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Abstract — Managed honeybees play a crucial role in enhancing agricultural crop production and plant biodiver-
sity conservation and ensuring food security. However, beekeepers, especially those in the Northern Hemisphere,
are experiencing high honeybee colony losses, mainly due to the ectoparasitic mite Varroa destructor. This
could threaten our future food security. The presence of V. destructor has also been reported in Africa; however,
honeybees are less affected by the mite. Moreover, local beekeepers do not consider the mite as a threat to their
colonies, and colonies survive without mites’ treatment. Mite-resistant honeybee populations have also been
reported in various parts of Europe, but they are limited in number and confined to specific regions. Therefore,
understanding why mite-resilient honeybee populations are flourishing in many African countries is crucial for
developing effective management strategies to improve honeybee health worldwide. Hence, this review synthe-
sizes existing knowledge about the factors and traits that allow mite-resilient honeybee populations in Africa to
flourish and aims to translate the insights gained from Africa into more effective approaches for managing the
impact of V. destructor worldwide. The results suggest that African-derived honeybees are resilient to a broad
set of threats including V. destructor because they live in harmony with nature. Resilience is attributed to a more
bee-friendly environment, to better balanced colony densities, to beekeepers’ management practices, and to the
bee’s behavioural adaptation and physiological and genetic traits. Nature-based beekeeping practices that allow
natural selection to operate and maintain the genetic diversity of local honeybee subspecies are the key to their
resilience against V. destructor.

African honeybees / Genetic diversity / Natural selection / Resilience / Varroa destructor

1. INTRODUCTION the Northern Hemisphere, potentially threat-
ening our future food and nutrition security

Managed honeybees (Apis mellifera) play a  (VanEngelsdorp et al. 2012). These losses are

crucial role in enhancing crop production (Gar-
ratt et al. 2014), plant biodiversity conservation
(Bradbear 2009), stabilizing ecosystem (Sabbahi
2022), and supporting food and nutrition security
(Dafar 2018). However, there is clear evidence
of high honeybee colony losses, especially in
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attributed to several interacting biotic and abi-
otic factors including honeybee diseases and
pests, nutritional stress caused by habitat losses,
and improper pesticide use (VanEngelsdorp
et al. 2012; Naug 2009). Of the biotic threats,
the ectoparasitic mite Varroa destructor and the
viruses it vectors, such as the deformed wing
virus (DWYV), are the primary drivers of colony
losses (VanEngelsdorp et al. 2012; Martin et al.
2012).
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European and American beekeepers have
relied on intensive acaricide treatments to con-
trol V. destructor infestations (Biichler et al.
2010), but the mites have already shown to
develop resistance to synthetic acaricides (Sam-
mataro et al. 2005). Chemical treatments have
also resulted in the propagation of susceptible
honeybee colonies (Biichler et al. 2010), making
bees more dependent on the chemicals instead of
relying on their natural defences against this pest
(de Mattos et al. 2017).

Since the intensification of the beekeeping
industry in the Northern Hemisphere, honey-
bees have always been subjected to selective
breeding and domestication to enhance certain
traits such as honey production and gentleness
(Biichler et al. 2010; Neumann and Blacquiere
2016; Uzunov et al. 2017; Guichard et al. 2020).
Many European beekeepers also have preferred
the Carniolan honeybee (Apis mellifera car-
nica) over local subspecies due to its gentleness
and higher honey yields (La Rua et al. 2009).
Although breeding and domestication efforts,
as well as the use of certain subspecies like A.
m. carnica, have improved gentleness and pro-
ductivity, the overall resilience and health of
bee populations have not improved as expected
(Guichard et al. 2020). Instead, these efforts have
led to a reduction in genetic diversity (Biichler
et al. 2010), which is a crucial factor for colony
survival under various environmental stressors
(Tarpy and Pettis 2013; Leclercq et al. 2018),
and the propagation of bees vulnerable to pests
and pathogens (Biichler et al. 2010; de Mattos
et al. 2017).

The occurrence of V. destructor and its asso-
ciated viruses such as DWV have also been
reported in many African countries (Pirk et al.
2016). Unlike European-derived honeybees,
African-derived honeybees, by which we refer
to the eleven native African A. mellifera subspe-
cies that are genetically diverse and adapted to a
wide range of climatic conditions (Franck et al.
2001; Aglagane et al. 2023), suffer less from
mites infestations and survive without beekeep-
ers’ interventions (Akinwande et al. 2012; Begna
et al. 2016; Chemurot 2017). Moreover, local
beekeepers do not consider this ectoparasite as
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a threat to their colonies (Gratzer et al. 2021),
and no significant colony losses have been
attributed to it. This is also true even in coun-
tries with highly virulent Korean haplotypes of
V. destructor (Anderson and Trueman 2000),
such as Ethiopia (Begna et al. 2016), Uganda
(Chemurot 2017), Kenya (Nganso et al. 2017),
and Nigeria (Akinwande et al. 2012), demon-
strating the African-derived honeybee’s innate
resilience against V. destructor infestations. Afri-
can honey bees have also developed tolerance to
viral infections such as DWV (Gebremedhn et al.
2020), which contributes to colony losses in the
Northern Hemisphere (Martin et al. 2012), as a
result of natural selection.

V. destructor-resistant honeybee popula-
tions have also been reported in various parts
of Europe, such as Norway (Oddie et al. 2017),
France (Le Conte et al. 2007), Sweden (Fries
et al. 2006), and the Netherlands (Blacquicre
et al. 2019), as well as in the USA (Seeley 2007).
Virus-tolerant bees were also observed in the
Gotland honeybee population (Thaduri et al.
2019). However, these populations are limited
in number, confined to specific regions, and are
still the result of intensive beekeeping practices
or management. Therefore, understanding why
V. destructor-resilient honeybee populations are
flourishing in many African countries is crucial
for developing effective management strategies
to improve honeybee health worldwide. Hence,
this review synthesizes existing knowledge about
the factors and traits that allow V. destructor-
resilient honeybee populations in Africa to flour-
ish and aims to translate these insights gained
from Africa into more effective approaches
for managing the impact of the ectoparasite
worldwide.

2. AFRICAN-DERIVED HONEYBEES
LIVE IN HARMONY WITH NATURE

2.1. High floral resource diversity and
carrying capacity in Africa

Africa is endowed with diverse agro-cli-
matic conditions that support diversified floral
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resources (Adi et al. 2014), which in turn sustain
over 17.5 million managed honeybee colonies
across the entire continent as of 2022 (Fig. 1).
Forest beekeeping is the most dominant form of
beekeeping in many African countries, followed
by backyard beekeeping (Lowore et al. 2018;
Lowore 2020; Tarekegn 2022). Backyard bee-
keeping is widely practiced near home gardens
and is highly integrated with crop production,
where a variety of plant species and crops are
grown intensively (Ababor and Tekle 2018). The
integration of beekeeping with crop production
and natural forests provides diversified floral
resources, which serve as a continuous source
of pollen and nectar for honeybee throughout
the year (Adi et al. 2014). Although vascular
plant alpha diversity is similar between Africa
and Europe on a smaller scale (Brummitt et al.
2021; Sabatini et al. 2022; Qian and Qian 2023),
honeybee colonies in Africa may benefit more
nutritionally from the combination of local alpha
diversity, higher beta diversity, and greater flo-
ral resource density in their foraging areas. In
addition, the population density of managed hon-
eybees in Africa is lower (1 colony/km?) com-
pared to the population density in Europe (1.2
colonies/km?) (Visick and Ratnieks 2023), which
may reduce the nutritional stress for African-
derived honeybees due to less competition for
floral resources. Although the presence of high
wild bee population density in Africa (Moritz
et al. 2007; Visick and Ratnieks 2023) may lead
to resource competition with managed bees, the
smaller colony size or nest cavity of wild bees
compared to managed honeybees (Loftus et al.
2016) may reduce resource competition.
Nutritional status is closely linked to col-
ony health (Branchiccela et al. 2019) and bees
fed high-quality diets have stronger immune
responses (Corona et al. 2023). Diversified flo-
ral resources, providing a variety of nutritional
niches, enhance honeybees’ immune function
and overall resilience to pathogens (Branchic-
cela et al. 2019; Corona et al. 2023). Hence, the
observed strong immune response of African-
derived honeybees to viral infections and V.
destructor infestations, compared to European-
derived bees (Gebremedhn et al. 2023), may
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be partly attributed to the highly diverse floral
nutrients available in their environment (Adi
et al. 2014). This is primarily because African
apiaries are located in areas with a more diverse
nutritional offer and larger carrying capacity per
colony than European apiaries.

Honeybees adjust their adaptive behaviour,
such as swarming, according to the availabil-
ity of local floral resources (Nuru et al. 2002).
Honeybee colonies in Africa reproduce naturally
by swarming, and local beekeepers mostly use
swarm catching as their colony source rather
than using artificial methods (Gebretsadik and
Negash 2016). Therefore, the success of swarm
catching largely determines the population den-
sity of managed honeybee colonies in local Afri-
can apiaries. This strategy helps to maintain bee
populations within the carrying capacity of the
environment and prevents overpopulation.

Unlike in Africa, managed honeybee popula-
tions in the Northern Hemisphere are concen-
trated more in urban areas (Frazier et al. 2024),
leading to higher colony density (Visick and Rat-
nieks 2023), and increased shortage of/competi-
tion for floral resources. In these regions, nutri-
tional stress, which suppresses the bees’ immune
responses (Corona et al. 2023), has also been
linked with honeybee colony losses, particularly
when combined with pesticides and pathogens
(VanEngelsdorp et al. 2012; Naug 2009). As a
result, most beekeepers in these regions provide
supplementary diets to their colonies to reduce
nutritional stress (Sultana et al. 2024).

2.2. High genetic diversity in
African-derived honeybees

Genetic variation provides traits that enable
bees to withstand and adapt to various environ-
mental stressors, including pests and pathogens
(Lively 2010; Tarpy and Pettis 2013; Leclercq
et al. 2018). In Africa, there are eleven distinct
honeybee (Apis mellifera) subspecies (Franck
et al. 2001; Ilyasov et al. 2020), adapted to the
continent’s major biogeographic zones, including
the Mediterranean north, the Sahel, tropical West
and Central Africa, Eastern Africa, and Southern
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Africa (Ilyasov et al. 2020). These subspecies
include A. m. intermissa, A. m. sahariensis, A. m.
lamarckii, A. m. simensis, A. m. yemenitica, A. m.
adansonii, A. m. scutellata, A. m. capensis, A. m.
monticola, and A. m. litorea. Genetically, Afri-
can honeybees are primarily grouped into three
evolutionary lineages (Franck et al. 2001): the A
lineage, which predominates across sub-Saharan
Africa, and the O and Y lineages, mainly found
in northeastern Africa. The African lineage is
recognized as an important reservoir of genetic
diversity (Techer et al. 2017). There is a higher
genetic variability in African populations than in
European populations (Franck et al. 2001; Techer
et al. 2017; Aglagane et al. 2023), despite the
decline in European genetic diversity over the
past century (Themudo et al. 2020).

Africa’s diverse agro-climatic conditions sus-
tain a significantly higher wild bee population
density (6.8 colonies/km?) when compared to
Europe (0.26 colonies/km?) (Moritz et al. 2007;
Visick and Ratnieks 2023). Many beekeepers in
Africa place their managed honeybees in or near
forests where wild bees do nest as well (Aba-
bor and Tekle 2018). Consequently, the high
swarming and absconding tendencies of African-
derived bees (Hepbum and Radloff 1998; Nuru
et al. 2002; Ardestani 2015) may facilitate the
genetic mix between wild and managed popula-
tions. Following swarming, natural nuptial flights
(i.e. natural mating) with about 12 to 15 drones
coming from different colonies is the norm in
Africa, ensuring genetic mixing between differ-
ent colonies (Leclercq et al. 2018; Nganso et al.
2024). Local beekeepers use indigenous honey-
bee subspecies for honey production, helping to
maintain the genetic diversity of local honeybee
subspecies too. These factors may contribute to
the higher genetic variability observed in Afri-
can-derived bees compared to European-derived
bees (Franck et al. 2001; Techer et al. 2017,
Aglagane et al. 2023). As a result, this increased
genetic diversity may enhance their resilience to
environmental stressors, such as the V. destruc-
tor (Akinwande et al. 2012; Begna et al. 2016;
Chemurot 2017; Nganso et al. 2017).

On the other hand, the extensive domestica-
tion of honeybees in the Western world’s urban
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areas (Frazier et al. 2024) has led to increased
isolation between managed and wild honeybee
populations, likely limiting the genetic mix
between the two. Moreover, unlike African-
derived bees, European-derived honeybees have
been subjected to intensive selective breeding
that focusses on only a limited set of desir-
able traits (Biichler et al. 2010; Guichard et al.
2020). For such breeding purposes, a small
number of well-performing mother queens are
used as breeding stock (Delaney et al. 2009).
For instance, in the USA, it is estimated that
fewer than 500 queen mothers produce around
1,000,000 daughter queens (Delaney et al. 2009).
This large-scale production of many queens from
few mother colonies can lead to the (genetic)
homogenization of bee populations across large
geographic areas. Similarly, Western beekeep-
ers often import honeybee stocks or inseminated
queens from commercial breeders (Holmes et al.
2023) or travel to isolated mating stations or
islands for more or less controlled fertilization
of their virgin queens by drones with specific
traits. These practices, however, may contribute
to the observed low genetic diversity in indig-
enous Western honeybee populations (Franck
et al. 2001; Techer et al. 2017; Aglagane et al.
2023). This decline in bee genetic diversity has
also been suggested as a contributing factor to
the high colony losses or the propagation of sus-
ceptible colonies in the Northern Hemisphere
(Themudo et al. 2020).

2.3. African-derived bees experience low
exposure to pesticides

Globally, the total use and intensity of pesti-
cide application have increased at an alarming
rate (Figs. 2 and 3). From 1990 to 2022, pesticide
use per unit of cropland increased by 94%, with
the highest increases seen in the Americas, fol-
lowed by Asia and Europe (Figs. 2 and 3), high-
lighting the growing dependence on these chemi-
cals (Sharma et al. 2019). However, the increased
use of pesticides has also led to the loss of natu-
ral habitats and reduced plant diversity (Sharma
et al. 2019), thereby negatively impacting bee

INRAZ $D|B @ Springer
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nutrition. Pesticides also weaken bees’ immune
system, making them more vulnerable to pests
and pathogens (Pettis et al. 2012; Lépez et al.
2017), and have been associated with honeybee
colony losses (Pettis et al. 2012). Moreover,
sublethal pesticide doses can also disrupt hon-
eybee navigation and homing abilities, leading
to disorientation and loss of foragers (Baras-
cou et al. 2021). This disruption can potentially
reduce colony survival, foraging efficiency, and
overall colony productivity. In addition, Western
beekeepers mostly prefer to set up their apiaries
near to urban areas for ease of access or orchards
for pollination services, where pesticide use is
commonly higher. As a result, the increased use
of pesticides (Figs. 2 and 3) due to large-scale
commercial farming and urbanization (Sharma
et al. 2019) has raised serious concerns among
the beekeepers in the West (Perichon et al. 2024).

In Africa, the overall pesticide use has also
increased (Gratzer et al. 2021), but the total use
and intensity of application remain relatively low
compared to other regions in the West (Sharma
et al. 2019) (Figs. 2 and 3). This may be because
most farmers engage in small-scale farming and
rely on traditional methods, such as hand weed-
ing, due to low labour costs. Economic con-
straints and limited access to agricultural inputs
may also prevent local farmers from purchasing
and using pesticides. Besides, in many African
regions, especially in areas practicing forest bee-
keeping, there is less agricultural activity and use
of agricultural chemicals (Lowore et al. 2018;
Lowore 2020; Tarekegn 2022). Together, these
factors reduce bees’ exposure to pesticides in
Africa, thereby reducing their vulnerability to
diseases and pests.

However, the growing dependency on pesti-
cide use (Figs. 2 and 3), coupled with the low
awareness among farmers about the risks of pes-
ticide use (Sharma et al. 2019) and the ecological
and economic benefits of honeybee pollination
in Africa (Jacobs et al. 2006), may negatively
impact the health of local honeybees in the near
future. Therefore, to sustain the health of hon-
eybees, it is crucial to educate farmers about
the benefits of honeybee pollination and alter-
native practices that minimize pesticide use.
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Strengthening the communication between pes-
ticide applicators and beekeepers before pesti-
cide application is thereby a vital step (Zhang
et al. 2023).

2.4. African beekeeping maintains
harmony with nature

2.4.1. Low beekeeper intervention

Beekeeping in Africa has a long tradition,
dating back about 3500 years, and remains a
widespread agricultural activity in the region
(Dunne et al. 2021). Beekeeping in most Afri-
can countries is nature-based, which is rooted
in indigenous knowledge, skills, and experience,
with minimal interventions by beekeepers (Low-
ore et al. 2018; Lowore 2020; Tarekegn 2022).
This approach, which maintains the harmonious
balance with nature, has enabled the production
of large quantities of honey and beeswax (FAO
2025) while maintaining the health and genetic
diversity of local honeybee populations (Franck
et al. 2001; Techer et al. 2017; Aglagane et al.
2023) and allows bees to survive in their natural
habitats.

African forest beekeeping, which is the domi-
nant beekeeping practice, utilizes wild honeybee
populations without manipulating them (Low-
ore et al. 2018; Lowore 2020; Tarekegn 2022).
This beekeeping practice involves hanging tra-
ditional hives on trees for a swarm to colonize
them (Fig. 5), which allows bees to select their
preferred location and conditions for nesting. It
also employs minimal management practices, as
beekeepers usually inspect the hives only dur-
ing the honey harvesting season (Lowore 2020).
Traditional hives rely less on artificial founda-
tion, allowing bees to build their combs with a
naturally smaller cell size, which is smaller than
the standard-cell combs commonly adopted from
Europe (Adgaba et al. 2012). When local hon-
eybees are allowed to build comb naturally in
foundationless frames, they also develop smaller
cell sizes (Gebremedhn et al. 2019). This allows
bees to develop natural adaptation mechanisms
against pests by shortening their developmental



African bees resilience

times (Erickson et al. 1990; Saucy 2014). Afri-
can worker bees have shorter developmental
times (19-20 days) compared to European
worker bees (21 days) (Ellis and Ellis 2009),
leading to a reduced capped period and less time
for V. destructor reproduction (Ardestani 2015;
van Alphen and Fernhout 2020). Moreover, it has
been reported that combs with smaller cell sizes
have lower mite infestation rates than those with
larger cell sizes (Piccirillo and De Jong 2003).
Additionally, when bees naturally build their
combs, they develop different cells of different
sizes for various purposes, such as worker bee
brood, drone bee brood, and honey storage, each
with its specific cell size (Yang et al. 2021). This
natural cell-building behaviour allows bees to
maintain a gender balance between male bees
(drones) and female bees (worker bees) within
the colony. This balance helps the colony to
adjust its population composition according to
seasonal needs.

Local beekeepers in Africa harvest honey
from traditional hives by removing the entire
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combs, including brood combs (Fig. 4). Con-
sequently, this way of honey harvesting creates
brood-free periods within the colony, which
interrupt the mites’ reproduction or prolong their
phoretic phase, potentially reducing their popula-
tion growth within the colony. Removing entire
combs during honey harvest also encourages
bees to build new brood combs (Fig. 4), which
are less susceptible to pests than older combs
(Piccirillo and De Jong 2004). Altogether, these
factors may contribute to the observed lower
mites infestations in colonies nested in tradi-
tional hives compared to those in framed hives
(Gebremedhn et al. 2019; Gela et al. 2023a).
Unlike the conditions in Europe and North
America, where honeybees are subjected to
intensive selective breeding (Biichler et al.
2010), African-derived honeybees have experi-
enced less intensive breeding and genetic inter-
vention and reproduce naturally through swarm-
ing. Following natural swarming, natural mating
is the norm in Africa (Leclercq et al. 2018),
allowing bees to exhibit their natural behaviours

Fig. 4 Honey harvesting from a traditional hive and development of natural combs. a A traditional hive made from
local materials such as mud, cow dung, grass, and bamboo. b A beekeeper inspecting the hive from the back side
during honey harvesting once the bees have moved to the entrance side. ¢ The combs removed from the traditional
hive during honey harvest. d The internal side of the hive after the combs have been removed. e The redevelopment
of new natural combs by worker bees following the honey harvest

INRAZ €DIB 9 Springer
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and survive in their natural habitats. Beekeepers’
intervention is minimal, as most beekeepers in
Africa use swarm catching as a primary source
of colonies instead of preventing it (Gebretsadik
and Negash 2016). The higher swarming ten-
dency of local honeybee subspecies, compared
to European-derived bees, could be attributed
to this (Hepbum and Radloff 1998; Ardestani
2015).

When a colony swarms, the old queen often
leaves with the swarm and the remaining bees
wait for a new queen to emerge, mature, mate,
and begin laying eggs. This may create a brood-
free period, which interrupts V. destructor repro-
duction in a colony and extends its phoretic
phase (Fries et al. 2003a; Akinwande et al. 2012;
Begna et al. 2016; Chemurot 2017), thereby
delaying the reproductive period of the mites
(McMenamin et al. 2017). These factors may
contribute to the observed lower mites infestation
rate in colonies established through swarming,
compared to those established through splitting
in Ethiopia (Gebremedhn et al. 2019). Similarly,
a reduction in mite populations due to swarming
has been observed in Swedish honeybees (Fries
et al. 2003b).

According to Akyol et al. (2007), the age of a
honeybee queen has an influence on the level of
mite infestation in a colony. Colonies headed by
younger queens tend to have lower levels of V.
destructor infestation compared to those headed
by older queens. This highlights that the high
turnover of honeybee queens due to swarming
may also contribute to the reduced levels of mite
infestations in African-derived bee colonies.
However, the specific mechanisms by which a
queen’s age influences mite growth are not well
understood.

African-derived bees have high absconding
tendencies, ranging from 38 to 45% (Nuru et al.
2002; Gebremedhn et al. 2019), and beekeeper
interventions to control the high bees’ abscond-
ing tendencies are minimal. It allows colonies
to escape threats like disease, parasites, preda-
tors, or resource scarcity by relocating to safer
or more resource-rich environments, ensuring
that the most adaptable bees survive and repro-
duce (Shitaneh et al. 2022). It is important to
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note that hives hanging on trees (Fig. 5) may then
act as swarm traps or bait hives for absconding
colonies, leading to the formation of wild and
resilient colonies.

2.4.2. Allowing natural selection to operate

Natural selection is the primary adaptation
mechanism by which traits become common in
populations over time due to environmental pres-
sures like pests and pathogens, promoting the
survival of colonies better suited to local condi-
tions (Neumann and Blacquiere 2016). The mini-
mal intervention by beekeepers in Africa may
allow natural selection to operate by reducing
artificial influences on bee genetics and behav-
iour, enabling African-derived honeybees to
develop natural defensive traits, such as groom-
ing behaviour, hygienic behaviour, and SMR,
to manage V. destructor infestations (Allsopp
2006; Strauss et al. 2016; Nganso et al. 2018;
Gebremedhn et al. 2019; van Alphen and Fern-
hout 2020; Gela et al. 2023b).

Honeybee genetic diversity provides a strong
foundation for natural selection to operate effec-
tively (Reed 2007; Wallberg et al. 2014). When
new environmental challenges arise, the presence
of genetic variation among colonies increases the
likelihood that some colonies will survive and
reproduce more successfully, as they possess
traits that are better suited to the changing condi-
tions (Reed 2007; Wallberg et al. 2014). Hence,
using indigenous honeybee subspecies which
have high genetic diversity in Africa (Franck
et al. 2001; Techer et al. 2017; Aglagane et al.
2023) may also allow natural selection to operate
and develop resilient bee populations in Africa.

Despite the presence of V. destructor in
Africa, local honeybees are able to survive with-
out intervention from beekeepers. For example
in South Africa, beekeepers initially faced sig-
nificant colony losses due to the introduction of
V. destructor (Allsopp 2006), rather than using
chemical treatments that interfere with natural
selection (van Alphen and Fernhout 2020). In
this way, they allowed natural selection to shape
the bee populations. Over time, the bees adapted
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Fig. 5 Hanging traditional hive for swarming catching in southern Tigray, Ethiopia. Local beekeepers hang tradi-

tional hives on trees to be colonized by wild bees

and survived without the use of mite control
treatments.

In Cuba, V. destructor initially caused high
colony losses too, but the country allowed natu-
ral selection to operate (Luis et al. 2022). This
approach has led to the development of over
220,000 honeybee colonies that are both mite-
resistant and highly productive, producing 40-70
kg of honey annually (Luis et al. 2022). Cuba is
now an excellent example of what can happen
when honeybees are allowed to naturally adapt to
V. destructor with minimal human interference,
resulting in resilient and productive bee popu-
lations. In contrast, intensive selective breed-
ing programs in Western countries have been
ongoing for decades and have not yet succeeded
in producing V. destructor resilient honeybee
populations (Neumann and Blacquiére 2016).
This has raised hopes that natural selection may

address the V. destructor problem (Guichard
et al. 2023). Therefore, taking advantage of nat-
ural selection, rather than attempting to limit it,
and incorporating these principles into modern
practices could contribute to the development of
more resilient honeybee populations worldwide
(Neumann and Blacquiere 2016).

2.5. African-derived honeybees have
defensive traits

2.5.1. Hygienic behaviour

Hygienic behaviour, that enables worker
bees to detect, uncap, and remove diseased
or parasitized brood from the colony (Spi-
vak 1996), is one the defence mechanisms of
honeybees against various pathogens such as
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chalkbrood (Palacio et al. 2010), American
foulbrood (Spivak and Reuter 2001), viruses
(Schoning et al. 2012), and pests like the V.
destructor (Spivak 1996). Hygienic behaviour,
shaped by natural selection, is also one of the
resistance mechanisms that African-derived
bees use to manage V. destructor infestations
(Muli et al. 2014; Gebremedhn et al. 2019;
Gela et al. 2023b). However, the contribution
of this trait in limiting Varroa mite population
growth varies among local honeybee popula-
tions. For example, studies in Kenya (A. mel-
lifera) (Muli et al. 2014) and Ethiopia (A. m.
simensis) (Gebremedhn et al. 2019; Gela et al.
2023b) found a negative correlation between
hygienic behaviour and V. destructor infes-
tation rates, highlighting its contribution on
suppressing the mite’s population growth. In
contrast, no such association was observed for
A. m. scutellata in Kenya (Nganso et al. 2017).
This variation is likely due to differences in
environmental conditions and genetic back-
grounds (Spivak and Gilliam 1998).

Hygienic bees have the ability to discriminate
odours, enabling them to detect and remove dis-
eased brood from the hive at low odour intensi-
ties (Masterman et al. 2001), thereby reducing
disease spread within the colony (Gramacho
and Spivak 2003). This olfactory behaviour is
mediated by a number of olfactory proteins,
which are primarily found in the antennae of
honeybees (Mondet et al. 2015). A recent study
examined the expression profiles of key olfac-
tory genes in African-derived bees (Gebremedhn
et al. 2023) and found that Ethiopian honeybees
exhibit greater expression of the odorant-binding
protein OBP14 than Belgian honeybees. Higher
gene expression levels of the odorant binding
protein in the antennae of Ethiopian honeybees
suggest that reproducing mites might be detected
better and cleaned more efficiently (Gebremedhn
et al. 2023). High expression of OBP14 was also
observed in V. destructor-resistant honeybee
populations in New Zealand (Mondet et al. 2015)
and Canada (Jiang et al. 2016). These results
suggest that the resistance of African-derived
bees to V. destructor infestations has a molecu-
lar basis too.
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2.5.2. Suppressed mite reproduction (SMR)

Suppressed mite reproduction (SMR) is
another defence mechanism of honeybees that
reduces the reproductive success of the ectopara-
sitic V. destructor (Harbo and Harris 2005; Locke
and Fries 2011). There are several V. destructor-
resistant honeybee populations that have been
surviving without mite treatments in different
European countries, such as the Netherlands
(Blacquiere et al. 2019), Norway (Oddie et al.
2017), France (Le Conte et al. 2007), and Swe-
den (Fries et al. 2006), which is mainly attributed
to suppressed mite reproduction (SMR). This
physiological trait, exclusively expressed during
the late larval or pupal stage (Kurze et al. 2016;
Scaramella et al. 2023), causes cell-included
foundress mites to fail in producing viable off-
spring or mated female progeny (Corréa-Marques
et al. 2003; Locke and Fries 2011).

The resistance of many African-derived bees
to V. destructor infestations in countries such as
Ethiopia (Gebremedhn et al. 2019), South Africa
(Strauss et al. 2016), and Kenya (Nganso et al.
2018) is also largely attributed to SMR. The
reproductive success of mites and the number
of daughter mites capable of reaching the adult
stage and having an available mate are low in
these African-derived honeybee populations
(Strauss et al. 2016; Gebremedhn et al. 2019).
For example, in A. m. simensis in Ethiopia
(Gebremedhn et al. 2019) and A. m. scutellate in
South Africa (Strauss et al. 2016), the number of
viable female offspring mites produced per foun-
dress mite is 0.27 and 0.3, respectively. These
values are much lower than the fecundity value
reported for European-derived honeybee sub-
species, which is between one and two (Schulz
1984; Fuchs and Langenbach 1989; Corréa-
Marques et al. 2003).

High mite infertility and low proportions of
mated female progeny have been identified as key
factors explaining the reduced reproductive success
of V. destructor in African-derived bees (Nganso
et al. 2018; Gebremedhn et al. 2019). The low
proportions of viable female offspring or mated
female progeny are mainly attributed to the failure
of the mother mites to produce adult male mites
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(Gebremedhn et al. 2019). Therefore, investigat-
ing the mechanisms that prevent foundress mites
from producing adult male progeny in these Afri-
can-derived bees may open an interesting research
area, as the failure of mother mites to produce adult
male offspring is rarely observed outside of Afri-
can African-derived (Gebremedhn et al. 2019) and
Africanized bees (Corréa-Marques et al. 2003).

2.5.3. Grooming behaviour

Adult mites are capable of attaching to the
bees’ bodies during phoretic stages (Kurze et al.
2016). In response, worker bees have developed
an adaptive behaviour known as grooming behav-
iour, which allows them to remove, injure, or kill
the mites from themselves or their nestmates (Le
Conte et al. 2015; Kurze et al. 2016; Guzman-
novoa et al. 2018). V. destructor-resistant honeybee
populations have been identified worldwide, with
increased levels of grooming behaviour being a
key factor in their resistance (Guzman-novoa et al.
2012). Similarly, African-derived bees also show
high grooming behaviour, resulting in up to 80% of
investigated fallen mites being damaged (Gela et al.
2023a, b). Moreover, this trait has also been identi-
fied as a contributing factor to V. destructor resil-
ience of A. m. intermissa in Tunisia (Boecking and
Ritter 1993), A. m. intermissa in Algeria (Dadoun
et al. 2020), and A. m. bandasii in Ethiopia (Gela
et al. 2023b). Nevertheless, the contribution of this
trait in limiting the mite population growth varies
among different African-derived bee populations,
which may be due to genetic or environmental fac-
tors. For example, studies conducted in Ethiopian
A. m. simensis (Gebremedhn et al. 2019) and Ken-
yan A. m. scutellata (Nganso et al. 2017) did not
provide evidence supporting grooming behaviour
does limit V. destructor population growth.

3. CHALLENGES FOR THE AFRICAN
BEEKEEPING SECTOR

The resilience of African-derived bees to V.
destructor is partly attributed to the indigenous
beekeepers’ management practices characterized
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by minimal disturbances to the harmony between
nature and bees, such as using traditional hives
for honey production and swarm catching as
sources for new colonies (Gebremedhn et al.
2019). However, the low productivity of local
honeybee subspecies is primarily also attributed
to these traditional beekeeping management prac-
tices (Jacobs et al. 2006; Gratzer et al. 2021). For
instance in Ethiopia, traditional hives produce
only 5-6 kg of honey annually, while modern
hives may yield 35-45 kg (Jacobs et al. 2006).
Since local beekeepers harvest honey from the
traditional hives by removing entire combs, Afri-
can honey also often faces quality issues due to
the presence of wax, pollen, and other impurities
(Jacobs et al. 2006). This may in turn negatively
impact its market value (Jacobs et al. 2006).

Hence, to increase productivity and maxi-
mize returns for beekeepers, several efforts have
been made in different African countries to shift
from traditional to modern beekeeping systems
(Hailu et al. 2022). However, this transforma-
tion has taken place through the adoption of
modern beekeeping management practices and
technologies from Western beekeeping systems
(Hailu et al. 2022). This shift included transfer-
ring honeybee colonies from traditional hives
to framed hives, using founded sheets or artifi-
cial combs with larger cell sizes, and multiply-
ing colonies through advanced methods such as
splitting and larval grafting (Gemeda et al. 2020;
Hailu et al. 2022). In addition, some efforts even
tried to introduce and promote selective breeding
to enhance the productivity of local honeybee
populations (Negera et al. 2020; Shitaneh et al.
2022).

On the other hand, while the Western modern
beekeeping practices such as using framed hives
and selective breeding have succeeded in improv-
ing economic traits such as honey yield, these
efforts have not achieved the desired outcome of
producing healthy bee populations (Biichler et al.
2010; Neumann and Blacquiere 2016; Uzunov
et al. 2017; Guichard et al. 2020; Kovaci¢ et al.
2020). Instead, selective breeding has reduced
the genetic diversity of European-derived hon-
eybees (Biichler et al. 2010; Themudo et al.
2020), making it more difficult for populations
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to adapt to new threats (Tarpy and Pettis 2013;
Leclercq et al. 2018). Western beekeepers also
use chemical treatments to control V. destruc-
tor infestations, making it harder for resistance
traits to emerge and spread naturally within bee
populations (Kovacdi€ et al. 2020; van Alphen
and Fernhout 2020). As a result, these Western
modern beekeeping practices have contributed
to the propagation of vulnerable bee populations
(Biichler et al. 2010). Thus, completely shifting
from traditional to modern beekeeping systems
in Africa solely relying on Western practices
may result in unintended challenges, particularly
regarding the health and genetic diversity of local
honeybee subspecies (FAO et al. 2021). African
beekeeping systems should instead adopt an inte-
grated approach that combines the strengths of
traditional practices with modern techniques.
This approach may promote commercialization
while maintaining the genetic diversity and resil-
ience of African bees to various environmental
stressors, such as the V. destructor.

4. FUTURE PERSPECTIVES

The natural resilience of African-derived hon-
eybees to V. destructor is attributed to a com-
bination of several factors, including defensive
traits that develop through natural selection,
such as hygienic behaviour (Muli et al. 2014;
Gebremedhn et al. 2019; Gela et al. 2023b),
grooming behaviour (Boecking and Ritter 1993;
Dadoun et al. 2020; Gela et al. 2023b), and
SMR (Strauss et al. 2016; Nganso et al. 2018;
Gebremedhn et al. 2019). In the past decades,
several studies were performed to identify the
molecular basis of V. destructor-resistance in
survivor populations. It was demonstrated that
the mechanisms behind these traits are com-
plex and involve multiple genes. However, the
search for the molecular basis of V. destructor-
resistance of African-derived bees has only just
started and focused on the occurrence of genetic
markers already discovered in survival colonies
from the West and the expression of olfactory
genes in the antennae. Broadening the study to
genome-wide association studies of different
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African-derived honeybee populations will cer-
tainly provide new and valuable information of
the mechanisms behind their defensive traits. It
could provide several genetic markers for selec-
tive breeding purposes in the West, potentially
having broader applications across diverse envi-
ronmental and genetic conditions.

The reproductive success of V. destructor in
African-derived bees is low (Strauss et al. 2016;
Gebremedhn et al. 2019), primarily due to the
failure of mother mites to produce adult male
offspring. This phenomenon, wherein foundress
mites fail to produce male progeny, is rarely
observed outside of African (Gebremedhn et al.
2019) and Africanized bees (Corréa-Marques
et al. 2003). Therefore, investigating the factors
that prevent foundress mites from producing male
offspring in African bees is a promising area of
research. This knowledge could be crucial for
developing new strategies to combat V. destruc-
tor infestations in other honeybee populations.

Transitional hives produce higher yields and
better honey quality compared to traditional
hives (Beyene et al. 2015). Like traditional hives,
these hive types allow bees to develop natural
combs with smaller cell sizes, and honey har-
vesting is done by removing honeycombs, facil-
itating comb recycling. Therefore, promoting
transitional hives may improve productivity and
maximize returns for beekeepers while sustain-
ing the health of local honeybees, which requires
further attention and investigation.

Several potential factors, such as the use of
small comb cell size, brood interruption, comb
recycling or using new combs, and the use of
young queens in a colony, may contribute to the
low mite’s infestation rates observed in traditional
hives. However, these factors may require further
investigation to validate their effectiveness and
integrate them with modern beekeeping practices.

5. CONCLUSIONS

The results suggest that African-derived honey-
bees are resilient to a broad set of threats including
the ectoparasite V. destructor because they live in
harmony with nature. Resilience is attributed to a
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more bee-friendly environment, to better balanced
colony densities, to beekeepers’ management
practices, and to the bee’s behavioural adaptation
and physiological and genetic traits. Nature-based
beekeeping practices that allow natural selection
to operate and maintain the genetic diversity of
local honeybee subspecies are the key to their
resilience against V. destructor infestations.

ACKNOWLEDGEMENTS

The authors acknowledge Dr. Ellen Danneels and Dr.
Lina De Smet from Ghent University, Belgium, and Mr.
Tesfay Atsbeha from Mekelle Bee Research and Train-
ing Centre, for their invaluable inputs during the design
and outlining of this review article. The authors also
express their appreciation to Ghent University Special
Research Fund, Global Minds, and the Tigray Agricul-
tural Research Institute for their financial support.

AUTHOR CONTRIBUTION

Haftom Gebremedhn and Dirk C. de Graaf contributed
to the study conception and design. Material preparation,
data collection, and analysis were performed by Haftom
Gebremedhn. The first draft of the manuscript was writ-
ten by Haftom Gebremedhn and all authors commented
on previous versions of the manuscript. All authors read
and approved the final manuscript.

FUNDING

The concept outlined in this review paper forms the com-
mon thread of the Better-B project which has received
funding from the European Union, the Swiss State Sec-
retariat for Education, Research and Innovation (SERI),
and UK Research and Innovation (UKRI) under the UK
government’s Horizon Europe funding guarantee (grant
number 10068544).

DATA AVAILABILITY

In the paper and its supporting materials, the authors
declare that the data supporting their findings are avail-
able. Any raw data files needed in another format can be
obtained from the corresponding author upon reasonable
request.

DECLARATIONS

Competing interests
interests.

The authors declare no competing

Page 150f20 67

Open Access This article is licensed under a Creative
Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and repro-
duction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third
party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in
a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by/4.0/.

REFERENCES

Ababor S, Tekle Y (2018) Beekeeping practice, oppor-
tunities, marketing and challenges in Ethiopia:
review. J Dairy Vet Sci 5:. https://doi.org/10.19080/
jdvs.2018.05.555662

Adgaba N, Al-Ghamdi AA, Chernet MH et al (2012) An
experiment on comb orientation by honey bees
(Hymenoptera: Apidae) in traditional hives. J Econ
Entomol 105:777-782. https://doi.org/10.1603/029.
105.0501

Adi A, Wakjira K, Kelbessa E, Bezabeh A (2014) Hon-
eybee forages of Ethiopia. Holeta Bee Research
Center, Addis Ababa, Ethiopia.

Aglagane A, Oleksa A, Er-Rguibi O et al (2023) Genetic
diversity and population structure of the Saharan
honey bee Apis mellifera sahariensis from south-
eastern Morocco: introgression assessment and
implications for conservation. Apidologie 54:31.
https://doi.org/10.1007/s13592-023-01009-9

Akinwande KL, Badejo MA, Ogbogu SS (2012) Inci-
dence of the Korean haplotype of Varroa destruc-
tor in southwest Nigeria. J Apic Res 51:369-370.
https://doi.org/10.3896/IBRA.1.51.4.15

Akyol E, Yeninar H, Karatepe M et al (2007) Effects of
queen ages on Varroa (Varroa destructor) infesta-
tion level in honey bee (Apis mellifera caucasica)
colonies and colony performance. Ital J Anim Sci
6:143-149. https://doi.org/10.4081/ijas.2007.143

Al-Ghamdi AA, Adgaba N, Herab AH, Ansari MJ (2017)
Comparative analysis of profitability of honey pro-
duction using traditional and box hives. Saudi J
Biol Sci 24:1075-1080. https://doi.org/10.1016/j.
$jbs.2017.01.007

Allsopp M (2006) Analysis of Varroa destructor infes-
tation of Southern African honeybee populations.
University of Pretoria (South Africa)

Anderson DL, Trueman JWH (2000) Varroa jacob-
soni (Acari: Varroidae) is more than one species.

INRAZ ©IDIB £ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.19080/jdvs.2018.05.555662
https://doi.org/10.19080/jdvs.2018.05.555662
https://doi.org/10.1603/029.105.0501
https://doi.org/10.1603/029.105.0501
https://doi.org/10.1007/s13592-023-01009-9
https://doi.org/10.3896/IBRA.1.51.4.15
https://doi.org/10.4081/ijas.2007.143
https://doi.org/10.1016/j.sjbs.2017.01.007
https://doi.org/10.1016/j.sjbs.2017.01.007

67 Page 16 of 20

Exp Appl Acarol 24:165-189. https://doi.org/10.
1023/A:1006456720416

Ardestani MM (2015) Investigating the influence of post-
capping period on varroa mite infestation. J Apic
Res 54:335-341. https://doi.org/10.1080/00218
839.2016.1159788

Barascou L, Brunet J-L, Belzunces L et al (2021) Pesti-
cide risk assessment in honeybees: toward the use
of behavioral and reproductive performances as
assessment endpoints. Chemosphere 276:130134.
https://doi.org/10.1016/j.chemosphere.2021.
130134

Begna D, Gela A, Negera T, Bezabeh A (2016) Identify-
ing the species, effects and seasonal dynamics of
honeybee varroa mites: a newly emerging parasite
to Ethiopian honeybee. Int J Sci Res Environ Sci
Toxicol 1:4

Beyene T, Abi D, Chalchissa G, WoldaTsadik M (2015)
Evaluation of transitional and modern hives for
honey production in Mid Rift Valley of Ethiopia.
Glob J Anim Sci Res 3:48-56

Blacquiere T, Boot W, Calis J, et al (2019) Darwinian
black box selection for resistance to settled inva-
sive Varroa destructor parasites in honey bees. Biol
Invasions 21:2519-2528. https://doi.org/10.1007/
$10530-019-02001-0

Boecking O, Ritter W (1993) Grooming and removal
behaviour of Apis mellifera intermissa in Tunisia
against Varroa jacobsoni. J Apic Res 32:127-134.
https://doi.org/10.1080/00218839.1993.11101297

Bradbear N (2009) Bees and their role in forest liveli-
hoods: a guide to the services provided by bees and
the sustainable harvesting, processing and market-
ing of their products. In: Non-wood Forest Products
19. FAO, Rome, Italy, Rome

Branchiccela B, Castelli L, Corona M, et al (2019)
Impact of nutritional stress on the honeybee col-
ony health. Sci Rep 9:. https://doi.org/10.1038/
$41598-019-46453-9

Brummitt N, Aratjo AC, Harris T (2021) Areas of plant
diversity—what do we know? PLANTS, PEOPLE,
PLANET 3:33-44. https://doi.org/10.1002/ppp3.
10110

Biichler R, Berg S, Le Conte Y (2010) Breeding for
resistance to Varroa destructor in Europe. Apid-
ologie 41:393-408. https://doi.org/10.1051/apido/
2010011

Chemurot M (2017) The distribution, infestation levels
and effects of honeybee parasites and pathogens on
colony performance in two agro-ecological zones
of Uganda. Ghent University

Corona M, Branchiccela B, Alburaki M et al (2023)
Decoupling the effects of nutrition, age, and behav-
ioral caste on honey bee physiology, immunity, and
colony health. Front Physiol. https://doi.org/10.
3389/fphys.2023.1149840

INRAZ $SDIB 4 Springer

H. Gebremedhn et al.

Corréa-Marques MH, Medina LM, Martin SJ, De Jong
D (2003) Comparing data on the reproduction of
Varroa destructor. Genet Mol Res 2:1-6

Dadoun N, Nait-Mouloud M, Mohammedi A, Saded-
dine Zennouche O (2020) Differences in groom-
ing behavior between susceptible and resistant
honey bee colonies after 13 years of natural
selection. Apidologie. https://doi.org/10.1007/
$13592-020-00761-6

Dafar A (2018) Review of economical and ecological
importance of bee and bee products in Ethiopia.
J Anim Husb Dairy Sci 2:18-26

de Mattos IM, Soares AEE, Tarpy DR (2017) Effects
of synthetic acaricides on honey bee grooming
behavior against the parasitic Varroa destructor
mite. Apidologie 48:483-494. https://doi.org/10.
1007/513592-017-0491-9

Delaney DA, Meixner MD, Schiff NM, Sheppard WS
(2009) Genetic characterization of commercial
honey bee (Hymenoptera: Apidae) populations
in the United States by using mitochondrial and
microsatellite markers. Ann Entomol Soc Am
102:666—673. https://doi.org/10.1603/008.102.
0411

Dunne J, Hohn A, Franke G, et al (2021) Honey-col-
lecting in prehistoric West Africa from 3500 years
ago. Nat Commun 12:. https://doi.org/10.1038/
$41467-021-22425-4

Ellis JD, Ellis A (2009) African honey bee, African-
ized honey bee, killer bee, Apis mellifera scutel-
lata Lepeletier (Insecta: Hymenoptera: Apidae).
EENY 429/IN790, Rev 11/2009 2:2009-2011.
https://doi.org/10.32473/edis-in790-2009

Erickson EH, Lusby DA, Hoffman GD, Lusby EW
(1990) On the size of cells: speculations on foun-
dation as a colony management tool. Bee Cult
118(98-101):174

FAO (2025) World Bee Day 2025 : Africa honey pro-
duction has highest global growth rate. 1-5

FAO, IZSLT, Apimondia, CAAS (2021) Good bee-
keeping practices for sustainable apiculture FAO
Animal Production and Health Guidelines No.
25. Rome

Franck P, Garnery L, Loiseau A et al (2001) Genetic
diversity of the honeybee in Africa : microsat-
ellite and mitochondrial data. Heredity (Edinb)
86:420-430

Frazier M, Muli E, Patch H (2024) Ecology and man-
agement of African Honey Bees (Apis mellifera
L.). Annu Rev Entomol 69:439-453. https://doi.
org/10.1146/annurev-ento-020823-095359

Fries I, Hansen H, Imdorf A, Rosenkranz P (2003a)
Swarming in honey bees (Apis mellifera) and Var-
roa destructor population development in Sweden.
Apidologie 34:389-397. https://doi.org/10.1051/
apido

Fries I, Hansen H, Imdorf A, Rosenkranz P (2003b)
Swarming in honey bees (Apis mellifera) and


https://doi.org/10.1023/A:1006456720416
https://doi.org/10.1023/A:1006456720416
https://doi.org/10.1080/00218839.2016.1159788
https://doi.org/10.1080/00218839.2016.1159788
https://doi.org/10.1016/j.chemosphere.2021.130134
https://doi.org/10.1016/j.chemosphere.2021.130134
https://doi.org/10.1007/s10530-019-02001-0
https://doi.org/10.1007/s10530-019-02001-0
https://doi.org/10.1080/00218839.1993.11101297
https://doi.org/10.1038/s41598-019-46453-9
https://doi.org/10.1038/s41598-019-46453-9
https://doi.org/10.1002/ppp3.10110
https://doi.org/10.1002/ppp3.10110
https://doi.org/10.1051/apido/2010011
https://doi.org/10.1051/apido/2010011
https://doi.org/10.3389/fphys.2023.1149840
https://doi.org/10.3389/fphys.2023.1149840
https://doi.org/10.1007/s13592-020-00761-6
https://doi.org/10.1007/s13592-020-00761-6
https://doi.org/10.1007/s13592-017-0491-9
https://doi.org/10.1007/s13592-017-0491-9
https://doi.org/10.1603/008.102.0411
https://doi.org/10.1603/008.102.0411
https://doi.org/10.1038/s41467-021-22425-4
https://doi.org/10.1038/s41467-021-22425-4
https://doi.org/10.32473/edis-in790-2009
https://doi.org/10.1146/annurev-ento-020823-095359
https://doi.org/10.1146/annurev-ento-020823-095359
https://doi.org/10.1051/apido
https://doi.org/10.1051/apido

African bees resilience

Varroa destructor population development in Swe-
den Ingemar. Apidologie 34:389-397. https://doi.
org/10.1051/apido:2003032

Fries I, Imdorf A, Rosenkranz P (2006) Survival of mite
infested (Varroa destructor) honey bee (Apis mel-
lifera) colonies in a Nordic climate. Apidologie
37:564-570. https://doi.org/10.1051/apido:20060
31

Fuchs S, Langenbach K (1989) Multiple infestation of
Apis mellifera L. brood cells and reproduction in
Varroa jacobsoni Oud. Apidologie 20:257-266.
https://doi.org/10.1051/apido:19890308

Garratt MPD, Breeze TD, Jenner N et al (2014) Avoid-
ing a bad apple: insect pollination enhances fruit
quality and economic value. Agric Ecosyst Environ
184:34-40. https://doi.org/10.1016/j.agee.2013.10.
032

Gebremedhn H, Amssalu B, De Smet L De, de Graaf DC
(2019) Factors restraining the population growth
of Varroa destructor in Ethiopian honey bees (Apis
mellifera simensis). PLoS One 14:. https://doi.org/
10.1371/journal.pone.0223236

Gebremedhn H, Deboutte W, Schoonvaere K, et al (2020)
Metagenomic approach with the NetoVIR enrich-
ment protocol reveals virus diversity within Ethio-
pian honey bees (Apis mellifera simensis). Viruses
12:. https://doi.org/10.3390/v12111218

Gebremedhn H, Claeys Bouuaert D, Asperges M et al
(2023) Expression of molecular markers of resil-
ience against Varroa destructor and bee viruses in
Ethiopian honey bees (Apis mellifera simensis)
focussing on olfactory sensing and the RNA inter-
ference machinery. Insects 14:436. https://doi.org/
10.3390/insects 14050436

Gebretsadik T, Negash D (2016) Honeybee production
system, challenges and opportunities in selected
districts of Gedeo zone, Southern Nation, Nation-
alities and Peoples Regional State, Ethiopia. Int J
Res granthaalayah 4:

Gela A, Atickem A, Bezabeh A, et al (2023a) Insights
into varroa mite (Varroa destructor) infestation
levels in local honeybee (Apis mellifera) colonies
of Ethiopia. J Appl Entomol 00: https://doi.org/10.
1111/jen.13171

Gela A, Gebresilassie A, Woldehawariat Y et al (2023b)
Defensive behaviors of the central highland hon-
eybees, Apis mellifera bandasii against Varroa
destructor in Ethiopia. Bee Stud 15:61-71

Gemeda M, Legesse G, Damto T, Kebaba D (2020)
Harvesting royal jelly using splitting and graft-
ing queen rearing methods in Ethiopia. Bee World
97:114-116. https://doi.org/10.1080/0005772X.
2020.1817657

Gramacho KP, Spivak M (2003) Differences in olfac-
tory sensitivity and behavioral responses among
honey bees bred for hygienic behavior. Behav Ecol
Sociobiol 54:472-479. https://doi.org/10.1007/
$00265-003-0643-y

Page 17 0f 20 67

Gratzer K, Wakjira K, Fiedler S, Brodschneider R (2021)
Challenges and perspectives for beekeeping in Ethi-
opia. A Review Agron Sustain Dev 41:46. https://
doi.org/10.1007/s13593-021-00702-2

Guichard M, Dietemann V, Neuditschko M, Dainat B
(2020) Advances and perspectives in selecting
resistance traits against the parasitic mite Var-
roa destructor in honey bees. Genet Sel Evol 52:.
https://doi.org/10.1186/s12711-020-00591-1

Guichard M, Dainat B, Dietemann V (2023) Prospects,
challenges and perspectives in harnessing natural
selection to solve the ‘varroa problem’ of honey
bees. Evol Appl 16:593-608. https://doi.org/10.
1111/eva.13533

Guzman-novoa E, Emsen B, Unger P et al (2012) Geno-
typic variability and relationships between mite
infestation levels, mite damage, grooming inten-
sity, and removal of Varroa destructor mites in
selected strains of worker honey bees (Apis mel-
lifera L.). J Invertebr Pathol 110:314-320. https://
doi.org/10.1016/j.jip.2012.03.020

Guzman-novoa E, Emsen B, Espinosa L, Petukhova
T (2018) Genotypic variability and relation-
ships between mite infestation levels, mite dam-
age, grooming intensity, and removal of Varroa
destructor mites in selected strains of worker
honey bees (Apis mellifera L.). J Invertebr Pathol
110:314-320. https://doi.org/10.1016/j.jip.2012.
03.020

Hailu TG, Rosenkranz P, Hasselmann M (2022)
Rapid transformation of traditional beekeep-
ing and colony marketing erode genetic dif-
ferentiation in Apis mellifera simensis. Ethio-
pia Apidologie 53:45. https://doi.org/10.1007/
$13592-022-00957-y

Harbo JR, Harris J (2005) Suppressed mite reproduc-
tion explained by the behaviour of adult bees.
J Apic Res 44:21-23. https://doi.org/10.1080/
00218839.2005.11101141

Hepbum HR, Radloff S (1998) Honeybees of Africa,
1st editi. Springer-Verlag, Berlin Heidelberg, New
York

Holmes LA, Ovinge LP, Kearns JD, et al (2023)
Queen quality, performance, and winter sur-
vival of imported and domestic honey bee queen
stocks. Sci Rep 13:. https://doi.org/10.1038/
$41598-023-44298-x

Ilyasov RA, Lee M et al (2020) A revision of subspecies
structure of western honey bee Apis mellifera.
Saudi J Biol Sci 27:3615-3621. https://doi.org/
10.1016/j.5jbs.2020.08.001

Jacobs FJ, Simoens C, De GDC, Deckers J (2006)
Scope for non-wood forest products income
generation from rehabilitation areas: focus on
beekeeping Scope for non-wood forest products
income generation from rehabilitation areas :
focus on beekeeping. J Drylands 1:171-185

INRAZ €©YDIB £ Springer


https://doi.org/10.1051/apido:2003032
https://doi.org/10.1051/apido:2003032
https://doi.org/10.1051/apido:2006031
https://doi.org/10.1051/apido:2006031
https://doi.org/10.1051/apido:19890308
https://doi.org/10.1016/j.agee.2013.10.032
https://doi.org/10.1016/j.agee.2013.10.032
https://doi.org/10.1371/journal.pone.0223236
https://doi.org/10.1371/journal.pone.0223236
https://doi.org/10.3390/v12111218
https://doi.org/10.3390/insects14050436
https://doi.org/10.3390/insects14050436
https://doi.org/10.1111/jen.13171
https://doi.org/10.1111/jen.13171
https://doi.org/10.1080/0005772X.2020.1817657
https://doi.org/10.1080/0005772X.2020.1817657
https://doi.org/10.1007/s00265-003-0643-y
https://doi.org/10.1007/s00265-003-0643-y
https://doi.org/10.1007/s13593-021-00702-2
https://doi.org/10.1007/s13593-021-00702-2
https://doi.org/10.1186/s12711-020-00591-1
https://doi.org/10.1111/eva.13533
https://doi.org/10.1111/eva.13533
https://doi.org/10.1016/j.jip.2012.03.020
https://doi.org/10.1016/j.jip.2012.03.020
https://doi.org/10.1016/j.jip.2012.03.020
https://doi.org/10.1016/j.jip.2012.03.020
https://doi.org/10.1007/s13592-022-00957-y
https://doi.org/10.1007/s13592-022-00957-y
https://doi.org/10.1080/00218839.2005.11101141
https://doi.org/10.1080/00218839.2005.11101141
https://doi.org/10.1038/s41598-023-44298-x
https://doi.org/10.1038/s41598-023-44298-x
https://doi.org/10.1016/j.sjbs.2020.08.001
https://doi.org/10.1016/j.sjbs.2020.08.001

67 Page 18 of 20

Jiang S, Robertson T, Mostajeran M et al (2016) Differ-
ential gene expression of two extreme honey bee
(Apis mellifera) colonies showing varroa toler-
ance and susceptibility. Insect Mol Biol. https://
doi.org/10.1111/imb.12217

Kovacéi¢ M, Puskadija Z, Drazi¢ MM et al (2020)
Effects of selection and local adaptation on resil-
ience and economic suitability in Apis mellifera
carnica. Apidologie 51:1062-1073. https://doi.
org/10.1007/s13592-020-00783-0

Kurze C, Routtu J, Moritz RFA (2016) Parasite resist-
ance and tolerance in honeybees at the individual
and social level. Zoology 119:290-297. https://
doi.org/10.1016/j.2001.2016.03.007

De la Raa P et al (2009) Biodiversity, conservation and
current threats to European honeybees. Apidolo-
gieOrg 40:263-284

Le Conte Y, De Vaublanc G, Crauser D et al (2007)
Honey bee colonies that have survived Varroa
destructor. Apidologie 38:566—572. https://doi.org/
10.1051/apido:2007040

Le Conte Y, Huang ZY, Roux M et al (2015) Varroa
destructor changes its cuticular hydrocarbons to
mimic new hosts. Biol Lett 11:20150233. https://
doi.org/10.1098/rsb1.2015.0233

Leclercq G, Gengler N, Francis F (2018) How human
reshaped diversity in honey bees (Apis mellifera
L.): areview. Entomol Faun Entomol 71:

Lively CM (2010) The effect of host genetic diversity on
disease spread. Am Nat 175:2-5. https://doi.org/
10.1086/652430

Locke B, Fries I (2011) Characteristics of honey bee colo-
nies (Apis mellifera) in Sweden surviving Varroa
destructor infestation. Apidologie 42:533-542.
https://doi.org/10.1007/s13592-011-0029-5

Loftus JC, Smith ML, Seeley TD (2016) How honey bee
colonies survive in the wild: testing the importance
of small nests and frequent swarming. PLoS ONE
11:e0150362. https://doi.org/10.1371/journal.pone.
0150362

Lépez JH, Krainer S, Engert A et al (2017) Sublethal
pesticide doses negatively affect survival and the
cellular responses in American foulbrood-infected
honeybee larvae. Sci Rep 7:33-36. https://doi.org/
10.1038/srep40853

Lowore J (2020) Understanding the livelihood implica-
tions of reliable honey trade in the Miombo Wood-
lands in Zambia. Front For Glob Chang 3:. https://
doi.org/10.3389/ffgc.2020.00028

Lowore J, Meaton J, Wood A (2018) African forest honey:
an overlooked NTFP with potential to support live-
lihoods and forests. Environ Manage 62:15-28.
https://doi.org/10.1007/s00267-018-1015-8

Luis AR, Grindrod I, Webb G et al (2022) Recapping
and mite removal behaviour in Cuba: home to the
world’s largest population of Varroa-resistant Euro-
pean honeybees. Sci Rep 12:15597. https://doi.org/
10.1038/s41598-022-19871-5

INRAZ $SDIB 4 Springer

H. Gebremedhn et al.

Martin SJ, Highfield AC, Brettell L, et al (2012) Global
honey bee viral landscape altered by a parasitic
mite. Science (80-) 336:1304—1306. https://doi.
org/10.1126/science.1220941

Masterman R, Ross R, Mesce K, Spivak M (2001) Olfac-
tory and behavioral response thresholds to odors
of diseased brood differ between hygienic and
non-hygienic honey bees (Apis mellifera L.). J
Comp Physiol - A Sensory, Neural, Behav Physiol
187:441-452. https://doi.org/10.1007/s003590100
216

McMenamin A, Mumoki F, Frazier M et al (2017) The
impact of hive type on the behavior and health
of honey bee colonies (Apis mellifera) in Kenya.
Apidologie 48:703-715. https://doi.org/10.1007/
$13592-017-0515-5

Mondet F, Alaux C, Severac D, et al (2015) Antennae
hold a key to Varroa - sensitive hygiene behaviour
in honey bees. Sci Rep 5:. https://doi.org/10.1038/
srep10454

Moritz RFA, Kraus FB, Kryger P, Crewe RM (2007) The
size of wild honeybee populations (Apis mellifera)
and its implications for the conservation of honey-
bees. J Insect Conserv 11:391-397. https://doi.org/
10.1007/510841-006-9054-5

Muli E, Patch H, Frazier M, et al (2014) Evaluation of
the distribution and impacts of parasites, patho-
gens, and pesticides on honey bee (Apis mellifera)
populations in East Africa. PLoS One 9:. https://
doi.org/10.1371/journal.pone.0094459

Naug D (2009) Nutritional stress due to habitat loss may
explain recent honeybee colony collapses. Biol
Conserv 142:2369-2372. https://doi.org/10.1016/j.
biocon.2009.04.007

Negera T, Ararso Z, Wakjira K (2020) Selection and per-
formance evaluation of local honeybee (Apis mel-
lifera bandasii) for Stock Improvement in Ethiopia.
Adv Biosci Bioeng 8:42. https://doi.org/10.11648/j.
abb.20200803.11

Neumann P, Blacquiére T (2016) The Darwin cure for
apiculture? Natural selection and managed hon-
eybee health. Evol Appl. https://doi.org/10.1111/
eva.12448

Nganso BT, Fombong AT, Yusuf AA, et al (2017)
Hygienic and grooming behaviors in African and
European honeybees—new damage categories in
Varroa destructor. PLoS One 12:. https://doi.org/
10.1371/journal.pone.0179329

Nganso BT, Fombong AT, Yusuf AA et al (2018) Low
fertility, fecundity and numbers of mated female
offspring explain the lower reproductive success
of the parasitic mite Varroa destructor in African
honeybees. Parasitology 145:1633-1639. https://
doi.org/10.1017/S0031182018000616

Nganso BT, Soroker V, Osabutey AF et al (2024) Best
practices for colony management: a neglected
aspect for improving honey bee colony health and


https://doi.org/10.1111/imb.12217
https://doi.org/10.1111/imb.12217
https://doi.org/10.1007/s13592-020-00783-0
https://doi.org/10.1007/s13592-020-00783-0
https://doi.org/10.1016/j.zool.2016.03.007
https://doi.org/10.1016/j.zool.2016.03.007
https://doi.org/10.1051/apido:2007040
https://doi.org/10.1051/apido:2007040
https://doi.org/10.1098/rsbl.2015.0233
https://doi.org/10.1098/rsbl.2015.0233
https://doi.org/10.1086/652430
https://doi.org/10.1086/652430
https://doi.org/10.1007/s13592-011-0029-5
https://doi.org/10.1371/journal.pone.0150362
https://doi.org/10.1371/journal.pone.0150362
https://doi.org/10.1038/srep40853
https://doi.org/10.1038/srep40853
https://doi.org/10.3389/ffgc.2020.00028
https://doi.org/10.3389/ffgc.2020.00028
https://doi.org/10.1007/s00267-018-1015-8
https://doi.org/10.1038/s41598-022-19871-5
https://doi.org/10.1038/s41598-022-19871-5
https://doi.org/10.1126/science.1220941
https://doi.org/10.1126/science.1220941
https://doi.org/10.1007/s003590100216
https://doi.org/10.1007/s003590100216
https://doi.org/10.1007/s13592-017-0515-5
https://doi.org/10.1007/s13592-017-0515-5
https://doi.org/10.1038/srep10454
https://doi.org/10.1038/srep10454
https://doi.org/10.1007/s10841-006-9054-5
https://doi.org/10.1007/s10841-006-9054-5
https://doi.org/10.1371/journal.pone.0094459
https://doi.org/10.1371/journal.pone.0094459
https://doi.org/10.1016/j.biocon.2009.04.007
https://doi.org/10.1016/j.biocon.2009.04.007
https://doi.org/10.11648/j.abb.20200803.11
https://doi.org/10.11648/j.abb.20200803.11
https://doi.org/10.1111/eva.12448
https://doi.org/10.1111/eva.12448
https://doi.org/10.1371/journal.pone.0179329
https://doi.org/10.1371/journal.pone.0179329
https://doi.org/10.1017/S0031182018000616
https://doi.org/10.1017/S0031182018000616

African bees resilience

productivity in Africa. J Apic Res. https://doi.org/
10.1080/00218839.2024.2308418

Nuru A, Amssalu B, Hepburn HR, Radloft SE (2002)
Swarming and migration in the honey bees (Apis
mellifera) of Ethiopia. J Apic Res 41:35-41. https://
doi.org/10.1080/00218839.2002.11101066

Oddie MAY, Dahle B, Neumann P (2017) Norwegian
honey bees surviving Varroa destructor mite infes-
tations by means of natural selection. PeerJ 5:.
https://doi.org/10.7717/peerj.3956

Palacio MA, Rodriguez E, Goncalves L et al (2010)
Hygienic behaviors of honey bees in response to
brood experimentally pin-killed or infected with
Ascosphaera apis. Apidologie 41:602—612. https://
doi.org/10.1051/apido/2010022

Perichon S, Adamchuk L, Biber L, et al (2024) PERCEP-
TION DES MENACES POUR LES COLONIES
D’ABEILLES ET FUTUR DE L’APICULTURE
LOCALE ENVISAGE PAR DES APICULTEURS
DANS DIFFERENTS PAYS D’EUROPE. Bull la
Société Géographique Liege 82:19-46. https://doi.
org/10.25518/0770-7576.7229

Pettis JS, Vanengelsdorp D, Johnson J, Dively G
(2012) Pesticide exposure in honey bees results
in increased levels of the gut pathogen Nosema.
Naturwissenschaften 99:153—158. https://doi.org/
10.1007/s00114-011-0881-1

Piccirillo GA, De Jong D (2003) The influence of brood
comb cell size on the reproductive behavior of the
ectoparasitic mite Varroa destructor in Africanized
honey bee colonies. Genet Mol Res 2:36-42

Piccirillo GA, De Jong D (2004) Old honey bee brood
combs are more infested by the mite Varroa
destructor than are new brood combs. Apidologie
35:359-364. https://doi.org/10.1051/apido:20040
22

Pirk CWW, Strauss U, Yusuf AA et al (2016) Honeybee
health in Africa—a review. Apidologie 47:276—
300. https://doi.org/10.1007/s13592-015-0406-6

Qian H, Qian S (2023) Geographic patterns of taxonomic
and phylogenetic $-diversity of angiosperm genera
in regional floras across the world. Plant Divers
45:491-500. https://doi.org/10.1016/j.pld.2023.
07.008

Reed DH (2007) Selection and the rate of loss of genetic
variation: natural selection and genetic diversity.
Heredity (Edinb) 99:1-2. https://doi.org/10.1038/
sj.hdy.6800990

Sabatini FM, Jiménez-Alfaro B, Jandt U et al (2022)
Global patterns of vascular plant alpha diversity.
Nat Commun 13:4683. https://doi.org/10.1038/
s41467-022-32063-z

Sabbahi R (2022) Effects of climate change on insect
pollinators and implications for food security —
evidence and recommended actions. The Food
Security, Biodiversity, and Climate Nexus. Springer
International Publishing, Cham, pp 143-163

Page 19 0f 20 67

Sammataro D, Untalan P, Guerrero F, Finley J (2005)
The resistance of varroa mites (Acari: Varroidae)
to acaricides and the presence of esterase. Int J
Acarol 31:67-74. https://doi.org/10.1080/01647
950508684419

Saucy F (2014) On the natural cell size of European
honey bees: a “fatal error” or distortion of histori-
cal data? J Apic Res 53:327-336. https://doi.org/
10.3896/IBRA.1.53.3.01

Scaramella N, Burke A, Oddie M et al (2023) Host brood
traits, independent of adult behaviours, reduce Var-
roa destructor mite reproduction in resistant honey-
bee populations. Int J Parasitol. https://doi.org/10.
1016/j.ijpara.2023.04.001

Schoning C, Gisder S, Geiselhardt S et al (2012) Evi-
dence for damage-dependent hygienic behaviour
towards Varroa destructor-parasitised brood in
the western honey bee, Apis mellifera. J Exp Biol
215:264-271. https://doi.org/10.1242/jeb.062562

Schulz AE (1984) Reproduction and population dynam-
ics of the parasitic mite Varroa jacobsoni Oud. and
its dependence on the brood cycle of its host Apis
mellifera L. Apidologie 15:401-420

Seeley TD (2007) Honey bees of the Arnot Forest: a
population of feral colonies persisting with Varroa
destructor in the northeastern United States. Apid-
ologie 38:19-29. https://doi.org/10.1051/apido:
2006055

Sharma A, Kumar V, Shahzad B et al (2019) World-
wide pesticide usage and its impacts on ecosys-
tem. SN Appl Sci 1:1446. https://doi.org/10.1007/
$42452-019-1485-1

Shitaneh E, Arega H, Getent M, Bezabeh A (2022) Per-
formance evaluation of local honey bee race (Apis
melifera secutellata) in the Metekel Zone of North
Western Ethiopia. Vet Med Sci 8:2696-2702.
https://doi.org/10.1002/vms3.885

Spivak M (1996) Honey bee hygienic behavior and
defense against Varroa jacobsoni. Apidologie
27:245-260. https://doi.org/10.1051/apido: 19960
407

Spivak M, Gilliam M (1998) Hygienic behaviour of
honey bees and its application for control of brood
diseases and varroa. Bee World 79:124-134.
https://doi.org/10.1080/0005772X.1998.11099394

Spivak M, Reuter GS (2001) Resistance to American
foulbrood disease by honey bee colonies Apis
mellifera bred for hygienic behavior. Apidologie
32:555-565. https://doi.org/10.1051/apido:20011
03

Strauss U, Dietemann V, Human H et al (2016) Resist-
ance rather than tolerance explains survival of
savannah honeybees (Apis mellifera scutellata) to
infestation by the parasitic mite Varroa destructor.
Parasitology 143:374-387. https://doi.org/10.1017/
S0031182015001754

Sultana N, Reza ME, Alam MN, et al (2024) Evaluat-
ing the efficiency of supplementary feeding as a

INRAZ €©YDIB £ Springer


https://doi.org/10.1080/00218839.2024.2308418
https://doi.org/10.1080/00218839.2024.2308418
https://doi.org/10.1080/00218839.2002.11101066
https://doi.org/10.1080/00218839.2002.11101066
https://doi.org/10.7717/peerj.3956
https://doi.org/10.1051/apido/2010022
https://doi.org/10.1051/apido/2010022
https://doi.org/10.25518/0770-7576.7229
https://doi.org/10.25518/0770-7576.7229
https://doi.org/10.1007/s00114-011-0881-1
https://doi.org/10.1007/s00114-011-0881-1
https://doi.org/10.1051/apido:2004022
https://doi.org/10.1051/apido:2004022
https://doi.org/10.1007/s13592-015-0406-6
https://doi.org/10.1016/j.pld.2023.07.008
https://doi.org/10.1016/j.pld.2023.07.008
https://doi.org/10.1038/sj.hdy.6800990
https://doi.org/10.1038/sj.hdy.6800990
https://doi.org/10.1038/s41467-022-32063-z
https://doi.org/10.1038/s41467-022-32063-z
https://doi.org/10.1080/01647950508684419
https://doi.org/10.1080/01647950508684419
https://doi.org/10.3896/IBRA.1.53.3.01
https://doi.org/10.3896/IBRA.1.53.3.01
https://doi.org/10.1016/j.ijpara.2023.04.001
https://doi.org/10.1016/j.ijpara.2023.04.001
https://doi.org/10.1242/jeb.062562
https://doi.org/10.1051/apido:2006055
https://doi.org/10.1051/apido:2006055
https://doi.org/10.1007/s42452-019-1485-1
https://doi.org/10.1007/s42452-019-1485-1
https://doi.org/10.1002/vms3.885
https://doi.org/10.1051/apido:19960407
https://doi.org/10.1051/apido:19960407
https://doi.org/10.1080/0005772X.1998.11099394
https://doi.org/10.1051/apido:2001103
https://doi.org/10.1051/apido:2001103
https://doi.org/10.1017/S0031182015001754
https://doi.org/10.1017/S0031182015001754

67 Page 20 of 20

management strategy for enhancing honeybee
(Apis mellifera L.) colony growth and productiv-
ity. Front Bee Sci 2:. https://doi.org/10.3389/frbee.
2024.1386799

Tarekegn A (2022) Traditional forest beekeeping and its
challenge in Benishangul Gumuz Regional State,
Ethiopia. Bee Stud Apic Res Inst 14:27-34. https://
doi.org/10.51458/bstd.2022.25

Tarpy DR, Pettis JS (2013) Genetic diversity affects col-
ony survivorship in commercial honey bee colo-
nies. Naturwissenschaften 100:723-728. https://
doi.org/10.1007/s00114-013-1065-y

Techer MA, Clémencet J, Simiand C, et al (2017) Large-
scale mitochondrial DNA analysis of native honey
bee Apis mellifera populations reveals a new Afri-
can subgroup private to the South West Indian
Ocean islands. BMC Genet 18:. https://doi.org/10.
1186/s12863-017-0520-8

Thaduri S, Stephan JG, de Miranda JR, Locke B (2019)
Disentangling host-parasite-pathogen interactions
in a varroa-resistant honeybee population reveals
virus tolerance as an independent, naturally adapted
survival mechanism. Sci Rep 9:. https://doi.org/10.
1038/s41598-019-42741-6

Themudo G espregueira, Rey-Iglesia A, Robles Tascon L,
et al (2020) Declining genetic diversity of European
honeybees along the twentieth century. Sci Rep 10:.
https://doi.org/10.1038/s41598-020-67370-2

Uzunov A, Brascamp EW, Biichler R (2017) The basic
concept of honey bee breeding programs. Bee
World 94:84-87. https://doi.org/10.1080/00057
72X.2017.1345427

van Alphen JJM, Fernhout BJ (2020) Natural selec-
tion, selective breeding, and the evolution of

INRAZ $SDIB 4 Springer

H. Gebremedhn et al.

resistance of honeybees (Apis mellifera) against
Varroa. Zool Lett 6:6. https://doi.org/10.1186/
s40851-020-00158-4

VanEngelsdorp D, Caron D, Hayes J et al (2012) A
national survey of managed honey bee 2010-11
winter colony losses in the USA: results from the
Bee Informed Partnership. J Apic Res 51:115-124.
https://doi.org/10.3896/IBRA.1.51.1.14

Visick OD, Ratnieks FLW (2023) Density of wild honey
bee, Apis mellifera, colonies worldwide. Ecol Evol.
https://doi.org/10.1002/ece3.10609

Wallberg A, Han F, Wellhagen G et al (2014) A world-
wide survey of genome sequence variation pro-
vides insight into the evolutionary history of the
honeybee Apis mellifera. Nat Genet 46:1081-1088.
https://doi.org/10.1038/ng.3077

Yang S, Deng S, Kuang H, et al (2021) Evaluating and
comparing the natural cell structure and dimensions
of honey bee comb cells of Chinese bee, Apis cer-
ana cerana (Hymenoptera: Apidae) and Italian bee,
Apis mellifera ligustica (Hymenoptera: Apidae). J
Insect Sci 21:. https://doi.org/10.1093/jisesa/ieab0
42

Zhang G, Olsson RL, Hopkins BK (2023) Strategies and
techniques to mitigate the negative impacts of pes-
ticide exposure to honey bees. Environ Pollut 318:.
https://doi.org/10.1016/j.envpol.2022.120915

Publisher’s Note Springer Nature remains neutral
with regard to jurisdictional claims in published maps
and institutional affiliations.


https://doi.org/10.3389/frbee.2024.1386799
https://doi.org/10.3389/frbee.2024.1386799
https://doi.org/10.51458/bstd.2022.25
https://doi.org/10.51458/bstd.2022.25
https://doi.org/10.1007/s00114-013-1065-y
https://doi.org/10.1007/s00114-013-1065-y
https://doi.org/10.1186/s12863-017-0520-8
https://doi.org/10.1186/s12863-017-0520-8
https://doi.org/10.1038/s41598-019-42741-6
https://doi.org/10.1038/s41598-019-42741-6
https://doi.org/10.1038/s41598-020-67370-2
https://doi.org/10.1080/0005772X.2017.1345427
https://doi.org/10.1080/0005772X.2017.1345427
https://doi.org/10.1186/s40851-020-00158-4
https://doi.org/10.1186/s40851-020-00158-4
https://doi.org/10.3896/IBRA.1.51.1.14
https://doi.org/10.1002/ece3.10609
https://doi.org/10.1038/ng.3077
https://doi.org/10.1093/jisesa/ieab042
https://doi.org/10.1093/jisesa/ieab042
https://doi.org/10.1016/j.envpol.2022.120915

	Living in harmony with nature: the key to resilience of honeybees (Apis mellifera) in Africa
	Abstract – 
	1. Introduction 
	2. African-derived honeybees live in harmony with nature
	2.1. High floral resource diversity and carrying capacity in Africa
	2.2. High genetic diversity in African-derived honeybees
	2.3. African-derived bees experience low exposure to pesticides
	2.4. African beekeeping maintains harmony with nature
	2.4.1. Low beekeeper intervention
	2.4.2. Allowing natural selection to operate

	2.5. African-derived honeybees have defensive traits
	2.5.1. Hygienic behaviour
	2.5.2. Suppressed mite reproduction (SMR)
	2.5.3. Grooming behaviour


	3. Challenges for the African beekeeping sector
	4. Future perspectives
	5. Conclusions
	Acknowledgements 
	References


