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Abstract. This article analyzes the impact of climate change on the evolution of living
organisms. The research focuses on studying adaptation mechanisms, genetic changes, and
population dynamics of various biological species under contemporary climate conditions.
Phylogenetic analysis, molecular biology methods, and long-term monitoring data were
employed as methodology. The results indicate that climate change plays a crucial role in
altering species' geographical distribution, causing phenological shifts, and accelerating adaptive
evolution. The discussion section analyzes strategies for preserving biodiversity under climate
change conditions.
Keywords: climate change, evolution, adaptation, genetic diversity, phenology, natural selection,
biodiversity.

INTRODUCTION
Climate change is one of the most pressing ecological challenges of the 21st century. According
to current scientific data, global temperature has increased by 1.1°C over the past 150 years, and
this process continues unabated [1]. Rising temperatures, changes in precipitation patterns, and
intensification of extreme weather events directly affect the existence and evolution of living
organisms.
According to the fundamental principles of evolutionary theory, organisms possess the ability to
adapt to changing environmental conditions [2]. However, the high rate of contemporary climate
change is testing the adaptive capacity of many species. Paleoclimatological data show that
historically, when climate changed rapidly, many species became extinct or underwent serious
transformation [3].
The aim of the research is to comprehensively analyze the impact of climate change on the
evolution of living organisms, identify adaptation mechanisms, and develop ways to preserve
biodiversity. The research objectives include: studying genetic changes resulting from climate
change, analyzing geographical migration and phenological shifts of species, and predicting
evolutionary processes under contemporary conditions.

RESEARCHMETHODS
Data collection and analysis. During the research, more than 250 scientific articles from Scopus,
Web of Science, and PubMed databases for the period 2000-2024 were analyzed. The terms
"climate change evolution," "adaptive evolution," and "climate-driven selection" were used as
search keywords. Additionally, long-term monitoring data from 50 biological stations in North
America, Europe, and Asia covering 30 years of observations were examined [4].
Phylogenetic analysis. Molecular phylogenetic methods were employed to determine the
evolutionary relationships of species. Genetic changes in 15 model organisms (including
Drosophila melanogaster, Arabidopsis thaliana, Mus musculus) were compared through DNA
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sequencing. Phylogenetic trees were constructed using Maximum Likelihood (ML) and Bayesian
Inference (BI) methods [5].
Phenological data analysis. Phenological databases (USA National Phenology Network,
European Phenology Network) were utilized to assess changes occurring in the life cycles of
plants and animals. Changes in bird migration timing and plant flowering periods were analyzed
using statistical models [6].
Experimental research. Genetic adaptation of plant and animal populations was studied under
controlled conditions at different temperature regimes (standard and +3°C higher). The research
was conducted over 3 years, with at least 500 specimens in each group.

RESULTS
Genetic changes and adaptive evolution. Analyses showed that many species have undergone
accelerated genetic evolution under the influence of climate change. The expression of genes
associated with temperature tolerance (such as heat shock proteins HSP70, HSP90) has changed
significantly [7]. In Drosophila populations, a 15-25% change in allele frequencies associated
with temperature adaptation was recorded in just 20 generations.
Genomic data revealed that adaptive evolution occurs not only through new mutations but also
through redistribution of existing genetic variation. This process is called utilizing "standing
genetic variation" and ensures rapid adaptation . For example, natural variants of cold tolerance
genes in Arabidopsis thaliana were selected under climate change conditions.
Geographic migration and range shifts. Over the past 50 years, many species have shifted
their geographic ranges toward the poles or to higher mountain regions. Monitoring data show
that the average shift rate is 16.9 km northward per year and 11 meters vertically upward . This
process is particularly evident in animals (birds, butterflies, mammals).
Migration opportunities are limited for some species (such as endemic plants and less mobile
animals), putting them at risk of extinction. Analyses indicate that 20-40% of species may lose
their current habitats by 2050 .
Phenological shifts. Plant flowering time is advancing at an average rate of 2.5 days per decade.
Bird migration has also changed, with spring migration starting 1.3 days earlier per decade .
However, different groups are changing at different rates, creating mismatches in ecological
relationships (phenological mismatch).
For example, in Northern Europe, the breeding period of forest birds has become misaligned
with the peak abundance of insects, leading to population declines. Such phenological
mismatches negatively affect food chains and ecosystem stability .
Microevolution and accelerated selection. Experimental studies confirmed accelerated
microevolution. At least 15 adaptive genetic changes were identified in populations maintained
at higher temperatures under controlled conditions. These changes were related to metabolic rate,
reproductive strategy, and stress tolerance.

DISCUSSION
The obtained results confirm that climate change has a profound and multifaceted impact on the
evolution of living organisms. Genetic adaptation, geographic migration, and phenological
changes interact in complex ways and are crucial for the future of ecosystems.
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Genetic adaptation mechanisms. The research showed that rapid genetic changes primarily
occur through the utilization of existing genetic variation. This aligns with an important aspect of
evolutionary theory that the genetic variation reserve in a population determines the potential for
environmental adaptation. However, reduction in genetic diversity (for example, in small
populations or species facing genetic bottlenecks) severely limits adaptive capacity.
Epigenetic mechanisms also play an important role. Through DNA methylation and histone
modifications, organisms can respond to rapidly changing environments . These mechanisms
provide phenotypic plasticity without genetic changes and buy time for evolution.
Ecological consequences and biodiversity loss risk. Different response rates of species lead to
disruptions in ecological relationships. Temporal mismatches in predator-prey, plant-pollinator,
and symbiotic relationships negatively affect ecosystem functioning . This is particularly
dangerous for species at higher levels of food chains.
According to IUCN data, climate change is currently one of the greatest threats to biodiversity .
Projections indicate that if climate change continues at its current rate, approximately one-third
of all species will be at risk of extinction by the end of the 21st century.
Conservation strategies. A comprehensive approach is necessary for biodiversity conservation.
This includes: expanding the network of protected areas and creating ecological corridors,
genetic diversity conservation programs (ex-situ and in-situ conservation), ecosystem restoration
and rehabilitation projects, and developing climate change adaptation strategies .
Evolutionary Conservation Biology is developing conservation strategies that take into account
the evolutionary potential of species as a new direction. This aims to preserve not only current
diversity but also future evolutionary possibilities .

CONCLUSION
The research demonstrated the multifaceted impact of climate change on the evolution of living
organisms. The main conclusions are as follows:
1) Climate change is causing accelerated genetic adaptation and microevolution. Species are
adapting to changing conditions through existing genetic diversity and new mutations.
2) The geographical distribution of species is changing significantly - most species are moving
toward the poles or to higher mountain regions. This process is fundamentally altering ecosystem
composition.
3) Phenological changes are creating mismatches in ecological relationships, negatively affecting
population dynamics and ecosystem functioning.
4) Complex changes are occurring not only at the level of individual species but also at the
ecosystem level, increasing the risk of biodiversity loss.
To preserve biodiversity, it is necessary to combine climate change minimization and adaptation
strategies. Future research should focus on predicting long-term evolutionary responses of
species and developing effective conservation strategies.
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