
International Journal of Pharmaceutical Science Invention  

ISSN (Online): 2319-6718, ISSN (Print): 2319- 670X  

www.ijpsi.org Volume 8 Issue 9 ‖ September 2019 ‖ PP. 01-04 

 

DOI: 10.35629/6718-08090104                                       www.ijpsi.org                                                      1 | Page 

Impacts of Climate Change on Global Biodiversity: A 

Review and Synthesis 
 

Dr. Sanjay Kumar Singh 
Assistant Professor, Department of Zoology Govt. P.G. College Charra Aligarh 

 

Abstract 
The primary cause of global biodiversity loss which currently exists today results from climate change which 

operates together with habitat destruction and overexploitation. The article presents research findings which 

show how human-induced climate change affects living organisms at three different levels of biological 

organization starting from genetic material and body functions to changes in entire ecosystems. The study 

assesses how species react through three main pathways which include spatial distribution changes and 

seasonal timing and physiological changes. The study assesses both current prediction models and the sixth 

mass extinction hypothesis as its main focus. The study presents a comprehensive conservation approach which 

protects ecosystem resilience while sustaining vital ecosystem functions. The climate crisis which currently 

exists serves as a threat multiplier because it intensifies existing challenges which include habitat fragmentation 

and resource overconsumption. The current human-driven climate change results in rapid environmental shifts 

which create a restricted timeframe for organisms to adjust their biological systems to new conditions. This 

synthesis study investigates how the biosphere and atmosphere maintain complex feedback systems because 

human activities disrupt the carbon and water cycles which serve as vital components for sustaining life and 

driving global climate systems. The study shows that functional diversity loss which supports Millennium 

Ecosystem Assessment life support systems exists in addition to species richness decline. The study demonstrates 

the need for conservation efforts which extend beyond existing static methods by examining the effects of trophic 

asynchrony and keystone biomes which include Amazonian rainforests and coral reef systems.  
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I. Introduction 
The biosphere forms a complicated system which connects more than 1.75 million known species but 

scientists believe that actual species count exceeds 14 million because they have not yet discovered all microbial 

and fungal organisms and deep-sea creatures. The extensive biological diversity of this system has not reached a 

fixed state but instead shows continuous development through the course of billions of years which biological 

life on Earth has evolved. Species in the past have adapted to climate changes through two main methods which 

included either developing new traits or moving to different locations. The present time marks the beginning of 

an age which scientists call "the Great Acceleration" because current climate change reaches a speed which 

human activities produce through greenhouse gas emissions that exceeds the natural evolutionary abilities of 

many species to adapt. 

 

The Shift in Extinction Drivers 

Biodiversity faces its most critical threats through present-day habitat destruction and habitat 

fragmentation, but climate change will become the primary cause of extinction between 2050 and 2100. The 

danger exists because these stressors work together in a combined effect. The consequences of climate change 

extend beyond its own impacts because it acts as a "threat multiplier" that increases risks for groups already 

facing hazards from pollution and overexploitation and invasive species attacks. Human infrastructure has 

created "habitat squeezing" which prevents many organisms from using their traditional escape routes to migrate 

to higher latitudes or altitudes. 

 

The Predictive Frontier in Ecology 

The primary challenge which contemporary ecology faces today has transformed from its original state 

as a research field that studies ecological systems to its present form as a scientific field which predicts 

environmental changes. The scientific community requires advanced modeling tools which need to possess 

precise capabilities for detecting ecological tipping points and climatic niche shifts that will happen in future 

times. The field of ecology enables proactive conservation management through its ability to predict future 

ecological risks which stem from environmental changes. The plan requires two essential components: scientists 
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must create climate-resilient corridors which protect vital wildlife areas and they must establish adaptive 

management practices which protect endangered species from the imminent sixth mass extinction. 

 

II. Theoretical Framework: The Climatic Niche 
The climatic niche serves as a fundamental element of ecological theory because it defines the 

environmental parameters which include temperature and precipitation and seasonal patterns that determine the 

area where a species can thrive and reproduce. When climate change caused by human activity alters these 

environmental parameters, the species loses its historical climatic envelope which either moves away from its 

original location or vanishes entirely. Populations need to develop three different pathways to achieve their 

survival because they require space movement and time alteration and biological development through 

adaptation. 

 

2.1 Spatial Responses (Range Shifts) 

The most frequently documented response to a warming world is the spatial tracking of suitable 

climates, as species migrate to maintain their position within their preferred thermal envelope. The tracking 

process shows itself through two patterns which include poleward migrations and shifts to higher altitudes. 

Montane species in terrestrial systems face peak mountain elevations as their only remaining habitat because 

altitudinal shifts push them toward mountaintop areas. The presence of peak elevation stops  species movement 

at the highest point which leads to their extinction because they lack further space to inhabit. Marine 

environments and avian populations experience their strongest latitudinal shifts because some species expand 

their territories by hundreds of kilometers every decade to follow moving isotherms. 

 

2.2 Temporal Responses (Phenology) 

The phenomenon of phenology describes how species alter their life cycles when they remain in one 

location. The process of climate warming functions as a powerful environmental indicator which causes global 

springtime events to occur earlier than normal through phenomena like plants flowering early and insects 

awakening from dormancy earlier and birds completing their seasonal migration patterns. The adaptive shifts in 

behavior attempt to maintain harmony with environmental cycles but these changes create problems for the food 

chain because they interrupt the natural patterns of animal and plant relationships. This situation arises when a 

predator, for example a nesting bird, fails to match the timing of its active period with the time when its 

caterpillar prey reaches highest numbers. The breeding failure between two species who survive high 

temperatures creates a situation which results in complete reproductive failure and subsequent population 

extinction. 

 

2.3 "Self" Responses (Physiology and Plasticity) 

The ability of geographically restricted species to survive depends on their ability to change physical 

characteristics through internal processes, which includes their capacity to develop new traits through 

phenotypic plasticity and micro-evolution. Through phenotypic plasticity, organisms gain the ability to make 

instant changes in their behaviors and physical characteristics, which happen during their entire existence. 

Micro-evolution occurs through natural selection which chooses genetic variations that provide higher thermal 

tolerance and different metabolic functions. Endothermic animals have developed smaller body sizes throughout 

multiple generations, which has created an evolutionary shift that enables them to release body heat more 

effectively in response to climate warming by increasing their surface-area-to-volume ratio. 

 

III. Impacts Across Biological Scales 
The effects of climate change extend beyond particular species because they affect all levels of 

biological life from its basic molecular structure to the comprehensive distribution of Earth's ecosystems. The 

climate change process initiates a transformation of fundamental survival conditions which causes species to 

develop new patterns of interaction with their ecosystems, thereby creating permanent ecological weaknesses 

that organizations find hard to recover from. 

 

3.1 Genetic and Population Levels 

Climate change functions as an extreme and unyielding environmental force which selects against all 

living organisms. Some species can adapt through quick evolution but this process results in severe biological 

deterioration because of the "genetic bottleneck." Extreme weather events and new temperature conditions 

establish two different tolerance thresholds which eliminate all individuals who do not possess these required 

adaptations. The severe reduction of genetic diversity causes the population to lose its "evolutionary potential" 

which makes it vulnerable to multiple environmental challenges. The genetically deficient population becomes 
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more vulnerable to unpredictable occurrences which include the unexpected emergence of new diseases and 

even the slightest changes in nutrient levels.. 

 

3.2 Community and Network Levels 

The process of extinction affects more than single populations because it creates ecological "domino 

effects" which scientists study. A community depends on its keystone species for survival because this vital 

organism has exceeding power to shape its surroundings which leads to complete food web destruction when the 

species disappears. The extinction of a specialized pollinator through thermal stress leads to mutualism collapse 

because it prevents dependent floral partners from reproducing which leads to total extinction of the plant 

species regardless of its heat tolerance. Climate change establishes invasive species through invasive synergy 

because changing climates create ecological vacuums which enable hardy non-native species to thrive in new 

environments. The invading species destroy native populations which survive through physical stress, resulting 

in major changes to community structure that decrease ecosystem stability. 

 

3.3 Biome-Level Transformations 

The complete transformation of Earth's biomes through human activities creates major consequences 

for worldwide climate control systems. The Amazonian Dieback projection shows an alarming outcome because 

rising temperatures and extended drought periods will transform the rainforest into a carbon emission source 

instead of its current function as a carbon sink. The Amazon transition will result in extensive "savannization" 

which will destroy the Amazon as one of Earth's most ecologically diverse regions. Boreal expansion in 

northern latitudes leads to coniferous forests advancing into Arctic tundra regions. The encroachment of the 

forest decreases "albedo effect" because snow-covered tundra areas lose their ability to reflect sunlight as dark 

forest canopies increase solar radiation absorption. The forest expansion creates a dangerous positive feedback 

loop which leads to increased earth warming that accelerates the destruction of polar and sub-polar ecosystems. 

 

IV. Ecosystem Services and Human Well-being 
The Millennium Ecosystem Assessment (MA) demonstrates that biodiversity functions as the fundamental 

element which sustains human existence. We categorize these impacts through four service types: 

 

Service Type Climate Impact Resulting Risk 

Provisioning Altered rainfall and heat stress on crops. Food insecurity and loss of medicinal plants. 

Regulating Loss of coastal mangroves and coral reefs. Increased vulnerability to storm surges and floods. 

Supporting Soil microbial changes and loss of pollinators. Reduced soil fertility and agricultural collapse. 

Cultural Loss of iconic landscapes and species. Loss of tourism revenue and spiritual heritage. 

 

V. Modeling the Future: Challenges and Uncertainties 
The present predictive models supporting CSSS are quite distorted in their projections. 

• Worst-Case Scenarios: Some models predict that up to 30% of all species could be at risk of 

extinction if warming exceeds $2^\circ\text{C}$ to $3^\circ\text{C}$. 

• Uncertainties: Most current models fail to account for "biological interactions" (e.g., competition, 

predation) or the potential for "evolutionary rescue." This means we may be underestimating the 

resilience of some species while overestimating others. 

 

VI. Synthesis of Management and Conservation Strategies 
Conservation efforts need to become dynamic because static methods of conservation which used to work no 

longer succeed. National parks require more than "passive" protection because their climate changes lead to 

unprotected wildlife. 

 

6.1 Enhancing Connectivity 

Biological corridors to be established across fragmented landscapes present openings to species to migrate to 

new "climatic refugia." 

6.2 Assisted Colonization 

This controversial strategy involves humans physically moving species to new geographic areas that are 

predicted to be climatically suitable in the future. The process brings danger because the relocated organisms 

can become invasive species in their new territories. 

6.3 Resilience-Based Management 

The ability of an ecosystem to handle extreme climate changes increases when its "non-climate" stressors, 

which include pollution and overfishing and habitat fragmentation, are decreased. 
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VII. Conclusion 
The evidence is unequivocal: climate change is reorganizing the living world. The possibility of a sixth 

mass extinction event stands as a genuine threat which has not yet reached certainty. The preservation of 

biodiversity requires two different strategies which need to combine greenhouse gas emission reductions with 

adaptive conservation management for existing species and ecosystems. The UN Decade on Ecosystem 

Restoration requires a shift in focus from documenting environmental loss to creating a planet which has both 

resilience and diverse biological life. 
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