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A B S T R A C T

Malaria is one the leading health problem of the Ethiopia. Previously, areas above 2,000 m elevation were
considered as malaria free areas. However, the major malaria epidemics were seen in areas at an altitude up to
3,000 m above sea level. These epidemics were due to climate and land-use changes (ecological changes) and still
malaria is a growing health problem in highland parts of Ethiopia. This study aimed to investigate the species
diversity, abundance and distribution of Anopheles mosquitoes in highland fringe of Bure district, Northwestern
Ethiopia. It was done in the three different agroecological villages, Bukta (Irrigated), Workimdr (non-irrigated
with few dry season breeding habitats) and Shnebekuma (non-irrigated with many dry season breeding habitats).
Anopheles mosquitoes were collected by the Centers for Disease Control and Prevention Light Traps Catches,
Pyrethrum Spray Catches, and Artificial Pit Shelters (APSs) from twenty-seven houses, thirty houses, and six APSs,
respectively. Anopheles mosquitoes were identified morphologically to species using standard keys. Furthermore,
molecular identification of Anopheles gambiae s.l was carried out using species-specific Polymerase Chain Reac-
tion. Independent T-Test and One-way- ANOVA were employed to compare the mean mosquito's density between
villages and species, indoor and outdoor host seeking mosquitoes. Descriptive statistic was used to calculate the
proportion of each Anopheles species. Nine Anopheles mosquito species were identified in the study area which
includes: Anopheles demeilloni, An. arabiensis, An. funestus group, An. coustani, An. squamosus, An. cinereus, An.
pharoensis, An. rupicolus, and An. natalensis. Of the 4,703 Anopheles mosquitoes collected, An. demeilloni was the
most prominent (50.7%, n ¼ 2383) whereas An. rupicolus (0.03%, n ¼ 3), and An. natalensis (0.02%, n ¼ 1) were
the least abundant. Higher mean density of Anopheles mosquitoes was collected from the non-irrigated village
(2.395 � 0.100) than irrigated (1.351 � 0.109) (p ¼ 0.001). In conclusion, three of the most important malaria
vectors (An. arabiensis, An. funestus group and An. pharoensis) of Ethiopia were recorded in the study sites,
especially the first two was found thought-out the year. Most of the Anopheles mosquitoes were collected from
non-irrigated villages. Thus, breeding habitat management must be practiced throughout the year together with
long-lasting insecticide-treated nets and insecticide residual sprays.
1. Introduction

Malaria is a complex disease caused by protozoan parasites (genus
Plasmodium) and transmitted by blood-feeding infectious mosquitoes
(Dutta and Dutt, 1978). Over 3,500 mosquitoes have been recorded
worldwide (Fang, 2010; Harbach and Kitching, 2016); however, about
537 species are Anopheles (Harbach, 2013) and only 70–80 is known to
transmit humanmalaria worldwide (Robert et al., 2011). Of these, 41 are
considered to be dominant vector species (Hay et al., 2010; Sinka et al.,
2012) and capable of transmitting malaria by large. In Africa, there are
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140 Anopheles species, but only twenty are known to transmit malaria to
human (Hay et al., 2000; Sinka et al., 2012). In Ethiopia, over 42 species
of Anopheles were recorded (Gaffigan et al., 2013), but the major malaria
vector isAnopheles arabiensiswhile An. pharoensis,An. funestus andAn. nili
are secondary vectors (MoH, 2012; PMI, 2017).

In Ethiopia, malaria is the leading health problem of the country
(Carter Center, 2013) because three-fourth (75%) of the total area of the
country is malarious and more than two-third (approximately 68%) of
the total populations live below 2,000 m above sea level/m.a.s.l/(Ayele
et al., 2012). However, many studies have confirmed the occurrence of
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malaria disease up to 2,500 m.a.s.l. in many highland fringes of Ethiopia,
such as in the outskirts of Addis Ababa (Woyessa et al., 2004), in Amhara
region (Kassa et al., 2015; Lake et al., 2016) and in South Nation Na-
tionality People Region (Tesfaye et al., 2011). Totally, many studies
indicated that malaria morbidity and mortality had been significantly
reduced in Ethiopia (PMI, 2017) and in Bure district in particular
(Toyama et al., 2016).

The Amhara region is one of the highland parts of Ethiopia where
malaria is a common disease (Alemu et al., 2013; Lake et al., 2016).
However, entomological monitoring in the Amhara region is incomplete
(Vajda and Webb, 2017) and little information is known about the dy-
namics of malaria vectors in the region (Ndenga et al., 2006). Bure dis-
trict is one of the malarious areas in Amhara region, where there was no
any study conducted on the diversity, abundance and spatiotemporal
distribution of Anopheles mosquitoes. Therefore, study on the species
compositions, dynamics, distributions of mosquitoes at the local level
(Grillet, 2000; Coetzee, 2004) and how they differ with each other bio-
logically (Ramirez et al., 2009; Eckhoff, 2011) can help to design and
apply appropriate control measures including integrated vector control
strategies to defeat malaria and to develop early warning systems for
predicting malaria epidemics (Ramirez et al., 2009; Kihadye et al., 2010).
Hence, this study aimed to assess the diversity, abundance, and the dis-
tribution of Anopheles mosquitoes in Bure district, Northwestern
Ethiopia.
Figure 1. Map of the study area. a) Ethiopia
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2. Materials and methods

2.1. Study area

The study was conducted in Bure district, northwestern of Ethiopia,
from July 2015 to June 2016. Geographically, Bure district is situated at
an altitude ranging from 700 (Blue Nile gorge) to 2,350 m.a.s.l.
(Figure 1). Socioeconomically, the majority (85%) of the populations are
farmers who grow maize, teff (Eragrostis teff), pepper, potatoes, wheat,
millets, followed by bean & pea, sunflower, niger, spices, vegetation's,
and others; and the rests are merchants (6.8%) and others (non-
governmental organizations, civil servants) (8.2%). Animals such as
cattle, sheep, hens, mules, and donkeys are reared by the farmers.
Additionally, both modern and traditional bee-keepers were present. The
majority of the populations in the district live in houses made of mud and
corrugated iron roofs.

The majority of Bure districts has subtropical zone (Woina-Dega)
climate with annual meanminimum andmaximum temperature of 9.9 �C
and 29.2 �C, respectively and 2,000mmmean annual rainfall range being
1,350–2,500 mm. The major rainy season of the district is from July to
September, and a small amount is obtained from May to June and from
October to December. The rest of the months (January–April) are dry
seasons (Midekisa et al., 2015).

The study was conducted in three rural villages: Bukta, Workmidr and
Shnebekuma, from July 2015–June 2016. Bukta Village: This village is
, b) Amhara region, and c) Bure district.
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found 8 km away from Bure town. Its geographic coordination is 10�

43.7340 N and 037� 06.5550 E. The village had 100 households with a
total population of 403 individuals. The village has one annually flowing
stream, and two marshlands. In this village, both traditional and modern
irrigation was practiced. Workmidr Village: It is located about 12.5 km
away from Bure Town at 10� 37.3760 N and 037� 02.3920 E. This village
had 167 households and 542 inhabitants. Near to the village, one highly
extended marshland is found. Moreover, annually flowing spring water
andmanmade pits were found, which were used for watering seedlings of
pepper and eucalyptus trees. In this village, agriculture was based on
rain. Shnebekuma Village: This village is found 8.5 km away from Bure
town at 10� 38.9320 N and 037� 02.2510 E geographical coordinates. The
village had about 136 households and 542 occupants. In this village, one
highly extended and three small marshlands and one small stream were
found. Agriculture was based on rain only. Generally, the three studied
villages were surplus producers, but farmers in Bukta village are very
rich. Totally, these villages are malarious, bed nets were distributed for
the three villages once per 3-years before malaria infestation begins, on
the first week of September. Moreover, anti-malaria chemical spraying
(IRS) (Deltamethrin, K-Othrine Flow) was administered to the three
villages according to the national spraying operation guidelines (MoH,
2012).

2.2. Adult mosquito collection, identification and processing

2.2.1. Mosquito collection
Anopheles mosquitoes were sampled longitudinally from July

2015–June 2016. Entomological surveys were conducted monthly in
each village, for one year using Center for Disease Control and Prevention
Light Trap Catches (LTCs), Pyrethrum Spray Catches (PSCs) and Artificial
Pit- Shelters (APSs). In each village, 9 houses for LTCs and 10 houses for
PSCs were randomly selected and scattered in near to the breeding sites,
in the middle and periphery sides of the village. In parallel, 27-miniature
light traps were prepared to collect the outdoor host seeking mosquitoes
for the three villages, each had 9- LTCs. Additionally, six APSs were
prepared in three villages to collect outdoor resting mosquitoes; each
village had two.

Indoor host-seeking Anopheles mosquitoes were collected from 6:00
PM (sunset) to 6:00 AM (sunrise) by using miniature LTCs (Model 512; J.
W. Hock Co., Atlanta, USA) once per month per house (Lines et al., 1991;
Mboera et al., 1998). In the same trends, the outdoor host seeking
mosquitoes were collected by LTCs from 06:00 AM to 06:00 PM hrs once
per month.

Indoor-resting mosquitoes were collected in the mornings from 6:00
AM to 8:30 AM hrs using PSCs for the study period. Collection was made
using white floor sheets, hand lenses, Baygon aerosol (Tetrameth-
rin:0.4% and Permethrin:0.4%; SC. Johnson & Son. Inc, USA), small
petri-dishes, paper cups with net covers, forceps, cotton wool, and a torch
(WHO, 2003). Additionally, outdoor-resting mosquitoes were collected
in the morning from 6:30 AM - 7:30 AM from APSs (1.5 m depths, 1.0 m
width, and 1.2 m length) using a handheld mouth aspirator (WHO,
1975). The number of human occupants and other potential vertebrate
hosts in each surveyed house during the previous night were recorded.
Moreover, the house condition of each surveyed house was recorded;
including the types of house, type of wall, and number of long-lasting
insecticide treated nets (LLINs) used and spray status.

Outdoor-resting mosquitoes were collected from artificially made pit
shelters by using a handheld mouth aspirator, paper cup with net covers,
cotton wool, torch, and pencil. APSs were constructed under the shade of
various dense shrub trees 10–15 m away from the resident villages. APSs
had 1.5 m depths, 1.0 m width, and 1.2 m length (1.5 m � 1.0 m � 1.2
m). Approximately 0.5 m from the bottom of each pit-shelter, a 30-cm
horizontal deep cavity was prepared in each of the four sides (WHO,
1975). A collection was made from 6:30 AM - 7:30 AM hrs. Before
collection begins, the mouth of each pit shelter was covered with insec-
ticide untreated white net to prevent mosquitoes from escaping and for
3

visibility purpose. Resting mosquitoes was collected for about 10–20 min
in each pit.

Totally, collection of mosquitoes were carried out after obtaining
ethical approval from the ethical review committee of Addis Ababa
University (Reference No.: CNSDO/382/07/15), Amhara Health
Regional Bureau (Permission Reference No.: H/M/TS/1/350/07) and
the Head of the Bure District Health Office (Permission Reference No.:
BH/3/519L/2). Moreover, informed consent was obtained from the head
of the selected households.

Anopheles Mosquito Species Identification: Mosquitoes collected
by LTCs, PSCs and APSs were identified morphologically at genus level
using taxonomic keys (Verrone, 1962; Gillies and Coetzee, 1987; Glick,
1992). Culex and male Anopheles were recorded and discarded.

Molecular Identification of Anopheles gambiae complex:
Morphological identified and individually preserved An. gambiae speci-
mens were identified by species-specific PCR (Wilkins et al., 2006) at the
Molecular Biology Laboratory of Tropical and Infectious Diseases
Research Centre, Jima University.

DNA was extracted from individual preserved An. gambiae complex
species based on DNeasy Blood and Tissue Kits (2011). Then, DNA
amplification was carried out. Following this, gel electrophoresis was
carried out (Wilkins et al., 2006). At the end, agarose-gel was placed on
UVP (Photo Doc-It-imaging system or UV-Trans- illuminator) to see the
nature of the bands. Those mosquitoes that remained unamplified
(without any band on the gel) were tested three times in an independent
manner.

2.3. Data analysis

Anopheles mosquito data was entered into Microsoft Excel (Window-
7) data sheets, for cleaning and analyzed using SPSS version-20 (SPSS,
Inc., Chicago, IL, USA). Before any analysis, non-normalized data were
transformed [log10 (xþ1)]. Mean variations between Anopheles and
Culex, between the indoor and outdoor host seeking mosquitoes were
tested using independent samples T-test (p < 0.05). Variation in mean
densities between species and species among villages were analyzed
using one-way analysis of variance (ANOVA) (p < 0.05). Significant
means (ANOVA) were separated using Tukey test (HSD). Simple
descriptive statistics (count, percentage, tables, and figures) were used to
assess different variables. Moreover, Anopheles mosquitoes biting den-
sities (host seeking) across villages were calculated as the sum of each
species female Anopheles caught in the village during the 12-month
sampling period divided by the total number of LTCs for night-biting
mosquitoes in each village (mosquito/LTCs/night). Similarly, indoor
and outdoor mosquito biting densities were calculated as the sum of the
female Anopheles catches caught in the villages during the 12-months
sampling period divided by the total number of LTCs for night-biting
mosquitoes in the villages (Okello et al., 2006). All statistical analyses
were performed at the 5 % significance level.

3. Results

3.1. Diversity and abundance of Anopheles mosquitoes

A total of 11,625 female mosquitoes were collected in Bure district
using all collection methods. Of these, 59.5% (n ¼ 6922) belonged to the
genus Culex, while the rest 40.5% (n ¼ 4703) were from the genus
Anopheles. The proportions of the two genera have not shown statistically
significant difference (t ¼ 1.165; df ¼ 22; p ¼ 0.257). Morphologically,
nine species of the genus Anopheles were identified in the three villages,
belonged to Anopheles demeilloni (50.7%), An. gambiae s.l (16.0%), An.
funestus group (13.6%), An. coustani (12.9%), An. squamosus (5.0%), An.
cinereus (1.5%), An. pharoensis (0.32%), An. rupicolus (0.006%) and An.
natalensis (0.002%). The majority of Anophelesmosquitoes were collected
by LTs (99.6%) as compared to PSCs (0.4%) and APSs (0.0%) (Table 1).
Moreover, a total of 66 specimens of An. gambiae s.l was identified to



Table 1. Species composition, abundance and distribution of Anopheles mosquitoes by village and collection method in Bure District, Ethiopia.

Study Sites Anopheles Species, No (%)

Methods An.ar An. ph An. fu An. co An. sq An. Ci An.dem An.rup An.nat Total

Bukta LTs 72 (100) 3 (100) 53 (100) 103 (99) 22 (100) 45 (90) 51 (100) 1 (100) 0 350 (98.3)

PSCs 0 0 0 1 (1.0) 0 5 (10) 0 0 0 6 (1.7)

APSs 0 0 0 0 0 0 0 0 0 0

Total 72 (100) 3 (100) 53 (100) 104 (100) 22 (100) 50 (100) 51 (100) 1 (100) 0 356 (100)

Workmidr LTs 90 (98.9) 3 (100) 34 (100) 113 (100) 17 (100) 1 (100) 211 (100) 2 (100) 0 471 (99.8)

PSCs 1 (1.1) 0 0 0 0 0 0 0 0 1 (0.2)

APSs 0 0 0 0 0 0 0 0 0 0

Total 91 (100) 3 (100) 34 (100) 113 (100) 17 (100) 1 (100) 211 (100) 2 (100) 0 472 (100)

Shnebekuma LTs 588 (100) 9 (100) 544 (98.4) 389 (100) 196 (100) 15 (83.3) 2121 (100) 0 1 (100) 3863 (99.7)

PSCs 0 0 9 (1.6) 0 0 3 (16.7) 0 0 0 12 (0.3)

APSs 0 0 0 0 0 0 0 0 0 0

Total 588 (100) 9 (100) 553 (100) 389 (100) 196 (100) 18 (100) 2121 (100) 0 1 (100) 3875 (100)

Total Indoor-LTs 343 10 261 225 80 30 828 0 1 1778

Total Outdoor-LTs 407 5 370 380 155 31 1555 3 0 2906

Overall of each species, by LTs, No (%) 750 (99.9) 15 (100) 631 (98.6) 605 (99.8) 235 (100) 61 (88.4) 2383 (100) 3 (100) 1 (100) 4684 (99.6)

Overall of each species, by PSCs, No (%) 1 (0.1) 0 (0.0) 9 (1.4) 1 (0.2) 0 8 (11.6) 0 0 0 19 (0.4)

Overall of each species, by APSs (No %) 0 0 0 0 0 0 0 0 0 0

All total, No (%) 751 (100) 15 (100) 640 (100) 606 (100) 235 (100) 69 (100) 2383 (100) 3 (100) 1 (100) 4703 (100)

Overall % species 16 0.32 13.6 12.9 5 1.5 50.7 0.006 0.002 100

Note: An. ar ¼ An.arabiensis, An. ph ¼ An.pharoensis, An. fu ¼ An. funestus group, An. co ¼ An.coustani, An. squ ¼ An. squamosus, An.ci ¼ An.cinereus, An. dem ¼
An.demeilloni, An.rup ¼ An.rupicolus and An.nat ¼ An.natalensis.
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species by PCR, of which 63 (95.5%) were successfully amplified and
identified as An. arabiensis. Only three (4.5%) specimens which were
checked for three times were not amplified. Hence, all An. gambiae s.l
collected in this study were An. arabiensis.

From all species, the most prominent was An. demeilloni, followed by
An. arabiensis, An. funestus group and An. coustani; whereas An. phar-
oensis, An. cinereus, An. rupicolus and An. natalensis were the least repre-
sentatives (F 8, 99 ¼ 24.593, p ¼ 0.0001) (Tables 1, 2 and 3).
3.2. Abundance and spatiotemporal dynamics of Anopheles mosquitoes in
the study area

Greater number of adult Anophelesmosquitoes were collected in each
of the two non-irrigated villages, Shnebekuma (n¼ 3875) and Workmidr
(n ¼ 472) than irrigated village, Bukta (n ¼ 356) (ANOVA F ¼ 19.202, p
¼ 0.0001) (Figure 2) (Table 2).
Table 2.Mean Anophelesmosquito density by village and species in Bure district,
Ethiopia.

Sites Mean � se P - value

Bukta 1.35 � 0.11b <0.0001

Workmidr 1.28 � 0.20b

Shnebekuma 2.39 � 0.10a

Anopheles Species Mean ± se P - value

An. arabiensis 0.31 � 0.04b <0.0001

An. pharoensis 0.01 � 0 .01d

An. funestus group 0.25 � 0.05bc

An. coustani 0.23 � 0.06bc

An. squamosus 0.12 � 0.04cd

An. cinereus 0.04 � 0.01d

An. demeilloni 0.61 � 0.07a

An. rupicolus 0.001 � 0.002d

An. natalensis 0.001 � 0.001d

Note: Means followed by the same letter (s) in each column are not significantly
different from each other at p < 0.05 (Tukey HSD). se ¼ Standard Error.
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Blue color represents Bukta, red color represents Workmidr, and
green color represents Shnebekuma villages.

The abundance and mean density of each Anopheles mosquito by the
village are presented in Figure 2 and Table 3, respectively. Significantly
higher density of An. arabiensis (ANOVA F ¼ 16.057, p ¼ 0.0001), An.
funestus group (ANOVA F¼ 23.935, p¼ 0.0001), An. squamosus (ANOVA
F ¼ 15.375, p ¼ 0.0001) and An. demeilloni (ANOVA F ¼ 33.832, p ¼
0.0001) were recorded from Shnebekuma than other villages. In Bukta,
only An. cinereus was predominant. An. pharoensis, An. rupicolus and An.
natalensis were very scarce and not distributed uniformly in the three
villages; however, the remaining species were abundant in all villages.
An. rupicoluswas found in only Bukta and Workmidr; while An. natalensis
was recorded from Shnebekuma Village (Table 1).

Figure 3 shows dynamics of Anopheles species over one-year study
period. Anopheles demeilloni was the predominant species throughout the
study period. Higher mean density ofAn. demeilloni (10.2mosquito/night
trap) and An. funestus group (4.4 mosquito/night trap) were recorded
during October. However, mean density of An. arabiensis, the major
malaria vector in Ethiopia was higher during March (2.7 mosquito/trap
night).
3.3. Density of indoor and outdoor host seeking Anopheles mosquitoes

Monthly indoor and outdoor hosts seeking Anopheles mosquito den-
sities are shown in Figure 4. There was no significant difference in mean
indoor and outdoor mosquito density among different species and vil-
lages (p > 0.05).

4. Discussion

The overall aim of this study was to examine the diversity, abun-
dance, and distribution of Anopheles mosquitoes in the three villages. A
total of nine Anopheles species belonging to An. arabiensis, An. funestus
group, An. pharoensis, An. coustani, An. squamosus, An. cinereus, An.
demeilloni, An. rupicolus and An. natalensis were recorded in highland
fringes of Bure district. An. arabiensis, the main malaria vector in Ethiopia
(Fontaine et al., 1961; White et al., 1980), was also among others



Figure 2. Percentage comparisons of Anopheles species by village, Bure district, Ethiopia.

Table 3. Mean density of Anopheles species by village, Bure district, Ethiopia.

Bukta Workmidr Shnebekuma P - value

Species Mean � se Mean � se Mean � se

An. arabiensis 0.73 � 0.10b 0.79 � 0.13b 1.55 � 0.12a 0.001

An. pharoensis 0.06 � 0.05 0.06 � 0.05 0.15 � 0.071 0.438

An. funestus group 0.51 � 0.13b 0.45 � 0.11b 1.48 � 0.11a 0.001

An. coustani 0.73 � 0.16 0.49 � 0.12 1.11 � 0.20 0.082

An. squamosus 0.28 � 0.11b 0.27 � 0.09b 1.01 � 0.12a 0.001

An. cinereus 0.47 � 0.12a 0.03 � 0.03b 0.25 � 0.09ab 0.005

An. demeilloni 0.60 � 0.10b 0.90 � 0.20b 2.13 � 0.10a 0.001

Note: Mean (s) followed by the same letter (s) in the same row are not significantly different from each other at p < 0.05, Tukey HSD. se ¼ Standard Error.
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recorded in such high-altitude area (range 2,000–2,157 m.a.s.l.). This is
in agreement with Woyessa (2001), Woyessa et al. (2004), and Dejenie
et al. (2012) findings, where An. arabiensis from the outskirts of Addis
Ababa and in Tigray region had been recorded at an altitude of 2,110
m.a.s.l. and 2,170m.a.s.l., respectively. Similarly, Animut et al. (2013a)
and Tesfaye et al. (2011) recorded An. arabiensis at an altitude of 2,200
m.a.s.l. and 2,280 m.a.s.l. in south-central and southern Ethiopia,
respectively. Moreover, this result is in agreement with other studies
conducted in the highlands of Kenya (Mulambalah et al., 2011; Kweka
et al., 2015).

In this study, what have been historically known the secondary ma-
laria vectors (An. funestus and An. pharoensis) in Ethiopia, were recorded
from the study area. An. funestus group was the second most abundant
vector which was recorded in the higher altitude. Previously, An. funestus
group had been reported from Gojam (O'connor, 1967). However, it is
inconsistent with other reports from Ethiopia where this species had been
recorded in areas below 2,000 m.a.s.l. (Ototo et al., 2015). The
Figure 3. Densities of adult Anopheles mo
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occurrence of this species up to 2,157 m.a.s.l. could be attributed to the
presence of increased temperature as a result of climate change, land
cover and land use changes (Afrane et al., 2012; Kweka et al., 2015). An.
pharoensis was among the least prevalent species in the study area and it
had been reported from high altitude areas of Ethiopia. Woyessa (2001)
and Woyessa et al. (2004) reported An. pharoensis from the outskirt of
Addis Ababa (2,110 m.a.s.l.). Recently, Animut et al. (2013b) reported
An. pharoensis from Wurib at 2,200 m.a.s.l, in southern central Ethiopia.

Anopheles coustani was another mosquito recorded at 2,157 m.a.s.l.
This observation is in line with Woyessa et al. (2004) and Chrispinus
et al. (2011), who found An. coustani in highlands of Ethiopia and Kenya.
An. coustani is a known malaria vector in Kenya (Mwangangi et al., 2013;
Ogola et al., 2017) and was known to be a suspected vector in Ethiopia
(Yewhalaw et al., 2014; Degafa et al., 2015). These scholars have
detected sporozoite-infected An. coustani in southern central Ethiopia.

Overall, the proportion of An. demeilloni, An. arabiensis, An. funestus
group, An. coustani, and An. squamosus were very high in this study as
squitoes across months (LTCs only).



Figure 4. Mean indoor and outdoor mosquito density by month of collection in three study villages, Bure district, Ethiopia.
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compared with previous reports (Woyessa et al., 2004; Dejenie et al.,
2012; Animut et al., 2013b). The largest proportions of Anopheles
mosquitoes were collected using LTCs (99.6%). The effectiveness of LTCs
over the other methods is in agreement with Mala et al. (2011), and
Animut et al. (2013a& 2013b). The inefficient of PSCs in this study could
be due to change in resting behavior of mosquitoes, from endophilic to
exophilic behavior. Similarly, it was impossible to collect single species
of Anopheles using APSs; this is probably associated with the presence of
other alternative hiding areas for exophilic mosquitoes.

Anopheles arabiensis showed both exophagic and endophagic
behavior. This kind of feeding pattern of this species was observed in
various parts of Ethiopia and Kenya (Olanga et al., 2015; Kenea et al.,
2016; Taye et al., 2016). However, some reports from Ethiopia and
Nigeria (Woyessa et al., 2004; Oyewole et al., 2007; Taye et al., 2017)
showed that An. Arabiensis showed exophagic behavior while endophagic
behavior of An. arabiensis had been reported from many areas of Ethiopia
and Africa (Kibret et al., 2017; Ogola et al., 2017). The observed exo-
philic and endophilic behavior is connected with the host availability
inside the house or outside of the house.

This study revealed that An. funestus group showed both endophagic
and exophagic biting habit. Olanga et al. (2015) was observed both
endophagic and exophagic behavior of An. funestus in Kenya. However,
Degefa et al. (2017) and Ogola et al. (2017) were collected
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predominantly endophagic An. funestus in some parts of Africa. Similarly,
Krafsur (1970) has documented endophagic An. funestus in Ethiopia.
Contradictory to these biting habits, exophagic tendency of An. funestus
was reported in other parts of Ethiopia (Kenea et al., 2016). Different
from our results, Taye et al. (2016& 2017) and Ogola et al. (2017) found
more exophagic An. pharoensis and An. coustani in Ethiopia and Kenya.

Anopheles mosquitoes were collected in three villages with various
agroecological zones. Higher proportions of adult Anopheles mosquitoes
were collected in non-irrigated villages (Shnebekuma and Workmidr)
than irrigated village (Bukta). This trend was true for all species, except
An. coustani, An. cinereus and An. rupicolus. It was not comparable to the
finding of Kibret et al. (2010), who were found higher of Anopheles
mosquitoes in irrigated (85.2%, 94%, 92%) than non-irrigated (14.8%,
6%, 2%) villages in central Ethiopia. Other findings from Ethiopia and
Africa also indicated the presence of a higher proportion of Anopheles
mosquitoes in irrigated (villages very near to dam) than non-irrigated
villages (villages very far from dam) (Dolo et al., 2004; Muturi et al.,
2008; Mboera et al., 2010; Dejenie et al., 2012).

In the present study, the higher proportion of mosquito in non-
irrigated village could be due to the presence of more productive
breeding habitats throughout the study period (Mwangangi et al., 2012)
than irrigated village. During surveying time, marches, stream pockets,
and water rich pits were observed in non-irrigated villages than in the
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non-irrigated areas. Altitudinal difference (temperature variation) could
also be the other possible source of variation, non-irrigated village has 2,
025 m.a.s.l. than irrigated village (average elevation 2,157 m.a.s.l.)
(Kulkarni et al., 2006; Animut et al., 2013a; Kibret et al., 2017). In
Tanzanian, Maxwell et al. (2003) was collected 12 times greater
Anopheles mosquitoes in the lowland than highland areas. Similarly,
Kulkarni et al. (2006) and Animut et al. (2013a) were found higher
proportion of Anopheles mosquitoes in lowland than highland altitude
villages in Africa.

Moreover, the lower densities of Anopheles in irrigated villages (and
areas near a dam) is due to a greater wealth created in the community via
irrigation, which helped to construct good houses, resulted in the pro-
hibition of the mosquitoes to enter in the house; thereby fewer numbers
of mosquitoes were collected. Many studies have proved the purpose of
well-constructed houses in reducing the abundances mosquito in the
house (Atieli et al., 2009; Njie et al., 2009; Animut et al., 2013b). In
irrigated village, the health center was established at the center of the
settlement (inhabitants) than non-irrigated villages. Being very near, the
villagers may have better treatment seeking behavior about the control
and prevention of mosquitoes (Sissoko et al., 2004).

Distribution of Anophelesmosquitoes was found to be associated with
surveyed seasons. Overall Anopheles mosquito density peaked after the
end of the main rainy season in October. Generally, mosquito density
started to increase from June and reached its peak in October. This
finding agrees with Kibret et al. (2017), who found a higher density of
Anopheles mosquito between October and November in Ethiopia. How-
ever, in different studies (Babatunde, 2009; Taye et al., 2016; Abraham
et al., 2017), peaked mosquito density was shown during the main rainy
season, from August to September. In our study, mosquito density peaked
in October could be due to the presence permanent breeding sites
together with elevated temperature; these provide very conducive
breeding ground for Anophelesmosquitoes. In this study, IRS was applied
between 20-30/12/2015 (Bure District Health Office, Unpub. Report,
2016); however, it had no any influence on the density of mosquitoes
because the reduction was begun on November. This indicate the ne-
cessity of resistance measurement and the availability of other appro-
priate intervention measures.

5. Conclusions

The current study recorded the largest proportions of Anopheles
mosquitoes in non-irrigated villages than the irrigated village
throughout the study months. This finding documented the most
important malaria vectors of Ethiopia, An. arabiensis and An. funestus
group in all surveyed months and other potential vectors. The density of
both indoor and outdoor host seeking mosquitoes was equally. Gener-
ally, irrigation has not any influence on the densities of mosquitoes.
Therefore, the presence of An. arabiensis, An. funestus group and other
potential vectors throughout the year warrants the top priority of
breeding habitat management, parallel to using LLINs and IRSs. Envi-
ronmental management must be applied throughout the year, especially
in non-irrigated villages. The presence of insecticide resistant mosqui-
toes must be checked and other alternative measures should be in place
because the density of mosquitoes was not decreased after the appli-
cation of IRS and the use of new LLINs. Health education on malaria
should be given strictly too.
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