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Abstract

A study investigating the nocturnal flight activities of the phlebotomine sand fly was
conducted from February 2010 to January 2011. Sand flies were collected by CDC light traps in
Phadang Cave, Noen Maphrang, Phitsanulok, changing the bag at 2 hour intervals. Adult sand
flies (totaling 18,709), represented fourteen species of three genera (9 of Sergentomyia, 4 of
Phlebotomus, and 1 of Chinius). The population of Sergentomyia dentata (29.19%) was the
largest among these fourteen species found in the cave. Population peaks in May and July were
observed for these sand flies species and declined in December. The maximum numbers of sand
flies were active during two periods; 2200-2400 and 2400-0200 hours, respectively. A male to
female ratio of 1.35:1 was recorded for the phlebotomine sand flies. Examination of the activity
conditions of sand flies collected showed that almost all male and females took place all night.
Phlebotomus argentipes were found in the trap monthly through the course of the year. A
population peak was observed for P. argentipes at intervals of 2200-2400 and 2400-0200 hours.
This suggests that phlebotomine sand flies show stronger nocturnal flight activity. The result of
the trap collection suggests that the sand flies are nocturnally active with the highest flight
activity level after sunset. The widespread distribution and interval activity of sand flies may be

an indicator of the epidemiologic importance of the vector sand flies in this habitat.
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INTRODUCTION

Phlebotomine sand flies (Diptera:Psychodidae) are an important vector of leishmaniasis,
several arboviruses, bartonellosis, and sand fly fever (Young & Duncan, 1994). Genus Lz)tzomyia
and Phlebotomus are known to transmit the protozoan parasites responsible for leishmaniasis.
Leishmaniasis is one of the most important vector-borne diseases of humans. The d-isease is
endemic in 88 countries; 66 are in the Old World and 22 in the New World (Desjeuk, 2004;
Sharma & Singh, 2006). Species of the Leishmania have a wide geographic distribution. In
Thailand, cases of visceral leishmaniasis are caused by L. donovani, L. infantum, and L.
saimensis (Sukimee et al., 2008). In the Old World, about 40 species of Phlebotomus spp. have
been proven or suspected vectors of Leishmania spp. (Alexander & Maroli, 2003). On‘ly adult
female sand flies feed on blood required for the nutrients to develop their eggs and transmit the
protozoa to the host (Lane, 1987; Killick-Kendrick, 1999). Sand flies occurred in a wide range of
habitat. In Thailand, the sand flies fauna is represented in different locations. Most sand flies are
nocturnally active or crepuscular, with activity peaks after sunset (Merrison et al., 1995; Killick-
Kendrick, 1999; Dinesh et al., 2001, Sawalha et al. 2003). The nocturnal activity of sand flies
has been studied in several countries where leishmaniasis is endemic (Kan et al., 2004;
Guernaoui et al., 2006:Fahmy et al., 2009; Kasap et al., 2009). Previous studies in Thailand
show the presence of nocturnal activity of sand flies from the different regions. Sand flies
displayed nocturnal activity with different patterns (Badry, 2008). Predominantly, the sand fly is

found in densely populated settlements. Sand flies as a vector of leishmaniasis in Thailand are a

possibility.



79

In this study, collections of sand flies were obtained to determine the characteristics of
nocturnal flight activity, and to specify the risk period of leishmaniasis in Phadang Cave. The

species composition and sex ratios were also determined.

MATERIALS AND METHODS

Study area

Field studies were undertaken between February, 2010 and January, 2011 in Phadang
Cave in Noen Maprang, Phitsanulok Province, located in the lower northern part of Thailand at
16730'58.8"N, 100°40'00.5"E. This limestone cave is situated in the foothills of the mountains
and presently consists of two asymmetrical caverns. This cave is estimated to be 15-80 m wide,
80-100 m long, and 1-20 m high. The area is mountainous, 108 meters above sea level. The cave
may be wet or dry depending on the season and the amount of sunlight it receives. The white
material on the walls is a calcium deposit. There are many bats for supporting sand fly hosts.
This cave is open and suitable to the traveler. Many houses have been built on hillsides near the
cave, about 2-3 kilometers in this area. Basic environmental conditions including temperature
and relative humidity were recorded monthly with a hydro-hygrometer as part of the

investigation. Rainfall data was kindly provided by the Thai Meteorological Department.
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Figure 1. Inside Phadang cave, Noen Maprang, Phitsanulok Province

Specimen collection

Adult sand flies were collected using ten miniature light traps from the Center for Disease
Control (CDC), USA one night per month (Sudia & Chamberin, 1962). The traps were set up at
about 50-100 cm above the ground inside the cave. Traps were set before sunset till after sunrise.
The capture was undertaken from 1800 to 0600 hours. The collection bag of each trap was
changed at two hour intervals. A total of six collections per night were used to clarify the
characteristics of nocturnal activity rhythm. During each month of the survey the sand flies were
captured at the same locations. The locations were selected in different areas; holes in the rocks,

abundant crevices, cracks in the rock and near the habitats of bats. About 8-15 m apart in each

collection site.
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Sand fly identification

Sand flies collected from each trap were stored in 80% alcohol for external and internal
morphological identification. The sand fly specimens were separated by sex under a stereo-
microscope. Only female sand flies were identified and mounted on glass slides with Hoyer’s
medium. The male sand flies are useful for conformation of female identification (Lewis, 1978).
Identifications were based on the morphology of female spermatheca and pharyngx using the

taxonomic keys of Lewis (1978;1982), Killick-Kendrick et al. (1991), and related keys.
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Noen Maprang, Phitsanulok Province from February 2010 to January 2011
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Sand fly species composition and sex ratio

An overall total of 18,709 phlebotomine sand flies were captured from the cave. The
highest peak was found during May and July, the lowest point was in December (Table 1).
Fourteen species were identified of which 9 belonged to the genus Sergentomyia, 4 to the genus
Phlebotomus, and 1 to the genus Chinius (Table 2). The most abundant of the main species was S.
dentata (29.19%). The remainder species were distributed as follows: S. anodontis (21.40%), P.
argentipes (17.77%), C. barbazani (9.21%), S. barraudi (5.06%), S. gemmea (4.04%), S. indica
(3.46%), S. silvatica (3.39%), S. quatei (2.99%), P. teshi (2.02%); the less common species (<1%)
were S. iyengari (0.74%), P. stantoni (0.50%), S. perturbans (0.13%), and P. philipinnensis gouldi
(0.11%) (Table 2). The greatest number of specimens was collected in May and July, while S.
dentata, S. anodontis, P. argentipes, C. barbazani, S. barraudi, and P. teshi were trapped
throughout the whole year (Table 2). Both male and female flies were attracted to the light. The
total male to female ratio was 1.35:1 (10,740:7,969). The number of males was lower than females
in January, February, November, and December. The male to female ratio of the phlebotomine
sand flies varied from a high in June (2.24:1) to a low (0.59:1) in January (Table 1). The highest

number of S. dentata, and P. argentipes were found in May (Table 2).

Nocturnal flight activity

In all months, the number of sand flies captured at nocturnal times from 1800 to 0600
hours is shown in Table 1 and 2. Sand flies were active and stronger during 1800-0600 hours.
The maximum peak activity of adult sand flies was during two periods; 2200-2400 and 2400-
0200 hours. Results with respect to the nocturnal activity indicated that even though the number
of capfured declined between 0200-0600 hours. The minimum peak was 0400-0600 hours (Table

1). The known vector, P. argentipes had its peak in 2200-2400 and 2400-0200 hours (Fig. 2).
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The recorded minimum and maximum monthly temperature and relative humidity values
ranged between 22.3-36.1°C and 40-80%, respectively. The total annual rainfall recorded in the
study area ranged from 0 mm to 308.7 mm. The overall population reached a peak during May and
July, and then decreased to a minimum during December (Table 1). P. argentipes had its peak in
May (Fig.3). The minimum and maximum temperature and relative humidity values ranged
between 27.8-32.2°C, and 65.3-75.0% in May and July. In December, the minimum and

maximum temperature and relative humidity values ranged between 25.2-33.4°C, and 60;5-75. 1%.
DISCUSSION

A survey of sand fly nocturnal flight activity was conducted for a 12 month period at
Phadang Cave. This is the first report of interval capture of sand flies in this area. The sand flies
were collected by using CDC light traps. In this study, 14 species were identified: P.argentipes,
P. teshi, P. philippinensis gouldi, P. stantoni, Sergentomyia anodontis, S. barraudi, S. dentata,
S.quatei, S. silvatica, S. gemmea, S. indica, S. iyengari, S.perturbans, and Chinius barbazani. In
Thailand, previous captures of sand flies documented 24 species (Causey, 1938; Theodor, 1938;
Quate, 1962; Apiwathnasorn et al., 1989;1993; Depaquit et al., 2006;2009; Muller ez al., 2007,
The nocturnal activity among the different species of sand flies was studied (Apiwathnasorn er
al., 1989;1993; Polseela ef al., 2007;2011). The greatest numbers of specimens were collected in
May and July. There are some species present in this area and others have disappeared, perhaps

due to different environmental aspects in each area. All traps were positive for sand flies

throughout the studied period. S. dentata was the most abundant of the main species (29.19%).

P. argentipes, the suspected vector of Leishmania donovani, accounting for 17.77%. Our

findings; cave-dwelling P. argentipes showed its highest peak in May. Sand flies are found
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frequently in the natural ecotope in the cave. The greatest number of specimens was collected
from a location near abundant crevices in the cave. In this way, a clear demarcation of the
geographic limits of sand fly species and activity was demonstrated, according to the type of
cave.

In Thailand, the results revealed nocturnal activity among the different species of sand
flies in PhraPhothisat Cave and Tham Phra Pho Thisat Temple that had their highest peak in
July and March. Thirteen species were also found in PhraPhothisat Cave, and 16 species were
found in Tham Phra Pho Thisat Temple, Saraburi Province. There are some differences in the
species composition based on regional differences such as S. bailyi, P. asperulus and P. major
major. However, P. argentipes was found in Saraburi Province about 0.8-2.2% (Polseela ef al..
2007;2011). In January and February 2006, the sand fly was apparently absent in Saudi Arabia
(Badry, 2008). Coleman et al. (2006) reported sand fly activity periods with the highest mean
monthly captured rates in August, 2003 and July, 2004. Sand flies were active especially during
the dry season'(from May to November) in Marrakech, Morocco. The maximum of species
richness was in May, when the daily temperature ranged between 15 °C and 32 °C. The species
differed in their activity period. P. sergenti, was active especially during the period of April,
May and June (Boussaa et al., 2005). In northern Israel, sand fly populations were prevalent
from April to November and peaked between June and August (Kravchenko ef al., 2004). These
seasonal patterné should be related to different environmental factors, especially climatologically
ones.

The nocfumal flight activity of sand flies in the cave was also investigated by the present
light trap collection. In this study, the maximum peak activities of adult sand flies were 2200-

2400 and 2400-0200 hours. The vector, P. argentipes had its peak in the same period. Similar



88

data was observed by Fahmy et al. (2009) for the sand flies peak at 2400-0200 hours. Both sand
fly species, P. sergenti and P. papatasi , exhibited nocturnal activity and peaked after midnight
(2400-0200 hours). Coleman et al. (2006) showed that in Southern Iraq, the peak activity period '
shifted from early evening (2000-2200 hours) in April and October to late night (2200-2400
hours) in May and June. In Morocco, the sand fly activity was found to be continuous all night in
August, whereas in October the activity declined rapidly after midnight. The activity of P.
sergenti was nocturnal and stronger at 1900-2100 hours. P.perniciosus peaked at 2000-2200
hours (Guernaoui et al., 2006). Some studies reporting on the nocturnal flight activity of sand
flies in different interval nature have been studied. In the collection, S. bedfordi were all female
and were captured in the second half (2400-0600 hours) by Kan ef al. (2004). Its duration was
directly dependent on the photoperiod. One possible reason is that sand flies are active at night
and because of the number of bats in the cave is less at night, a lot of sand flies will comé to the
light trap (Dyce, 1991). These results confirm the association between the activity of sand flies
and the ecosystems of the cave. When phlebotomine sand flies are active, they fly to disperse, to
feed, to find mates and to search for oviposition sites (Fahmy et al., 2009). It seems possible that
the lights of the checkpoint may be the key factor in attracting both male and female flies in such
great density away from their emergence sites (Hanafi ez al., 2007).

Both sexes of the sand fly were found to have nocturnal activity in this study. The male to
female ratio was 1.35:1.This suggests that both sexes of the sand fly are attracted to the light
traps. CDC light traps could attract additional phototropic sand flies (Wheeler er al., 1996).
Similarly, many previous studies have shown the number of male sand flies captured using CDC
light traps was significantly higher than that of female. Ratio of sex (male:female) was reported

as 2.5:1 and 1.9:1 in Saraburi, Thailand, respectively (Polseela et al., 2007;2011). According to
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the results of a study conducted in Bihar, the Indian State, males and non-fed females of
Phlebotomus argentipes comprised > 60% of the total collections (Dinesh et al., 2008). Males
were found to be 4.7 times more abundant than females in Southern Cukurova, Turkey (Kasap et
al., 2009). In different areas, the number of males captured was higher than that of females,
similar to the sex ratio reported by Badry ef al. (2008) (1.12:1), Emamia et al. (2008) (2:1),
Hanafi et al. (2007) (3.4:1) and Boussaa ef al. (2005) (2.3:1). The higher proportion of males in
the captures with CDC light traps could be explained by a natural behavior in which the males
follow the females to assure fertilization during their displacements (Barata et al., 2004). Male
sand flies are understood to have a weaker dispersal tendency than females and limit their flight
to questing for food plants (Yuval & Schlein, 1986; Janini et al., 1995). It is known that male
sand flies arrive first, and waits for the female for mating (Merrison er al., 1995; Killick-
Kendrick, 1999). Males attract the females by emitting pheromones and wing vibrations and
compete for mating privileges (Ward ez al.,1990). The hopping behavior has given rise to the
assumption that fhey do not disperse far from breeding site (Killick-Kendrick, 1999).

For this study’s month-by-month collection, the highest peak for capture was in May and
July, and lowest point was in December. The total annual rainfall recorded in the study area
ranged from 0 mm to 308.7 mm. The cave temperature was 22.3-36.1°C with 40-80% relative
humidity (RH). Temperature and humidity are factors closely related to duration of
metamorphosis (Theodor, 1936). However, the optimum rearing temperatures depend on the
different species of sand flies. The reports of successful sand fly P. kazaruni rearing, in an
insectary maintai’ned at 26°C and 90% RH, in southern Sinai, Egypt (Hanafi et al., 1999). In

Northern-Sinai, Egypt, the peak of sand flies is probably due to the fact that this study was

0
performed during the month of May when temperatures remain 30 °C to 35 C almost till
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midnight (Fahmy er al., 2009). Guernaoui et al. (2006) reported that variations in the nocturnal
activity rhythm are related to the variations in temperature and relative humidity. The most
favorable temperatures for development of sand flies are between 25 °C and 30 °C (Safyanova,
1964). It is clear that the activity of sand flies is continuous through the night and that relative
humidity has a significant effect on the nocturnal activity. However, many investigations
demonstrated the existence of seasonal variations in the nocturnal activity of sand flies.
Understanding the monthly and interval nocturnal activities of sand flies is impbrtant in
determining the period of maximum risk of Leishmania transmission, and for implementation of

a control program to prevent human-sand fly contact.
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