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Abstract  
Climate change has a significant impact on ecosystems, and honey bees (Apis mellifera), responsible for pollination 
and maintaining biodiversity, are among the most affected species. Changes in climatic factors directly affect the 
behavior of foraging bees. These changes influence the relationship between the flight period and the flowering 
period of plants, thus leading to a decrease in the efficiency of nectar and pollen collection. Due to thermal stress and 
reduced floral resources, the structure of bee colonies and their ability to maintain constant production are affected. 
Consequently, the quality of bee products: honey, pollen, propolis, bee venom, and royal jelly, undergoes changes in 
terms of their physicochemical composition. As a result, honey may exhibit variations in its sugar content, moisture 
levels, and volatile compounds, pollen tends to be lower in nutrients, while propolis may change its phytochemical 
composition. In addition to the impact on the dynamics of bee colonies, climate change also influences the spread of 
various diseases and parasites, such as Varroa destructor and Nosema spp., which significantly impact bees 
longevity and brood development. In this paper, we aim to highlight the negative impact that climate change can 
have on worker bees, as well as the potential changes in the quality of apicultural products.  
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1. Introduction   
 
Climate change entails significant repercussions 
for biotopes. Numerous species are affected by 
these consequences, including honeybees (Apis 
mellifera), which play a vital role in maintaining 
ecological balance while simultaneously 
contributing to the pollination of agricultural crops 
[1]. Rising temperatures cause shifts in the life 
cycles of many species. [2,3]. Therefore, climate 
change also influences the flowering period of 
plants, causing an imbalance between food 
resources and the bees' foraging period. This 
disruption could diminish pollination efficacy and 
limit resources for honeybee colonies [4]. One 
factor that could support the survival of bees in 
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new ecosystems is their migration, which also 
helps to preserve genetic polymorphism [5]. 
Another destructive aspect of climate change is 
represented by the interaction between bees and 
various bacterial, fungal, and viral pathogens, as 
well as ectoparasites, which can compromise 
colony health and even lead to colony loss [6]. In 
addition to temperature, other factors that affect 
bee activity are humidity and wind speed [7]. 
Variations in temperature and humidity could 
decrease the physiological activities of the bee 
colony, as well as brood development and food 
storage [8]. Furthermore, wind speed is a crucial 
environmental factor, as its intensity can 
determine the frequency of bee flights to food 
sources. [9]. A reduced food supply can affect 
colonies through starvation, making honey yields 
unpredictable and rendering beekeepers' profits 
precarious [10]. Therefore, it is known that 
climate change, in addition to affecting bee 
behavior, also has a negative influence on bee 
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products, reducing their yield [11]. Furthermore, 
climate stress also induces morphological and 
physiological changes in honeybee species 
[4,12,13]. An important role is played by the 
relationship between plants and pollinators, which 
is supported by the honeybee base [14]. Therefore, 
it has been observed that there may be changes in 
the quantity and composition of honey sources due 
to water stress and rising temperatures, which can 
affect the volume of nectar and pollen, changing 
their composition [15]. Therefore, an increasingly 
popular tool is the continuous monitoring of bee 
colonies, including hive weight, temperature, 
humidity, and the activity of foraging bees [16]. 
Thus, the implementation of IoT monitoring 
systems allows beekeepers to achieve improved 
control through precision measurements [17]. 
Meteorological monitoring at the apiary level is 
essential in the context of temperature variations 
and solar radiation [18]. Consequently, these 
monitoring systems represent a step toward 
modern beekeeping. (Figure 1) 
 

 
 

Figure 1. BeeConn monitoring system 
 

2. Climate Change and Bee Foraging Behavior 
 
It is well known that bee foraging activity is 
closely related to environmental temperature. 
When temperature varies, bees may respond 
differently [19,20], (Figure 2). In one study, the 
onset of foraging activity was observed at a 
temperature of 6.57±0.17°C [21], while other 

researchers identified that food-searching activity 
begins at temperatures of 12–15°C, becoming 
more favorable at 16 °C and reaching its highest 
threshold at constant temperatures above 20°C 
[22]. A negative effect between foraging behavior 
and temperature has also been reported [23]. Thus, 
at temperatures below 10°C, bees show reduced or 
even absent activity [22]. In arid regions, it has 
been demonstrated that there is an optimal flight 
performance for nectar-collecting bees at 
temperatures between 30–35°C [24], whereas at 
46°C their activity is significantly reduced [25]. 
To lower colony temperature and protect the 
brood, when thermal values exceed 37°C, bees 
ventilate the hive or transport water to cool it 
[26,27]. Furthermore, when temperatures decrease 
(15-20°C), bees cluster together to facilitate an 
increase in thermal levels [28]. Wind and 
precipitation are also important factors influencing 
bee foraging behavior; under unfavorable 
conditions, flight duration is limited, directly 
affecting the amount of pollen and nectar collected 
[29-32]. 
 
3. Climate change on melliferous resources and 
bee products 
  
3.1. Melliferous resources 
Poor weather during flowering messes with the 
relationship between plants and pollinators [33]. 
Thus, rising temperatures lead to a lack of 
correlation between bee emergence and plant 
flowering [34]. This results in a phenological shift 
[35]. The phenological change in flowers and 
changes in the nutritional quality of pollen and 
nectar can disrupt the nutritional properties of 
pollinators' food and also their ability to acquire 
beneficial microorganisms from the environment 
[36]. Thus, the data support that climate change 
directly influences melliferous resources essential 
for bees. For example, in the case of rapeseed, 
nectar secretion occurs at temperatures above 
10°C, with an optimal range between 16°C and 
25°C. When temperatures drop below 7°C, nectar 
secretion is inhibited, thereby affecting bee flight 
and, consequently, honey production [37]. 
Moreover, high temperature values lead to a 
decrease in nectar volume, while relative humidity 
shows a positive correlation with increased nectar 
quantity and a negative correlation with sugar 
concentration [38]. UV-B radiation causes 
changes in nectar composition, particularly 
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affecting sucrose levels, although it does not 
influence nectar yield [39]. In one study, it was 
found that climatic instability periods, 
characterized by rainfall followed by drought, 
limited bee flight time and reduced both the 
quantity and quality of nectar, thereby affecting 
honey production yield; consequently, 
supplementary feeding was required to maintain 
colony reserves [40]. Experimental studies have  
also shown that increased atmospheric carbon 
dioxide levels can affect the nutritional quality of 

pollen. In the case of Solidago canadensis, pollen 
protein concentration decreased from 18% to 12% 
as CO₂ levels rose from the Industrial Revolution 
to the present [41]. Honey bees play a crucial role 
in the ecological chain, both as producers of 
biologically active substances such as pollen, 
honey, propolis, royal jelly, and venom and as 
fundamental pollinators of wild flora and 
agricultural crops. Global climate change exerts a 
negative impact on bees, affecting their survival, 
reproduction, and natural environment [42]. 

 

 
 

Figure 2. Effect of Temperature on Bee Foraging Activity Figure  
 
3.2. Honey 
Changes occurring in the quality and quantity of 
nectar may lead to modifications in the value of 
honey (Figure 3). Thus, differences in color, 
aroma, viscosity, and bioactive potential of honey 
can be influenced by variations in nectar 
composition, particularly by the content of sugars, 
phenolic compounds, and volatile organic 
compounds [43]. Thus, a significant relationship 
between climatic conditions and honey 
composition was highlighted. The analysis of 
variance (ANOVA) revealed differences between 
years depending on precipitation and solar 
exposure, while linear regression indicated strong 
correlations between these parameters and the 
main components of honey. It was observed that 
the honey obtained in 2019 recorded higher values 
of color intensity, antioxidant activity (FRAP and 
AEAC), and total phenolic compound content 
compared to previous production years. These 

differences may be associated with the vegetation 
fires that occurred [44]. Therefore, plants tend to 
synthesize higher amounts of phenolic compounds 
as a result of abiotic stress [45]. Increased levels 
of polyphenols are correlated with greater honey 
color intensity, which explains why darker 
varieties contain higher amounts of phenolic 
compounds, whereas lighter honey contains lower 
quantities of these substances [46]. High ambient 
humidity and elevated temperatures may influence 
the water content of honey samples [47]. 
Consequently, honey consistency and viscosity are 
affected both by water content and by sugar 
composition and botanical origin. For example, 
acacia honey, rich in fructose, is more fluid and 
has a finer texture, while rapeseed honey, with a 
high glucose content, has a denser consistency and 
a greater tendency to crystallize [43]. Moreover, it 
has been observed that an increase in temperature 
leads to a significant decrease in viscosity, with 
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reported values ranging between 0.48 and 0.62 
Pa·s [48]. In conclusion, honey viscosity is a 
complex parameter influenced by both 
environmental conditions and its chemical 
composition, providing useful information for 
assessing product quality and authenticity. 
 
3.3. Pollen 
Meteorological factors influence pollen maturity, 
which is an essential element in colony nutrition. 
It has been highlighted that the most efficient 
foraging activity takes place in the morning, under 
conditions of high humidity and moderate 
temperatures [49]. Experimental studies have also 
shown that climate change can influence the 
relationship between plants and the environment. 
To assess these effects, infrared (IR) spectra were 
used, reflecting the biochemical differences that 
occur among species in relation to climate and 
biogeography. Thus, between 2011 and 2013, IR 
spectra revealed variations in the biochemical 
composition of pollen in species belonging to the 
Pinaceae family, influenced by climatic factors. 
PCR analysis demonstrated that the greatest 
differences originated from lipid content, 
accompanied by the ratio between sporopollenin 
and carbohydrates. Moreover, in 2013, the 
pollination season was delayed by 15 days due to 
unfavorable weather conditions, leading to 
variations in lipid content of up to tenfold [50]. 
Another negative factor is the increased level of 
atmospheric carbon dioxide, which may affect the 
nutritional quality of pollen. In the case of 
Solidago canadensis, the protein concentration in 
pollen decreased from 18% to 12% with the rise in 
CO₂ concentration from the Industrial Revolution 
to the present [41]. 
 
3.4. Bee Venom 
Bee venom may undergo changes in its 
composition due to several factors such as genetic 
diversity, environmental conditions including 
climate, season, and diet [51] as well as the 
physiological status of the bee, age, and feeding 
season [52]. Furthermore, high ambient 
temperatures impact honeybee activity and the 
thermal balance of the hive [53,54]. Consequently, 
the amount of venom collected may also be 
affected. Therefore, the internal temperature of the 
hive is also influenced by the colony strength 
during venom extraction conditions. In one study, 
maximum temperatures reached 40.8°C in hives 

with nine frames during the day and 39.4°C at 
night. This thermal variation indicates a 
relationship between colony population strength 
and metabolic activity induced by the stress of 
electrical stimulation. Additionally, relative 
humidity was found to be higher in hives with five 
frames, where colonies were weaker, particularly 
during nighttime harvesting [55]. These 
observations are essential for the venom collection 
process, especially in hives located in areas with 
large temperature and humidity fluctuations. 
Therefore, ecological factors such as location, 
temperature, and flowering stage may affect the 
peptide composition of venom [56]. The flowering 
period determines two distinct patterns in the 
protein structure of venom [57], although some 
major proteins, such as melittin and apamin, 
remain relatively constant. Another factor is the 
bees’ behavioral response to electrical stimulation, 
which influences the presence of allergens such as 
icarapin; bees that are more responsive tend to 
produce venom richer in these compounds [56]. 
 
3.5. Propolis 
Regarding propolis, environmental factors play an 
essential role in its quality and chemical 
composition [58]. Climate change exerts stress on 
floral resources and alters their metabolism [59]. 
This process activates plant defense mechanisms, 
promoting the biosynthesis of bioactive 
metabolites, particularly phenolic acids and 
flavonoids [60-62]. A study demonstrated that at 
temperatures of 5°C, the concentration of 
polyphenols and flavonoids is higher, while with 
increasing temperature their levels decrease [63]. 
Therefore, it was concluded that the biochemical 
changes that occur may represent a natural defense 
mechanism against pollen degradation under 
thermal stress conditions. 
 
3.6. Royal Jelly 
Royal jelly is a product secreted by the 
hypopharyngeal and mandibular glands of worker 
bees, being rich in numerous nutrients such as 
enzymes, vitamins, proteins, antimicrobial 
peptides, essential minerals, and amino acids [64, 
65]. Therefore, the quality and composition of 
royal jelly are influenced by climatic factors such 
as temperature and humidity [65], which may lead 
to physical and chemical changes. Moreover, it 
has been identified that an increase in temperature 
leads to higher Brix values [66], highlighting 



 
 

 
Peicuți A.M. et al./Scientific Papers: Animal Science and Biotechnologies, 2026, 59 (1) 

 
 
 
 

 

 
 

318 

changes in sugar concentration and viscosity of 
royal jelly in the context of climate change. 
Furthermore, another study revealed, through 
isotopic analysis, significant differences in the 
stable isotopes of carbon, nitrogen, hydrogen, and 
oxygen in the composition of royal jelly collected 
during distinct flowering periods. These isotopic 
variations result from the interaction between the 
botanical origin of melliferous resources and 
environmental factors, particularly air temperature 
and precipitation patterns [65].  
 

 
 

Figure 3. Bee products 
 
4. Climate Change and the Incidence of Bee 
Diseases 
Climate change may exacerbate the effects of 
pathogens by creating environmental conditions 
that are favorable for their reproduction and 
spread, although the understanding of the 
interactions between these factors remains limited 
[67]. Climatic changes, such as rising 
temperatures and altered precipitation patterns, 
affect the ecosystems in which bees live, thereby 
influencing both their health and nutrition [68,69]. 
In the context of global warming, elevated 
temperatures may increase disease prevalence and 
reduce the effectiveness of treatments applied 
against them [70]. Higher temperatures stimulate 
the development and spread of pathogens such as 
Nosema spp. and the mite Varroa destructor, 
while simultaneously affecting bee behavior and 
physiology, making them more vulnerable to 
infections [67, 71-73]. The survival, reproduction, 
and spread of Varroa destructor mites are 
influenced by environmental conditions, 
particularly temperature and precipitation, which 
determine favorable factors for pathogen 
development [74–78]. Consequently, higher 
autumn temperatures may prolong bee flight 

activity, favoring the delayed migration of Varroa 
destructor mites into bee colonies. This can 
negatively affect the overwintering survival of 
honey bee colonies [79]. 
 
5. Conclusions 
 
The analyzed studies show that climate change 
can cause a series of major disruptions, affecting 
the behavior of honey bees and the quality of bee 
products, thereby creating an imbalance in the 
relationship between bee colonies and the 
surrounding environment. Rising temperatures and 
changes in precipitation patterns lead to variations 
in foraging activity, which may affect colony 
survival. 
The imbalance between the flowering period of 
melliferous plants and the nutritional needs of 
bees can result in increased energy consumption 
and reduced productivity in nectar and pollen 
collection. Consequently, hive development is 
directly affected, along with the quality of bee 
products. For example, the qualitative value of 
honey, pollen, venom, propolis, and royal jelly 
largely depends on environmental factors, and 
climatic stress can alter both their biochemical 
composition and physicochemical properties. 
Variations in protein, flavonoid, polyphenol, and 
volatile compound content have been observed, 
influencing the nutritional and therapeutic value of 
these products. 
In addition, the scientific literature confirms that 
climate change favors the spread of pathogens 
such as Varroa destructor and Nosema spp., 
which affect bee health and may reduce the 
effectiveness of applied treatments. Bee colonies 
thus become more vulnerable when exposed to 
nutritional and biological stress, which can lead to 
decreased resistance and even colony losses 
during critical periods. 
In conclusion, in the context of a continuously 
changing climate, honey bees are forced to adapt 
to an unpredictable environment in which access 
to high-quality food, maintenance of hive thermal 
balance, and disease control become major 
challenges. The results of this study contribute to a 
better understanding of how climatic factors 
influence the ecosystem. The presented data 
highlight the strong interconnection between 
environmental conditions, foraging behavior, the 
quality of bee products, and colony health, 
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demonstrating that climate change acts 
simultaneously on all these components. 
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