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Environmental variability has important influences on fly life cycle, understanding the spatial and
temporal patterns of fly populations is critical for fly control and vector-borne diseases prevention. In
this study two satellite sensors were used namely, Rapid Eye and Landsat8 to characterize the fly
breeding places in Al- Fauoum Governorate as one of the highly crowded Governorates in Egypt with
low services. The study area encompassed 15 different sites as fly breeding sites and the location of
the sites were taken by using Global Positioning System (GPS).Different environmental variables
derived from both satellites imageries included Land Use Land Cover (LULC) and Land Surface
Temperature (LST). (LST) were estimated from the thermal bands of the Landsat8 using Remote
Sensing (RS) and Geographic Information System (GIS) techniques. The correlation between
sanitation level, water supply and garbage management with fly distribution was measured.
Application of (RS) and (GIS) may help the decision makers to take a decision about control program
for fly borne diseases at right place, time and in right direction.
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INTRODUCTION

Vector-borne diseases are becoming one of the major public
health problems associated with rapid urbanization in many
tropical countries. Insects are suspected as reservoirs and
vectors for human and animal pathogens due to their contact
with animal manure, food and human belongs (Radyet al,
2014). Housefly, M. domesticais an arthropod distributed
worldwide and the most abundant fly species in animal
production, food at homes and restaurants. Itis considered a
serious vectors or transporter of pathogenic microorganisms
(Butler et al., 2010). Of particular concern was the movement
of house flies from animal or human feces to food that will be
eaten uncooked by humans. When carried by flies, some
pathogens can be harbored in the mouthparts or alimentary
canal for several days, and then be transmitted when flies
defecate or regurgitate (Sanchez-Arroyo and Capinera, 2014).
One of the challenges facing decision makers concerning with
control programs of diseases is detecting breeding sites,
locating and surveying breeding habitats of disease vectors.
Modern technologies such as (GIS) and (RS) have been
progressively used by health authorities to assist in these
operations (Beck et al., 2000).

*Corresponding author: Ma’moun Sh, A. M.
Department of Entomology, Faculty of Science, Ain Shams University, Egypt.

Satellite (RS) is increasingly being applied to locate and
characterize breeding habitats of a variety of vectors (Severini
et al., 2008). This study characterized the fly breeding places
based on the application of (RS) and (GIS) associated with the house
fly, M. domesticabionomics, as a potential vector of diseases in
Al-Fayoum Governorate. There is very scanty of work has
been done on this field, it is hoped that, the findings will help
in the future in overcoming the problems of infectious diseases
in Egypt. Finally, further work could be achieved for better
understanding and illustrating how these findings could be
used to control this fly and perform data base for the prediction
of the distribution of such vector.

MATERIALS AND METHODS

Study area: The present study was carried out in Al- Fayoum
Governorate, Egypt. It is located in the western desert, only a
few mileswest of the Nile between latitudes 29° 02" and 29°
35" N and longitudes 30° 23" and 31° 05" E, Fig. (1). The
choice of the study area included four administrative centres
(markaz) and city of Al- Fayoum, based on (WHO) study,
2003. Al- Fayoum Governorate is distinguished by its
temperate climate along the year; daily air temperatures vary
between 35°C°-- 38°C° in summer and 10°C°-20°C® in winter
(Egyptian Meteorological Authority, 1996).
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Figure 1. Fly samplingsites at Al-Fayoum Governorate
Fly collection Image analysis

Fly sampleswere collected from 15 GPS points located in 15
villages at Al-Fayoum Governorate, Fig. (1). Samples
collection was in February, 2015using 45 sticky traps. The
traps were designated according to (Radyet al, 2014).
Collected traps were placed in plastic bags and transported to
the laboratory for further investigations. Flies were
taxonomically identified using the keys of Pont 1991;
Crosskey and Lane 1993. Breeding habitats for flies were geo-
referenced using a hand held GPS; also their type and their
surrounding were described.

GIS database

The criteria for the selection of the 15 GPS points included:
high population density, low health services, low sanitation
and low water services (Ezz El- Arab, 2003). The Land Use
classification of the study sites was done based on systematic
sampling. Grid system based on WHO classification and field
visit from the study area were selected and converted to a
shape file using Arc GIS 9.3.

Remote sensing data acquisition
Images of the study area were obtained from Rapid Eye

satellite sensor and land surface temperature from Landsat8.
The Rapid Eye image was acquired on 14™ February 2015.

Variables including Land Use Land Cover and Land Surface
Temperature (LST) were selected for GIS analysis based on
their potential influence on the house fly ecology.

Land use land covers (LULC) classification

Al-Fayoum Governorate was covered by one RapidEye image
with 5 meter spatial resolution; 5.5 days temporal resolution (at
nadir) and five spectral bands. An image file including 5
spectral bands and NDVI (Normalized Difference Vegetation
Index) was created. Unsupervised classification with 60 classes
has been used in this study and the result was saved as *.img.
Using ENVI software, the output file was taken after re-coding
step and was applied to a majority of analysis in ENVI used
Kernel function and defined the range. Using Arc GIS All land
cover classes were re-labeled according to FAO land cover
classification system and linear features were delineated.

LST measures

Landsat8 at date of 14" of Feb. used to derive (LST) and the
recorded digital numbers (DN) were converted to radiance
units (Rad) using the calibration coefficients specific for each
band from the satellite (Shirbeny et al., 2016). Band 10 was
used to extract LST as follow:

Rad= 0.0003342* DN+ 0.10000
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(1) Rad was used to calculate surface emissivity (Eo) which
estimated from NDVI using the empirical equation developed
from raw data on NDVI and thermal emissivity (Valor and
Caselles, 1996).

Eo0=10.9932 +0.0194 InNDVI

NDVI calculated from Red and NIR bands in Landsat8 data.
NDVI vary according to crop age, planting density and
chlorophyll activity.

(2) The radiant temperature (To) can be calculated from band
10 radiance (Radl0) using calibration constants K1=774.89
and K2=1321.08.

To=K2/In ((K1/Rad10) +1)

(3) The resulting temperature (Kelvin) is a satellite radiant
temperature of the viewed Earth atmosphere system, which is
correlated with, but not the same as, the surface (kinetic)
temperature. The atmospheric effects and surface thermal
emissivity have to be considered in order to obtain the accurate
estimate of surface temperature from satellite thermal data
(Norman et al., 1995).

(4) LST is calculated from the top of atmosphere radiant
temperature (To) and estimated surface emissivity (Eo) by
using ENVI program as: LST=To/Eo

Urbanization measures at Al- Fayoum Governorate

Some measures indicated the level of urbanization as water
supply, sewage network, waste management treatment, health
activityand community network were obtained from the
Central Agency for Public Mobilization and Statisticsand were
used to correlate these factorsin rerlation to the house fly
density.

Statistical analysis

The data were given as individual values and as means (X) =+
standard deviation (SD). Comparisons between calculated
means were analyzed using least significant difference (LSD)
test. All statistical analyses were performed using the statistical
software SPSS, version 18.

RESULTS

Estimationof fly densities

During the present study, taxonomic identification of collected
flies indicated the presence of six species of flies which were;
Muscadomestica, Musa.sorbens, Drosophila melanogaster,
Sarcophagaaegyptica and Chrysomyiamegacephala. Results
showed that M. domestica was the most dominant fly in the
collected samples. Results in Table (1) proved that Mansheit
El- Gammal, site (6) and BaniSaleh, site (3) recorded the
highesthousefly density during this study with mean values
42.6 £ 9.29 and 393 + 4.04 fly/trap followed by Matr
Taresand Kalmasha, sites (4 and 2) with mean values 28.6 +
3.21and 26.6 + 4.16 fly/trap, respectively, while sites (5, 9, 10,
14 and 8) revealed moderate density of the house fly with
mean values 20.6 + 4.04, 18 + 4.58, 17.3 + 3.05, 153 +
6.65and 14.6 = 2.51 fly/trap respectively, and sites (12, 7, 1,

13, 11and 15) showed a relatively low fly density reached to
6.6 2.08 fly/trap for Terssa village.

Urbanization measures at Al- Fayoum Governorate

Villages

Figure 2. The health activity and community network in relation
to fly densityat Al- Fayoum Governorate

Kalmasha, Fedaymeen, Odowa, Hawara Al- Makataa and Al-
Gharak Baharyvillages proved to have satisfactory health
activity with relatively low fly densities which recorded 11.5
%, 15.5 %, 23 %, 26 % and 27 %respectively. While Mansheit
El- Gammal and Matr Tares with the lowest percentage of
health activity showed high percentage of the fly densities,
recorded 64 % and 43 % respectively.

Percentage (%)

Villages

Figure 3. Water supply, sewage network and waste management
treatment in relation to fly densityat Al- Fayoum Governorate

Water supply, sewage network and waste manegment in
KasrRashwan and Fedaymeen villages were relatively high
with low fly densities, recording13 % and 15.5 % respectively,
while Mansheit El- Gammal village and Bani Saleh villages
with the lowest percentage of the water supply, sewage
network and waste manegment services, accompanied with the
highest fly densities,64 % and 59 % respectively fig (2).

GIS database

GIS owing to its inherent ability to manage both spatial and
non-spatial information, provided an excellent framework for
disease management.

Land use/ Land cover

In order to identify the combination of variables that best
characterize the presence of breeding sites within study
districts, the environmental variables (LULC) derived from
Rapid Eye was calculated for each district in relation to the
occurrence of breeding sites.
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Table 1. Estimation ofM.domesticadensities collected from 15 sites at Al- Fayoum Governorate

X No. of collected f lies/ trap Total

Site : > 3 Mean + SD
(1) Hawara Al- Maktaa 8 10 13 31 10.3+£2.51
(2)Kalmasha 22 28 30 80 26.6 +£4.16
(3)BaniSaleh 35 40 43 118 39.3+4.04
(4) Matr Tares 30 25 31 86 28.6+3.21
(5)Odowa 20 17 25 62 20.6 +4.04
(6)Mansheit EL- Gammal 40 53 35 128 42.6+9.29
(7) Dar El- Salam 9 13 12 34 11.3+2.08
(8)KasrRashwan 15 12 17 44 14.6 £2.51
(9) Al- GharakBahary 19 22 13 54 18 +4.58

(10)Tobhar 14 18 20 52 17.3+3.05
(11) Hreet 8 6 9 23 7.6+1.52

(12) Al- Agameein 10 13 12 35 11.6 £1.52
(13) Abo Kasa 4 9 13 26 8.6 £4.50

(14)Fedaymeen 21 8 17 46 15.3+£6.65
(15)Terssa 6 5 9 20 6.6 +2.08

P- value < 0.05

Table 2. Waste component descriptions of visited sites and its relation to house fly density

Markaz Site Village Site description Fly breeding places % of collected house fly
(Sig 8) KasrRashwan Vegetast;li lznarket Bird viscera, pl?;;l;l:lsl,r glant peeles and .
0
Tamavia (Sig 6) Mansheit EL- Waste collection area Food remainders, mud, rotten leaves,animal
Y & Gammal Sewage sludge rudiments, grass and animal manure 64 %
(Sig7) Dar El- Salam Focog rf)s rt(;SZtS:lnagr :;ea Plastics, papers, grass and sand 349
0
(Sig 15) Terssa Cafeterlaai(;nstructed Metals, glasses, plastics as well as papers 20 %
0
Snores (Sig 14) Fedaymeen Farming area Agricultural wastesl;lzrsltlir?:ls, bird wastes and 550
. 0
(Sig 4) Mair Tarcs Slaughter-house area Animals, birds and some kitchen wastes and
g Area between houses wild vegetation 43 %
(Sig 13) Abo Kasa Area between houses Metals, glasses and plastics 22 %
Ibshwaic (Sig 12) Al- Agameein Area between houses Plastics, papers bagsand tissue paper 24 %
. ollecting area o ousehold wastes, animal wastes an
(Sig 10) Tobhar Collecti f Household imal d
& 0 garbage fermented kitchen wastes 25%
(Sig 5) Odowa Farm area Wild vegetation and rotten vegetables 23 %
Garbage collecting Area Rotten vegetables and fruits, meat, bird
Fayoum (Sig 3) BaniSaleh Slaughtering area Fruit reminders, bones, household wastes and 599,
market manure
. Garbage area Rotten vegetable, glass, plastics and plant
(Sig 1) Hawara Al- Maktaa Area between houses peeling remainders 26 %
(Sig 2) Kalmasha SlaUglil:::;};(;;le area Food reminders, skin and animal vescira 11.5%
Itsa . Farm area Plants and food reminders, plant parts and
(Sig 9) Al- GharakBahary Garbage collecting area glass 27 %
(Sig 11) Hreet Area between houses Metals, glasses, plastics as well as papers 23 %

Table 3. Estimation of M. domestica densities collected from 15 sites at Al- Fayoum Governorate regarding to LST

Site Density of M. domestica Mean + SD LST
(1) Hawara Al- Maktaa 10.3+2.51 27.6
(2)Kalmasha 26.6+4.16 27.3
(3)BaniSaleh 39.3+4.04 25.8
(4) Matr Tares 28.6+3.21 303
(5)0dowa 20.6 £4.04 31.6
(6)Mansheit EL- Gammal 42.6+9.29 23

(7) Dar El- Salam 11.3+2.08 315
(8)KasrRashwan 14.6+2.51 19.5
(9) Al- GharakBahary 18 £4.58 19.1
(10)Tobhar 17.3+3.05 33

(11) Hreet 7.6+1.52 18.1
(12) Al- Agameein 11.6+1.52 19.4
(13) Abo Kasa 8.6 £4.50 17.3
(14)Fedaymeen 153+6.65 27.3
(15)Terssa 6.6 +2.08 28.6

P- value< 0.05
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Land Cover Map El- Fayoumn Govemarate 2014 Based on

FAD Logond (LEGCF), Rapideye Satelite images 2014

Figure 4. Land cover map of the study area

The output of the whole processes are shown as classified
images with attached attribute tables that show the information
about all FAO land cover classes. Accuracy assessment was
carried out using one hundred ground check points distributed
in the whole study area based on Kappa analysis.

Remote sensing
Rapid Eye processing

Unsupervised classification was carried out using all reflective
bands, (NDVI) and principal component analysis (PCA). It
was found that using all reflective bands with NDVI gave a
best result for vegetation cover classification while using
reflective bands with PCA1, 2 gave the best results for non-
vegetation covers classification. The results were observed and
validated using (50) ground observation points and the overall
accuracy of the land cover map was 96.4%.

Land Surface Temperature (LST) and the distribution of
M. domestica

The spatial and temporal patterns of air surface temperature,
which is measured at 2-m above ground, are essential to
monitor and define the climate and meteorology of a specific
geographic region (Valienteet al., 2010). Data in Table (1)
showed that the highest fly density was recorded in the villages
with (LST) within 20°C° -25°C° and areas with the temperature
above and below this range recorded low fly densities.

Discussion

M. domesticais known as a vector for wide variety of human
and animal pathogens in Egypt (Radyet al., 2014) and all over
the world (Forster et al., 2009; SinthusiriandSoonwera, 2013).
In this study, the systematic random sampling method and GIS
for predicting the population density of M. domestica in Al-
Fayoum Governorate was used. From the total number of flies
collected, M. domestica was revealed as the dominant species
when compared with other flies, the domination of M.
domestica was previously recognized by (Nuritaer al., 2008)
whocollected flies from different habitats in USA. Data in
Table (1) showed that the highest fly densities were recorded at
Manshiet El- Gammal village and BaniSaleh, sites (6 and 3),
while the lowest fly density was recorded at Hreet, site (11)
and Terssa, site (15). The waste compositions of sites (6 and 3)

with high fly density are sharing the presence of animal and
human manure, while waste composition of sites (11 and 15)
mainly contained plastics and plant reminders. It seems that
outdoor defecation and improper treatment of animal and man
excreta is an important and limiting factor controlling fly
density in our habitat (Rady et al., 2014; Sanchez-Arroyo and
Capinera, 2014). The sites (6 and 3) with high fly densities and
high population densities with low water services and low
sanitation level. Wastes were left outdoors for long time
enough for complete fermentation of organic components
(Figure 3), providing favorite places for fly breeding. Alam
and Zurek, 2004 assumed that animal feces and manure are
potential environmental factors increasing fly densities in
USA, while Emerson et al., 2001 proved that human faeces
was favorite for fly breeding.

Fly densities recorded from Matr Taresand Kalmasha, sites (4
and 2) followed sites (6 and 3) with relatively high fly density
with mean values (28.6 = 3.21 and 26.6 = 4.16)fly/trap,
respectively, wastes of both sites included agricultural,
restaurant and slaughtering wastes which contained huge
quantities as animal skin, viscera, bones and manure. Avancini
and silveir, 2000 reported that house flies were related to
poultry facilities in south Brazil, poultry manure was an
attractive breeding materials, Sanchez-Arroyo and Capinera,
2014also found that the hog and poultry farms, horse stables
and ranches were the most favorable habitats for fly collection.
Villages (Odowa, Al- GharakBahary, Tobhar, Fedaymeen and
KasrRashwan) showed moderate density of fly populations
with means ranged from (20.6 + 4.04 to 14.6 £+ 2.51) fly/trap.
Wastes of those sites had mixture from household wastes and
farming wastes. Also we realized that residents always burn
wastes every few days. Sites (12, 7, 1, 13, 11and 15) revealed a
relatively low fly density, wastes of those sites free of
household, food reminder or slaughterhouse type of wastes but
contained sand, grass, glass, plastics and plant leaves. Waste
component was a limiting factor in attracting flies. Hot, dry
climates, dust and water scarcity are thought to be associated
with the distribution of fly borne diseases (Vanwambeke and
Lambin, 2013). Data showed that there is low water supply,
sewage networks and waste management treatment in some
villages and in the health activities and community network on
most of them for Al- Fayoum Governorate including Kasr
Rashwan, Mansheit El- Gammal, Terssa and Hreet districts.
Poverty associated with rapid population growth leads to
crowding of people without the necessary infrastructure for the
safe storage and distribution of water and drainage of waste
water. In addition, the deteriorating public health infrastructure
in many countries exacerbates the health problems (Cairncross
and Feachem, 1993). Each of these negative social trends is
expected to continue, while water related issues are expected to
increase in the developing world over the next few decades
(Hespanhol, 1996).

More than 65 % of the interviewed persons in Al- Fayoum
Governorate were engaged in harmful water, sanitation, and
garbage disposal practices that exacerbate the disease process.
Household water usage is greatly limited by the availability of
sewage systems at the household level. As water is in fact a
burden to dispose of after use, many water-related house tasks
are avoided, with water used only for more high-priority tasks
such as cooking and drinking (Ezz El-Arab, 2003). In the
present investigation, Rapid Eye multispectral was used for the
characterization of flies breeding habitats. Land use/Land
cover data are essential for planner to study land resources
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management (Small, 2003). The nowadays application of
(GIS) and (RS) are the most recent advanced approach in
studying information which are important in studying our
vector distribution. Anyhow, environmental changes on land
surface owing to climate change or land cover change are
expected to change fly abundance and distribution. Engelthaler
et al., 1999stated that when eco-systems changes, disease
problems arise. Land Surface Temperature is a good indicator
of the Earth’s surface temperature because it is one of the key
parameters in the physics of the land-surface processes. LST is
defined on radiation basis emitted by the land surface observed
by MODIS at instant viewing angles (Akhoondzadeh and
Saradjian, 2008).The resulting temperature profiles depend on
details of the methods that are used to obtain temperatures
from radiances. Satellites do not measure temperature, they
measure radiances in various wavelength bands, which must
then be mathematically inverted to obtain indirect inferences of
temperature (National Research Council (U.S.), 2000).

Landsat 8 was used to determine the (LST). The difference
between (LST) and the air temperature (Tair) varied
particularly with the surface water status, the roughness length
and wind speed. LST was lower than T-air at night but at day it
was the opposite, because of the surface energy emitted during
the day more than during the night and Tair affected by wind
speed and air humidity (Shirbeny et al., 2016). In this study,
M. domestica revealed a relatively high density, with most
collections made at (LST) ranging from 20°C to 25°C. Our
results showed that LST (°C)derived from Landsat8 in regions
under investigation measured between 20°C and 25°C
representing the favorite temperature range for flies to breed
and aggregate outside as recorded at sites 3 representing
BaniSaleh village and site 6 in Manheit EI- Gammal recording
the highest fly population densities within this range of
temperature. Cold temperatures ranged between 17°C-22
°Chave adverse effect on fly densities which reduced density
to reach 8.6 £ 4.50 fly/trap at 17.3 °C. Relatively high
temperatures ranged from 26°C-31 ©°Cslightly affect fly
densities reached tol1.3 + 2.08 fly/trap at31.5 °C. RapidEye
and Landsat8 satellite sensors could be used together in
planning and implementing a fly control program. RapidEye in
conjunction with information on the location and number of
breeding sites in (GIS) would be adequate force major
characterization of fly breeding habitats. Using image
classification emerged from (RS) satellites proved to be
essential for planner and researchers in making decision
concerning land resources and marks (Lu and Weng, 2007).
Some difficulties may interfere with image analysis like nature
of input images, classification methods, algorithm (Ezeomedo
and Igbkwe, 2013). To avoid such problems, the integration of
(GIS) and (RS) with the aid of additional database
management systems (DBMS) was used during our study as an
applicable approach (Vanwambeke and Lambin, 2013).

Conclusion

(RS) and (GIS) were increasingly and successfully used for the
study of spatial and temporal patterns of vector borne diseases.
(GIS) estimate of the house fly densities was based on two
variables (LULC) and (LST). The present study was carried
out to identify risk area of the study area associated with the
distribution of M. domestica in Al- Fayoum Governorate using
Rapid Eye and Landsat8 satellite sensor data. The result of this
study provided information regarding spatial and temporal
distribution for such fly. The relationship of the distribution for

the housefly with climatic factors and physio-environmental
aspects yielded data that can be used for controlling and
helpingin public health practitioners in making decisions on
each specific landscape for fly control strategies. The analyses
also proved that the highest fly densities were found in
Mansheit El- Gammal village and BaniSaleh villages and also,
indicated that over 90% of flies breeding sites at Al- Fayoum
Governorate were found in places with high population
density, low health services, low sanitation, low water services
and highly fermented and untreated wastes.
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