

anteromedial surface; paraproct in lateral view (Fig. 1I) somewhat

produced ventrally, with 22–26 medium-long to long hairs on ven-

tral and lateral surfaces. Cercus in lateral view (Fig. 1I) short,

rounded posteriorly, 0.48 times as long as wide. Spermatheca

(Fig. 1J) ellipsoidal, 1.3–1.5 times as long as wide, well sclerotized

except duct and small area at juncture with duct unsclerotized,

and with many fissures on surface; internal setae absent; both ac-

cessory ducts slender, subequal in diameter to each other and

slightly thicker than major duct.”

The male of this new species is almost identical to that of S.

nuwakotense (Takaoka and Shrestha 2010) as “Male. Body length

2.6 mm. Head. Much wider than thorax. Holoptic, upper eye con-

sisting of large facets in 15 vertical columns and in 15 horizontal

rows. Face dark brown, white pruinose, bare. Clypeus dark brown,

white pruinose, densely covered with golden-yellow scale-like short

hairs interspersed with dark longer hairs. Antenna composed of

scape, pedicel, and nine flagellomeres, medium to dark brown ex-

cept scape, pedicel, and base of first flagellomere yellow; first flagel-

lomere somewhat elongate, 1.5 times as long as second flagellomere.

Maxillary palp composed of five segments, proportional lengths of

third, fourth, and fifth segments 1.00:1.10:2.29; third segment (Fig.

2A) somewhat enlarged; sensory vesicle (Fig. 2A) ellipsoidal, 0.22–

0.24 times as long as third segment, with small opening apically.

Thorax. Scutum brownish black, slightly shiny when illuminated at

certain angles, densely covered with golden-yellow scale-like recum-

bent hairs. Scutellum medium brown, with golden-yellow short

hairs and dark upright long hairs. Postnotum dark brown, shiny

when illuminated at certain angles, and bare. Pleural membrane

bare. Katepisternum longer than deep, with dark hairs intermixed

with yellow hairs. Legs. Coloration nearly as in female except basi-

tarsus of midleg yellowish on basal one-third (though its border not

well defined). Fore basitarsus, 8.2 times as long as its greatest width.

Hind basitarsus (Fig. 2B) slightly widened to basal three-fifths, then

narrowed to apex, 4.84 times as long as its greatest width, and 0.68

and 0.67 times as wide as hind tibia and femur, respectively; calci-

pala moderately developed, nearly as long as wide, and 0.42 times

as wide as greatest width of basitarsus; pedisulcus moderately devel-

oped. Wing. Length 2.0 mm; other characters as in female except

subcosta bare. Halter. Light gray with darkened base. Abdomen.

Basal scale dark brown with fringe of dark long hairs laterally.

Dorsal surface of abdomen medium to dark brown, moderately cov-

ered with dark short hairs; segments 2 and 5–7 each with pair of

shiny dorsolateral patches, those on segment 2 connected in middle

to each other. Genitalia. Coxites, styles, and ventral plate in ventral

view as in Fig. 2C. Coxite in ventral view (Fig. 2C) subquadrate,

2.00 times as long as wide. Style in ventral view (Fig. 2C) slender,

0.79 times as long as coxite, gently curved inward, tapered toward

apex and with one apical spine; style in ventrolateral view (Fig. 2D)
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gradually tapered from base toward apex. Ventral plate in ventral

view (Fig. 2C) transverse, much wider than long, somewhat wid-

ened posteriorly, with anterior margin produced medially, with

posterior margin deeply concave in middle, and moderately cov-

ered with microsetae on ventral surface, though portions along an-

terior margin bare or sparsely covered with microsetae; basal

arms nearly parallel-sided, though somewhat convergent apically;

ventral plate in lateral view (Fig. 2E) with ventral margin

undulate; ventral plate in caudal view (Fig. 2F) deeply depressed

medially so that ventral margin appearing flattened letter M, and

densely covered with microsetae on most medial portion of poste-

rior surface. Median sclerite (Fig. 2G) broad, plate-like, though

lateral margins not well defined. Paramere (Fig. 2H) of moderate

size, with several hooks decreasing in length from posterior to an-

terior. Aedeagal membrane (Fig. 2I) sparsely covered with micro-

setae. Ventral surface of abdominal segment 10 (Fig. 2J, K)

Fig. 1. Female of Simulium (Gomphostilbia) maleewongae sp. nov. (A) Third segment of right maxillary palp with sensory vesicle (front view). (B) Cibarium.

(C) Left hind tibia (outer view). (D) Basitarsus and second tarsomere of left hind leg showing calcipala and pedisulcus (outer view). (E) Claw. (F) Sternite 8 and ovi-

positor valve (right half; ventral view). (G) Genital fork (ventral view). (H, I) Right paraprocts and cerci (H, ventral view; I, lateral view). (J) Spermatheca. Scale

bars¼0.1 mm for C and D; 0.02 mm for A, B, and F–J; 0.01 mm for E.
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Fig. 2. Male of Simulium (Gomphostilbia) maleewongae sp. nov. (A) Third segment of right maxillary palp with sensory vesicle (front view). (B) Basitarsus and

second tarsomere of left hind leg showing calcipala and pedisulcus (outer view). (C) Coxites, styles and ventral plate (ventral view). (D) Right style (ventrolateral

view). (E) Ventral plate and median sclerite (lateral view). (F) Ventral plate (caudal view). (G) Median sclerite (caudal view). (H) Right paramere (dorsal view).

(I) Left paramere and aedeagal membrane (caudal view). (J, K) Abdominal segment 10 and cerci (right half; J, lateral view; K, caudal view). Scale bars¼ 0.1 mm

for B; 0.02 mm for A and C–K.
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without distinct hairs. Cercus (Fig. 2J, K) small, encircled with 19

or 20 short hairs”.

The pupa and larva of this new species are similar to those of S.

aziruni (Takaoka et al. 2013) as “Pupa. Body length 2.4–2.5 mm.

Head. Integument yellow, moderately covered with round tubercles

on frons and parts of each lateral surface; antennal sheath bare, and

without projections. Frons with three unbranched long trichomes

with straight apices (Fig. 3A) on each side; all trichomes subequal in

length and stoutness to one another. Face with one unbranched long

trichome with coiled or straight apex (Fig. 3B) on each side. Thorax.

Integument yellow, sparsely to moderately covered with round tu-

bercles except dorsal surface of posterior portion almost bare, with

three long dorsomedial trichomes with coiled or straight apices (Fig.

3C), two anterolateral trichomes with straight apices (one medium-

long, one long; Fig. 3D), one medium-long mediolateral trichome

with straight apex (Fig. 3E), and three ventrolateral trichomes with

straight apices (one medium-long, two short; Fig. 3F), on each side.

Gill (Fig. 3G) of much inflated structure (1.0–1.2 mm long) arising

from medium-long basal common stalk, and with eight slender fila-

ments, of which one arising from anterior tip of inflated structure,

one arising from ventral surface of basal portion of inflated struc-

ture, three arising close together as one individual and two paired

filaments with medium-long stalk from inner dorsal surface near

apex of common basal stalk and three individually arising close to-

gether from dorsal surface of middle of common basal stalk; inflated

structure divided into two portions, one long, directed forward an-

other short, directed upward, and both rounded apically; all fila-

ments subequal in length (0.8–1.0 mm) and thickness to one

another; surface of inflated portion and all filaments light yellow,

with no pattern on inflated portion and no transverse ridges or fur-

rows on filaments, and densely covered with minute tubercles.

Abdomen. Dorsally, all segments unpigmented except segments 1, 2,

and 9 light yellowish and without tubercles; segment 1 with one

slender short seta (Fig. 3H) on each side; segment 2 with one slender

short seta and five minute setae (Fig. 3I) on each side; segments 3

and 4 each with four hooked spines and one minute seta on each

side; segment 5 with four minute setae on each side and lacking

spine-combs and comb-like groups of minute spines; segment 6–9

each with spine-combs and comb-like groups of minute spines in

transverse row (though spine-combs on segment 9 much smaller

than those on other segments) on each side; segment 6 with three

minute setae and segments 7 and 8 each with two minute setae; seg-

ment 9 with pair of distinct horn-like terminal hooks somewhat

bent anteriorly (Fig. 3J). Ventrally, segment 4 with four minute setae

(or one of which is unbranched hook in one pupa) on each side; seg-

ment 5 with pair of bifid hooks submedially and few minute setae

on each side; segments 6 and 7 each with pair of bifid inner and un-

branched outer hooks somewhat spaced from each other, and few

minute setae on each side; three grapnel-shaped hooklets on each

side of segment 9. Cocoon (Fig. 3K). Wall-pocket-shaped, pale yel-

low, thinly woven with no open spaces in weave, extended ventro-

laterally, with short anterodorsal projection; floor moderately

woven on posterior two-thirds of cocoon; individual threads not vis-

ible or slightly visible; 2.9–3.0 mm long by 2.2–2.8 mm wide.

Mature larva. Body length 5.0–6.0 mm. Body white except ven-

tral surface of thoracic segments 2 and 3 ochreous (in addition, dor-

sal and lateral surfaces of these segments thinly ochreous in some

larvae), and entire surface of abdominal segments 1 and 2 dark gray,

with following reddish-brown markings: thoracic segment 1

encircled with distinct transverse band though narrowly discon-

nected mediodorsally and widely disconnected ventrally; abdominal

segments 1–4 each encircled with transverse band, though narrowly

disconnected mediodorsally, and faintly connected or disconnected

dorsolaterally, ventrolaterally, and ventromedially; abdominal seg-

ment 5 encircled with transverse band, though disconnected dorso-

medially and ventromedially; dorsal and ventral ends of transverse

band directed forward and backward, respectively in one larva,

while only ventral end of this band directed backward in other lar-

vae; abdominal segments 6–8 each with somewhat faint transverse

band on dorsal surface, though disconnected in middle; abdominal

segment 7 with pair of round spots ventrally. Head capsule whitish

yellow except eye-spot region white, sparsely covered with simple

minute setae. Head spots faintly to moderately positive; eyebrow in-

distinct. Cervical sclerites composed of two small light brown rod-

like pieces, not fused to occiput, widely separated from each other.

Antenna composed of three segments and apical sensillum, much

longer than stem of labral fan; proportional lengths of first, second,

and third segments 1.00:0.61–0.67:0.89–0.99. Labral fan with 33–

40 primary rays. Mandible (Fig. 4A) with three comb-teeth decreas-

ing in length from first to third; mandibular serration composed of

two teeth (one large and one small); large tooth at acute angle to

mandible on apical side; accessory serrations absent. Hypostoma

(Fig. 4B) with row of nine apical teeth, of which median and corner

teeth prominent, and intermediate teeth lowest; lateral margins

smooth; five or six hypostomal bristles in row, nearly parallel to lat-

eral margin on each side. Postgenal cleft (Fig. 4C, D) medium-sized,

rounded or pointed apically, 0.74–1.17 times as long as postgenal

bridge. Pharate pupal gill with wrinkled enlarged portion with eight

slender thread-like filaments. Thoracic cuticle bare. Abdominal cuti-

cle almost bare except both sides of anal sclerite (down to base of

ventral papillae) moderately covered with colorless simple setae.

Rectal scales present and unpigmented. Rectal organ compound,

each of three lobes with 9–11 finger-like secondary lobules. Anal

sclerite X-shaped, anterior arms nearly as long as posterior ones; ac-

cessory sclerites absent; sensilla absent. Ventral papillae well devel-

oped, conical. Posterior circlet with 83–94 rows of up to 14–16

hooks per row”.

Type Material
HOLOTYPE. Female, with associated pupal exuviae and cocoon (in

80% ethanol) reared from pupa (QSBG-2015-206), THAILAND:

Mae Hong Son Province, Meung District, Mae Suai Au Village,

Chong stream, 9-XII-2015, by W. Srisuka and A. Saeung.

PARATYPES: Three females, one male (all with associated pupal ex-

uviae and cocoons) reared from pupae, and seven mature larvae (all

in 80% ethanol), same data as those of the holotype.

Biological Notes
The pupae and larvae of this new species were collected from fallen

leaves and pebbles in a small, slow-flowing stream (partially shaded

by canopy, water temperature 21.9˚C, pH 6.94, altitude 605 m, 19�

15059.100 N, 97� 51012.700 E),

Etymology
The species name maleewongae is in honor of Prof. Pewpan

Maleewong Intapan, Department of Parasitology and Research and

Diagnostic Center for Emerging Infectious Diseases, Faculty of

Medicine, Khon Kaen University, who kindly supported W. Srisuka

to collect black flies in Myanmar and Laos.
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Discussion

Simulium (G.) maleewongae sp. nov. is placed in the S. gombakense

species-group, defined by Takaoka (2012), by having the male hind

basitarsus spindle-shaped, ventral plate gradually widened posteri-

orly when viewed ventrally, and pupal gill composed of an inflated

structure with eight slender filaments. This new species is the third

member of the S. gombakense species-group recorded from

Thailand.

Among 10 known species of this species-group (Adler and

Crosskey 2016), it is similar to S. (G.) aziruni Takaoka, Hashim &

Chen, originally described from a pupal exuviae and a mature larvae

collected from Peninsular Malaysia (Takaoka et al. 2012) in having

the pupal gill with an elongate inflated structure and eight slender

Fig. 3. Pupa of Simulium (Gomphostilbia) maleewongae sp. nov. (A) Frontal trichome. (B) Facial trichome. (C–F) Thoracic trichomes (C, dorsomedial; D, anterolat-

eral; E, mediolateral; F, ventrolateral). (G). Left gill (outer view). (H) Hair-like seta on dorsum of abdominal segment 1. (I) Hair-like seta and minute seta on dorsum

of abdominal segment 2. (J) Terminal hooks (caudal view). (K) Cocoon (dorsal view). Scale bars¼1.0 mm for K; 0.1 mm for G; 0.02 mm for A–F and H–J.
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filaments (Fig. 3G), simple pupal terminal hooks (Fig. 3J), and co-

coon with an anterodorsal projection (Fig. 3K). However, the pupa

of this new species is distinguished from that of S. (G.) aziruni by the

following characters (those of S. (G.) aziruni in parentheses): the gill

with two inflated portions (only one portion), forwardly directed in-

flated portion with same width up to the apex (tapered from the mid-

dle to the apex), cuticular surface of the inflated structure lacking any

pattern (with finely defined reticulate pattern), thoracic integument

sparsely covered with tubercles on the dorsal surface of the anterior

half (almost bare). The pupa of S. (G.) thuathienense Takaoka &

Sofian-Azirun from Vietnam has also simple, cone-shaped terminal

hooks, but differs from this new species by the different configuration

of the gill and simple cocoon (Takaoka et al. 2015)

The deeply depressed ventral margin of the ventral plate (Fig. 2F)

in this new species, a rare character in the subgenus Gomphostilbia, is

shared by S. (G.) nuwakotense Takaoka & Shrestha from Nepal and

S. (G.) sachini Takaoka & Willie from India and Nepal (Takaoka and

Shrestha 2010). However, the pupae of these two species differ from

that of this new species by having the inflated gills of different config-

uration, wide terminal hooks with crenulated outer margins, and sim-

ple cocoons.

This new species is distinguished from S. (G.) dudgeoni Takaoka

& Davies, described based on four males and one female from Hong

Kong (Takaoka et al. 1995), by the male ventral plate deeply con-

cave ventromedially when viewed posteriorly (Fig. 2F; convex in S.

(G.) dudgeoni).

This new species is easily distinguished in the pupa from five

other species of the same species-group (S. (G.) antlerum Chen from

Hainan Island, China, S. (G.) gombakense, S. (G.) langkawiense

from Peninsular Malaysia, S. (G.) prayongi, and S. (G.) willie

Takaoka & Thapa from India) by the different configuration of the

gills, simple, cone-shaped terminal hooks, and cocoon with an ante-

rodorsal projection (Takaoka 2000; Chen 2001; Takaoka and

Choochote 2005; Takaoka et al. 2010b, 2013).

Keys to Identify 11 Species of the Simulium

gombakense Species-Group

Females*
1. Hind tibia whitish yellow on basal one-fourth (at least on an-

terior surface) and darkened on rest . . . . . . . . . . . .S. dudgeoni

Hind tibia whitish yellow on basal half and darkened on api-

cal half (Fig. 1C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2. Sensory vesicle elongate, over 0.52 times length of third maxil-

lary palpal segment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Sensory vesicle medium-long, less than 0.5 times length of

third maxillary palpal segment . . . . . . . . . . . . . . . . . . . . . . . . 4

3. Sensory vesicle 0.52 times length of third maxillary palpal seg-

ment; claw tooth 0.46 times length of claw . . S. langkawiense

Sensory vesicle 0.61 times length of third maxillary palpal seg-

ment; claw tooth 0.53 times length of claw . . . S. gombakense

4. Fore basitarsus 6.60–6.78 times as long as its greatest width

. . . . . . . . . . . . . . . . . . . . . . . . . . . . S. maleewongae sp. nov.

Fore basitarsus 5.58 times as long as its greatest width

. . . . . . . . . . . . . . . . . . . . . . . . . . S. thuathienense

Fig. 4. Mature larva of Simulium (Gomphostilbia) maleewongae sp. nov. (A) Tip of mandible (lateral view). (B) Hypostoma (ventral view). (C, D) Head capsules

showing postgenal clefts of different shape (ventral view). Scale bars¼ 0.1 mm for C and D; 0.02 mm for A and B.

Journal of Medical Entomology, 2017, Vol. 54, No. 1 97

Deleted Text: ) (
Deleted Text:  
Deleted Text: <xref ref-type=
Deleted Text: i
Deleted Text: s
Deleted Text: <italic>g</italic>
Deleted Text: <italic>G</italic>
Deleted Text: s
Deleted Text: g


Males**
1. Hind tibia whitish yellow on basal one-fourth and darkened

on rest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .S. dudgeoni

Hind tibia whitish yellow on basal one-half or two-thirds and

darkened on rest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2. Ventral plate deeply concave ventromedially when viewed

posteriorly (Fig. 2F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Ventral plate not concave ventromedially when viewed

posteriorly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3. Upper eye with large facets in 15 vertical columns and 15 hori-

zontal rows . . . . . . . . . . . . . . . . . . . . S. maleewongae sp. nov.

Upper eye with large facets in 17 vertical columns and 18 hor-

izontal rows. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4. Ratio of width of hind basitarsus against that of hind femur

equal to 0.75 . . . . . . . . . . . . . . . . . . . . . . . . . . .S. nuwakotense

Ratio of width of hind basitarsus against that of hind femur

equal to 0.80–0.83 . . . . . . . . . . . . . . . . . . . . . . . . . . .S. sachini

5. Upper-eye facets in 11 or 12 vertical columns and 12 or 13

horizontal rows. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Upper-eye facets in 14 or 15 vertical columns and 15 or 16

horizontal rows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

6. Pleural membrane haired . . . . . . . . . . . . . . . . . . . . S. antlerum

Pleural membrane bare . . . . . . . . . . . . . . . . . . S. langkawiense

7. Hind basitarsus 4.75 times as long as its greatest width . . . .S. prayongi

Hind basitarsus 5.00 times as long as its greatest width . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. gombakense

Pupae***
1. Cocoon with anterodorsal projection (Fig. 3K) . . . . . . . . . . . 2

Cocoon without anterodorsal projection . . . . . . . . . . . . . . . . 3

2. Gill with one inflated portion tapered apically. . . . . .S. aziruni

Gill with two inflated portions, one long, forwardly di-

rected, with same width, and one short, directed dorsally

(Fig. 3G) . . . . . . . . . . . . . . . . . . . . . S. maleewongae sp. nov.

3. Gill with one inflated portion, without nipple-like or finger-

like projections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. williei

Gill with two inflated portions, each with nipple-like or

finger-like projections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4. Gill with 10 slender filaments . . . . . . . . . . . . . . . . . S. antlerum

Gill with 8 slender filaments . . . . . . . . . . . . . . . . . . . . . . . . . . 5

5. Inflated portions of gill with only nipple-like short

projections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. prayongi

Inflated portions of gill with only finger-like long projections

or finger-like long and nipple-like short projections . . . . . . . 6

6. Dorsally directed inflated portion of gill without constriction

basally . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Dorsally directed inflated portion of gill with one constriction

or two . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

7. Ratio of width:length of inflated portion of gill equal to 0.24S.

langkawiense

Ratio of width:length of inflated portion of gill equal to

0.30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. gombakense

8. Forwardly directed inflated portion of gill with one con-

striction; terminal hooks simple, cone-shaped (similar to

Fig. 3J) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. thuathienense

Forwardly directed inflated portion of gill with two constric-

tions; terminal hooks wide, with crenulated outer margins . . 9

9. Dorsally directed inflated portion of gill with one constriction

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .S. sachini

Dorsally directed inflated portion of gill with two constrictions

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. nuwakotense

Larvae****
1. Postgenal cleft medium-long, 0.7–1.2 times length of postge-

nal bridge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Postgenal cleft long, over 3.0 times length of postgenal

bridge. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2. Abdominal segments 1 and 2 dark gray. . .S. maleewongae sp. nov.

Abdominal segments 1 and 2 not gray . . . . . . . . . . . . . . . . . . 3

3. Posterior circlet with 84–88 rows of hooklets . . . . S. thuathienense

Posterior circlet with 72 rows of hooklets . . . . . . . . .S. aziruni

4. Postgenal cleft long, approaching posterior margin of hypo-

stoma leaving narrow postgenal bridge; labral fan with 22 or

23 primary rays. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. williei

Postgenal cleft long, but not approaching posterior margin of

hypostoma, about 3.0 times length of postgenal bridge; labral

fan with 25–34 primary rays. . . . . . . . . . . . . . . . . . . . . . . . . . 5

5. Posterior circlet with 96–100 rows of hooks . S. langkawiense

Posterior circlet with 74–88 rows of hooks . . . . . . . . . . . . . . 6

6. Posterior circlet with 84–88 rows of hooks . . . . . . . .S. sachini

Posterior circlet with 74–82 rows of hooks . . . S. gombakense

*The females of S. antlerum, S. aziruni, S. nuwakotense, S. pray-

ongi, S. sachini, and S. williei are unknown.

**The males of S. aziruni, S. thuathienense, and S. williei are

unknown.

***The pupa of S. dudgeoni is unknown.

****The larvae of S. antlerum, S. dudgeoni, S. nuwakotense,

and S. prayongi are unknown.
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Abstract

Simulium (Simulium) umphangense, a new human-biting species of black fly, is described based on females

captured while attacking humans in western and central Thailand. The female of this new species is similar to

those of S. (S.) indicum Becher, S. (S.) nigrogilvum Summers, and S. (S.) vanellum Huang et al. in the Simulium

griseifrons species-group of the subgenus Simulium Latreille in having the frons densely covered with golden-

yellow short hairs, a character rarely found in the subgenus Simulium. This new species is readily distinguished

from the three related species by having a darkened fore tibia, a bare subcosta (or rarely with a few hairs), and

an ovipositor valve not protruded posteriorly. Additional diagnostic characters of this new species are noted.

This is the seventh human-biting species of black fly in Thailand.

Key words: black fly, Simulium, Simuliidae, Thailand, new species

In Thailand, six species of black flies [Simulium (Gomphostilbia) asa-

koae Takaoka & Davies, S. (Simulium) chamlongi Takaoka & Suzuki,

S. (S.) doipuiense Takaoka & Choochote (complex), S. (S.) nigrogil-

vum Summers, S. (S.) nodosum Puri, and S. (S.) rufibasis Brunetti (com-

plex)] were reported to be human biters (Choochote et al. 2005,

Pramual et al. 2016). Among these, S. (G.) asakoae, S. (S.) nigrogilvum,

and S. (S.) nodosum are vectors of three different kinds of filariae

(Fukuda et al. 2003, Takaoka et al. 2003, Ishii et al. 2008).

We collected 310 female black flies attacking humans at three sites

(two sites in Tak Province, western Thailand, in March 2013 and

November 2016, and one site in Kamphaeng Phet Province, central

Thailand, in March 2016). We preliminarily identified 277 females as

S. (S.) nigrogilvum and 33 as S. (S.) sp., both of which are similar to

each other except in body size and leg color. We compared morpholog-

ical characters of S. (S.) sp. with those of S. (S.) nigrogilvum from

Thailand (Takaoka and Suzuki 1984), S. (S.) indicum Becher from

India and Pakistan (Lewis 1974), and S. (S.) vanellum Huang et al.

from Thailand (Huang et al. 2010), all of which are similar to one an-

other and form a distinct subgroup in the Simulium griseifrons species-

group. We found clear differences in several features, including the ter-

minalia, between S. (S.) sp. and the three related species.

Simulium (S.) sp. is described as a new species based on females at-

tacking humans in Thailand. The search of its pupae and larvae in

nearby streams failed; thus, its male, pupa, and larva remain unknown.

The methods of description and illustration, and terms for mor-

phological features used here, follow those of Takaoka (2003).

The holotype and paratypes are deposited at the Queen Sirikit

Botanic Garden, Chiang Mai, Thailand.

Nomenclature

This paper and the nomenclatural act it contains have been regis-

tered in Zoobank (www.zoobank.org), the official register of the

International Commission on Zoological Nomenclature. The LSID

(Life Science Identifier) number of the publication is: urn:

lsid:zoobank.org:pub:0533B2D3-A677-45A0-8ED8-330C6079C9B2

Simulium (Simulium) umphangense Takaoka,
Srisuka & Saeung sp. nov.

(urn:lsid:zoobank.org:act:1D7F1432-14DF-492A-BDBF-1736F9B7

F0C4

Female
Body length 3.5 mm.

Head

Slightly narrower than thorax. Frons brownish black, white prui-

nose and slightly shiny when illuminated at certain angles, densely

covered with golden-yellow scale-like recumbent short hairs except

mediolongitudinal portion narrowly bare, and with several dark

brown longer hairs along each lateral margin; frontal ratio

1.39:1.00:1.13; frons:head ratio 1.00:3.27. Fronto-ocular area well
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developed, short, directed laterally, and pointed apically. Clypeus

brownish black, slightly shiny, and white pruinose when illuminated

at certain angles, sparsely covered with dark brown medium-long

hairs and yellow short hairs except mediolongitudinal portion of up-

per four-fifths widely bare. Labrum 0.79 times length of clypeus.

Antenna composed of scape, pedicel, and nine flagellomeres, me-

dium to dark brown except scape, pedicel, and base of first flagello-

mere yellow. Maxillary palp with five segments, medium brown

except first segment whitish yellow although posterior surface

light brown, and second segment light brown; proportional

lengths of third, fourth, and fifth segments 1.00:1.11:1.78; third

segment (Fig. 1A) of normal size, with medium-sized ellipsoidal

sensory vesicle (0.33–0.36 times length of third segment) having

large or medium-sized opening. Maxillary lacinia with 14 or 15

inner and 18 or 19 outer teeth. Mandible (Fig. 1B) with 26 inner

teeth and seven or eight outer teeth at some distance from tip.

Cibarium (Fig. 1C) with triangular ragged median process directed

posterodorsally, appearing to have few teeth at base of median

process on each side.

Thorax

Scutum black, densely covered with golden-yellow recumbent short

hairs and sparsely with dark brown long upright hairs on prescutel-

lar area. Scutellum black, densely covered with golden-yellow re-

cumbent short hairs interspersed with dark-brown upright long

hairs. Postnotum brownish black, slightly shiny, white pruinose

when illuminated at certain angles, and bare. Pleural membrane

bare. Katepisternum dark brown, longer than deep, shiny when illu-

minated at certain angles, and bare.

Legs

Foreleg: coxa whitish yellow; trochanter whitish yellow except api-

cal one-third light brown; femur yellow except apical cap dark

brown; tibia medium to dark brown (though basal tip whitish yel-

low in some females); tarsus brownish black, with thick dorsal hair

crest; basitarsus greatly dilated, 4.46 times as long as its greatest

width. Midleg: coxa brownish black; trochanter whitish yellow ex-

cept apical half medium brown; femur medium to dark brown ex-

cept basal one-third (or little more) yellow; tibia dark brown except

basal two-fifths yellow; tarsus dark brown except basal one-fourth

of basitarsus dark yellow to light brown and basal tips of tarsomeres

2 and 3 whitish yellow. Hind leg: coxa medium brown; trochanter

yellow; femur medium brown except basal two-fifths yellow and

apical cap dark brown; tibia dark brown except basal half yellow;

tarsus dark brown except little less than basal half of basitarsus yel-

low and basal two-fifths of tarsomere 2 whitish yellow; basitarsus

(Fig. 1D) nearly parallel-sided, 6.19 times as long as wide, and 0.65

and 0.58 times as wide as greatest widths of hind tibia and femur,

respectively; calcipala (Fig. 1D) moderately developed, nearly as

long as width at base, and 0.38 times as wide as greatest width of

basitarsus; pedisulcus (Fig. 1D) well developed. Claw (Fig. 1E) with

small tooth.

Wing

Length 3.0 mm. Costa with dark-brown spinules and medium-brown

hairs; subcosta bare or rarely with one or two hairs; basal section of

radius fully covered with medium-brown hairs; R1 with dark brown

spinules and medium-brown hairs; R2 with medium-brown hairs;

hair tuft on base of radius dark brown; basal cell absent.

Halter

White except base light brown.

Abdomen

Basal scale whitish yellow, with fringe of golden-yellow and light-

brown hairs. Dorsal surface of abdomen medium brown except that

of segment 2 entirely whitish yellow and that of segment 3 whitish

yellow except medial portion and dorsolateral portion on each side

light brown, and moderately or densely covered with yellow re-

cumbent short hairs interspersed with dark-brown longer hairs;

tergites dull (though dorsolateral portions of tergites 6–8 in some

females somewhat shiny when illuminated at certain angles).

Ventral surface of abdomen whitish yellow except that of segment

8 medium brown (though in some females, ventral surfaces of seg-

ments 4–7 grayish); ventral surface of segment 7 without sclero-

tized sternal plates.

Terminalia

Sternite 8 (Fig. 1F) bare medially, with 10 or 11 dark brown

medium-long to long stout hairs and three to six yellow short hairs on

each lateral surface. Ovipositor valves (Fig. 1F) triangular, though

posteromedial portion rounded, membranous except narrow area

along inner margin slightly sclerotized, covered with three or four

short yellow hairs and numerous microsetae except narrow portions

along inner margin and near posteromedial tip bare; inner margins

slightly sinuous, moderately separated from each other. Genital fork

(Fig. 1G) of inverted-Y form, with long narrow well-sclerotized stem

somewhat widened apically; arms of narrow width, each with short

moderately sclerotized round projection directed dorsally. Paraproct

in ventral view (Fig. 1H) subquadrate, narrowly produced ventrally

along inner margin, moderately covered with unpigmented short setae

on ventral surface of this produced portion, with outer surface widely

concave and mostly bare, and medial surface unpigmented, with

20–22 sensilla; paraproct in lateral view (Fig. 1I) 0.91 times as

long as wide, much protruded ventrally beyond ventral margin of

cercus, with outer surface moderately sclerotized and widely bare

except narrow areas covered with short or minute setae along ven-

tral and posterior margins, intermixed with 29–32 long to

medium-long stout hairs. Cercus in lateral view (Fig. 1I) short,

0.37 times as long as wide, with numerous medium-long hairs,

with posterior margin slightly convex posteriorly. Spermatheca

(Fig. 1J) nearly ovoid, 1.14 times as long as greatest width, well

sclerotized except portion of junction with duct unsclerotized,

with faint reticulate pattern on its surface near junction; internal

setae present; accessory ducts subequal in thickness to each other,

and slightly thicker than major duct.

Male, Pupa, and Mature Larva
Unknown.

Type Material
HOLOTYPE. Female, collected attacking a human by a hand net, at

site (air temperature 21�C, elevation 1,237 m, 16� 13034.200 N, 98�

58047.400 E), Mae Klong Kee village, Um-phang district, Tak

Province, western Thailand, 1-III-2013, by W. Srisuka, S. Suriya, R.

Saokod, and S. Pilakantha. PARATYPES. Seven females, data same

as those of the holotype; two females, same data as those of the ho-

lotype except air temperature 17�C, 21-XI-2016, by W. Srisuka, S.
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Suriya, R. Saokod, and C. Rangsan; 14 females, same village as

noted under the holotype but different site (air temperature 19�C, el-

evation 785 m, 16� 17016.400 N, 98� 59045.900 E), 22-III-2016, by W.

Srisuka, S. Suriya, R. Saokod, and T. Somboonchai; 10 females, at a

site (air temperature 17�C, elevation 1,274 m, 16� 05021.200 N, 99�

06047.900 E), Chong Yen, Pang-sila Thong district, Kamphaeng Phet

Province, central Thailand, 23-III-2016, by W. Srisuka, S. Suriya, R.

Saokod, and T. Somboonchai.

Fig. 1. Female of Simulium (Simulium) umphangense sp. nov. (A) Third segment of maxillary palp showing sensory vesicle (right side; front view). (B) Mandible.

(C) Cibarium. (D) Basitarsus and tarsomere 2 of hind leg (left side; outer view). (E) Claw. (F) Sternite 8 and ovipositor valve (only right half shown; ventral view).

(G) Genital fork (ventral view). (H) & (I) Paraprocts and cerci (right side; H, ventral view; I, lateral view). (J) Spermatheca. Scale bars. 0.1 mm for D; 0.02 mm for

A–C, F–J; 0.01 mm for E.
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Biological Notes
The females of this new species bite humans. The aquatic habitats of

this new species remain unknown.

Remarks
The female of S. (S.) umphangense sp. nov. is similar to those of S.

(S.) indicum, S. (S.) nigrogilvum, and S. (S.) vanellum in the S. grisei-

frons species-group of the subgenus Simulium in having the frons and

scutum densely covered with yellow scale-like recumbent short hairs,

cibarium with a triangular median process directed posterodorsally

(Fig. 1C), fore tarsus with a thick hair crest, claw with a short sub-

basal tooth (Fig. 1E), basal portion of the radius fully haired, and ab-

dominal segments 2 and 3 lighter than other segments. However,

S. (S.) umphangense sp. nov. is easily distinguished from these three

related species by the fore tibia, which is almost entirely darkened

in this new species but yellow on the basal half and darkened on

the apical half in the three other species, and by the ovipositor

valve, which is not protruded posteriorly (Fig. 1F) in this new spe-

cies but protruded posteriorly, forming a tongue-like projection in

the three other species. Additional diagnostic characters are shown

in Table 1.
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Table 1. Female morphological characters of four related species in the Simulium griseifrons species-group of the subgenus Simulium

S. umphangense sp. nov. S. indicuma S. nigrogilvumb S. vanellumc

Maxillary lacinia

Inner teeth 14 or 15 11 14 11

Outer teeth 18 or 19 12 15 14 or 15

Mandible

Inner teeth 26 ca. 35 ca. 30 34

Outer teeth 6 or 7 distinct ca. 9 vestigial 5 or 6 distinct 6 vestigial

Cibarium

Median process Pointed apically Rounded apically Pointed apically Pointed apically

Fore tibia Almost entirely

darkened

Yellow on basal half

and dark on apical half

Yellow on basal half

and dark on apical half

Yellow on basal

half and dark on apical half

Subcosta Bare or rarely

with 1 or 2 hairs

With many hairs With many hairs With many hairs

Ovipositor valve Triangular Tongue-like Tongue-like Tongue-like

Paraproct

Outer surface Widely bare Widely bare Widely bare Covered with short hairs

Stout hairs 29–32 13 or 14 14 18–20

a Based on Lewis (1974).
b Based on Takaoka and Suzuki (1984).
c Based on Huang et al. (2010).
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Abstract

Simulium (Gomphostilbia) fukudae sp. nov. is described based on females, males, pupae, and larvae from

Thailand. This new species is placed in the Simulium batoense species-group of Simulium (Gomphostilbia). It is

characterized by the female frons almost bare, male paramere covered with minute setae, pupal gill composed

of six slender filaments, pupal terminal hooks cone-shaped, and cocoon with an anterodorsal projection.

Taxonomic notes are given to separate this new species from the most similar species, Simulium (G.) sextu-

plum Takaoka & Davies and Simulium (G.) paukatense Takaoka, both fromMalaysia.

Key words: batoense species-group, sextuplum subgroup, fauna, new species

The Simulium batoense species-group is the largest assemblage of het-

erogeneous lineages among 15 species-groups of the subgenus

Gomphostilbia Enderlein. It consists of 59 species classified into eight

subgroups (seven named and one unnamed) and is widely distributed

in the Oriental Region, though five species are recorded from the

Palaearctic Region (Takaoka 2012, Adler and Crosskey 2016). In this

species-group, little is known about the biting habits and other bio-

logical aspects, although Simulium (G.) asakoae Takaoka & Davies of

the S. asakoae species-group is a vector of an unidentified filarial para-

site of animal origin in Thailand (Fukuda et al. 2003, Ishii et al. 2008).

In Thailand, the S. batoense species-group is represented by four

species, of which one is placed in the Simulium decuplum subgroup,

two in the Simulium duolongum subgroup, and one in the Simulium

parahiyangum subgroup (Takaoka 2012).

In a recent survey of pupae and larvae of black flies in Surin

Province in northeastern Thailand, we collected one undescribed

species of the Simulium sextuplum subgroup of the S. batoense

species-group of the subgenus Gomphostilbia. The S. sextuplum

subgroup is characterized by the six slender long pupal gill filaments

on each side (Takaoka 2012). This subgroup is small, containing

only two species: Simulium (G.) sextuplum Takaoka & Davies from

Peninsular Malaysia (Takaoka and Davies 1995) and Simulium (G.)

paukatense Takaoka from Sarawak, Malaysia (Takaoka 2008).

This species is described as new based on females, males, pupae,

and larvae, and taxonomic notes are given to separate it from the

two morphologically similar species fromMalaysia.

The methods of collection, description and illustration, and

terms for morphological features follow those of Takaoka (2003)

and partially those of Adler et al. (2004). The holotype and para-

types are deposited at the Queen Sirikit Botanic Garden, Chiang

Mai, Thailand.

Nomenclature

This paper and the nomenclatural act it contains have been regis-

tered in Zoobank (www.zoobank.org), the official register of the

International Commission on Zoological Nomenclature. The LSID

(life science identifier) number of the publication is: urn:lsid:

zoobank.org:pub:FF4624CF-9221-4F60-BC40-DA115FE8F264

Simulium (Gomphostilbia) fukudae sp. nov.
(urn:lsid:zoobank.org:act:81331958-5B98-40A7-
88BA-61D1ACEBED21)

Female
Body length 2.0–2.1mm (n¼2).

Head

Slightly narrower than width of thorax. Frons brownish black,

shiny, widely bare, with three to six yellow and dark short hairs

along each lateral margin and one yellow hair on lower median
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portion; frontal ratio 1.5:1.0:2.1 (1.5:1.0:3.1 in paratype female);

frons:head ratio 1.0:5.4 (1.0:6.4 in paratype female). Fronto-ocular

area well developed, narrow, directed dorsolaterally. Clypeus

brownish black, grayish-white pruinose, shiny, moderately covered

with yellow fine short hairs interspersed with several dark longer

hairs on each side of lower portion. Labrum 0.6–0.7 times as long as

clypeus. Antenna composed of scape, pedicel, and nine flagello-

meres, medium to dark brown except scape, pedicel, and little less

than basal half of first flagellomere yellow, and rest of first flagello-

mere light brown, when viewed dorsally (first flagellomere mostly

yellow when viewed ventrally). Maxillary palp composed of five

segments, light to medium brown except first and second segments

dark yellow, proportional lengths of third, fourth, and fifth seg-

ments 1.0:1.2:2.5–2.6; third segment (Fig. 1A) somewhat swollen

apically; sensory vesicle (Fig. 1A) ellipsoidal, 0.2–0.3 times as long

as third segment, with small opening apically. Maxillary lacinia

with 9 or 10 inner and 11–13 outer teeth. Mandible with 19 inner

and 10 or 11 outer teeth. Cibarium (Fig. 1B) medially forming scler-

otized plate folded forward from posterior margin, with moderately

sclerotized medial longitudinal ridge having split apex.

Thorax

Scutum brownish black, markedly shiny, thinly grayish-white pruin-

ose when illuminated anteriorly, faintly with dark longitudinal vit-

tae (one medial and two submedial), moderately covered with

brassy recumbent short hairs interspersed with white recumbent

hairs on shoulders and along lateral margins. Scutellum brownish

black, covered with brassy short hairs and dark-brown long upright

hairs along posterior margin. Postnotum black, shiny, grayish-white

pruinose when viewed at certain angles, and bare. Pleural membrane

Fig. 1. Female of S. (G.) fukudae sp. nov. (A) Third segment of maxillary palp with sensory vesicle (right side; front view). (B) Cibarium (front view). (C) Hind basi-

tarsus and second tarsomere (left side; outer view). (D) Claw. (E) Sternite 8 and ovipositor valve (right side only; ventral view). (F) Genital fork (ventral view).

(G, H) Paraprocts and cerci (G, ventral view; H, lateral view). (I) Spermatheca. Scale bars—0.05mm for C; 0.02mm for A, B, and E–I; 0.01mm for D.
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Simulium (Gomphostilbia) fukudae sp. nov. is described based on females, males, pupae, and larvae from

Thailand. This new species is placed in the Simulium batoense species-group of Simulium (Gomphostilbia). It is

characterized by the female frons almost bare, male paramere covered with minute setae, pupal gill composed

of six slender filaments, pupal terminal hooks cone-shaped, and cocoon with an anterodorsal projection.

Taxonomic notes are given to separate this new species from the most similar species, Simulium (G.) sextu-

plum Takaoka & Davies and Simulium (G.) paukatense Takaoka, both fromMalaysia.
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The Simulium batoense species-group is the largest assemblage of het-

erogeneous lineages among 15 species-groups of the subgenus

Gomphostilbia Enderlein. It consists of 59 species classified into eight

subgroups (seven named and one unnamed) and is widely distributed

in the Oriental Region, though five species are recorded from the

Palaearctic Region (Takaoka 2012, Adler and Crosskey 2016). In this

species-group, little is known about the biting habits and other bio-

logical aspects, although Simulium (G.) asakoae Takaoka & Davies of

the S. asakoae species-group is a vector of an unidentified filarial para-

site of animal origin in Thailand (Fukuda et al. 2003, Ishii et al. 2008).

In Thailand, the S. batoense species-group is represented by four

species, of which one is placed in the Simulium decuplum subgroup,

two in the Simulium duolongum subgroup, and one in the Simulium

parahiyangum subgroup (Takaoka 2012).

In a recent survey of pupae and larvae of black flies in Surin

Province in northeastern Thailand, we collected one undescribed

species of the Simulium sextuplum subgroup of the S. batoense

species-group of the subgenus Gomphostilbia. The S. sextuplum

subgroup is characterized by the six slender long pupal gill filaments

on each side (Takaoka 2012). This subgroup is small, containing

only two species: Simulium (G.) sextuplum Takaoka & Davies from

Peninsular Malaysia (Takaoka and Davies 1995) and Simulium (G.)

paukatense Takaoka from Sarawak, Malaysia (Takaoka 2008).

This species is described as new based on females, males, pupae,

and larvae, and taxonomic notes are given to separate it from the

two morphologically similar species fromMalaysia.

The methods of collection, description and illustration, and

terms for morphological features follow those of Takaoka (2003)

and partially those of Adler et al. (2004). The holotype and para-

types are deposited at the Queen Sirikit Botanic Garden, Chiang

Mai, Thailand.

Nomenclature

This paper and the nomenclatural act it contains have been regis-

tered in Zoobank (www.zoobank.org), the official register of the

International Commission on Zoological Nomenclature. The LSID

(life science identifier) number of the publication is: urn:lsid:

zoobank.org:pub:FF4624CF-9221-4F60-BC40-DA115FE8F264

Simulium (Gomphostilbia) fukudae sp. nov.
(urn:lsid:zoobank.org:act:81331958-5B98-40A7-
88BA-61D1ACEBED21)

Female
Body length 2.0–2.1mm (n¼2).

Head

Slightly narrower than width of thorax. Frons brownish black,

shiny, widely bare, with three to six yellow and dark short hairs

along each lateral margin and one yellow hair on lower median
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portion; frontal ratio 1.5:1.0:2.1 (1.5:1.0:3.1 in paratype female);

frons:head ratio 1.0:5.4 (1.0:6.4 in paratype female). Fronto-ocular

area well developed, narrow, directed dorsolaterally. Clypeus

brownish black, grayish-white pruinose, shiny, moderately covered

with yellow fine short hairs interspersed with several dark longer

hairs on each side of lower portion. Labrum 0.6–0.7 times as long as

clypeus. Antenna composed of scape, pedicel, and nine flagello-

meres, medium to dark brown except scape, pedicel, and little less

than basal half of first flagellomere yellow, and rest of first flagello-

mere light brown, when viewed dorsally (first flagellomere mostly

yellow when viewed ventrally). Maxillary palp composed of five

segments, light to medium brown except first and second segments

dark yellow, proportional lengths of third, fourth, and fifth seg-

ments 1.0:1.2:2.5–2.6; third segment (Fig. 1A) somewhat swollen

apically; sensory vesicle (Fig. 1A) ellipsoidal, 0.2–0.3 times as long

as third segment, with small opening apically. Maxillary lacinia

with 9 or 10 inner and 11–13 outer teeth. Mandible with 19 inner

and 10 or 11 outer teeth. Cibarium (Fig. 1B) medially forming scler-

otized plate folded forward from posterior margin, with moderately

sclerotized medial longitudinal ridge having split apex.

Thorax

Scutum brownish black, markedly shiny, thinly grayish-white pruin-

ose when illuminated anteriorly, faintly with dark longitudinal vit-

tae (one medial and two submedial), moderately covered with

brassy recumbent short hairs interspersed with white recumbent

hairs on shoulders and along lateral margins. Scutellum brownish

black, covered with brassy short hairs and dark-brown long upright

hairs along posterior margin. Postnotum black, shiny, grayish-white

pruinose when viewed at certain angles, and bare. Pleural membrane

Fig. 1. Female of S. (G.) fukudae sp. nov. (A) Third segment of maxillary palp with sensory vesicle (right side; front view). (B) Cibarium (front view). (C) Hind basi-

tarsus and second tarsomere (left side; outer view). (D) Claw. (E) Sternite 8 and ovipositor valve (right side only; ventral view). (F) Genital fork (ventral view).

(G, H) Paraprocts and cerci (G, ventral view; H, lateral view). (I) Spermatheca. Scale bars—0.05mm for C; 0.02mm for A, B, and E–I; 0.01mm for D.
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bare. Katepisternum brownish black, with its length longer than

depth, shiny, moderately covered with dark hairs.

Legs

Foreleg: coxa yellow; trochanter light brown except base yellow;

femur light brown with apical cap medium brown; tibia medium

brown, with extreme base and large medial portion of outer surface

light brown; tibia densely covered with white fine hairs (brightly

shiny in light) on most of outer surface (except apical cap); tarsus

brownish black, with moderate dorsal hair crest; basitarsus moder-

ately dilated, 5.3–5.7 times as long as its greatest width. Midleg:

coxa dark brown; trochanter light brown except base much lighter;

femur light to medium brown, with apical cap medium to dark

brown; tibia light to medium brown except base dark yellow and

apical cap dark brown; tibia densely covered with white fine hairs

(brightly shiny in light) on most of posterior surface (except apical

cap); tarsus medium to dark brown. Hind leg: coxa medium brown;

trochanter yellow; femur medium brown, with apical cap dark

brown; tibia medium brown, with base yellow and apical cap dark

brown to brownish black; tibia densely covered with white fine hairs

(brightly shiny in light) on posterior surface of basal two-thirds; tar-

sus (Fig. 1C) dark brown except basal two-thirds of basitarsus

(though base medium brown) and basal half of second tarsomere

whitish; basitarsus narrow, nearly parallel-sided though slightly nar-

rowed apically, 6.5 times as long as wide, and 0.6 and 0.55 times as

wide as greatest widths of tibia and femur, respectively; calcipala as

long as wide, and nearly half as wide as greatest width of basitarsus.

Claw (Fig. 1D) with large basal tooth 0.48 times as long as claw.

Wing

Length 1.6–1.7mm (n¼2). Costa with dark spinules and hairs.

Subcosta with dark hairs except near apex bare. Hair tuft on stem

vein dark brown. Basal portion of radius fully haired; R1 with dark

spinules and hairs; R2 with hairs only. Basal cell absent.

Abdomen

Basal scale light to medium brown, with fringe of whitish-yellow

hairs. Dorsal surface of abdomen dark brown to brownish black ex-

cept basal half of segment 2 yellow (though tergal plates dark yel-

low), moderately covered with dark short to long hairs; tergites of

segments 2 and 6–9 wide and shiny; ventral surface of segment 2 en-

tirely yellowish, and those of other segments medium to dark

brown; sternal plate on segment 7 undeveloped.

Terminalia

Sternite 8 (Fig. 1E) bare medially, with 11–14 medium-long to long

hairs together with two to five short slender hairs on each side.

Ovipositor valve (Fig. 1E) triangular, with round posteromedial cor-

ners, thin, membranous, moderately covered with microsetae inter-

spersed with one short seta; inner margins nearly straight, slightly

sclerotized, and narrowly separated from each other. Genital fork

(Fig. 1F) of usual inverted-Y form, with arms of moderate width;

arm moderately folded medially. Paraproct in ventral view (Fig. 1G)

bare narrowly along anteromedial margin; anteromedial surface

darkened, with five or six sensilla; paraproct in lateral view (Fig.

1H) somewhat produced ventrally, 0.7 times as long as wide, with

27 or 28 short to long hairs on ventral and lateral surfaces. Cercus

in lateral view (Fig. 1H) short, rounded posteriorly or subquadrate,

0.46 times as long as wide. Spermatheca (Fig. 1I) ellipsoidal, 1.7

times as long as its greatest width, well sclerotized except duct and

small area near juncture with duct unsclerotized, and with many

fissures on outer surface; internal setae absent; both accessory ducts

slender, unpigmented, subequal in diameter to major one.

Male
Body length 2.1–2.2mm (n¼2).

Head

Wider than thorax. Upper eye consisting of large facets in 14 or 15

vertical columns and 15 horizontal rows. Face black, grayish-white

pruinose. Clypeus brownish black, grayish-white pruinose, moder-

ately covered with yellow short hairs interspersed with several dark-

brown longer stout hairs on each side of lower margin. Antenna

composed of scape, pedicel, and nine flagellomeres, medium to dark

brown except scape, pedicel, and base of first flagellomere yellow;

first flagellomere elongate, 1.8–2.0 times as long as second flagello-

mere. Maxillary palp with five segments, light brown except first

and second segments dark yellow, proportional lengths of third,

fourth, and fifth segments 1.0:1.3:2.9; third segment (Fig. 2A) wid-

ened apically; sensory vesicle (Fig. 2A) nearly globular or ellipsoidal,

0.2–0.3 times as long as third segment, and with small opening.

Thorax

Scutum black, with shiny whitish-gray pruinose spot on each shoul-

der, which is connected through whitish-gray pruinose band along

each lateral margin to large whitish-gray pruinose spot on prescutel-

lar area; scutum moderately covered with brassy short hairs; scutel-

lum brownish black, with dark-brown short hairs and dark-brown

long upright hairs along posterior margin. Postnotum brownish

black, whitish pruinose, shiny when illuminated at certain angles,

and bare. Pleural membrane bare. Katepisternum brownish black,

with its length longer than depth, moderately covered with dark

short hairs.

Legs

Foreleg: coxa yellow; trochanter light brown except base yellow;

femur light brown, with apical cap medium brown; tibia medium

brown, with large medial portion of outer surface light brown; tibia

densely covered with white fine hairs (brightly shiny in light) on

most of outer surface (except apical cap); tarsus brownish black,

with moderate dorsal hair crest; basitarsus moderately dilated, 5.6–

6.1 times as long as its greatest width. Midleg: coxa dark brown;

trochanter medium brown except base light brown; femur, tibia,

and tarsus dark brown; tibia without white hair on posterior sur-

face. Hind leg: coxa dark brown; trochanter dark yellow; femur

dark brown, with apical cap brownish black; tibia dark brown to

brownish black; tibia without white hair on posterior surface; tarsus

(Fig. 2B) dark brown except little more than basal half of basitarsus

(though base medium brown) and basal half of second tarsal seg-

ment whitish; basitarsus narrow, nearly parallel-sided, though apical

half slightly narrowed toward apex, 5.6–5.7 times as long as wide,

and 0.5–0.6 and 0.6 times as wide as greatest widths of tibia and

femur, respectively; calcipala (Fig. 2B) as long as wide, and 0.4 times

as wide as greatest width of basitarsus; pedisulcus (Fig. 2B) well

developed.

Wing

Length 1.5–1.6mm. Other features as in female except subcosta

bare.

Journal of Medical Entomology, 2017, Vol. 00, No. 0 3

Abdomen

Basal scale black, with fringe of dark hairs. Dorsal surface of ab-

dominal segments dark brown to brownish black except base of seg-

ment 2 light brown, moderately covered with dark short to long

hairs; segments 2 and 5–7 each with pair of shiny whitish-gray

dorsolateral patches, of which those on segment 2 broadly con-

nected in middle to each other, and those on segments 5–7 narrowly

connected in middle to each other; segment 8 with pair of similar

lateral patches; ventral surface medium brown except most of seg-

ment 2 whitish.

Genitalia

Coxite in ventral view (Fig. 2C) nearly rectangular, 1.8 times as

long as its greatest width. Style in ventral view (Fig. 2C) slender,

tapered toward apex, 0.8 times as long as coxite, gently bent in-

ward, with apical spine; style in ventrolateral view (Fig. 2D)

slightly narrowed from base to apex, with apex appearing trun-

cate. Ventral plate in ventral view (Fig. 2C) with body transverse,

0.6 times as long as wide, widened posteriorly, with anterior

margin produced anteromedially, and posterior margin slightly

concave medially, and densely covered with microsetae on ventral

surface; basal arms of moderate length, nearly parallel-sided,

though convergent apically; ventral plate in lateral view (Fig. 2E)

moderately produced ventrally; ventral plate in end view (Fig. 2F)

rounded ventrally, much wider than height and densely covered

with microsetae on posterior surface. Median sclerite (Fig. 2E, G)

thin, plate-like, wide, and connected to ventral plate far from an-

terior margin. Paramere (Fig. 2H, I) of moderate size, moderately

covered with fine setae on outer surface near base, with three dis-

tinct long and stout hooks and several smaller ones close together

near apex. Aedeagal membrane (Fig. 2J) moderately setose; dorsal

plate not sclerotized. Abdominal segment 10 (Fig. 2K, L) slightly

sclerotized near anterior margin of ventral surface, without dis-

tinct hairs near posterior margin. Cercus (Fig. 2K, L) small, with

20–24 hairs.

Pupa
Body length 2.4–2.5mm (n¼4).

Fig. 2. Male of S. (G.) fukudae sp. nov. (A) Third segment of maxillary palp with sensory vesicle (right side; front view). (B) Hind basitarsus and second tarsomere

(left side; outer view). (C) Coxites, styles, and ventral plate (ventral view). (D) Style (right side; ventrolateral view). (E) Ventral plate and median sclerite (lateral

view). (F) Ventral plate (caudal view). (G) Median sclerite (caudal view). (H, I) Parameres (left side; H, lateral view; I, caudal view). (J) Aedeagal membrane (caudal

view). (K, L) Abdominal segment 10 and cerci (right side; K, lateral view; L, caudal view). Scale bars—0.05mm for B; 0.02mm for A and C–L.
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bare. Katepisternum brownish black, with its length longer than

depth, shiny, moderately covered with dark hairs.

Legs

Foreleg: coxa yellow; trochanter light brown except base yellow;

femur light brown with apical cap medium brown; tibia medium

brown, with extreme base and large medial portion of outer surface

light brown; tibia densely covered with white fine hairs (brightly

shiny in light) on most of outer surface (except apical cap); tarsus

brownish black, with moderate dorsal hair crest; basitarsus moder-

ately dilated, 5.3–5.7 times as long as its greatest width. Midleg:

coxa dark brown; trochanter light brown except base much lighter;

femur light to medium brown, with apical cap medium to dark

brown; tibia light to medium brown except base dark yellow and

apical cap dark brown; tibia densely covered with white fine hairs

(brightly shiny in light) on most of posterior surface (except apical

cap); tarsus medium to dark brown. Hind leg: coxa medium brown;

trochanter yellow; femur medium brown, with apical cap dark

brown; tibia medium brown, with base yellow and apical cap dark

brown to brownish black; tibia densely covered with white fine hairs

(brightly shiny in light) on posterior surface of basal two-thirds; tar-

sus (Fig. 1C) dark brown except basal two-thirds of basitarsus

(though base medium brown) and basal half of second tarsomere

whitish; basitarsus narrow, nearly parallel-sided though slightly nar-

rowed apically, 6.5 times as long as wide, and 0.6 and 0.55 times as

wide as greatest widths of tibia and femur, respectively; calcipala as

long as wide, and nearly half as wide as greatest width of basitarsus.

Claw (Fig. 1D) with large basal tooth 0.48 times as long as claw.

Wing

Length 1.6–1.7mm (n¼2). Costa with dark spinules and hairs.

Subcosta with dark hairs except near apex bare. Hair tuft on stem

vein dark brown. Basal portion of radius fully haired; R1 with dark

spinules and hairs; R2 with hairs only. Basal cell absent.

Abdomen

Basal scale light to medium brown, with fringe of whitish-yellow

hairs. Dorsal surface of abdomen dark brown to brownish black ex-

cept basal half of segment 2 yellow (though tergal plates dark yel-

low), moderately covered with dark short to long hairs; tergites of

segments 2 and 6–9 wide and shiny; ventral surface of segment 2 en-

tirely yellowish, and those of other segments medium to dark

brown; sternal plate on segment 7 undeveloped.

Terminalia

Sternite 8 (Fig. 1E) bare medially, with 11–14 medium-long to long

hairs together with two to five short slender hairs on each side.

Ovipositor valve (Fig. 1E) triangular, with round posteromedial cor-

ners, thin, membranous, moderately covered with microsetae inter-

spersed with one short seta; inner margins nearly straight, slightly

sclerotized, and narrowly separated from each other. Genital fork

(Fig. 1F) of usual inverted-Y form, with arms of moderate width;

arm moderately folded medially. Paraproct in ventral view (Fig. 1G)

bare narrowly along anteromedial margin; anteromedial surface

darkened, with five or six sensilla; paraproct in lateral view (Fig.

1H) somewhat produced ventrally, 0.7 times as long as wide, with

27 or 28 short to long hairs on ventral and lateral surfaces. Cercus

in lateral view (Fig. 1H) short, rounded posteriorly or subquadrate,

0.46 times as long as wide. Spermatheca (Fig. 1I) ellipsoidal, 1.7

times as long as its greatest width, well sclerotized except duct and

small area near juncture with duct unsclerotized, and with many

fissures on outer surface; internal setae absent; both accessory ducts

slender, unpigmented, subequal in diameter to major one.

Male
Body length 2.1–2.2mm (n¼2).

Head

Wider than thorax. Upper eye consisting of large facets in 14 or 15

vertical columns and 15 horizontal rows. Face black, grayish-white

pruinose. Clypeus brownish black, grayish-white pruinose, moder-

ately covered with yellow short hairs interspersed with several dark-

brown longer stout hairs on each side of lower margin. Antenna

composed of scape, pedicel, and nine flagellomeres, medium to dark

brown except scape, pedicel, and base of first flagellomere yellow;

first flagellomere elongate, 1.8–2.0 times as long as second flagello-

mere. Maxillary palp with five segments, light brown except first

and second segments dark yellow, proportional lengths of third,

fourth, and fifth segments 1.0:1.3:2.9; third segment (Fig. 2A) wid-

ened apically; sensory vesicle (Fig. 2A) nearly globular or ellipsoidal,

0.2–0.3 times as long as third segment, and with small opening.

Thorax

Scutum black, with shiny whitish-gray pruinose spot on each shoul-

der, which is connected through whitish-gray pruinose band along

each lateral margin to large whitish-gray pruinose spot on prescutel-

lar area; scutum moderately covered with brassy short hairs; scutel-

lum brownish black, with dark-brown short hairs and dark-brown

long upright hairs along posterior margin. Postnotum brownish

black, whitish pruinose, shiny when illuminated at certain angles,

and bare. Pleural membrane bare. Katepisternum brownish black,

with its length longer than depth, moderately covered with dark

short hairs.

Legs

Foreleg: coxa yellow; trochanter light brown except base yellow;

femur light brown, with apical cap medium brown; tibia medium

brown, with large medial portion of outer surface light brown; tibia

densely covered with white fine hairs (brightly shiny in light) on

most of outer surface (except apical cap); tarsus brownish black,

with moderate dorsal hair crest; basitarsus moderately dilated, 5.6–

6.1 times as long as its greatest width. Midleg: coxa dark brown;

trochanter medium brown except base light brown; femur, tibia,

and tarsus dark brown; tibia without white hair on posterior sur-

face. Hind leg: coxa dark brown; trochanter dark yellow; femur

dark brown, with apical cap brownish black; tibia dark brown to

brownish black; tibia without white hair on posterior surface; tarsus

(Fig. 2B) dark brown except little more than basal half of basitarsus

(though base medium brown) and basal half of second tarsal seg-

ment whitish; basitarsus narrow, nearly parallel-sided, though apical

half slightly narrowed toward apex, 5.6–5.7 times as long as wide,

and 0.5–0.6 and 0.6 times as wide as greatest widths of tibia and

femur, respectively; calcipala (Fig. 2B) as long as wide, and 0.4 times

as wide as greatest width of basitarsus; pedisulcus (Fig. 2B) well

developed.

Wing

Length 1.5–1.6mm. Other features as in female except subcosta

bare.
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Abdomen

Basal scale black, with fringe of dark hairs. Dorsal surface of ab-

dominal segments dark brown to brownish black except base of seg-

ment 2 light brown, moderately covered with dark short to long

hairs; segments 2 and 5–7 each with pair of shiny whitish-gray

dorsolateral patches, of which those on segment 2 broadly con-

nected in middle to each other, and those on segments 5–7 narrowly

connected in middle to each other; segment 8 with pair of similar

lateral patches; ventral surface medium brown except most of seg-

ment 2 whitish.

Genitalia

Coxite in ventral view (Fig. 2C) nearly rectangular, 1.8 times as

long as its greatest width. Style in ventral view (Fig. 2C) slender,

tapered toward apex, 0.8 times as long as coxite, gently bent in-

ward, with apical spine; style in ventrolateral view (Fig. 2D)

slightly narrowed from base to apex, with apex appearing trun-

cate. Ventral plate in ventral view (Fig. 2C) with body transverse,

0.6 times as long as wide, widened posteriorly, with anterior

margin produced anteromedially, and posterior margin slightly

concave medially, and densely covered with microsetae on ventral

surface; basal arms of moderate length, nearly parallel-sided,

though convergent apically; ventral plate in lateral view (Fig. 2E)

moderately produced ventrally; ventral plate in end view (Fig. 2F)

rounded ventrally, much wider than height and densely covered

with microsetae on posterior surface. Median sclerite (Fig. 2E, G)

thin, plate-like, wide, and connected to ventral plate far from an-

terior margin. Paramere (Fig. 2H, I) of moderate size, moderately

covered with fine setae on outer surface near base, with three dis-

tinct long and stout hooks and several smaller ones close together

near apex. Aedeagal membrane (Fig. 2J) moderately setose; dorsal

plate not sclerotized. Abdominal segment 10 (Fig. 2K, L) slightly

sclerotized near anterior margin of ventral surface, without dis-

tinct hairs near posterior margin. Cercus (Fig. 2K, L) small, with

20–24 hairs.

Pupa
Body length 2.4–2.5mm (n¼4).

Fig. 2. Male of S. (G.) fukudae sp. nov. (A) Third segment of maxillary palp with sensory vesicle (right side; front view). (B) Hind basitarsus and second tarsomere

(left side; outer view). (C) Coxites, styles, and ventral plate (ventral view). (D) Style (right side; ventrolateral view). (E) Ventral plate and median sclerite (lateral

view). (F) Ventral plate (caudal view). (G) Median sclerite (caudal view). (H, I) Parameres (left side; H, lateral view; I, caudal view). (J) Aedeagal membrane (caudal

view). (K, L) Abdominal segment 10 and cerci (right side; K, lateral view; L, caudal view). Scale bars—0.05mm for B; 0.02mm for A and C–L.
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Head

Integument yellow, moderately covered with small round tubercles

on frons and posterior part of each lateral surface, but bare on an-

tennal sheath and on ventral surface of face; antennal sheath with-

out any protuberances; frons with three unbranched long trichomes

with straight or coiled apices on each side (Fig. 3A), all arising close

together, subequal in length to one another; face with one

unbranched long trichome with straight or coiled apex on each side

(Fig. 3B).

Thorax

Integument yellow, moderately covered with round tubercles, with

three long anterodorsal trichomes with coiled apices (though

Fig. 3. Pupa of S. (G.) fukudae sp. nov. (A) Frontal trichome. (B) Facial trichome. (C–F) Thoracic trichomes (C, anterodorsal; D anterolateral; E, mediolateral; F

ventrolateral). (G) Gill filaments (right side; dorsal view). (H) Anterior part of thorax and basal portion of gill (right side; outer view). (I) Hair-like seta on dorsal sur-

face of abdominal segment 1. (J) Minute seta near anterior margin of dorsal surface of abdominal segment 2. (K) Hair-like seta and minute seta near posterior

margin of dorsal surface of abdominal segment 2. (L) Terminal hooks (caudal view). (M) Hooklet and minute seta on ventral surface of abdominal segment 4. (N,

O) Cocoons (N, dorsal view; O, lateral view). Scale bars—1.0mm for N and O; 0.1mm for G and H; 0.02mm for A–F and I, K and L; 0.01mm for J and M.
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posterior trichome much shorter; Fig. 3C), two long anterolateral

trichomes (anterior trichome with straight apex, posterior one with

straight or coiled apex; Fig. 3D), one medium-long mediolateral

trichome with straight apex (Fig. 3E), and three ventrolateral tri-

chomes with straight apices (one medium-long, two short; Fig. 3F)

on each side; all trichomes unbranched. Gill (Fig. 3G, H) composed

of six slender thread-like filaments, much longer than pupal body,

arranged as (2þ2)þ2 from dorsal to ventral (one pair dorsal inner,

one pair dorsal outer, and one pair ventral), with somewhat swollen

transparent basal fenestra ventrally; common basal stalk short, 0.5–

0.7 times length of interspiracular trunk; stalk of ventral pair

medium-long, 0.9–1.0 times length of interspiracular trunk; com-

mon stalk of dorsal inner and dorsal outer pairs short, 0.3–0.9 times

length of common basal stalk; stalks of dorsal inner and dorsal outer

pairs nearly horizontal and short, 0.8–1.8 and 1.3–2.6 times length

of their common stalk, respectively; common stalk of dorsal inner

and dorsal outer pairs lying against that of ventral pair at angle of

40–60 degrees when viewed laterally; all filaments light brown,

gradually tapered toward apex, subequal in length (lengths includ-

ing their own stalks and common basal stalk 2.4–3.0mm, though

two filaments of ventral pair and one of dorsal inner pair slightly

longer than others) and thickness to one another; cuticle of all fila-

ments mostly smooth, though annular ridges and furrows present at

irregular intervals on basal portions, and densely covered with mi-

nute tubercles.

Abdomen

Dorsally, unpigmented except segments 1, 2, and 9 light yellow; seg-

ment 1 with one unbranched, slender medium-long hair-like seta

(Fig. 3I) on each side; segment 2 with one minute seta (Fig. 3J) sub-

medially near anterior margin, and one unbranched slender

medium-long hair-like seta and five minute setae (Fig. 3K) near pos-

terior margin, on each side; segments 3 and 4 each with one minute

seta (similar to Fig. 3J) submedially near anterior margin, four

hooked spines and one minute seta near posterior margin, on each

side; segment 5 without spine-combs in transverse row and comb-

like groups of minute spines on each side; segments 6–9 each with

spine-combs in transverse row and comb-like groups of minute

spines on each side; segment 5 with four minute setae near posterior

margin on each side; segments 6–8 each with one minute seta near

posterior margin on each side; segment 9 with pair of conical ter-

minal hooks (Fig. 3L). Ventrally, segment 4 with one unbranched

hook (nearly as long as those on segments 5–7) and few minute setae

(Fig. 3M) on each side; segment 5 with pair of bifid hooks subme-

dially and few minute setae on each side; segments 6 and 7 each

with pair of bifid inner and unbranched outer hooks somewhat

spaced from each other and few minute setae on each side; segments

4–8 each with comb-like groups of minute spines. Each side of seg-

ment 9 with three grapnel-shaped hooklets.

Cocoon (Fig. 3N, O)
Wall-pocket-shaped, moderately woven; anterodorsal margin widely

produced as short projection; posterior two-thirds with floor moder-

ately woven; individual threads visible; 3.0mm long by 1.3mm wide.

Mature Larva
Body length 4.3–4.6mm (n¼ ). Body reddish brown except most of

lateral surface of thoracic segments 2 and 3, intersegmental areas

from thoracic segment 3 to abdominal segment 5, and ventral sur-

face of abdominal segments 8 and 9 unpigmented.

Head
Cephalic apotome light brown, moderately covered with minute

unpigmented setae; head spots obscure, though anterior and poster-

ior mediolongitudinal spots faintly positive and mediolateral and

posterolateral spots often faintly negative. Lateral surface of head

capsule light brown except eye-spot region whitish and anterior one-

third to one-fourth yellow; spots obscure, though one small round

spot below eye-spot region faintly positive in two larvae. Ventral

surface of head capsule (Fig. 4C) light brown though anterior one-

fourth yellow; transverse spot on each side of postgenal cleft ob-

scure. Antenna composed of three articles and apical sensillum,

somewhat longer than stem of labral fan; proportional lengths of

first, second, and third articles 1.0:0.8:0.9–1.0. Labral fan with 40–

45 main rays. Mandible (Fig. 4A) with three comb-teeth decreasing

in length from first to third; mandibular serration composed of two

Fig. 4. Larva of S. (G.) fukudae sp. nov. (A) Mandible. (B) Hypostoma. (C) Head capsule showing postgenal cleft (ventral view). (D) Dark multibranched setae on

dorsal surface of abdominal segment 8. Scale bars—0.05mm for C; 0.02mm for A, B, and D.
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Head

Integument yellow, moderately covered with small round tubercles

on frons and posterior part of each lateral surface, but bare on an-

tennal sheath and on ventral surface of face; antennal sheath with-

out any protuberances; frons with three unbranched long trichomes

with straight or coiled apices on each side (Fig. 3A), all arising close

together, subequal in length to one another; face with one

unbranched long trichome with straight or coiled apex on each side

(Fig. 3B).

Thorax

Integument yellow, moderately covered with round tubercles, with

three long anterodorsal trichomes with coiled apices (though

Fig. 3. Pupa of S. (G.) fukudae sp. nov. (A) Frontal trichome. (B) Facial trichome. (C–F) Thoracic trichomes (C, anterodorsal; D anterolateral; E, mediolateral; F

ventrolateral). (G) Gill filaments (right side; dorsal view). (H) Anterior part of thorax and basal portion of gill (right side; outer view). (I) Hair-like seta on dorsal sur-

face of abdominal segment 1. (J) Minute seta near anterior margin of dorsal surface of abdominal segment 2. (K) Hair-like seta and minute seta near posterior

margin of dorsal surface of abdominal segment 2. (L) Terminal hooks (caudal view). (M) Hooklet and minute seta on ventral surface of abdominal segment 4. (N,

O) Cocoons (N, dorsal view; O, lateral view). Scale bars—1.0mm for N and O; 0.1mm for G and H; 0.02mm for A–F and I, K and L; 0.01mm for J and M.
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posterior trichome much shorter; Fig. 3C), two long anterolateral

trichomes (anterior trichome with straight apex, posterior one with

straight or coiled apex; Fig. 3D), one medium-long mediolateral

trichome with straight apex (Fig. 3E), and three ventrolateral tri-

chomes with straight apices (one medium-long, two short; Fig. 3F)

on each side; all trichomes unbranched. Gill (Fig. 3G, H) composed

of six slender thread-like filaments, much longer than pupal body,

arranged as (2þ2)þ2 from dorsal to ventral (one pair dorsal inner,

one pair dorsal outer, and one pair ventral), with somewhat swollen

transparent basal fenestra ventrally; common basal stalk short, 0.5–

0.7 times length of interspiracular trunk; stalk of ventral pair

medium-long, 0.9–1.0 times length of interspiracular trunk; com-

mon stalk of dorsal inner and dorsal outer pairs short, 0.3–0.9 times

length of common basal stalk; stalks of dorsal inner and dorsal outer

pairs nearly horizontal and short, 0.8–1.8 and 1.3–2.6 times length

of their common stalk, respectively; common stalk of dorsal inner

and dorsal outer pairs lying against that of ventral pair at angle of

40–60 degrees when viewed laterally; all filaments light brown,

gradually tapered toward apex, subequal in length (lengths includ-

ing their own stalks and common basal stalk 2.4–3.0mm, though

two filaments of ventral pair and one of dorsal inner pair slightly

longer than others) and thickness to one another; cuticle of all fila-

ments mostly smooth, though annular ridges and furrows present at

irregular intervals on basal portions, and densely covered with mi-

nute tubercles.

Abdomen

Dorsally, unpigmented except segments 1, 2, and 9 light yellow; seg-

ment 1 with one unbranched, slender medium-long hair-like seta

(Fig. 3I) on each side; segment 2 with one minute seta (Fig. 3J) sub-

medially near anterior margin, and one unbranched slender

medium-long hair-like seta and five minute setae (Fig. 3K) near pos-

terior margin, on each side; segments 3 and 4 each with one minute

seta (similar to Fig. 3J) submedially near anterior margin, four

hooked spines and one minute seta near posterior margin, on each

side; segment 5 without spine-combs in transverse row and comb-

like groups of minute spines on each side; segments 6–9 each with

spine-combs in transverse row and comb-like groups of minute

spines on each side; segment 5 with four minute setae near posterior

margin on each side; segments 6–8 each with one minute seta near

posterior margin on each side; segment 9 with pair of conical ter-

minal hooks (Fig. 3L). Ventrally, segment 4 with one unbranched

hook (nearly as long as those on segments 5–7) and few minute setae

(Fig. 3M) on each side; segment 5 with pair of bifid hooks subme-

dially and few minute setae on each side; segments 6 and 7 each

with pair of bifid inner and unbranched outer hooks somewhat

spaced from each other and few minute setae on each side; segments

4–8 each with comb-like groups of minute spines. Each side of seg-

ment 9 with three grapnel-shaped hooklets.

Cocoon (Fig. 3N, O)
Wall-pocket-shaped, moderately woven; anterodorsal margin widely

produced as short projection; posterior two-thirds with floor moder-

ately woven; individual threads visible; 3.0mm long by 1.3mm wide.

Mature Larva
Body length 4.3–4.6mm (n¼ ). Body reddish brown except most of

lateral surface of thoracic segments 2 and 3, intersegmental areas

from thoracic segment 3 to abdominal segment 5, and ventral sur-

face of abdominal segments 8 and 9 unpigmented.

Head
Cephalic apotome light brown, moderately covered with minute

unpigmented setae; head spots obscure, though anterior and poster-

ior mediolongitudinal spots faintly positive and mediolateral and

posterolateral spots often faintly negative. Lateral surface of head

capsule light brown except eye-spot region whitish and anterior one-

third to one-fourth yellow; spots obscure, though one small round

spot below eye-spot region faintly positive in two larvae. Ventral

surface of head capsule (Fig. 4C) light brown though anterior one-

fourth yellow; transverse spot on each side of postgenal cleft ob-

scure. Antenna composed of three articles and apical sensillum,

somewhat longer than stem of labral fan; proportional lengths of

first, second, and third articles 1.0:0.8:0.9–1.0. Labral fan with 40–

45 main rays. Mandible (Fig. 4A) with three comb-teeth decreasing

in length from first to third; mandibular serration composed of two

Fig. 4. Larva of S. (G.) fukudae sp. nov. (A) Mandible. (B) Hypostoma. (C) Head capsule showing postgenal cleft (ventral view). (D) Dark multibranched setae on

dorsal surface of abdominal segment 8. Scale bars—0.05mm for C; 0.02mm for A, B, and D.
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teeth (one medium-sized and one small); major tooth at acute angle

against mandible on apical side; supernumerary serrations absent.

Hypostoma (Fig. 4B) with row of nine apical teeth; median tooth

most prominent, slightly longer than each corner tooth, and three

intermediate teeth on each side shortest; lateral margin smooth; five

hypostomal bristles per side, lying parallel to lateral margin.

Postgenal cleft (Fig. 4C) deep, 11–12 times as long as postgenal

bridge, moderately constricted basally, widest medially, and

rounded apically. Cervical sclerite composed of two small light-

brown rod-like pieces, not fused to occiput, widely separated medi-

ally from each other. Cuticle of thorax and abdominal segments 1–4

moderately covered with dark, minute branched setae each with

four to seven branches, and cuticle of abdominal segments 5–9 mod-

erately or densely covered with dark, branched minute setae each

with 6–10 branches (Fig. 4D) on dorsal and dorsolateral surfaces;

cuticle of abdominal segment 9 also densely covered with un-

branched, colorless minute setae on each side of anal sclerite. Rectal

scales absent. Rectal papillae compound, each of three lobes with 8–

11 finger-like secondary lobules. Anal sclerite of usual X-form, with

anterior arms 0.9 times length of posterior ones, broadly sclerotized

at base; accessory sclerite absent; basal juncture area with no sen-

silla. Last abdominal segment expanded ventrolaterally forming

double bulges on each side, visible as large conical ventral papilla

when viewed from side. Posterior circlet with 95 rows of up to 15 or

16 hooklets per row.

Type Material
Holotype female (with associated pupal exuviae and cocoon) reared

from pupa, collected from a moderately flowing stream (width 3 m,

depth 5 cm, bottom sandy and rocky, temperature 21.7�C, pH 4.71,

partially shaded, elevation 337 m, 24� 23026.400 N, 103� 51050.800 E),
Along Korn waterfall, Sang ka District, Surin Province, Thailand,

2-I-2017, by W. Srisuka. Paratypes: One female, two males (all with

associated pupal exuviae and cocoons), and three mature larvae,

same data as those of the holotype; nine mature larvae, same data as

those of the holotype except 29-XI-2016, by S. Suriya.

Biological Notes
The pupae and larvae of this new species were collected from grasses

trailing in the water. Associated species was S. (G.) sp. (nr. S. angu-

listylum Takaoka & Davies).

Etymology
The species name fukudae is in honor of Dr. Masako Fukuda, Oita

University, Japan, for her excellent experimental and molecular

studies of zoonoticOnchocerca species and vector black flies in rela-

tion to zoonotic onchocerciasis in Japan, and her pioneer studies of

natural infections of black flies with filariae in Thailand.

Remarks
Simulium (G.) fukudae sp. nov. is readily assigned to the S. batoense

species-group within the subgenus Gomphostilbia by having the

adult antenna with nine flagellomeres, pleural membrane bare, adult

hind tibiae mostly dark, and male hind basitarsus not enlarged

(Fig. 2B).

This new species is similar to S. (G.) sextuplum from Peninsular

Malaysia (Takaoka and Davies 1995) and S. (G.) paukatense from

Sarawak, Malaysia (Takaoka 2008), both of the S. sextuplum sub-

group, in having the female frons almost bare, pupal gill with six

slender filaments (Fig. 3G), cocoon with a short anterodorsal bulge

or projection (Fig. 3N, O), larval body with reddish-brown bands

and covered with dark multibranched setae (Fig. 4D), and deep lar-

val postgenal cleft (Fig. 4C).

However, this new species is distinguished from S. (G.) sextu-

plum, of which the male is unknown, by the following characters

(those of S. (G.) sextuplum in parentheses): length ratio of the fe-

male sensory vesicle (Fig. 1A) against the third maxillary palpal seg-

ment 0.2–0.3 (0.4), stalks of the dorsal inner and dorsal outer pairs

of filaments (Fig. 3H) 0.4–0.9 times as long as the interspiracular

trunk (1.1 times), stalk of the ventral pair of filaments 0.9–1.0 times

as long as the interspiracular trunk (1.5 times), and larval posterior

circlet with 95 rows of hooklets (about 62 rows of hooklets).

This new species is indistinguishable in the female from S. (G.)

paukatense but is distinguished in the male by the number of upper-

eye large facets in 14 or 15 vertical columns and 15 horizontal rows

(in 17 or 18 vertical columns and 16 or 17 horizontal rows in S. (G.)

paukatense), and ventral plate with its body widened posteriorly

(nearly parallel-sided in S. (G.) paukatense); in the pupa by the short

stalks of the dorsal inner and dorsal outer pairs of filaments (Fig.

3H), which are 0.4–0.9 times as long as the interspiracular trunk

(1.6–2.0 times in S. (G) paukatense), and stalk of the ventral pair of

filaments (Fig. 3H), which is 0.9–1.0 times as long as the interspirac-

ular trunk (1.6 times in S. (G.) paukatense); and in the larva by the

labral fan with 40–45 primary rays (34–38 primary rays in S. (G.)

paukatense) and posterior circlet with 95 rows of hooklets (68–74

rows of hooklets in S. (G.) paukatense).

The males of this new species and S. (G.) paukatense are unique

among the subgenus Gomphostilbia in that their parameres are

moderately covered with minute setae on the outer surface (Fig.

2H). This rare character was reported for Simulium (G.) tam-

daoense Takaoka, Sofian-Azirun & Ya’cob from Vietnam (Takaoka

et al. 2014), Simulium (Simulium) dumogaense Takaoka and

Roberts and Simulium (S.) tumpaense Takaoka and Roberts, both

from Sulawesi, Indonesia (Takaoka 2003).

This new species is the first record of the S. sextuplum subgroup

from Thailand.
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teeth (one medium-sized and one small); major tooth at acute angle

against mandible on apical side; supernumerary serrations absent.

Hypostoma (Fig. 4B) with row of nine apical teeth; median tooth

most prominent, slightly longer than each corner tooth, and three

intermediate teeth on each side shortest; lateral margin smooth; five

hypostomal bristles per side, lying parallel to lateral margin.

Postgenal cleft (Fig. 4C) deep, 11–12 times as long as postgenal

bridge, moderately constricted basally, widest medially, and

rounded apically. Cervical sclerite composed of two small light-

brown rod-like pieces, not fused to occiput, widely separated medi-

ally from each other. Cuticle of thorax and abdominal segments 1–4

moderately covered with dark, minute branched setae each with

four to seven branches, and cuticle of abdominal segments 5–9 mod-

erately or densely covered with dark, branched minute setae each

with 6–10 branches (Fig. 4D) on dorsal and dorsolateral surfaces;

cuticle of abdominal segment 9 also densely covered with un-

branched, colorless minute setae on each side of anal sclerite. Rectal

scales absent. Rectal papillae compound, each of three lobes with 8–

11 finger-like secondary lobules. Anal sclerite of usual X-form, with

anterior arms 0.9 times length of posterior ones, broadly sclerotized

at base; accessory sclerite absent; basal juncture area with no sen-

silla. Last abdominal segment expanded ventrolaterally forming

double bulges on each side, visible as large conical ventral papilla

when viewed from side. Posterior circlet with 95 rows of up to 15 or

16 hooklets per row.

Type Material
Holotype female (with associated pupal exuviae and cocoon) reared

from pupa, collected from a moderately flowing stream (width 3 m,

depth 5 cm, bottom sandy and rocky, temperature 21.7�C, pH 4.71,

partially shaded, elevation 337 m, 24� 23026.400 N, 103� 51050.800 E),
Along Korn waterfall, Sang ka District, Surin Province, Thailand,

2-I-2017, by W. Srisuka. Paratypes: One female, two males (all with

associated pupal exuviae and cocoons), and three mature larvae,

same data as those of the holotype; nine mature larvae, same data as

those of the holotype except 29-XI-2016, by S. Suriya.

Biological Notes
The pupae and larvae of this new species were collected from grasses

trailing in the water. Associated species was S. (G.) sp. (nr. S. angu-

listylum Takaoka & Davies).

Etymology
The species name fukudae is in honor of Dr. Masako Fukuda, Oita

University, Japan, for her excellent experimental and molecular

studies of zoonoticOnchocerca species and vector black flies in rela-

tion to zoonotic onchocerciasis in Japan, and her pioneer studies of

natural infections of black flies with filariae in Thailand.

Remarks
Simulium (G.) fukudae sp. nov. is readily assigned to the S. batoense

species-group within the subgenus Gomphostilbia by having the

adult antenna with nine flagellomeres, pleural membrane bare, adult

hind tibiae mostly dark, and male hind basitarsus not enlarged

(Fig. 2B).

This new species is similar to S. (G.) sextuplum from Peninsular

Malaysia (Takaoka and Davies 1995) and S. (G.) paukatense from

Sarawak, Malaysia (Takaoka 2008), both of the S. sextuplum sub-

group, in having the female frons almost bare, pupal gill with six

slender filaments (Fig. 3G), cocoon with a short anterodorsal bulge

or projection (Fig. 3N, O), larval body with reddish-brown bands

and covered with dark multibranched setae (Fig. 4D), and deep lar-

val postgenal cleft (Fig. 4C).

However, this new species is distinguished from S. (G.) sextu-

plum, of which the male is unknown, by the following characters

(those of S. (G.) sextuplum in parentheses): length ratio of the fe-

male sensory vesicle (Fig. 1A) against the third maxillary palpal seg-

ment 0.2–0.3 (0.4), stalks of the dorsal inner and dorsal outer pairs

of filaments (Fig. 3H) 0.4–0.9 times as long as the interspiracular

trunk (1.1 times), stalk of the ventral pair of filaments 0.9–1.0 times

as long as the interspiracular trunk (1.5 times), and larval posterior

circlet with 95 rows of hooklets (about 62 rows of hooklets).

This new species is indistinguishable in the female from S. (G.)

paukatense but is distinguished in the male by the number of upper-

eye large facets in 14 or 15 vertical columns and 15 horizontal rows

(in 17 or 18 vertical columns and 16 or 17 horizontal rows in S. (G.)

paukatense), and ventral plate with its body widened posteriorly

(nearly parallel-sided in S. (G.) paukatense); in the pupa by the short

stalks of the dorsal inner and dorsal outer pairs of filaments (Fig.

3H), which are 0.4–0.9 times as long as the interspiracular trunk

(1.6–2.0 times in S. (G) paukatense), and stalk of the ventral pair of

filaments (Fig. 3H), which is 0.9–1.0 times as long as the interspirac-

ular trunk (1.6 times in S. (G.) paukatense); and in the larva by the

labral fan with 40–45 primary rays (34–38 primary rays in S. (G.)

paukatense) and posterior circlet with 95 rows of hooklets (68–74

rows of hooklets in S. (G.) paukatense).

The males of this new species and S. (G.) paukatense are unique

among the subgenus Gomphostilbia in that their parameres are

moderately covered with minute setae on the outer surface (Fig.

2H). This rare character was reported for Simulium (G.) tam-

daoense Takaoka, Sofian-Azirun & Ya’cob from Vietnam (Takaoka

et al. 2014), Simulium (Simulium) dumogaense Takaoka and

Roberts and Simulium (S.) tumpaense Takaoka and Roberts, both

from Sulawesi, Indonesia (Takaoka 2003).

This new species is the first record of the S. sextuplum subgroup

from Thailand.
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Two New Species of the Simulium (Simulium) variegatum

Species-Group of Black Flies (Diptera: Simuliidae) From

Thailand

Hiroyuki Takaoka,1,2 Wichai Srisuka,3 and Atiporn Saeung4

1Institute of Biological Sciences, Faculty of Science, University of Malaya, Kuala Lumpur 50603, Malaysia (takaoka@oita-u.ac.jp),
2Corresponding author, e-mail address: takaoka@oita-u.ac.jp, 3Entomology Section, Queen Sirikit Botanic Garden, PO Box 7,

Chiang Mai 50180, Thailand (wsrisuka@gmail.com), and 4Department of Parasitology, Faculty of Medicine, Chiang Mai University,

Chiang Mai 50200, Thailand (atisaeung.noi@gmail.com)

Subject Editor: Richard Wilkerson

Received 20 February 2017; Editorial decision 17 March 2017

Abstract

Two new species of black flies, Simulium (Simulium) srisukai and S. (S.) kiewmaepanense, are described from

specimens collected in Thailand. Both species are assigned to the Simulium variegatum species-group of the sub-

genus Simulium (Simulium) Latreille. They are characterized by the darkened female femora and tibiae and six in-

flated pupal gill filaments, and the darkened female tibiae and six ordinary thread-like pupal gill filaments, respec-

tively. Taxonomic notes are given to separate these new species from 10 related species among the group. These

new species represent the third and fourth species of the S. variegatum species-group from Thailand.

Key words: black fly, Simulium, Simuliidae, Thailand, new species

The Simulium variegatum species-group is the largest taxon among 25

species-groups of Simulium (Simulium) Latreille, consisting of 52 spe-

cies, of which 24 species are recorded only in the Palaearctic Region

and 23 only in the Oriental Region, with five species in both regions

(Adler and Crosskey 2016). Simulium (S.) oitanum (Shiraki), one of

the common species of this group in Japan, was reported to be a natu-

ral vector of Onchocerca sp. of cattle (Takaoka et al. 1992), and to be

a potential vector of four zoonotic Onchocerca species: O. dewittei ja-

ponica Uni, Bain & Takaoka of wild boar (a causative parasite of zoo-

notic onchocerciasis in Japan), O. takaokai Uni, Fukuda & Bain of

wild boar, O. skrjabini Rukhlyadev, and O. eberhardi Uni & Bain of

deer (Fukuda et al. 2008).

In Thailand, 89 species of black flies are known, of which only

two species, S. (S.) chamlongi Takaoka & Suzuki and S. (S.) barnesi

Takaoka & Suzuki, are placed in the S. variegatum species-group

(Adler and Crosskey 2016, Takaoka and Saeung 2016). Simulium (S.)

chamlongi was reported to be a human biter (Choochote et al. 2005).

We surveyed pupae and larvae of black flies in Tak and Chiang

Mai Provinces, Thailand, and collected two more species of this

group. They are similar to each other by having the darkened female

tibiae but are distinguished by the different form of the pupal gill fil-

aments. These two species are described as new based on adults, pu-

pae, and mature larvae.

The methods of description and illustration, and terms for mor-

phological features used here, follow those of Takaoka (2003) and

partially those of Adler et al. (2004).

The holotypes and paratypes are deposited at the Queen Sirikit

Botanic Garden, Chiang Mai, Thailand.

Nomenclature

This paper and the nomenclatural acts it contains have been registered

in Zoobank (www.zoobank.org), the official register of the

International Commission on Zoological Nomenclature. The LSID

(Life Science Identifier) number of the publication is: urn:lsid:

zoobank.org:pub:8CFE33DA-154C-44AC-A5D7-98D303E75BD2

Simulium (Simulium) srisukai Takaoka & Saeung
sp. nov.

(urn:lsid:zoobank.org:act:E063E91A-52ED-48C2-8A8C-

4FFF2578560E

Female
Body length 3.1 mm.

Head

Narrower than thorax. Frons black, shiny, with several dark long

stout hairs along each lateral margin; frontal ratio 1.2–1.4:1.0:1.2–

1.3; frons:head ratio 1.0:3.8–3.9. Fronto-ocular area well devel-

oped, short, directed laterally and slightly upward. Clypeus black,

VC The Authors 2017. Published by Oxford University Press on behalf of Entomological Society of America.

All rights reserved. For Permissions, please email: journals.permissions@oup.com

Version of Record, first published online May 15, 2017 with fixed content and layout in compliance with Art. 8.1.3.2 ICZN. 1213

Journal of Medical Entomology, 54(5), 2017, 1213–1223

doi: 10.1093/jme/tjx080

Advance Access Publication Date: 15 May 2017

Research article

Downloaded from https://academic.oup.com/jme/article-abstract/54/5/1213/3810957
by Faculty of Medicine, Chiang Mai University user
on 20 June 2018

Deleted Text: ; 
http://www.zoobank.org
Deleted Text: . 
Deleted Text:  
Deleted Text: . 
http://www.oxfordjournals.org/


white pruinose, slightly shiny when illuminated at certain angles,

moderately covered with dark brown long stout hairs except upper

area near dorsal margin somewhat widely bare. Labrum 0.6–0.7

times as long as clypeus. Antenna composed of scape, pedicel, and

nine flagellomeres, medium to dark brown except scape, pedicel and

base of first flagellomere yellow when viewed dorsally (first flagello-

mere dark yellow to light brown except base yellow when viewed

ventrally). Maxillary palp with five segments, grayish brown except

anterior surface of segment 1 yellow and segment 3 dark brown;

proportional lengths of third, fourth, and fifth segments 1.0:1.1–

1.3:2.2–2.7; third segment (Fig. 1A) of normal size; sensory vesicle

(Fig. 1A) of moderate size, (0.3–0.4 times length of third segment)

having opening of moderate size. Maxillary lacinia with 12–17 inner

and 16 or 17 outer teeth. Mandible with 27–34 inner and 13 or 14

outer teeth. Cibarium (Fig. 1B) with blunt median process on poste-

rior margin and with 40–60 minute tubercles near base of median

process.

Thorax

Scutum black, gray pruinose along lateral margins, shiny when illu-

minated at certain angles, densely covered with golden-yellow re-

cumbent short hairs interspersed with dark brown short upright

hairs near anterior margin, and several dark brown long upright

hairs on prescutellar area. Scutellum brownish black to black, cov-

ered with dark brown upright long hairs and golden-yellow short

hairs. Postnotum brownish black to dark, and bare. Pleural mem-

brane bare. Katepisternum longer than deep, brownish black, shiny

when illuminated at certain angles and bare.

Legs

Foreleg: coxa and trochanter yellow; femur light brown (or yellow

or dark yellow on basal one-fourth or little more in some females)

except apical cap medium brown, though inner surface widely yel-

lowish; tibia dark brown to brownish black with median portion

widely white, with shiny sheen widely on outer surface when illumi-

nated at certain angles; tarsus black, with moderate dorsal hair crest;

basitarsus greatly dilated, 5.4 times as long as its greatest width.

Midleg: coxa brownish black; trochanter yellow except outer sur-

face of apical half light brown; femur yellow on basal one-third to

half, medium brown to brownish black on rest on outer surface, and

light to medium brown except basal one-fifth to one-third yellow

and apical cap brownish black on inner surface; tibia light brown

except base whitish yellow and apical cap dark brown, though whit-

ish yellow on basal half on posterior surface; tibia with shiny sheen

on posterior surface when illuminated at certain angles; tarsus dark

brown except basal two-thirds of basitarsus yellow. Hind leg: coxa

brownish black; trochanter yellow; femur medium to dark brown

except basal two-fifths yellow and apical cap brownish black; tibia

(Fig. 1C) medium to dark brown except base and narrow area on

basal half along posterior margin yellow and apical cap brownish

black, though basal half yellow on posterior surface, with shiny

sheen on posterior surface when illuminated at certain angles; tarsus

brownish black except basal two-thirds of basitarsus and basal half

of second tarsomere yellow; basitarsus (Fig. 1D) nearly parallel-

sided, 6.4 times as long as wide, and 0.6–0.7 and 0.5 times as wide

as greatest widths of hind tibia and femur, respectively; calcipala

(Fig. 1D) moderately developed, slightly shorter than basal width,

and 0.5 times as wide as basitarsus; pedisulcus (Fig. 1D) well devel-

oped; claw (Fig. 1E) with small subbasal tooth.

Wing

Length 2.9 mm. Costa with dark spinules and hairs; subcosta haired

except near apex bare; basal section of radius bare; R1 with dark spi-

nules and hairs; R2 with hairs; hair tuft on base of radial vein dark

brown; basal cell absent.

Halter

White with basal portion darkened.

Abdomen

Basal scale light brown, with fringe of pale long hairs. Dorsal sur-

face of abdomen dark brown except tergite of segment 2 light to me-

dium brown, with short dark hairs; tergite 2 shiny, white iridescent

when illuminated at certain angles, and tergites 6–9 shiny; ventral

surface of segment 2 whitish, those of segments 3 and 4 yellowish

and those of others light brown except sternites 7 and 8 dark brown;

segment 7 with median large sternal plate having numerous hairs.

Terminalia

Sternite 8 (Fig. 1F) bare medially, with 18–26 dark medium-long to

long stout hairs and two to five yellow short to medium-long hairs

on each lateral surface. Ovipositor valves (Fig. 1F) wide, with post-

eromedial apices pointed anteromedially, each densely covered with

microsetae and 23–29 dark brown short to medium-long hairs and

three to eight yellow short hairs, although small area of posterome-

dial apex bare; inner margins widely concave and darkened except

near apex unpigmented. Genital fork (Fig. 1G) of inverted-Y form,

with narrow, well sclerotized stem; arms of moderate width, each

with distinct short projection directed anterodorsally. Paraproct in

ventral view (Fig. 1H) oblong, widely unpigmented and depressed

on ventral surface; paraproct in lateral view (Fig. 1I) somewhat pro-

truded ventrally beyond ventral margin of cercus, 0.9 times as long

as wide, with 41–46 short to medium-long hairs on lateral and ven-

tral surfaces; anteromedial surface somewhat darkened, with 10 –12

short sensilla. Cercus in lateral view (Fig. 1I) short, rounded posteri-

orly, 0.5 times as long as wide, and with numerous short to

medium-long hairs. Spermatheca (Fig. 1J) large, nearly ovoid, 1.2

times as long as wide, well sclerotized except portion of juncture

with duct unsclerotized, with faintly defined reticulate patterns near

base on outer surface, and with internal setae; accessory ducts sub-

equal in thickness to each other, and to major duct.

Male
Body length 3.3–3.6 mm

Head

Slightly wider than thorax. Upper eye medium brown, consisting of

large facets in 24–26 vertical columns and in 24–26 horizontal

rows. Clypeus black, thickly white pruinose, moderately covered

with dark brown hairs. Antenna composed of scape, pedicel and

nine flagellomeres, dark brown except base of first flagellomere light

brown; first flagellomere elongate, 1.6 times as long as second one.

Maxillary palp medium brown, composed of five segments with

proportional lengths of third, fourth, and fifth segments 1.0:1.1–

1.3:2.7–2.8; third segment (Fig. 2A) of moderate size, with apex

somewhat produced inward; sensory vesicle (Fig. 2A) small (0.2–0.3

times length of third segment), ellipsoidal, and with small opening.
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Fig. 1. Female of Simulium (Simulium) srisukai sp. nov. (A) Third segment of maxillary palp with sensory vesicle (right side; front view). (B) Cibarium (front view).

(C) Hind tibia (left side; outer view). (D) Hind basitarsus and second tarsomere (left side; outer view). (E) Claw. (F) Sternite 8 and ovipositor valve (right side only;

ventral view). (G) Genital fork (ventral view). (H) & (I) Paraprocts and cerci (H, ventral view; I, lateral view). (J) Spermatheca. Scale bars. 0.1 mm for C and D;

0.02 mm for A, B and E–J.
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Fig. 2. Male of Simulium (Simulium) srisukai sp. nov. (A) Third segment of maxillary palp with sensory vesicle (right side; front view). (B) Hind basitarsus and sec-

ond tarsomere (left side; outer view). (C) Coxites, styles, and ventral plate (ventral view). (D) & (E) Styles (right side; D, ventrolateral view; E, medial view).

(F) Ventral plate and median sclerite (lateral view). (G) Ventral plate (caudal view). (H) Median sclerite (caudal view). (I) Paramere (left side; caudal view).

(J) Aedeagal membrane (left half; caudal view). (K) Dorsal plate (caudal view). (L) & (M) Abdominal segment 10 and cerci (right side; L, lateral view; M, caudal

view). Scale bars. 0.1 mm for B; 0.02 mm for A and C–M.
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Thorax

Scutum black, with white pruinose pattern, i.e., anterior pair of rect-

angular spots on shoulders extended posteriorly along lateral mar-

gins and connected to large transverse spot entirely covering

prescutellar area; these pruinose areas shiny when illuminated at cer-

tain angles; scutum uniformly and densely covered with golden-

yellow recumbent short hairs interspersed with dark brown long

upright hairs on prescutellar area. Scutellum brownish black, with

several dark long upright hairs and golden-yellow short hairs.

Postnotum black, white pruinose when illuminated at certain angles

and bare. Pleural membrane bare. Katepisternum longer than deep,

brownish black to black, slightly shiny and white pruinose when il-

luminated at certain angles, and bare.

Legs

Foreleg: coxa yellow; trochanter medium brown except base par-

tially yellow; femur light to dark brown with apical cap brownish

black; tibia dark brown to brownish black, though outer surface of

middle large portion widely white; tarsus black, with moderate dor-

sal hair crest; basitarsus moderately dilated, 5.8–6.4 times as long as

its greatest width. Midleg: dark brown to brownish black except

base of trochanter dark yellow, extreme base of tibia white and

basal half of basitarsus dark yellow to light brown; tibia with white

sheen on posterior surface when illuminated at certain angles. Hind

leg: coxa brownish black; trochanter dark yellow to light brown; fe-

mur dark brown except base dark yellow and apical cap brownish

black; tibia dark brown to brownish black except basal tip white;

tarsus (Fig. 2B) dark brown except basal two-fifths of basitarsus yel-

low (though base somewhat darkened) and little less than basal half

of second tarsomere yellow; basitarsus (Fig. 2B) enlarged, slightly

widened from base to apical one-third, then tapered to apex, 4.8–

4.9 times as long as its greatest width, and 0.7 and 0.7 times as wide

as greatest widths of hind tibia and femur, respectively; calcipala

(Fig. 2B) small, slightly shorter than width at base, 0.4 times as wide

as greatest width of basitarsus; pedisulcus (Fig. 2B) well developed.

Wing

Length 2.5–2.6 mm. Other characters as in female except subcosta

bare.

Halter

White with basal portion darkened.

Abdomen

Basal scale dark brown to brownish black, with fringe of dark long

hairs. Dorsal surface of abdomen dark brown to brownish black,

and covered with dark short hairs; segments 2 and 5–7 each with

pair of white iridescent spots dorsolaterally, those on segment 2

broadly connected in middle.

Genitalia

Coxites, styles, and ventral plate in ventral view as in Fig. 2C.

Coxite in ventral view (Fig. 2C) nearly quadrate, 1.2 times as long

as width. Style in ventrolateral view (Fig. 2D) elongate, 2.8 times as

long as its greatest width near base, slightly tapered to middle, then

nearly parallel-sided, with blunt apex having apical spine; style in

medial view (Fig. 2E) 1.7 times as long as coxite, spatulate dorso-

ventrally except basal two-thirds much produced dorsally in form of

isosceles triangle. Ventral plate in ventral view (Fig. 2C) Y-shaped,

body with several teeth on each side of posterior surface, and with

ventrally produced process covered with several minute setae on its

posteroventral surface; arms widely divergent basally and directed

forward apically; ventral plate in lateral view (Fig. 2F): body with

serrated posterior margin, and sparsely covered with minute setae

on each anterolateral surface, and having ventrally produced process

covered with minute setae on anterior and anterolateral surfaces ex-

cept near ventral tip bare; arm wide with apex curved ventrally; ven-

tral plate in caudal view (Fig. 2G): body and ventrally produced

process gradually tapered ventrally, with rounded apex, having sev-

eral teeth in vertical row on each side of posterior surface, and sev-

eral minute setae on posterior surface of ventrally produced process.

Median sclerite (Fig. 2F, H) arising near anterior margin of ventral

plate and directed dorsally, plate-like, widened from base toward

apical one-third, then slightly narrowed toward apex, brown ba-

sally, but not so well sclerotized apically. Paramere (Fig. 2I) broad

basally, with several medium-long and short hooks. Aedeagal mem-

brane (Fig. 2J) densely covered with minute setae, and with partially

sclerotized dorsal plate in form of horizontal bar (Fig. 2K).

Abdominal segment 10 (Fig. 2L, M) without distinct hair on ventral

and lateral surfaces. Cercus (Fig. 2L, M) small, rounded, with 9–14

distinct hairs.

Pupa
Body length 3.5–4.0 mm.

Head

Integument yellow to ochreous, bare except small area on each side

of ventral surface covered with small round tubercles; frons with

pair of unbranched slender short trichomes (Fig. 3A) on each side;

face with unbranched slender short trichome (Fig. 3B) on each side.

Thorax

Integument yellow to ochreous, bare on anterior half (except small

area at base of gill moderately covered with small round tubercles),

and sparsely covered with small round tubercles on posterior half;

thorax with two medium-long mediodorsal trichomes (Fig. 3C), two

medium-long anterolateral trichomes (Fig. 3D), one short mediolat-

eral trichome (Fig. 3E), and three short ventrolateral trichomes (Fig. 3F),

on each side; all trichomes unbranched and with straight apices. Gill

(Fig. 3G) with six somewhat inflated short filaments in three pairs;

all pairs short-stalked, arising from base; gill filaments divergent ba-

sally, upper filament of dorsal pair lying at angle of 130 degrees against

lower filament of ventral pair when viewed laterally; outer filament of

each pair somewhat shorter than inner filament; outer filaments 2.1–

2.4 mm long; basal portions of all filaments somewhat inflated, 1.7–

2.7 times as thick as interspiracular trunk; relative thickness of six fila-

ments from dorsal to ventral when basal portions were compared

1.0:0.8:0.8:0.9:0.7–0.8:0.9–1.0; all filaments light gray, basally some-

what inflated, tapered toward apex, with annular ridges and furrows

only on apical portions, and densely covered with minute tubercles.

Abdomen

Dorsally, segment 1 and basal two-thirds of segment 2 grayish and

without minute tubercles, and other segments unpigmented except

segment 9 and basal portions of spine-combs on segments 7 and 8

yellow; segment 1 with one unbranched slender short seta (Fig. 3H)

on each side; segment 2 with one unbranched slender short seta and

five unbranched minute setae, of which three are stout (Fig. 3I), on
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each side; segments 3 and 4 each with four distinct hooked spines

and one unbranched minute seta on each side; segments 7–9 each

with distinct spine-combs in transverse row (though those on seg-

ment 9 much smaller than those on segments 7 and 8) and comb-

like groups of minute spines on each side; segment 5 bare; segment 6

with comb-like groups of minute spines on each side; segment 9

with cone-shaped terminal hooks (Fig. 3J). Ventrally, segments 3–9

unpigmented, each (except segment 9) with comb-like groups of

minute spines; segment 4 with two unbranched slender minute setae

and two unbranched hooklets on each side; segment 5 with pair of

bifid stout hooks submedially and few unbranched short setae on

each side; segments 6 and 7 each with pair of bifid inner and un-

branched outer stout hooks somewhat separated from each other,

and few unbranched minute setae on each side. Grapnel-shaped

hooklets absent on each side of segment 9.

Cocoon (Fig. 3K)

Wall-pocket-shaped, tightly and thickly woven, ochreous, not so

extended ventrolaterally; individual threads not discernible; 4.5–

5.0 mm long by 2.0–2.4 mm wide.

Mature Larva
Body length 8.0–9.0 mm. Body creamy white, though thoracic seg-

ment 1 encircled with pinkish transverse band disconnected ventro-

medially, and other thoracic segments and abdominal segments

faintly pinkish dorsally to varying extent.

Fig. 3. Pupa of Simulium (Simulium) srisukai sp. nov. (A) Frontal trichomes. (B) Facial trichome. (C)–(F) Thoracic trichomes (C, mediodorsal; D, anterolateral; E,

mediolateral; F ventrolateral). (G) Anterior part of thorax and gill filaments (left side; outer view). (H) Hair-like seta on dorsal surface of abdominal segment 1. (I)

Hair-like seta, minute seta, and stout seta on dorsal surface of abdominal segment 2. (J) Terminal hooks (caudal view). (K) Cocoon (dorsal view). Scale bars.

1.0 mm for K; 0.1 mm for G; 0.02 mm for A–F and H–J.
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Head

Cephalic apotome yellowish white to yellow with somewhat dark-

ened narrow area along posterior margin; head spots faintly positive

though anterior spot of mediolongitudinal spots, anterior half of lat-

eral spots and posterior spots of posterolateral spots indistinct; lat-

eral surface of head capsule yellow except eye-spot region white,

eyebrow darkened and area posterior to eye-spot region darkened;

spots in front of posterior margin obscured or faintly negative; one

small spot below eye-spot region indistinct; ventral surface of head

capsule yellow, with spots on each side of postgenal cleft obscured

or faintly negative. Head capsule almost bare except anterior por-

tion of dorsal surface sparsely covered with minute setae. Antenna

composed of three articles and apical sensillum, slightly longer than

stem of labral fan; length ratio of three articles (from base to tip)

1.0:1. 1:0.6. Labral fan with 44–49 primary rays. Mandible (Fig. 4A)

with mandibular serration composed of two teeth (one medium-sized,

one small); main tooth at obtuse angle against mandible on apical

side; supernumerary serrations absent; comb-teeth decreasing in

length from first to third. Hypostoma (Fig. 4B) with nine anterior

teeth, of which corner teeth slightly longer than median tooth; three

intermediate teeth on each side shortest; lateral margins moderately

serrate apically; five to seven hypostomal bristles per side slightly di-

vergent posteriorly from lateral margin. Postgenal cleft (Fig. 4C)

bullet-shaped, 2.2–2.4 times as long as postgenal bridge; sheath of

subesophageal ganglion unpigmented. Cervical sclerites on each side

composed of anterior dark slender rod-like piece and posterior dark

elliptical piece close together, and not fused to occiput.

Thorax and Abdomen

Histoblast of pharate pupal gill with six somewhat inflated fila-

ments. Thoracic and abdominal cuticle bare except last segment of

abdomen moderately covered with short colorless setae on each side

of anal sclerite. Rectal scales present. Rectal organ compound, each

lobe with 13–15 finger-like secondary lobules. Anal sclerite

X-shaped, with short broad anterior arms, each with forked api-

cally, 0.7 times as long as posterior ones; no sensillum on base of

anal sclerite; 10–12 sensilla posterior to posterior arms. Last abdom-

inal segment lacking ventral papillae. Posterior circlet with 87–93

rows of hooklets with up to 16 hooklets per row.

Type Material
HOLOTYPE: Female (with its associated pupal exuviae and cocoon

in 80% ethanol), reared from a pupa collected from a stream (width

45 cm, depth 10 cm, bottom sandy, temperature 17.8˚C, partially

shaded, elevation 1,241 m, 16˚ 14039.200 N, 98˚ 59056.500 E) moder-

ately flowing in a natural forest, Mae Klong Yai Village, Tak

Province, Thailand, 24-XI-2016, by W. Srisuka, S. Suriya, R.

Saokod, S. Pilakantha, C. Rangsan, and T. Somboonchai.

PARATYPES: Four females, five males (all reared from pupae), and

five mature larvae, same data as those of the holotype.

Biological Notes
The pupae and larvae of S. (S.) srisukai sp. nov. were collected from

grasses trailing in the current. Associated species were S.

(Gomphostilbia) chiangdaoense Takaoka & Srisuka, S. (G.) intha-

nonense Takaoka & Suzuki, S. (S.) bullatum Takaoka &

Choochote, S. (S.) chamlongi, S. (S.) choochotei Takaoka, S. (S.)

doipuiense Takaoka & Choochote (complex), and S. (S.) yuphae

Takaoka & Choochote.

Distribution
Thailand (Tak Province).

Etymology
The species name srisukai is in honor of Dr. Wichai Srisuka, Queen

Sirikit Botanic Garden, who collected this new species and greatly

contributed to studies of black flies in Thailand.

Remarks
Simulium (S.) srisukai sp. nov. is assigned to the S. variegatum

species-group of the subgenus Simulium, redefined by Takaoka

(2003), based on the pleural membrane bare, female claw with a

small subbasal tooth (Fig. 1E), ovipositor valve with inner margins

widely concave (Fig. 1F), male style without basal protuberance

(Fig. 2E), ventral plate with teeth on the posterior surface (Fig. 2G),

and pupal gill with six filaments (Fig. 3G).

This new species is characterized by darkened female legs, a

greater number of the male upper-eye facets in 24–26 vertical col-

umns and 24–26 horizontal rows, pupal integument with head and

anterior half of the thorax bare, and somewhat inflated pupal gill fil-

aments (Fig. 3G).

Among species of the S. variegatum species-group, 10 species

have darkened female legs: S. (S.) barnesi from Thailand (Takaoka

and Suzuki 1984), S. (S.) hackeri Edwards from Peninsular Malaysia

(Takaoka and Davies 1995), S. (S.) karenkoense (Shiraki) from

Fig. 4. Larva of Simulium (Simulium) srisukai sp. nov. (A) Mandible. (B) Hypostoma. (C) Head capsule showing postgenal cleft (ventral view). Scale bars. 0.1 mm

for C; 0.05 mm for B; 0.02 mm for A.

Journal of Medical Entomology, 2017, Vol. 54, No. 5 1219

Downloaded from https://academic.oup.com/jme/article-abstract/54/5/1213/3810957
by Faculty of Medicine, Chiang Mai University user
on 20 June 2018

Deleted Text:  
Deleted Text: . 
Deleted Text:  
Deleted Text: . 
Deleted Text: . 
Deleted Text: '
Deleted Text: &quot;
Deleted Text: '
Deleted Text: &quot;
Deleted Text: . 
Deleted Text: . 
Deleted Text: . 
Deleted Text: . 
Deleted Text: ten 


Taiwan (Shiraki 1935), S. (S.) nilgiricum Puri from India (Puri

1932), S. (S.) cruszi Davies & Györkös, S. (S.) nubis Davies &

Györkös and S. (S.) paranubis Davies & Györkös from Sri Lanka

(Davies and Györkös 1987, 1992), S. (S.) molliculum Takaoka, S.

(S.) laxum Takaoka, and S. (S.) palopoense Takaoka, all from

Sulawesi, Indonesia (Takaoka 2003).

This new species is most similar to S. (S.) hackeri, of which the

female and male are known, in having the female scutum covered

with golden-yellow short hairs, greater number of male upper-eye

facets, and similar shapes of female and male genitalia. In fact, it dif-

ficult to distinguish it in the female and male from S. (S.) hackeri, al-

though there seem to be slight differences in numerical features: the

length ratio of the female fore basitarsus against its greatest width,

which is 5.4 in this new species but 6.6 in S. (S.) hackeri, and the

length ratio of the male fore basitarsus against its greatest width,

which is 5.8–6.4 in this new species but 7.3 in S. (S.) hackeri, and

the width ratio of the male hind basitarsus against that of the hind

tibia, which is 0.7 in this new species but 0.6 in S. (S.) hackeri. The

pupa of this new species is also similar to that of S. (S.) hackeri,

which was collected from Peninsular Malaysia (Takaoka, unpub-

lished data), in having the integument with head and anterior half of

the thorax bare and a similar arrangement of the gill filaments with-

out a common basal stalk, but it is clearly distinguished by the some-

what inflated gill filaments (Fig. 3G) (gill filaments not inflated in S.

(S.) hackeri).

This new species differs from S. (S.) barnesi and S. (S.) karen-

kosense, both of which were described only from females, by the

paraproct, which is depressed on the anteroventral surface

(Fig. 1H) in this new species but is not depressed in S. (S.) barnesi,

and the scutum, which is covered with golden-yellow short hairs

in this new species but is covered with dark short hairs in S. (S.)

karenkoense.

This new species is distinguished from S. (S.) palopoense by six

pupal gill filaments (the gill consists of three globes and two finger-

like short filaments in S. (S.) palopoense).

The somewhat inflated pupal gill (Fig. 3G) separates this new

species from all six other species, which have six ordinary thread-

like gill filaments per side.

Simulium (Simulium) kiewmaepanense Takaoka,
Srisuka & Saeung sp. nov.

(urn:lsid:zoobank.org:act:28F7C0A3-BE24-4921-B50E-

D82B4CC302B5)

Female
Similar to that of S. (S.) srisukai sp. nov. except in following charac-

ters. Body length 3.3 mm.

Head

Frontal ratio 1.2:1.0:1.1; frons:head ratio 1.0:3.8. Labrum 0.6 times

as long as clypeus. Antenna medium to dark brown except scape,

pedicel and base of first flagellomere yellow when viewed dorsally

(first flagellomere dark yellow to light brown except base yellow

when viewed ventrally). Maxillary palp: proportional lengths of

third, fourth, and fifth segments 1.0:1.2:2.4; sensory vesicle of mod-

erate size (0.3 times length of third segment) having large opening.

Maxillary lacinia with 15–17 inner and 16 or 17 outer teeth.

Mandible with 28–30 inner and 12 outer teeth. Cibarium with blunt

median process on posterior margin and with 59 minute tubercles

near base of median process.

Legs

Foreleg: coxa whitish yellow; trochanter yellow; femur (Fig. 5A)

yellow (though dark yellow on apical half of outer surface) except

apical cap dark brown; tibia (Fig. 5B) dark brown (though medial

one-third light brown), with median portion widely white along outer

margin, with shiny sheen widely on outer surface when illuminated at

certain angles; tarsus brownish black except tarsomeres 4 and 5

Fig. 5. Female of Simulium (Simulium) kiewmaepanense sp. nov. (A) Fore femur. (B) Fore tibia. (C) Mid femur. (D) Mid tibia. (E) Hind femur. (F) Hind tibia. (G)

Hind basitarsus and second tarsomere. (All left side and outer view.) Scale bar. 0.1 mm for A–G.
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medium brown, with moderate dorsal hair crest; basitarsus greatly

dilated, 5.4 times as long as its greatest width. Midleg: coxa dark

brown; trochanter yellow; femur (Fig. 5C) yellow (though dark

yellow on outer surface near apical cap) except apical cap dark

brown; tibia (Fig. 5D) light brown except base whitish yellow,

subbasal portion medium brown, and posterior surface of apical

half and apical cap dark brown; tibia with shiny sheen widely on

posterior surface when illuminated at certain angles; tarsus me-

dium to dark brown except basal three-fourths of basitarsus yel-

low to dark yellow. Hind leg: coxa dark brown; trochanter

whitish yellow; femur (Fig. 5E) yellow (though dark yellow near

apical cap) except apical cap dark brown; tibia (Fig. 5F) medium

to dark brown (though median portion light brown) except base

whitish yellow and apical cap brownish black, with shiny sheen

on posterior surface when illuminated at certain angles; tarsus me-

dium brown except little more than basal half of basitarsus and

basal half of second tarsomere whitish yellow (though small

rounded area light brown); basitarsus (Fig. 5G) nearly parallel-

sided, 6.0 times as long as wide, and 0.7 and 0.6 times as wide as

greatest widths of hind tibia and femur, respectively; calcipala

(Fig. 5G) moderately developed, 0.7 times as long as basal width,

and 0.4 times as wide as basitarsus.

Wing

Length 3.0 mm.

Abdomen

Basal scale light brown, with fringe of light brown long hairs.

Dorsal surface of abdomen medium brown except segment 2 light

brown; ventral surface of segments 2–4 whitish and those of seg-

ments 5–7 light brown except sternal plates of segment 7 medium

brown; segment 7 with pair of sternal plates having numerous hairs.

Terminalia

Sternite 8 bare medially, with 18–26 dark medium-long to long

stout hairs and two to five yellow short to medium-long hairs on

each lateral surface. Ovipositor valves each densely covered with

microsetae and 28 or 29 dark brown short to medium-long hairs

and six or seven yellow short hairs. Paraproct in lateral view some-

what protruded ventrally beyond ventral margin of cercus, 0.9 times

as long as wide, with 34–38 short to medium-long hairs on lateral

surface and four to six short hairs on ventral depressed surface; ante-

romedial surface slightly darkened, with seven to nine short sensilla.

Cercus in lateral view short, rounded posteriorly, 0.5 times as long

as wide, and with numerous short to medium-long hairs.

Spermatheca large, nearly ovoid, 1.2 times as long as wide.

Pupa
Body length 3.8 mm.

Head

Integument yellow, moderately and uniformly covered with small

tubercles except antennal sheaths bare; frons with pair of un-

branched slender short trichomes (Fig. 6A) arising close together on

each side; face with unbranched slender short trichome (Fig. 6B) on

each side; facial trichome much longer than frontal ones.

Thorax

Integument yellow, moderately covered with small round tubercles;

thorax with two mediodorsal trichomes (anterior trichome short,

posterior one medium-long; Fig. 6C), two medium-long anterolat-

eral trichomes (Fig. 6D), one short mediolateral trichome (Fig. 6E),

and three ventrolateral trichomes (two short, one medium-long; Fig. 6F),

on each side; all trichomes unbranched and with straight apices. Gill

(Fig. 6G) with six thread-like filaments in three pairs; all pairs short-

stalked, arising from short common stalk; gill filaments divergent ba-

sally, stalk of dorsal pair lying at angle of 100 degrees against stalk of

ventral pair when viewed laterally; all filaments subequal in length (2.3–

2.4mm); relative thickness of six filaments from dorsal to ventral when

basal portions were compared 1.0:0.8:0.8:0.8:0.7:0.7; all filaments light

gray, tapered toward apex, with annular ridges and furrows, and densely

covered with minute tubercles.

Abdomen

Nearly as in S. (S.) srisukai sp. nov. except in following characters:

dorsal surface of segment 1, basal two-thirds of segment 2 and basal

half of segments 3 and 4 grayish and without minute tubercles, and

those of other segments unpigmented except segment 9 and basal

portions of spine-combs on segments 7 and 8 yellow.

Cocoon

Wall-pocket-shaped, tightly and thickly woven, ochreous, not so ex-

tended ventrolaterally; individual threads visible; 5.0 mm long by

2.0 mm wide.

Male and Larva
Unknown.

Type Material
HOLOTYPE: Female (with its associated pupal exuviae and cocoon

in 80% ethanol), reared from a pupa collected from a stream (width

150 cm, depth 13 cm, bottom sandy, temperature 14.5˚C, pH 5.4,

partially shaded, elevation 2,210 m, 18˚ 33029.400 N, 98˚ 28051.700 E)

fast flowing in a natural forest, Kiew Mae Pan, Chomthong District,

Doi Inthanon National Park, Chiang Mai Province, Thailand, 29-

IX-2014, by W. Srisuka, S. Suriya, R. Saokod, S. Pilakantha, C.

Rangsan, and T. Somboonchai. PARATYPE: One female (with its

associated pupal exuviae and cocoon in 80% ethanol), same data as

those of the holotype except date (4-XI-2014).

Biological Notes
The pupae of S. (S.) kiewmaepanense sp. nov. were collected from

grasses trailing in the current. Associated species were S.

(Nevermannia) chomthongense Takaoka, Srisuka & Choochote, S.

(S.) crocinum Takaoka & Choochote, and S. (S.) suchariti Takaoka

& Choochote.

Distribution
Thailand (Chiang Mai Province).

Etymology
The species name kiewmaepanense refers to the locality name, Kiew

Mae Pan, where this new species was collected.

Remarks
Simulium (S.) kiewmaepanense sp. nov. is assigned to the S. variega-

tum species-group of the subgenus Simulium, redefined by Takaoka

(2003), based on the pleural membrane bare, female claw with a

small subbasal tooth, ovipositor valve with inner margins widely

concave, and pupal gill with six filaments (Fig. 6G).
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The female of this new species is similar to that of S. (S.) srisukai

sp. nov. in many characters including the darkened tibiae (Fig. 5B,

D, F) and terminalia but is distinguished from the latter species by

the yellowish femora (Fig. 5A, C, E). The pupa of this new species is

distinguished from that of S. (S.) srisukai sp. nov. by the integument

of the head and anterior half of the thorax densely or moderately

covered with round tubercles, thread-like pupal gill filaments (Fig.

6G) and pupal abdominal segment 9 lacking spine-combs.

As noted in the remarks of S. (S.) srisukai sp. nov., all 10 species

of the S. variegatum species-group, which have darkened female tib-

iae, also have darkened female femora, a character differing from

that of S. (S.) kiewmaepanense sp. nov., which has yellowish female

femora (Fig. 5A, C, E).
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Abstract: The male of Simulium (Simulium) suchariti Takaoka & Choochote is described for the first time based 
on a unique male reared from a pupa collected from a stream at Ang Ka, Doi Inthanon National Park, Thailand. It 
is characterized by abdominal segment 10 with about 15 distinct hairs on each side of the posteroventral surface. A 
key to identify males of all 16 species of the Simulium griseifrons species-group recorded from Thailand is provided.

Key words: black fly, Simulium, Simuliidae, Thailand, griseifrons species-group

Introduction
Simulium (Simulium) suchariti Takaoka & 

Choochote was first described on the basis of two 
females attracted to a human at Ang Ka (elevation 
2,465 m), Doi Inthanon National Park, Chiang Mai, 
Thailand and was placed in the Simulium griseifrons 
species-group (Takaoka and Choochote, 2004a). 
Its pupa and larva were soon described based on 
collections from a stream at the type locality of S. (S.) 
suchariti (Takaoka and Choochote, 2004b).

Recently, we collected two pupae of S. (S.) suchariti 
from a stream (elevation 2,210 m) near Ang Ka, Doi 
Inthanon National Park, and obtained one female 
and one male from these pupae. The male of S. (S.) 
suchariti is here described for the first time.

A key to identify males of all 16 species of the S. 
griseifrons species-group recorded from Thailand 
(Adler and Crosskey, 2016) is provided.

The methods of description and illustration, and 
terms for morphological features used here, follow 
those of Takaoka (2003).

Simulium (Simulium) suchariti Takaoka & Choochote, 
2004

Male. Body length 3.5 mm. Head. As wide as 
thorax. Upper eye medium brown, with large facets 
in 19 or 20 vertical columns and in 20 horizontal rows 
on each side. Clypeus black, thickly white pruinose, 
moderately covered with dark brown hairs. Antenna 
composed of scape, pedicel and nine flagellomeres, 
medium to dark brown except scape light brown, 
and base of pedicel and first flagellomere whitish 
yellow; first flagellomere elongate, 2.3 times as long as 

second one. Maxillary palp light to medium brown, 
composed of five segments with proportional lengths 
of third, fourth, and fifth segments 1.0 : 1.3 : 2.8; third 
segment (Fig. 1A) of moderate size; sensory vesicle 
(Fig. 1A) small (0.3 times length of third segment), 
ellipsoidal, and with small opening. �orax. Scutum 
black, with white pruinose pattern, i.e., anterior pair 
of rectangular spots on shoulders extended posteriorly 
along lateral margins and connected to large transverse 
spot entirely covering prescutellar area; these pruinose 
areas shiny when illuminated at certain angles; scutum 
uniformly and densely covered with golden-yellow 
recumbent short hairs interspersed with dark brown 
long upright hairs on prescutellar area. Scutellum 
dark brown, with several dark long upright hairs and 
golden-yellow short hairs. Postnotum dark brown, 
white pruinose when illuminated at certain angles and 
bare. Pleural membrane bare. Katepisternum longer 
than deep, brownish black, slightly shiny and white 
pruinose when illuminated at certain angles, and 
bare. Legs. Foreleg: coxa whitish yellow; trochanter 
medium brown except inner surface yellow; femur 
light brown (though inner surface yellowish) with 
apical cap brownish black; tibia dark brown except 
medial two-fifths light brown, though outer surface of 
middle portion widely white; tarsus brownish black, 
with moderate dorsal hair crest; basitarsus moderately 
dilated, 7.7 times as long as its greatest width. Midleg: 
coxa dark brown; trochanter medium brown except 
basal half of anterior surface dark yellow; femur 
dark yellow to light brown except apical cap medium 
brown; tibia medium to dark brown except basal 
two-fifths yellow; tarsus dark brown. Hind leg: coxa 
medium brown; trochanter yellow though anterior 
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Fig. 1.　Male of Simulium (Simulium) suchariti. A, Third segment of maxillary palp with sensory vesicle (right side; front view); B, 
Hind basitarsus and second tarsomere (left side; outer view); C, Coxites, styles and ventral plate (ventral view); D, Coxite (right side; 
ventrolateral view); E‒G, Styles (right side; E, ventrolateral view; F, medial view; G, caudal view); H, Ventral plate and median sclerite 
(lateral view); I, Ventral plate (caudal view); J, Median sclerite (ventroposterior view); K, Paramere (left side; caudal view) ; L, Dorsal 
plate (caudal view); M & N, Abdominal segment 10 and cerci (left side; M, lateral view; N, caudal view). Scale bars. 0.1 mm for B; 
0.02 mm for A and C‒N.
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surface slightly darkened; femur dark yellow to light 
brown except basal one-fourth or little less whitish 
yellow and apical cap brownish black; tibia dark brown 
to brownish black except basal tip whitish yellow; 
tarsus (Fig. 1B) dark brown except basal one-third of 
basitarsus yellow (though base somewhat darkened) 
and little less than basal half of second tarsomere dark 
yellow; basitarsus (Fig. 1B) enlarged, slightly widened 
from base to apical one-third, then slightly tapered to 
apex, 4.0 times as long as its greatest width, and 1.0 
and 1.2 times as wide as greatest widths of hind tibia 
and femur, respectively; calcipala (Fig. 1B) small, 
slightly longer than width at base, 0.3 times as wide 
as greatest width of basitarsus; pedisulcus (Fig. 1B) 
well developed. Wing. Length 2.7 mm. Costa with 
dark spinules and hairs; subcosta bare; basal section 
of radius bare; R1 with dark spinules and hairs; R2 
with hairs; hair tuft on base of radial vein dark brown; 
basal cell absent. Halter. White with basal portion 
darkened. Abdomen. Basal scale brownish black, with 
fringe of dark long hairs. Dorsal surface of abdomen 
dark brown to brownish black, and covered with dark 
short hairs; segments 2, 6 and 7 each with pair of white 
iridescent spots dorsolaterally, those on segment 2 
broadly connected in middle. Genitalia. Coxites, styles 
and ventral plate in ventral view as Fig. 1C. Coxite in 
ventral view (Fig. 1C) nearly diamond-shaped, 1.4 
times as long as width; coxite in ventrolateral view 
(Fig. 1D) subquadrate, 0.8 times as long as width. Style 
in ventral view (Fig. 1C) gently curved inward, nearly 
parallel-sided on basal one-fifth, tapered to middle, 
then nearly parallel-sided up to apex, with apical spine; 
style in ventrolateral view (Fig. 1E) elongate, 3.0 times 
as long as its greatest width near base, with blunt apex 
having apical spine; style in medial view (Fig. 1F) and 
in caudal view (Fig. 1G) with short basal protuberance 
having many small cone-shaped spines. Ventral plate 
in ventral view (Fig. 1C) with body nearly quadrate, 
having short round projection posteromedially, 
covered with minute setae on ventral and anteroventral 
surfaces; arms somewhat divergent anteriorly; 
ventral plate in lateral view (Fig. 1H) with body bent 
posteroventrally; ventral plate in caudal view (Fig. 1I) 
triangular though dorsal margin concave and bare 
on posterior surface. Median sclerite in ventral view 
(Fig. 1C) arising anterior to anterior margin of body 
of ventral plate and directed posterodorsally; median 
sclerite in posteroventral view (Fig. 1J), narrow on 
anterior half, then widened apically. Paramere (Fig. 
1K) broad basally, with several medium-long and 
short hooks. Aedeagal membrane densely covered 
with minute setae, and with well sclerotized dorsal 
plate in form of horizontal bar (Fig. 1L). Abdominal 
segment 10 (Fig. 1M, N) with about 15 distinct hairs 
on posteroventral surface on each side. Cercus (Fig. 
1M, N) small, rounded, with 12 distinct hairs.

Material examined.　One male (QSBG-2014) 

reared from a pupa, collected from a stream (width 
150 cm, depth 13 cm, bottom sandy, temperature 
14.5°C, pH 5.4, partially shaded, elevation 2,210 m, 
18°33′29.4″N, 98°28′51.7″E) fast flowing in a natural 
forest, Kiew Mae Pan, Chomthong District, Doi 
Inthanon National Park, Chiang Mai Province, 
Thailand, 2-V-2014, by W. Srisuka, S. Suriya, R. Saokod 
and S. Pilakantha.

Remarks.　The male of S. (S.) suchariti has the 
ventral plate without dentate posterolateral margins 
(Fig. 1I), one of the key characters of males in the 
S. griseifrons species-group (Takaoka and Davies, 
1996). It is characterized by abdominal segment 
10 with about 15 distinct hairs on each side of the 
posteroventral surface (Fig. 1M, N). The presence 
of distinct hairs on abdominal segment 10 is also 
reported in five of 15 other species of the S. griseifrons 
species-group recorded from Thailand (Adler and 
Crosskey, 2016): 13‒16 hairs in S. (S.) choochotei 
Takaoka & Choochote and one to four hairs in S. (S.) 
crocinum Takaoka & Choochote, S. (S.) digrammicum 
Edwards, S. (S.) maenoi Takaoka & Choochote and 
S. (S.) visuti Takaoka & Choochote (Takaoka & 
Choochote, 2002, 2004b, 2006). The male of S. (S.) 
suchariti differs from the males of S. (S.) choochotei, S. 
(S.) digrammicum and S. (S.) visuti by the bare basal 
portion of the radial vein, and from S. (S.) crocinum 
and S. (S.) maenoi by abdominal segment 5 lacking a 
pair of shiny dorsolateral spots.

Apart from the presence of distinct hairs on 
abdominal segment 10, the male of S. (S.) suchariti 
is similar to that of S. (S.) phukaense Takaoka & 
Choochote (Takaoka and Choochote, 2005) by having 
the basal portion of the radial vein bare, abdominal 
segments 2, 6 and 7 each with a pair of pruinose spots, 
and the style with a short round basal protuberance 
having many spines (Fig. 1F, G). However, the two 
species differ from each other by the color of the hind 
basitarsus, which is yellow on the basal one-third and 
darkened on the rest (Fig. 1B) in S. (S.) suchariti but 
is entirely dark brown to brownish black in S. (S.) 
phukaense.

The males of all 16 Thai species of the S. griseifrons 
species-group can be identified by the following key.

Key to adult males of 16 species of the Simulium 
griseifrons species-group in �ailand
 1. Basal portion of radial vein fully haired. . . . . . . . . 2
 Basal portion of radial vein bare or with few hairs. 

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
 2. Abdomen with pair of shiny whitish pruinose spots 

dorsally or dorsolaterally on segments 2, 5, 6 and 
7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

 Abdomen with pair of shiny white pruinose spots 
dorsally or dorsolaterally on segments 2, 6 and 7. 
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

 3. Upper-eye with large facets in 17 vertical 
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columns; hind basitarsus nearly parallel-sided. 
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. choochotei

 Upper-eye with large facets in 20 vertical columns; 
hind basitarsus spindle-shaped. . . . . . . . . . .S. visuti

 4. Fore basitarsus with thick dorsal hair crest; hind 
basitarsus nearly parallel-sided. . . . . . . . . . . . . . . . 5

 Fore basitarsus with moderate dorsal hair crest; 
hind basitarsus spindle-shaped. . . . . . . . . . . . . . . . 6

 5. Upper-eye with large facets in 20 vertical columns. 
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. nigrogilvum

 Upper-eye with large facets in 17 vertical columns. 
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. vanellum

 6. Upper-eye with large facets in 19 vertical columns; 
ventral plate rectangular, nearly parallel-sided when  
viewed ventrally. . . . . . . . . . . . . . . . . S. pukaengense

 Upper-eye with large facets in 21 or 22 vertical  
columns; ventral plate gradually narrowed posteriorly  
when viewed ventrally . . . . . . . . . . S. digrammicum

 7. Scutum covered with dark brown recumbent hairs. 
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .S. yongi

 Scutum covered with golden-yellow recumbent 
hairs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

 8. Mid femur almost entirely yellow.  . . . . . . . . . . . . . 9
 Mid femur almost entirely darkened.  . . . . . . . . . 10
 9. Hind tibia brownish black except base narrowly 

yellow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. rudnicki
 Hind tibia dark brown to brownish black except 

base widely yellow. . . . . . . . . . . . . . . . . . S. crocinum
10. Hind basitarsus entirely light to dark brown. . . . 11
 Hind basitarsus whitish on basal 1/2 to 1/3 and 

darkened on rest. . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
11. Abdomen with dorsolateral pair of silvery spots on 

segments 2, 6 and 7. . . . . . . . . . . . . . . . S. phukaense
 Abdomen with dorsolateral pair of silvery spots on 

segments 2, 5, 6 and 7. . . . . . . . . . . . . . . . . . . . . . . 12
12. Style with apical spine. . . . . . . . . . . . . . . . . S. maenoi
 Style without apical spine. . . . . . . . .S. thongsahuani
13. Abdomen with dorsolateral pair of silvery spots on 

segments 2, 5, 6 and 7. . . . . . . . . . . . . . . . . . . . . . . 14
 Abdomen with dorsolateral pair of silvery spots on 

segments 2, 6 and 7. . . . . . . . . . . . . . . . . . . . . . . . . 15
14. Body of ventral plate nearly quadrate. 

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. mediocoloratum
 Body of ventral plate much wider than long. 

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. grossi�lum
15. Body of ventral plate nearly quadrate (Fig. 1C); 

style with short round basal protuberance (Fig. 
1F).  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. suchariti

 Body of ventral plate much wider than long; style 

with long pointed basal protuberance.
  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. phayaoense
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Abstract

Simulium (Simulium) phraense sp. nov. (Diptera: Simuliidae) is described from females, males, pupae, and larvae 
from Thailand. This new species is placed in the Simulium striatum species group and is most similar to Simulium 
(Simulium) nakhonense Takaoka & Suzuki (Diptera: Simuliidae) from Thailand among species of the same species 
group but is barely distinguished from the latter species by lacking annular ridges on the surface of the pupal gill 
filaments. The fast-evolving nuclear big zinc finger (BZF) gene has successfully differentiated this new species from 
its allies, S. (S.) nakhonense and Simulium (Simulium) chiangmaiense Takaoka & Suzuki (Diptera: Simuliidae) of 
the S. striatum species group. The BZF gene sequences show that this new species is more closely related to S. (S.) 
nakhonense than to S. (S.) chiangmaiense, further supporting its morphological classification.

Key words:  black fly, big zinc finger gene, genetic distance, phylogenetics

The Simulium striatum species group is one of the 25 species 
groups of the subgenus Simulium, the largest of the 37 subgen-
era of the genus Simulium Latreille (Diptera: Simuliidae) (Adler 
and Crosskey 2017). It consists of 25 species (24 named and 
1 unnamed) and is widely distributed in the Oriental Region, 
though four species are recorded from the Palaearctic Region 
(Adler and Crosskey 2017; Takaoka et al. 2017a,b). In this spe-
cies group, little is known about the biting habits and other 
biological aspects, although Simulium (Simulium) quinquestria-
tum (Shiraki) (Diptera: Simuliidae) is an experimental vector of 
Onchocerca dewittei japonica Uni, Bain & Takaoka, which is a 
parasite of wild boar and a causative agent of zoonotic onchocer-
ciasis in Japan (Fukuda et al. 2008).

In Thailand, the S. striatum species group is represented by four 
species, Simulium (Simulium) chiangmaiense Takaoka & Suzuki 
(Diptera: Simuliidae), Simulium (Simulium) nakhonense Takaoka & 
Suzuki (Diptera: Simuliidae), S. (S.) quinquestriatum, and Simulium 
(Simulium) thailandicum Takaoka & Suzuki (Diptera: Simuliidae) 
(Takaoka and Suzuki 1984). All these species are morphologically 
similar in the adult female and male but are easily separable in the 
pupal stage by the arrangement and relative thickness of the gill 

filaments (Takaoka and Suzuki 1984). Notably, S. (S.) chiangmaiense 
and S. (S.) nakhonense are chromosomally homosequential species 
and molecularly indistinguishable, based on the mitochondrial cyto-
chrome c oxidase I (COI) and the nuclear elongation complex pro-
tein 1 (ECP1) genes (Pangjanda and Pramual 2017).

In a recent survey of pupae and larvae of black flies in Phrae 
Province in northern Thailand, we collected one undescribed species 
of the S. striatum species group, which is similar to S. (S.) nakhon-
ense in the arrangement of the 10 pupal gill filaments but is dis-
tinguished from the latter species by lacking annular ridge on the 
surface of the gill filaments. This species is here described as new 
based on females, males, pupae, and larvae.

In the past few years, the fast-evolving nuclear big zinc finger 
(BZF) gene has been adopted for phylogenetic studies in several 
insects including the Dipterans (Puslednik et al. 2012, Senatore et al. 
2014, Moulton, 2017). Strikingly, this gene has been found to prod-
uce promising results in resolving several structurally monomorphic 
species of the Simuliidae (Senatore et al. 2014). Accordingly, we also 
adopted the BZF gene to test whether it can differentiate this new 
species, and its congeners, S. (S.) nakhonense and S. (S.) chiang-
maiense, from one another.
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Materials and Methods

Over all, 5 females and 6 males (all reared from pupae), 11 pupal 
exuviae and cocoons, and 5 mature larvae from Phrae Province, 
Thailand, were used for descriptions of the new species. Detailed 
information for the type localities is given under the ‘Type material’.

The methods of collection, description and illustration, and 
terms for morphological features follow those of Takaoka (2003) 
and partially those of Adler et al. (2004).

Seven adults of the new species, reared from pupae, all from 
the type locality, five adults of S. (S.) nakhonense, all from Mae 
Klong River, elevation 785 m, 16°17ʹ16.4ʺN/98°59ʹ45.9ʺE, Mae 
Klong Watershed Management Unit, Um Phang District, Tak 
Province, Thailand, 25-XI-2016, by W.  Srisuka, and six adults of 
S. (S.) chiangmaiense, all from Mae Sa-ngi stream, elevation 267 m, 
19°26ʹ55.5ʺN/97°59ʹ50.1ʺE, Thung masan village, Muang District, 
Mae Hongson Province, Thailand, 29-III-2017, by W. Srisuka, were 
used for sequencing of the BZF gene and a subsequent phylogenetic 
analysis.

Genomic DNA was extracted from each specimen, using the 
i-genomic CTB DNA Extraction Mini Kit (iNtRON Biotechnology, 
Inc., Seongnam, South Korea). An approximately 930-bp fragment 
of the BZF gene was amplified using our newly designed prim-
ers: BBZF_F (5ʹ-CTCGCACGTCAAGGTGAGT-3ʹ) and BBZF_R 
(5ʹ-GATCCGAATGTGGATTTGCT-3ʹ). The cycling conditions 
included an initial denaturation at 94°C for 3 min; 35 cycles of 94°C 
for 30  s (denaturation), 55°C for 30  s (annealing), 72°C for 45  s 
(elongation); and a final elongation at 72°C for 10 min.

The BZF sequences generated from the present study were 
deposited in the National Center for Biotechnology Information 
(NCBI) GenBank database under accession numbers MF464025–
MF464031 for Simulium (Simulium) phraense sp. nov. (Diptera: 
Simuliidae), MF464032–MF464036 for S. (S.) nakhonense and 
MF464037–MF464042 for S. (S.) chiangmaiense.

A maximum likelihood analysis was performed with PhyML 
v3.0 (Guindon et  al. 2010), using GTR nucleotide substitution 
model. A neighbor-joining analysis based on Kimura two-parameter 
model was performed using MEGA7 (Kumar et al. 2016). To esti-
mate the level of genetic divergence, uncorrected p pairwise genetic 
distances were estimated using PAUP 4.0b10 (Swofford 2002).

Nomenclature
This paper and the nomenclatural act(s) it contains have been 
registered in Zoobank (www.zoobank.org), the official register of the 
International Commission on Zoological Nomenclature. The LSID 
(Life Science Identifier) number of the publication is urn:lsid:zoobank.
org:pub:AFC72BBD-E74B-4CBB-809A-877E9222B733

Results

Description of a New Species
S. (S.) phraense Takaoka, Srisuka & Saeung sp. nov.
(urn: ls id:zoobank.org:act :981024A1-C22F-4A11-B046-
32B4A3AFC341)
Female. Body length 2.0–2.3 mm. Head. Slightly narrower than 
thorax. Frons black, shiny when illuminated at certain angles, with 
several dark stout hairs along lateral margins and several hairs just 
above lower margin; frontal ratio 1.3–1.4:1.0:1.5–1.8; frons:head 
ratio 1.0:4.0–4.2. Fronto-ocular area well developed, short, directed 
laterally, and rounded apically. Clypeus brownish-black, slightly 
shiny and gray pruinose when illuminated at certain angles, mod-
erately covered with dark-brown medium-long hairs (though 

mediolongitudinal portion of upper half widely bare). Labrum 
0.67–0.71 times length of clypeus. Antenna composed of scape, pedi-
cel, and nine flagellomeres; scape and pedicel yellow, flagellomeres 
dark yellow to light brown except apical two to four flagellomeres 
medium brown. Maxillary palp with five segments, medium brown 
except first and second segments ochreous or light brown, and third 
segment dark brown; proportional lengths of third, fourth, and fifth 
segments 1.0:1.1–1.2:1.8–1.9; third segment (Fig. 1A) of normal 
size, with medium-sized ellipsoidal sensory vesicle (0.3 times length 
of third segment) having opening of moderate size. Maxillary lacinia 
with 10–12 inner and 11 or 12 outer teeth. Mandible with 18–22 
inner and 10–12 outer teeth. Cibarium (Fig. 1B) with several min-
ute processes near posterodorsal margin. Thorax. Scutum brownish 
black to black, shiny, moderately covered with yellow recumbent 
short hairs intermixed with dark short hairs anteriorly and sparsely 
with several dark-brown long upright hairs on prescutellar area; 
scutum gray pruinose with five nonpruinose longitudinal vittae 
(one medial, two submedial, and two lateral), medial and submedial 
vittae well defined from anterior margin to posterior portion and 
submedial and lateral vittae united widely near anterior margin), 
all vittae united with transverse nonpruinose band on prescutellar 
area, when illuminated in front and viewed dorsally; scutum gray 
pruinose except four nonpruinose longitudinal vittae, when illumi-
nated posteriorly and viewed dorsally. Scutellum brownish black, 
covered with dark-brown upright long hairs and yellow short hairs. 
Postnotum brownish black, shiny, white pruinose when illuminated 
at certain angles, and bare. Pleural membrane bare. Katepisternum 
dark brown to brownish black, longer than deep, shiny, white pru-
inose when illuminated at certain angles, and bare. Legs. Foreleg: 
coxa and trochanter yellowish white; femur dark yellow to light 
brown except inner surface widely yellow; tibia medium brown; 
tarsus brownish black, with moderate dorsal hair crest; basitarsus 
greatly dilated, 4.6–4.8 times as long as its greatest width. Midleg: 
coxa brownish black; trochanter dark yellow except base whitish; 
femur medium brown except apical cap dark brown; tibia light to 
medium brown with apical cap dark brown and base whitish, and 
with whitish sheen widely on posterior surface when illuminated at 
certain angles; basitarsus whitish except apical tip light brown, other 
tarsomers light brown except base of tarsomere 2 whitish. Hind leg: 
coxa brownish black; trochanter yellowish white; femur dark brown 
to brownish black except base yellowish white; tibia dark brown 
except base yellowish white and with whitish sheen on basal half or 
more of posterior surface when illuminated at certain angles; tarsus 
medium to dark brown except basal two-thirds of basitarsus and 
basal half of second tarsomere yellowish white; basitarsus (Fig. 1C) 
nearly parallel-sided, 5.5–5.7 times as long as wide, and 0.7 and 0.6 
times as wide as greatest widths of hind tibia and femur, respectively; 
calcipala (Fig. 1C) moderately developed, slightly shorter than wide, 
and 0.33 times as wide as greatest width of basitarsus; pedisulcus 
(Fig. 1C) well developed. Claw simple, without tooth. Wing. Length 
1.9–2.0 mm. Costa with dark spinules and hairs; subcosta haired 
except apical one-fourth to two-fifths bare; basal section of radius 
with hairs on apical three-fifths to four-fifths; R1 with dark brown 
spinules and hairs; R2 with dark-brown hairs; hair tuft on base of 
radius dark brown; basal cell absent. Halter. White except base 
somewhat darkened. Abdomen. Basal scale dark brown, with fringe 
of pale hairs. Dorsal surface of abdomen dark brown to brownish 
black, with dark-brown short hairs; tergite 2 shiny and silvery iri-
descent when illuminated at certain angles and tergites 6–9 shiny. 
Ventral surface of seventh segment with pair of weakly sclerotized 
submedian sternal plates. Terminalia. Sternite 8 (Fig. 1D) with pos-
terior margin concave medially in form of reversed-U shape, bare 
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medially, with 17–22 dark-brown medium-long to long stout hairs 
and 6–13 yellow short to medium-long hairs on each lateral sur-
face. Ovipositor valve (Fig. 1D) triangular, with ventrally produced 
lobe near inner margin, membranous except narrow area along inner 
margin slightly sclerotized, covered with 18–26 short yellow hairs 
and numerous microsetae; inner margins slightly sinuous, some-
what separated from each other. Genital fork (Fig. 1E) of inverted-Y 
form, with narrow well-sclerotized stem; arms of moderate width, 
each with moderately sclerotized lateral portion. Paraproct in ven-
tral view (Fig. 1F) rounded, subequal in length to greatest width, 
strongly pigmented on anterior surface, with 24–41 yellow and dark 
short to medium-long hairs on lateral and ventral surfaces; parap-
roct in lateral view (Fig. 1G) 0.53 times as long as wide, and much 
protruded ventrally beyond ventral margin of cercus. Cercus in lat-
eral view (Fig. 1G) short, 0.5 times as long as wide, with numerous 
medium-long hairs, and rounded posteriorly. Spermatheca (Fig. 1H 
and I) nearly globular or ovoid, 1.1–1.3 times as long as greatest 
width, well sclerotized except portion of junction with duct widely 

unpigmented, without definite reticulate patterns on its surface; 
internal setae present; accessory ducts unpigmented, subequal in 
thickness to each other, and slightly thicker than major duct.
Male. Body length 2.0–2.5 mm. Head. Slightly wider than thorax. 
Upper-eye large facets in 16 or 17 vertical columns and 16 or 17 
(rarely 15) horizontal rows. Clypeus black, thickly white pruinose 
and iridescent when illuminated at certain angles, with dark brown 
hairs along and near lateral margins (most of central portion bare). 
Antenna composed of scape, pedicel and nine flagellomeres, yellow 
except apical three to six flagellomeres light to medium brown; first 
flagellomere elongate, 1.6–1.7 times length of second one. Maxillary 
palp with five segments, medium brown except first and second seg-
ments ochreous and fifth segment grayish light brown; proportional 
lengths of third, fourth, and fifth segments 1.0:1.2–1.5:2.2–2.7; third 
segment (Fig. 2A) of normal size; sensory vesicle (Fig. 2A) ellipsoidal, 
0.21 times length of third segment, and with small opening. Thorax. 
Scutum brownish black to black, with whitish-pruinose pattern, 
i.e., anterior pair of large spots on shoulders extended posteriorly 

Fig. 1.  Female of S. (S.) phraense sp. nov: (A) third segment of maxillary palp with sensory vesicle (right side, front view); (B) cibarium (front view); (C) hind 
basitarsus and second tarsomere (left side, outer view); (D) sternite 8 and ovipositor valve (right side only, ventral view); (E) genital fork (ventral view); (F) and 
(G) paraprocts and cerci (F, ventral view; G, lateral view); and (H) and (I) spermatheca. Scale bars: 0.05 mm for C; 0.02 mm for A, B, and D–I.
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along lateral margins and narrowly connected to large transverse 
spot entirely covering prescutellar area, anterior pair of large spots 
divided into anterior half and posterior half, either of which disap-
pears depending on direction of lights; all these spots brilliantly iri-
descent when illuminated at certain angles; scutum uniformly and 
moderately covered with brassy recumbent short hairs and with sev-
eral dark brown long upright hairs on prescutellar area. Scutellum 
brownish black, with dark brown long upright hairs and brassy 
short hairs. Postnotum brownish black, shiny and whitish pruin-
ose when illuminated at certain angles and bare. Pleural membrane 
bare. Katepisternum longer than deep, brownish black, and bare. 

Legs. Similar in coloration to those of female except mid trochanter 
medium brown with basal half yellow, mid femur entirely medium 
brown, and hind basitarsus yellowish white on basal three-fifths 
or little more and medium brown on rest. Fore basitarsus greatly 
dilated, 5.8–5.9 times as long as its greatest width. Hind basitarsus 
(Fig. 2B) not enlarged, nearly parallel-sided, though slightly nar-
rowed apically, 5.1–5.2 times as long as wide, and 0.7 and 0.6 times 
as wide as greatest widths of hind tibia and femur, respectively; cal-
cipala (Fig. 2B) small, slightly shorter than its basal width, and 0.4 
times as wide as greatest width of basitarsus; pedisulcus (Fig. 2B) 
well developed. Wing. Length 1.6–1.7 mm. Other characters as in 

Fig. 2.  Male of S. (S.) phraense sp. nov; (A) third segment of right maxillary palp with sensory vesicle (right side, front view); (B) hind basitarsus and second 
tarsomere showing calcipala and pedisulcus (left side, outer view); (C) coxites, styles, and ventral plate (ventral view); (D)–(F) styles (right side; D, ventrolateral 
view; E, medial view; F, dorsal view); (G) ventral plate (ventral view, little tilted posteriorly); (H) ventral plate and median sclerite (lateral view); (I) ventral plate 
(caudal view); (J) median sclerite (caudal view); (K) paramere (right side, dorsal view); (L) aedeagal membrane (caudal view); and (M) and (N) abdominal 
segment 10 and cerci (right half; M, lateral view; N, caudal view). Scale bars: 0.05 mm for B; 0.02 mm for A and C–N.
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female except subcosta and basal portion of radius bare. Abdomen. 
Basal scale brownish black, with fringe of dark-brown long hairs. 
Dorsal surface of abdomen dark brown to brownish black, moder-
ately covered with dark-brown short to medium long hairs; segments 
2, 5, 6, and 7 each with pair of whitish pruinose spots (brilliantly 
iridescent when illuminated at certain angles) dorsolaterally, those 
on segment 2 broadly connected in middle to each other. Genitalia. 
Coxites, styles, and ventral plate in ventral view as in Fig. 2C; coxite 
in ventral view (Fig. 2C) rectangular, 1.2 times as long as wide; style 
in ventrolateral view (Fig. 2D) 1.5 times length of coxite, 3.1 times as 
long as greatest width at basal one-third, somewhat narrowed from 
basal one-third to middle, then nearly parallel-sided, with subapical 
spine; style in medial view (Fig. 2E) somewhat flattened dorsoven-
trally, with short basal protuberance directed dorsomedially, with 
several cone-like spines along its anterior margin; style in dorsal 
view (Fig. 2F) bearing basal protuberance with row of minute spines. 
Ventral plate in ventral view (Fig. 2C) with body broad, with lat-
eral margins gently convex, anterior margin nearly straight, though 
anteromedial portion slightly produced, and posterior margin nearly 
straight; body bearing prominent median process sharply narrowed 
to round tip; body covered with minute setae medially; arms short, 
stout, divergent from base; ventral plate much produced posteriorly 
when slightly tilted posteriorly (Fig. 2G); ventral plate in lateral view 
(Fig. 2H) with median process abruptly bent ventrally at nearly right 
angle; ventral plate in caudal view (Fig. 2I) in form of equilateral 
triangle, and bare. Median sclerite in lateral view (Fig. 2H) aris-
ing slightly anterior to anteromedian portion of ventral plate, and 
curved dorsally at basal one-third; median sclerite in caudal view 
(Fig. 2J) wide, plate-like, slightly widened toward apex. Paramere in 
caudal view (Fig. 2K) enlarged basally, with several hooks apically. 
Aedeagal membrane in caudal view (Fig. 2L) sparsely covered with 
minute setae; dorsal plate weakly sclerotized and not pigmented. 
Abdominal segment 10 (Fig. 2M and N) with two to four hairs on 
each lateral surface, and several shorter hairs on ventral surface near 
posterior margin on each side; cercus (Fig. 2M and N) small, with 
11–13 distinct hairs.
Pupa. Body length 2.5–3.0 mm. Head. Integument light ochreous, 
moderately and uniformly covered with round tubercles; frons with 

two pairs of unbranched short slender trichomes with straight api-
ces; face with pair of unbranched medium-long trichomes with 
straight apices, longer than frontal trichomes. Thorax. Integument 
light ochreous, moderately covered with round tubercles; thorax 
on each side with three unbranched, bifid and trifid medium long 
trichomes anterodorsally, two unbranched or bifid medium-long tri-
chomes anterolaterally, one unbranched short to medium long trich-
ome mediolaterally, and three unbranched trichomes with straight 
apices (two short, one medium-long) ventrolaterally. Gill (Fig. 3A) 
with 10 thread-like filaments arranged as 2 + 1 + 2 + 1 + 2 + 2 
(rarely 3 + 2 + 1 + 2 + 2) from dorsal to ventral; dorsal, middle and 
two ventral pairs each with short stalk; all filaments slightly differ-
ent in length (0.7–1.2 mm), and ventral five filaments always much 
thinner than dorsal five filaments, which are somewhat inflated on 
basal two-fifths (relative thickness of filaments from dorsal to ven-
tral when compared basally 1.0:1.0:0.7–0.9:0.9–1.1:0.8–1.0:0.4–
0.5:0.3–0.4:0.4–0.5:0.4:0.4); stalks of two ventral pairs directed 
ventrally and posteriorly, respectively, stalks of dorsal and poster-
oventral pairs at angle of 260–290 degrees; all filaments light whit-
ish yellow, covered with annular furrows, lacking distinct annular 
ridges, thus no reticulate surface pattern (Fig. 3B–D), and densely 
covered with minute tubercles. Abdomen. Dorsally, all segments 
nearly transparent except segments 1 and 9 light yellow; segment 
1 without tubercles, with one unbranched short seta on each side; 
segment 2 with one unbranched short seta and five minute setae, of 
which three or four are stout on each side; segments 3 and 4 each 
with four distinct hooks and one short spinous seta on each side; all 
setae and hooks unbranched; segments 5, 6, 7, and 9 lacking spine-
combs; segment 8 with distinct spine-combs in transverse row; seg-
ments 5–9 each with comb-like groups of minute spines on each side; 
segment 9 with pair of small cone-like terminal hooks, though ter-
minal hooks absent in one pupa, one of two terminal hooks absent 
in two pupae. Ventrally, all segments unpigmented except segment 
9 yellowish; segments 4–8 each with comb-like groups of minute 
spines; segment 5 with pair of bifid stout hooklets submedially and 
few unbranched minute setae on each side; segments 6 and 7 each 
with pair of bifid inner and unbranched outer stout hooklets some-
what separated from each other and few unbranched minute setae 

Fig. 3.  Pupa of S. (S.) phraense sp. nov; (A) anterior half of thorax and gill filaments (left side, outer view); (B) basal portion of dorsal filament; (C) middle portion 
of dorsal filament; (D) apical portion dorsal filament; and (E) cocoon (lateral view). Scale bars: 1.0 mm for E; 0.1 mm for A; 0.02 mm for B–C.
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on each side. Cocoon (Fig. 3E). Light ochreous, shoe-shaped, with 
several small to large open spaces anterolaterally on each side; pos-
terior half with floor; posterior half thickly woven and individual 
threads almost invisible; 2.7–3.6 mm long by 1.1–1.6 mm wide; 
height 0.4–0.7 mm.
Mature larva. Body length 4.5–5.3  mm. Body variable in color 
from light brown, brownish green to bluish green. Abdomen in 
lateral view gradually widened from segment 1 to segment 7, then 
narrowed to segment 9.  Head. Head capsule variable in color 
from yellow to entirely dark brown; head spots faintly positive or 
negative or obscured. Antenna composed of three articles and ap-
ical sensillum, slightly longer than stem of labral fan; length ratio 
of three articles (from base to tip) 1.00:1.22–1.27:0.76–0.84. 
Labral fan with 42–48 primary rays. Mandible (Fig.  4A) with 
mandibular serration composed of two teeth (one medium-sized, 
one small); main tooth at right angle against mandible on ap-
ical side; comb-teeth gradually decreased in length from first to 
third; supernumerary serrations absent (though one minute tooth 
present between two mandibular teeth in left mandible of one 
larva). Hypostoma (Fig.  4B) with nine anterior teeth, of which 
median and corner teeth subequal in length to each other, fol-
lowed by three intermediate teeth on each side; lateral margins 
serrate apically; four or five hypostomal bristles divergent pos-
teriorly from lateral border on each side. Postgenal cleft (Fig. 4C) 
large, rounded, 5.7–7.5 times length of postgenal bridge, and 1.2 
times as wide as long; sheath of subesophageal ganglion weakly 
or moderately pigmented. Cervical sclerites on each side com-
posed of light brown elliptical piece, not fused to occiput. Thorax 
and Abdomen. Histoblast of pharate pupal gill with 10 filaments. 
Thoracic cuticle sparsely covered with minute colorless setae. 
Thoracic segment 3 and abdominal segments 1–8 each with pair 
of cone-like dorsolateral protuberances (Fig. 4D). Abdominal cu-
ticle moderately covered with minute colorless setae on dorsal 
and dorsolateral surface of few posterior segments, and mod-
erately covered with shirt colorless setae on each side of anal 
sclerite. Rectal scales present. Rectal organ of three lobes, each 
with 8–11 finger-like secondary lobules. Anal sclerite X-shaped, 
with short broad anterior arms 0.7 times length of posterior 
ones; base with deep unsclerotized incision posteriorly; one or 
two sensilla on base of anal sclerite; two to six sensilla posterior 
to posterior arms. Last abdominal segment not bulged laterally 
and lacking ventral papillae. Posterior circlet with 96–98 rows of 
hooklets with up to 15 or 16 hooklets per row.

Type material. HOLOTYPE: Male (with its associated pupal 
exuviae and cocoon, in 80% ethanol), collected from Mae Yom 
River (width 3.6 m; depth 15 cm; bottom rocky; water tempera-
ture 29.0°C; exposed to the sun; elevation 194 m; 18° 37ʹ38.7ʺN, 
100° 09ʹ37.4ʺE), fast-flowing, Mae Yom National Park, Song 
District, Phrae Province, Thailand, 21-XII-2014, by W. Srisuka. 
PARATYPES. Five females, five males (with their associated 
pupal exuviae and cocoons) and five mature larvae, same data as 
those of the holotype. OTHER SPECIMENS EXAMINED. Three 
females and two males (with their associated pupal exuviae and 
cocoons), collected from a stream (18°40ʹ35.9ʺN, 100°13ʹ32.0ʺE; 
elevation 242 m), Sa-iab village, Song District, Phrae Province, 
Thailand, 4-VIII-2016, by W. Srisuka; four females, one male 
(with their associated pupal exuviae and cocoons) and one pupa, 
collected from a stream (17°30ʹ47.8ʺN, 99°20ʹ58.6ʺE; elevation 
199 m), Den Maisung village, Thoen District, Lampang Province, 
Thailand, 23-X-2011, by W. Srisuka; one female and two males 
(with their associated pupal exuviae and cocoons), collected 
from Ban Huak stream (19°41ʹ02.4ʺN, 100°24ʹ02.0ʺE; eleva-
tion 489 m), Huak village, Phu Sang District, Phayao Province, 
Thailand, 5-VIII-2014, by W. Srisuka; one male (with its associ-
ated pupal exuviae and cocoon), collected from Mae Pert stream 
(16°02ʹ40.3ʺN, 99°17ʹ27.3ʺE; elevation 167 m), Khlong Lan 
District, Khamphaeng Phet Province, Thailand, 26-VI-2013, by W. 
Srisuka; three females and one male (with their associated pupal 
exuviae and cocoons), collected from a stream (16°45ʹ35.6ʺN, 
98°55ʹ31.3ʺE; elevation 796 m), Mueang District, Tak Province, 
Thailand, 28-VI-2013, by W. Srisuka;.one female (with its asso-
ciated pupal exuviae and cocoon), collected from a stream 
(16°27ʹ36.0ʺN, 99°07ʹ03.2ʺE; elevation 352 m), Lo Kho village, 
Wang Chao District, Tak Province, Thailand, 21-VII-2016, by 
W. Srisuka.
Biological Notes. The pupae and larvae of this new species were col-
lected from grass leaves trailing in the current. No other black fly 
species were found in five of seven streams where this new species 
was collected. In each of the two other streams, one in Khamphaeng 
Phet Province, and the other in Wang Chao District, Tak Province, 
only one pupa of this new species was collected together with many 
pupae of S. (S.) nakhonense.
Distribution. Thailand (Khamphaeng Phet, Lampang, Phayao, Phrae 
and Tak).
Etymology. The species name phraense refers to the name of the pro-
vince, Phrae, where this new species was collected.

Fig. 4.  Mature larva of S. (S.) phraense sp. nov: (A) tip of mandible (lateral view); (B) hypostoma (ventral view); (C) head capsule showing hypostoma and 
postgenal cleft (ventral view); and (D) protuberance and micosetae on dorsum of abdominal segment 8. Scale bars: 0.05 mm for C; 0.02 mm for A, B, and D.
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DNA Analyses of a New Species and Two Related 
Species
Phylogenetic analyses reveal that the new species is differentiated 
from the closely related species by forming a highly supported 
monophyletic clade (ML = 100%/NJ = 99%; Fig. 5). This new spe-
cies is distinctly separated from S. (S.) nakhonense and S. (S.) chi-
angmaiense with genetic distances of 3.37 and 3.86%, respectively.

Discussion

Simulium (S.) phraense sp. nov. is assigned to the S. striatum species 
group, defined by Takaoka and Davies (1996), by the unique shape 
of the female terminalia (Fig. 1D and G) and male genitalia (Fig. 
2C). This new species is characterized by having a haired basal por-
tion of the radius of the female, female scutum covered with yellow 
short hairs, pupal gill with 10 short filaments arranged as 2 + 1 + 2 
+ 1 + 2 + 2 from the dorsum, of which the dorsal five filaments are 
somewhat inflated and about twice the thickness of the ventral five 

filaments, all filaments lacking distinct annular ridges (Fig. 3A–D), 
and the larval body with paired protuberances (Fig. 4D).

This new species is similar to S. (S.) nakhonense from Thailand 
(Takaoka and Suzuki 1984) but is distinguished from the latter spe-
cies by the pupal gill lacking distinct annular ridges on the surface of 
the filaments (Fig. 3B–D).

Simulium (Simulium) palmatum Puri (Diptera: Simuliidae) from 
India (Puri 1932) and Simulium (Simulium) subpalmatum Davies & 
Györkös (Diptera: Simuliidae) from Sri Lanka (Davies and Györkös 
1992) have a similar arrangement and relative thickness of the pupal 
gill filaments but differ from this new species by having the cocoon 
without open weave anteriorly.

Over the past few years, there have been several attempts to 
resolve members of the S. striatum species group. The standard 
DNA barcoding COI region has been found ineffective to separate 
S. (S.) chiangmaiense, S. (S.) nakhonense, and S. (S.) quinquestria-
tum from one another (Pramual and Adler 2014). The nuclear ECP1 
gene, which has been useful to resolve species complexes and species 

Fig. 5.  Maximum likelihood phylogenetic tree of representatives of the S. striatum species group based on the BZF gene sequences. Bootstrap values (ML/NJ) 
are shown on the branches.
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groups (Senatore et al. 2014, Low et al. 2016), also failed to dis-
tinguish S. (S.) chiangmaiense from S. (S.) nakhonense (Pangjanda 
and Pramual 2017). Nevertheless, the BZF gene used in the present 
study distinguishes S. (S.) phraense sp. nov., S. (S.) chiangmaiense, 
and S. (S.) nakhonense from one another. Low bootstrap values were 
observed for the clade of S. (S.) nakhonense (<50%); however, this 
observation is expected in closely related taxa (Keer et al. 2007, Low 
et al. 2017, Takaoka et al. 2017c) . The BZF gene also demonstrates 
that the new species is more closely related to S. (S.) nakhonense 
than to S. (S.) chiangmaiense, further supporting its morphological 
classification.

Further studies are needed to determine to what extent the BZF 
gene sequences of these three related species vary by populations 
since two of them are widely distributed in Thailand, and even in 
neighboring countries.
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Abstract

Simulium (Asiosimulium) saeungae sp. nov. (Diptera: Simuliidae) is described based on females, males, pupae, and 
mature larvae collected from Nan Province, Northern Thailand. It is characterized by the medium-long cerci in the 
female, enlarged hind basitarsus, and broad ventral plate with its posterior margin not deeply concave in the male, 
arborescent pupal gill with 42–56 filaments in the pupa and smaller number of primary rays of the labral fan (30–33) 
in the larva. This is the fifth species of the subgenus Asiosimulium, the second smallest among 10 subgenera in 
the Oriental Region. Taxonomic notes are given to distinguish this new species from the three known species from 
Thailand and one from Nepal.

Key words:  black fly, aquatic insect, fauna, taxonomy

Simulium (Asiosimulium) Takaoka & Choochote is the second 
smallest among the 10 simuliid subgenera of the genus Simulium 
Latreille (Diptera: Simuliidae) in the Oriental Region (Adler and 
Crosskey 2017). It is represented by four species, i.e., S. furvum 
Takaoka & Srisuka, S. oblongum Takaoka & Choochote, and 
S. wanchaii Takaoka & Choochote, all described from Thailand 
(Takaoka and Choochote 2005, 2006; Takaoka et al. 2013), and S. 
suchitrae Takaoka from Nepal (Takaoka and Shrestha 2010). The 
male of S. suchitrae is unknown.

The biological aspects of the subgenus Asiosimulium including 
the female biting habits remain to be studied, though females of 
S. wanchaii were caught on a human in Doi Suthep-Pui National 
Park, Chiang Mai, Northern Thailand (Takaoka and Choochote 
2006).

In a recent survey of larvae and pupae of black flies in 
Khunsathan National Park, Nan Province, Northern Thailand, we 
collected pupae of the subgenus Asiosimulium, of which the pupal 
gill is arborescent, consisting of 42–56 thread-like filaments, a num-
ber of filaments much greater than those of four known species, 
which range from 19 to 33 (Srisuka et al. 2015).

We describe this new species based on females, males, pupae, and 
mature larvae. The methods of collection, description, and illustra-
tion, and terms for morphological features used here follow those of 
Takaoka (2003) and partially those of Adler et al. (2004). The speci-
mens used are deposited at the Entomology Section, Queen Sirikit 
Botanic Garden, Chiang Mai, Thailand.

Nomenclature

This paper and the nomenclatural act(s) it contains have been reg-
istered in Zoobank (www.zoobank.org), the official register of the 
International Commission on Zoological Nomenclature. The LSID 
(Life Science Identifier) number of the publication is urn:lsid:zoobank.
org:pub:97173C2B-4BD9-43AD-8632-0CC98C26FD0B
Simulium (Asiosimulium) saeungae Takaoka & Srisuka, sp. nov.
(urn:ls id:zoobank.org:act:ABAC9E36-9892-473A-B7B2-
380A8498C3FB)

Female (n = 5). Body length 3.0–3.5 mm. Head. Slightly narrower 
than thorax. Frons brownish black, densely covered with whitish-
yellow hairs (except median longitudinal portion narrowly bare) 
interspersed with several dark longer and stouter hairs along each 
lateral margin; frontal ratio 1.32–1.36:1.00:1.57–1.68. Frons-head 
ratio 1.0:4.4–4.7. Fronto-ocular area well developed, triangular, 
directed laterally and somewhat upward. Clypeus brownish black, 
densely covered with whitish-yellow hairs intermixed with dark 
longer and stouter hairs. Labrum 0.71–0.78 times as long as clypeus. 
Antenna composed of scape, pedicel and nine flagellomeres, dark 
yellow to light brown, except scape, pedicel, and base of first flag-
ellomere yellow and few apical flagellomeres darkened. Maxillary 
palp consisting of five segments, medium brown except third seg-
ment blackish brown, proportional lengths of third, fourth, and fifth 
segments 1.00:0.83–0.89:1.42–1.57; third segment (Fig.  1A) not 
enlarged; sensory vesicle (Fig.  1A) ellipsoidal, 0.25–0.29 times as 
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long as third segment, with large opening apically. Lacinia with 13 
or 14 inner and 12 or 13 outer teeth. Mandible with 25–27 inner 
and 15 or 16 outer teeth. Cibarium (Fig.  1B) weakly sclerotized 
except cornuae strongly sclerotized, moderately concave postero-
dorsally, and with 64–94 spinous processes elaborately arranged in 
narrow space between inner and outer walls, somewhat apart from 

posterodorsal margin; these processes arising from inner wall (in one 
female, additional three and five smaller processes near posterodor-
sal margin). Thorax. Scutum medium brown except anterolateral 
calli light brown, with three dark brown narrow longitudinal vit-
tae (one medial, two submedial) and two dark brown rather broad 
vittae along lateral margins; each of those lateral vittae anteriorly 

Fig. 1.  Female of Simulium (Asiosimulium) saeungae sp. nov. (A) Third segment of maxillary palp with sensory vesicle (right side; front view). (B) Cibarium 
(posterior view). (C) Hind basitarsus and second tarsomere (left side; outer view). (D) Claw. (E) Sternite 8 and ovipositor valve (right side only; ventral view). (F) 
Genital fork (ventral view). (G) & (H) Paraprocts and cerci (G, ventral view; H, lateral view). (I) Spermatheca. Scale bars: 0.1 mm for C; 0.02 mm for A, B, and D–I.
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curved inward and connected with anterior tip of submedian vitta; 
all these five vittae posteriorly connected with broad transverse dark 
brown prescutellar area; scutum densely covered with yellowish-
white short hairs interspersed with several dark brown upright 
long hairs on prescutellar area. Scutellum medium to dark brown, 
with many dark-brown upright long hairs and yellowish-white 
short hairs. Postnotum medium to dark brown, and bare. Pleural 
membrane bare. Katepisternum longer than deep, brownish black, 
thinly white pruinose and without hairs. Legs. Medium brown to 
brownish black except hind trochanter light brown, base of mid tro-
chanter, and extreme bases of all tibiae yellow to light brown. Fore 
basitarsus much dilated, 4.5–4.8 times as long as its greatest width, 
and with thick dorsal hair crest. Hind basitarsus (Fig.  1C) nearly 
parallel-sided though somewhat tapered near both ends, 5.3–6.0 
times as long as its greatest width, 0.7 and 0.6–0.7 times as wide as 
greatest widths of tibia and femur, respectively; calcipala developed, 
short, 0.85 times as long as its width at base, and 0.42 times as 
wide as greatest width of basitarsus; pedisulcus well developed. All 
claws (Fig. 1D) with large basal tooth 0.43–0.45 times as long as 
claw. Wing. Length 2.9–3.0 mm. Costa with dark short spines and 
dark hairs intermixed with patch of white hairs near base. Subcosta 
with dark hairs except near apex bare. Hair tuft on stem vein dark 
brown. Basal portion of radius fully haired. R1 with dark spinules 
and hairs. R2 with dark hairs only. Basal cell and basal median cell 
absent. Abdomen. Basal scale dark brown, with fringe of yellow-
ish-white long hairs intermixed with dark long hairs. Dorsal and 
lateral surfaces of abdomen dark brown to brownish black, mod-
erately covered with dark short hairs, though densely covered with 
yellowish-white recumbent short hairs dorsolaterally and laterally 
on segments 2–4; tergites 6–8 shiny when illuminated dorsally and 
viewed laterally; ventral surface of abdomen dark brown except seg-
ment 2 grayish white to light brown; segment 7 with large sternal 
plate medially. Terminalia. Sternite 8 (Fig. 1E) wide, bare medially 
but furnished with 20–23 yellow short to medium-long and four or 
five dark long hairs together with two to seven minute hairs on each 
side. Ovipositor valve (Fig.  1E) nearly triangular, thin, membran-
ous except inner margin narrowly sclerotized, densely covered with 
microsetae interspersed with 8–11 short hairs; inner margins nearly 
straight or slightly sinuous, moderately separated from each other. 
Genital fork (Fig. 1F) inverted Y-shaped, with well-sclerotized stem; 
each arm widest medially, with distinct long projection directed 
anterodorsally, and short triangular projection directed posterome-
dially. Paraproct in ventral view (Fig. 1G) subquadrate, with distinct 
process produced ventrally along anteromedial margin, with 8–10 
colorless sensilla on darkened anteromedial surface; paraproct in lat-
eral view (Fig. 1H) 0.75 times as long as wide, somewhat produced 
ventrally beyond ventral margin of cercus, and with numerous short 
to medium-long hairs on lateral and ventral surfaces. Cercus in ven-
tral view (Fig. 1G) much produced posteriorly; cercus in lateral view 
(Fig. 1H) tapered posteriorly and rounded apically, nearly as long as 
its width at base. Spermatheca (Fig. 1I) globular, strongly sclerotized 
and pigmented except base of duct widely unpigmented, with dis-
tinct reticulate surface pattern; internal setae not discernible; acces-
sory ducts unpigmented, subequal in diameter to each other and to 
main duct; main duct somewhat widened in diameter near junction 
with spermatheca.

Male (n = 5). Body length 3.2–3.5 mm. Head. Slightly wider 
than thorax. Holoptic. Upper eye medium brown, consisting of large 
facets in 16 (rarely 17) vertical columns and 17 (rarely 18 or 19) 
horizontal rows. Clypeus brownish black, thinly white pruinose, 
moderately covered with dark brown long hairs interspersed with 
yellow fine hairs along lateral margins, and rather sparsely covered 

with similar hairs on large median area. Antenna composed of scape, 
pedicel and nine flagellomeres, yellow except base of first flagel-
lomere whitish yellow and apical flagellomere light brown; first flag-
ellomere somewhat elongate, 1.7–1.8 times as long as second one. 
Maxillary palp composed of five segments, grayish brown except 
third segment dark brown; proportional lengths of third, fourth, 
and fifth segments 1.00:0.89:1.46–1.56; third segment (Fig. 2A) 
of moderate size; sensory vesicle (Fig. 2A) ellipsoidal, 0.19–0.21 
times as long as third segment, with large opening apically. Thorax. 
Similar to that of female except short hairs on scutum and scu-
tellum yellow. Legs. Color similar to that of female. Fore basitarsus 
4.6–4.8 times as long as its greatest width, with thick hair crest. 
Hind basitarsus (Fig. 2B) enlarged, spindle-shaped, 3.32–3.67 times 
as long as its greatest width, 0.97–1.03 and 1.00 times as wide as 
greatest widths of hind tibia and femur, respectively; calcipala well 
developed, slightly shorter than its width at base, and 0.24 times 
as wide as greatest width of basitarsus; pedisulcus well developed. 
Wing. Length 2.5–2.8 mm. Other characters as in female except 
subscosta bare. Abdomen. Basal scale brownish black, with fringe 
of light brown long hairs. Dorsal surface of abdomen dark brown 
to brownish black, moderately covered with dark hairs; tergites 
2 and 5–8 each with pair of dorsolateral or lateral shiny patches 
when illuminated anterodorsally; ventral surface of abdominal seg-
ments 2–4 grayish white to light brown, and those of other segments 
medium brown; sternites 3–8 medium brown and somewhat shiny 
when illuminated ventrally. Abdominal segment 9 in ventral view 
with sternite in form of transverse thick bar. Genitalia. Coxite in 
ventral view (Fig. 2C) rectangular, 1.7 times as long as its greatest 
width. Style in ventral view (Fig. 2C) short, 0.67 times as long as 
coxite, gradually tapered toward apex and with apical spine; style in 
ventrolateral view (Fig. 2D) wide basally, 0.48 times as wide as long, 
tapered toward middle, then slightly narrowed to apex, with blunt 
apex. Ventral plate in ventral view (Fig. 2C) with body wide, 0.41 
as long as wide, with anterior margin slightly concave medially, with 
median portion produced ventrally, and densely covered with setae 
except both anterolateral portions bare; basal arms short, directed 
anteriorly, parallel-sided or slightly divergent apically; ventral plate 
in lateral view (Fig. 1E) moderately produced ventrally; ventral plate 
in caudal view (Fig. 1F) inverted V-shaped, produced ventrally, and 
covered with setae on median portion of posterior surface. Median 
sclerite in lateral view (Fig. 2E) arising near anterior margin of 
ventral plate and directed dorsally; median sclerite in caudal view 
(Fig. 2G) thin, plate-like, widened apically. Paramere (Fig. 2H) of 
moderate size, well sclerotized, without hook. Aedeagal membrane 
(Fig. 2I) moderately covered with minute setae; dorsal plate oval in 
shape, lightly pigmented. Ventral surface of 10th abdominal segment 
without distinct hairs laterally near cercus on each side. Cercus (Fig. 
2J and K) in form of narrow lobe, covered with 8–15 hairs.

Pupa (n  =  6). Body length 3.5  mm. Head. Integument ochre-
ous, without tuberclesa; frons with pair of unbranched short to 
medium-long trichomes arising close together on each side; face 
with one unbranched medium-long to long trichome on each side, 
which is longer than frontal trichomes; antennal sheath without 
any projection or tubercles. Thorax. Integument ochreous, bare 
except dorsal surface of posterior half sparsely or moderately 
covered with tubercles, and small area at base of gill densely cov-
ered with tubercles; thorax on each side with two long trichomes 
anterodorsally, two trichomes (one long, one medium-long) ante-
rolaterally, one medium-long trichome mediolaterally and three 
trichomes (one medium-long, two short) ventrolaterally; all tri-
chomes unbranched. Gill (Fig. 3A) of arborescent type, composed 
of 42–56 short to medium-long slender thread-like filaments (some 
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are extremely short and thumb or finger-like) arranged in five or six 
groups; all filaments light to medium brown, with longest filament 
1.9–2.3 mm, with annular ridges and furrows, which are weakly 
developed and present irregularly) and covered densely with minute 
tubercles; gill with moderately developed transparent basal fenes-
tra. Abdomen. Dorsally, all segments pale yellow except segments 1 
and 2 yellow and segment 9 yellow to ochreous; segment 1 sparsely 
covered with minute tubercles, with one short slender setae on each 
side; segment 2 with one short seta and five short spinous setae 
on each side; segments 3 and 4 each with four stout hooks and 
one short spinous or minute seta on each side; segments 5–9 each 

with comb-like groups of minute spines but lacking spine-combs 
on each side; segment 5 with five short setae on each side, segments 
6–8 each with two short setae on each side; segment 9 with pair 
of small cone-shaped terminal hooks. Laterally, segment 9 with 
two grapnel-shaped hooklets on each side. Ventrally, all segments 
nearly transparent except segment 9 yellow to ochreous; segment 
4 with one unbranched hooklet and few short setae on each side; 
segments 5–7 each with pair of unbranched stout hooks on each 
side; segments 4–8 each with comb-like groups of minute spines on 
each side. Cocoon. Pale yellow, wall-pocket shaped, thinly woven, 
with anterodorsal margin somewhat thickly woven, and slightly 

Fig. 2.  Male of Simulium (Asiosimulium) saeungae sp. nov. (A) Third segment of maxillary palp with sensory vesicle (right side; front view). (B) Hind basitarsus 
and second tarsomere (left side; outer view). (C) Coxites, styles, and ventral plate (ventral view). (D) Style (right side; ventrolateral view). (E) Ventral plate and 
median sclerite (lateral view). (F) Ventral plate (caudal view). (G) Median sclerite (caudal view). (H) Paramere (left side; caudal view). (I) Aedeagal membrane 
and dorsal plate (caudal view). (J) and (K) Abdominal segment 10 and cerci (right side; J, lateral view; K, caudal view). Scale bars: 0.1 mm for B; 0.02 mm for 
A and C–K.
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extended ventrolaterally: individual threads visible or invisible; 
4.0–4.8 mm long by 1.9–2.5 mm wide.

Mature larva (n = 10). Body length 7.0–8.0 mm. Body grayish, 
with reddish-brown markings as follows: thoracic segment 1 encir-
cled with transverse band though disconnected ventromedially; 
abdominal segments 1–4 each with transverse band on each lateral 
surface, and abdominal segments 5–9 each covered with broad band 
dorsally and dorsolaterally though disconnected to varying extent 
dorsomedially. Head. Cephalic apotome whitish-yellow except 
wide area along posterior margin medium brown; head spots dis-
tinct, though posterolateral spots merged with darkened area and 
posterior spot of mediolongitudinal spots connected posteriorly to 
darkened area along posterior margin. Lateral surface of head cap-
sule yellow except eye-spot region whitish and area above and pos-
terior to eye-spot region light to medium brown, with distinct dark 
brown spots, i.e., two isolated small spots below eye-spot region 
(though one of these two often light brown and less distinct) and 

two large spots and two small spots in front of posterior margin, 
all these spots merged with darkened area along posterior margin. 
Ventral surface of head capsule yellow except central portions along 
both sides of postgenal cleft and posterior portions along posterior 
margin widely light to medium brown; elongate and round spots on 
each side of postgenal cleft distinct, though merged with darkened 
portion. Cervical sclerites each composed of anterior light brown 
elongate piece fused to occiput and posterior ellipitical light brown 
piece. Antenna consisting of three articles and apical sensillum, 
subequal to or little longer than stem of labral fan; proportional 
lengths of first, second, and third segments 1.0:1.2–1.3:0.7. Labral 
fan with 30–33 main rays. Mandible (Fig. 4A) with mandibular ser-
ration consisting of one large tooth and one small tooth; large tooth 
at right angle to mandible on apical side; comb-teeth composed of 
three teeth decreasing in size from first to third; supernumerary ser-
rations absent, though one additional small tooth is present near 
small mandibular tooth in one mandible. Hypostoma (Fig. 4B) with 

Fig. 3.  Pupa of Simulium (Asiosimulium) saeungae sp. nov. (A) Anterior half of thorax and gill filaments (right side; outer view). Scale bar: 0.1 mm for A.

Fig. 4.  Mature larva of Simulium (Asiosimulium) saeungae sp. nov. (A) Apical tip of mandible. (B) Hypostoma. (C) Head capsule showing postgenal cleft (ventral 
view). Scale bars: 0.1 mm for C; 0.05 mm for B; 0.02 mm for A.
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nine apical teeth in row; median tooth much longer than corner 
teeth; lateral serration weakly developed anteriorly; six hypostomal 
bristles per side, lying slightly divergent posteriorly from lateral 
margin. Postgenal cleft (Fig. 4C) deep, reaching posterior margin of 
hypostoma. Thorax and Abdomen. Thoracic and abdominal cuticle 
almost bare except both sides of anal sclerite and ventral bulge mod-
erately covered with simple colorless setae. Rectal scales not dis-
cernible. Rectal organ compound, with finger-like secondary lobules 
(number of secondary lobules not counted because rectal organ was 
withdrawn). Anal sclerite X-shaped, with anterior arms nearly as 
long as posterior ones; anterior arms broadened, and space between 
arms widely sclerotized basally; 8–13 sensilla just posterior to basal 
juncture; accessory sclerite absent. Last abdominal segment some-
what expanded ventrally forming ventral bulge, visible as small ven-
tral papilla when viewed from side. Posterior circlet with 83 rows of 
up to 15 or 16 hooklets per row.
Type material. Holotype: female (with associated pupal exuviae and 
cocoon) (in 80% ethanol), reared from a pupa collected from a small 
stream (18°16′44.5″N, 100°30′14.2″E), Khunsathan National Park, 
Nanoi District, Nan Province, 27.IIV.2017 by W. Srisuka. Paratypes: 
four females, five males (all with associated pupal exuviae and 
cocoons), and 10 mature larvae (all in 80% ethanol), same data as 
those of the holotype.
Biological notes. The pupae and larvae of this new species were 
collected from a stream slowly flowing on rocks (water tempera-
ture 19.6°C, partially shaded, elevation 1,316 m). Associated spe-
cies are S. (Gomphostilbia) asakoae Takaoka & Davies complex, 
S. (Nevermannia) vessabutrae Takaoka & Srisuka, S. (Simulium) 
doipuiense Takaoka & Choochote complex and S. (Simulium) 
yuphae Takaoka & Choochote.
Etymology. The specific name saeungae is in honor of Dr. Atiporn 
Saeung, Department of Parasitology, Faculty of Medicine, Chiang 
Mai University, for her great contribution to studies of blackflies and 
mosquitoes in Thailand.
Remarks. This new species is assigned to the subgenus Simulium 
(Asiosimulium), defined by Takaoka and Choochote (2005), in that 
it has a combination of the following characteristics: numerous spin-
ous processes on the cibarium (Fig. 1B), hairs on the basal portion 
of the radial vein, and a large basal tooth of the claw (Fig. 1D) in the 
female, paramere without hook (Fig. 2H) in the male, gill filaments 
of arborescent type (Fig. 3A), dorsal surface of abdominal segments 
5–9 each without spine-combs, ventral surface of abdominal seg-
ments 5–7 each with pair of unbranched hooks on each side and lat-
eral surface of abdominal segment 9 with grapnel-shaped hooklets in 
the pupa, and deep postgenal cleft (Fig. 4C) in the larva.

The female of S. saeungae sp. nov. is similar to those of S. wan-
chaii and S. furvum in sharing the medium-long cerci (Fig. 1G and 
H), but it is distinguished from S. wanchaii by the fore basitarsus 
much dilated (4.5–4.8 times as long as its greatest width) (5.4–5.6 
times in S. wanchaii), and abdominal segment 5 not shiny (shiny in 
S. wanchaii), and from S. furvum by the globular spermatheca (Fig. 
1I) (pear-shaped in S. furvum).

The male of this new species is similar to that of S. wanchaii 
in sharing the enlarged hind basitarsus (Fig. 2B) and broad ventral 
plate with its posterior margin not deeply concave (Fig. 2C), but it 
is distinguished from the latter species by the antenna yellow except 

the apical flagellomere light brown (dark brown except the scape, 
pedicel and the base of the first flagellomere yellow in S. wanchaii), 
fore basitarsus much dilated (4.6–4.8 times as long as its greatest 
width) (7.5 times in S. wanchaii), and abdominal segments 5–8 each 
with a pair of shiny dorsolateral patches (without such shiny patches 
in S. wanchaii).

The pupa of this new species is similar to that of S. suchitrae in 
having the frons and anterior half of the thorax without tubercles, 
but it is distinguished from S. suchitrae by lacking an enlarged basal 
fenestra. The number of pupal gill filaments (42–56) (Fig. 3A) sepa-
rates this new species from all the three other known species (22 in 
S. furvum, 31–33 in S. oblongum, 28 in S. suchitrae, and 19 in S. 
wanchaii).

The larva of this new species is similar to those of the four 
known species in sharing the deep postgenal cleft (Fig. 4C), but it 
is barely distinguished from S. furvum by having an unpigmented 
sheath around the subesophageal ganglion, from S. oblongum and 
S. wanchaii by the smaller number of primary rays of the labral fan 
(30–33) (43–45 in S. oblongum and 38–40 in S. wanchaii), and from 
S. suchitrae by the smaller number of rows of the posterior circlet 
(83) (90 in S. suchitrae).
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A B S T R A C T

Five new species of black flies, Simulium (Gomphostilbia) chiangraiense, S. (G.) huaikaeoense, S. (G.) khaokhoense,
S. (G.) maeklangense, and S. (G.) pamiangense, are described based on adults, pupae and mature larvae from
Thailand. These five species are similar to one another and are placed in the S. decuplum subgroup of the S.
batoense species-group by having the male fore coxae darkened, ventral plate flat and transverse; pupal gill with
10 short filaments; and larval postgenal cleft deep approaching or reaching the posterior margin of the hy-
postoma. Simulium (G.) chiangraiense sp. nov. and S. (G.) pamiangense sp. nov. differ from the three other new
species by the much longer pupal gill filaments and darkened dorsal surface of abdominal segments 1 and 2.
Taxonomic notes are provided to distinguish these five new species from five other related species. The phy-
logenetic positions of these new species in the S. decuplum subgroup are presented based on the mitochondrial
COI gene. Simulium (G.) pamiangense sp. nov. and S. (G.) huaikaeoense sp. nov. are highly similar to each other
genetically, showing a sister relationship, though they are clearly different morphologically. On the contrary, S.
(G.) khaokhoense sp. nov. is distantly positioned from S. (G.) huaikaeoense nov., though it is almost indis-
tinguishable morphologically from the latter.

1. Introduction

Gomphostilbia Enderlein is the second largest of 37 subgenera in the
genus Simulium Latreille (Diptera: Simuliidae) containing 240 species,
of which most are distributed in the Oriental Region (Adler and
Crosskey, 2017). They are further classified into 15 species-groups, of
which the Simulium batoense species-group is the largest assemblage of
heterogeneous lineages (Takaoka, 2012). This group consists of 60
species in eight subgroups (seven named and one unnamed) (Adler and
Crosskey, 2017; Takaoka, 2012). In this species-group, little is known
about the biting habits and other biological aspects, although S. (G.)
asakoae Takaoka & Davies of the S. asakoae species-group is a vector of
an unidentified filarial parasite of animal origin in Thailand (Fukuda
et al., 2003; Ishii et al., 2008).

In Thailand, the S. batoense species-group is represented by six
species, of which one is placed in the S. decuplum subgroup, two in the
S. duolongum subgroup, two in the S. parahiyangum subgroup and one in
the S. sextplum subgroup (Takaoka, 2012; Takaoka et al., 2017d).

In recent surveys of pupae and larvae of black flies in Chiang Rai,
Lampang, Nan and Chiang Mai Provinces in northern Thailand, and
Phetchabun Province in central Thailand, we collected five undescribed
species of the S. batoense species-group, all of which are assignable to
the S. decuplum subgroup, defined by Takaoka (2012), based on the
male fore coxae darkened and pupal gill with 10 short filaments. This
subgroup is small, containing only five species: Simulium (G.) bannaense
Chen & Zhang from China (Chen and Zhang, 2003); Simulium (G.)
chongqingense Zhu & Wang from China (Zhu and Wang, 1995); Simulium
(G.) jiulianshanense Chen, Kang & Zhang described from pupae and
larvae from China (Kang et al., 2007); Simulium (G.) decuplum Takaoka
& Davies from Peninsular Malaysia, Thailand and India (Takaoka and
Davies, 1995; Takaoka and Saito, 1996; Borah et al., 2012); and S. (G.)
lamdongense Takaoka & Sofian-Azirun from Vietnam (Takaoka et al.,
2015).

Five species are described herein as new, based on females, males,
pupae and larvae, and taxonomic notes are given to separate them from
related species.
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The phylogenetic relationships of these new species with two re-
lated species in the S. decuplum subgroup are also presented based on
the mitochondrial COI gene.

2. Materials and methods

The methods of collection, description and illustration, and terms
for morphological features, follow those of Takaoka (2003) and par-
tially those of Adler et al. (2004). The holotype and paratypes are de-
posited at the Queen Sirikit Botanic Garden, Chiang Mai, Thailand.

Simulium (G.) chiangraiense sp. nov., S. (G.) pamiangense sp. nov., S.
(G.) maeklangense sp. nov., S. (G.) khaokhoense sp. nov., and S. (G.)
huaikaeoense sp. nov., their congeners, S. (G.) decuplum collected from
Peninsular Malaysia, and S. (G.) lamdongense collected from Vietnam,
were subjected to DNA isolation, COI gene amplification, and sequen-
cing as described by Low et al. (2015). New sequences of S. (G.)
chiangraiense sp. nov. (MF968964-MF968965), S. (G.) pamiangense sp.
nov. (MF968953-MF968954), S. (G.) maeklangense sp. nov. (MF968966-
MF968967), S. (G.) khaokhorense sp. nov. (MF968968-MF968969), S.
(G.) huaikaeoense sp. nov. (MF968955-MF968958), S. (G.) decuplum
(MF968959-MF968961), and S. (G.) lamdongense (MF968962-
MF968963) generated from the present study were deposited in the
National Center for Biotechnology Information (NCBI) GenBank data-
base. For phylogenetic tree construction, all available members of the S.
batoense species-group: Simulium (G.) siamense Takaoka & Suzuki, S.
(G.) johorense Takaoka, Sofian-Azirun & Ya’cob, S. (G.) laosense Ta-
kaoka, Srisuka & Saeung, S. (G.) duolongum Takaoka & Davies, S. (G.)
tahanense Takaoka & Davies, and S. (G.) parahiyangum Takaoka & Sigit,
were retrieved from the NCBI GenBank database.

The COI sequences were assembled and edited using ChromasPro
Version 1.7.7 (Technelysium Pty Ltd., Australia and BioEdit 7.0.9.0
(Hall, 1999). Uncorrected p pairwise genetic distances among seven
members of the S. decuplum subgroup of the S. batoense species-group
were computed using PAUP 4.0b10. (Swofford, 2002). Neighbor-
joining (NJ) and maximum likelihood (ML) analyses were used to
construct a phylogenetic tree of the S. batoense species-group. NJ ana-
lysis was performed in MEGA7 (Kumar et al., 2016) with Kimura's two-
parameter model of substitution (K2P distance), using 1000 bootstrap
replicates. ML analysis was performed on an on-line web-based server
PhyML 3.0 (Guindon et al., 2010) using HKY85 substitution model.

This published work and the nomenclatural acts it contains have
been registered in ZooBank, the online registration system for the
International Commission on Zoological Nomenclature (ICZN). The
ZooBank LSIDs (Life Science Identifiers) can be resolved and the asso-
ciated information viewed through any standard web browser by ap-
pending the LSID to the prefix http://zoobank.org/. The LSID for this
publication is: urn:lsid:zoobank.org:pub:00933071-FDA2-42EB-AA1D-
B40A563D91DD.

3. Results and discussion

3.1. Descriptions of five new species

Simulium (Gomphostilbia) chiangraiense Takaoka, Srisuka &
Saeung sp. nov.

(urn:lsid:zoobank.org:act:661EB26E-8230-4C78-8AF6-
CC6B0C4021DE)

Female. Body length 1.9–2.1mm. Head. Slightly narrower than
thorax. Frons brownish black, densely covered with yellowish-white
scale-like recumbent short pubescence; frontal ratio
1.6–1.7:1.0:1.9–2.1; frons:head ratio 1.0:4.5–4.6. Fronto-ocular area
well developed, narrow, directed dorsolaterally. Clypeus brownish
black, densely covered with yellowish-white recumbent pubescence
interspersed with few to several dark longer hairs on each side. Labrum
0.6 times as long as clypeus. Antenna composed of scape, pedicel and
nine flagellomeres, dark brown except scape and pedicel yellow and

basal extreme of first flagellomere light brown. Maxillary palp com-
posed of five segments, light brown except first and second segments
ochreous and third segment dark brown, proportional lengths of third,
fourth, and fifth segments 1.0:0.9:1.8–1.9; third segment (Fig. 1A) of
moderate size; sensory vesicle (Fig. 1A) elongate, 0.61–0.65 times as
long as third segment and with medium-sized opening. Maxillary la-
cinia with 12 or 13 inner and 16–18 outer teeth. Mandible with 27 or
28 inner teeth and five or six outer teeth at some distance from apex.
Cibarium (Fig. 1B) with strongly sclerotized dorsal margin having short
plate produced forwardly and posteriorly, and with well sclerotized
medial longitudinal ridge with bifid apex. Thorax. Scutum brownish
black except anterolateral calli medium brown, shiny when illuminated
at certain angles, densely covered with yellow scale-like recumbent
pubescence. Scutellum medium brown, covered with yellow short
pubescence and dark-brown long upright hairs. Postnotum brownish
black, bare. Pleural membrane bare. Katepisternum dark brown, longer
than deep, shiny when illuminated at certain angles, moderately cov-
ered with pale and dark short hairs. Legs. Foreleg: coxa yellow; tro-
chanter dark yellow except base pale yellow; femur light brown with
apical cap medium brown (though extreme tip yellow); tibia light
brown except base yellow, subbasal area medium brown and apical
one-fourth dark brown, with whitish-yellow short pubescence (brightly
shiny when illuminated) on outer surface of basal three-fourths; tarsus
brownish black, with moderate dorsal hair crest; basitarsus somewhat
dilated, 5.9–6.1 times as long as its greatest width. Midleg: coxa
medium brown except posterolateral surface dark brown; trochanter
light brown except base yellow; femur light brown except base yellow
and apical cap medium brown (though extreme tip yellow); tibia light
brown except base yellow, subbasal small area medium brown and little
less than apical half dark brown, and with whitish-yellow short pub-
escence (brightly shiny when illuminated) on outer and posterior sur-
faces of basal three-fourths; tarsus dark brown except base of basitarsus
light brown. Hind leg: coxa light brown; trochanter yellow; femur light
brown except extreme base yellow and apical cap dark brown (though
extreme tip yellow); tibia (Fig. 1C) light brown (gradually darkened
toward apex) except base yellow, subbasal area medium brown and
apical one-fourth dark brown; tibia moderately covered with whitish-
yellow short pubescence (brightly shiny when illuminated) on outer
and posterior surfaces of basal three-fourths; tarsus (Fig. 1D) brownish
black except basal two-thirds of basitarsus (though base light brown)
and basal half of second tarsomere whitish yellow; basitarsus (Fig. 1D)
narrow, nearly parallel-sided, 5.7–6.5 times as long as wide, and 0.6
and 0.5 times as wide as greatest width of tibia and femur, respectively;
calcipala (Fig. 1D) well developed, nearly as long as wide, and 0.5 times
as wide as greatest width of basitarsus; pedisulcus (Fig. 1D) well de-
veloped; claw (Fig. 1E) with large basal tooth 0.58 times length of claw.
Wing. Length 1.8–1.9mm. Costa with dark-brown spinules and light-
brown hairs except basal patch of yellow hairs. Subcosta hairy except
near apex bare. Hair tuft on base of radial vein dark brown. Basal
portion of radius fully haired. Basal cell absent. Halter. Clear white
except basal stem darkened. Abdomen. Basal scale dark yellow, with
fringe of yellowish-white hairs. Dorsal surface of abdomen medium to
dark brown except segment 2 light brown though middle portion of
tergal plate ochreous, moderately covered with dark short to long hairs;
tergites of segments 2 and 6–9 shiny when illuminated at certain angles.
Ventral surface of segments 2–4 creamy, those of other segments light
to dark brown; sternal plate on segment 7 undeveloped. Terminalia.
Sternite 8 (Fig. 1F) bare medially, with 15–18 medium-long to long
hairs together with two to four slender short hairs on each side. Ovi-
positor valve (Fig. 1F) triangular (though medioposterior corner
rounded), tapered laterally, thin, membranous, moderately covered
with microsetae interspersed with two to four short hairs; inner margins
nearly straight or slightly sinuous, moderately sclerotized, and some-
what separated from each other. Genital fork (Fig. 1G) of usual in-
verted-Y form, with slender stem; arms of moderate width, moderately
folded medially, with short projection directed anterodorsally.
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Paraproct in ventral view (Fig. 1H) nearly triangular, bare on anterior
portion, with two or four sensilla on anteromedial surface; paraproct in
lateral view (Fig. 1I) much produced ventrally, 0.61 times as long as
wide, with 12–19 medium-long to long stout hairs on ventral and lat-
eral surfaces. Cercus in lateral view (Fig. 1I) short, rounded posteriorly,
0.48 times as long as wide. Spermatheca (Fig. 1J) ellipsoidal, 1.6–1.7

times as long as greatest width, well sclerotized except duct and small
area near juncture with duct unpigmented, and with many fissures on
surface; internal setae absent; both accessory ducts slender, un-
pigmented, subequal in diameter to major one.

Male. Body length 2.2–2.5 mm. Head. Slightly wider than thorax.
Upper eye medium brown, consisting of large facets in 16 vertical

Fig. 1. Female of Simulium (Gomphostilbia) chaiangraiense sp. nov. (A) Third segment of maxillary palp with sensory vesicle (right side; front view). (B) Cibarium (front view). (C) Hind
tibia (left side; outer view). (D) Hind basitarsus and second tarsomere (left side; outer view). (E) Claw. (F) Sternite 8 and ovipositor valve (right side only; ventral view). (G) Genital fork
(ventral view). (H) and (I) Paraprocts and cerci (H, ventral view; I, lateral view). (J) Spermatheca. Scale bars: 0.1 mm for C and D; 0.02mm for A, B and E.
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columns and 16 horizontal rows. Face black, whitish-gray pruinose,
shiny when illuminated at certain angles. Clypeus black, whitish-gray
pruinose, shiny when illuminated at certain angles, and moderately
covered with yellow short pubescence interspersed with several dark-
brown longer hairs on surface of ventral half on each side. Antenna
composed of scape, pedicel and nine flagellomeres, dark brown to
brownish-black except scape, pedicel and base of first flagellomere
yellow; first flagellomere elongate, 1.5–1.8 times as long as second one.
Maxillary palp with five segments, light brown except third segment
dark brown, proportional lengths of third, fourth, and fifth segments
1.0:1.1:2.4; third segment (Fig. 2A) somewhat widened apically; sen-
sory vesicle (Fig. 2A) globular or ellipsoidal, small, 0.15–0.19 times
length of third segment, and with small opening. Thorax. Scutum
brownish black, shiny on shoulders, along lateral margins and on pre-
scutellar area, when illuminated at certain angles, densely covered with
golden-yellow short pubescence. Scutellum dark brown, with golden

yellow short pubescence and dark-brown long upright hairs. Postnotum
brownish black, white pruinose and shiny when illuminated at certain
angles, and bare. Pleural membrane bare. Katepistrnum dark brown to
brownish black, shiny when illuminated at certain angles, moderately
covered with pale and dark short hairs. Legs. Foreleg: coxa and tro-
chanter light to medium brown; femur light brown with apical cap dark
brown; tibia dark brown except extreme base yellow and middle large
portion light brown, and with yellow short pubescence (brightly shiny
when illuminated at certain angles) on outer surface of basal five-sixths:
tarsus brownish black; basitarsus slightly flattened, 7.6–7.8 times as
long as greatest width. Midleg: coxa dark brown except posterolateral
surface brownish black; trochanter light to medium brown; femur light
brown with apical cap dark brown (though extreme tip somewhat
paler); tibia medium to dark brown except extreme base yellow, and
with golden yellow short pubescence on posterior surface of basal one-
third; tarsus dark brown to brownish black. Hind leg: coxa medium

Fig. 2. Male of Simulium (Gomphostilbia) chiangraiense sp. nov. (A) Third segment of maxillary palp with sensory vesicle (right side; front view). (B) Hind basitarsus and second tarsomere
(left side; outer view). (C) Coxites, styles and ventral plate (ventral view). (D)–(F) Styles (right side; D, medial view; E, ventrolateral view; F, lateral view). (G) Ventral plate and median
sclerite (lateral view). (H) Ventral plate (caudal view). (I) Median sclerite (caudal view). (J) Paramere (left side; caudal view). (K) Aedeagal membrane (caudal view). (L) and (M)
Abdominal segment 10 and cerci (right side; L, lateral view; M, caudal view). Scale bars: 0.1 mm for B; 0.02mm for A and C–M.
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brown; trochanter dark yellow; femur medium brown with apical cap
dark brown (though extreme tip yellow); tibia light brown on basal
two-fifths except base yellow and subbasal area medium brown, and
dark brown to brownish black on apical three-fifths, and covered with
golden-yellow short pubescence on posterior surface of little more than
basal half; tarsus dark brown except basal half to two-thirds of basi-
tarsus and basal half of second tarsomere grayish light brown; basi-
tarsus (Fig. 2B) narrow, nearly parallel-sided, 5.0–5.3 times as long as
wide, and 0.62–0.67 and 0.65–0.70 times as wide as greatest width of
tibia and femur, respectively; calcipala (Fig. 2B) well developed, nearly
as long as width at base, and 0.5 times as wide as greatest width of
basitarsus; pedisulcus (Fig. 2B) well developed. Wing. Length 1.8mm.
As in female except subcosta bare. Halter. Grayish with basal portion
darkened. Abdomen. Basal scale brownish black, with fringe of light to
dark brown long fine hairs. Dorsal surface of abdomen medium brown
to brownish black, covered with light-brown short to long stout hairs;
segments 2, 6 and 7 each with pair of shiny dorsolateral patches, when
illuminated at certain angles; ventral surface dark brown except seg-
ment 2 grayish white. Genitalia. Coxite in ventral view (Fig. 2C) nearly
rectangular, 1.7 times as long as its greatest width. Style in ventral view
(Fig. 2C) 0.8 times length of coxite, slender, curved inward, with apical
spine; style in medial view (Fig. 2D) gently curved dorsally, gradually
tapered to middle, then nearly parallel-side; style in ventrolateral view
(Fig. 2E) gradually tapered to middle, abruptly narrowed to apical one-
fifth, with narrowest part nearly half as wide as greatest width at base,
then slightly widened toward apex, with truncated apex; style in lateral
view (Fig. 2F) with apical portion twisted dorsally. Ventral plate in
ventral view (Fig. 2C) transverse, 0.7 times as long as greatest width at
base, with body nearly parallel-sided from base to middle, then tapered
posteriorly, with anterior margin produced anteromedially, posterior
margin shallowly concave, and densely covered with microsetae on
ventral surface except anterolateral areas bare; basal arms of moderate
length, somewhat divergent, then slightly convergent apically; ventral
plate in lateral view (Fig. 2G) with posterior portion of body slightly
produced posteroventrally; ventral plate in caudal view (Fig. 2H)
rounded ventrally (width: height 1.0:0.4), moderately covered with
microsetae on most of posterior surface. Median sclerite (Fig. 2G, I)
plate-like, arising from near anterior tip of ventral plate, and directed
dorsally. Paramere (Fig. 2J) with four relatively longer hooks and
several shorter ones. Aedeagal membrane (Fig. 2 K) moderately covered
with microsetae, and with no sclerotized dorsal plate. Ventral surface of
abdominal segment 10 (Fig. 2L, M) without distinct hair near posterior
margin on each side. Cercus (Fig. 2L, M) rounded, somewhat produced
ventrally, with 9–15 distinct hairs.

Pupa. Body length 2.3–2.4mm. Head. Integument yellow, moder-
ately covered with small round tubercles except ventral surface of face
and antennal sheaths bare; antennal sheath without any protuberances;
frons with three pairs of unbranched long trichomes with straight or
coiled apices (Fig. 3A); face with pair of unbranched long trichomes
with straight or coiled apices (Fig. 3B); three frontal trichomes on each
side arising close together, subequal in length to one another and
somewhat longer than facial one. Thorax. Integument yellow, sparsely
covered with small round tubercles, with three long anterodorsal tri-
chomes with coiled apices (Fig. 3C), two anterolateral trichomes
(anterior one short with straight apex, posterior one long with coiled
apex) (Fig. 3D), one short mediolateral trichome with straight apex
(Fig. 3E), and three ventrolateral trichomes with straight apices (one
medium-long, two short) on each side (Fig. 3F); all trichomes un-
branched. Gill (Fig. 3G) composed of 10 slender thread-like filaments,
arranged as [(1+ 2)+1]+ (1+1+2)+ 2 or (3+ 1)+ (1+3)+ 2
from dorsal to ventral, with extremely short common basal stalk having
basal fenestra at base; dorsal group with short stalk directed upward or
backward, with two individual and two paired filaments or one in-
dividual and three filaments arising at same level; middle group with
short stalk directed forward and little upward, consisting of two in-
dividual and two paired filaments or one individual and thee filaments

arising at same level; ventral pair with short stalk directed downward
and forward; all filaments yellow to ochreous, slightly tapered toward
apices; slightly becoming longer from dorsal to ventral, with inner fi-
lament of ventral pair longest (1.5–1.6 mm), and subequal in thickness
except inner filament of ventral pair 1.5 times as thick as others, when
compared basally; cuticle of all filaments with weakly-defined annular
ridges and furrows, and densely covered with minute tubercles. Ab-
domen. Dorsally, segments 1 and 2 entirely light brown, segments 3–5
each light brown on anterior half along anterior margin, and segment 9
yellow entirely; segment 1 with few to several microtubercles near
anterior margin and one unbranched slender medium-long hair-like
seta on each side; segment 2 with several to dozen microtubercles near
anterior margin, one unbranched slender medium-long hair-like seta
and five short somewhat spinous setae submedially near posterior
margin on each side; segments 3 and 4 each with four hooked spines
and one short somewhat spinous seta near posterior margin on each
side; segment 5 with four short setae on each side; segments 6–8 each
with two short setae near posterior margin on each side; segments 6–9
each spine-combs in transverse row, comb-like groups of minute spines
near anterior margin; segment 9 with pair of triangular terminal hooks
(Fig. 3H). Ventrally, segment 4 with one unbranched hook and few
unbranched short setae on each side; segment 5 with pair of bifid hooks
submedially and few unbranched short slender setae on each side;
segments 6 and 7 each with pair of bifid inner and unbranched outer
hooks somewhat spaced from each other and few unbranched short
slender setae on each side; segments 4–8 with comb-like groups of
minute spines. Each side of segment 9 with three grapnel-shaped
hooklets. Cocoon. Wall pocket-shaped, moderately woven, extended
ventrolaterally; anterior margin somewhat thickly woven, without
anterodorsal bulge or projection; posterior half with floor roughly or
moderately woven; individual threads invisible; 3.0–3.1 mm long by
2.0–2.1mm wide.

Mature larva. Body length 4.0–4.6 mm. Body light grayish.
Cephalic apotome yellowish, and moderately covered with colorless
and somewhat darkened minute setae; head spots indistinct or faintly
positive. Lateral surface of head capsule yellowish except eye-spot re-
gion whitish; eyebrow faintly defined; two relatively large spots and
one small spot near posterior margin faintly positive or indistinct; one
or two small spots below eye-spot region indistinct. Ventral surface of
head capsule yellowish except darkened area near posterior margin on
each side of postgenal cleft; one elongate spot and one round spot on
each side of postgenal cleft indistinct. Antenna composed of three
segments and apical sensillum, somewhat longer than stem of labral
fan; proportional lengths of first, second, and third segments
1.0:1.0–1.1:0.8–1.0. Labral fan with 24–27 main rays. Mandible
(Fig. 4A) with three comb-teeth decreasing in length from first tooth to
third; mandibular serration composed of two teeth (one medium-sized,
one small); major tooth at acute angle against mandible on apical side;
supernumerary serrations absent. Hypostoma (Fig. 4B) with row of nine
apical teeth, of which median tooth slightly longer than each corner
tooth; lateral margin smooth; four or five hypostomal bristles per side
lying parallel to lateral margin. Postgenal cleft (Fig. 4C) deep, 6.3–6.6
times length of postgenal bridge. Cervical sclerite composed of two
small yellow rod-like pieces, not fused to occiput, widely separated
medially from each other. Cuticle of thoracic segments 1–3 and ab-
dominal segments 1 and 2 sparsely covered with colorless unbranched
setae; cuticle of abdominal segments 3 and 4 sparsely covered with
colorless unbranched setae and dark branched setae dorsally, and cu-
ticle of abdominal segments 5–8 densely covered with dark branched
setae (divided into 3–7 branches) (Fig. 4D) interspersed with colorless
unbranched setae dorsally and dorsolaterally; last abdominal segment
moderately covered with colorless unbranched setae on each side of
anal sclerite. Rectal scales undiscernible. Rectal papilla compound,
each of three lobes with 9–14 finger-like secondary lobules. Anal
sclerite of usual X-form, with anterior arms 0.8 times as long as pos-
terior ones, broadly sclerotized at base; accessory sclerite absent. Last
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abdominal segment expanded ventrolaterally forming double bulges on
each side, visible as large conical ventral papilla when viewed from
side. Posterior circlet with 77–79 rows of up to 14 or 15 hooklets per
row.

Type material. HOLOTYPE. Female (with associated pupal exuviae
and cocoon) (in 80% ethanol), reared from pupa, collected from a small
stream (width 1m, depth 2.5 cm, bottom sandy, water temperature
20.8° C, pH 6.5, exposed to the sun, elevation 1321 masl, 19°53′55.4″ N,
99°35′59.4″ E), moderately flowing, Pang Khon village, Muang District,
Chiang Rai Province, northern Thailand (Fig. 8), 15-VII-2016, by W.
Srisuka. PARATYPES: Three females, two males (with associated pupal
exuviae and cocoon), all reared from pupae, and four mature larvae (in
80% ethanol), same data as those of the holotype.

Biological notes. The pupae and larvae of this new species were
collected from grasses trailing in the water. Associated species were S.
(G.) asakoae, S. (Simulium) fenestratum Edwards, and S. (S.) nakhonense
Takaoka & Suzuki. The biting habits of the females remain unknown.

Etymology. The species name chiangraiense refers to the province
name, Chiang Rai, where this new species was collected.

Remarks. This new species is assigned to the S. batoense species-
group of the subgenus Gomphostilbia, redefined by Takaoka (2012),
based on the antenna with nine flagellomeres, pleural membrane bare,
hind tibiae mostly darkened (Fig. 1C), spermatheca without pigmented
neck (Fig. 1J), male hind basitarsus slender and parallel-sided (Fig. 2C),
ventral plate slightly produced ventrally (Fig. 2G) (its ratio of the height
against the greatest width is 0.36).

Fig. 3. Pupa of Simulium (Gomphostilbia) chiangraiense sp. nov. (A) Frontal trichomes. (B) Facial trichome. (C)–(F) Thoracic trichomes (C, anterodorsal; D, anterolateral; E, mediolateral; F,
ventrolateral). (G) Thorax and gill filaments (right side; outer view). (H) Terminal hooks (caudal view). Scale bars: 0.1 mm for G; 0.02mm for A–F and H.

H. Takaoka et al. Acta Tropica 182 (2018) 271–284

276



Among six subgroups in the S. batoense species-group (Takaoka,
2012), S. (G.) chiangraiense sp. nov. is placed in the S. decuplum sub-
group by having the pupal gill with 10 short slender filaments (Fig. 3G).
All the five known species of this subgroup differ from this new species
as follows: Simulium (G.) bannaense differs by having the female claw
with a small subbasal tooth and the smaller number of male upper-eye
facets in 12 vertical columns and 13 horizontal rows (Chen and Zhang,
2003); Simulium (G.) chongqingense differs by having the female genital
fork with an inflated apex (Zhu and Wang, 1995); Simulium (G.) jiu-
lianshanense is distinguished by lacking grapnel-shaped hooklets on the
pupal abdomen (Kang et al., 2007); Simulium (G.) decuplum differs by
the shorter female sensory vesicle (0.54 times the length of the third
maxillary palpal segment), the longer female claw tooth (0.61 times the
length of the claw), the smaller number of male upper-eye facets in 14
or 15 vertical columns and 14 or 15 horizontal rows, the shorter gill
filaments (ventral paired filaments ca. 0.7 mm), pale dorsal surface of
pupal abdominal segments 1 and 2, and larval thorax moderately
covered with dark multibranched setae (Takaoka and Davies 1995;
Takaoka, unpublished data); Simulium (G.) lamdongense differs by the
shorter female sensory vesicle (0.43–0.45 times as long as the third
maxillary palpal segment), the slender male fore basitarsus (8.8 times
as long as its greatest width), pale dorsal surface of pupal abdominal
segments 1 and 2, larval thorax moderately covered with dark multi-
branched setae dorsally, and labral fan with 36–39 primary rays
(Takaoka et al., 2015).

Simulium (Gomphostilbia) pamiangense Takaoka, Srisuka &
Saeung, sp. nov.

(urn:lsid:zoobank.org:act:CA1BFC70-75C3-475A-8BC7-
283EA7237356)

This new species is similar to S. (G.) chiangraiense sp. nov. in many
characters except the following characters:

Female. Body length 2.0mm. Head. Frontal ratio 1.7:1.0:2.4;
frons:head ratio 1.0:4.9. Clypeus densely covered with yellowish-white
recumbent pubescence interspersed with four or five dark longer hairs

on each side. Labrum 0.5 times as long as clypeus. Maxillary palp:
proportional lengths of third, fourth, and fifth segments 1.0:1.1:2.1;
sensory vesicle elongate, 0.58 times as long as third segment. Maxillary
lacinia with 14 or 15 inner and 17 outer teeth. Mandible with 25–28
inner teeth and four or five outer teeth at some distance from apex.
Legs. Foreleg: basitarsus somewhat dilated, 6.3 times as long as its
greatest width. Hind leg: basitarsus 6.7 times as long as wide, and 0.6
and 0.5 times as wide as greatest width of tibia and femur, respectively;
calcipala slightly longer than wide, and 0.56 times as wide as greatest
width of basitarsus; claw with large basal tooth 0.52 times length of
claw. Wing. Length 1.8 mm. Terminalia. Sternite 8 with 15 or 16
medium-long to long stout hairs together with three slender short hairs
on each side. Ovipositor valve with inner margin sinuous. Paraproct in
ventral view with five sensilla on anteromedial surface; paraproct in
lateral view much produced ventrally, 0.54 times as long as wide, with
18–21 medium-long to long stout hairs on ventral and lateral surfaces.
Cercus in lateral view short, rounded posteriorly, 0.5 times as long as
wide. Spermatheca ellipsoidal, 1.4 times as long as greatest width.

Male. Body length 2.3 mm. Head. Upper eye consisting of large
facets in 17 vertical columns and 17 horizontal rows. Antenna dark
brown to brownish black except scape, pedicel and base of first fla-
gellomere yellow, though dorsal surface of pedicel light brown; first
flagellomere elongate, 1.7 times as long as second one. Maxillary palp:
proportional lengths of third, fourth, and fifth segments 1.0:1.1:2.3;
sensory vesicle globular or ellipsoidal, small, 0.2 times length of third
segment. Legs. Fore basitarsus 6.56 times as long as greatest width.
Hind basitarsus 4.75 times as long as wide, and 0.62 and 0.66 times as
wide as greatest width of hind tibia and femur, respectively; calcipala
0.4 times as wide as greatest width of basitarsus Genitalia. Coxite in
ventral view (Fig. 5A) nearly rectangular, 1.6 times as long as its
greatest width. Style in ventral view (Fig. 5A) 0.85 times length of
coxite. Ventral plate in ventral view (Fig. 5A) transverse, 0.6 times as
long as greatest width at base, with body slightly narrowed from base to
middle, suddenly narrowed in middle, then tapered posteriorly; basal

Fig. 4. Larva of Simulium (Gomphostilbia) chiangraiense sp. nov. (A) Apical tip of mandible. (B) Hypostoma. (C) Head capsule showing postgenal cleft (ventral view). (D) Dark minute setae
on dorsum of abdominal segment 7. Scale bars: 0.1 mm for C; 0.02mm for A, B and D.
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arms of moderate length, slightly divergent from base to middle, then
nearly parallel-sided. Cercus rounded, somewhat produced ventrally,
with13 or 14 hairs.

Pupa. Body length 2.5mm. Gill filaments arranged (2+1+1)+
(1+1+2)+2 or 3+ 1+ (1+1+2)+2 from dorsal to ventral or
from posterior to anterior. Terminal hooks are triangular (Fig. 5B),
though they are wide, plate-like (Fig. 5C) in one of four pupae ex-
amined.

Mature larva. Body length 3.8–4.0mm. Head spots obscured.
Eyebrow indistinct. Proportional lengths of first, second, and third
segments of antenna 1.00:0.83–1.90:0.88–0.96. Labral fan with 32–36
primary rays. Postgenal cleft deep, reaching posterior margin of hy-
postoma in three larvae (approaching but not reaching to posterior
margin of hypostoma leaving narrow postgenal bridge in one larva,
similar to Fig. 4C). Cuticle of thoracic segments 1–3 and abdominal
segments 1 and 2 sparsely covered with colorless unbranched setae and
dark multibranched setae dorsally; cuticle of abdominal segments 3 and
4 moderately covered with colorless unbranched setae and dark mul-
tibranched setae dorsally, and cuticle of abdominal segments 5–8
densely covered with dark branched setae (divided into 5–12 branches)
interspersed with colorless unbranched setae dorsally and dorsolat-
erally. Rectal papilla compound, each of three lobes with 7–9 finger-
like secondary lobules. Anal sclerite of usual X-form, with anterior arms
0.9–1.0 times as long as posterior ones. Posterior circlet with 77–85
rows of up to 14 hooklets per row.

Type material. HOLOTYPE. Female (with associated pupal exuviae
and cocoon) (in 80% ethanol), reared from pupa, collected from a small
stream (width 30 cm, depth 5 cm, bottom sandy, water temperature
22.6° C, pH 6.3, exposed to the sun, elevation 1097 masl, 18°50′03.7″ N,
99°22′32.2″ E), moderately flowing, Pa Miang village, Chae Hom
District, Lampang Province, Thailand (Fig. 8), 9-VIII-2016, by W. Sri-
suka. PARATYPES: One male (with associated pupal exuviae and co-
coon), reared from pupa, two pupae and five mature larvae (in 80%
ethanol), same data as those of the holotype.

Biological notes. The pupae and larvae of this new species were
collected from grasses trailing in the water. Associated species were S.
(G.) asakoae, S. (Nevermannia) fruticosum Takaoka & Choochote, and S.

(S.) fenestratum. The biting habits of the females remain unknown.
Etymology. The species name pamiangense refers to the village

name, Pa Miang, where this new species was collected.
Remarks. This new species is similar to S. (G.) chiangraiense sp. nov.

but is distinguished from the latter species in the male by the length of
the fore basitarsus relative to its greatest width (6.6 in this new species
versus 7.6–7.8 in S. (G.) chiangraiense sp. nov.), and the shape of the
ventral plate (anterior half of the body narrowed posteriorly in this new
species versus parallel-sided in S. (G.) chiangraiense sp. nov.), and in the
larva by the number of the primary rays of the labral fan (32–36 in this
new species versus 24–27 in S. (G.) chiangraiense sp. nov.).

Of the five known species in the S. decuplum subgroup, S. (G.) de-
cuplum differs from this new species by the longer female claw tooth
(0.61 times the length of the claw), smaller number of the male upper-
eye facets in 14 or 15 vertical columns and 14 or 15 horizontal rows,
shorter gill filaments (ventral paired filaments ca. 0.7mm), pale dorsal
surface of pupal abdominal segments 1 and 2, and larval thorax mod-
erately covered with dark multibranched setae (Takaoka and Davies,
1995; Takaoka, unpublished data), and S. (G.) lamdongense differs by
the shorter female sensory vesicle (0.43–0.45 times as long as the third
maxillary palpal segment), slender male fore basitarsus (8.8 times as
long as its greatest width), pale dorsal surface of pupal abdominal
segments 1 and 2, and larval thorax moderately covered with dark
multibranched setae dorsally (Takaoka et al., 2015). All the three
known Chinese species of this subgroup also differ from this new spe-
cies by the characters as noted under S. (S.) chiangraiense sp. nov.

Simulium (Gomphostilbia) maeklangense Takaoka, Srisuka &
Saeung sp. nov.

(urn:lsid:zoobank.org:act:2CAFAE3C-BBE0-40FC-A213-
D3C4CE36FE0B)

This new species is similar to S. (G.) chiangraiense sp. nov. in many
characters except the following characters:.

Female. Body length 1.6–1.9mm. Head. Frontal ratio
1.6:1.0:1.7–1.8; frons:head ratio 1.0:4.0–4.3. Labrum 0.5–0.6 times as
long as clypeus. Antenna composed of scape, pedicel and nine fla-
gellomeres, dark brown except scape and pedicel yellow and basal ex-
treme of first flagellomere light brown. Maxillary palp: proportional

Fig. 5. Male and pupa of Simulium (Gomphostilbia) pamiangense sp. nov. (A) Male genitalia (ventral view). (B) and (C) Pupal terminal hooks (caudal view; B, triangular; C, broad, plate-
like). Scale bars: 0.02 mm for A–C.
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lengths of third, fourth, and fifth segments 1.0:1.1:1.8–1.9; sensory
vesicle 0.56–0.61 times as long as third segment and with medium-
sized opening. Maxillary lacinia with 12–16 inner and 17–20 outer
teeth. Mandible with 31–33 inner teeth and five to seven outer teeth at
some distance from apex. Legs. Fore basitarsus 5.6–6.8 times as long as
its greatest width. Hind basitarsus 5.6–6.9 times as long as wide, and
0.6–0.7 and 0.5–0.7 times as wide as greatest width of hind tibia and
femur, respectively; calcipala well developed, slightly longer than wide,
and 0.5 times as wide as greatest width of basitarsus; claw with large
basal tooth 0.56 times length of claw. Wing. Length 1.6–1.8mm.
Abdomen. Basal scale yellow. Dorsal surface of abdomen medium to
dark brown except segment 2 yellow though tergite somewhat dar-
kened. Terminalia. Sternite 8 with 17–20 medium-long to long stout
hairs together with one to four slender short setae on each side.
Paraproct in ventral view with three or four sensilla on anteromedial
surface; paraproct in lateral view 0.54–0.60 times as long as wide, with
15–18 medium-long to long stout hairs on ventral and lateral surfaces.
Cercus in lateral view 0.51 times as long as wide. Spermatheca ellip-
soidal, 1.5–1.6 times as long as greatest width.

Male. Body length 2.1 mm. Head. Upper-eye large facets in 16 or 17
vertical columns and 16 horizontal rows. Antenna: first flagellomere 1.8
times as long as second one. Maxillary palp: proportional lengths of
third, fourth, and fifth segments 1.0:1.1:2.2; sensory vesicle ellipsoidal,
0.29 times length of third segment, and with small opening. Legs. Fore
basitarsus 7.9–8.6 times as long as greatest width. Hind basitarsus
5.4–5.6 times as long as wide, and 0.6 and 0.6–0.7 times as wide as
greatest width of tibia and femur, respectively. Wing. Length
1.6–1.7 mm. Genitalia. Style in ventral view 0.8 times length of coxite.
Cercus with 13 hairs.

Pupa. Body length 2.0–2.3 mm. Thorax. Integument yellow, spar-
sely to moderately covered with small round tubercles, with three long
anterodorsal trichomes with coiled apices (Fig. 6A), two anterolateral
trichomes (anterior one medium-long with straight apex, posterior one
long with coiled apex) (Fig. 6A), one medium-long mediolateral tri-
chome with straight apex (Fig. 6A), and three ventrolateral trichomes
with straight apices (one medium-long, two short) on each side
(Fig. 6A); all trichomes unbranched. Gill (Fig. 6A) composed of 10
slender thread-like filaments, arranged in three groups as
(1+ 2)+ (1+1+1+2)+2 or rarely [(1+2)+1]+ (1+ 1+2)
+ 2 from dorsal to ventral, with short common basal stalk having basal
fenestra at base; dorsal group with short stalk directed upward, with

one individual and two paired filaments; middle group with extremely
short stalk directed forward, consisting of three individual and two
paired filaments; ventral pair with short stalk directed downward and
forward; all filaments yellow to ochreous, slightly tapered toward
apices; gradually becoming longer from dorsal to ventral, with inner
filament of ventral pair longest (0.7–1.0 mm), and subequal in thickness
except two filaments of ventral pair slightly thicker than others (outer
filament of ventral pair somewhat thicker than counter filament, e.g.
1.3 times as thick as counter filament in some pupae), when compared
basally; cuticle of all filaments nearly smooth although basal half of
filaments with weakly-defined annular furrows, and densely covered
with minute tubercles. Abdomen. Dorsally, segments 1, 2 and 9 pale
yellow. Cocoon. 2.5–2.9mm long by 1.8–2.0mm wide.

Mature larva. Body length 3.6–4.2 mm. Body grayish with ochr-
eous band on thoracic segment 1. Head capsule moderately to densely
covered with minute unpigmented setae though sparsely on ventral
surface. Head spots indistinct or faintly negative. Antenna composed of
three segments and apical sensillum, somewhat longer than stem of
labral fan; proportional lengths of first, second, and third segments
1.0:0.8–0.9:0.8. Labral fan with 27–31 main rays. Postgenal cleft deep,
reaching posterior border of hypostoma. Cervical sclerite indistinct.
Cuticle of thoracic segments 1–3 and abdominal segments 1–9 densely
covered with black, branched setae (divided into 5–13 branches with
apical portions paler) (Fig. 6B) dorsally and dorsolaterally; last ab-
dominal segment densely covered with unbranched colorless setae on
posterior half of each side of anal sclerite, and base of ventral papilla.
Rectal scales minute, unpigmented. Rectal papilla compound, each of
three lobes with 7or 8 finger-like secondary lobules. Anal sclerite of
usual X-form, with anterior arms nearly as long as posterior ones.
Posterior circlet with 78–82 rows of up to 14 or 15 hooklets per row.

Type material. HOLOTYPE. Female (with associated pupal exuviae
and cocoon) (in 80% ethanol), reared from pupa, collected from a small
stream (width 45 cm, depth 24 cm, bottom sandy, water temperature
20.2° C, partially shaded, elevation 1314 masl, 18°31′01.9″ N,
98°28′17.3″ E), moderately flowing, Mae Klang Watershed
Management Unit, Doi Inthanon National Park, Chiang Mai Province,
northern Thailand (Fig. 8), 17-VII-2017, by W. Srisuka. PARATYPES: 11
females, six males (with associated pupal exuviae and cocoon), all
reared from pupae, and eight mature larvae (in 80% ethanol), same
data as those of the holotype.

Biological notes. The pupae and larvae of this new species were

Fig. 6. Pupa and larva of Simulium (Gomphostilbia) maeklangense sp. nov. (A) Head and anterior half of thorax showing gill and trichomes (right side; outer view). (B) and (C). Dark multi-
branched minute setae on dorsum of abdominal segment 7 (B, S. (G.) maeklangense sp. nov.: C, S. (G.) huaikaeoense sp. nov.). Scale bars: 0.1 mm for A; 0.02mm for B and C.
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collected from grasses trailing in the water. Associated species were S.
(G.) asakoae, S. (G.) chiangdaoense Takaoka & Srisuka, S. (G.) in-
thanonense Takaoka & Suzuki, and S. (N.) fruticosum, The biting habits
of the females remain unknown.

Etymology. The species name maeklangense refers to the locality
name, Mae Klang, where this new species was collected.

Remarks. This new species is distinguished from the two new
species, S. (G.) chiangraiense and S. (G.) pamiangense, by the shorter
pupal gill filaments (0.7–1.0mm long), pale dorsal surface of pupal
abdominal segments 1 and 2, and larval thoracic and abdominal seg-
ments densely covered with dark multibranched setae dorsally and
dorsolaterally.

Of the five known species in the S. decuplum subgroup, S. (G.) de-
cuplum differs from S. (G.) maeklangense sp. nov. by the female mand-
ible with about 24 inner teeth, female abdominal segment 2 with a
yellow tergal plate, and smaller number of male upper-eye facets in 14

or 15 vertical columns and 14 or 15 horizontal rows (Takaoka, un-
published data), and S. (G.) lamdongense differs by the shorter female
sensory vesicle (0.43–0.45 times as long as the third maxillary palpal
segment) and larval labral fan with 36–39 primary rays (Takaoka et al.,
2015). All three Chinese species, S. (G.) bannaense, S. (G.) chongqingense
and S. (G.) jiulianshanense, differ from this new species as noted under S.
(G.) chiangraiense sp. nov.

Simulium (Gomphostilbia) khaokhoense Takaoka, Srisuka & Low
sp. nov.

(urn:lsid:zoobank.org:act:F7E59FC3-610A-4B72-B10D-
916401FAC3EB)

Female. Body length 1.5–1.6mm. Nearly as in female of S. (G.)
chiangraiense sp. nov. except the following characters: Head. Frontal
ratio 1.7–1.9:1.0:2.2–2.5; frons:head ratio 1.0:4.4–4.7. Labrum 0.5–0.6
times as long as clypeus. Maxillary palp: proportional lengths of third,
fourth, and fifth segments 1.0:1.1:2.1; sensory vesicle elongate, 0.5

Fig. 7. Neighbor-joining phylogenetic tree of five new species and related species of the Simulium batoense species-group inferred from the mitochondrial-encoded COI gene sequences.
Bootstrap values [NJ/ML] are shown on the branches. Sequences generated from this study are in bold.
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times as long as third segment and with medium-sized opening.
Maxillary lacinia with 12–14 inner and 15–20 outer teeth. Mandible
with 24 or 25 inner teeth and four or five outer teeth at some distance
from apex. Legs. Foreleg: coxa and trochanter whitish yellow; femur

light brown except base whitish yellow and apical cap medium brown
(though extreme tip yellow); basitarsus somewhat dilated, 5.8–5.9
times as long as its greatest width. Midleg: trochanter yellow; femur
yellow to dark yellow except apical cap medium brown (though

Fig. 8. Map of Thailand showing six geographical locations of five new species of the Simulium decuplum subgroup.
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extreme tip yellow); tibia light brown except base whitish yellow, and
apical cap medium brown; tarsus medium brown except basal one-
fourth of basitarsus yellow. Hind leg: femur yellow to dark yellow ex-
cept apical cap dark brown (though extreme tip yellow); tarsus dark
brown except basal two-thirds of basitarsus (though base light brown)
and basal half of second tarsomere yellow; basitarsus 6.2–6.3 times as
long as wide, and 0.7 and 0.5–0.6 times as wide as greatest width of
tibia and femur, respectively; calcipala well developed, nearly as long
as wide, and 0.55 times as wide as greatest width of basitarsus; claw
with large basal tooth 0.53 times length of claw. Wing. Length
1.5–1.6 mm. Abdomen. Basal scale yellow, with fringe of yellowish-
white fine hairs. Dorsal surface of abdomen light to medium brown
except segment 2 yellow though tergal plate light brown. Terminalia.
Sternite 8 bare medially, with 16–20 medium-long to long stout hairs
together with three to five slender short hairs on each side. Ovipositor
valves moderately covered with microsetae interspersed with zero to
two short setae. Paraproct in ventral view with three or four sensilla on
anteromedial surface; paraproct in lateral view much produced ven-
trally, 0.5 times as long as wide, with 15–17 medium-long to long stout
hairs on ventral and lateral surfaces. Cercus in lateral view 0.47–0.55
times as long as wide. Spermatheca ellipsoidal, 1.71–1.75 times as long
as greatest width.

Male. Body length 1.6–1.9 mm. Nearly as in male of S. (G.) chian-
graiense sp. nov. except the following characters: Head. Upper-eye large
facets in 14 vertical columns and 14 horizontal rows. Antenna: first
flagellomere 1.8 times as long as second one. Maxillary palp: propor-
tional lengths of third, fourth, and fifth segments 1.0:1.2:2.4; sensory
vesicle globular, 0.26 times length of third segment, and with small
opening. Legs. Foreleg: coxa and trochanter light brown; femur light
brown with apical cap dark brown; tibia medium brown except extreme
base yellow and middle large portion light brown: basitarsus 6.9–7.1
times as long as greatest width. Midleg: coxa dark brown except pos-
terolateral surface brownish black; trochanter light brown; tibia
medium brown except extreme base yellow; tarsus medium brown to
dark brown. Hind leg: femur medium brown with base yellow and
apical cap dark brown (though extreme tip yellow); tibia medium
brown except base yellow and subbasal area dark brown, and apical
one-third dark brown; basitarsus 5.7–5.8 times as long as wide, and 0.6
and 0.6 times as wide as greatest width of tibia and femur, respectively.
Wing. Length 1.4–1.5 mm. Genitalia. Cercus with 9–12 distinct hairs.

Pupa. Body length 1.8–2.1mm. Nearly as in S. (G.) maeklangense sp.
nov. except the following characters: Thorax. Gill composed of 10
slender thread-like filaments, arranged in three groups as
(2+ 1+1)+ (1+1+2)+2 or 3+ (1+1+1+2)+2 or 3+
(1+1+3)+2, or arranged in four groups as 3+1+
(1+1+2)+2 or (1+ 2)+ 1+ (1+1+2)+2 from dorsal to
ventral. Cocoon. 2.3–2.4 mm long by 2.0mm wide.

Mature larva. Body length 3.4–3.5mm. Nearly as in S. (G.) maek-
langense sp. nov. except the following characters: Head. Antenna: pro-
portional lengths of first, second, and third segments
1.00:0.78–0.83:0.90–1.00. Labral fan with 34–36 primary rays.
Abdomen. Rectal papilla compound, each of three lobes with 6–10
finger-like secondary lobules. Anal sclerite of usual X-form, with ante-
rior arms 0.80–0.85 as long as posterior ones. Posterior circlet with

71–75 rows of up to 13 or 14 hooklets per row.
Type material. HOLOTYPE. Female (with associated pupal exuviae

and cocoon) (in 80% ethanol), reared from pupa, collected from a small
stream (width 70 cm, depth 4 cm, bottom sandy, water temperature
24.2° C, partially shaded, elevation 540 masl, 16°32′42.9″ N,
101°02′17.8″ E), moderately flowing, Ton Nampasak Research Station,
Khao Kho District, Phetchabun Province, central Thailand (Fig. 8), 27-
VI-2017, by W. Srisuka. PARATYPES: Four females, five males (with
associated pupal exuviae and cocoon), all reared from pupae, and four
mature larvae (in 80% ethanol), same data as those of the holotype.

Biological notes. The pupae and larvae of this new species were
collected from grasses trailing in the water. Associated species were S.
(S.) fenestratum, S. (S.) nakhonense and S. (S.) tani Takaoka & Davies
complex. The female biting habits remain unknown.

Etymology. The species name khaokhoense refers to the locality
name, Khao Kho, where this new species was collected.

Remarks. This new species is distinguished from S. (G.) chian-
graiense sp. nov. and S. (G.) pamiangense sp. nov. by the shorter wing
length (1.4–1.6mm), smaller number of male upper-eye large facets in
14 vertical columns and 14 horizontal rows, shorter pupal gill filaments
(0.7–1.0mm long), pale dorsal surface of pupal abdominal segments 1
and 2, and larval thorax and abdomen densely covered with black,
multibranched setae dorsally and dorsolaterally.

This new species is similar to S. (G.) maeklangense sp. nov. but
distinguished from it in the female by the lighter color of the mid and
hind femora, and in the male by the smaller number of upper-eye facets
in 14 vertical columns and 14 horizontal rows.

Of the five known species in the S. decuplum subgroup, S. (G.) de-
cuplum is similar to this new species in many characters including the
number of male upper-eye facets, but slightly differs in the female by
the relative length of the height of the frons against its narrowest width
(1.8), frons:head ratio (1.0:3.8), tergite 2 yellow, and larval labral fan
with about 30 primary rays (Takaoka and Davies, 1995), and S. (G.)
lamdongense differs in the female by the shorter sensory vesicle
(0.43–0.45 times as long as the third maxillary palpal segment) and mid
and hind femora mostly light brown, and in the male by the larger
number of upper-eye facets in 16 or 17 vertical columns and 17 or 18
horizontal rows (Takaoka et al., 2015). All three known Chinese spe-
cies, S. (G.) bannaense, S. (G.) chongqingense and S. (G.) jiulianshanense,
differ from this new species as noted under S. (G.) chiangraiense sp. nov.

Simulium (Gomphostilbia) huaikaeoense Takaoka, Srisuka & Low
sp. nov.

(urn:lsid:zoobank.org:act:14718B7F-A56A-4885-9002-
E4BDA548672C)

This new species is similar to S. (G.) khaokhoense sp. nov. in many
characters except the following characters:

Female. Body length 1.5–2.0mm. Head. Frontal ratio
1.54–1.74:1.00:1.94–2.17; frons:head ratio 1.00:3.89–4.54. Labrum
0.56–0.59 times as long as clypeus. Maxillary palp: proportional lengths
of third, fourth, and fifth segments 1.0: 1.0:1.7–1.9; sensory vesicle
elongate, 0.52–0.63 times as long as third segment and with medium-
sized opening. Maxillary lacinia with 13 inner and 16 outer teeth.
Mandible with 25 inner teeth and one or two outer teeth at some dis-
tance from apex. Legs. Fore basitarsus somewhat dilated, 5.3 times as

Table 1
Uncorrected p distances (%) among seven members of the Simulium decuplum subgroup inferred from the mitochondrial-encoded COI gene sequences.

1 2 3 4 5 6 7

1. S. pamiangense sp. nov. –
2. S. huaikaeoense sp. nov. 0.74−1.24 –
3. S. decuplum 2.72−2.97 1.73−2.72 –
4. S. lamdongense 2.97−3.71 2.48−3.47 2.72−4.46 –
5. S. chiangraiense sp. nov. 4.21 3.22−3.96 3.47−3.71 4.21−4.95 –
6. S. maeklangense sp. nov. 2.97 2.97−3.71 3.71−4.46 3.47−5.20 2.23 –
7. S. khaokhoense sp. nov. 3.96−4.21 4.46−4.95 5.45−6.44 4.95−6.68 5.45−5.69 3.47−3.71 –
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long as its greatest width. Hind basitarsus 6.2 times as long as wide, and
0.61 and 0.55 times as wide as greatest width of tibia and femur, re-
spectively; calcipala well developed, nearly as long as wide, and 0.51
times as wide as greatest width of basitarsus; claw with large basal
tooth 0.55 times length of claw. Wing. Length 1.6–1.9mm. Subcosta
haired except near apex bare (bare on left side and with one hair
medially on right side in one female). Abdomen. Dorsal surface of ab-
domen light to medium brown except segment 2 yellow, though tergal
plate yellow or slightly darkened. Terminalia. Sternite 8 bare medially,
with 11–15 medium-long to long stout hairs together with two or three
slender short hairs on each side. Ovipositor valves moderately covered
with microsetae interspersed with zero to two short hairs Paraproct in
ventral view with four to seven sensilla on anteromedial surface;
paraproct in lateral view much produced ventrally, 0.48 times as long
as wide, with 10–17 medium-long to long stout hairs on ventral and
lateral surfaces. Cercus in lateral view 0.46 times as long as wide.
Spermatheca ellipsoidal, 1.53 times as long as greatest width.

Male. Body length 1.8–2.0mm. Head. Upper-eye large facets in 13
or 14 vertical columns and 14 or 15 horizontal rows. Antenna: first
flagellomere 1.97 times as long as second one. Maxillary palp: pro-
portional lengths of third, fourth, and fifth segments 1.0:1.3:2.5; sen-
sory vesicle globular, 0.19–0.22 times length of third segment, and with
small opening. Legs. Fore basitarsus 7.4 times as long as greatest width.
Midleg: basitarsus medium brown with base pale. Hind basitarsus 5.4
times as long as wide, and 0.65 and 0.65 times as wide as greatest width
of tibia and femur, respectively. Wing. Length1.5–1.6mm. Genitalia.
Coxite in ventral view nearly rectangular, 1.53 times as long as its
greatest width. Style in ventrolateral view 0.85 times length of coxite.
Ventral plate in ventral view transverse, 0.55 times as long as greatest
width at base, with body widest basally, slightly tapered posteriorly.
Cercus with 12–14 distinct hairs.

Pupa. Body length 2.0mm. Gill composed of 10 slender thread-like
filaments, arranged in four groups as 3+1+ (3+1)+2 or
(1+ 2)+ 1+ (1+1+2)+2 from dorsal to ventral. Cocoon.
2.1–2.5 mm long by 1.7–2.2mm wide.

Mature larva. Body length 3.2–3.6 mm. Antenna: proportional
lengths of first, second, and third segments 1.00:0.86:0.88. Labral fan
with 30 main rays. Cuticle of thoracic and abdominal segments densely
covered with dark multibranched slender setae each with 6–10 bran-
ches (apical portions paler) dorsally and dorsolaterally, intermixed with
dark multibranched thick setae with 6–12 branches (apical portions
paler) (Fig. 6C) on abdominal segments 5–9. Rectal papilla compound,
each of three lobes with 8 or 9 finger-like secondary lobules. Anal
sclerite of usual X-form, with anterior arms nearly as long as posterior
ones. Posterior circlet with 86 rows of up to 13 hooklets per row.

Type material. HOLOTYPE. Male (with associated pupal exuviae
and cocoon) (in 80% ethanol), reared from pupa, collected from a
stream (width 3.5m, depth 35 cm, bottom sandy, water temperature
23.2° C, partially shaded, elevation 503 masl, 18°48′44.2″ N,
98°56′21.3″ E), moderately flowing, Huai Kaeo, Doi Suthep-Pui
National Park, Chiang Mai Province, northern Thailand (Fig. 8), 18-VII-
2017, by W. Srisuka. PARATYPES: One female, one male (both with
associated pupal exuviae and cocoons), all reared from pupae, and
three mature larvae (in 80% ethanol), same data as those of the holo-
type; three females, four males (all with associated pupal exuviae and
cocoon), all reared from pupae, and five mature larvae (in 80%
ethanol), collected from a stream (width 4m, depth 30 cm, bottom
sandy, water temperature 19.5° C, exposed to the sun, elevation 1192
masl, 19°11′18.3″ N, 101°04′43.7″ E), fast flowing, Namdan Village,
Doi Phuka National Park, Pua District, Nan Province, northern Thailand
(Fig. 8), 25-VII-2017, by W. Srisuka.

Biological notes. The pupae and larvae of this new species were
collected from grasses trailing in the water. Associated species was S.
(G.) parahiyangum Takaoka & Sigit, S. (S.) fenestratum, S. (S.) nakho-
nense and S. (S.) quinquestriatum (Shiraki). The biting habits of the fe-
males remain unknown.

Etymology. The species name huaikaeoense refers to the locality
name, Huai Kaeo, where this new species was collected.

Remarks. This new species is distinguished from S. (G.) chian-
graiense sp. nov. and S. (G.) pamiangense sp. nov. by the smaller number
of the male upper-eye large facets in 13 or 14 vertical columns and 14
or 15 horizontal rows, shorter pupal gill filaments (0.7–1.0mm long),
pale dorsal surface of pupal abdominal segments 1 and 2, and larval
thorax and abdomen densely covered with black, multibranched setae
dorsally and dorsolaterally.

This new species is distinguished from S. (G.) maeklangense sp. nov.
in the female by the lighter color of the mid and hind femora, in the
male by the smaller number of upper-eye facets in 13 or 14 vertical
columns and 14 or 15 horizontal rows; and from S. (G.) khaokhoense sp.
nov. in the female by the fore basitarsus 5.3 times as long as its greatest
width, in the male by the fore basitarsus 7.4 times as long as its greatest
width, and in the larva by the posterior circlet with 86 rows of hooklets.

Simulium (G.) decuplum is similar to this new species in many
characters including the number of male upper-eye facets, but slightly
differs in the larva by the posterior circlet with about 76 rows of hooks
(Takaoka and Davies, 1995); and S. (G.) lamdongense differs in the fe-
male by the shorter sensory vesicle (0.43–0.45 times as long as the third
maxillary palpal segment) and mid and hind femora mostly light
brown, and in the male by the larger number of upper-eye facets in 16
or 17 vertical columns and 17 or 18 horizontal rows (Takaoka et al.,
2015).

All three known Chinese species, S. (G.) bannaense, S. (G.) chong-
qingense and S. (G.) jiulianshanense, differ from this new species as noted
under S. (G.) chiangraiense sp. nov.

Takaoka and Saito (1996) recorded S. (G.) decuplum from Thailand,
based on one female and one male, both reared from pupae and two
mature larvae collected from Huai Kaeo, Chiang Mai Province, where
this new species was collected. The previous record of S. (G.) decuplum
from Thailand might have been based on S. (G.) huaikaeoense sp. nov.
Maybe true S. (G.) decuplum has not been collected near this area.

3.2. DNA analysis of five new species and related species

The phylogenetic positions of these new species and related species
inferred from the mitochondrial COI gene are presented in Fig. 7. Si-
mulium (G.) decuplum, S. (G.) lamdongense and three new species S. (G.)
chiangraiense, S. (G.) maeklangense, and S. (G.) khaokhoense showed
their own phylogenetic clades with high bootstrap supports (84–100%).
Their genetic distances (Table 1) are comparable with species bound-
aries among nominal species of the subgenus Gomphostilbia in the Or-
iental Region (Low et al., 2015; Saeung et al., 2017; Takaoka et al.,
2017a,b,c). Simulium (G.) pamiangense sp. nov. showed a sister re-
lationship with S. (G.) huaikaeoense sp. nov. with low genetic distances
(0.74–1.24%), though they are morphologically distinct. On the con-
trary, S. (G.) khaokhoense sp. nov. is distantly positioned from S. (G.)
huaikaeoense sp. nov. (3.96–4.21%), though it is almost indistinguish-
able morphologically from the latter.

Acknowledgements

We are grateful to Prof. Peter H. Adler (Clemson University,
Clemson, SC, USA) for reading the current manuscript and providing
valuable comments. Our thanks are due to Sumit Suriya, Suthinan
Daungdang, and Thapanat Pankan, all Queen Sirikit Botanic Garden for
their assistance in the field surveys. This work was supported by a re-
search grant from University of Malaya (RP021A/16SUS), to H.
Takaoka, and the Thailand Research Fund and the Office of the Higher
Education Commission through the Research Grant for New Scholar
(grant MRG5980101) to A. Saeung. Finally, we thank the research
administration office of Chiang Mai University for providing the budget
for our Excellence Center in Insect Vector Study.

H. Takaoka et al. Acta Tropica 182 (2018) 271–284

283



References

Adler, P.H., Crosskey, R.W., 2017. World Blackflies (Diptera: Simuliidae): A
Comprehensive Revision of the Taxonomic and Geographical Inventory [2017]. 131
pp., http://entweb.clemson.edu/biomia/pdfs/blackflyinventory.pdf. (Accessed 1
July 2017).

Adler, P.H., Currie, D.C., Wood, D.M., 2004. The Black Flies (Simuliidae) of North
America. Cornell University Press, Ithaca, New York, USA xv+941 pp.

Borah, S., Rahman, I., Goswami, S., Manab Deka, M., Takaoka, H., 2012. Notes on black
flies (Diptera: Simuliidae) from North-East India: New records of five species from
Arunachal Pradesh and taxonomic reviews of two species from Assam. Trop. Biomed.
29, 92–97.

Chen, H.B., Zhang, C.L., 2003. Review of taxonomy of blackflies from Xishuangbanna,
China, with a description of a new species (Diptera: Simuliidae). Acta Zootaxonomica
Sinica 28, 542–545.

Fukuda, M., Choochote, W., Bain, O., Aoki, C., Takaoka, H., 2003. Natural infections with
filarial larvae in two species of black flies (Diptera: Simuliidae) in northern Thailand.
Jpn. J. Trop. Med. Hyg. 31 (2), 99–102.

Guindon, S., Dufayard, J.F., Lefort, V., Anisimova, M., Hordijk, W., Gascuel, O., 2010.
New algorithms and methods to estimate maximum-likelihood phylogenies: assessing
the performance of PhyML 3.0. Syst. Biol. 59 (3), 307–321.

Hall, T.A., 1999. BioEdit: a user-friendly biological sequence alignment editor and ana-
lysis program for Windows 95/98/NT. Nucleic Acids Symp. Ser. 41, 95–98.

Ishii, Y., Choochote, W., Bain, O., Fukuda, F., Otsuka, Y., Takaoka, H., 2008. Seasonal and
diurnal biting activities and zoonotic filarial infections of two Simulium species
(Diptera: Simuliidae) in northern Thailand. Parasite 15, 121–129.

Kang, Z., Zhang, C.L., Chen, H.B., 2007. A new species of Simulium (Gomphostilbia) from
Jiangxi Province, China (Diptera: Simuliidae). Acta Parasitol. Med. Entomol. Sinica
14, 185–187.

Kumar, S., Stecher, G., Tamura, K., 2016. MEGA7: molecular evolutionary genetics
analysis version 7.0 for bigger datasets. Mol. Biol. Evol. 33 (7), 1870–1874.

Low, V.L., Takaoka, H., Adler, P.H., Ya’cob, Z., Norma-Rashid, Y., Chen, C.D., Sofian-
Azirun, M., 2015. A multi-locus approach resolves the phylogenetic relationships of
the Simulium asakoae and Simulium ceylonicum species groups (Diptera: Simuliidae) in

Malaysia: evidence for distinct evolutionary lineages. Med. Vet. Entomol. 29 (3),
330–337.

Saeung, A., Srisuka, W., Low, V.L., Maleewong, W., Takaoka, H., 2017. Descriptions of the
female and larva of Simulium (Gomphostilbia) udomi (Diptera: Simuliidae) from
Thailand: and its transfer to the Simulium asakoae species-group. Acta Trop. 172,
14–19.

Swofford, D.L., 2002. PAUP* Phylogenetic Analysis Using Parsimony (*and Other
Methods). Sinauer Associates, USA.

Takaoka, H., Davies, D.M., 1995. The Black Flies (Diptera: Simuliidae) of West Malaysia.
Kyushu University Press, Fukuoka, Japan viii+175 pp.

Takaoka, H., Saito, K., 1996. A new species and new records of black flies (Diptera:
Simuliidae) from Thailand. Jpn. J. Trop. Med. Hyg. 24 (3), 163–169.

Takaoka, H., Sofian-Azirun, M., Ya’cob, Z., Chen, C.D., Lau, K.W., Pham, X.D., 2015. The
black flies (Diptera: Simuliidae) from Thua Thien Hue and Lam Dong Provinces,
Vietnam. Zootaxa (Monograph) 1–96.

Takaoka, H., Srisuka, W., Low, V.L., Maleewong, W., Saeung, A., 2017a. Two new species
of Simulium (Gomphostilbia) (Diptera: Simuliidae) from Myanmar: and their phylo-
genetic relationships with related species in the S. asakoae species-group. Acta Trop.
176, 39–50.

Takaoka, H., Srisuka, W., Low, V.L., Maleewong, W., Saeung, A., 2017b. A new black fly
species of Simulium (Gomphostilbia) (Diptera: Simuliidae) from Laos. J. Med. Entomol.
54, 1543–1551.

Takaoka, H., Srisuka, W., Low, V.L., Saeung, A., 2017c. A new black fly species of the
Simulium (Gomphostilbia) epistum species-group (Diptera: Simuliidae) from Thailand.
Acta Trop. 176, 373–379.

Takaoka, H., Srisuka, W., Saeung, A., 2017d. A new black fly species of Simulium
(Gomphostilbia) from Thailand. J. Med. Entomol. 54, 1552–1559.

Takaoka, H., 2003. The Black Flies (Diptera: Simuliidae) of Sulawesi, Maluku and Irian
Jaya. Kyushu University Press, Fukuoka, Japan xxii+581 pp.

Takaoka, H., 2012. Morphotaxonomic revision of Simulium (Gomphostilbia) (Diptera:
Simuliidae) in the Oriental Region. Zootaxa 3577, 1–42.

Zhu, J.Z., Wang, S.P., 1995. A new species of Simulium from China (Diptera: Simuliidae).
Sichuan J. Zool. 14, 13–15.

H. Takaoka et al. Acta Tropica 182 (2018) 271–284

284

http://entweb.clemson.edu/biomia/pdfs/blackflyinventory.pdf
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0010
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0010
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0015
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0015
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0015
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0015
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0020
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0020
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0020
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0025
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0025
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0025
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0030
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0030
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0030
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0035
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0035
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0040
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0040
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0040
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0045
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0045
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0045
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0050
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0050
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0055
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0055
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0055
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0055
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0055
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0060
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0060
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0060
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0060
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0065
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0065
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0070
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0070
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0075
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0075
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0080
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0080
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0080
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0085
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0085
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0085
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0085
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0090
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0090
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0090
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0095
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0095
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0095
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0100
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0100
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0105
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0105
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0110
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0110
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0115
http://refhub.elsevier.com/S0001-706X(17)31216-0/sbref0115


Contents lists available at ScienceDirect

Acta Tropica

journal homepage: www.elsevier.com/locate/actatropica

A new species and a new record of the Simulium (Gomphostilbia) gombakense
species-group (Diptera: Simuliidae) from Thailand

Hiroyuki Takaokaa,⁎, Wichai Srisukab, Van Lun Lowa, Atiporn Saeungc

a Tropical Infectious Diseases Research and Education Centre (TIDREC), University of Malaya, 50603, Kuala Lumpur, Malaysia
b Entomology Section, Queen Sirikit Botanic Garden, P.O. Box 7, Maerim, Chiang Mai 50180, Thailand
c Department of Parasitology, Faculty of Medicine, Chiang Mai University, Chiang Mai, 50200, Thailand

A R T I C L E I N F O

Keywords:
Aquatic insects
Biodiversity
Fauna
Lineage
DNA analysis

A B S T R A C T

Larvae and adults reared from pupae of Simulium (Gomphostilbia) gombakense Takaoka & Davies from eight
streams in five provinces of Thailand were genetically analyzed by using cytochrome c oxidase subunit 1 se-
quences. The material was composed of four lineages, of which lineages 2, 3 and 4 are genetically closely related
to one another, but more distantly related to lineage 1, which is equivalent to typical S. (G.) gombakense from
Peninsular Malaysia. Lineages 2, 3 and 4, which are morphologically indistinguishable, are designated as
genoforms A, B and C within a species complex of S. (G.) paiense sp. nov., which is described based on specimens
of lineage 2 (=genoform A). Simulium (G.) paiense sp. nov. is similar to S. (G.) gombakense from Peninsular
Malaysia but appears to be barely distinguished by the relative length of the female fore basitarsus. Simulium (G.)
thuathienense Takaoka & Sofian-Azirun is newly recorded from Thailand and its male is described for the first
time. The female of S. (G.) gombakense is briefly described based on females reared from pupae collected from
Peninsular Malaysia.

1. Introduction

Black flies (Simuliidae) are one of dipteran insects and are widely
distributed in many parts of the world, where clean, running streams
and rivers, as the sites for the breeding of their immature stages and for
the oviposition of the gravid females, are available.

Due to the biting habit of their adult females, black flies are of
medical and veterinary importance. Females of certain simuliid species
can transmit viruses, protozoans and filarial parasites. In Asia, Simulium
(Simulium) bidentatum (Shiraki) is a vector of zoonotic onchocerciasis
caused by Onchocerca dewittei japonica, a parasite of wild boar, recently
discovered in Japan (Takaoka et al., 2012), and three other black fly
species, Simulium (Gomphostilbia) asakoae Takaoka & Davies, Simulium
(Simulium) nigrogilvum Summers and Simulium (Simulium) nodosum Puri,
are reported to transmit three different filarial species, all of which are
of possible public health importance, from Thailand (Fukuda et al.,
2003; Takaoka et al., 2003).

Investigations of black flies’ role in the transmission of disease pa-
thogens require the reliable identification of species in question. For
this, recent chromosomal and DNA sequence-based analyses have
proved to be good tools to disclose cryptic taxa or lineages within a
single morphospecies (e.g., Adler et al., 2016; Low et al., 2015).

Simulium (Gomphostilbia) is one of two predominant subgenera in
South-East Asia, consisting of about 230 species (including S. (G.)
asakoae as a filarial vector), which are placed in 10 species-groups
(Adler and Crosskey, 2017). Adult females of species in each species-
group of this subgenus are usually morphologically similar and difficult
to differentiate from one another (Takaoka, 2012).

We aim to study whether S. (G.) gombakense Takaoka & Davies in
Thailand is a single or multiple species. This species belongs to the
Simulium gombakense species-group, defined by Takaoka (2012), which
is a small taxon consisting of 11 species, and is characterized by the
male ventral plate widened posteriorly and pupal gill composed of an
inflated structure and eight or 10 slender filaments.

In Thailand, this species-group is represented by three species:
Simulium (G.) gombakense Takaoka & Davies (originally described from
Peninsular Malaysia), S. (G.) maleewongae Takaoka, Srisuka & Saeung,
and S. (G.) prayongi Takaoka & Choochote (Takaoka and Davies, 1995,
Takaoka and Choochote, 2005, Takaoka et al., 2017). Simulium (G.)
gombakense in Thailand includes two lineages with high genetic diver-
gence (7.35%), one lineage from Chongyen, Nakhonsawan Province,
and the other from Chiang Mai and Loei Provinces, according to cyto-
chrome c oxidase subunit 1 (COI) sequences analyzed by Pramual et al.
(2011).
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We molecularly examined larvae and adults reared from pupae,
which are morphologically identifiable as S. (G.) gombakense, collected
from eight streams in five provinces of Thailand. We found that Thai
populations of S. (G.) gombakense are composed of at least four lineages
including two previously reported: lineage 1 (same as a lineage by
Pramual et al., 2011), lineage 2, lineage 3 and lineage 4 (same as an-
other lineage by Pramual et al., 2011). Two new lineages, 2 and 3, are
closely related to lineage 4 but distantly to lineage 1, which is
equivalent to typical S. (G.) gombakense from Peninsular Malaysia.

Lineages 2, 3 and 4 are so distantly separated from lineage 1 that
they are treated as genoforms A, B and C within a complex of a new
species, since all these three lineages are morphologically indis-
tinguishable.

This new species is here described, and possible differing characters
between this new species and S. (G.) gombakense from Peninsular
Malaysia, are discussed.

In this survey, pupae and larvae S. (G.) thuathienense Takaoka &
Sofian-Azirun originally described from Vietnam (Takaoka et al., 2015),
were collected for the first time in Thailand. The male of this species is
described. In addition, the female of S. (G.) gombakense is briefly de-
scribed on the basis of specimens reared from pupae collected from
Peninsular Malaysia.

2. Material and methods

The larvae and adults reared from pupae that were used for genetic
analysis were collected from eight streams in five provinces of Thailand
(sites 1–8 in Table 1). In addition, S. (G.) thuathienense and S. (G.)
maleewongae, both collected from Thailand, S. (G.) gombakense from
Peninsular Malaysia, and five sequences registered in the NCBI Gen-
Bank (HM775247, HM775249, HM77250, HM77252, HM77253, all
under S. (G.) gombakense from Thailand), were included in our genetic
analysis. Specimens were used for sequencing of the COI gene and a
subsequent phylogenetic analysis. The protocols for DNA extraction,
PCR amplification, and sequencing followed those of Low et al. (2015).
A maximum likelihood analysis was performed on an on-line web-based
server PhyML 3.0 (Guindon et al., 2010). An automatic model selection
was implemented based on the Akaike information criterion (AIC). The
best-fit model was the general time-reversible (GTR) model with a
proportion of invariable sites of 0.633 and with a gamma shape para-
meter of 1.591. Neighbor-joining analysis was performed in PAUP
4.0b10. (Swofford, 2002), with Kimura’s two-parameter model of sub-
stitution (K2P distance), using 1000 bootstrap replicates. Simulium (G.)
laosense was used as an outgroup. To estimate the level of genetic di-
vergence, uncorrected p pairwise genetic distances were estimated
using PAUP 4.0b10. The representative sequences generated in this
study were deposited in the NCBI GenBank database under accession
numbers MG958560-MG958562 for S. (G.) gombakense, MG958563-
MG958580 for S. (G.) paiense sp. nov., MG958581-MG958582 for S.
(G.) thuathienense and MG958583-MG958584 for S. (G.) maleewongae.

A new species was described based on females, males, pupae and

mature larvae collected from Pai District, Mae Hong Son Province (site
1 in Table 1), where only lineage 2 (genoform A) was recognized. It was
morphologically compared with three other lineages (i.e., typical S. (G.)
gombakense and genoforms B and C of the new species). The methods of
description and illustration, as well as terms for morphological features,
followed those of Takaoka (2003).

The holotype and paratypes are deposited at the Queen Sirikit
Botanic Garden, Chiang Mai, Thailand.

This published work and the nomenclatural acts it contains have
been registered in ZooBank, the online registration system for the ICZN.
The ZooBank LSIDs (Life Science Identifiers) can be resolved and the
associated information viewed through any standard web browser by
appending the LSID to the prefix http://zoobank.org/. The LSID for this
publication is: urn:lsid:zoobank.org:pub:048CE051-DC9D-4076-A766-
218CBEE9F740.

3. Results

3.1. Genetic analysis using COI gene

The result (Fig. 1) reveals that Thai populations of S. (G.) gomba-
kense are represented by at least four lineages including two previously
reported lineages: lineage 1 [same as lineage (HM775252) from Na-
khonsawan Province reported by Pramual et al., 2011], lineage 2,
lineage 3, and lineage 4 [same as lineage (HM775247, HM775249,
HM775250, HM775253) from Chiang Mai and Loei Provinces reported
by Pramual et al., 2011]. Lineage 1 is distinctly separated from lineages
2, 3 and 4 with genetic distances of 7.35–8.55%, 7.86–8.89% and
6.50–8.72%, respectively.

Two new lineages 2 and 3 are geographically restricted to one site
(site 1) in Mae Hong Son Province and three sites (sites 2, 3 and 4) in
Chiang Mai Province, respectively, whereas lineage 4 is widely dis-
tributed in five provinces [two previously reported provinces plus Mae
Hong Son, Tak and Nan Provinces (sites 5, 6 and 7) in our survey]. On
the other hand, lineage 1, which includes samples from Trang Province
(site 8) and from Nakhonsawan Province (HM775252), reported by
Pramual et al. (2011), forms a cluster with Peninsular Malaysian sam-
ples of S. (G.) gombakense. There are no sites supporting two or more
lineages except site 2 (Mae Klang Waterfall, Chiang Mai Province)
where both lineages 3 and 4 coexist.

Genetically, lineages 2, 3 and 4 are so distantly separated from
lineage 1 (=typical S. (G.) gombakense) that they can be treated as
genoforms A, B and C within a complex of a new species described here,
rather than as genoforms B, C and D within the S. gombakense species
complex, since all three lineages are morphologically indistinguishable.
The genetic distances within the three lineages of S. (G.) paiense sp. nov.
are 0–4.44%; of which the genoform A is separated from genoform B by
4.10–4.44%, and genoform C by 2.73–3.93%. The genoform B differs
from genoform C by 3.08–4.10%.

Two other members of the S. gombakense species-group from
Thailand, S. (G.) maleewongae and S. (G.) thuathienense, were genetically

Table 1
Collection data for black flies used in morphological and genetic analyses.

Site no. District Province Latitude Longitude Elevation (masl) Collection date No. of samples*

1 Pai Mae Hong　Son 19°21' 00."N 98°35' 06.4"E 1737 28 ix. 2016 6F, 6M, 15PE, 20L
2 Chomthong Chiang Mai 18°29' 57.0"N 98°40' 06.2"E 412 3 iv. 2017 2F, 2M, 4PE, 7L
3 Muang Chiang Mai 18°48' 44.2"N 98°56' 21.3"E 503 18 vii. 2017 5M, 5PE
4 Maecham Chiang Mai 18°45' 21.3"N 98°08' 00.3"E 1,434 7 xii. 2015 2F, 1M, 3PE, 8L
5 Muang Mae Hong　Son 19°36' 57.9"N 97°59' 48.2"E 1,007 12 vii. 2017 2F, 3M, 5PE, 8L
6 Umphang Tak 16°18' 00.5"N 99°01' 22.6"E 1,095 22 viii. 2017 2F, 1M, 2PE, 2L
7 Wiang Sa Nan 18°25' 39.9"N 100°57' 47.6"E 551 26 vii. 2017 4L
8 Muang Trang 07°22' 20.0"N 99°49' 16.0"E 401 31 iii. 2012 1M, 2PE, 2L

*F, female(s); M, male(s); PE, pupal exuviae; L, larva(e).
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analyzed for the first time. The results show that both species are dis-
tinctly separated from each other and from all four lineages of S. (G.)
gombakense (Fig. 1).

3.2. Morphological analysis

3.2.1. Description of a new species
Simulium (Gomphostilbia) paiense Takaoka, Srisuka & Saeung,

sp. nov.
(urn: lsid:zoobank.org:act:F20966CE-8E86-4 ACE-9C9B-D0862A

2E6F83)
Female (n= 6). Body length 2.0–2.2mm. Head. Slightly narrower

than width of thorax. Frons brownish black, slightly shiny when illu-
minated at certain angles, densely covered with yellowish-white re-
cumbent short hairs interspersed with several dark unbranched longer
hairs along each lateral margin; frontal ratio 1.7–1.8:1.0:2.4–2.7; frons-
head ratio 1.0:4.4–4.8. Fronto-ocular area well developed, narrow, di-
rected dorsolaterally. Clypeus brownish black, densely covered with

yellowish-white recumbent short hairs interspersed with several dark-
brown longer hairs on each side of lower two-thirds. Labrum 0.6–0.7
times as long as clypeus. Antenna composed of scape, pedicel and nine
flagellomeres, dark brown except scape, pedicel and base of first fla-
gellomere yellow. Maxillary palp composed of five segments, light to
medium brown, proportional lengths of third, fourth, and fifth segments
1.0:0.8:2.1; third segment (Fig. 2A) swollen; sensory vesicle (Fig. 2A)
oblong, 0.7–0.8 times as long as third segment, with medium-sized
opening. Maxillary lacinia with 12 or 13 inner and 15 or 16 outer teeth.
Mandible with 21–24 inner and 10–12 outer teeth. Cibarium (Fig. 2B)
medially forming short wide sclerotized plate folded forward from
posterior margin, and with moderately sclerotized medial longitudinal
ridge with forked apex. Thorax. Scutum brownish-black to black (ex-
cept anterior calli medium brown), shiny, thinly grayish-white pruinose
with three faint non-pruinose longitudinal vittae (one medial and two
submedial) when illuminated dorsally and viewed anteriorly, densely
covered with whitish-yellow recumbent hairs. Scutellum dark brown,
covered with whitish-yellow short hairs and dark-brown long upright

Fig. 1. Maximum likelihood phylogenetic tree of the S. gombakense species-group inferred from the mitochondrial-encoded COI gene sequences. Posterior prob-
ability/bootstrap and values (ML/NJ) are shown on the branches. Newly generated sequences are in bold.
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Fig. 2. Female of Simulium (Gomphostilbia) paiense sp. nov. (A) Third segment of right maxillary palp with sensory vesicle (front view). (B) Cibarium. (C) Hind tibia
(left side; outer view). (D) Basitarsus and second tarsomere of hind leg showing calcipala and pedisulcus (left side; outer view). (E) Claw. (F) Sternite 8 and ovipositor
valve (right half; ventral view). (G) Genital fork (ventral view). (H, I) Right paraprocts and cerci (H, ventral view; I, lateral view). (J) Spermatheca. Scale
bars= 0.1mm for C and D; 0.02mm for A, B and E–J.
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hairs along posterior margin. Postnotum dark brown to brownish-black,
bare. Pleural membrane bare. Katepisternum medium to dark brown,
longer than deep, moderately covered with short hairs. Legs. Foreleg:
coxa whitish yellow; trochanter light brown except base whitish yellow;
femur light brown with apical cap medium brown though extreme tip
whitish yellow; tibia yellowish white except apical one-fourth dark
brown and inner surface light brown; tibia densely covered with yellow
hairs on outer surface of basal four-fifths; tarsus brownish black, with
moderate dorsal hair crest; basitarsus moderately dilated, 6.6–7.4 times
as long as its greatest width. Midleg: coxa light brown except poster-
olateral surface medium brown; trochanter light brown except base
whitish yellow; femur light brown with apical cap medium brown
(though extreme apex whitish yellow); tibia light to medium brown
except little more than basal one-third whitish yellow; tibia densely
covered with whitish hairs on posterior surface of basal five-sixths;
tarsus medium to dark brown except basal half yellow. Hind leg: coxa
light brown; trochanter whitish yellow; femur light brown except base
whitish yellow and apical cap medium brown (though extreme tip
whitish yellow); tibia (Fig. 2C) yellowish white on basal half or little
more, light brown to dark brown on rest; tibia densely covered with
white fine hairs on posterior and outer surfaces of basal three-fourths or
little more; tarsus medium to dark brown except little more than basal
two-thirds of basitarsus (though base light brown) and basal half of
second tarsomere yellowish white; basitarsus (Fig. 2D) narrow, nearly
parallel-sided, 6.1–6.5 times as long as wide, and 0.68–0.74 and
0.57–0.61 times as wide as greatest widths of tibia and femur, respec-
tively; calcipala nearly as long as wide, and 0.5–0.6 times as wide as
greatest width of basitarsus. Claw (Fig. 2E) with large basal tooth 0.47
times as long as claw. Wing. Length 1.9–2.0 mm. Costa with dark-
brown spinules and hairs except basal short portion with patch of
whitish-yellow hairs. Subcosta with medium-brown hairs except apical
one-third to one-fourth bare. Hair tuft on stem vein whitish yellow.
Basal portion of radius fully haired; R1 with dark brown spinules and
light to medium brown hairs; R2 with light to medium brown hairs only.
Basal cell absent. Halter. Whitish with darkened base Abdomen. Basal
scale light brown, with fringe of whitish-yellow hairs. Dorsal surface of
abdominal segments dark brown to brownish black except tergite of
segment 2 light brown, moderately covered with dark brown hairs;
tergites of segments 2 and 6–8 wide and shiny; ventral surface of seg-
ment 2 entirely pale whitish-yellow and those of other segments light to
medium brown; sternal plate on segment 7 undeveloped. Terminalia.
Sternite 8 (Fig. 2F) bare medially, with 18–22 medium-long to long
hairs and two to four short hairs on each side. Ovipositor valve (Fig. 2F)
triangular, with round posteromedial corner, thin, membranous, mod-
erately covered with microsetae interspersed with one to three short
hairs; inner margins slightly sinuous, moderately sclerotized and nar-
rowly separated from each other. Genital fork (Fig. 2G) of usual in-
verted-Y form, with arms of moderate width; arm moderately folded
medially and with prominent projection directed posteromedially.
Paraproct in ventral view (Fig. 2H) nearly triangular, and with three or
four sensilla on anteromedial surface; paraproct in lateral view (Fig. 2I)
somewhat produced ventrally, 0.6 times as long as wide, with 16–20
short to long hairs on ventral and lateral surface. Cercus in lateral view
(Fig. 2I) short, 0.4 times as long as wide, and rounded posteriorly.
Spermatheca (Fig. 2J) ellipsoidal, 1.4 times as long as wide, well
sclerotized except duct and small area at juncture with duct un-
sclerotized, and with many fissures on surface; internal setae absent;
both accessory ducts slender, unsclerotized, subequal in diameter to
major one.

Male (n= 6). Body length 2.2–2.4mm. Head. Much wider than
thorax. Holoptic, upper eye consisting of large facets in 14 vertical
columns and in 14 horizontal rows. Face dark brown, white pruinose,
bare. Clypeus dark brown, white pruinose, densely covered with golden
yellow scale-like short hairs interspersed with dark longer hairs.
Antenna composed of scape, pedicel and nine flagellomeres, dark
brown except scape, pedicel and base of first flagellomere yellow; first

flagellomere somewhat elongate, 1.6–1.8 times as long as second fla-
gellomere. Maxillary palp composed of five segments, proportional
lengths of third, fourth and fifth segments 1.0:1.1:2.7–2.8; third seg-
ment (Fig. 3A) somewhat widened apically; sensory vesicle (Fig. 3A)
ellipsoidal, 0.2–0.3 times as long as third segment, with small opening
apically. Thorax. Scutum brownish black, slightly shiny on shoulders,
along lateral margins and prescutellar area when illuminated at certain
angles; scutum slightly gray pruinose with three non-pruinose long-
itudinal vittae (one medial and two submedial) when illuminated dor-
sally and viewed anterodorsally, densely covered with golden-yellow
scale-like recumbent hairs. Scutellum dark brown, with golden-yellow
short hairs and dark upright long hairs. Postnotum dark brown and
bare. Pleural membrane bare. Katepisternum longer than deep, medium
to dark brown with short hairs. Legs. Foreleg: coxa yellow; trochanter
light brown except base yellow; femur light brown with apical cap
medium brown; tibia light brown except apical one-third medium
brown; tarsus brownish-black, with moderate dorsal hair crest; basi-
tarsus moderately dilated, 7.6–8.5 times as long as its greatest width.
Midleg: coxa light brown except posterolateral surface medium to dark
brown; trochanter light brown except base yellow; femur light brown
with apical cap medium brown (though extreme apex yellow); tibia
medium to dark brown except basal one-third yellow; tarsus dark
brown except basal half of basitarus light to medium brown. Hind leg:
coxa medium brown; trochanter yellow; femur medium brown except
base yellow and apical cap dark brown (though extreme tip yellow);
tibia (Fig. 3B) yellowish-white on little less than basal half, dark brown
on rest except apical cap brownish black; tarsus medium to dark brown
except basal half of basitarsus (though base light brown) and little less
than basal half of second tarsomere yellow; basitarsus (Fig. 3C) narrow,
nearly parallel-sided, 4.3–4.6 times as long as wide, and 0.78–0.80 and
0.82–0.83 times as wide as greatest widths of tibia and femur, respec-
tively; calcipala nearly as long as wide, and 0.44 times as wide as
greatest width of basitarsus.Wing. Length 1.9–2.0mm; other characters
as in female except subcosta bare. Halter. Light gray with darkened
base. Abdomen. Basal scale dark brown with fringe of dark long hairs
laterally. Dorsal surface of abdomen medium to dark brown, moder-
ately covered with dark short hairs; segments 2 and 5–8 each with pair
of shiny dorsolateral patches, those on segment 2 connected in middle
to each other. Genitalia. Coxites, styles and ventral plate in ventral
view as in Fig. 3D. Coxite in ventral view (Fig. 3D) subquadrate, 1.7
times as long as wide. Style in ventral view (Fig. 3D) slender, 0.8 times
as long as coxite, gently curved inward, tapered toward apex and with
one apical spine; style in ventrolateral view (Fig. 3E) 2.3 times as long
as its greatest width at base, gradually tapered from base toward apex.
Ventral plate in ventral view (Fig. 3D) transverse, much wider than
long, somewhat widened posteriorly, with anterior margin produced
medially, with posterior margin nearly straight, and moderately cov-
ered with microsetae on ventral surface; basal arms nearly parallel-
sided, though somewhat convergent apically; ventral plate in lateral
view (Fig. 3F) much produced ventrally; ventral plate in caudal view
(Fig. 3G) gently rounded ventrally, and densely covered with micro-
setae on most of posterior surface except lateral portions bare. Median
sclerite (Fig. 3H) broad, plate-like, though lateral margins not well
defined. Paramere (Fig. 3I) of moderate size, with two long hooks and
few shorter ones. Aedeagal membrane (Fig. 3J) moderately covered
with microsetae. Ventral surface of abdominal segment 10 (Fig. 3K, L)
without distinct hairs (though one hair on right side in one male).
Cercus (Fig. 3K, L) small, with 10–22 short hairs.

Pupa (n= 15). Body length 2.4–2.6mm. Head. Integument yellow,
moderately or densely covered with round tubercles (some appearing to
have tiny secondary projections) on frons and each lateral surface;
antennal sheath bare, and without any projections. Frons with three
unbranched or bifid long trichomes (Fig. 4A) on each side; all trichomes
subequal in length and thickness to one another. Face with one un-
branched or bifid long trichome (Fig. 4B) on each side. Thorax. In-
tegument yellow, moderately or densely covered with round tubercles
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(some appearing to have tiny secondary projections) except dorsal
surface of posterior one-fifth almost bare, with two unbranched or bifid
slender short or medium-long trichomes, or rarely three unbranched or
bifid trichomes (two medium-long and one short, or one medium-long
and two short trichomes) (Fig. 4C) dorsomedially, two unbranched or
bifid slender medium-long trichomes (Fig. 4D) anterolaterally, one

unbranched or bifid slender medium-long trichome (Fig. 4E) medio-
laterally, and three unbranched or bifid trichomes (two medium-long,
one short) (Fig. 4F) ventrolaterally, on each side. Gill (Fig. 4G) of much
inflated structure (0.5 mm long), which is 2.6–2.8 times as long as
greatest width, and divided into three portions (basal, middle and
apical) by two constrictions; second constriction 1.0–1.4 times as wide

Fig. 3. Male of Simulium (Gomphostilbia) paiense sp. nov. (A) Third segment of right maxillary palp with sensory vesicle (front view). (B) Hind tibia (left side; outer
view). (C) Basitarsus and second tarsomere of hind leg showing calcipala and pedisulcus (left side; outer view). (D) Coxites, styles and ventral plate (ventral view). (E)
Right style (ventrolateral view). (F) Ventral plate and median sclerite (lateral view). (G) Ventral plate (caudal view). (H) Median sclerite (caudal view). (I) Right
paramere (caudal view). (J) Aedeagal membrane (caudal view). (K, L) Abdominal segment 10 and cerci (right half; K, lateral view; L, caudal view). Scale
bars= 0.1mm for B and C; 0.02mm for A and D–L.
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as first constriction; middle and apical portions each with three thumb-
like or finger-like projections; longest projection of middle inflated
portion 0.7–0.8 times as long as greatest width of apical inflated por-
tion; gill with eight slender thread-like filaments, of which six filaments
arise in three groups of one, two and three filaments from dorsal,
dorsal-inner and inner surfaces of basal portion of inflated structure,
respectively, and all subequal in length (0.7–0.9mm) and thickness to
one another, and remaining two filaments isolated, subequal in length
(0.5 mm), each arising from dorsal surface of middle and apical por-
tions of inflated structure; surface of inflated portion and all filaments
light brown, without any pattern on inflated portion or any transverse
ridges or furrows on filaments; surface of inflated portion densely
covered with microtubercles and that of filaments smooth, though ap-
pearing to be densely covered with microtubercles on inner layer. Ab-
domen. Dorsally, all segments pale whitish yellow, without tubercles,
with one unbranched slender short seta on each side; segment 2 with
one unbranched slender short seta and five minute setae on each side;
segments 3 and 4 each with four hooked spines and one unbranched
minute seta on each side; segment 5 with comb-like groups of minute
spines and four minute setae, but lacking spine-combs on each side;
segments 6–9 each with spine-combs (though those on segment 9
somewhat smaller than those on other segments) and comb-like groups
of minute spines in transverse row on each side; segments 6–8 each
with two minute setae on each side; segment 9 with pair of wide plate-
like terminal hooks with weakly crenulated outer margin (Fig. 4H).
Ventrally, segment 4 with one unbranched short hook (somewhat

smaller in size than those on segments 5–7) and few minute setae on
each side; segment 5 with pair of bifid hooks submedially and few short
setae on each side; segments 6 and 7 each with pair of bifid inner and
simple outer hooks somewhat spaced from each other, and few short
setae on each side; segments 4–8 each with comb-like groups of minute
spines on each side; each side of segment 9 with three grapnel-shaped
hooklets. Cocoon. Wall-pocket-shaped, thinly and compactly woven
with no open spaces in weave, somewhat extended ventrolaterally,
covering entire abdomen and posterior one-third of thorax; anterior
margin somewhat thickened or not; floor loosely woven on posterior
one half of cocoon; individual threads invisible; 2.1–2.8 mm long by
1.2–2.0mm wide.

Mature larva (n= 20). Body length 4.5–5.6mm. Body entirely
gray with reddish-brown pigment on dorsal and dorsolateral surfaces of
abdominal segments 6–9 (mostly segment 8). Head capsule sparsely
covered with minute colorless setae. Cephalic apotome yellow to dark
yellow, with faint to moderate positive head spots, or somewhat dar-
kened along posterior margin, obscuring posterolateral spots. Lateral
surface of head capsule yellow except eye-spot region white, and por-
tions above and posterior to eye-spot region darkened, thus two large
spots in front of posterior margin faintly positive or merged; eyebrow
distinct; one round spot below eye-spot region and two round spots in
front of posterior margin faintly positive or obscured; lateral surface
entirely light brown except eye-spot region white in three larvae.
Ventral surface of head capsule yellow except medial portion widely
darkened along both sides of postgenal cleft, obscuring elongate spots

Fig. 4. Pupa of Simulium (Gomphostilbia) paiense sp. nov. (A) Frontal trichome. (B) Facial trichome. (C–F) Thoracic trichomes (C, dorsomedial; D, anterolateral; E,
mediolateral; F, ventrolateral). (G). Right gill (outer view). (H) Terminal hooks (caudal view). Scale bars= 0.1mm for G; 0.02mm for A–F and H.
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on each side of postgenal cleft; ventral surface of head entirely light-
brown except narrow portion along posterior margin yellow in three
larvae. Cervical sclerites composed of two small light brown rod-like
pieces, not fused to occiput, widely separated from each other. Antenna
composed of three segments and apical sensillum, much longer than
stem of labral fan; antenna pale except dorsal surface of first segment
somewhat darkened toward base; proportional lengths of first, second,
and third segments 1.00:0.75–0.86:0.82–0.86. Labral fan with 24–28
primary rays. Mandible (Fig. 5A) with three comb-teeth decreasing in
length from first to third; mandibular serrations composed of two teeth
(one large and one small); large tooth at acute angle to mandible on
apical side. Hypostoma (Fig. 5B) with row of nine apical teeth, of which
median tooth most prominent, always longer than corner teeth, and
intermediate teeth shortest; lateral margins smooth; five hypostomal
bristles in row, nearly parallel to lateral margin on each side. Postgenal
cleft (Fig. 5C) nearly parallel-sided or slightly widened from base to
middle, then convergent, forming pointed apex, and 1.7–2.5 times as
long as postgenal bridge (though postgenal clefts of two larvae are 1.3
and 3.0 times as long as postgenal bridge, respectively). Pharate pupal
gill with wrinkled enlarged body with six thumb-like or finger-like
projections and eight slender thread-like filaments. Thoracic cuticle
bare. Abdominal cuticle bare except few posterior segments sparsely
covered with minute colorless setae and both sides of anal sclerite
(down to base of ventral papillae) densely covered with minute color-
less setae. Rectal scales absent. Rectal organ compound, each of three
lobes with 8–11 finger-like secondary lobules. Anal sclerite X-shaped,
anterior arms 0.9 times as long as posterior ones; accessory sclerites
absent; sensillum absent. Ventral papillae well developed, conical.
Posterior circlet with 83–88 rows of up to15 or 16 hooks per row.

Type material. HOLOTYPE. Female, with associated pupal exuviae
and cocoon (in 80% ethanol), reared from a pupa collected from site 1
in Table 1, THAILAND: Mae Hong Son Province, Pai District, Doi Chang
Village, 28-IX-2016, by W. Srisuka and A. Saeung. PARATYPES. Five
females, six males (all with associated pupal exuviae and cocoons)
reared from pupae, three pupae and 20 mature larvae (all in 80%
ethanol), same data as those of the holotype.

Biological notes. The pupae and larvae of this new species were
collected from fallen leaves in a small seasonal stream (width 20 cm,
depth 3 cm, exposed to the sun, water temperature 13.8 °C, elevation
1737m above sea level, 19°21'00.2"N, 98°35′06.4″E).

Etymology. The species name paiense refers to the district name,

Pai, where this new species was collected.
Remarks. Simulium (G.) paiense sp. nov. is placed in the S. gomba-

kense species-group by having the male ventral plate gradually widened
posteriorly when viewed ventrally (Fig. 3D), and pupal gill composed of
an inflated structure with eight slender filaments (Fig. 4G). This new
species is the fourth member of the S. gombakense species-group re-
corded from Thailand.

This new species is similar to S. (G.) gombakense, originally de-
scribed from a mature larvae collected from Gombak, Peninsular
Malaysia (Takaoka and Davies, 1995), and from a male reared from a
pupa, collected from Fraser’s Hill, Peninsular Malaysia (Takaoka, 2000)
in having the pupal gill composed of an elongated inflated structure
divided into three portions by two constrictions, with six thumb-like or
finger-like projections and eight slender filaments (Fig. 4G), and wide
pupal terminal hooks (Fig. 4H). This new species is barely distinguished
from S. (G.) gombakense by the following characters (those of S. (G.)
gombakense in parentheses): in the female: the length ratio of the fore
basitarsus against its greatest width 6.6–7.1 (5.8–6.0); in the male: the
length ratio of the fore basitarsus against its greatest width 7.6–8.5
(6.8–7.1); in the pupa: the ratio of the width of the second constriction
against that of the first one 1.0–1.4 (0.8–0.9), and ratio of the longest
finger-like projection on the middle inflated portion against the greatest
width of the apical inflated portion 0.7–0.8 (1.0–1.5).

Adults, pupae and larvae of genoforms B and C of the S. (G.) paiense
sp. nov. complex are almost indistinguishable from those of genoform
A, except a few characters including the fore basitarsi of five males of
genoform B from site 3, which are 7.0–7.9 times as long as their greatest
width, overlapping the range for S. (G.) gombakense, and labral fans of
some larvae of genoform B or C from site 2, which have as many as 36
primary rays, showing a wider range of intraspecific variation (24–36
primary rays).

Overall, there seem to be only a few morphological features, which
may be used to separate genoforms A, B and C of the S. (G.) paiense sp.
nov. complex from S. (G.) gombakense: in the female by the length ratio
of the fore basitarsus against its greatest width: 6.2–7.2 (n= 14) versus
5.8–6.0 (n=3); in the pupa by the ratio of the longest finger-like
projection on the middle inflated portion against the greatest width of
the apical inflated portion: 0.7–0.8 (n= 34) versus 1.0–1.5 (n=5),
and relative size of the second constriction against the first one: 1.0–1.4
(n= 34) versus 0.8–0.9 (n=5). Further studies are needed to confirm
the differing morphological characters between S. (G.) paiense sp. nov.

Fig. 5. Mature larva of Simulium (Gomphostilbia) paiense sp. nov. (A) Tip of mandible (lateral view). (B) Hypostoma (ventral view). (C) Head capsule showing
postgenal cleft (ventral view). Scale bars= 0.05mm for C; 0.02mm for A and B.

H. Takaoka et al. Acta Tropica 185 (2018) 156–166

163



(complex) and S. (G.) gombakense since the number of specimens of S.
(G.) gombakense used in this study was limited.

3.3. Description of the male of S. (G.) thuathienense

Simulium (Gomphostilbia) thuathienense Takaoka & Sofian-
Azirun, 2015

Simulium (Gomphostilbia) thuathienense Takaoka & Sofian-Azirun, in
Takaoka et al., 2015: 48–52 (Female, pupa and larva).

This species was described from a pharate female dissected from a
pupa and mature larvae collected in Thua Thien Hue Province, central
Vietnam (Takaoka et al., 2015). The pupa of this species is character-
ized by the terminal hooks cone-like (not broad and plate-like), and gill
with an inflated Y-shaped structure (when viewed laterally) and eight
slender filaments. The inflated structure is composed of a basal portion,
and dorsal and forward branches, each branch with three finger-like
projections. Among eight slender filaments, six arise from the basal

portion in four groups of one, two, one and two filaments from dorsal to
inner-ventral, and each of the remaining two filaments from the apex of
one of three projections on each branch. There are three constrictions
on the inflated structure, one near the apex of the basal portion and one
basally on each branch. The larva of this species is characterized by the
postgenal cleft medium-long, nearly as long as the postgenal bridge.
The pupa and mature larvae from Thailand agree morphologically with
those of S. (G.) thuathienense except that pupal abdominal segment 9
has a transverse row of spine-combs on each side.

The male of this species is here described based on two males reared
from pupae collected in Thailand.

This is the first record of S. (G.) thuathienense from Thailand.
Male. Similar to that of S. (G.) paiense sp. nov. except following

characters. Body length 2.5 mm. Head. Much wider than thorax.
Holoptic, upper eye consisting of large facets in 14 vertical columns
and in 15 or 16 horizontal rows. Face dark brown, bare. Clypeus dark
brown, white pruinose, densely covered with golden-yellow scale-like

Fig. 6. Male of Simulium (Gomphostilbia) thuathienense. (A) Third segment of right maxillary palp with sensory vesicle (front view). (B) Hind tibia (left side; outer
view). (C) Basitarsus and second tarsomere of hind leg showing calcipala and pedisulcus (left side; outer view). (D) Coxites, styles and ventral plate (ventral view). (E)
Right style (ventrolateral view). (F) Ventral plate and median sclerite (lateral view). (G) Ventral plate (caudal view). (H, I) Abdominal segment 10 and cerci (right
half; H, lateral view; I, caudal view). Scale bars= 0.1mm for B and C; 0.02mm for A and D–I.
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short hairs interspersed with dark-brown longer hairs except central
portion bare. Antenna composed of scape, pedicel and nine flagello-
meres, dark brown except base of first flagellomere slightly paler; first
flagellomere somewhat elongate, 1.6 times as long as second fla-
gellomere. Maxillary palp: proportional lengths of third, fourth and
fifth segments 1.0:1.1:1.9; third segment (Fig. 6A) somewhat widened
apically; sensory vesicle (Fig. 6A) ellipsoidal, 0.2–0.3 times as long as
third segment, with small opening apically. Thorax. Scutum dark
brown, slightly shiny on shoulders, along lateral margins and pre-
scutellar area when illuminated at certain angles; scutum slightly gray
pruinose, densely covered with golden-yellow scale-like recumbent
hairs. Scutellum medium brown, with golden-yellow short hairs and
dark upright long hairs. Postnotum dark brown and bare. Pleural
membrane bare. Katepisternum longer than deep, medium to dark
brown with short hairs. Legs. Foreleg: coxa dark yellow; trochanter
medium brown except base yellow; femur light brown with apical cap
medium brown; tibia medium brown except medial large area pale;
tarsus dark brown, with moderate dorsal hair crest; basitarsus slightly
dilated, 8.9 times as long as its greatest width (7.6 times as long as its
greatest width in one male from Chiang Mai Province). Midleg: coxa
dark brown; trochanter medium brown; femur light brown with apical
cap medium brown; tibia light to medium brown except basal one-
third yellow and medial outer surface pale; tarsus medium brown
except basal one-third of basitarsus dark yellow. Hind leg: coxa
medium brown; trochanter yellow; femur light brown with basal ex-
treme yellow and apical cap dark brown; tibia (Fig. 6B) yellow on
basal two-fifths, with light-brown narrow area subbasally, and light to
medium brown on rest except apical cap dark brown; tarsus medium
brown except basal half of basitarsus (though base light brown) and
basal half of second tarsomere yellow; basitarsus (Fig. 6C) nearly
parallel-sided, 5.0 times as long as greatest width, and 0.70 and 0.69
times as wide as greatest width of tibia and femur, respectively, (or
slightly enlarged, spindle-shaped, 4.3 times as long as wide, and 0.9
and 0.9 times as wide as greatest widths of tibia and femur, respec-
tively in one male from Chiang Mai Province); calcipala nearly as long
as wide, and 0.36 times as wide as greatest width of basitarsus. Wing.
Length 2.0 mm. Genitalia. Coxites, styles and ventral plate in ventral
view as in Fig. 6D. Coxite in ventral view (Fig. 6D) subquadrate, 2.4
times as long as wide. Style in ventral view (Fig. 6D) slender, 0.7 times
as long as coxite, slightly curved inward, nearly parallel-sided and
with one apical spine; style in ventrolateral view (Fig. 6E) 2.8 times as
long as its greatest width at base, tapered from base to basal one-third,
nearly parallel-sided to apical one-fourth, then slightly tapered toward
round apex. Ventral plate in ventral view (Fig. 6D) transverse, much
wider than long, widened posteriorly, with anterior margin produced
medially, with posterior margin widely concave, and moderately
covered with microsetae on ventral surface; basal arms nearly parallel-
sided, though somewhat convergent apically; ventral plate in lateral
view (Fig. 6F) somewhat produced ventrally; ventral plate in caudal
view (Fig. 6G) deeply concave ventromedially, rounded laterally, and
densely covered with microsetae on most of posterior surface except
lateral portions bare. Median sclerite broad, plate-like, though lateral
margins not well defined (similar to Fig. 3H). Paramere of moderate
size, with several long to medium-long hooks. Aedeagal membrane
moderately covered with microsetae (similar to Fig. 3J). Ventral sur-
face of abdominal segment 10 (Fig. 6H, I) without distinct hairs.
Cercus (Fig. 6H, I) small, with 17 or 18 short hairs.

Specimens examined. One male and one female (both with their
associated pupal exuviae and cocoons), reared from pupae, and five
mature larvae collected a small seasonal stream (elevation 1316m
above sea level, 18°16′44.5″N, 100°30′14.2″E), Khun Sathan village,
near Khun Sathan National Park, Nanoi District, Nan Province,
Thailand, 5-VIII-2017, by W. Srisuka; one male (with its associated
pupal exuviae and cocoon), reared from a pupa, and two mature larvae
collected a small seasonal stream (elevation 1972m above sea level,
20°02′12.9″N, 99°08′40.4″E), Banlek, near Doi Phahompok National

Park, Fang District, Chiang Mai Province, Thailand, 23-XI-2011, by W.
Srisuka.

Remarks. The male of S. (G.) thuathienense has the ventral margin
of the ventral plate deeply concave medially (Fig. 6G) when viewed
posteriorly, a rare character in the subgenus Gomphostilbia. This char-
acter has, however, been reported in S. (G.) maleewongae from Thai-
land, S. (G.) nuwakotense Takaoka & Shrestha from Nepal, and S. (G.)
sachini Takaoka & Willie from India and Nepal (Takaoka et al., 2017;
Takaoka and Shrestha, 2010), all in the S. gombakense species-group,
although the pupae of these three species differ from that of this species
by having the inflated gills of different configuration.

In the original description of the female of S. (G.) thuathienense,
color observations and measurements of legs were limited because only
one pharate female dissected from a pupa was available (Takaoka et al.,
2015). The following characters, based on a female of this species
reared from a pupa from Nan Province, Thailand, augment the original
description: fore tibia light brown except the apical cap medium brown
and a large median area on the outer surface yellowish; fore basitarsus
6.6 times as long as its greatest width; mid basitarsus yellow on the
basal half; hind tibia whitish yellow on the little less than the basal
three-fifths; hind basitarsus parallel-sided, 6.5 times as long as wide,
and 0.67 and 0.57 times as wide as the greatest widths of the hind tibia
and femur, respectively.

3.4. Description of the female of S. (G.) gombakense

Simulium (Gomphostilbia) gombakense Takaoka & Davies, 1995
Simulium (Morops) gombakense Takaoka & Davies, 1995: 82–84

(Larva).
Simulium (Gomphostilbia) gombakense: Takaoka, 2000: 111–114

(Male and pupa)
This species was described from a mature larva under the subgenus

Morops from Peninsular Malaysia (Takaoka and Davies, 1995). It was
transferred to the subgenus Gomphostilbia when its male and pupa were
described by Takaoka (2000). The female of this species was later de-
scribed based on females reared from pupae collected from Mae Klang
Waterfall, Chiang Mai Province, Thailand (site 2 in Table 1) (Takaoka
et al., 2010). However, our genetic analysis shows that the female
thought to be S. (G.) gombakense probably is that of genotype B or C of
the S. (G.) paiense sp. nov. complex, described above. The females and
pupae from Mae Klang Waterfall agree morphologically with those of S.
(G.) paiense sp. nov., although the frons:head ratio (1.0:5.2–5.3) of the
female is different from that (1.0:4.4–4.8) of S. (G.) paiense sp. nov.

The female of S. (G.) gombakense is here described based on two
females reared from pupae collected from Gombak (type locality) and
one female reared from a pupa from Fraser’s Hill, Peninsular Malaysia.

Female (n= 3). Similar to female of S. (G.) paiense sp. nov. except
the following characters. Body length 2.0–2.3 mm. Head. Frontal ratio
1.7–1.8:1.0:2.6–3.0; frons-head ratio 1.0:5.0–5.4. Maxillary palp: pro-
portional lengths of third, fourth, and fifth segments 1.0:1.0:2.3–2.4;
third segment swollen; sensory vesicle oblong, 0.6–0.7 times as long as
third segment. Maxillary lacinia with 8 inner and 10 or 11 outer teeth.
Mandible with 20–22 inner and 8–10 outer teeth. Legs. Foreleg: basi-
tarsus moderately dilated, 5.8–6.0 times as long as its greatest width.
Hind leg: basitarsus 5.9–6.7 times as long as wide, and 0.6–0.7 and
0.5–0.6 times as wide as greatest widths of tibia and femur, respec-
tively. Claw with large basal tooth 0.46 times as long as claw. Wing.
Length 2.0–2.1mm. Terminalia. Sternite 8 with 15–18 medium-long to
long hairs and three to five short hairs on each side. Ovipositor valve
moderately covered with microsetae interspersed with one or two short
hairs. Paraproct in lateral view somewhat produced ventrally, 0.5 times
as long as wide, with 16–20 short to long hairs on ventral and lateral
surface. Cercus in lateral view 0.5 times as long as wide. Spermatheca
1.4–1.5 times as long as wide.

Specimens examined. Two females reared from pupae collected
from Gombak, Peninsular Malaysia, 17-III-2011, by H. Takaoka, and

H. Takaoka et al. Acta Tropica 185 (2018) 156–166

165



one female reared from a pupa collected from Fraser’s Hill, Peninsular
Malaysia, 12-IV-2011, by H. Takaoka.

Distribution. Peninsular Malaysia and Thailand.
Remark. The slight difference in the females of S. (G.) gombakense

and S. (G.) paiense sp. nov. is recognized, as noted above.

4. Discussion

Our genetic analysis using COI sequences reveals that Thai popu-
lations of the so-called S. (G.) gombakense are composed of at least four
lineages including two new lineages. Lineage 1 is equivalent to typical
S. (G.) gombakense, and lineages 2, 3 and 4 are treated as genoforms A,
B and C within a species complex of S. (G.) paiense sp. nov. described
based on genoform A. The current data show that in Thailand, S. (G.)
gombakense is distributed in the central and southern regions, whereas
all three genoforms of S. (G.) paiense sp. nov. have a limited distribution
in the northern region, though genoform C is also distributed in the
northeastern and western regions. More extensive surveys are needed to
determine the extent of genetic divergence and geographical distribu-
tion of each genoform of the S. (G.) paiense sp. nov. complex.

5. Conclusion

Our molecular and morphological analyses show that S. (G.) gom-
bakense in Thailand is composed of two morphologically distinguish-
able species, S. (G.) gombakense and S. (G.) paiense sp. nov., and the
latter is represented by three genetically distinct lineages. The present
survey increases the number of black fly species in the S. (G.) gomba-
kense species-group in Thailand from three to five, by adding S. (G.)
thuathienense and S. (G.) paiense sp. nov. All but one species, S. (G.)
gombakense, are distributed in the northern region of Thailand, sug-
gesting that this region is a hot spot of biodiversity for this species-
group.

Acknowledgements

We are grateful to Prof. Peter H. Adler (Clemson University,
Clemson, SC, U.S.A.) for reading the current manuscript and providing
valuable comments. Our thanks are due to Sumit Suriya, Suthinan
Daungdang, Rewat Saokod, Chureerat Rangsan, and Thapanat Pankan,
all Queen Sirikit Botanic Garden for their assistance in the field surveys.
This work was supported by a research grant from University of Malaya
(RP021A/16SUS) to H. Takaoka, and the Thailand Research Fund and
the Office of the Higher Education Commission through the Research
Grant for New Scholar (grant MRG5980101), and the Diamond

Research Grant from the Faculty of Medicine, Chiang Mai University,
Thailand, to A. Saeung.

References

Adler, P.H., Crosskey, R.W., 2017. World Blackflies (Diptera: Simuliidae): A
Comprehensive Revision of the Taxonomic and Geographical Inventory [2017]. 131
pp. (Accessed 10 January 2018). http://entweb.clemson.edu/biomia/pdfs/
blackflyinventory.pdf.

Adler, P.H., Takaoka, H., Sofian-Azirun, M., Low, V.L., Ya’cob, Z., Chen, C.D., Lau, K.W.,
Pham, Z.D., 2016. Vietnam, a hotspot for chromosomal diversity and cryptic species
in black flies (Diptera: Simuliidae). PLoS One 11 (10), e0163881.

Fukuda, M., Choochote, W., Bain, O., Aoki, C., Takaoka, H., 2003. Natural infections with
filarial larvae in two species of black flies (Diptera: Simuliidae) in northern Thailand.
Jpn. J. Trop. Med. Hyg. 31 (2), 99–102.

Guindon, S., Dufayard, J.F., Lefort, V., Anisimova, M., Hordijk, W., Gascuel, O., 2010.
New algorithms and methods to estimate maximum-likelihood phylogenies: assessing
the performance of PhyML 3.0. Syst. Biol. 59 (3), 307–321.

Low, V.L., Takaoka, H., Adler, P.H., Ya’cob, Z., Norma-Rashid, Y., Chen, C.D., Sofian-
Azirun, M., 2015. A multi-locus approach resolves the phylogenetic relationships of
the Simulium asakoae and Simulium ceylonicum species groups (Diptera: Simuliidae) in
Malaysia: evidence for distinct evolutionary lineages. Med. Vet. Entomol. 29,
330–337.

Pramual, P., Wongpakam, K., Adler, P.H., 2011. Cryptic biodiversity and phylogenetic
relationships revealed by DNA barcording of Oriental black flies in the subgenus
Gomphostilbia (Diptera: Simuliidae). Genome 54, 1–9.

Swofford, D.L., 2002. PAUP* Phylogenetic Analysis Using Parsimony (*and Other
Methods). Sinauer Associates, United States.

Takaoka, H., 2000. Taxonomic notes on Simulium gombakense (Diptera: Simuliidae) from
Peninsular Malaysia: descriptions of male and pupa, and subgeneric transfer from
Morops to Gomphostilbia. Jpn. J. Trop. Med. Hyg. 28 (2), 111–114.

Takaoka, H., 2003. The Black Flies (Diptera: Simuliidae) of Sulawesi, Maluku and Irian
Jaya. xxii + 581 pp.. Kyushu University Press, Fukuoka.

Takaoka, H., 2012. Morphotaxonomic revision of Simulium (Gomphostilbia) (Diptera:
Simuliidae) in the Oriental Region. Zootaxa 3577, 1–42.

Takaoka, H., Choochote, W., 2005. Two new species of black flies (Diptera: Simuliidae)
from northern Thailand. Med. Entomol. Zool. 56, 319–334.

Takaoka, H., Choochote, W., Aoki, C., Fukuda, M., Bain, O., 2003. Black flies (Diptera:
Simuliidae) attracted to humans and water buffalos and natural infections with fi-
larial larvae, probably Onchocerca sp., in northern Thailand. Parasite 10 (1), 3–8.

Takaoka, H., Davies, D.M., 1995. The Black Flies (Diptera: Simuliidae) of West Malaysia.
viii + 175 pp.. Kyushu University Press, Fukuoka.

Takaoka, H., Fukuda, M., Otsuka, Y., Aoki, C., Uni, S., Bain, O., 2012. Blackfly vectors of
zoonotic onchocerciasis in Japan. Med. Vet. Entomol. 26, 372–378.

Takaoka, H., Shrestha, S., 2010. New species of black flies (Diptera: Simuliidae) from
Nepal. Zootaxa 2731, 1–62.

Takaoka, H., Sofian-Azirun, M., Ya’cob, Z., Chen, C.D., Lau, K.W., Pham, X.D., 2015. The
black flies (Diptera: Simuliidae) from Thua Thien Hue and Lam Dong Provinces,
Vietnam. Zootaxa 3961, 1–96.

Takaoka, H., Srisuka, W., Saeung, A., 2010. Description of the female of Simulium
(Gomphostilbia) gombakense(Diptera: Simuliidae) from Thailand. Med. Entomol. Zool.
61 (2), 111–114.

Takaoka, H., Srisuka, W., Saeung, A., 2017. Simulium maleewongae, a new species of
Simulium (Gomphostilbia) (Diptera: Simuliidae) from Thailand. J. Med. Entomol. 54,
91–99.

H. Takaoka et al. Acta Tropica 185 (2018) 156–166

166

http://entweb.clemson.edu/biomia/pdfs/blackflyinventory.pdf
http://entweb.clemson.edu/biomia/pdfs/blackflyinventory.pdf
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0010
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0010
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0010
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0015
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0015
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0015
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0020
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0020
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0020
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0025
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0025
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0025
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0025
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0025
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0030
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0030
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0030
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0035
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0035
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0040
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0040
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0040
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0045
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0045
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0050
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0050
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0055
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0055
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0060
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0060
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0060
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0065
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0065
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0070
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0070
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0075
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0075
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0080
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0080
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0080
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0085
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0085
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0085
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0090
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0090
http://refhub.elsevier.com/S0001-706X(18)30414-5/sbref0090

	1
	Saeung et al. 2017_S. udomi
	Srisuka et al. 2017_Biodiversity
	Takaoka et al. 2017_S. isanense
	Takaoka et al. 2017_S. maleewongae
	Takaoka et al. 2017_S. umphangense
	Takaoka et al. 2017-S. fukudae
	Takaoka et al. 2017-S. srisukai
	Takaoka et al. 2017-S. sucharitae
	Takaoka et al. 2018-S. phraense
	Takaoka et al. 2018-S. saeungae
	Takaoka et al. 2018-S.decuplum
	Takaoka et al. 2018-S.paiense



