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Not all regions of Saudi Arabia are suitable for apiculture especially during the summer season.
Because the most extreme conditions of elevated temperature and very low relative humidity
occur during the summer. Thus, the use of modified beehives is important for saving honey bee
lives under such extreme conditions. However, not all regions of Saudi Arabia require the use
of modified beehives. The geographical information system (GIS) has been previously used in
apiculture for classifying regions according to their suitability for honey bees as well as for
other purposes. Therefore, the regions that require the use of modified beehives, generally, for
keeping honey bees during the summer were identified using the GIS. The datasets were
prepared as layers, consisting of the temperature, relative humidity, precipitation and water
resources. The overall map created from these factors classified the regions according to
temperatures and drought conditions. Then, the use of the modified beehives was recommended
in the harshest regions.

Introduction

The summer season in Saudi Arabia is hot and arid, which negatively
affects beekeeping activities and results in great colony losses each year. Not
all regions of Saudi Arabia are suitable for beekeeping in summer (Abou-
Shaaraet al., 2013) and the summer temperature in some regions of Saudi
Arabia could reach to 45°C (Al-Qarni, 2006). Honey bee colonies require
specific microclimatic conditions within their colonies including temperature
from 33 to 36°C (Petzet al., 2004) and relative humidity approximately 75 %
(Ellis et al., 2008). Due to the passive impacts of elevated temperature on
honey bees (e.g. Al-Ghamdi, 2005; Al-Qarni, 2006 & Joshi and Joshi, 2010)
honey bee workers always try to avoid any increase of temperature in the brood
nest (Allen, 1959 & Free and Spencer-Booth, 1962). Also, due to the
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importance of relative humidity for brood rearing and egg hatching (Doull,
1976; Kuhnholz and Seeley, 1997 and Human et al., 2006) honey bee workers
try to avoid any dryness within their colonies. One suitable method for keeping
honey bee colonies during summer season of Saudi Arabia is the use of the
modified beehives.

For different purposes the geographic information system (GIS) has been
used including; the identification of land suitability for beekeeping (Estoque
and Murayama, 2010; Amiriet al., 2011; Amiri and Shariff, 2012 and Abou-
Shaaraet al., 2013), or feral honey bees (Coulson et al.,2005) and for
identifying the suitable growing areas of Acacia for honey bees (Myung-Heeet
al., 2001). Recently, Abou-Shaara (2013) used the GIS to create morphometry
maps for honey bees as well as to perform the morphometric analysis. The
spatial analysis of the GIS requires the insertion of different datasets as layers
based on the purpose. Therefore, different layers have been used during the
analysis including; vegetation, water resources, relative humidity and
temperature (Coulson et al., 2005; Amiriet al., 2011; Amiri and Shariff, 2012
and Abou-Shaaraet al., 2013).

In this research, the GIS was used to identify the regions that require the
use of modified beehives during the summer season to keep honey bee
colonies. A map with regional classification based on temperatures and drought
conditions was created using the GIS. Recommendations for the use of the
modified beehives in the harshest regions were then made.

Materials and methods

Saudi Arabia contains 13 administrative regions (Fig.1) with a total area
of about 1,950,000 km? and located between latitudes of 16° 22’ 46" and 32°
14" 00" north and longitudes of 34° 29" 30" and 55° 40" 00" east (Saudi
Geological Survey, 2012). All Saudi Arabian regions were incorporated into the
GIS spatial analysis to identify the possible regions requiring the use of the
modified beehives to keep honey bee colonies during the summer season.
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Fig. 1.The Iocatlon and the admlnlstratlve regions of Saudl Arabia.

Input datasets

The temperature and drought conditions are the main factors for
recommending the use of the modified beehives during the summer season.
Therefore, a thermal map for all the regions was created and another map
showing drought conditions based on relative humidity, precipitation and water
resources was also created. Then, the two maps were combined together to
classify the regions according to their temperatures and drought conditions.

Hence, the analysis included the following layers; 1) the maximum
temperature layer for summer season (June, July and August) was obtained
from the Worldclim website (www.worldclim.org). 2) the means of relative
humidity during summer season from 2007 to 2011, were obtained from the
Presidency of Metrology and Environment (PME) website, and were used to
create the relative humidity layer according to Abou-Shaaraet al. (2013) using
the ArcGIS 10 program. 3) The water resources layer was obtained from the
DIVA-GIS website (www.diva-gis.org). The layer was converted into lines and
the percentage of lines per each location was then calculated and incorporated
into the analysis by using the ArcGIS 10. The line percentages reflect the
abundance of water resources per each location. 4) precipitation layer during
the summer season was obtained from the Worldclim website.
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Regional classification

Three maps classified into five classes based on data ranges and the
results of the laboratory experiments were created; 1) thermal map classified
into five classes using the maximum temperatures during the summer season.
The classes are from 24.9 to 33.7 °C; 33.7 to 36.6 °C; 36.6 to 38.8 °C; 38.8 to
40.7 °C and 40.7 to 43.7 °C. 2) drought conditions map classified into five
degrees using the combination of relative humidity, precipitation and water
resources. Drought conditions were considered as very high: when RH is about
6.7%, precipitation from 0 to 1 mm and water resources less than 20%; as high:
when RH from 6.7 to 8.8, precipitation from 1 to 5 mm and water resources
from 20 to 40%. Relatively high drought was considered when the RH is
between 8.8 to 13.7%, precipitation from 5 to 11 mm and water resources from
40 to 60%; Moderate:when RH is from 13.7 to 27.3%, precipitation from 11 to
16 mm and water resources from 60 to 80%, while drought condition was
considered as low when RH % is from 27.3 to 51.2%, precipitation from 16 to
27 mm and water resources from 80 to 100%. 3) overall map for temperatures
and drought conditions classified into five classes based on the previous two
maps. The most harsh regions with elevated temperatures and drought
conditions were then identified. The classification and the combination steps
for the datasets were done according to ESRI (2002).

The overall map was compared with an elevation map to check the
altitude of the harshest regions. The altitude layer used in creating the elevation
map was obtained from the Worldclim website with elevation above sea level
in (m) units. Moreover, to identify the vegetation areas within the harshest
regions, a land cover map obtained from the DIVA-GIS website was
reclassified using the ArcGIS to present vegetation only and it was supported
by Landsat images (Landsat with Enhanced Thematic Mapper, ETM+) for the
harshest regions. Also, the locations of some valleys within the harshest regions
were obtained from the Saudi Geological Survey (2012) and were placed on the
vegetation map to recognize the areas at which the beekeeping activity could be
found within the harshest regions during the summer season.

Results and discussions
The thermal and drought condition maps

The regional classification according to maximum temperatures as shown
in Fig.2 emphasized that the highest heat stress is concentrated in the central
regions and some eastern parts. In the drought conditions map, the extreme
drought conditions are mainly presented in the central regions and some parts
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of Hail (Fig.3). It is clear from the two maps that the weather of Saudi Arabia
during the summer is hot and arid with the exception of the southwestern areas.
That is in line with a previous study by Abou-Shaaraet al. (2013) on
beekeeping suitability in Saudi Arabia where the southwestern regions were
considered as more suitable for beekeeping during the summer.

The overall map

The overall map resulted from the thermal and drought condition maps is
presented in Fig.4. It is clear that the central region and some parts of Nijran,
Al-Madinah, Hail and Al-Qasimoveralped in the overall map to represent the
harshest regions with very high drought conditions and with maximum
temperatures with a range from 40.7 to 43.7°C. The elevation of these regions
above the sea level is generally low if compared with the other regions as
shown in Fig.5. It is known that the temperatures decrease with elevation. Thus,
the low elevations of these regions could explain their harsh conditions. It could
be expected that honey bee colonies in these regions are impacted greatly by
the harsh conditions as found by Al-Qarni (2006) in Riyadh. Within the
harshest regions there are some vegetation areas (Fig.6) at which beekeeping
activity could be existed during the summer season especially the migratory
beekeeping for Acacia and Hegazy clover honey (Personal communications).
Thus, the use of the modified beehives is strongly recommended for any
beekeeping activity within the harshest regions, with high temperatures above
40.7°C and very high drought conditions, during the summer season.

Based on the results of the laboratory experiments of Abou-Shaaraet al.
(2012), the highest survival of Yemeni and Carniolan honey bee workers was
found at 35°C while the lowest body water loss rates was found at 35°C and
50% RH. Also, Yemeni honey bees were found to be with a higher tolerance to
elevated temperatures than the Carniolan honey bees. Thus, it could be
expected that the regions with temperatures about 35°C or below and with low
or moderate drought conditions (Fig.7) are the more suitable regions for
keeping these two races especially the imported Carniolan honey bees during
the summer season. Thus, the death of honey bee colonies due to the harsh
conditions could be minimized by keeping the colonies at these regions. Also, it
is expected that these regions are more suitable for keeping the imported honey
bee packages. However, more detailed investigations are required in these
regions to characterize the plant species and to determine exactly the suitable
locations for apiaries. The regions located between the more suitable and the
harshest regions have temperatures between 36.6 to 40.7°C and with high or
relatively high drought conditions. These regions can be used in keeping
Yemeni honey bees without the use of any modified beehives while
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Caniolanhoney bees at these regions require modified beehives. Because the
Yemeni honey bees can tolerate elevated temperature and very low relative
humidity than the Carniolan honey bees.
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moderate or low drought conditions) for honey bee colonies during the summer
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