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Abstract. Stomoxyini flies (Diptera: Muscidae) include species of parasitic flies of
medical and veterinary importance. The adult flies feed on the blood of mammals
and may transmit several parasites and pathogens. We conducted an entomological
survey of Stomoxyini flies from different sites in Thailand. Stomoxyini flies were
collected at four major types of sites: zoos, livestock farms, wildlife conserva-
tion areas and a national park using vavoua traps between November 2010 and
April 2011. A total of 3,314 Stomoxyini flies belonging to the genera Stomoxys,
Haematobosca, Haematostoma and Haematobia were collected. Eight species were
identified: S. calcitrans (46.6%), S. uruma (26.8%), S. pulla (4.3%), S. indicus (0.7%),
S. sitiens (0.1%), H. sanguinolenta (11.2 %), H. austeni (0.5%) and H. irritans exigua
(9.8%). The diversity of Stomoxyini flies in the livestock farms was higher than
the other sites. Altitude correlated with the number of flies. This study provides
information that may be useful for Stomoxyini flies control.
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INTRODUCTION

Stomoxyini flies are classified into
the subfamily Muscinae. This subfam-
ily is part of the family Muscidae which
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is comprised of 4,500 described species
divided into 180 genera (De Carvalho
et al, 2005). Stomoxyini flies consist of 10
genera and 50 species (Crosskey, 1993).
Adult Stomoxyni flies are obligate blood
feeders and can easily be recognized by
their conspicuous proboscis adapted for
biting and sucking blood (Zumpt, 1973).
Stomoxyini flies are associated with
livestock, wildlife and humans (Zumpt,
1973). Of these flies, Stomoxys calcitrans
and Haematobia irritans are major pests
for livestock and cause a huge economic
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loss in the cattle industry (Foil
and Hogsette, 1994; Taylor et al,
2012). H. irritans is known as a
vector for the nematode Stepha-
nofilaria stilesi, which can infect
cattle (Crosskey, 1993). S. calci-
trans is a vector for Habronema
microstoma, which can infect
horses (Moon, 2009), and has
been implicated as a mechani-
cal vector for several patho-
gens, such as Trypanosoma spp
(Soulsby, 1982; Lehane, 2005)
and retroviruses (equine infec-
tious anemia virus and bovine
leukosis virus) (Williams, 2009).
These flies are also suspected
of transmitting other infectious
diseases to animals (Greenberg,
1973; Zumpt, 1973; Mellor et al,
1987; Turrell et al, 2010; Doyle
etal,2011). Although Stomoxyini
flies are a major cause of animal
health problems, some species
may also attack and annoy hu-
mans when their animal hosts
are absent (Zumpt, 1973).

87.5 175 350 525 700

Kilometers

The geographical distribu-
tion of Stomoxyini flies is world-
wide, although some species
can be found in only particular
regions (Zumpt, 1973). The larg-
est number of species has been
reported from the Afrotropical
region (Zumpt, 1973). Although several
studies have been conducted regarding
the distribution and abundance of Sto-
moxyini flies in Thailand (Masmeatathip
et al, 2006; Muenworn et al, 2010), most
of them focused only on the genera Sto-
moxys. Only one study investigated all the
different genera of these flies in Thailand
(Tumrusvin and Shinonaga, 1978), but
the study did not compare the species at
each site. The main purpose of the pres-
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Fig 1-Map of Stomoxyini fly collection sites in Thailand:
Suphan Buri (1), Chon Buri (2), Bangkok (3), Nakhon
Ratchasima (4, 18), Chiang Mai (5, 6, 11, 17), Songkhla
(7), Nakhon Pathom (8), Kanchanaburi (9, 10, 13, 14,
15), Trang (12), Ratchaburi (16).

ent study was to survey Stomoxyini flies
at different collection sites in Thailand.
This information may be useful for future
control programs.

MATERIALS AND METHODS

Study sites

Stomoxyini flies were collected at 18
locations from all the major geographi-
cal regions of Thailand (Fig 1). The types
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Table 2
Information about climatic data at the collection sites.

Temperature (°C) Humidity (%)
No Collection sites

Max Min Max Min
1 Bungchawak Zoo 31.2 264 64.1 48.4
2 Khao Kheow Open Zoo 30.8 27.6 61.0 58.9
3 Dusit Zoo 30.9 28.2 58.3 41.1
4 Nakhon Ratchasima Zoo 26.5 18.0 73.9 40.2
5 Chiang Mai Zoo 325 21.6 55.2 25.9
6 Chiang Mai Night Safari 32.8 23.1 43.9 22.7
7 Songkhla Zoo 31.3 26.8 724 58.7
8 Local dairy farm no. 1 34.4 26.7 724 50.8
9 Livestock farm of Faculty of Veterinary 29.9 25.3 56.7 40.3

Science
10 Local beef cattle farm no. 1 30.4 26.6 50.8 45.7
11 Local dairy farm no. 2 28.1 23.2 44 4 20.2
12 Trang Livestock Testing Research Station =~ 32.4 26.2 60.8 46.3
13 Local beef cattle farm no. 2 33.1 22.1 69.1 48.5
14 Local beef cattle farm no. 3 24.5 21.3 74.0 54.3
15  Khao Namphu Wildlife Conservation 30.2 26.4 51.7 44.2
16 ~ Khao Prathap Chang Open Safari 314 25.3 64.3 48.9
17 Choeng Doi Su Thep Wildlife 32.6 21.5 54.3 29.4
Conservation

18  Khao Yai National Park 329 23.5 85.6 47.6

of sites included zoos, livestock farms,
wildlife conservation areas and a national
park, which were classified by manage-
ment objectives and ecosystem (Table 1,
Fig 2).

Stomoxyini fly collection

Adult flies were collected at various
times using ten vavoua traps (Laveissiere
and Grebaut, 1990) made from blue and
black cotton cloth with white polyester
mosquito netting. The traps were placed
at collection sites, approximately 10 me-
ters apart, from 6:00 am to 6:00 Pm over
a 2 day period (Muenworn et al, 2010).
The temperature and relative humidity
at each collection site were also recorded
(Table 2). The flies were then transported
to the laboratory of the Vector-Borne Dis-
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eases Research Unit (VBRU), Faculty of
Veterinary Science, Mahidol University,
Thailand for species identification.

Morphology identification

The specimens were identified to
species level using the taxonomic keys
of Tumrasvin and Shinonaga (1978) and
Zumpt (1973) with a stereomicroscope.

Data analysis

Shannon-Wiener diversity index (H)
was used to analyze species diversity at
each of the four collection sites:

s
H = -Y (P,InP)
i=1

This index accounts for both abun-

dance and richness of the species present.
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Table 3
Total number of Stomoxyini flies collected at 18 collection sites in Thailand.
=
E
§ 0 § = <
Collection sites %‘ "§ = N§. § § SR Total
Bungchawak Zoo 190 0 0 0 0 0 0 0 190
Khao Kheow Open Zoo 66 0 0 0 0 0 0 19 262
Dusit Zoo 87 0 1 0 0 0 0 0 88
Nakhon Ratchasima Zoo 134 0 0 0 0 0 0 0 134
Chiang Mai Zoo 10 0 0 O 0 0 0 0 110
Chiang Mai Night Safari 2 0 0 0 0 0 0 6 8
Songkhla Zoo 8% 0 0 0 0 0 0 0 8
Local dairy farm no. 1 64 0 0 0 0 0 0 55 119
Livestock farm of Faculty of 16 1 0 0 0 0 0 11 28
Veterinary Science
Local beef cattle farm no. 1 12 6 0 0 0 0 0 6 24
Local dairy farm no. 2 7 0 0 0 0 0 0 0 7
Trang Livestock Testing Research Station 10 0 0 0 0 0 0 0 10
Local beef cattle farm no. 2 2 0 0 57 25 160 0 15 259
Local beef cattle farm no. 3 18 0 0 0 0 0 0 6 24
Khao Namphu Wildlife Conservation 6 0 0 1 0 o o0 7 14
Khao Prathap Chang Open Safari 3 0 0 0 0 0 0 23 26
Choeng Doi Su Thep Wildlife Conservation 19 3 0 0 0 1 0 1 24
Khao Yai National Park 715 12 0 84 863 212 16 0 1,902
Total 1,546 22 1 142 883 373 16 326 3,314
Percent 466 07 01 43 268 112 05 98 100

The proportion of species (i) relative to
the total number of species (P,) was calcu-
lated and then multiplied by the natural
logarithm of this proportion (InP,). The
result was summed across species and
multiplied by -1 (Smith, 2002). The corre-
lation between the number of Stomoxyini
flies and altitude was analyzed using the
Pearson’s correlation coefficient (p < 0.01).
Analysis was conducted with the Statisti-
cal Package for the Social Sciences (SPSS)
program, version 17 (SPSS, Chicaco, IL).

RESULTS

A total of 3,314 Stomoxyini flies were

1404

collected, comprising 4 genera: Stomoxys,
Haematobosca, Haematostoma and Haema-
tobia (Table 3, Fig 3). The most abundant
genera was Stomoxys (78.5%) followed by
Haematobosca (11.2%), Haematobia (9.8%)
and Haematostoma (0.5%). Eight species
of Stomoxyini flies were identified: S. cal-
citrans (46.6%), S. uruma (26.8%), S. pulla
(4.3%), S. indicus (0.7%), S. sitiens (0.1%),
H. sanguinolenta (11.2%), H. austeni (0.5%)
and H. irritans exigua (9.8%). Fifty-seven
point four percent of flies were collected
from the national park, 26.5% from zoos,
14.2% from livestock farms and 1.9% from
wildlife conservation areas. The diversity
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Table 4
Total number and species diversity of Stomoxyini flies in four categories of collection
sites.
S
g
2 S .
S 2 2 '3 S s 2E
. £ £ = £ % & 5 3
Categ(?rles 9f s E s 3 § S 3 5 § %3
collection sites o o o o o = = = A2
Zoo (7) 674 0 1 0 0 0 0 202 055
Livestock farm (7) 129 7 0 57 25 160 0 93 152
Wildlife conservation area (3) 28 3 0 1 0 1 0 31 0.99
National Park (1) 715 12 0 84 863 212 16 0 1.18
Total 1,546 22 1 142 888 373 16 326

of Stomoxyini flies in livestock farms (H =
1.52) was much higher than the national
park (H = 1.18), wildlife conservation ar-
eas (H=0.99) or zoos (H = 0.55) (Table 4).
The altitude correlated with the number
of flies collected (r = 0.66).

Genus Stomoxys

Five species were found in the genus
Stomoxys: S. calcitrans, S. indicus, S. sitiens,
S. pulla and S. uruma. S. calcitrans was
the most abundant species found at all
collection sites, especially at the national
park and zoos. The highest and the lowest
numbers of S. calcitrans were collected at
Khao Yai National Park and Chiang Mai
Night Safari, respectively. The relative
abundance of S. calcitrans at zoos, livestock
farms, wildlife conservation areas and
the national park were 76.9% (674/877),
27.4% (129/471), 43.8% (28/64) and 37.6%
(715/1,902), respectively. The second most
abundant species was S. uruma; most were
found in the national park and a few were
found on livestock farms. They were the
predominant species found at the national
park. The relative abundance of S. uruma
at the national park and livestock farms
were 45.4% (863/1,902) and 5.3% (25/471),

Vol 43 No. 6 November 2012

respectively. S. indicus was captured at
three of the four collection site categories
(except zoos), with the highest numbers
being found at the national park. The
relative abundance of S. indicus at the
livestock farms, wildlife conservation ar-
eas and national park were 1.5% (7/471),
4.7% (3/64), 0.6% (12/1,902), respectively.
S. pulla was also found in three of the
four categories of sites: livestock farms,
wildlife conservation areas and national
park with a relative abundance of 12.1%
(57/471), 1.6% (1/64) and 4.4% (84/1,902),
respectively. The rarest species collected
was S. sitiens; only 1 specimen was found
at the Dusit Zoo in Bangkok with a relative
abundance of 0.1% (1/877).

Genus Haematobosca

Haematobosca sanguinolenta was found
at three of the four categories of collection
sites: livestock farms, wildlife conserva-
tion areas and the national park, with a
relative abundance of 44.0% (160/471),
11.1% (212/1,902), and 1.6% (1/64), re-
spectively.

Genus Haematostoma
Haematostoma austeni was only found
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Fig 2-Representation of collection sites. A, Zoo; B, Animal farm; C, Wildlife conservation area; D,

National Park.

at the national park. The relative abun-
dance of flies in this area was 0.8%
(16/1,902).
Genus Haematobia

Haematobia irritans exigua was the
only species of this genus collected in this
study. This species was found in three
of the four category sites (excluding the
national park). The relative abundance
of these flies at the zoos, livestock farms
and wildlife conservation areas were
23.0% (202/877),19.7% (93/471) and 48.4%
(31/64), respectively.

DISCUSSION

With the exception of the study by
Tumrasvin and Shinonaga (1978), little
information is available for most species
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of Stomoxyini flies in Thailand (Masme-
atathip et al, 2006; Muenworn et al, 2010).
Our study provides updated information
about the distribution and abundance of
Stomoxyini flies in Thailand. The 8 spe-
cies found in our study are known to be
present in the Orient (Zumpt, 1973). Tum-
rasvin and Shinonaga (1978) collected 9
species from 5 genera in Thailand: Stygero-
myia (1 species), Stomoxys (5 species),
Haematobosca (1 species), Haematostoma (1
species), and Haematobia (1 species). We
found a remarkably large abundance of
flies compared to earlier surveys (Tumras-
vin and Shinonaga, 1978; Masmeatathip
et al, 2006; Muenworn et al, 2010). These
differences may be related to collection
site and collection methods (Mihok et al,
1995; Muenworn et al, 2010).
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Fig 3-Morphology of Stomoxyini flies of different genera collected in this study. A, Stomoxys spp;
B, Haematobosca spp; C, Haematostoma spp; D, Haematobia spp.

S. calcitrans was the predominant
species, followed by S. uruma. S. calci-
trans was found at all collection sites.
This species has been found to be the
predominant species on dairy farms in
Thailand (Muenworn et al, 2010). S. uruma
has not been recorded in Thailand since
1973 (Zumpt, 1973). This species has been
found in Hong Kong, India, Vietnam and
Taiwan (Zumpt, 1973). The lowest number
of specimens was with S. sitiens in our
study, similar to the study conducted by
Muenworn et al (2010); they found only 5

Vol 43 No. 6 November 2012

specimens on livestock farms. In the ge-
nus Haematostoma, H. austeni has been re-
ported as a jungle fly and has rarely been
collected despite its wide distribution in
the Orient, including Borneo, Malaysia,
Lao PDR and Myanmar (Zumpt, 1973).
This study, H. austeni was only present
in the national park, similar to the find-
ing of Tumrasvin and Shinonaga (1978).
Stygeromyia was the only specimen previ-
ously described in Thailand (Tumrasvin
and Shinonaga, 1978) but not found in our
survey. However, the previous description
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by Zumpt (1973) does not fit the speci-
mens; therefore, this specimen may have
been misidentified. The absence of some
species in our study, such as Stygeromyia
spp and Stomoxys spp, may be due to us-
ing only one trap type, the time or season
of collection or the collection site. Muller
et al (2011) recently collected Stygeromyia
maculosa using CDC UV traps and animal
traps after sunset in Israel. Other trapping
methods may be necessary at other sites
over a longer period of time to conclu-
sively determine the abundance and dis-
tribution of Stomoxyini flies in Thailand.

Livestock farms were the sites with
the greater diversity of Stomoxyni flies
species compared to other sites. This may
be due to the presence of animal species
that are the host preferences for these
flies. Zumpt (1973) demonstrated that
cattle and horses were the hosts of many
species of Stomoxyini flies. The highly
diverse habitats found on livestock farms
in this study may support many Stomoxy-
ini species. These habitat types included
human settlements, forests and wetlands
and were found especially on the beef
cattle farms.

The beef cattle farm used in this study
is located in Kanchanaburi Province,
western Thailand. On this farm, 5 species
of Stomoxyini flies (S. calcitrans, S. pulla,
S. uruma, H. sanguinolenta and H. exigua)
were collected. S. pulla, S. uruma and H.
sanguinolenta were found only on this
farm. The national park used in this study,
Khao Yai National Park, had a variety of
species collected. This was Thailand’s
firstnational park and contains evergreen
forests and grasslands. There are many
wildlife species in this area, including In-
dian sambar deer (Cervus unicolor) (DNP,
2011). The sambar deer appears to be an
important host for Stomoxyini flies; we
observed many files (possibly Stomoxyini)
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aggregated on the body of one of them.
Mihok and Clausen (1996) found the bush-
buck (Tragelaphus scriptus) was the major
host for Stomoxys spp in Nairobi National
Park in Kenya. Khao Yai National Park
contains a large amount of organic mat-
ter suitable for fly larvae development.
At the park, 6 species of Stomoxyini flies
were collected: S. calcitrans, S. indicus,
S. uruma, S. pulla, H. sanguinolenta and
H. austeni. S. indicus and S. uruma were
newly described for the area. The large
diversity and abundance of Stomoxyini
flies in the national park are similar to a
study conducted by Mihok et al (1995) at
the Nairobi National Park in Kenya using
vavoua traps; they found 11 species of
Stomoxys and other genera of Stomoxyini
files including Prostomoxys, Haematobosca,
Stygeromyia and Rhinomusca. The number
of Stomoxys flies collected at peak in their
study was 3,000 per day. Lower species
diversity of Stomoxyini flies was found in
the zoo and wildlife conservation areas.
The zoo has a limited area and is located
in the city; this can cause low species
diversity although there are a variety of
animal species. The wildlife conservation
area has a low number of animal species
with no diverse habitats.

Stomoxyini flies can vary in abun-
dance by season and climate; Cruz-
vazquez et al (2004) found an increase in
S. calcitrans numbers in Mexico with an
increase in relative humidity during the
spring-summer period. Our collections
were conducted during the dry season
with low relative humidity, but we still
found large numbers of flies. In Thailand,
Masmeatathip et al (2006) found 80% of
Stomoxyine flies (S. calcitrans, S. indicus
and S. sitiens) collected from dairy and
beef cattle farms in Nakhon Pathom
Province were captured during the rainy
season.
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We found the altitude correlated with
the number of flies. These results cor-
respond with those of Gilles et al (2008).
They found the abundance of S. calcitrans
and S. niger increased with the altitude.
Although altitude is not a climatic fac-
tor by itself, it can act on the distribution
of Stomoxyini flies as it affects habitats
and climate variations. Tumrasvin and
Shinonaga (1978) found altitude affected
Stomoxyini fly distribution in Thailand.

In conclusion, this study provides
information about the distribution and
abundance of Stomoxyini flies at some
locations in Thailand. The four site cat-
egories were different in species diversity.
The number of flies found correlated with
the altitude of the collection site. Further
studies about the climatic factors at the
collection sites can provide information
about the population dynamics of these
flies. Our results may be useful for fly
control programs.
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