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THE IMPACT OF CLIMATE AND ENVIRONMENTAL CHANGE ON
HONEY BEES AND BEEKEEPING

Veli ACAR*, Yasar ERDOGAN?

ABSTRACT

Climate and environmental change is one of the biggest challenges of the twenty-first century. Extreme
weather conditions and natural disasters have caused great harm to honey bees. It is clear that climate
and environmental change will be a very important stress factor for bee colonies and beekeepers,
increasing bee colony losses and decreasing income levels.In this study, we propose the main challenges
that beekeepers will face in the future due to the changing climate and some precautions that should be
taken (beekeepers moving to pollen-rich areas, providing additional food supplements to colonies,
providing clean water sources, changing the type of hives, afforestation in the apiary, changing the
harvest time).In addition, beekeepers face serious constraints and by integrating climate conditions with
existing knowledge and local practices, we can strengthen beekeepers' adaptive capacity.
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IKLIM VE CEVRE DEGISIKLIiGININ BAL ARILARI VE ARICILIK
UZERINDEKI ETKISI

OZET

Iklim ve cevre degisikligi yirmi birinci yiizyilin en biiyiik sorunlarindan biridir. Asir1 hava kosullari ve
dogal afetler bal arilarina biiyiik zarar verdi. Iklim ve cevre degisikliginin ar1 kolonileri ve aricilar igin
cok onemli bir stres faktorii olacagi, ar1 kolonisi kayiplarini arttiracagi ve gelir seviyelerini diisiirecegi
aciktir.Bu calismada, degisen iklim nedeniyle aricilarin gelecekte karsilasacagi temel zorluklar ve
alinmasi gereken bazi 6nlemler (aricilarin polen bakimindan zengin bolgelere tasinmasi, kolonilere ek
gida takviyesi saglanmasi, temiz su kaynaklarmin saglanmasi, aricilarin iklim kosullarinin
degistirilmesi) Onerilmistir. kovanlarin tiirli, ar1 kovanindaki agaclandirma, hasat zamaninin
degistirilmesi).Ayrica aricilar ciddi kisitlamalarla kars1 karsiyadir ve iklim kosullarint mevcut bilgi ve
yerel uygulamalarla entegre ederek aricilarin uyum kapasitesini giiglendirebiliriz.
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1. INTRODUCTION

Honey bees have spread and adapted all over the world except the polar region (hot dry
deserts, regions with continental climates, regions with temperate climates). Different honey
bee species have adapted to different geographical regions (Figure 1).

Local ecotypes have adapted to all kinds of climate conditions of the regions they grow
and have developed physiological and morphological behaviors. However, ecosystems have
changed at very high rates all over the world. This change is in the form of habitat, fauna,
nitrogen accumulation, biological invasions, carbon dioxide accumulation in the atmosphere
and climate change. (Tylianakis, Didham, Bascompte, & Wardle, 2008).

Current environmental change affects both bees and beekeepers. Environmental change
affects the physiology and ecology of bees (Shelley ER Hoover et al., 2012).

Environmental change affects honey bee colonies directly by affecting their physiology,
development and immune system, and indirectly by affecting plant flowering periods and
populations of parasites and pathogens (Bowler et al., 2017; Shelley ER Hoover & Hoover,
2014; Leemans & Eickhout, 2004) (Figure 2).

Climate is defined as the average weather conditions that do not change over many years
in a fairly large area. Climate is an extremely important factor for the activities of the honey
bee (Apis mellifera) (Le Conte & Navajas, 2008).

Chemicals used in agricultural activities, environmental pollutants resulting from
industrial activities, pathogens and climate change can negatively affect plant and animal life
(Cunningham et al., 2022).

Additionally, these pollutants accumulate throughout the environment in soil, water and
air, accumulating in body tissues and causing reproductive failure (Leemans & Eickhout, 2004),
neurotoxic damage and even death. (Moron, Szentgyorgyi, Skorka, Potts, & Woyciechowski,
2014; Williams et al., 2015).
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Figure 1: Apis mellifera habitats (Franck, Garnery, Solignac, & Cornuet, 2000)
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Figure 2. The impact of environmental change on honey bees (Neov, Shumkova,
Palova, & Hristov, 2021)

The harms of these chemicals that cause environmental pollution are not limited to the
natural environment and climate change. They can also cause respiratory diseases and many
other ailments such as cancer in humans (Briffa, Sinagra, & Blundell, 2020; Lambert et al.,
2012).

Determining the future effects of climate change on humans, honeybees and all other
living things is a very difficult situation. According to the latest reports of the United Nations
Intergovernmental Panel on Climate Change and scientific studies, climate change will cause
temperatures to increase, precipitation patterns to change and seasons to shift. It will also cause
excessive rainfall, extreme droughts and major floods. (Garnaut, 2008; Hov et al., 2013; Myhre
et al., 2019; Van Aalst, 2006)

These environmental changes will affect all agricultural activities and will have painful
consequences. Diseases and pests will increase in animal and plant production and yields will
decrease significantly (Becklin et al., 2016; Lacetera, 2019; Nelson et al., 2009).

2. The Impact Of Climate And Environmental Change On Honey Bees And
Beekeeping

It is unthinkable that honey bees and beekeeping will not be affected by environmental
change. These effects will certainly be in the form of reduced honey yield and reduced
pollination (Le Conte & Navajas, 2008; Malisa & Yanda, 2016). Pollination is the movement
of the male reproductive units of plants from flower to flower. Pollination is most intensively
carried out by flies, butterflies, moths, some wasps, beetles, tobacco aphids and of course
honeybees. (Forrest, 2017). There are 20,000 species of bees in the world, divided into seven
families (Winfree, 2010) most of these are located in the northern hemisphere (Conrad, Peters,
& Rehan, 2021). Beekeeping is a form of agricultural production that is responsible not only
for honey production but also for pollinating 30% of global food production (Khalifa et al.,
2021). Therefore, bees and beekeeping are vital to world food security.
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The most cultivated bee race in the world is Apis mellifera. The reason why Apis
mellifera is so widespread all over the world is not only because of its high honey yield but also
because of the extremely high adaptability of this race (Arias & Sheppard, 2005).

Apis mellifera's high survival ability is also affected by its determination to collect
nectar and its ability to enter the long winter periods with a strong honey stock and to come out
strong in the spring by consuming little. Therefore, it is not a coincidence that Apis mellifera's
pollination and honey production ability has been successfully introduced to the whole world.
Despite the ability of all honey bees, especially Apis mellifera, to adapt to climate change and
environmental changes, it is certain that this change will also affect beekeeping quite a lot.
(Flores et al., 2019).

Although all wild and cultivated bees are affected by climate change, the destructive
effect on wild bees is greater due to reasons such as intervention and relocation of cultivated
bees. (Balfour, Gandy, & Ratnieks, 2015; Dubois, Pasquaretta, Barron, Gautrais, & Lihoreau,
2021).

Protecting wild bees is much more difficult due to limited human control and
intervention (Alger, Burnham, Boncristiani, & Brody, 2019; Novelli, Vercelli, & Ferracini,
2021).

But by implementing more climate-smart methods, beekeepers and entomologists can
make coping with climate change an easier and more realistic process for farmed bees (Gajardo-
Rojas et al., 2022; Vercelli, Novelli, Ferrazzi, Lentini, & Ferracini, 2021). Honey bees are
currently at the top of the list of endangered animals for agricultural production organization.
(Landaverde, Rodriguez, & Parrella, 2023).

The reason for these concerns is that studies have shown an extreme decline in bee
populations (Bartomeus et al., 2014; Forrest, 2017).

Recently, extensive information has been gathered showing how climate change is
affecting the lives of bees and limiting their ability to provide their services in the ecosystem
(Le Conte & Navajas, 2008; Soroye, Newbold, & Kerr, 2020).

The biggest indicators of environmental change are extreme weather conditions
(excessive rain, excessive snow, excessive wind and extreme temperatures). These extreme
weather conditions affect beekeeping extremely (Gray et al., 2023).

Floods and forest fires have increased exponentially today (Dorey et al., 2021; Insolia
et al.,, 2022). In this case, bee colony losses increase. Due to increasing temperatures, the
broodless period of bee colonies will shorten and perhaps disappear completely.

It is certain that climate and environmental change will catastrophically increase the
impact of bee mites on colonies (de Jongh et al., 2022; Hillayova, Koreny, & Skvarenina, 2022;
Le Conte & Navajas, 2008; Neumann, Yafiez, Fries, & de Miranda, 2012; Noél, Le Conte, &
Mondet, 2020; Novelli et al., 2021). In other words, it is estimated that pests such as small hive
beetles (Aethina tumida) and wasps (Vespa spp.) will be positively affected by climate change
(Barbet-Massin et al., 2013.

Varroa destructor is one of the most important and dangerous pests for bees and
beekeeping worldwide (Flores et al., 2021; Hillayova et al., 2022). This pest significantly
reduces the life span and productivity of bee colonies. Studies show that the density of Varroa
destructor and therefore its damage increases significantly depending on the air temperature
(Garcia & Rodriguez, 2011; Hillayova et al., 2022; Mendoza, 2024).
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This will affect bee health and economic contributions. Seasonal change and the
extension of the dry period will affect the flowering periods and even cause a long dry period
(Flores et al., 2019). Inadequate nutrition of honey bees will weaken their immune system and
make them vulnerable to diseases. (Castle, Alkassab, Bischoff, Steffan-Dewenter, & Pistorius,
2022; Dolezal & Toth, 2018; Kerr et al., 2015).

Such gaps in flowering periods may result in the spread of invasive plant species, which
are increasing due to global and environmental change (Dietzsch, 2009; Liu et al., 2017).

Although there is a perception that invasive plant species may benefit beekeeping, this
situation is definitely not sustainable. Plant invasion jeopardizes the availability of essential
nutrients provided by floral resources, thus causing a food deficit and endangering beekeeping.

3. Temporary Measures That Can Be Taken

Bee breeds that are more resistant to the stress brought on by climate change can be
developed. Natural disasters are not a situation that beekeepers can control, and studies and
planning can ensure that honeybees are least affected by this situation (O'Brien, O'keefe, Rose,
& Wisner, 2006). One of the most important planning that beekeepers need to do is choosing
the location of the apiary.

Minimizing floods and forest fires by increasing public and manager awareness reduces
bee colony losses (Faux & Kane, 2021).

It should be noted that in the event of climate change, much more effective methods of

combating mites, small hive beetles and other invasive species must be found (Dall’Olio et al.,
2022).

Rations that include protein, carbohydrates, micronutrients and microbiota required for
the nutrition of bee colonies should be developed for future famine situations (Brodschneider
& Crailsheim, 2010; Brown et al., 2022; Paray et al., 2021).

Studies have shown that food supplements to bee colonies increase the amount and
speed of egg laying by queen bees (Shelley E Hoover, Ovinge, & Kearns, 2022; Ullah, Shahzad,
Igbal, & Baloch, 2021).

Today, additional feeding of bee colonies is usually done in the early spring and late
autumn periods when flowers are limited (Shelley E Hoover et al., 2022; Vercelli et al., 2021).

It is necessary to produce queen bees that are adapted to the region and have high
adaptation to difficult conditions (Meixner, Kryger, & Costa, 2015).

If we look at it from another perspective, increasing environmental differences and
changes may lead to the emergence of new breeds that can better adapt to these conditions and
provide efficiency (Blacquicre et al., 2019). However, it does not seem possible to predict this
situation exactly now.

Even small measures such as afforestation of apiaries to protect bee colonies from high
temperatures or moving colonies to high plateaus by migratory beekeeping will perhaps be life-
saving for beekeeping (Gajardo-Rojas et al., 2022).

In addition to these measures, establishing bee pastures in the region and choosing
strong plants in the creation of these pastures can reduce the possible negative effects in the
future (Kaiser-Bunbury et al., 2017). Additional studies should be carried out and measures
should be taken to minimise the damage and destruction caused by climate change and
environmental change.
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More efforts should be made to apply scientific studies to the field, and all beekeeping-
related unions, associations and cooperatives should be made aware of this issue.

As a result, there are significant gaps in our knowledge about beekeeping under climate
change. Therefore, more coordinated efforts by all relevant stakeholders globally will be
required to provide adequate responses to this epic challenge.
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