
 

 
 

 

 
Diversity 2024, 16, 653. https://doi.org/10.3390/d16110653 www.mdpi.com/journal/diversity 

Article 

Genetic Characterization and Breeding Habitats of Black Fly 

(Diptera, Simuliidae) Vector Species in Laos 

Isara Thanee 1, Bhuvadol Gomontean 1, Waraporn Jumpato 1, San Namtaku 2, Komgrit Wongpakam 3,  

Wannachai Wannasingha 4, Khamla Inkhavilay 5, Banchai Malavong 5 and Pairot Pramual 1,4,* 

1 Department of Biology, Faculty of Science, Mahasarakham University, Kantharawichai District,  

Mahasarakham 44150, Thailand; isara.th@msu.ac.th (I.T.); bhuvadol.g@msu.ac.th (B.G.);  

waraporn.a2536@gmail.com (W.J.) 
2 Department of Science and Mathematics, Faculty of Science and Health Technology, Kalasin University,  

Na Mon District, Kalasin 46230, Thailand; san.na@ksu.ac.th 
3 Walai Rukhavej Botanical Research Institute, Mahasarakham University, Mahasarakham 44150, Thailand; 

komwongpa@gmail.com 
4 Center of Excellence in Biodiversity Research, Mahasarakham University, Mahasarakham 44150, Thailand; 

wannachai.w@msu.ac.th 
5 Center of Excellence in Biodiversity, National University of Laos, Vientiane 7322, Laos;  

khamla.inkhavilay@nuol.edu.la (K.I.); banchaimlv@gmail.com (B.M.) 

* Correspondence: pairot.p@msu.ac.th 

Abstract: Genetic diversity and ecology are two important aspects of vector species crucial to a full 

understanding of disease epidemiology. In this study, we examined genetic diversity, genetic struc-

ture and the physiochemical parameters of the breeding habitats of the two significant black fly 

vector species, Simulium chumpornense Takaoka and Kuvangkadilok and S. nodosum Puri, from Laos. 

Genetic diversity of S. chumpornense in Laos was relatively high with maximum genetic divergence 

of 3.05% but no significant genetic differentiation between populations. Comparisons with conspe-

cific populations from Thailand also found no genetic differentiation between the two countries. 

This possibly related to the recent history of this species, as a very recent (31,000 years ago) historical 

population expansion was detected. Physicochemical parameters of the breeding habitats suggest 

the ability to utilize diverse stream sizes from small flows (1 m wide) to huge rivers (290 m or more 

wide). Populations of S. nodosum from Laos had low genetic diversity with maximum genetic diver-

gence of 2.56% and no genetic structuring among populations. Comparisons with those reported 

from other countries revealed five genetically divergent lineages (I–V) with minimum genetic di-

vergence of 1.36%. The majority (42 of 52) of specimens from Laos belonged to lineage I and the 

remaining (10) comprised lineage II. Lineage I is the largest and representative of specimens from 

Thailand, Myanmar, Vietnam, Taiwan and Laos. Population history analysis revealed that lineage I 

had undergone recent demographic expansion dating back to 7000 years ago. This very recent pop-

ulation expansion resembles others reported from Thailand and possibly indicates a response to 

increasing human and domestic animals following the agricultural revolution. Breeding sites of S. 

nodosum are diverse in respect to elevation, velocity, water conductivity and streambed particle size. 

The ability to utilize a wide variety of breeding sites could promote the production of a large adult 

population, which can be a pest for humans and other animals. 
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1. Introduction 

Understanding the genetic diversity of species is fundamental in biodiversity assess-

ment [1]. This information is particularly important for the organisms involved in disease 

epidemiology, such as vector species. Levels of genetic diversity can be related to vector 

competence or involve resistance to a particular control method such as insecticide [2]. 
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Application of genetic markers (e.g., DNA barcode) has uncovered hidden diversity in 

many vector species such as mosquitoes [3]), sand flies [4] and black flies [5] that are pos-

sibly related to vector competency [6]. On the other hand, genetic markers could also be 

used to solve the uncertainty often encountered in traditional morphological taxonomy, 

such as that synonymized with morphologically similar but geographically isolated spe-

cies [7]. In addition to the genetic characterization, ecological aspects of the vector species 

are also important as they can be used to design appropriate control strategy [8,9]. 

Black flies (Diptera: Simuliidae) are small (adult wingspan typically <10 mm) [10] 

and have limited diagnostic morphological characters particularly among closely related 

species. Therefore, fully understanding biodiversity and accurate species identification 

often require integration of morphology, and genetic and ecological information [7]. Mi-

tochondrial cytochrome oxidase I (COI) has been extensively employed to elucidate ge-

netic diversity and species identification within several black fly species [11]. This genetic 

marker has proven particularly effective in uncovering cryptic diversity and determining 

the species status of geographically isolated populations [12]. For example, DNA barcod-

ing can unequivocally differentiate S. yvonneae Takaoka from and Low S. siamense Takaoka 

and Suzuki complex. However, morphology of the adults is nearly indistinguishable [13], 

leading to incorrect identification if reliant only on this character [14]. 

There are more than 2400 black fly species recorded [15]. Many species are significant 

pests and vectors of the pathogens causing diseases in human and other animals 

[10,16,17]. The most significant human disease for which black fly species are vectors is 

human onchocerciasis, caused by the filarial nematode Onchocerca volvulus. Black flies also 

transmit the filarial nematode Mansonella ozzardi, the causative agent of mansonellosis in 

humans. Furthermore, there are at least 13 other filarial species for which black fly species 

are vectors involved in transmitting the organism to wild and domestic animals [17,18]. 

Black flies can also transmit other pathogens, including viruses, protozoa and bacteria that 

can cause diseases in domestic and wild animals such as leucocytozonosis cause by Leu-

cocytozoon spp. [17]. 

Simulium chumpornense Takaoka and Kuvangkadilok belong to the S. varicorne species 

group of the subgenus Gomphostilbia [19]. This species was described from Chumporn 

Province in southern Thailand [20]. Simulium chumpornense is geographically widespread 

in Thailand but thus far has not been reported in other countries [15]. This species is a 

chicken biter and a potential vector of an unidentified Leucocytozoon and Trypanosoma 

avium [21–23]. Despite adults being found in many areas at relatively high abundance 

compared to other species, knowledge of the immature habitats is limited. As of 2024, 

larvae and pupae of S. chumpornense had only been collected from eight locations in Thai-

land [24]. The immature stages of S. chumpornense occupy diverse stream sizes from small 

flows (3 m wide) to huge (400 m wide) rivers, e.g., the Mekong [24]. 

Genetic diversity has been examined in various populations of S. chumpornense in 

Thailand and it was found that this species possessed relatively high intraspecific genetic 

divergence with a maximum value of 4.20%, suggesting the possibility of cryptic diversity 

[25]. Population genetic study indicated that the high genetic variation is due to the exist-

ent of two genetically divergent lineages [26]. Later, one lineage was formally described 

as a different but morphologically very similar to the species S. khelangense Takaoka, Sri-

suka and Saeung [27]. This is an example of the necessity of integration of genetic data 

with morphology for fully understanding black fly biodiversity. 

Simulium nodosum Puri belong to the S. nobile species group of the subgenus Simu-

lium. This species was described from India [28] and has been recorded in other countries, 

namely Bhutan, Myanmar, southern China, Taiwan (=S. shirakii), Thailand and Vietnam. 

Simulium nodosum is a human and bovid biter [14,29–31] and has been implicated as vector 

of Onchocerca sp. transmitted among ruminants [30]. Ecological study of the preimaginal 

habitats in Thailand revealed that S. nodosum occurs in streams at various elevations up to 

800 m above sea level [32–34]. However, this species has also been recorded at higher ele-

vation in Myanmar (958 m) and Vietnam (1439 m) [7]. Immature stages of the S. nodosum 
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also utilize diverse stream sizes (from <0.5 m to 15 m wide) and current velocities (0.11–

1.56 m/s) [32]. In contrast to its wide range of ecological niches, cytogenetic study found 

low genetic diversity, with only two polymorphic inversions found [32]. Low diversity at 

the cytogenetic level also resembled the low genetic diversity with no genetic structuring 

that occurs within Thai populations [35]. 

In this study, we examined genetic diversity, genetic structure and physicochemical 

parameters of breeding sites of two vector species, S. chumpornense and S. nodosum from 

Laos. Because these species have not yet been reported in Laos, assessment of the specific 

status using genetic data in addition to morphology is necessary. Knowledge of physico-

chemical conditions of the breeding habitats is very important because it can be integrated 

with morphological and genetic data for determining species status [7]. In addition, eco-

logical conditions of the breeding habitats can also be used to design an appropriate con-

trol strategy [8,9]. 

2. Materials and Methods 

2.1. Specimen Collection and Identification 

Black fly specimens were collected from 12 sampling sites in three provinces of Laos 

(Table 1 and Figure 1) between April and June 2024. Larvae and pupae were collected by 

hand from substrates such as fallen leaves and trailing grasses using fine forceps. Larvae 

and pupae were placed in plastic vials (1.5 mL) containing 80% ethanol and stored at –20 

°C until use. Physicochemical parameters of the stream that previous studies [36] found 

useful for predicting black fly species distribution were measured during specimen col-

lections. These stream variables were width, depth, velocity, pH, water temperature and 

conductivity, elevation, streambed particle size, canopy cover and riparian vegetation. 

Measurements of pH, temperature and water conductivity were performed using a 

ProQuatro handheld multiparameter meter (YSI, Yellow Springs, OH, USA). Current ve-

locity calculation, streambed particle size, canopy cover and riparian vegetation classifi-

cation followed the method described in McCreadie et al. [37]. Larvae and pupae were 

identified morphologically using the key features of black flies in nearby countries, Thai-

land [19] and Vietnam [38]. 

Table 1. Sampling location, number of specimens collected, number of specimens used for molecu-

lar study, haplotype diversity (h) and nucleotide diversity (π) of Simulium chumpornense and S. 

nodosum from Laos used in this study. 

Species/Location (Code) 

n Collected  

(n Molecular 

Study) 

Coordinate 
Collection 

Date 
Haplotype h ± SD π ± SD  

S. chumpornense       

Huay Kang Chang, Vientiane 

Province (CP655) 
30 (8) 

18.634328, 

102.227883 
27 April 2024 8 1.0000 ± 0.0625 0.0121 ± 0.0071 

Pha Thor Nor Kham, Vientiane 

Province (CP656) 
106 (9) 

18.69991, 

102.125136 
27 April 2024 7 0.9444 ± 0.0702 0.0056± 0.0036 

Meuang Feuang, Vientiane Prov-

ince (CP657) 
2 (-) 

18.72118, 

102.132592 
27 April 2024 - - - 

Nam Ngum River, Vientiane Prov-

ince (CP658) 
79 (22) 

18.362722, 

102.571852 
28 April 2024 13 0.8961 ± 0.0550 0.0064± 0.0037 

Total for S. chumpornense 217 (39)   25 0.9312 ± 0.0325 0.0075± 0.0042 

S. nodosum       

Ban Tha Si, Xaisomboun Province 

(ND662) 
1 (-) 

18.847473, 

103.811762 
2 June 2024 - - - 

Thathom, Xaisomboun Province, 

(ND664) 
7 (-) 

19.018073, 

103.571765 
2 June 2024 - - - 

Nam Long, Meuang Thathom, 

Xaisomboun Province (ND665) 
194 (12) 

19.039968, 

103.492550 
2 June 2024 6 0.7576 ± 0.1221 0.0104 ±0.0060 
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Muang Khoune 1, Xiang Khoang 

Province (ND667) 
164 (9) 

19.374480, 

103.246903 
3 June 2024 4 0.7500 ± 0.1121 0.0061 ± 0.0039 

Nam Kay, Muang Khoune, Xiang 

Khoang Province (ND668) 
16 (5) 

19.365400, 

103.281977 
3 June 2024 4 0.9000 ±0.1610 0.0146 ± 0.0095 

Nam Ngiou, Muang Khoune, 

Xiang Khoang Province (ND669) 
14 (6) 

19.340172, 

103.365443 
3 June 2024 2 0.5333 ±0.1721 0.0018 ± 0.0016 

Muang Khoune 2, Xiang Khoang 

Province (ND672) 
27 (9) 

19.199450, 

103.352790 
3 June 2024 5 0.8056 ±0.1196 0.0039 ± 0.0027 

Nam Toun, Muang Thathom, 

Xaisomboun Province (ND673) 
228 (11) 

19.037032, 

103.407447 
3 June 2024 5 0.7818 ±0.0926 0.0085 ± 0.0050 

Total for S. nodosum 651 (52)   16 0.7587 ±0.0553 0.0082 ±0.0045 

 

Figure 1. Sampling locations of larvae and pupae of Simulium chumpornense and S. nodosum in Laos. 

Details of sampling sites are given in Table 1. 
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2.2. Molecular Study 

Representative specimens for each sampling location were used for molecular study. 

However, specimens of S. chumpornense from Meuang Feuang, Vientiane Province 

(CP657) and S. nodosum from Ban Tha Si, Xaisomboun Province (ND662) and Thathom, 

Xaisomboun Province (ND664)) were not included because there was a limited number of 

specimens (<7) and they were geographically very close (<9 km) to adjacent locations. 

DNA was extracted from the whole individuals using the GF-1 Nucleic Acid Extraction 

Kit (Vivantis Technologies Sdn. Bhn, Shah Alam, Malaysia). The primers LCO1490 and 

HCO2198 [39] were used to amplify a 658 bp fragment of the cytochrome c oxidase I (COI) 

gene. PCR reaction condition analysis followed Tangkawanit et al. [40] using TaKaRa Ex 

Taq® (Takara Bio Inc., Kusatsu, Japan). PCR products were checked using the 1% agarose 

gel electrophoresis staining with 1X Novel Juice Loading Dye (GenDirex®, Taiwan, China) 

and were purified using PureDirex PCR CleanUp & Gel Extraction Kit (Bio-Helix, New 

Taipei City, Taiwan). Purified PCR products were sent for sequencing at the ATCG Com-

pany Limited (Thailand Science Park, Khlong Nueng, Thailand) using the same primers 

as for PCR. 

2.3. Data Analysis 

In total, 39 COI sequences (accession nos. PQ386184–PQ386222), 14 from pupa and 

25 from larva, were obtained from S. chumpornense. For S. nodosum, 52 COI sequences (ac-

cession nos. PQ386229–PQ386280), were obtained from 9 pupae and 43 larvae. Conspecific 

sequences of S. chumpornense recorded in NCBI GenBank were retrieved and included for 

data analyses. Three genetic diversity indices, p-distance, haplotype diversity and nucle-

otide diversity, were calculated. The p-distance values were calculated using TaxonDNA 

[41]. Haplotype and nucleotide diversities were estimated using Arlequin ver. 3.5 [42]. 

Genetic relationships between mitochondrial DNA haplotypes were inferred using the 

median-joining (MJ) network [43] in NETWORK ver. 10.2.0.0 (https://www.fluxus-engi-

neering.com) (accessed on 17 January 2024). Genetic differentiation between populations 

was calculated based on pairwise FST in Arlequin. Tests of statistical significance were 

based on 1023 permutations. To reduce the chance of adopting false-positive results from 

multiple tests, the p-value was adjusted using Bonferroni correction. Mismatch distribu-

tion analysis performed in Arlequin was used to test whether the population had under-

gone recent expansion [44]. Sum-of-square deviation (SSD) and Harpending’s raggedness 

index [45] were used to test deviation from the sudden population expansion model. If 

these tests revealed no significant deviation between the observed and simulated data un-

der the sudden expansion model, then historical population expansion is suggested. In 

addition to the mismatch distribution, the two neutrality tests, Tajima’s D [46] and Fu’s FS 

[47], were also used. Significant negative values of these tests indicate the signal of popu-

lation expansion. If the population expansion hypothesis was supported by aforemen-

tioned analyses, the expansion time was calculated using equation τ = 2ut (where u = mTμ, 

mT is the sequences length of the nucleotide under study (623-bp for S. chumpornense and 

586-bp for S. nodosum), μ is the mutation rate per nucleotide and t is the generation time 

[44]). The insect COI gene sequence divergence rate of 3.54% per million years [48] was 

used. The generation time for tropical black flies was assumed to be 12 generations per 

year [16,49]. 

3. Results 

3.1. Breeding Habitats 

3.1.1. Simulium chumpornense 

A total of 217 specimens (51 pupae and 166 larvae) of S. chumpornense (Figure 2) were 

collected from four locations in Vientiane Province, Laos. All of these sampling sites were 

at low elevation (<220 m above sea level) but with great variation in width of flow of wa-

tercourse, i.e., from small flows (1 m wide) to large rivers (Nam Ngum River, 290 m wide) 
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(Table 2 and Figure 2). Immature stages of S. chumpornense also occurred in a wide range 

of stream physical conditions. This species was found in current velocities varying from 

0.44 m/s to 1.01 m/s with diverse streambed particle characteristics (Table 2). 

 

Figure 2. Larva of Simulium chumpornense (a–d). (a) Whole body (lateral view), (b–d) head capsule 

(b), lateral view (c) dorsal view, (d) ventral view, (e,f) pupa ((e) dorsal view, (f) lateral view), (g,h) 

breeding habitats ((g), Huay Kang Chang, Vientiane Province (CP655), (h) Nam Ngum River, Vien-

tiane Province (CP658)). Scale bars 0.2 mm. 

Table 2. Environmental conditions of the breeding habitats of Simulium chumpornense and S. 

nodosum from Laos collected between April and June 2024. 

S
p

ec
ie

s/
 

L
o

ca
ti

o
n

 C
o

d
e

 

N
 (

L
ar

v
a/

P
u

p
a)

 

E
le

v
at

io
n

 (
m

) 

W
id

th
 (

m
) 

D
ep

th
 (

m
) 

V
el

o
ci

ty
 (

m
/s

) 

W
at

er
 C

o
n

d
u

ct
iv

it
y

 

(µ
S

/c
m

2 )
 

p
H

 

W
at

er
 T

em
p

er
at

u
re

 (
°C

) 

S
tr

ea
m

b
ed

 P
ar

ti
cl

es
 

C
an

o
p

y
 C

o
v

er
ed

 

R
ip

ar
ia

n
 V

eg
et

at
io

n
 

S. chumpornense            

CP655 30 (17/13) 210 5.0 0.30 0.44 116 7.96 30.9 boulder open open 

CP656 106 (106/-) 220 10 0.25 1.01 301 8.12 30.8 rubble open brush 

CP657 2 (2/-) 220 1 0.60 0.90 175 7.18 26.8 rubble open open 

CP658 79 (41/38) 159 290 0.20 0.56 113 7.20 27.32 small stone open open 

S. nodosum            

ND662 1 (1/-) 209 30 0.40 0.78 40 7.41 25.6 boulder open open 

ND664 7 (7/-) 281 1 0.12 0.44 120 7.90 30.0 rubble partial brush 

ND665 194 (187/7) 358 10 0.30 0.63 125 7.70 28.0 boulder open brush 

ND667 164 (153/11) 1146 1 0.10 0.62 422 7.7 24.5 boulder open open 

ND668 16 (11/5) 1118 2 0.06 0.40 283 7.5 25.0 small stone open open 

ND669 14 (5/9) 1072 2 0.17 0.78 160 7.5 26.0 sand open open 

ND672 27 (24/3) 719 5 0.30 1.31 69 7.7 27.4 boulder open open 

ND673 228 (210/18) 325 5 0.24 0.79 139 7.8 28.6 boulder open open 
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3.1.2. Simulium nodosum 

Immature stages (larvae and pupae) of S. nodosum (Figure 3) were collected from 

eight sampling sites in two provinces, Xaisomboun and Xiang Khoang. In total, 651 (598 

larvae and 53 pupae) were obtained. The larvae and pupae of S. nodosum were found in a 

wide range of elevations, from 209 m to >1100 m above sea level (Table 2). However, this 

species was mostly found in small (<10 m) streams, although one sampling site was 30 m 

wide. Preimaginal stages of S. nodosum utilized a wide range of current velocity values 

varying from 0.44 m/s to 1.31 m/s. They also occurred in streams with diverse streambed 

particle characteristics (sand, small stone, rubble, boulder) (Table 2). 

 

Figure 3. Larva of Simulium nodosum (a–d). (a) Whole body (lateral view), (b–d) head capsule ((b), 

lateral view, (c), dorsal view, (d) ventral view, (e,f) pupa with cocoon ((e) dorsal view, (f) lateral 

view), (g,h) breeding habitats ((g) Muang Khoune 1, Xiang Khoang Province (ND667), (h) Nam 

Long, Meuang Thathom, Xaisomboun Province (ND665). Scale bars 0.2 mm. 

3.2. Genetic Diversity and Genetic Structure 

3.2.1. Simulium chumpornense 

In total, 39 specimens from three sampling sites were used for genetic diversity anal-

ysis. Intraspecific genetic divergence based on the p-distance model varied between 0% 

and 3.05%. Comparison with conspecifics from Thailand revealed that the maximum in-

traspecific genetic divergence slightly increased to 3.21% with two haplotypes shared be-

tween S. chumpornense from the two countries. The overall haplotype diversity for S. 
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chumpornense from Laos was 0.9312 and varied between 0.8961 to 1.000 in three sampling 

sites (Table 1). The overall nucleotide diversity was 0.0075 and varied between 0.0056 to 

0.0121 in each sampling site (Table 1). The MJ network (Figure 4) revealed no indication 

of geographic associations of the genetic cluster for individuals from Thailand and Laos. 

Haplotypes from the two countries clustered together with two shared haplotypes; one of 

these was the most common, being shared by 29 individuals (20 from Thailand and 9 from 

Laos). Population pairwise FST analysis agreed with the MJ network as there was no sig-

nificant genetic differentiation among three populations of S. chumpornense from Laos (Ta-

ble 3). Mismatch distribution analysis revealed a bimodal mismatch graph (Figure 5) but 

there was no statistically significantly deviation from the sudden population expansion 

model (SSD = 0.0100, p = 0.8500; Harpending’s Raggedness index = 0.0201, p = 0.8700). 

Historical population expansion was also supported by the significantly negatively Ta-

jima’s D (−2.32626, p = 0.0010) and Fu’s FS (−25.88715, p < 0.0001). The τ value was 8.252 

and therefore population expansion time was estimated to be approximately 31,000 years 

ago. 

 

Figure 4. Median-joining network based on mitochondrial COI sequences of Simulium chumpornense. 

The COI haplotype is represented by a circle. Sizes of the circle are relative to the number of indi-

viduals sharing such a haplotype. 

Table 3. Population pairwise FST values of three populations of Simulium chumpornense from Laos. 

Population CP655 CP656 CP658 

CP655 -   

CP656 −0.02029 -  

CP658 0.06934 0.03463 - 
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Figure 5. Mismatch distribution of Simulium chumpornense based on 77 COI sequences (39 from Laos 

obtained in this study and 38 from Thailand recorded in GenBank). Sum-of-square deviation (SSD), 

Harpending’s Raggedness index, Tajima’s D and Fu’s FS test values are given. 

3.2.2. Simulium nodosum 

A total of 52 specimens from six sampling sites of S. nodosum were used for genetic 

diversity analysis. Intraspecific genetic divergence within S. nodosum varied from 0% to 

2.56%. Comparisons with the sequences of S. nodosum from other countries (Thailand, 

Myanmar, Vietnam and Taiwan) reported previously showed genetic divergence varying 

from 0% to 3.41%. Maximum genetic divergence was found between S. nodosum from Laos 

(Xaisomboun Province, ND673) and those from Mae Hong Son Province, Northern Thai-

land. The overall haplotype diversity of S. nodosum from Laos was 0.7587 and varied be-

tween 0.5333 and 0.9000 within six sampling sites. The overall nucleotide diversity of Laos 

populations was 0.0082 and varied from 0.0018 to 0.0085 (Table 1). 

The MJ network calculated from 124 sequences (52 obtained in this study and 72 re-

trieved from NCBI GenBank) revealed five (I–V) genetic lineages (Figure 6) of S. nodosum 

with a minimum genetic divergence among lineages of 1.36%. Lineage I was the largest 

with 104 specimens included and represented members of this species from all countries 

including Laos. The most common haplotype (n = 47) was shared by specimens from all 

countries included in this study, also within lineage I. Specimens from Laos were resolved 

into lineages I and II but the majority (42 of 52) belonged to the former. Lineage II com-

prised 10 specimens from Laos obtained in this study plus one from Thailand and one 

from Vietnam. Lineages III and IV were each represented by four specimens, and lineage 

V was represented by a single haplotype; all were from Mae Hong Son Province, northern 

Thailand. Population pairwise FST analysis comparing six populations in Laos found no 

genetically significant differentiations (Table 4). 

Mismatch distribution analysis was conducted only for lineage I because other line-

ages had limited sample sizes (<12). The mismatch graph was unimodal (Figure 7) and 

there was no statistically significant deviation from simulation under the sudden expan-

sion model (SSD = 0.0002, p = 0.9900; Raggedness index = 0.0275, p = 0.9300). Both neutral-

ity tests, the Tajima’s D (−2.2598, p < 0.00001) and Fu’s FS (−28.0252, p < 0.0001), were sig-

nificantly negative. Taken together, the evidence indicates that lineage I of S. nodosum has 

undergone recent population expansion. The population expansion calculated based on a 

τ value of 1.750 was approximately 7000 years ago. 
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Figure 6. Median-joining network based on mitochondrial COI sequences of Simulium nodosum. The 

COI haplotype is represented by a circle. Sizes of the circle are relative to number of individuals 

sharing such a haplotype. 

Table 4. Population pairwise FST values comparing three populations of Simulium nodosum from 

Laos. 

Population ND665 ND667 ND668 ND669 ND672 ND673 

ND665 -      

ND667 0.06487 -     

ND668 −0.01285 0.19299 -    

ND669 0.16224 −0.08807 0.35267 -   

ND672 0.19839 −0.02560 0.37530 −0.09251 -  

ND673 0.05450 −0.07906 0.09903 −0.00043 0.04840 - 

 

Figure 7. Mismatch distribution of Simulium nodosum lineage I based on 103 COI sequences (42 from 

Laos obtained in this study and 61 retrieved from GenBank). Sum-of-square deviation (SSD), 

Harpending’s Raggedness index, Tajima’s D and Fu’s FS test values are given. 
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4. Discussion 

4.1. Simulium chumpornense 

Morphological characteristics of pupa and larva of the specimens identified as S. 

chumpornense from Laos agree well with the descriptions of this species from Thailand 

[19]. The mitochondrial COI sequences also supported that they are S. chumpornense, since 

all of them showed >98.7% sequence similarity to those reported from Thailand. Two hap-

lotypes were shared between specimens from the two countries. One of these shared hap-

lotypes was the most common (shared by 29 of 77 individuals or 38%) including those 

from the type locality (Kapo waterfall, Chumporn Province, Southern Thailand) with >900 

km separation from sampling sites in Laos. Indeed, individuals from all sampling loca-

tions in Thailand and Laos shared this haplotype. A geographically widely distribution of 

the common haplotype with no indication of the genetic isolation in the haplotype net-

work is interpreted as a signal of historical population demographic expansion. Mismatch 

distribution analysis found no significant deviation from the sudden expansion model 

and that agreed with the significantly negative neutrality tests. This indicates that popu-

lations of S. chumpornense had undergone recent demographic expansion that dated back 

to near the end of the last glaciations (31,000 years ago). This recent historical expansion 

was possibly in response to the recovering of climatic conditions from cold and dry during 

the glaciations to warm and humid, which would have increased the amount of suitable 

habitats for black flies [49]. Population demographic expansion in SE Asia in response to 

the Pleistocene climatic change has been reported in many insects including black flies (S. 

atratum De Meijere) [50], fruit fly (B. correcta) [51], Anopheles mosquitoes [52,53] and the 

dragonfly (Odonata) Pantala flavescens Fabricius [54]. 

Simulium chumpornense was described in 2000 in Southern Thailand [19]. The adults 

have been found in several regions throughout the country but the immature stages have 

only been recorded at eight locations including the type locality [24]. In this study, we 

collected larvae and pupae of S. chumpornense from four locations in Vientiane Province, 

Laos; these are new distribution records for this species. Stream variables of the immature 

habitats of S. chumpornense from Laos were similar to those reported in Thailand. This 

species occupies low elevation streams with great variation in sizes from very small flows 

(1 m wide) to a huge river (Nam Ngum River with 290 m wide) with varying strength of 

current velocity (from 0.44 m/s to 1.01 m/s). Like those reported from Thailand [24], stream 

habitats of S. chumpornense in Laos also showed relatively high water conductivity (113–

301 μS/cm2). The results of this study therefore support previous findings that S. 

chumpornense is an eurytopic species that can occupy diverse habitats, enabling it to pro-

duce a large adult population [55]. 

4.2. Simulium nodosum 

Simulium nodosum is a geographically widespread species that is distributed in India, 

Bhutan, southern China, Myanmar, Thailand, Vietnam and Taiwan [15]. In this study, we 

collected larvae and pupae of S. nodosum from Laos. The COI barcoding sequences of these 

specimens also supported them being S. nodosum. Although there were genetically diver-

gent lineages within specimens from Laos, the majority (42 of 52) belonged to the main 

lineage (I) of what is most likely the true S. nodosum, since specimens from other countries, 

namely, Thailand, Myanmar, Vietnam and Taiwan, were included. Additionally, 23 spec-

imens from Laos, representing all sampling sites, shared this most common core haplo-

type. Therefore, both morphological characteristics and genetic data indicated that S. 

nodosum occurs in Laos. 

Ten specimens collected from three sampling locations (ND665, ND668 and ND673) 

from Laos belonged to lineage II, with one sequence from northern Thailand reported by 

Pramual et al. [56] and one from Vietnam reported by Low et al. [7]. Genetic divergence 

between lineage I and II was 1.36%. The possible explanation for cryptic genetic diver-

gence within S. nodosum is that these lineages represent different but morphologically and 
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genetically very similar species. The level of genetic divergence between lineages (1.36%) 

was within the range of intraspecific genetic variation of tropical Asian black flies [25,57]. 

However, low genetic divergence between closely related species of the S. nobile species 

group have been reported, such as between S. timorense and S. nobile (1.00–1.27%) [7] and 

S. vanluni (1.10–1.36%) [58]. In addition, lineage I and II also coexist in four populations 

(ND665, ND667, ND668 and ND673), indicating the possibility of reproductive isolation 

[59]. Alternatively, all lineages are the same species but represent the relic of ancestral 

polymorphisms. 

The mismatch distribution analysis indicates that the main lineage (I) of S. nodosum 

has undergone recent population expansion dating back to approximately 7000 years ago. 

This expansion time is similar to that report for S. nodosum from Thailand (2600–5200 years 

ago) although using different genetic loci (COI vs. COII) [35]. The very recent population 

expansion of S. nodosum possibly relates to the increasing host blood sources, such as from 

human and domestic animals, following the increase of agriculture approximately 5000–

10,000 years ago [35,60]. Study in Thailand found that S. nodosum was the most abundant 

among black fly species attracted to humans and water buffalo [30,56]. 

Ecological studies conducted in Thailand have revealed that S. nodosum occupies a 

diverse range of stream habitats, including those with widths varying from less than 0.5 

m to 15 m, current velocities ranging from 0.11 m/s to 1.56 m/s, and elevations ranging 

from low to intermediate levels (<800 m) [32–34]. However, this species was also collected 

from higher elevations in Myanmar (958 m) and Vietnam (1439 m) [7]. Our finding also 

supports that S. nodosum also occurs at high elevation streams since 3 of 8 locations were 

at >1000 m above sea level. In addition to the elevation, the immature habitats of S. 

nodosum in Laos indicate that this species can utilize diverse physical conditions of the 

stream habitats. This species occurs in small flows (1 m wide) to large streams (30 m wide) 

with varying velocity from slow (0.44 m/s) to fast (1.31 m/s), with diverse streambed par-

ticles (sand or gravel, small stone, rubble and boulders). However, it mostly occurs in 

streams lacking canopy cover. The ability to utilize diverse habitats suggests that S. 

nodosum can produce large populations and potentially become a pest for both human 

and domestic animals. 

In conclusion, based on morphology and molecular genetic data, we found that two 

black fly vector species, S. chumpornense and S. nodosum, are present in Laos. These are 

new distribution records for these species. The diverse immature habitats of both species 

can contribute to the production of large adult populations, which may potentially pose 

significant pest problems for humans and other animals [58]. Cryptic genetic diversity 

was found in S. nodosum and this warrants further investigation to assess whether the 

divergent lineages represent different biological species or intraspecific polymorphisms. 
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