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ARTICLE INFO ABSTRACT

Article History The small hive beetles (SHBs), a serious pest to honey bee

Received:27/10/2024  colonies, occur in Sudan/South Sudan. The objective of the present

ﬁsgﬁggelg_f/‘ilzll%zz‘f“ study was to investigate the possible spread of the SHBs from
' Soudan/South Sudan to the other Arabian countries during four time

Keywords: periods: present conditions, 2030, 2050, and 2070. The possible
Maxent, model, spread of the SHBs was modeled using Maxent software. The
GIS, apiculture, distribution maps were generated using specific datasets. The
SHBs. distribution maps were compared to identify the suitability of the

Arabian countries for SHBs. The Geographical Information System
(GIS) was used to compare the maps through the four time periods.
The distribution maps showed that Sudan and South Sudan are the
most suitable regions for SHBs under current conditions. Some areas
especially in the Gulf countries were classified as suitable/more
suitable for SHBs under future conditions. The movement of SHBs
from Sudan towards the north to invade Egypt and then to other
countries in north Africa or the Levant was not expected from the
model maps. This can help explain the absence of this pest in Egypt
thus far. The trade of bee equipment between Sudan/South Sudan to
the other Arabian countries is suggested to cause the accidental
introduction of these beetles to other Arabian countries.

INTRODUCTION

The Arabian world contains countries in Asia (the Arabian Peninsula) and Africa.
Beekeeping is practiced widely in the Arabian countries (Al-Ghamdi et al., 2016). Small
hive beetles, Aethina tumida Murray or SHBs were detected only in Sudan/South Sudan (EI-
Niweiri et al., 2008; Neumann et al., 2016) among the Arabian countries. These beetles
belong to Family: Nitidulidae and can cause serious problem to honey bee, Apis mellifera,
colonies. Basically, these beetles are endemic to Sub-Saharan Africa (Mostafa and Williams,
2000; Neumann and Elzen, 2004; Rasolofoarivao et al., 2013) but they have a good ability
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to invade new areas outside the endemic regions such as the USA and Australia (Hood, 2000;
Neumann and Elzen, 2004). So these beetles have a high invasion and adaptation ability to
new environments. Therefore, the ability of SHBs to invade other Arabian countries from
Sudan/South Sudan is tested in this study under current and near future conditions.

The environment in the Arabian countries includes desert, temperate, coastal, and
rainfall regions. Previous studies highlighted the high ability of SHBs to infest bee colonies
under wide environmental conditions (Neumann and Elzen, 2004; Neumann et al., 2016). In
1998, these beetles caused high damages (about 3 million dollars) in a tropical state (Florida)
in the USA (Ellis et al., 2002). SHBs can invade bee colonies causing damages to honey bee
larvae, pupae and stored food. Additionally, these beetles fly from location to another which
accelerates their prevalence in the infected areas. Also, these beetles can transfer diseases
from bee colony to another (Eyer et al., 2009; Schéfer et al., 2010; De Graaf et al., 2013)
causing many problems to infected colonies. Notably, there are no problems caused by these
beetles to bee colonies with African bee subspecies in the endemic countries (Neumann and
Elzen, 2004; Neumann and Hartel, 2004). In fact, honey bee subspecies in the Arabian
countries are Apis mellifera syriaca, Apis mellifera jemenitca, and Apis mellifera intermissa.
These subspecies have been exposed to hybridization with other bee subspecies from Europe
such as the hybridization between the Egyptian bees, Apis mellifera lamarckii, and European
bee subspecies (Page et al., 1981; Sheppard et al., 2001; Abou-Shaara and Ahmed, 2015).
Also, trading of bee packages is a common practice between some Arabian countries such
as Egypt and Gulf countries (Al-Ghamdi and Nuru, 2013; Al-Ghamdi et al., 2016). In
general, bee subspecies in the Arabian countries are different than those from the endemic
range of the SHBs. So, the invasion of SHBs to new Arabian countries can cause serious
problems to bee colonies. This highlights the importance of this study to investigate the
potential spread of SHBs in the Arabian countries.

Understanding the future spread of an organism in specific geographical regions
can be achieved using modeling studies (Hosni et al., 2020; Jamal et al., 2021). The
distribution models depend on using specific software such as geographical information
system (Abou-Shaara, 2019; Hosni et al., 2020) and MaxEnt (Wei et al., 2018; Hosni et al.,
2020; Phillips et al., 2020; Jamal et al., 2021). The modeling using this software depends on
using bioclimatic variables (Phillips, 2017; Phillips et al., 2020) to obtain the distribution
maps. Indeed, future conditions are predicted suing climate models (e.g. Yukimoto et al.,
2019). So, datasets are on temperature and relative humidity are available for current and
future conditions (Hijmans et al., 2005). Such factors are important to honey bees and their
pests as well (Yoruk and Sahinler, 2013; Le Conte and Navajas, 2008; Abou-Shaara, 2016;
Abou-Shaara et al., 2017). Therefore, the aim of this study was to specify the suitable areas
in the Arabian countries for the spread of the SHBs from Sudan/South Sudan during different
time periods.

MATERIALS AND METHODS

1. Records of SHBs:

In this study, occurrence records from Sudan and South Sudan were considered. The
data were collected based on the previous publications (EI-Niweiri et al., 2008; Neumann et
al., 2016; Jamal et al., 2021) and from the Global Biological Information Facility (GBIF.org
download 2020. https://doi.org/10.15468/dl.usdg47).
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Fig. 1: The locations (black triangles) of small hive beetles in Sudan and South Sudan.

2. Bioclimatic Variables:

Specific variables with spatial resolution about 5 km? (Table 1) from WorldClim
v2.1 (worldclim.org, January 2020) were used in the present study to establish the
distribution maps for the SHBs in the Arabian countries. These variables were selected based
on previous publication by Jamal et al. (2021). Four time periods were considered: current
conditions (1970 to 2000), near future during 2030 (average from 2021-2040), future during
2050 (average from 2041-2060) and future during 2070 (average from 2061-2080). Future
variables were from the Meteorological Research Institute Earth System Model Version 2.0
(MRI-ESM2.0) at the Shared Socio-economic Pathways (SSPs). More information about
this climatic model is available in Yukimoto et al. (2019).

Table 1: The variables used in the model to generate the thermal maps.

Number Environmental variable Abbreviation
1 Maximum temperature of the warmest month MTWM
2 Minimum temperature of the coldest month MTCM
3 Mean temperature of the warmest quarter MTWQ
4 Mean temperature of the coldest quarter MTCQ
5 Annual mean temperature AMT
6 Mean diurnal range MDR

3. Data Analysis:

The maps for current conditions, 2030, 2050 and 2070 were established using
Maxent v 3.4.1 (Phillips et al., 2020) with specific settings (Table 2). The maps were
reclassified into four classes using the ArcGIS 10.5: Very low (0-0.01), Low (0.01-1),
Moderate (1-10), Suitable (10-20) and More Suitable (20-100) (Jamal et al., 2021). The
contribution of the selected variables in the model is presented in Table 3. The GIS was also
used to establish separated maps for the moderate, suitable and more suitable areas for the
SHBs during the four time periods.
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Table 2: The settings used in Maxent to obtain the model maps.

Settings Parameter
Records 23 presence records used for training, 7 for testing.
Background and presence points 10023 points used to determine the Maxent distribution
Linear/quadratic/product 0.385
Categorical 0.250
Threshold 1.770
Hinge 0.500
Output format Cumulative

Table 3: Contribution percentage of each variable in the model.

Variable Percentages
Mean temperature of the coldest quarter (MTCQ) 77.8
Minimum temperature of the coldest month (MTCM) 10.5
Maximum temperature of the warmest month (MTWM) 4.3
Mean diurnal range (MDR) 3.1
Mean temperature of the warmest quarter (MTWQ) 2.9
Annual mean temperature (AMT) 1.4

4. Performance Evaluation:

The area under curve (AUC) was used to evaluate the used model to obtain the
distribution maps. Two analyses were incorporated into the calculation of the AUC: the
receiver operating characteristic (ROC) for test/training data, and jackknife tests for the used
variables.

RESULTS AND DISCUSSION

1. Performance Evaluation:

The area under the curve (AUC) calculated from the receiver operating
characteristic (Fig. 2) was 0.979 for training data and 0.982+0.006 for test data calculated as
in DeLong et al. (1988). The AUC for the used variables ranged from 0.50 (MTWQ) to 0.97
(MTCQ) (Table 4). The values were generally more than 0.61 except for MTWQ.
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Fig.2: The receiver operating characteristic (ROC) curve for training/test data used in the
model maps.
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Table 4: Area under the curve (AUC) for the used variables in the model from the jackknife

test.

Variable AUC
Mean temperature of the coldest quarter (MTCQ) 0.97
Minimum temperature of the coldest month (MTCM) 0.92
Annual mean temperature (AMT) 0.85
Maximum temperature of the warmest month (MTWM) 0.63
Mean diurnal range (MDR) 0.61
Mean temperature of the warmest quarter (MTWQ) 0.50

2. Current Conditions:

The spread of SHBs in the Arabian counties under current conditions is shown in
Figure 3. Sudan/South Sudan represented the main suitable regions for SHBs. Some parts
of southwest Saudi Arabia and Yemen had some more suitable locations for the occurrence
of SHBs. The areas with moderate suitability for the occurrence of SHBs are mainly located
in the west of Africa, Sudan/South Sudan, some areas of Saudi Arabia, Yemen, Oman and
Emirates. The border between Egypt/Sudan had some moderate areas for SHBs. All the other
areas in the Arabian countries were considered as with very low/low suitability for
SHBs.The very low suitability was concentrated in the Levant and some parts in North
Africa.

g 0 550 1,100 2,200
- More Suitable o Kilometers

Fig. 3: The potential spread of the small hive beetles in the Arabian countries under current
environmental conditions.

3. Potential Spread Under Future Conditions:

The situation of suitability degree for SHBs slightly changed during 2030 than
current conditions (Fig. 4). Some suitable areas appeared in Oman and the border between
Saudi Arabia/Oman. The areas with moderate suitability for SHBs increased in Yemen and
Saudi Arabia, South Egypt, and some areas in Algeria. All the other regions were similar to
current conditions and were classified as very low/low suitable for SHBS. So, limited spread
of SHBs is expected to occur during 2030 than current conditions in the Arabian countries.
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Fig. 4: The potential spread of the small hive beetles in the Arabian countries during the near
future (2030).

The situation during 2050 showed some variations than 2030 (Fig. 5). Some more
suitable areas appeared in Saudi Arabian/Oman border beside suitable areas. Some parts in
Central of Saudi Arabia were classified as suitable/more suitable for SHBs. Areas with
moderate, low and very low suitability for SHBs showed no huge changes than 2030.
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Fig. 5: The potential spread of the small hive beetles in the Arabian countries during the near
future (2050).

The suitability for SHBs during 2070 is shown in Figure 6. The situation during
2070 changed than 2050 in some regions. The more suitable/suitable areas increased in Saudi
Arabia and Oman. The moderate suitable areas increased in Algeria and West Africa. Some
parts of Yemen that was classified as suitable for SHBs during 2050 were reclassified as
moderate suitable during 2070. No huge changes in very low/ low suitability areas were
observed than previous maps.
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Fig. 6: The potential spread of the small hive beetles in the Arabian countries during the near
future (2070).

4. Gradual Changes in The Suitability Classes:

The gradual changes in the moderate suitable areas for SHBs in the Arabian
countries are shown in Figure 7. The map shows that the moderate suitable areas for SHBs
under current conditions and up to 2070 are concentrated in South Egypt, Sudan/South
Sudan, Central and Southern parts of the Arabian Peninsula, Southern parts of Algeria, and
West Africa. The changes during 2030 than current conditions are concentrated mainly in
South Egypt, North Sudan, Saudi Arabia, Algeria, and Western parts of Africa.
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Fig. 7: The moderate suitable areas for the small hive beetles in the Arabian countries during
four time periods: current conditions, 2030, 2050, and 2070.

The gradual changes in the suitable areas for SHBs in the Arabian countries are
shown in Figure 8. This map clearly shows that the suitable areas outside Sudan/South
Sudan during the next years will be in Saudi Arabia, Yemen, and Oman.
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Fig. 8: The suitable areas for the small hive beetles in the Arabian countries during four time
periods: current conditions, 2030, 2050, and 2070.

The map (Fig. 9) highlights the gradual changes in the more suitable areas for
SHBs in the Arabian countries. It is clear that some parts in Saudi Arabia, Yemen and
Oman will be the more suitable areas for SHBs outside Sudan/South Sudan. All the other
regions in North Africa and the Levant did not show any more suitable areas for SHBs.

0 550 1,100 2,200
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Fig. 9: The more suitable areas for the small hive beetles in the Arabian countries during
four time periods: current conditions, 2030, 2050, and 2070.

DISCUSSION

The high area under the curve indicates that the used model in the analysis had
good performance (Mulieri and Patitucci, 2019; Jamal et al., 2021). The area under the curve
for training/test data was high with few differences than 1. This indicates the good
performance of the used model to expect the potential spread of SHBs in the Arabian
countries. On the other side, most variables showed high area under the curve with values
over 0.61.
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The map for current conditions showed the limited spread of SHBs in Sudan/South
Sudan. This is in line with the actual presence of SHBs in the Sudan/South Sudan among the
Arabian countries (EI-Niweiri et al., 2008; Neumann et al., 2016). SHBs have not been
recorded in any other country either in North Africa or in the Levant and the Arabian
Peninsula (Al-Ghamdi et al., 2016). SHBs do not exist in Egypt (the closet regions Sudan)
according to previous studies (EI-Niweiri et al., 2008; Hassan and Neumann, 2008;
Neumann et al., 2016; Abou-Shaara et al., 2018). The model predicted that some parts of
southwest Saudi Arabia and Yemen had some more suitable areas for SHBs. So, such areas
expected to be the more suitable for the prevalence of SHBs in the Arabian Peninsula under
current conditions in case of the invasion of SHBs to the Gulf countries. Indeed, the
accidental introduction of SHBs from Sudan/South Sudan to the Gulf countries can occur
through trade activities. Such activities were considered as a possible path for the prevalence
of bee diseases/pests (Mutinelli, 2011; Gordon et al., 2014; Neumann et al., 2016).

The future maps during 2030, 2050 and 2070 clearly confirmed the high suitability
of Sudan/South Sudan for SHBs. In addition to these endemic regions for SHBs, Saudi
Arabia, Oman, and Yemen showed some areas with more suitable/suitable classification for
these beetles. No regions in the Levant and North Africa showed more suitable/suitable areas
for SHBs, suggesting the low ability of these beetles to invade and establish in these
countries during the near future. The study by Jamal et al. (2021) were done on all Africa
and Europe, and such study suggested the invasion of some parts of North Africa with SHBs.
Mostly the source of these beetles are expected to be from other African countries but not
from Sudan. The present study did not expect the movement of SHBs towards Egypt, except
few areas in the border region between Egypt/Sudan.

Several areas in West Africa, South Egypt, and the Gulf Countries showed moderate
suitability for SHBs. In fact, the direct movement of SHBs from Sudan towards Egypt and
then towards the Arabian Peninsula or towards the West to invade Libya is not supported by
the model maps under current and near future conditions. Also, vast areas in North Africa
and the Levant were considered as with very low/low suitability for SHBs. This study
suggested the less ability of SHBs to invade and to be established in the northern parts of the
Arabian countries located in Africa and the Levant. The accidental introduction of SHBs
from Sudan/South Sudan to other Arabian countries and mostly due to human activities in
transportation of goods is expected to be the reason behind the spread of SHBs into new
regions. In a similar way, accidental existence of SHBs in Portugal was recorded in a
shipment of queens (Murilhas, 2004; Neumann and Ellis, 2008; Valério da Silva, 2014).

It seems that the environmental conditions especially in some areas of Saudi
Arabia, Oman and Yemen are similar to those in Sudan/South Sudan. Such similarities
especially the elevated temperature in the Gulf countries (Abou-Shaara et al., 2013) and
Sudan/South Sudan can explain the presence of more suitable/suitable areas for SHBs in
these specific countries. Basically, temperature has an important role in the development of
these beetles (Neumann et al., 2001; Neumann and Elzen, 2004). Concerning beekeeping,
honey bee colonies in the more suitable/suitable areas for SHBs are expected to suffer from
these beetles in case of invasion and establishment. In fact, these beetles do not depend on
bee colonies only as source of food but they can feed on various plant materials in a similar
way to other Nitidulid beetles (Wolff et al., 2001; Ellis et al., 2002; Neumann et al., 2016;
Abou-Shaara et al., 2018). In fact, there are natural biological control agents for these beetles
(Muerrle et al., 2006; Cuthbertson et al., 2012; Abou-Shaara and Staron, 2019), and such
agents need more studies especially in areas with risk of future invasions by SHBs.
Conclusion:

This study modeled the potential spread of small hive beetles in the Arabian
countries from Sudan/South Sudan during current conditions and near future: 2030, 2050,
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and 2070. The model maps showed that the new regions that can be highly invaded by these
beetles are located in the Arabian Peninsula especially Saudi Arabia, Yemen, and Oman.
The invasion of these beetles to Egypt is not expected from the present model except the
border areas between Egypt/Sudan. All Northern parts of the Arabian countries in Africa and
the Levant are not anticipated to be invaded by these beetles. The study suggested the role
of the exchange of bee equipment from Sudan/South Sudan to the other Arabian countries
in the potential prevalence of these beetles to new regions. So, planned monitoring and
control strategies should be done by the responsible authorities in Sudan/South Sudan to
limit the spread of these beetles to other regions. Also, co-operation between the Arabian
countries should be planned to follow up the status of this pest in the infected areas.
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