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Abstract. Climate change is significantly affecting both natural ecosystems and human-
managed systems on a global scale. The stressors associated with the Anthropocene are diverse
and intricate, including invasive species, habitat degradation, pesticide application, and
pollution. However, none of these stressors are as pervasive or interconnected with various
other factors as climate change. Consequently, understanding the effects of anthropogenic
climate change on natural systems is a paramount challenge for environmental sciences in the
21st century. The Intergovernmental Panel on Climate Change (IPCC) defines climate change as
“a shift in the climate's state that can be recognized (using statistical methods) by alterations in
the average and/or the variability of its attributes, persisting for a long time, generally for
decades or longer”. This definition encompasses any changes in climate over time, whether
resulting from natural variations or human-induced activities. Climate-related variables, such
as temperature, water availability, and carbon dioxide levels, critically affect the characteristics
of ecosystems that facilitate food production, including both freshwater and marine
environments, agriculture, and forestry. Any fluctuations in these variables present a risk to
global food security. This research, therefore, is crucial in understanding and mitigating this
risk.
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Introduction

Climate change is a major challenge for hu-
manity in the 21st century, causing significant
concern and research. Projections indicate that
near-surface temperatures in Central Europe may
rise by about 1.6°C to 2.4°C by 2050 (Shukla et al.,
2022). Insects, crucial as pests in agriculture and
contributors to ecosystem services (Bonelli et al.,
2022), are a focus of study regarding climate
change impacts (Skendzic¢ et al., 2021; Srivastava
et al., 2020). Their distribution and abundance are
heavily influenced by climate, making it essential
for entomologists to understand models that
quantify these impacts. Temperature specifically
affects insect phenology, including mating, deve-
lopment rates, and seasonal emergence.

Research shows that temperature fluctua-
tions significantly impact insect life cycles, influen-
cing their development, distribution, and success
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across different habitats. Various studies have
highlighted how rising global temperatures affect
insect populations, with key references from Akers
& Nielsen (1984) and Allsopp & Butler (1987).

Being poikilothermic, insects rely heavily on
external temperatures to regulate biological pro-
cesses such as metabolism and reproduction.
Temperature influences their life cycle from egg
hatching to adulthood, affecting developmental
rates and behavioral patterns like foraging and
mating. Due to their small size and high surface
area-to-volume ratio, insects are especially vulne-
rable to temperature changes, making population
and distribution trends sensitive to climatic va-
riations (Wojda, 2017).

High temperatures can increase metabolic rates
and nutrient consumption, potentially leading to
mortality without adequate food or hydration (Har-
vey etal., 2023). Conversely, low temperatures can
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freeze bodily fluids, causing dehydration and death,
with varying resistance levels within species and
developmental stages (Genoud et al., 2023).

Insects thrive within specific temperature
ranges, where development rates accelerate until
an optimal threshold, after which they decline at
maximum temperatures (Arbab et al, 2008).
Temperature also influences enzyme activity,
which is critical for the function of poikilothermic
organisms (Higley et al., 1986).

This study aims to analyze long-term tempe-
rature variations in the region of the city of Plov-
div and assess their impact on the behavioral eco-
logy of insects, with a focus on changes in pheno-
logy, distribution, and population dynamics. Ad-
ditionally, the study seeks to identify potential
risks to agricultural production and ecosystem
services arising from climate-driven shifts in the
population dynamics of key insect species.

Materials and methods

The analysis used data from the National In-
stitute of Meteorology and Hydrology (NIMH),
focusing on the average daily values of three tem-
perature measurements in Plovdiv, Bulgaria, over
50 years from 1974 to 2024. Plovdiv, located at an
altitude of 160 meters along the Maritsa River,
exhibits a unique morphological structure that in-
fluences local climate patterns, including signifi-
cant temperature inversions through 81% of the year.

Data was processed using Climpact, a com-
prehensive software package designed to calcu-
late pertinent climate indicators across various
sectors, including health, agriculture, water, and
other socio-economic areas. Climpact, developed
by the World Meteorological Organization's
Expert Team on Sector-Specific Climate Indices
(ET-SCI), enables researchers to provide valuable
and applicable climate information to sector users.
This initiative has received support from the
Australian Research Council Centre of Excellence
for Climate Extremes and the Green Climate
Fund. The Climpact software, which uses a range
of climate indices to assess the impact of climate
change, is accessible at

Results

Plovdiv, a city rich in history and culture, has
a transitional continental climate. From 1974 to
2024, the average annual temperature has gra-
dually increased, with the lowest recorded tem-
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perature at -31.5°C and the highest at 45.0°C in
July 2000 (Fig. 1). The first 25 years showed stable
annual temperatures between 0.05°C and 0.39°C.
Still, after 2013, the average exceeded 13°C. Over-
all, the average temperature for the study period
was 12.9°C, reflecting a warming trend consistent
with global climate patterns. July was the warmest
month, with an average temperature of 24.3°C.
Summer heat often demonstrates extreme varia-
bility, as evidenced by the record high of 45.0°C in
2000. In contrast, January is the coldest month,
with an average temperature of 1.3°C. The tempe-
rature data indicates that January experienced its
lowest average temperature of -3.9°C in 2017,
while 2023 saw a relatively milder January, pea-
king at an average of 5.8°C.

A detailed analysis of the monthly average
temperatures from 1974 to 2024 reveals a positive
linear trend with a slope of 0.03 and a statistical
significance level of p = 0.055, indicating a plau-
sible yet modest rise in average temperatures over
the years. The winter season of 2023 was parti-
cularly notable, as it emerged as the warmest
winter recorded in the city since 1974. When tem-
peratures exceed 10°C, a more pronounced posi-
tive trend is observed, with a trend slope of 0.375
at a significance level of p = 0.004, suggesting a
significant increase in warmer days, conversely,
the trend analysis of the number of days each year
experiencing daytime temperatures below 10°C
reveals an inverse relationship, indicating a de-
crease in the frequency of cooler days as the cli-
mate warms. This combination of data illustrates
the ongoing climatic shifts that Plovdiv is expe-
riencing, highlighting the need for local adapta-
tion strategies and greater awareness of environ-
mental changes.

The average temperature exhibits a range of
variation defined by the maximum temperature
(TX). The Daily Maximum Temperature Index is a
valuable tool for examining climate variability
and changes over an extended period. Research
conducted in the Plovdiv region between 1974
and 2024 aimed to determine the average maxi-
mum annual temperature, which ranged from
17.2°C to 21.8°C (Fig. 2). The highest value was
recorded in 2024, while the lowest occurred in
1991. On average, Plovdiv experienced a maxi-
mum annual temperature of 18.7°C. Notably, after
2015, the average maximum temperature consis-
tently surpassed 19°C.
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Station: Plovdiv_1974-2024 [42.136097°N, 24.742169°E]
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Fig. 1. Analysis of trends in annual and monthly temperatures, as well as the frequency of days
exceeding and falling below 10°C, in the city of Plovdiv, covering the period from 1974 to 2024.
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Fig. 2. Trend in maximum annual and monthly temperature changes, along with the number of
days above 30°C and 35°C, for the city of Plovdiv from 1974 to 2024.
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An upward linear trend has been established
for the annual average maximum temperature,
with a slope of 0.04 and a significance level of p =
0.00. A similar upward trend is also observed in
the average monthly maximum temperature, with
a slope of 0.004 and a significance level of p = 0.032.

In the city of Plovdiv, the lowest average
monthly maximum temperature is typically recor-
ded in January at 5.6°C, while the highest occurs
in July at 31.1°C. For July specifically, the average
maximum temperature varied from 28.4°C in 2005
to 35.7°C in 2024. An upward linear trend has
been observed in the number of days with maxi-
mum temperatures exceeding 30°C, with a slope
of 0.781 and a significance level of p = 0.00. The
fewest days below 30°C were recorded in 1983
(fewer than 40 days), while the highest occurred
in 1994, 2019, and 2020 (over 100 days).

An upward linear trend was also detected in
the number of days with maximum temperatures
exceeding 35°C, with a trend slope of 0.333 and a
significance level of p = 0.001. The record high for
the observed period from 1974 to 2024 occurred in
2020, with 80 days above this threshold.

The average minimum temperature is an im-
portant aspect of the overall average temperature,
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second only to the average maximum tempera-
ture. While it does not capture the full range of
temperature fluctuations, it provides insight into
changes in extreme temperatures.

From 1974 to 2024, four instances of mini-
mum temperatures below the 25th percentile were
noted, indicating significant cold extremes. No-
tably, in January 1980, temperatures in Bulgaria
dropped to -22.0°C, and in January 1993, to -23.0°C
due to a cold front. Additionally, in March 1986
and 2018, minimum temperatures were recorded
at -13.0°C and -14.0°C, respectively.

In the city of Plovdiv, the average minimum
temperature from 1974 to 2024 was 7.3°C. The
lowest recorded average minimum temperature
occurred in 1997 at -5.8°C, while the highest was
noted in 2023 at 9.5°C (Fig. 3). After 2013, the
minimum temperatures consistently exceeded the
average for the reporting period of 1994 to 2024. A
slight upward linear trend was also observed in
the monthly averages, with a slope of 0.002 at a
significant level of p = 0.166. The coldest months in
Plovdiv were January (-2.6°C), February (-1.2°C),
and December (-1.0°C). In January, minimum tem-
peratures during the observed period fluctuated
between -8.8°C (in 2017) and 4.1°C (in 2004).

Station: Plovdiv_1974-2024 [42.136097°N, 24.742169°E]
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Fig. 3. Trends in minimum annual and monthly temperature changes, along with the number of
days below 0°C and above 20°C, for the city of Plovdiv from 1974 to 2024.
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When examining trends in the number of
days with minimum temperatures below 0°C
(frost days), a downward trend was observed,
with a slope of -0.267 at a significance level of p =
0.082. The analysis indicated that in 1993, the
number of frost days exceeded 100, while in 2023,
it fell below 40. Conversely, the trend in the
number of days with minimum temperatures
above 20°C (tropical nights) showed an upward
trend, with a slope of 0.103 at a significance level
of p = 0.007. The highest number of tropical nights
recorded occurred in the last two years of the
observed period (1974-2024).

The length of the growing season can vary
greatly depending on several factors, such as
latitude, altitude, and local climate conditions. In
general terms, the growing season is defined as
the period of the year during which weather
conditions are suitable for plant growth and insect
development. When tracking the average number
of days at an average daily temperature above
5°C, a positive linear trend with a slope of 1.188 at
p = 0.00 was found (Fig. 4). A positive linear trend
was also found when analyzing the total reading
of the degree days at an average daily temperature
above 10°C, with a slope of 6.995.

Station: Plovdiv_1974-2024 [42.136097°N, 24.742169°E]
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Fig. 4. Duration of the vegetation period and degree-days above 10°C for the Plovdiv region from
1974 to 2024.

Discussion

Climate warming is a significant environ-
mental stress due to human activities, affecting
biodiversity and exacerbating other threats. Its
implications are particularly critical for species
conservation and ecosystem services. Insects,
essential to many ecosystems, are among the most
impacted by climate change, influencing their
physiology, behavior, phenology, distribution,
and interspecies interactions. Additionally, the
increasing frequency of extreme events — like
heatwaves, cold spells, wildfires, droughts, and
floods —further affects these factors (Harvey etal.,
2023).

Ambient temperature significantly influences
insects' physiological functions, including respire-
tion, immunity, metabolism, growth, and repro-
duction. These physiological factors consequently
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impact various biological characteristics such as
behavior, locomotion, distribution, longevity, and
survival (Gonzélez-Tokman et al., 2020; Kingsol-
ver et al., 2015).

Insects have developed various physiological
strategies to adapt to seasonal temperature varia-
tions and rising temperatures. For example, adap-
tations to warmer conditions may involve a shift
from active periods to phases of rest through mecha-
nisms such as diapause or estivation (Salman et
al., 2019) or by increasing the number of genera-
tions produced annually (Altermatt, 2010).

Research by Held & Spieth (1999) shows that
in southern Spain, populations of the butterfly
Pieris brassicae L. undergo pupal aestivation during
summer due to high temperatures and long day-
light. They do not enter winter diapause under
these conditions, likely as a local adaptation to



extreme heat that limits food availability. Conver-
sely, P. brassicae in milder climates avoid repro-
duction in summer and enter diapause in winter.
Climatic factors significantly influence spe-
cies distribution and are subject to variability, expan-
ding or contracting during prolonged climatic
fluctuations (Hewitt, 2000). For example, the em-
peror dragonfly (Anax imperator L.) has experien-
ced a northward shift in its distribution and an
increase in elevation in Europe since the year 2000
as a response to rising temperatures (Platts et al.,
2019). This species exhibits enhanced viability at
higher altitudes; however, the ongoing warming
trend presents a substantial threat to this vulne-
rable subspecies (Parmesan et al., 2015).
Moreover, the functional responses of the
facultative hyperparasitoid Gelis agilis Fabr. are
intricately linked to ambient temperature. Their
capacity to exploit hosts is markedly impaired at
elevated temperatures (Chen et al., 2019). Demo-
graphic models for the leaf beetle Cephaloleia belti
Baly, when assessed in conjunction with long-
term temperature data, indicate that even a mo-
dest increase of just 2°C may precipitate popula-
tion declines. At the same time, average elevations
could serve as refuges against the impacts of glo-
bal warming (Garcia-Robledo & Baer, 2021a,b).
Increased temperatures contribute to an ex-
tended growing season, which, in combination
with accelerated developmental rates, enables
certain insect species to increase their generational
output within a given year, a phenomenon re-
ferred to as voltinism (Bradshaw & Holzapfel,
2001). The occurrence of recurrent heat waves
during summer or elevated temperatures in
winter—whether one or both—can generate
inappropriate ecological cues that compel insects
to enter developmental traps. This includes
premature development resumption during mid-
winter (Boggs, 2016; Forrest, 2016). In a study
made for the site of the city of Plovdiv for the
period 2020-2023, it was found that the compo-
sition of mining moths: ribbed apple leaf miner
(Leucoptera  malifoliella Costa), the spotted
tentiform leaf miner (Lithocoletis blancardella F.),
and the banded apple pigmy (Stigmella malella Stt.)
has increased in recent decades. In areas with
large apple, pear, or quince orchards, the multi-
plication of the pest is favored by abiotic (cli-
matic), biotic (natural regulators), and human fac-
tors (inept use of insecticides). The resulting de-
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crease in apple production caused by leaf-mining
moths is estimated from 4.6 to 23.4. The results
show a significant shift in the beginning of the
flight of L. malifoliella, Ph. blancardella, and Ph.
corylifoliella 20 days earlier due to the warmer
winters observed in the region of Plovdiv (Ivanov,
2024). In the period 2021-2023, the codling moth
(Cydia pomonella Linnaeus) developed two full and
partial third generations. Through visual observa-
tions, it has been found that climate change
strongly influences the development of the pest of
the partial third generation (Ivanov & Filyova,
2024).

For example, atypically warm fall conditions
can disrupt the life cycle of the wall brown
butterfly, Lasiommata megera L., by adversely
affecting diapause at the conclusion of its second
generation. This disruption renders the third
generation particularly susceptible to winter mor-
tality, resulting in a significant population decline
of this butterfly species across much of Western
Europe (van Dyck et al, 2015). Furthermore,
elevated winter temperatures have been observed
to impact honey bee colony phenology, resulting
in mismatches with available floral resources
(Ntrnberger et al., 2019). Additionally, warmer
winter periods stimulate colony growth activity,
thereby benefiting their principal parasite, the
invasive mite Varroa destructor Anderson & True-
man (Nirnberger et al., 2019; Vercelli et al., 2021).

A recent meta-analysis indicates that expo-
sure to climate extremes, especially heat waves,
generally undermines the adaptability of insects
within terrestrial ecosystems (Thakur et al., 2021).
In certain cases, this has culminated in local
extinctions, as evidenced by various populations
of the butterfly Parnassius apollo L. in France that

experienced extreme winter temperatures
followed by lower, more typical spring conditions
(Nakonieczny et al., 2007).

The detrimental effects of extreme tempera-
ture events on insects may also be correlated with
the stress induced in plants, with many insect
species maintaining close associations (Pincebourde
etal., 2017). For instance, larvae of the moth Lobesia
botrana Denis & Schiffermiiller, which feed on
heat-stressed, suboptimal-quality plants, exhibit
adverse effects on their development and immune
responses (lltis et al., 2021). Additionally, consis-
tent exposure to excessively warm nights dimi-
nishes both the longevity and fertility of the cereal
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aphid Sitobion avenae Fabr. in the following days
(Zhao et al., 2014).

Climate change is anticipated to have a pro-
found impact on the geographical distribution of
insect pests, with low temperatures often proving
to be more influential than high temperatures in
this context. By the year 2055, projections indicate
a shift of pest ranges to higher altitudes, resulting
in an increased number of generations occurring
in Central Europe. For example, the European
corn borer (Ostrinia nubilalis Hubner) has migra-
ted over 1,000 kilometers to the north. According
to the study by Gutierrez et al. (2009), the range of
the olive fly (Bactrocera oleae Rossi) in both Europe
and North America is expected to retreat south-
ward while simultaneously expanding northward,
driven by warmer summer temperatures and
milder winters that affect adult fly populations.
The species Synanthedon myopaeformis Borkh. Pre-
ferring higher altitudes has expanded its distribu-
tion area to lower altitudes, higher levels of
population density, and an increase in damage to
the Plovdiv region has been found (Ivanov, 2023).

Furthermore, when the brown marmorated
stink bug (Halyomorpha halys Stal) is in its nymphal
stages, its entire population is susceptible to
decline (Musolin, 2007). In contrast, areas farther
south benefit from a sufficiently long growing
season, which allows this generation to mature
before the onset of winter. In these regions, the
brown marmorated stink bug has effectively out-
competed the previously dominant pest species,
the oriental green stink bug (Nezara antennata
Scott) (Bale & Hayward, 2010; Tougou et al., 2009).
Although no economic impact is known so far in
Europe, future stable establishment and mass
development of Halyomorpha halys in Bulgaria will
most probably be a problem in agriculture jointly
accumulated with recently observed damages
caused by N. viridula in some Bulgarian regions
(Simov et al., 2012). When monitoring the insect, a
spread in the region of Plovdiv was also found
(Hristozova & Harizanova, 2024).

Recent studies indicate that numerous inva-
sive insect pest species are anticipated to expand
their geographical range and exhibit increased
population density and reproductive cycles as a
result of projected climate change scenarios (Hill
etal., 2016; Walther et al., 2009). This phenomenon
poses significant risks to sustainable agricultural
production. Extreme weather events, including
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storms, strong winds, hurricanes, and high waves,
can facilitate the transportation of pests to new
areas where they may find favorable environ-
mental conditions for establishment (FAO, 2020).

A prominent example of this issue is the
invasion of the spotted Drosophila (Drosophila
suzukii Matsumura), which is known for its adap-
tability and potential for significant agricultural
damage across North America, South America,
and Europe. It is believed that this pest was
introduced via the fresh fruit trade, with initial
populations reproducing undetected in the egg or
larval stages within large shipments of fresh fruit
imported from Southeast Asia (Rota-Stabelli et al.,
2013). The model predicts that under the current
climatic conditions, D. suzukii can be established
on the whole territory of the country and develop
3-7 generations per year for the region of Plovdiv.
In the region of Plovdiv, the number of trapped
flies was significantly higher than in Blagoevgrad
and Kyustendil (Karadjova et al., 2016).

Conclusions

Temperature is one of the primary factors
influencing insect phenology. Changes in tempe-
rature patterns can disrupt the established rela-
tionship between thermal and photoperiodic con-
ditions, significantly impacting insect seasonal
behaviors, including their reproductive cycles.
Generally, elevated temperatures during the gro-
wing season expedite the development of ecto-
thermic organisms.

The European Union has prioritized the
mitigation of climate change and the adaptation to
its impacts on the planet and its ecosystems.
Annual reports produced by the National Insti-
tute of Meteorology and Hydrology, along with
the World Meteorological Organization, indicate a
notable increase in abiotic factors. The Hydro-
meteorological Bulletins and the WMO Statement
on the State of the Global Climate for the relevant
years substantiate this trend.

Research indicates that the climate in the city
of Plovdiv and its surrounding region has expe-
rienced substantial changes. Analyses of average
annual temperatures from 1974 to 2024 demon-
strate a consistent rise. Since 2013, the average
annual temperature in the Plovdiv region has
maintained levels at or above 13°C. Furthermore,
there is a persistent upward trend in the average
annual temperature within this region.



Monthly temperature assessments for June
and July reveal a distinct upward trajectory.
Additionally, a positive monotonic trend in
maximum temperatures has been documented for
the summer months, with the most pronounced
increase noted in August. A consistent rise has
also been observed in the minimum temperatures
recorded for August.

Conversely, a decreasing linear trend has
been established in the average number of days
exhibiting daily temperatures below 5°C (TM <
5°C) and below 10°C (TM < 10°C). Simulta-
neously, an increasing linear trend has been
identified in the average number of days with
daily temperatures exceeding 30°C (TX > 30°C)
and 35°C (TX > 35°C) within the Plovdiv region.

Acknowledgments

This research is supported by the Bulgarian
Ministry of Education and Science under the
National Program “Young Scientists and
Postdoctoral Students - 2”.

References

Akers, R.C,, & Nielsen, D.G. (1984). Predicting Agri-
lus anxius adult emergence by heat unit accu-
mulation. Journal of Economic Entomology, 77(6),
1459-1463.

Allsopp, P.G., & Butler, D.G. (1987). Estimating
day-degrees from daily maximum-minimum
temperatures: a comparison of techniques for
a soil-dwelling insect. Agricultural and Forest
Meteorology, 41(1-2), 165-172. doi:

Altermatt, F. (2010). Climatic warming increases
voltinism in European butterflies and moths.
Proceedings of the Royal Society B: Biological
Sciences, ~ 277(1685),  1281-1287.  doi:

Arbab, A. Kontodimas, D.C, & McNeill, M.R.
(2008). Modeling embryo development of
Sitona  discoideus Gyllenhal (Coleoptera:
Curculionidae) under constant temperature.
Environmental Entomology, 37(6), 1381-1388.
doi:

Bale, ]S, & Hayward, S.A.L. (2010). Insect
overwintering in a changing climate. Journal of
Experimental Biology, 213(6), 980-994. doi:

Boggs, C.L. (2016). The Fingerprints of Global
Climate Change on Insect Populations.

193

Plamen Ivanov

Current Opinion in Insect Science, 17, 69-73. doi:

Bonelli, M., Eustacchio, E., Avesani, D., Michelsen,
V., Falaschi, M., Caccianiga, M., Gobbi, M., &
Casartelli, M. (2022). The early season com-
munity of flower-visiting arthropods in a
high-altitude alpine environment. Insects,
13(4), 393. doi:

Bradshaw, W.E,, & Holzapfel, CM. (2001). A
genetic shift in photoperiodic response corre-
lated with global warming. Proceedings of the
National Academy of Sciences, 98, 14509-14511.
doi:

Chen, C,, Gols, R, Biere, A., & Harvey, ].A. (2019).
Differential effects of climate warming on
reproduction and functional responses on
insects in the fourth trophic level. Functional
Ecology, 33, 693-702. doi:

FAQO, Food and Agriculture Organization Plant
Pests and Diseases in the Context of Climate
Change and Climate Variability, Food
Security and Biodiversity Risks. [(accessed on
12 January 2020)]; Available online:

Forrest, ] RK. (2016). Complex responses of insect
phenology to climate change. Current Opinion
in  Insect  Science, 17, 49-54. doi:

Garcia-Robledo, C., & Baer, C.S. (2021a). Demogra-
phic attritions, elevational refugia, and the
resilience of insect populations to projected
global warming. The American Naturalist, 198,
113-127. doi:

Garcfa-Robledo, C., & Baer, C.S. (2021b). Positive
genetic covariance and limited thermal tole-
rance constrain tropical insect responses to
global warming. Journal of Evolutionary Biology,
34(9), 1432-1446. doi:

Genoud, A.P.,, Saha, T., Williams, G.M., & Thomas,
B.P. (2023). Insect biomass density: measure-
ment of seasonal and daily variations using an
entomological optical sensor. Applied Physics B,
129(2), 26. doi: .

Gonzélez-Tokman, D., Cérdoba-Aguilar, A., Déttilo,
W., Lira-Noriega, A., Sanchez-Guillén, R., &
Villalobos, F. (2020). Insect responses to heat:
Physiological mechanisms, evolution and
ecological implications in a warming world.
Biological Reviews, 3, 95(3), 802-821. doi:


https://doi.org/10.1016/0168-1923(87)90076-1
https://doi.org/10.1098/rspb.2009.1910
https://doi.org/10.1603/0046-225x-37.6.1381
https://doi.org/10.1242/jeb.037911
https://doi.org/10.1016/j.cois.2016.07.004
https://doi.org/10.3390/insects13040393
https://doi.org/10.1073/pnas.241391498
https://doi.org/10.1111/1365-2435.13277
https://doi.org/10.1111/1365-2435.13277
http://www.fao.org/3/nb088/nb088.pdf
https://doi.org/10.1016/j.cois.2016.07.002
https://doi.org/10.1086/714525
https://doi.org/10.1111/jeb.13905
https://doi.org/10.1007/s00340-023-07973-5
https://doi.org/10.1111/brv.12588

Analysis of perennial temperature variations and behavioral ecology of insects for the region of the city of

Plovdiv, Bulgaria

Gutierrez, A.P., Ponti, L., & Cossu, Q.A. (2009).
Prospective comparative analysis of global
warming effects on olive and olive fly (Bac-
trocera oleae (Gmelin)) in Arizona-California
and Italy. Climatic Change, 95(1), 195-217.

Harvey, J.A., Tougeron, K., Gols, R,, Heinen, R,
Abarca, M., Abram, P.K,, ... & Chown, S. L.
(2023). Scientists' warning on climate change
and insects. Ecological monographs, 93(1), €1553.
doi: .

Held, C., & Spieth, H.R. (1999). First evidence of
pupal summer diapause in Pieris brassicae L.:
The evolution of local adaptedness. Journal of
Insect  Physiology, 45(6), 587-598. doi:

Hewitt, G. (2000). The genetic legacy of the quarter-
nary ice ages. Nature, 405(6789), 907-913. doi:

Higashi, C.H.V., Barton, B.T., & Oliver, K M. (2020).
Warmer nights offer no respite for a defensive
mutualism. Journal of Animal Ecology, 89(8),
1895-1905. doi:

Higley, L.G., Pedigo, L.P., & Ostlie, KR. (1986).
DEGDAY: a program for calculating degree-
days and assumptions behind the degree-day
approach. Environmental Entomology, 15(5),
999-1016. doi:

Hill, M.P., Bertelsmeier, C., Clusella-Trullas, S.,
Garnas, J., Robertson, M.P., & Terblanche, ].S.
(2016). Predicted decrease in global climate
suitability masks regional complexity of
invasive fruit fly species response to climate
change. Biological Invasions, 18, 1105-1119. doi:

Hristozova, M.V., & Harizanova, V.B. (2024). Para-
sitoids of the invasive Halyomorpha halys
(Heteroptera: Pentatomidae) in Bulgaria and
the rate of parasitism at field conditions.
Agricultural Sciences, 16(43), 70-76.

Iltis, C., Louapre,P., Vogelweith, F., Thiéry, D., &
Moreau, J. (2021). How to stand the heat? Post-
stress nutrition and developmental stage
determine insect response to a heat wave.
Journal of Insect Physiology, 131, 104214. doi:

Ivanov, P. (2023). Population dynamics on the apple
clearwing moth Synanthedon myopaeformis
Borkh. (Lepidoptera: Sesiidae) in apple or-
chards in optimizing integrated plant pro-
tection systems. Journal of Mountain Agriculture
on the Balkans, 26(4), 285-297.

194

Ivanov, P. (2024). Population density and species
composition of leaf miner moths in the apple
orchards. Journal of Mountain Agriculture on the
Balkans, 27(2), 239-252.

Ivanov, P., & Filyova, P. (2024). Codling moth
(Cydia Pomonella Linnaeus) (Lepidoptera: Tor-
tricidae) in the face of a changing climate.
Journal of Mountain Agriculture on the Balkans,
27(4), 358-371.

Karadjova, O,, Ilieva, Z., Petrova, E., & Laginova,
M. (2016). Predicted and actual distribution of
the invasive species Drosophila suzukii (Dip-
tera: Drosophilidae) in Bulgaria. Agricultural
Sciences, 8, 45-52.

Kingsolver, J.G., Higgins, ].K., & Augustine, K.E.
(2015). Fluctuating temperatures and ectotherm
growth: Distinguishing non-linear and time-
dependent effects. Journal of Experimental Biolo-
gy, 218(14), 2218-2225. doi:

Ma, G., Bai, C., Rudolf, V.H., & Ma, C. (2021). Night
warming alters mean warming effects on
predator-prey interactions by modifying pre-
dator demographics and interaction strengths.
Functional Ecology, 35(9), 2094-2107. doi:

Ma, G., Le Lann, C., van Baaren, J.,, & Ma, CS.
(2020). Night warming affecting interspecific
interactions:  Implications for biological
control. In Gao, Y., Hokkanen, HM.T,, &
Menzler-Hokkanen (eds.), Integrative Biological
Control. Berlin: Springer International Pub-
lishing, pp. 39-53. doi:

Martinet, B, Lecocq, T., Smet, J., & Rasmont, P.
(2015). A protocol to assess insect resistance to

heat waves, applied to bumblebees (Bormbus
Latreille, 1802). PLoS One, 10(3), €0118591. doi:

Musolin, D.L. (2007). Insects in a warmer world:
ecological, physiological and life-history res-
ponses of true bugs (Heteroptera) to climate
change. Global Change Biology, 13(8), 1565-1585.
doi:

Nakonieczny, M., Kedziorski, A., & Michalczyk, K.
(2007). Apollo butterfly (Parnassius apollo L.) in
Europe - Its history, decline, and perspectives
of conservation. Functional Ecosystems and
Communities, 1(1), 56-79.

Nirnberger, F., Hartel, S., & Steffan-Dewenter, 1.
(2019). Seasonal timing in honey bee colonies:
Phenology shifts affect honey stores and


https://doi.org/10.1002/ecm.1553
https://doi.org/10.1016/S0022-1910(99)00042-6
https://doi.org/10.1038/35016000
https://doi.org/10.1111/1365-2656.13238
https://doi.org/10.1093/ee/15.5.999
https://doi.org/10.1007/s10530-016-1078-5
https://doi.org/10.1016/j.jinsphys.2021.104214
https://doi.org/10.1242/jeb.120733
https://doi.org/10.1111/1365-2435.13833
https://doi.org/10.1007/978-3-030-44838-7_3
https://doi.org/10.1007/978-3-030-44838-7_3
https://doi.org/10.1371/journal.pone.0118591
https://doi.org/10.1111/j.1365-2486.2007.01395.x

varroa infestation levels. Oecologia, 189, 1121~
1131. doi: .

Parmesan, C., Williams-Anderson, A., Moskwik,
M., Mikheyev, AS., & Singer, M.C. (2015).
Endangered quino checkerspot butterfly and
climate change: Short-term success but long-
term vulnerability? Journal of Insect Conserva-
tion, 19, 185-204. doi:

Pincebourde, S., van Baaren, ]., Rasmann, S., Ras-
mont, P., Rodet, G., Martinet, B., & Calatayud,
P.A. (2017). Plant-insect interactions in a chan-
ging world. Advances in Botanical Research, 81,
289-332. doi: .

Platts, P.J., Mason, S.C., Palmer, G., Hill, JK,
Oliver, T.H., Powney, G.D., Fox, R., & Thomas,
C.D. (2019). Habitat availability explains va-
riation in climate-driven range shifts across
multiple taxonomic groups. Scientific Reports,
9,15039. doi: .

Rota-Stabelli, O., Blaxter, M., & Anfora, G. (2013).
Drosophila suzukii. Current Biology, 23(1), R8-
R9. doi:

Salman, M.H.R,, Bonsignore, C.P., El Alaoui El Fels,
A., Giomi, F., Hodar, J.A., Laparie, M., Marini,
L., Merel, C., Zalucki, M.P., Zamoum, M., &
Battisti, A. (2019). Winter temperature predicts
prolonged diapause in pine processionary
moth species across their geographic range.
Peer], 7, €6530. doi:

Shukla, P.R.,, Skea, ], Slade, R., Al Khourdajie, A.,
Van Diemen, R., McCollum, D., Pathak, M.,
Some, S., Vyas, P., Fradera, R., Belkacemi, M.,
Hasija, A., Lisboa, G., Luz, S. & Malley, J. (Eds.)
(2022). Climate change 2022: Mitigation of climate
change. Contribution of working group III to
the sixth assessment report of the
Intergovernmental Panel on Climate Change.
Cambridge University Press, 2140 p. doi:

Simov, N., Langourov, M., Grozeva, S. & Gradina-
rov, D. (2012). New and Interesting Records of
Alien and Native True Bugs (Hemiptera: He-
teroptera) in Bulgaria. Acta zoologica bulgarica,
64(3), 241-252.

Skendzi¢, S, Zovko, M., Zivkovi¢, LP,, Legi¢, V., &
Lemic, D. (2021). The impact of climate change
on agricultural insect pests. Insects, 12(5), 440.
doi: .

Srivastava, V., Liang, W., Keena, M.A., Roe, A.D.,
Hamelin, R.C,, & Griess, V.C. (2020). Asses-

195

Plamen Ivanov

sing niche shifts and conservatism by compa-
ring the native and post-invasion niches of
major forest invasive species. Insects, 11(8), 479.
doi: .

Thakur, M.P., Bakker, ES., Veen, G.C,, & Harvey,
J.A. (2020). Climate extremes, rewilding, and
the role of microhabitats. One Earth, 2(6), 506-
509. doi:

Tougou, D., Musolin, D.L.,, & Fuyjisaki, K. (2009).
Some like it hot! Rapid climate change promo-
tes changes in distribution ranges of Nezara
viridula and Nezara antennata in Japan.
Entomologia Experimentalis et Applicata, 130(3),
249-258. doi:

Van Dyck, H,, Bonte, D., Puls, R,, Gotthard, K., &
Maes, D. (2015). The lost generation hypo-
thesis: Could climate change drive ectotherms
into a developmental trap? Oikos, 124,(1), 54-
61. doi:

Vercelli, M., Novelli, S., Ferrazzi, P., Lentini, G., &
Ferracini, C. (2021). A qualitative analysis of
beekeepers' perceptions and farm manage-
ment adaptations to the impact of climate
change on honey bees. Insects, 12(3), 228. doi:

Walther, G.R., Roques, A., Hulme, P.E.,, Sykes,
M.T., Pysek, P., Kiihn, L, ... & Settele, J. (2009).
Alien species in a warmer world: risks and
opportunities. Trends in ecology & evolution,
24(12), 686-693. doi:

Wojda, I, (2017). Temperature stress and insect
immunity. Journal of Thermal Biology, 68, 96-
103. doi: .

Zhao, F., Zhang, W., Hoffmann, A.A., & Ma, CS.
(2014). Night warming on hot days produces
novel impacts on development, survival and
reproduction in a small arthropod. Journal of
Animal  Ecology, 83(4), 769-778. doi:

Received: 05.03.2025
Accepted: 20.06.2025


https://doi.org/10.1007/s00442-019-04377-1
https://doi.org/10.1007/s10841-014-9743-4
https://doi.org/10.1007/s10841-014-9743-4
https://doi.org/10.1016/bs.abr.2016.09.009
https://doi.org/10.1038/s41598-019-51582-2
https://doi.org/10.1016/j.cub.2012.11.021
https://doi.org/10.7717/peerj.6530
https://doi.org/10.1017/9781009157926
https://doi.org/10.3390/insects12050440
https://doi.org/10.3390/insects11080479
https://doi.org/10.1016/j.oneear.2020.05.010
https://doi.org/10.1111/j.1570-7458.2008.00818.x
https://doi.org/10.1111/oik.02066
https://doi.org/10.3390/insects12030228
https://doi.org/10.1016/j.tree.2009.06.008
https://doi.org/10.1016/j.jtherbio.2016.12.002
https://doi.org/10.1111/1365-2656.12196

