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a b s t r a c t
Sand ﬂies belonging to the genus Sergentomyia Franca & Parrot, 1920, are hematophagous insects feeding
mostly on reptiles and birds, but some species feed also on mammals including humans. Sergentomyia
spp. frequently comprise the vast majority of sand ﬂies trapped along with Phlebotomus spp., the vectors of mammalian leishmaniasis. Within the framework of a project on the ecology and transmission of
visceral leishmaniasis in Ethiopia, putative breeding sites of phlebotomine sand ﬂies were studied. Large
horizontal sticky traps (LHSTs) covered with sand ﬂy-proof mesh were deployed over cracked vertisol and
related habitats for up to 3 nights, and emerging sand ﬂies were collected daily. Emergence traps (ETs)
were also adapted to sample other putative breeding sites including tree trunks, termite mounds, rock
piles and vertical river banks. Productive breeding sites were identiﬁed in the trunks and roots systems
of trees, vertisol ﬁelds, cracks and burrows in vertisol dry river banks and termite mounds. Emerging ﬂies
were also collected form a stone wall and a rock pile situated inside a village. Signiﬁcantly more Sergentomyia spp. were trapped in vertisols by ETs deployed over root system than in open ﬁelds. Similarly, more
sand ﬂies emerged from cracks in the vertisol in fallow Sorghum than in fallow sesame ﬁelds. Productive
breeding sites were characterized by stable micro-climatic conditions. Species composition of emerging
sand ﬂies varied with habitat, season and geographical location.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
In the Old World the sub-family Phlebotominae is represented
by two genera: Phlebotomus and Sergentomyia (Lewis, 1971). Some
20 Phlebotomus spp. transmit human leishmaniasis but Sergentomyia spp., that transmit leishmaniasis of reptiles, have not been
implicated in the transmission of human leishmaniasis (Killick
Kendrick, 1990). Sergentomyia spp. are hematophagous insects
feeding mostly on reptiles and birds, (Lewis, 1987). However, certain species tend to feed on mammals including humans making
them potential vectors of human leishmaniasis (Lawyer et al., 1990;
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Sadlova et al., 2013; Tiwananthagorn et al., 2012). Indeed, human
Leishmania DNA was demonstrated in naturally infected Sergentomyia spp. in Portugal, India and Mali (Berdjane-Brouk et al., 2012;
Campino et al., 2013; Mukherjee et al., 1997). However, mature
infections potentially permitting transmission of mammalian
Leishmania, have not been documented in Sergentomyia spp. Moreover, in experimental infections of Sergentomyia schwetzi, a common mammal (human) biter in East African leishmaniasis foci, have
demonstrated that this species is not a competent vector of either
Leishmania donovani (causative agent of human visceral leishmaniasis [VL]) or Leishmania major (causative agent of human cutaneous
leishmaniasis [CL]) (Lawyer et al., 1990; Sadlova et al., 2013).
Wild-caught Sergentomyia spp. have also been shown to harbor
viruses. Toscana virus was isolated from Sergentomyia minuta sp.
in France, and Chandipura virus from an unidentiﬁed Sergentomyia
spp. in India. Although the mere isolation of virus does not implicate
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Sergentomyia spp. as vectors of arboviruses, this possibility should
not be overlooked (Depaquit et al., 2010).
Sergentomyia spp. frequently comprise the vast majority of sand
ﬂies captured in light traps or sticky traps deployed for sampling
Phlebotomus spp. vectors of human leishmaniasis (Kirstein et al.,
2013; Lewis, 1974). Sergentomyia spp. trapped in CL foci in Nigeria
and Mali comprised 99% and 69%, respectively, with the balance
being Phlebotomus duboscqi the vector of L. major in these foci
(Lewis and McMillan, 1961; Anderson et al., 2011). Similarly, Sergentomyia spp. accounted for 90% of the sand ﬂies trapped in rural
areas of Sudan along with Platanus orientalis—the vector of VL
and Phlebotomus papatasi—the vector of CL in that region (Widaa
et al., 2012). In southern Ethiopia, 17 Sergentomyia spp. comprising 80% of the total catch dominated the sand ﬂy fauna in VL foci
where Phlebotomus martini and Ph. celiae were the proven vectors
(Gebre-Michael and Lane, 1996). The percentage of Sergentomyia
spp. captured in different studies in North Ethiopia, where VL is
transmitted by P. orientalis, was between 99% and 89% varying with
season and location (Kirstein et al., 2013; Quate, 1964; Ashford,
1974; Gebresilassie et al., unpublished).
The co-occurrence of members of two closely related sand ﬂy
genera: Phlebotomus and Sergentomyia, suggests that these genera
share mutual breeding habitats. Therefore, the study of the ecology
of Sergentomyia spp. in leishmaniasis foci may shed light on breeding sites of Phlebotomus spp. and facilitate control measures aimed
at immature stages of these insects.
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metal pole and the margins of the mesh were weighed down with
sods of earth and stones (Moncaz et al., 2012, 2013). Emergence
traps (ETs) covered an area of approximately 4 m2 . Variations on
ET design were adapted to different putative breeding sites.
2.3.1. ETs for termite mounds
The traps were positioned above termite mounds, covering the
air shaft openings (Fig. 1A).
2.3.2. ETs for hollow tree trunks and tree-bases
Elongated plastic boards (80 × 20 cm) were smeared with
sesame oil and afﬁxed above and adjacent to holes and cracks in
tree trunks. Thereafter, the trunk including the sticky boards were
wrapped with sand ﬂy-proof netting. ETs were also positioned
above root systems to trap sand ﬂies emerging from under trees
(Fig. 1B). In some cases, both the trunk and the root system were
covered under a common sandﬂy-proof net with sticky traps placed
inside (Fig. 1C).
2.3.3. ETs for Vertisol river bank
Vertical vertisol river bank was excavated removing approximately 50 cm of earth to expose the more humid subterranean
milieu. Several LHSTs were afﬁxed to the river bank supported by
pegs and the entire area was covered with a sand ﬂy-proof net
(Fig. 1D).

2. Materials and methods
2.1. Sampling sites
2.1.1. Kafta Humera Woreda (Western Tigray)—14.17 19 N 36.
37 18 E 600 m AMSL
The town of Humera is surrounded by vast areas of industrial
farms cultivating sesame (Sesamum indicum L.), sorghum (Sorghum
bicolor) and cotton (Gossypium sp.). Sand ﬂies were collected during
late November 2010 in the early dry season, shortly after the sesame
and sorghum harvests.
2.1.2. Shiraro–Tahtay Adiabo woreda (North Western
Tigray)—14.17 19 N 36. 37 18 E 1000 m AMSL
Sand ﬂies were collected during the dry season between October
2011 and March 2013.
2.2. Putative breeding sites
A preliminary survey was conducted to identify putative sand
ﬂy breeding sites including: tree-related habitats (under the bark,
hollow trunks and root systems of common wild trees), cracked
vertisols (fallow sesame and sorghum ﬁelds, dry riverbeds and river
banks) and termite mounds. Sand ﬂies were also trapped in peridomestic environments, including a loose stone wall (Fig. 1F), stone
mounds produced by collapse of a hut (Tukul) (Fig. 1E) and the
root systems of trees and shrubs. Following the initial survey, subsequent trapping was conducted in the more productive habitats
(vertisols close to trees, fallow sorghum ﬁeld, and a cracked vertisol
river bank).
2.3. Trapping methods
Large horizontal sticky traps (LHST) made of white polypropylene boards, measuring 60 × 60 cm and supported horizontally
approximately 15 cm above ground on a square metal frame, were
placed over the exit of suspected breeding sites. The top side of the
LHSTs were smeared with oil and a sand ﬂy-proof mesh (186 holes
per square centimeter) was draped over the LHST supported by a

2.3.4. Traps augmented with visual attractants
In some experiments incandescent light bulbs (6 W, 6 V) were
suspended above the LHST to attract the ﬂies.
2.4. Identiﬁcation of sand ﬂy species, gender and age
Sand ﬂies were removed from the sticky straps using ﬁne watchmakers’ forceps and placed in ethanol. For identiﬁcation, sand ﬂies
were hydrated and mounted in Hoyer’s medium with their heads
separate from bodies. Specimens were identiﬁed to species based
upon the cibarial and pharyngeal armature as well as spermatheca
of females and external genitalia of males (Kirk, 1946; Quate, 1964).
Due to difﬁculties differentiating Schistura antennata and similar
species, they were commonly referred to as S. antennata group
(Lane et al., 1988). Age-grading of wild-caught male sand ﬂies was
performed based on the orientation of their genitalia (Fig. 2). The
external genitalia of male sand ﬂies rotate on the longitudinal body
axis through 180◦ during the initial 16–24 h of adult life (Davis,
1967; Moncaz et al., 2012; Provost et al., 1961). Therefore, males
captured with the genitalia not fully rotated (Fig. 2A) were considered to be active for the ﬁrst night of their adult life.
2.5. Statistical methods
The sand ﬂy trap-yields from different habitats were tested
for normality by 1-sample Kolmogorov–Smirnov Z test (K–S).
Thereafter, means (±SD) of trap yields were compared using
2-sample t test for data complying with normal distribution.
For non-normal distribution, the Wilcoxon signed rank test was
applied. The signiﬁcance of the drop in numbers of sand ﬂies
between the ﬁrst and the third night of trapping in the same
location was tested with Friedman test, followed by Dunn’s
Multiple Comparison Test. The difference between proportions
of young to mature male sand ﬂies was tested by Chi-square.
Statistical analyses were carried out using GraphPad Prism 5
(http://www.graphpad.com/scientiﬁc-software/prism/).
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Fig. 1. Emergence traps (ETs) (A) Deployed over a termite mound. (B) Deployed near trees. (C) Deployed around tree-trunk and base. (D) Deployed on partially excavated
riverbank. (E and F) ETs peri-domestic habitat: ((E) a pile of stones, (F) loose-stone wall).

3. Results
3.1. Tree-related habitats: trunks and root systems
3.1.1. Balanites aegyptiaca (Humera)
ETs were deployed around the trunks and root systems
of three Balanites aegyptiaca trees growing in a riverbed. The
traps were left in place three nights collecting a total of 531

Sergentomyia spp. (59 per trap-night). Forty-two (35%) of the
males had un-rotated or partially rotated genitalia, indicating they
were >24 h old i.e. recently emerged. The predominant species
were S. antennata group 362 (68%), Sergentomyia africana (150,
28%). Some 229 (43%) of the sand ﬂies were trapped on the
second and third nights of trapping indicating that they were
emerging from breeding rather than resting sites (Muller et al.,
2011).

Fig. 2. Age grading of male Sergentomyia africana Newstead 1912. (A) External genital apparatus of an immature male with un-rotated genitalia. Note the ventral orientation
of the style (red arrow) in relation to the dorsal tergites (blue arrow). (B) A mature male with fully rotated genitalia. Note the dorsal orientation of both the style (red arrow)
and the tergite (blue arrow). (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
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Six ETs were deployed for two nights in a fallow sorghum ﬁeld
(12 trap-nights), and 5 ETs were deployed for two nights in a
fallow sesame ﬁeld (10 trap-nights). Thirty two sand ﬂies were
trapped in the sorghum ﬁeld (2.7/trap-night) and 64 were trapped
in the sesame ﬁeld (6.4/trap-night). S. africana was the predominant
species (75, 78%), followed by S. antennata group (7, 7.3%).

Table 1
Summary of Sergentomyia spp. collected in tree related habitats.

3.3. Fallow sesame and sorghum vertisol ﬁelds, Sheraro District

No(%)

♀

3.2. Fallow sesame and sorghum vertisol ﬁelds, Humera
Twelve ETs were deployed in fallow vertisol ﬁelds east of
Humera. Six in a fallow sesame ﬁeld and six in an adjacent sorghum
ﬁeld. The traps were left in place for three nights. A total of 181
Sergentomyia spp. were caught, 121 in the sesame ﬁeld (6.72/trapnight) while only 60 were trapped in the fallow sorghum ﬁeld
(3.39/trap-night). Signiﬁcantly more sand ﬂies were trapped in the
fallow sesame ﬁeld (Wilcoxon signed rank test, P = 0.0235). The
number of sand ﬂies trapped dropped signiﬁcantly on the second
night (Friedman test, P = 0.0016, followed by “Dunn’s Multiple Comparison Test”) (Fig. 3). The difference between the proportions of
young to mature males between the sesame and the sorghum plots
was insigniﬁcant (2 test, P = 0.1574). Females comprised 53.6%
(97). Sergentomyia squamipleuris was the predominant species (54,
29.8%), followed by S. clydei (40, 22%), S. antennata group (35, 19%)
and S. africana (27, 15%).

♂(im)

S. antennata

♂(im)
♀
♂(im)#

Mean/Trap night

Sergentomyia spp.

3.1.4. Sheraro—Ziziphus spina-christi
A total of 182 Sergentomyia spp., including 136 females (74.3%),
were trapped by ETs deployed around three Z. spina-christi trees
for three nights. Of these, 83 were trapped emerging from root systems, and 99 from tree trunks (two nights only). The genitalia of
nine (20%) of the 46 males were not fully rotated. The predominant
species was S. africana (160, 87.4%), followed by S. antennata group
(19, 10.4%) (Table 1).
Thirty Sergentomyia spp. were trapped by ﬁve ETs deployed over
root system of a Z. spina-christi for a single night (6/trap-night) in a
peri-domestic area characterized by sandy clay loam soil. Females
comprised 77% (23) of the catch, and the predominant species was
S. schwetzi (24, 80%), followed by S. africana (4, 13%) (Table 1).

S. africana

♀

S. schwetzi

♀

3.1.3. Sheraro district—Balanites aegyptiaca
A total of 657 Sergentomyia spp. were trapped by ETs deployed
around three B. aegyptiaca, tree trunks growing in a fallow vertisol ﬁeld (82per trap-night). Of these, 310 (47%) were trapped on a
single trunk during two nights. Trapping yields were similar during the two nights (150 on the ﬁrst and 160 on the second night).
An additional 221 sand ﬂies were trapped by ETs deployed above
the trees’ root systems (18/trap-night). In all 678 of the ﬂies were
female (77%). The external genitalia of 94 of the males (47%) were
un-rotated or partially rotated. Sixty nine percent (607) of the sand
ﬂies were trapped on the second to fourth nights. The predominant species was S. africana (839, 95.6%) with S. antennata group
(38, 4.3%) comprising the rest of the catch (Table 1).

♂

S. clydei

♀

Other

♀

3.1.2. Humera district—Acacia seyal
A total of 42 Sergentomyia spp. were trapped by an ET deployed
around a tree-trunk and root system (as in Fig. 1C) of an Acacia seyal
for two nights in late November in an uncultivated plot (21/trapnight). Thirty four (81%) of the sand ﬂies were male but only one
was >24 h old with un-rotated external genitalia (Fig. 2B). The predominant species was S. africana (32, 76%), followed by S. antennata
group (9, 21%). Twenty-one (50%) of the sand ﬂies were trapped
during the second night indicating emergence from breeding site.
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Fig. 3. Sergentomyia spp. captured by emergence traps in fallow vertisol ﬁelds near
Humera. A comparison between fallow sesame and sorghum ﬁelds.

3.4. Termite mounds
Termite mounds proved highly productive trapping sites for Sergentomyia spp. in Sheraro with 192 sand ﬂies trapped using two
ETs deployed for two nights (48.75/trap-night). Of these 124 were
female (64.6%), and 68 were male (34.9%). Genitalia of 35 (51.5%)
of the males were un-rotated or only partially so, indicating that
the termite mounds serve as breeding sites. S. africana was the predominant species (159, 82.8%), followed by S. antennata group (28,
14.3%). On the other hand, only a few sand ﬂies were captured by
two ETs that were deployed over a termite mound near Humera:
(4 S. clydei, 2, S. schwetzi, 1 S. antennata).
3.5. Riverbeds and riverbanks
3.5.1. Humera district, Rawyan River
Thirteen sand ﬂies, including 12 female and a single male were
trapped by two ETs deployed over a sandy riverbank of the Rawyan
River for a single night (6.5/trap-night). The predominant species
was S. antennata group (10, 77%).
3.5.2. Sheraro
A total of 218 sand ﬂies were trapped by 6 ETs (18/trap-night)
deployed in a shallow vertisol dry riverbed for two nights. Of these
130 (59.6%) were females, and 88 (40.4%) were males. S. africana
was the predominant species (198, 90.8%), followed by S. antennata group (13, 6%), and S. squamipleuris (2, 2%). An additional study
was conducted in a deeper dry riverbed (1.5–2.5 m) with vertical banks. Three 10 m long sections were excavated manually to
remove ∼50 cm of earth from the bank. Several LHSTs were suspended on the excavated sections and these were covered with
sand ﬂy-proof mesh (Fig. 1D). A total of 563 sand ﬂies were trapped
(62.5/section/night). Of these 307 (54.5%) were males, and the
predominant species was S. africana (486, 86.3%) followed by S.
antennata group (34, 6%). The external genitalia of 11 male sand ﬂies
(3.6%) were either un-rotated or partially rotated. Seventy percent
(398) of the ﬂies were trapped on the second and third trapping
night.
In a subsequent experiment conducted in the same location
during the early dry season (Dec. 2012), a single section of the
riverbank was excavated and covered with the netting for 3
nights. A total of 1631 sand ﬂies were trapped (544/section/night).
Of these, 811 (49.7%) were identiﬁed to species level, and the
results were extrapolated to estimate the species composition.
The predominant species was S. africana (1413, 87%), followed
by S. antennata group (160, 10%). The vast majority of the
sand ﬂies (1308, 80.2%) were trapped on the top tier of sticky
traps. The majority were males (1136, 69.8%), and the external

Fig. 4. Sergentomyia spp. captured by emergence traps. Comparison between treerelated and open vertisol habitats. Each bar represents 18 trap-nights.

genitalia of 68 of them (6%) were either un-rotated or only partially
so.
3.6. Peri-domestic habitats
Five ETs were deployed in a peri-domestic area in a village. Four
of the traps were deployed continuously for four nights over a pile of
stones. These traps yielded 191 sand ﬂies (11.9/trap-night), comprising 99 (52%) females and 92 males. The predominant species
was S.clydei (157, 55%), followed by S. africana (27, 14.1%). The
external genitalia of 18 (20.2%) S. clydei males were un-rotated or
only partially so.
An additional ET was deployed over a stone wall for three nights
capturing 131 sand ﬂies (43.7/trap-night), comprising 123 (93.9%)
females, and 8 males. The predominant species was S. africana (105,
80.2%), followed by S. antennata group (15, 11.4%).
3.7. Comparison between tree-related and open vertisol habitats
An experiment was conducted to compare the abundance and
the species composition of Sergentomyia spp. emerging from treerelated habitats and from cracks in open fallow ﬁelds. A vertisol plot
with two B. aegyptiaca and a single Combretum molle was selected
for the study. Six ETs were deployed over the trees bases, and six ETs
were deployed in an open part of the same ﬁeld some 12 m away
from the trees. The ETs were deployed for three nights capturing
1023 Sergentomyia spp. (Fig. 4). Signiﬁcantly, more were trapped
by the ETs in the tree-related (N = 781, 43.4/trap-night) than in the
open ﬁeld (N = 242, 13.4/trap-night)(Paired t test, P < 0.001). Species
composition was similar in both locations with S. africana predominating (965, 94.3%).
The preliminary study was followed by a single night’s trapping
session using ETs with a 6 W incandescent light bulbs. Five ETs in the
tree-related habitat yielded 2,568 sand ﬂies (513.6 ± 180.4/trapnight). Of these, 2129 (82.9%) were males of which 116 (5.4%) had
genitalia that had not fully rotated. Based on the identiﬁcation of
706 (27.5%) of the catch, the predominant species was S. africana
(92.6%) (Table 1).
During the same night, only 383 sand ﬂies (63.8 ± 29.4/trapnight), were trapped by six light-baited ETs deployed in the open
ﬁeld. The catch comprised 281 (73.4%) males 16 (5.7%) of which had
genitalia that had not completely rotated. The predominant species
was S. africana (281, 73.4%).
The number of Sergentomyia spp. trapped by ETs in tree-related
habitats was signiﬁcantly higher than those in open ﬁeld (t test,
P = 0.0013). The difference in the proportions of immature to
mature males was not signiﬁcant (2 test, P = 0.3634).
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Fig. 5. The composition of Sergentomyia species captured using emergence traps in various habitats in the districts of Humera and Sheraro in Northern Ethiopia.

4. Discussion
Sand ﬂy breeding is restricted to habitats with stable mild
temperatures and high humidity that contain composting organic
matter as a source of larval nutrition (Feliciangeli, 2004). In the relatively ﬂat open landscape characteristic of the regions we worked
in, the only habitats we considered potentially suitable for sand
ﬂy breeding, were subterranean i.e. cracks and burrows in vertisols either associated with trees or in open ﬁelds. We ruled out
any habitat that was even partially exposed to sun since it would
be too hot and too dry for sand ﬂy larvae. Therefore, our studies
focused on vertisols in general combined with superﬁcial variations
such as trees, riverbeds/riverbanks and termite mounds. Vertisols
are valuable agricultural soils and become excessively muddy and
even ﬂooded during the rainy seasons. For these reasons villages are
normally built on raised outcrops of sandy clay loam soil. We performed some cursory studies in peridomestic areas despite the fact
that sandy soil does not crack and is generally drier than vertisols.
The number of sand ﬂies trapped in fallow sesame ﬁelds, was
higher than those captured in adjacent sorghum ﬁelds (Fig. 3).
The difference between the two types of crops may be due to the
girth and depth of the cracks that open up in the dry season. In
sorghum ﬁelds, cracks were visibly wider and, therefore, presumably deeper with more stable temperatures and higher levels of
humidity (Shabtai et al., 2014). Cracking of the soil is affected by
the swelling and shrinking during the rainy and dry season, respectively. In cultivated plots, swelling and shrinking is also affected by
mechanical tillage and biotic factors such as percent leaf cover and
depth of the plants’ root systems. These factors inﬂuence direct
evaporation as well as water uptake by the roots to compensate
for transpiration. The enhanced drying of the soil results in more
extensive, deeper cracking.
In our experiments Sergentomyia spp. were trapped by ETs
deployed over termite mounds in both Humera and Sheraro. The
species composition in the two areas differed with S. squamipleuris
predominating in Sheraro, while in Humera S. antennata group was
the predominant species. Termite mounds provide a stable and cool
environment which is utilized by many species of insects including
sand ﬂies. For example in southern Ethiopia and Kenya P. martini, an important vector of VL is typically associated with termite
mounds as are several other species of Phlebotomus and Sergentomyia (Basimike and Mutinga, 1997; Basimke and Mutinga, 1990;
Gebre-Michael and Lane, 1996; Ngumbi et al., 1998)
Sand ﬂy breeding sites associated with trees have been studied mostly in the New World where large number of larvae were
found in tree buttresses, roots, leaf litter and epiphytes (Alencar
et al., 2011; Hanson, 1961). Amongst the studies linking Old World
sand ﬂies to tree-related habitats, Phlebotomus argentipes the vector of VL in Bihar State India was found resting and may also breed

in Palmyra palm trees (Poché et al., 2012). Sand ﬂy breeding sites
were identiﬁed in tree-holes in Nigeria and Kenya (Asimeng, 1992;
Basimike et al., 1992). In Ethiopia, Phlebotomus longipes the vector of CL was found resting in varied habitats including tree holes.
However, larvae were found only in a cave, a latrine and beneath a
bridge (Foster, 1972).
In this study, tree-related habitats proved productive breeding/resting sites for Sergentomyia spp. (Fig. 4). Holes in the trunks,
spaces under the bark and root systems of B. aegyptiaca, A. seyal,
and Z. spina-christi yielded large numbers of adult sand ﬂies. The
sand ﬂy species composition differed in different habitats at different times of the year. S. antennata group predominated on B.
aegyptiaca in the Humera district; S. africana predominated on B.
aegyptiaca as well as Z. spina-christi in vertisols in the Sheraro district. However, in similar tree- related habitats in sand clay loam
soils, S. schwetzi was the predominant species. The predominance
of S. antennata in A. seyal woodlands was demonstrated in Sudan’s
Dinder National Park, and assumed to be related to cooler temperatures and higher humidity (Elnaiem et al., 1999). In the Humera
district during the dry season, S. antennata was by far the predominant species (Fig. 5, W. Lemma, unpublished). On the other hand,
an abundance of S. africana throughout the year in many habitats
in Ethiopia has been noted before (Ashford, 1974; Gebresilassie,
unpublished). Thus, species seasonality as well as spatial and ecological factors all contribute to the diversity of species and their
differential abundance.
Another geographical feature that yielded an abundance of sand
ﬂies emerging from cracked vertisols, were dry-river banks. In deep
vertisols water erosion during the rainy season frequently creates
vertical river banks that may be 2–3 m high. Such depressions in the
landscape comprise favored corridors for ﬂight by adult sand ﬂies
since they provide a natural windbreak. Moreover, vertical river
banks afford relatively easy access to deeper layers of the vertisols
that probably retain higher humidity. The combination of a windfree travel corridor, high humidity and stable temperatures in the
deeper layers of in cracked vertisols, probably explain the relatively
large populations of resting and breeding sand ﬂies found emerging
from cracks in the banks of dry riverbeds.
Because sand ﬂies transmit leishmaniasis to humans, peridomestic breeding sites were explored more extensively than other
putative sites and several studies demonstrated the importance of
human and animal habitations for resting and breeding (Bettini and
Melis, 1988; Feliciangeli, 2004; Foster, 1972; Singh et al., 2008).
The villages in our study sites were built upon sandy clay loam
soil which does not crack. Therefore, we explored other putative breeding habitats. ETs were deployed over a stone wall and
a pile of stones. Phlebotomus spp. were totally absent from these
catches (Moncaz et al., unpublished). The predominant species
trapped emerging from the stone wall was S. africana, while S.
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clydei was predominant in the pile of stones, accounting for 82.2%.
The predominance of S. clydei in peri-domestic environments is
not uncommon. Although considered mainly an outdoor species, S.
clydei was trapped in large numbers inside Tukuls in a Sudanese
village (Dietliein, 1964) and in the Sheraro Distrrict of Ethiopia
(Gebresilassie, unpublished).
The external genitals of male sand ﬂies undergo rotation through
180◦ during their initial 24 hours post pupation. Therefore, a preponderance of male sand ﬂies which genitalia had not completed
rotation is indicative of closeness to breeding sites (Moncaz et al.,
2012). In the present study, the genitalia of between 20% (Sheraro) and 33% (Humera) of the males trapped by ETs deployed
over B. aegyptiaca trees (ETs—unbaited) were not fully rotated
(Table 1), indicating that they were active during the ﬁrst night
of their adult lives and had probably emerged that same night.
A relatively high proportion of immature males was also demonstrated emerging from termite mounds (51%), and from a stone pile
in a peri-domestic environment (20%) indicating the existence of
breeding sites in these locations.
A comparison of tree-related habitats with fallow vertisol ﬁelds
showed that signiﬁcantly more Sergentomyia spp. emerge close to
trees than from a fallow ﬁeld. We do not believe sand ﬂies were
emerging from the hollow or cracked trunks but rather from the
soil under the trees. Trunks would be too hot and too dry. On
the other hand, subterranean temperatures and relative humidity
underneath the trees were relatively cool and stable but in the open
ﬁeld, temperatures ﬂuctuated by 5–6 ◦ C seasonally and relative
humidity dropped to an average of 38.07% (depth of 45 cm) in the
dry season. Rainy season oxygen concentrations in the tree-related
soil were signiﬁcantly lower than in the open ﬁeld, suggesting
enhanced decomposing processes by soil microbiota (Moncaz et al.,
submitted). Decomposing organic matter, stable temperatures and
elevated soil moisture in the tree root systems are all expected to
be conducive to sand ﬂy breeding under trees as opposed to open
ﬁeld.
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