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Abstract  Global climate change has both direct and indirect effects on the biological and 

physical contexts of biodiversity. Climate change's consequences include  

increased temperature and precipitation, high salinity, and intense climate  

conditions such as hurricanes, cyclones, and droughts, all of which have a  

significant negative impact on habitats and on the structure and functioning of 

the environment and ecosystems. Investigating the impact of climate change on 

biodiversity is difficult because changes occur steadily over time and 

the consequences are interactive with other environmental problems. In the 

previous two decades, there has been an increase in the number of endangered 

species, including plants, fish, amphibians, molluscs, birds, mammals, insects, 

and reptiles, among many other species. This chapter's major goal is to focus on 

biodiversity and the impact of global warming and climate change on terrestrial 

and aquatic ecosystems, as well as on the agriculture and human existence.  

Furthermore, numerous tools and methods for analysing the effects of climate 

change using diverse techniques, as well as potential mitigation measures for 

conserving biodiversity from climate change's consequences, have 

been discussed. 
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Introduction 

 

According to the International Union for Conservation of Nature (IUCN), biodiversity is "the  

heterogeneity of life forms from all types of habitats and ecological complexes" (IUCN, 2010). There are 

between 5 to 30 million distinct species on Earth; the majority are microbes, with just approximately 

1.75 million accurately recognised (IUCN, 2000). The interactions of all the elements that comprise the 

world's total biodiversity, considered as a whole, create the foundation upon which human civilization 

has evolved. Biodiversity loss is one of the most critical environmental issues, given how much it  

contributes to the world economy and human health (Martens and Rotmans, 2005). There has been a 

steady decline in species richness since 1970, according to the Living Planet Index. By 2020, it is  

anticipated that species populations would decline by 67 percent. In the previous two decades, there 

has been an increase in the number of endangered species, including plants, fish, amphibians, molluscs, 

birds, mammals, insects, and reptiles, among many other species. A ten-year period between 2006 and 

2015 saw a loss of biodiversity in reptiles, molluscs, and fish, with average losses of 12.5% and 8.5%, 

respectively. World Wildlife Fund (WWF) (2016) attributes the decline in biodiversity to a variety of 

factors including habitat destruction and degradation, resource exploitation, unsustainable agriculture, 

fishing, climate change, and ecosystem pollution.  Climate change will become one of the world's  

primary causes of biodiversity loss in the future, and there are compelling reasons to believe that  

climate change will result in the extinction of a number of taxonomic specie as well (Sala et al., 2000). 

The IPCC's 4th Assessment Report (AR4) affirmed that climate change is having a significant impact on 

many aspects of biodiversity. These implications will also have an impact on the ecosystem, the genetic 

diversity of animals, and ecological relationships. These effects have far-reaching implications for the 

natural world's long-term existence as well as the numerous benefits and resources that people derive 

from it. 

Climate change, as one of the most important factors influencing organism growth and species  

densities, has the ability to affect the structure of plant and soil ecosystems, as well as their interactions. 

A steady increase in the average temperature of the Earth's atmosphere and seas is referred to as  

climate change. Climate change is one of the most significant factors influencing disaster risk, according 

to the Intergovernmental Panel on Climate Change (IPCC) (IPCC, 2013). According to the  

Intergovernmental Panel on Climate Change (IPCC), global warming will continue to climb by 5.8°C by 

2100, compared to 1.4°C in 1990 (IPCC, 2007).As a result of climate change, there may be a range of 

environmental and biological consequences (Lama and Devkota, 2009). The fast-growing trend toward 

warming has already had obvious and typically negative consequences on important resources, such as 

soil, living organisms, and water, during the previous few decades (Danovaro et al., 2004). Climate 

change, together with biodiversity loss, is a major issue on the environmental, social, cultural, and  

political fronts (Rosales, 2008). Further temperature rises of up to 3°C, according to the IPCC, will  

almost likely produce substantial changes in the composition and operation of all ecosystems, as well as 

an increased chance of animal extinction. The findings show that climate change will have an impact on 

biodiversity, among other things, by altering lifecycles, developing new physical features, shifting  
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habitat and species distribution, and increasing the frequency and severity of pest and disease events 

(Hui, 2013; Sintayehu, 2018). Figure 1 illustrates the impact of climate change on biodiversity. Global 

warming will have an impact on forest species, both through habitat shifts and in direct reaction to 

temperature rises, precipitation variations, and severe weather events (Sarkar, 2012). Species extinction 

and relocation cycles have been triggered all over the world as a result of climate change. According to 

current climate projections, further environmental change will occur in the next decades (IPCC, 2013). 

Due to stresses and biological behaviours, climate change is also thought to be a significant driver of 

habitat alteration and degradation. 

Figure 1. Effect of climate change and human interference on biodiversity  
(Adapted from Kappelle et al., 1999). 
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Effect of climate change on biodiversity 

 

Biodiversity and ecosystem services based on biodiversity are climate-sensitive by definition. As the 

temperature rises and the planet warms, regional circumstances are impacted in a variety of ways. As 

the climate continues to change, there appears to be an impact on biodiversity loss. As a result of such 

effects, the composition and distribution trend of ecosystems and ecological services (Figure 2), on 

which human civilizations rely, are altered. Warmer temperatures cause greater evaporation, resulting 

in more rain and snowfall. The increased precipitation, on the other hand, is distributed unevenly,  

resulting in greater rainfall in some regions and dryness in others. Portions of South and Southeast Asia 

are experiencing heavy monsoon rains and sea level rise, while parts of southern Africa and the  

American Southwest are experiencing catastrophic droughts and crop failures. Dense snowstorms, 

hurricanes that are substantially larger, more violent heat waves, and intense rainstorms with  

accompanying flash flooding are all becoming more prevalent across the world (IFAW, 2013). Reduced 

snowfall and decreasing glaciers in the mountains result in less melted snow flowing into rivers, 

streams, and lakes for fish and animals, as well as less water accessible for drinking and agriculture 

(Palita, 2016). 

Figure 2. Impact of climate change on biodiversity and ecosystem loss (Adapted from Sintayehu, 2018). 
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Due to disturbance and competition from invasive species, species migration is presently on the rise 

and is likely to continue to have an influence on aquatic, land-based, and freshwater ecosystems 

(Wernberg et al., 2011). Many creatures, including the blue whale (Balaenoptera musculus), polar bear 

(ursus maritimus), great white shark (Carcharodon carcharias), ringed seals (pusahispida), and others, 

would begin to decrease and finally perish due to a lack of food and crucial alterations in sea-ice  

ecosystem interactions. Environmental changes such as change in temperature causes life forms to  

respond physiologically by following an optimal curve in which productivity (e.g., metabolic rate such 

as photosynthetic activity, rate of growth) is maximised under ideal conditions and survival is limited 

to a specific temperature range. Increased metabolic rates are considered to be caused by a drop in  

temperature below the minimum. Physiological rates (enzyme response, respiratory rate, food  

absorption, production, and growth) increase as a result, with the slope of the rise varying per  

organism. This physiological reaction can change phenology, which refers to all life-cycle activities that 

take place over time, such as larval development, hibernation season, migration to winter or summer 

habitats, and so on. Increases in metabolic rates are linked to increases in nutritional requirements, 

which means certain animals may need to eat more food or prey to fulfil their increased energy needs. 

As a result, if competing species display significant variations in competitive adaptation over a temper-

ature gradient, competitive supremacy will shift along a small temperature differential. 

 

Effect on terrestrial life 

 

Animal and bird populations are declining as a result of changes in the environment and the  

eco-system. 150 bird species have already gone extinct in the previous 500 years, and one out of every 

eight species is currently endangered (Mooney et al., 2009). Any animal's initial response to a changing 

climate is to relocate in order to preserve ideal climatic circumstances, a process known as range shifts. 

At the colder poles, species are shifting polewards, whereas range boundaries are shrinking at the  

hotter range border, where temperatures are no longer viable. Land-based species are moving to higher 

elevations, where the temperature is cooler. Warming temperatures harm heat-sensitive plants 

(Welbergen et al., 2008), resulting in an increase in thermophilic species concentration (Reid, 2006) and 

shifts in species diversity trends (Roder et al., 2010). Warmer winters and higher seasonal heat levels, 

for example, are thought to have contributed to the mountain pine beetle (Dendroctonus ponderosae)  

epidemic's extreme severity and size in British Columbia's pine forests (Carroll et al., 2004). Because 

different species react at differing rates and to variable degrees, fundamental relationships between 

species are frequently disrupted, and new interactions develop. These anomalies will result in the  

development of new biotic species and significant changes in ecosystem functioning, with far-reaching 

and often unanticipated consequences for both ecological and human populations. 

As a result of increased temperature in various areas, changes in the distribution of numerous animals 

have been detected. Warmer temperatures, for example, have resulted in an upslope shift in alpine bird 

habitat in Italy. Several habitats are anticipated to merge with ski-industry-friendly locations, creating 

conservation challenges for several bird species (Brambilla et al., 2016). Climate change has also affected 
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the northward and altitudinal movement of bark beetles in North America. Increased temperatures and 

droughts make trees more susceptible to defoliators and bark beetles, increasing the intensity of pest 

infestations, which might have an impact on the ecosystem by increasing fuel loads and fire occurrence 

at high latitudes (Cudmore et al., 2010). Climate change alters the location, pattern, and density of  

terrestrial vegetation, resulting in higher average temperatures and a longer growth season. Changes in 

vegetation exacerbate climate change by influencing albedo, biomass, and evapotranspiration (Pearson 

et al., 2013). Drought and forest fire vulnerability may also increase as a result of climate change. In the 

future, it is predicted that tropical and semi-tropical forests and grasslands, which are rich in  

biodiversity and provide water management, carbon sequestration, nourishment, and timber, among 

other ecosystem services, would be converted at a faster rate (Harley et al., 2006). Over a 30-year period, 

spring leaf unfolding and fruit maturation patterns changed by 2.5 and 2.4 days every decade,  

respectively (Mooney et al., 2009). 

 

Effect on aquatic life 

 

Ocean acidification and temperature increases, more frequent and severe weather events, and changes 

in oxygen levels or deoxygenation procedures are some of the most immediate impacts of global  

warming on the marine ecology (IPCC, 2007). Nitrogen deposition, warming, precipitation variations, 

and changed runoff patterns are all major threats to freshwater systems worldwide (Woodward et al., 

2010). Global warming has had a substantial influence on marine ecosystems, resulting in habitat loss 

and the introduction of invasive plant and animal species, as well as increased heat, acidity, pollution, 

and massive nutrient runoff into water (Mooney et al., 2009).Climate change poses the greatest danger 

to corals, sea grass, mangroves, salt marsh grasses, and oysters, which provide habitat for hundreds of 

other marine species (Harley et al., 2006). Coral reef biodiversity has already suffered as a result of  

rising water temperatures (Leahy, 2007). Increasing temperatures may affect changes in the structure of 

different plankton functional groups (Polovina and Woodworth, 2012).Climate change and weather 

patterns, according to a study conducted by Jackson (2008) in coastal estuaries, have resulted in the loss 

of 80 percent of the largest species, such as sharks and blue whales, 90 percent of oysters, 65 percent of 

sea grass, and 67 percent of wetlands. According to numerous studies, global warming causes  

organisms to alter their ranges in the ocean, with cooler water at deeper depths. Turan et al. (2016)  

utilised purse seiner, trawler, and trammel nets to examine surface water temperature change, as well 

as the composition and distribution of biodiversity, throughout Turkey's Mediterranean, Marmara, and 

Black Sea coasts for 41 years. Researchers found that surface sea water temperatures have risen by 1.5 to 

3 °C in all seas, compelling native species to live with alien species. A total of 74 alien fish species have 

been discovered in Turkish waters (Figure 3). Demersal fish in the North Sea have migrated deeper as 

temperatures has increased. Smaller, less abundant southern species have migrated southwards, 

whereas thermally specialised fish have moved northwards (Dulvy et al., 2008). In response to rising 

water temperatures in Finland, the northern pike expanded its territory, whereas Atlantic salmon, an 

anadromous cold-water fish, dropped in number. 
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Effect of climate change on agriculture 

 

Temperature, sunlight, and water are the major regulators of agricultural development; therefore,  

climate change has a direct influence on agriculture. While certain aspects of climate change, such as a 

longer growing season and warmer temperatures, may help agriculture flourish and produce more, 

others, such as reduced water availability and more frequent severe weather events, may have negative 

repercussions. Climate change has an impact on plant development and productivity by increasing 

unpredictability in rainfall patterns, heat stress, pest and disease invasion, and crop cycle shortening. 

The influence of climate change on agriculture is predicted to cause havoc on certain parts of  

agricultural systems while also presenting possibilities for development. Shifts in the average climate 

away from present conditions may need changes to current practises to maintain production, and the 

optimal cropping strategy may need to be altered in some situations. Agricultural production, farm 

revenue, and food security may all be affected by raised temperatures during the vegetative season 

(Battisti and Naylor, 2009). 

Varying plants have different temperature sensitivity. Crop adaptability and production are projected 

to grow and spread northward in the mid- and high-latitudes, particularly in cereals and cold-season 

seed crops (Maracchiet al., 2005; Tuck et al., 2006; Olesen et al., 2007). It was predicted by the IPCC 

(2001) that wheat yields will decline by 5-10% for every 1°C drop in temperature, and also that South 

Asian agricultural production might plunge by 30 percent by the twenty-first century. India's  

agricultural productivity is expected to drop by 40% by 2080. Temperature rises, according to the  

Figure 3. Graph indicating trend of alien species of fishes in waters of Turkey  
(Adapted from Turan et al., 2016). 
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Intergovernmental Panel on Climate Change (IPCC), will destabilise wheat-growing countries, putting 

hundreds of millions of people on the edge of famine (IPCC, 2007). A small change in average annual 

rainfall might have a big impact on a region's output. The monsoon rainfall pattern, both  

geographically and temporally, is critical for Indian agriculture (Kumar et al., 2004). Asada and  

Matsumoto (2009) looked at the relationship between district-level crop output statistics (rainy season 

'kharif' rice) and precipitation from 1960 to 2000.In a number of scenarios, different locations were 

shown to be sensitive to precipitation extremes. Crop productivity in the upper Ganges basin is linked 

to total precipitation throughout the relatively short growing season, rendering it sensitive to drought. 

The lower Ganges basin, on the other hand, was susceptible to pluvial floods, but the Brahmaputra 

basin saw an increasing impact of precipitation fluctuation on crop production, particularly dur-

ing drought. Climate change has a direct impact on crop evapotranspiration (ET). Rising temperatures 

in Rajasthan's arid areas are projected to result in a 14.8% increase in overall ET consumption (Goyal, 

2004). According to the study, even a slight increase in ET demand due to global warming will have a 

bigger impact on Rajasthan's dry zone ecology's vulnerable water supplies (Goyal, 2004). As a result, 

climate change will affect soil moisture, groundwater recharge, the frequency of floods and droughts, 

and, eventually, the water table at various locations (Huntington, 2003; Eckhardt and Ulbrich, 2003; 

Allen et al., 2004). 

 

Assessment of climate change impact on biodiversity 

 

When it comes to dealing with global climate change, the most pertinent concern is quantifying  

biodiversity potential. Nunez et al. (2019) conducted a meta-analysis of studies that used bioclimatic 

models and climate-change scenarios to quantify the sensitivity of terrestrial ecosystems to climate 

change, including global mean temperature increases of up to 6°C by 2100, along with related climate 

variables like precipitation change above pre-industrial levels. Two efficacy measures for measuring 

biodiversity changes were created using the data of 97 research. These metrics are the  

fraction remaining species (FRS) and the fraction of remaining area (FRA) with the appropriate climate 

for every single species. At moderate temperature levels (e.g., 1-2 °C), the study found that species  

cannot disperse or adapt, and that a significant decrease in their original biodiversity is predicted.  

Following the predicted climatic change, FRS is calculated as the average of ratios between the residual 

species number and the initial species number in each part of the map of the research region. 

                                                     (1) 

Where, 

Sdi=Expected number of species remaining in grid cells i following climate change 

Soi= number of species in grid cell i during initial condition 

n = total number of grid cells.  

FRS is a relative index that ranges from 0 to 1, with 0 indicating no original species and 1 indicating all 
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original species are present. FRS decreases when the climate in one of the grid cells within the study 

region becomes unsuitable for a species. FRS depicts species' reactions to climate change on a local  

level. FRA calculated as the ratio between the appropriate original and surviving climatic area is com-

puted for each species. 

                                                     (2) 

Where, 

Adj= remaining suitable climate area for species j after climate change 

Aoj= climate area for species j in original situation before climate change 

S = number of species 

FRA is also a relative index that ranges from 0 i.e., no initial appropriate climate area to 1 i.e., un-

changed climate area. 

Another study conducted by Habibullah et al. (2019) employed the improved threatened species-

climate change equation to experimentally analyse the impact of climate change on the number of 

threatened species: 

                   (3) 

where β, γ, ϕ, δ, and θ are the parameters coefficients to be estimated and final term indicates the error. 

Although there are other methods for deriving conclusions, such as existing palaeontological or  

existing data, experiments, observations, and meta-analyses (Lepetz et al., 2009), ecological modelling is 

the most commonly used methodology for predictive research. According to Crick (2004),despite the 

fact that many bioclimatic models are very accurate (Williams et al., 2003) the majority of research into 

the effects of climate change on organisms still rely on predictive large-scale models to cope with abiot-

ic data from satellite sensors. There are three fundamental approaches for estimating biodiversity loss: 

future changes in species range or extinction, future changes in species diversity, and future changes in 

species diversity. Furthermore, all three modelling approaches have mostly focused on one axis of  

response (space change), disregarding the importance of the other components (Bellard et al., 2012). 

Existing species ranges are linked to a number of climatic variables using Bioclimatic Envelope Models, 

which define each species' climatic niche (envelope). The niche may then be forecast for various future 

temperature scenarios to determine the species' suitable climatic space's possible redistribution.  

Considering species–area relationships (Thomas et al., 2004) or IUCN status, the likelihood of extinction 

may then be evaluated using a number of approaches (Thuiller et al., 2005). Models of Dynamic  

Vegetation (DVM) anticipate changes in vegetation and associated biogeochemical and hydrological 

cycles in response to climate change. DVMs use time series of meteorological data (e.g., temperature, 

precipitation, humidity, sunshine days) and topography and soil characteristics to mimic monthly or 

daily dynamics of biological processes.DVMs are currently of limited use for directly projecting  

biodiversity variations, but when combined with extinction models, they give an estimate of the risk of 

extinction of species on a regional or worldwide scale (Van Vuuren et al., 2006). The species–area  
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relationship (SAR) is an empirical correlation seen between a species' population and its area (Thomas 

et al., 2004). Extinction risk is calculated by observing that extinction risk increases with decreasing 

range and population size as a direct result of habitat loss or climate-induced area shrinkage. SAR 

methods may underestimate or exaggerate the threat of extinction based on species' capacity to survive 

in low populations or adapt to new environments, and they may also be unable to define a timeline for 

extinctions (Chevin et al., 2010). DRR (dose–response relationship) models can generate empirical  

correlations between the relative significance of global variables and changes in species decline using 

observable data and experiments. The most common use of species distribution modelling (SDM) has 

been to anticipate the impact of climate change on the global distribution of one or more species at a 

time (Thuiller, 2003).Such predictions may be useful in developing conservation strategies for species of 

critical concern, but they are less applicable to overall biodiversity planning. SDM is a powerful method 

for spatially anticipating the explicit impact of climate change on biodiversity. 

Innovative concepts and techniques must be developed in order to adapted successful mitigation and 

remediation solutions on a medium and small scale. Sound is one of the most intriguing alternatives 

since it is an important route for intraspecific and interspecific communication across hetero- and  

homoeothermic groups of animals. The study of sound from an ecological standpoint is known as  

eco-acoustics (Sueur and Farina, 2015). Eco-acoustics has been widely used in biodiversity assessments, 

such as habitat assessment (Bormpoudaki et al., 2013), habitat quality variations (Piercy et al., 2014), 

habitat selection (Figueira et al., 2015), distribution and dynamics (Risch et al., 2014), population density 

(Lucas et al., 2015), and species invasion (Both and Grant, 2012). Eco-acoustics and related  

sub-disciplines are critical subjects of study and application for the complex issues raised by climate 

change. When coupled with other remote sensing methods, the expansion of eco-acoustic approaches 

provides a powerful new methodology for exposing behaviour of species and environmental systems 

in the context of climate change (Krause and Farina, 2016). 

 

Impact on human life 

 

As a result of climate change, temperatures rise, ice melts, and severe other weather events become 

more prevalent. Water-borne diseases like cholera and typhoid, tropical and vector-borne diseases like 

malaria, dengue fever, and plague, as well as rodent-borne diseases such as plague, are caused by  

extreme events like floods, droughts, and storms that force people to flee from their homes.  

Temperature changes have caused an upslope shift in malaria distributions in Ethiopia and western 

Colombia, resulting in an increase of average malaria cases in warmer years. Previously malaria-free 

high-elevation regions in Ethiopia are now within the disease's viable range. Similarly, in Colombia, 

temperatures fluctuated without a consistent warming trend, and high-altitude malaria incidence  

shifted drastically in response to temperature changes (Siraj et al., 2014). Another example is the  

outbreak of Vibrio, a bacterial aquatic disease, across northern Europe. Changes in sea surface  

temperature are a source of concern in the Baltic (Baker-Austin et al, 2013). The rising sea level has  

already swamped a number of islands, and millions more migrants throughout the world will soon be 
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in need of refuge. Saltwater entering fresh water sources has polluted the land and may soon impose a 

food safety concern. 

 

Mitigation measures 

 

Biodiversity is affected by climate change through changes in distribution, species mobility, invasions 

of alien species and phenological shifts, such as in breeding periods, migration seasons, etc. Even small 

climate changes might cause the extinction of a few vulnerable or sensitive species. In the face of  

climate change, the only way to prevent environmental degradation is to reduce human pressure. 

Clearly, greenhouse gas emissions must be drastically cut and biodiversity loss must be prevented. 

Understanding how plants, animals, and organic matter interact is essential for preserving the  

ecosystem's balance and promoting conservation and preservation of the environment through the 

establishment of biosphere reserves, increased afforestation and reforestation, and enhanced  

agro-forestry. The taxation of carbon emissions and/or subsidies on emissions that favour renewable 

energy sources are two additional important actions to reduce the use of fossil fuels or to boost sink 

absorption (Omann et al., 2009). Aside from that, there are also legal provisions for voluntary  

agreements and technological standards, as well as support for improving energy efficiency and road 

pricing (IPCC, 2007). Strategies for mitigating greenhouse gas (GHG) air concentrations help to stabilise 

or reduce GHG air concentrations to safe levels for the climate system (Kimmel, 2009).  

Diversity-focused adaptation and mitigation approaches improve ecosystem security while reducing 

the impact on natural and human ecosystems. The integration of biodiversity and ecosystem services 

into an overall adaptive strategy may bring cost-effectiveness and co-benefits in social, economic, and 

cultural aspects, as well as make substantial contributions to the protection of biodiversity and  

ecosystem services. Additionally, conservation of biodiversity might be used to counteract the  

detrimental impacts of climate change on biodiversity, while simultaneously enhancing ecosystem 

function. The beneficial impacts of biodiversity may be employed in forest management strategies to 

reduce the negative effects of climate change on ecosystem functioning, or to improve the positive  

effects of climate change on ecosystem functioning (Figure 4). Although the rates and severity of cli-

mate change are becoming increasingly difficult for natural adjustment, management and conservation  

strategies that maintain and recover biodiversity may be expected to mitigate some negative impacts 

from climate change. 

 

Conclusion 

 

This decade's environmental worries have centred on climate change, therefore it's imperative that peo-

ple become aware of the problem and take action. When it comes to species occurrence and variety, 

even a modest and moderate warming would have complicated consequences, including disturbing 

ecological functions. There is a rapid increase in emissions of greenhouse gases, which have a negative 
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impact on the population and ecosystems and cause climate change. Biodiversity has already been lost 

as a result of human activity, and goods and services that are essential to human well-being may have 

been affected as well. Direct or indirect, climate change has had and will continue to have a negative 

effect on biodiversity. It is possible that these implications will have major negative effects on important 

ecosystem services, such as agricultural and animal production, disease regulation as well as the  

climate. One of the main effects of climate change is the modification of water resources and crop  

production. Systematic study on how climate change affects agriculture, forestry, animal husbandry 

and aquatic life must be strengthened immediately. Monitoring programmes that provide useful  

information for conservation and ecosystem-based management are needed to understand species' 

potential to adapt to climate change and also to the ecosystem characteristics that encourage resilience. 

As a country, we should employ all of our resources and efforts to reduce greenhouse gas emissions in 

order to combat global warming and natural disasters. Good government planning and policy  

execution will help mitigate biodiversity loss. 
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