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Abstract

Global warming, which is also referred to as climate change, is an increase in the world’s temperature, believed
to be caused in part by the greenhouse effect. Climate change can have serious consequences on a variety of
species and their habitats. Accumulation of carbon dioxide, methane and other greenhouse gases in the
atmosphere is the root cause of global warming. Anthropogenic activities such as deforestation, extensive
burning of fossil fuel, commercial agriculture, chemical industries and automobiles contribute highly for
greenhouse gas emission. Every year, human activities release 28 billion tones of CO; and half of which remains
in the atmosphere. About 80% of CO; emission is from industries and the rest is affected by land-use changes
including deforestation. With continued and more severe changes in the climate, the ability of wildlife to adapt
through physiological and behavioural changes will be increasingly limited. It is clear that global warming has
started negatively affecting a wide variety of wildlife worldwide. Extinctions have started, and much wildlife is
being pushed closer to extinction or local extermination as a direct or indirect result of climate change. For the
continued existence of wildlife, it is essential to limit greenhouse gas emissions and mitigate the threat of global
warming.
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INTRODUCTION

Global climate change is an increase in the world’s temperature, regarded as a potential consequence of the
greenhouse effect (Price and Glick, 2002). The link between global warming and increased greenhouse gas
emissions is well established (King, 2005). When climate changes, there can be serious consequences for species
and their habitats (Hannah et al., 2005). The planet as a whole is warming up (Lavendel, 2003; Tarbuck and
Lutgens, 2006). Over a very long period of time, there has been a natural variation in the average temperature of
the planet earth, and considerable variations have appeared in the sea level (Rahmsorf ez al., 2007; Tisdell, 2007).
In response to such variations, there are also changes visible on many physical and biological characteristics over
the planet earth (Canadell et al., 2007). However, only few researchers have assessed the magnitude of such
threat at the global scale (Kappelle et al., 1999; Noss, 2001; Malcolm et al., 2006; McKellar and Abbott, 2007).
Earth’s warming climate is responsible for the shrinking glaciers, rising sea levels, thawing permafrost and
changing phenology (Bolen and Robinson, 2003).

The process of global warming is expected to significantly disrupt the climatic patterns of the earth by
altering the exchange of water among the oceans, atmosphere and land. As a result, regional temperatures and
precipitation patterns are expected to shift, affecting nearly every aspect of the earth’s ecological systems and the
organisms depend on them (Parmesan and Yohe, 2003; Root et al., 2003). The earth’s atmosphere and oceans
are warming, hurricanes are becoming more intense, and heat waves and droughts are increasing in severity,
causing greater harm to agriculture and human health (Martens, 1999; Khasnis and Nettleman, 2005). The
impacts of climate change affect plants, animals, human beings and their habitats altogether (Root et al., 2003).
Plant and animal species across the globe are changing their ranges, migration patterns and the timing of their
life-cycles (Taylor, 2007). Plants respond to climate change in different ways such as, flowers blooming earlier
even at their upper limits, due to different preferences to topographically determined habitats. Plants attempt to
shift their ranges, seeking new areas as old habitats grow to warm (Pauli et al., 2003).

There are two broad causes of long term climate changes. Variations in the amount of solar radiation
and energy, resulting from minor alterations in the earth’s orbit around the sun, the tilt of the earth’s axis and a
wobble in the earth’s axis which could combine to alter the amount of solar energy received on the earth’s
surface. Such long-term influences on the earth’s climate, now termed ‘Milankovitch Cycles’, have influenced
the development of glaciations and warmer periods for millions of years (Raymo, 1997; Karl and Trenberth,
2005). The second cause is resulting from human activities commonly termed as the green house effect due to
increase of population and the technological revolution (McKellar and Abbott, 2007). Anthropogenic activities
such as deforestation, burning of fossil fuel, extension of agriculture, industries and automobiles contribute for
high greenhouse gas emission, which is a major cause of global warming (Moore, 2003; Meinshausen et al.,
2009). Increasing accumulations of carbon dioxide, methane and other greenhouse gases in the atmosphere is the
root cause of global warming (Hayhoe et al., 2002; Bolen and Robinson, 2003; Lovejoy and Hannah, 2005).
Greenhouse gases absorb heat radiating upward from the surface of the earth. As more of these gases accumulate
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in the atmosphere, more heat is trapped on the earth’s atmosphere and as a result, temperature steadily rises
(Levitus et al., 2000; Barnett et al., 2001).

As the human population has grown and technologies advanced, the scope and nature of modification of
the environment has changed drastically (Vitousek et al., 1997). With such drastic environmental changes, the
average global surface temperature has increased in large parts of the world (IPCC, 2001; Keeley, 2002; Tisdell,
2007). Since the Industrial Revolution, there has been increased use of fossil fuel including natural gases, timber
and other biomass. This process has accelerated substantially to the levels of greenhouse gases in the atmosphere,
particularly CO2 (Peters and Darling, 1985; Tisdell, 2007). Human population growth and related industrial

expansion have led to greater air pollution and a change in the composition of the earth's atmosphere. Some
pollutants enhance the natural greenhouse effect, resulting in increased global atmospheric temperatures
(Pickering et al., 2004).

The earth’s surface temperature was warmed more during the last century than during the past
thousands of years. Moreover, 1998 was the warmest year on record (Price and Glick, 2002). During the 20%
century, the average global temperature increased by about 0.6 °C annually (Wallington et al., 2004). Climate
modeling projections summarized in the latest report of the Intergovernmental Panel for Climate Change (IPCC)
indicate that the global surface temperature will probably rise a further 1.1 to 6.4°C during the present century
(IPCC, 2007; Solomon et al., 2009). The planet earth is currently experiencing rapid warming, mainly due to the
pumping of huge amounts of greenhouse gases by humans into the atmosphere (Lovejoy and Hannah, 2005).

The immediate consequences of global warming would be melting of the ice caps; submergence of
coastlines; devastating weather threatening life, property and crops, and health issues (Martens, 1999; Hinzman
et al., 2005). Wildlife would also share many of these fates (Bolen and Robinson, 2003). Global warming may
also bring famine and drought, leaving populations more susceptible to diseases (Khasnis and Nettleman, 2005).
Ecological systems have evolved over geological time scales to suit the prevailing climate (Wallington et al.,
2004). The earth’s climate system has demonstrably changed in both global and regional scales since the pre-
industrial era. The atmospheric concentrations of key greenhouse gases reached their highest levels in the 1990s,
primarily due to the combustion of fossil fuels, agriculture and land-use changes (IPCC, 2001; Lovejoy and
Hannah, 2005).

Climate change has the potential to adversely affect species. Some contend that effects from recently
projected climate change will promise mitigation of effects to wildlife and that planning for mitigation is prudent
now. Others assert that the effects of climate change on species may not require intervention and that many
species may be able to adapt successfully (Halpin, 1997). Species and populations have demonstrated that they
can adapt in a variety of ways to some degree of climate change. For example, they can shift their ranges, change
their phenologies, and with sufficient time, may adapt to climate change through evolutionary processes
(Goklany, 2005). However, as the rate of climate change reported in the past is uncharacteristically rapid, it is
doubtful that the species would be able to adapt to such fast changes around their surroundings (Case, 2006). To
be able to better conserve biodiversity, it is imperative to understand how species and ecosystems are likely to
change under varying climate change scenarios (Erasmus ef al., 2002).

SIGNS OF GLOBAL WARMING

The levels of emissions and atmospheric concentrations of greenhouse gases are rising. There are signs of
rapidly increasing average surface temperatures. Scientists have detected diagnostic signals such as greater high-
latitude warming, which is related to the increasing concentrations of greenhouse gases (Nordhaus, 2007;
Meinshausen et al., 2009). Snow and ice-cover have decreased over vast areas during the last few decades and
deep ocean temperatures have increased over the same period. The latter indicates increased atmospheric water
vapour (Hinzman et al., 2005). The heat is not only melting glaciers and sea ice; it is also shifting precipitation
patterns and setting animals on the move (IPCC, 2001). Ecosystems are changing, and some species are moving
where they become more successful. On the other hand, several others (for example, Polar bears) are going to be
affected, and are at the risk of extinction (Malcolm et al., 2002). Climate models suggest that the frequency and
intensity of extreme weather events, including floods, droughts, storms and temperatures are on the increase
(Fahrig, 2003). As a result, biodiversity all over the planet earth is expected to be under increasing stress
(Solomon et al., 2009). Climate change has adverse consequences on wildlife. Further north or south, seasonal
changes become much more pronounced, shaping the type of animals that live in different habitats and their
strategies for survival (Danavaro et al., 2004). Recent warming has already affected the geographical and
altitudinal ranges of a number of species (Walther, 2002; Parmesan and Yohe, 2003).

GREENHOUSE EFFECTS

The term greenhouse effect is used to describe the warming effect that certain gases have on the temperature of
the earth's atmosphere under normal conditions (Peters and Darling, 1985). It is a natural process that occurs
when such gases trap heat from the sun falling on earth, preventing it reflecting back. This process acts like a
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greenhouse, keeping the planet warm and enabling it to sustain life (Burns et al., 2003; Wallington et al., 2004).
This is essential to maintain a constant global climate. In the absence of this property, the earth would have been
just like an ice ball (Campbell-Lendrum et al., 2007). Much of the solar energy radiates back out into space, but
some of it is stored in the atmosphere (Khasnis and Nettleman, 2005). Global warming has impacts on the
natural ecosystems (Martens, 1999). Greenhouse gas pollution has already doubled the risk of extreme heat
waves (Moore, 2003). Most scientists are convinced that the greenhouse gases generated by human activities will
trap more heat and rise the earth’s surface temperature (Gucinski et al., 1990; Price and Glick, 2002). As a result
of related changes, Polar Regions warm faster than tropical areas, and land areas warm faster than oceans (Aalst,
2006).

GREENHOUSE GASES (GHGs)

The major gases in the atmosphere, nitrogen, oxygen and argon make up to 98 % of the earth’s atmosphere
(Khasnis and Nettleman, 2005). They are transparent to both the radiation incoming from the sun and outgoing
from the earth, so they have little or no effect on greenhouse warming (Princiotta, 1996). It is the more exotic
components like water vapour, carbon dioxide (CO,), ozone (O3), methane (CH4), nitrous oxide (N,O) and
carbon fluorocarbons (CFCs) that absorb heat, not transparent and thus responsible for the increase of
atmospheric temperature. These are the greenhouse gases (Mintzer, 1992; Wallington et al., 2004; Meinshausen
et al., 2009). The three most powerful long-lived greenhouse gases in the atmosphere are CO,, CH4 and N>O
(Peters and Darling, 1985; UNEP, 1999). Burning of fossil fuel and land clearing are generating and
accumulating more greenhouse gases on the surface of the earth (Gucinski et al., 1990). The most important of
all GHG is CO,, whose emissions have risen rapidly in recent decades (Nordhaus, 2007). Since the Industrial
Revolution, it has increased from 230 ppm in the Earth’s atmosphere to 380 ppm, and is now at levels that are
much higher than recorded in the last 650,000 years (Nordhaus, 2007). Every year, human activities release 28
billion tones of CO; into the atmosphere and half of which remains in the atmosphere (Pollock, 2002). The
source of almost 80% of CO; is industries and the rest by deforestation (Costello et al., 2009).

EFFECTS OF GLOBAL WARMING ON WILDLIFE

Relationships between global warming and its effects on wildlife may be quite complex and involve a chain of
several links (Goklany, 2005). Since the Industrial Revolution in the 1800s, global temperatures have warmed
faster than at any other time in the previous tens of centuries. The problem is not just that our climate is changing,
but also the fastest rate at which such changes are takes place in different parts of the globe. As a result, the
places that wildlife relies on for survival are also changing (Pollock, 2002). Changing patterns in global climate
will continue to affect the behaviour, distribution, populations and welfare of wildlife of all kinds (Wuethrich,
2000). Changes in food availability, species-specific differences in thermal tolerance and disease susceptibility,
and shifts in the competitive advantage of species will alter species assemblages (Gucinski et al., 1990).

The 21* century has thus come up with new challenges for wildlife managers and those concerned with
the conservation of natural resources (Bolen and Robinson, 2003). Sedentary species seem particularly
vulnerable to global warming, because, unlike mobile species, they cannot quickly escape from environments
altered by rising temperatures (Pearson and Dawson, 2003). Species may shift their distribution poleward and
higher altitudes when faced with a warmer climate to which they cannot readily adapt (Hoegh-Guldberg, 2005).
Parmesan et al. (1999) have already reported a northward shift in the distribution of non-migratory butterflies in
Europe. Barry et al. (1995) recorded distributional changes in the fauna of a rocky intertidal community in
California. Cameron and Scheel (2001) predicted the effects of global warming on the distribution of rodents in
Texas, including the extirpation of two species. Unfortunately, many species of vertebrates or invertebrates may
not find suitable habitats to colonize if they attempt to escape to higher latitudes or higher elevations. In this
context, the polar and alpine organisms will have negative impacts as they cannot move farther to avoid a
warming environment (Hannah and Salm, 2005).

Penguins and other seabirds in Antarctica have shown dramatic responses to changes in sea-ice extent
over the past century (Croxall et al., 2002). The sea-ice dependent Ad’elie and emperor penguins (Pygoscelis
adeliae and Aptenodytes forsteri, respectively) have nearly disappeared from their northernmost sites around
Antarctica. Emperors have declined from 300 breeding pairs down to just 9 in the western Antarctic Peninsula.
As ice shelves contract effectively shifting this species pole ward. In the long-term, sea-ice-dependent birds will
suffer a general reduction of habitat. Nearly every Arctic ecosystem shows marked shifts. Diatom and
invertebrate assemblages in Arctic lakes have shown huge species’ turnover, shifting away from benthic species
toward more planktonic and warm-water-associated communities (Parmesan, 2006). Study across 26 mountains
in Switzerland documented that alpine flora have expanded toward the summits (Grabherr et al., 1994). Upward
movement of tree-lines has been observed in Siberia. Records show strong shifts of phytoplankton and
zooplankton communities in concert. Shifts in marine fish and invertebrate communities have been particularly
well documented off the coasts of western North America and the United Kingdom (Parmesan, 2006).
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Endangered species are also highly vulnerable to climate change, as most of such species are
geographically restricted (Glick et al., 2001). Their small gene pools may limit opportunities for adapting to
warmer environments, and some endangered species require habitats where global warming poses greater risks
than others (Bolen and Robinson, 2003). Approximately, 20-30% of the species assessed so far are likely to be at
increased risk of extinction if increase in average global warming exceeds 1.5-2.5°C. Climate change over the
past several years has produced numerous shifts in the distribution and abundances of species and has been
implicated in species extinction (Noss, 2001; Camille and Gary, 2003). With continued and more severe changes
in the climate, the ability of wildlife to adapt through migration and physiological changes will be increasingly
limited (Budyko, 1980).

Wildlife can be affected by several climatic variables such as increasing temperatures, changes in
precipitation, and extremes of weather events. Some scientists predict that climate change can cause extinctions,
which would lower biodiversity. Others contend that many species could benefit from climate change, such as
some migratory bird species, which may have shorter distances to migrate for breeding and over wintering
(Camille and Gary, 2003; Root et al., 2003; Pickering et al., 2004). Climate change is projected to be the
dominant driver of wildlife loss by the middle of the 21% century (Scholes et al., 2007).

EFFECTS OF SEA LEVEL RISE

Recent estimate by the IPCC (2007) predicts an increase of sea level between 9-88cm by 2100 (Khasnis and
Nettleman, 2005; Tisdell, 2007). Global sea level rise is caused by the delivery of water to the ocean as ice melts,
such as mountain glaciers and polar icecaps (Taylor, 2007). As the temperature of the waters in the oceans rises,
they will spread, occupying more surface area on the planet (Price and Glick, 2002; Glick and Clough, 2006).
Water from melting ice in the Greenland, the Arctic, and Antarctica are contributing to rising ocean levels. The
impacts of sea level rise would be widely felt, as half of the world’s population live in coastal areas (UNEP,
1999; Price and Glick, 2002). Sea level rise also poses threats to wildlife that need these areas for survival, such
as shorebirds that use sand dunes, tidal marshes, and coastal wetlands for breeding (Princiotta, 1996; Croxall et
al., 2002; Pickering et al., 2004; Environment Canada, 2002). Global warming would act as a major factor in the
decline of populations of polar bear in the Arctic region. Researchers predict a 30% loss of Arctic sea ice by
2040 (Hinzman et al., 2005), possibly resulting in the disappearance of all polar bears from Alaska due to
drowning, starvation, reproductive declines, dispersal and related effects (Croxall et al., 2002). If sea ice
disappears over the next century as climate models predict, polar bear populations would be decimated or
possibly even wiped out (Stirling and Parkinson, 2006).

CHANGES IN AQUATIC HABITATS

Climate change has already altered patterns of rain and snowfall from which the characteristics of many aquatic
habitats are derived. In the Pacific Northwest, for example, warming temperatures have shifted the timing of
peak snow accumulation and snow melt-derived runoff, decreased the total snow pack, and melted glaciers
(Hinzman et al., 2005). This means significant changes in the timing and level of stream flows, water
temperatures and water quality. As different species and stocks have developed over time, the migratory and
spawning behaviour that correspond with variations in stream flows may not be able to adapt to such rapid
changes for survival (Donner, 2005).

CHANGES IN PRIMARY PRODUCTIVITY

Current climate change is complex because it includes simultaneous increase in atmospheric CO, and
temperature (IPCC, 2001; Beier, 2004). These two factors are directly involved in regulating biological and
chemical processes at scales ranging from individuals to the ecosystem. Atmospheric CO, enrichment tends to
have a fertilizing effect on agricultural plants by enhancing photosynthesis and water use efficiency (Acock et al.,
1985; Nijs et al., 1988). Growth in woody species is also stimulated by increases in CO», but there is a wide
range of response among deciduous and coniferous species (Eamus and Jarvis, 1989). Virtually all plants have a
threshold at which further CO, enrichment will not continue to increase photosynthetic processes due to other
limiting factors. Despite the potential benefits of CO, enrichment, limited soil nutrients and water may offset
potential gains in productivity (Lockwood, 1999). Differences in carbon-fixation pathways may explain some
differences in species response to CO, enrichment. In general, plants that use the C; photosynthetic pathway (for
example, most trees and shrubs and some grasses and sedges) may be enhanced by atmospheric CO» enrichment
more than those with Cs4 systems (for example, many tall grass prairie species) (Drake,1992; Marsh, 1999).

EFFECTS ON PHYSIOLOGY

Changes in atmospheric CO; concentration, temperature or precipitation will directly affect rates of metabolism
and development in many animals, and processes such as photosynthesis, respiration, growth and tissue
composition in plants (Howden et al., 2003). Organisms have evolved powerful mechanisms to regulate their
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physiology. Therefore, they will primarily experience climate change effects through pathways involving their
food source, habitat, and predators, rather than through direct effects of climate change on body temperature
(Gray et al., 2008). Many physiological processes in plants and animals are sensitive to changes in greenhouse
gas concentration (notably CO,) and climate. Other physiological characteristics that may respond to climate
change include dormancy in insects and the breaking of dormancy in plants (Howden et al., 2003).

PATHOGENS

Some pathogens could increase their ranges due to climate change, whereas others may diminish their ranges
(Pounds, 2006; Blaustein and Dobson, 2006). Global warming will certainly affect the abundance and
distribution of disease causing pathogens and has the potential to alter patterns of disease. Altitudes that are
currently too cool to sustain vectors will become more conducive to them. Some vector populations may expand
into new geographic ranges, whereas others may disappear (Khasnis and Nettleman, 2005). Diseases carried by
arthropod vectors seem particularly able to expand as more of earth’s environments warm in the years to come.
For example, a milder climate will improve the winter survival of adult mosquitoes, lengthen their breeding
season, and speed up the development of their larvae. Invasive species, which often harm native wildlife, also
may benefit from global warming (Bolen and Robinson, 2003).

Warmer temperatures in general would lead to an expansion in the potential habitat of mosquitoes,
which carry malaria causing parasites (Van Lieshout et al., 2003). Other vector-borne diseases potentially
susceptible to climate change include leishmaniasis and tick-borne diseases. Accelerated climate change would
increase further potential for transmission of such vector-borne diseases (Arnell ef al., 2005). Due to the spread
of such infectious diseases, higher rates of mortality could result (Princiotta, 1996). Insect development is
generally temperature-dependent, with at least some non-indigenous insect forest pests likely to have greatly
increased populations due to faster development with rising temperatures (TWRA, 2009). The spread of animal
infections, such as blue-tongue virus and orbiviruses, provides further evidence of the consequence of climate
change on vector-borne diseases (Purse ef al., 2008). Ecosystem modifications through climate change could
lead to catastrophic disease outbreaks (Aguirre and Tabor, 2008). According to many researchers, increasing
temperatures will result in more winter survival and greater numbers of insect generations per year, therefore
greatly increasing pest pressures on forest vegetation (TWRA, 2009).

SEASONAL ACTIVITIES AND BEHAVIOURS

Global warming is impacting seasonal activities and behaviours of a variety of species. Spring events in
temperate zones take place; such as earlier arrival and breeding of birds, earlier appearance of butterflies, earlier
breeding behaviour in amphibians, and earlier sprouting and flowering of plants. Global warming is attributed to
be the cause of such shifts, which poses significant impacts on wildlife (Gucinski et al., 1990, Lovejoy and
Hannah, 2005).

PHENOLOGICAL CHANGES

Many of the seasonal biological phenomena such as plant growth, flowering, reproduction, and migration are
more prominent in the temperature regions. Organisms require the appropriate amount of heat at the required
time to transfer from one stage to the other in their life cycles. Such phenomena are therefore expected to
respond to climate change (Penuelas and Filella, 2001). The scientific community has begun to quantify
ecological responses to recent climate changes and has realized that some communities experience marked
changes with slight shifts in temperature or length of growing season (Chapman et al., 2005).

Phenological changes may be the primary short-term response to climate change. The most important
environmental cues affecting plant life cycles are photoperiod and temperature, and less commonly, moisture
availability. In temperate zones, the time of spring-growth phases, such as, budding, leafing and flowering are
mainly a response to accumulated temperature, or total heat, above a threshold level (Penuelas and Filella, 2001;
Root and Hughes, 2005). Plant phenology is expected to be most sensitive to warming at higher latitudes because
temperature increase will be most pronounced in these regions and because phenological responses are most
closely tied to temperature in more seasonal environments. Direct effects of warming are likely to be particularly
obvious at high elevations where primary productivity is strongly limited by the snow-free growing season, and
where spring snowmelt serves as an environmental cue initiating growth and flowering (Price and Waser, 1998).
Phenological observations are recorded for flowering of cherry trees Prunus jamasakura as timing of blossom in
Japan was highly variable among years (Parmesan, 2006). In the tropics, phenology is most related to rainfall.
Substantial increase in the length of the dry season adverse affects the phenology of plants in the tropics (Root
and Hughes, 2005).

Life cycles of animals also depend on climate. Warming is expected to allow insects and other
ectothermic animals to pass through their juvenile stages faster, thus becoming adults more quickly, which could
result in smaller body size and possibly allow some species to undergo more generations per year (Penuelas and
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Filella, 2001). Higher ambient body temperatures will likely to reduce the time for winged insects, such as
butterflies, to reach flight threshold, allowing an increase in flight-dependent activities, such as mate location,
dispersal, predator evasion and egg laying (Root and Hughes, 2005).

SHIFTS IN RANGE

Climate is crucial in determining where plant and animals live. Different regions have different climates and in
turn, communities of plants and animals are well adapted to particular conditions (Goklany, 2005). As climate
conditions change, some regions become more difficult for species to live in the absence of species-specific eco-
requirements (Hinzman et al., 2005). Changes in the distributions of plants and animals during and after the last
glaciations provide unambiguous examples for climate driven range shifts. As the temperature warmed and
glaciers retreated, species shifted their ranges to follow their major habitat types where is essential ecological
requirements are met with (Parmesan, 2006). For endothermic animals (i.e. birds and mammals), ambient
temperatures influence the energy expended to maintain homeostasis. As the globe warms, animals will probably
shift both their ranges and densities. Species will be able to move in to regions that are moderately warmed, and
retreat from areas that are too warm (Graham and Grimm, 1990). Species can shift their ranges, change their
phenologies, and with sufficient time, may adapt to climate change through evolution (Lovejoy and Hannah,
2005); but not all.

Climate change may also affect species range, which would have profound impacts on population size
(Case, 2006). Wetlands that were once prime habitat for migratory birds, turtles and amphibians, could dry up
and be replaced by woodlands, threatening rare plants and animals (Hoegh-Guldberg, 2005). The geographic
ranges of numerous wildlife species around the world are shifting (Hannah et al., 2005). However, because most
habitats are so heavily fragmented, species are losing habitat without gaining access to new alternative habitats
nearer the poles or at higher elevations. Habitat loss increases the likelihood of extinction, and for species
already at risk, it makes the future events more uncertain (Lovejoy, 2005). As areas become warmer, species
currently found there would migrate to new locations with their preferred environmental conditions. The new
location would most likely be in an inherently cooler place, such as further from the equator, closer to a
moderating influence such as an ocean or higher in the landscape, such as further up on a mountainside
(McKellar and Abbott, 2007).

Climate change will be beneficial for some species, but it is likely to be detrimental for others. In
response to climate change, plants and animals can adapt, migrate (i.e., shift their range), or become extirpated or
extinct (Noss, 2001). Some species will lose habitat altogether as their ranges shift or disappear due to climate
change. Global warming is already resulting in significant range shifts among a wide variety of species (Schlyer
and Nelson, 2008). Range shifts of wildlife are likely depending upon factors such as the availability of
migration corridors, suitable habitats, and the concurrent movement of forage and prey (IPCC, 2001).

One of the serious challenges for many of the species in the future will be moving across the landscape
to find suitable habitat. Although few habitats are relatively well connected, most are highly fragmented and
isolated. The inability to move through relatively inhospitable environments such as agricultural fields or urban
and suburban areas is likely to prevent many species from successfully expanding their ranges. Studies that have
investigated the potential impact of habitat fragmentation and landscape patterns on species movements in a
changing climate have concluded that fragmentation will act as a barrier against movement for several species
(Opdam and Wascher, 2004; Lawler and Mathias, 2007). If habitats are altered due to the changing climate,
instinct may guide migrating wildlife to places where they used to find food, to find that those places are no
longer able to provide the essentials for survival (Pollock, 2002). Populations of many highland taxa will likely
decrease as global warming forces them to move to higher elevations, resulting in reductions in range size and
leading to greater extinction risk (Thomas et al., 2006; Sekercioglu et al., 2008), particularly where there is no
land or habitat available at higher elevations (Sekercioglu et al., 2008).

THREATS TO GENETIC DIVERSITY

Changes to variation within populations and the extinction of geographic races and subspecies represent
potential evolutionary responses to climate change (Thomas, 2005). Threats to genetic variations have
concentrated on the effects of habitat destruction and hybridization (Rhymer and Simberloff, 1996). Climate
warming is probably a much greater threat than either of these, with climate change disproportionately causing
extinction of the parts of species’ ranges that contain the greatest genetic diversity (Thomas, 2005). In the last
glacial period, many temperate-zone animals and plants occurred at lower latitudes, shifted their ranges to higher
latitudes after the retreat of the ice sheets (Huntley, 1991). Most of such species have reduced genetic variation
within populations and divide into fewer subspecies and races at higher latitudes (Stone and Sunnucks, 1993).
Over the past several glacial cycles, there is little evidence to suggest that dramatic climatic changes caused
major evolution at the species level. That is, most species appeared to shift their distributions as though tracking
the changing climate, rather than staying stationary and evolving new forms. Within a species, there may be
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significant variation among individuals in their climate tolerances, which could result in the evolution of new
phenotypes with observable characteristics, within a particular population. Species’ ranges shifted with past
major global climate changes indicate that all species have climatic limitations beyond which they cannot
survive (Parmesan, 2006).

FIRE AND CLIMATE CHANGE

There exists a strong link between climate and the extent, severity, and frequency of wildfires (McKenzie et al.,
2004; Lawler and Mathias, 2007). Climate change may result in the increase of intensity, extent and frequency of
forest fire (Dale et al., 2001). Fire can affect forests by killing trees, altering nutrient cycling and volatilizing soil
nutrients, changing direction of succession, destroying soil seed banks, changing surface-soil organic layers and
underground plant roots and reproductive tissues (Dale et al., 2001). Under the warmer and drier climate
scenarios, catastrophic fire could be the major agent for decline of southeastern forests (TWRA, 2009).

GLOBAL WARMING AND EXTINCTION OF WILDLIFE
Global warming threatens wildlife. Ecosystems are already being degraded by habitat loss, fragmentation and
pollution. The millennium ecosystem assessment suggested that three known species are becoming extinct every
hour, whereas the 2008 living planet report suggested that biodiversity of vertebrates had fallen by over a third in
just 35 years, an extinction rate 10,000 times faster than any observed in the fossil record (Hails, 2008). Global
warming is likely to exacerbate such degradation (Costello et al., 2009). There is growing evidence that climate
change will become one of the major drivers of wildlife extinction in the 21* century (Meehl ez al., 2004). Many
wildlife species are at far greater risk of extinction than in the recent geological past (Stefanski and Nyenzi,
2008).

A number of studies have documented a variety of changes attributable to climate change (IPCC, 2007).
It is suggested that 15-37 % of wildlife might extinct by 2050 due to climate change (Hannah et al., 2005; Botkin
et al., 2007; Foden et al., 2008). Very high extinction risks caused by global warming are predicted globally by
Thomas et al. (2004) and Vescovi et al. (2009). Among the factors driving the current wave of anthropogenic
extinctions, the impact of climate change is increasingly being recognized as comparable to that of habitat loss,
overexploitation and invasive species (Carroll, 2007). Current empirical and theoretical ecological forecasts
suggest that much wildlife could be at risk from global warming (Botkin et al., 2007). Species those are unable
to tolerate changed conditions within their current ranges, or that cannot migrate fast enough to keep up with
moving climate zones, face eventual extinction. The most vulnerable species will be those with long generation
times, low mobility, highly specific host and habitat association, small or isolated ranges, and low genetic
variations (Howden ef al., 2003).

WILDLIFE MANAGEMENT UNDER A CHANGING CLIMATE

Globally, two broad policy responses to address climate change have been identified. The first is mitigation,
which refers to actions aimed at slowing down climate change by reducing net GHGs emission. The second is
adaptation, which refers to actions taken in response to, or in anticipation of, projected or actual changes in
climate (CRM, 2007).

MITIGATIVE MEASURES

Global reductions in GHG concentrations are expected to slow down the rate and magnitude of climate change
over the long term. To do this, both the sources and sinks of greenhouse gases must be managed. Examples are
using fossil fuels more efficiently and expanding forests to sequester greater amounts of carbon dioxide from the
atmosphere (CRM, 2007). Many nations are reluctant to commit themselves to the costly changes necessary to
reduce greenhouse gas emissions in view of the uncertainties surrounding the precise effects of global warming
(Lavendel, 2003; Goklany, 2005). Mitigation efforts had begun in the context of Kyoto protocol, which called
for a cut of 5.2% in green house gas emissions from 1990 levels by developed countries (UNEP, 1999; Goklany,
2005; Watson, 2005). All key industrialized countries except the United States and Australia have ratified the
protocol, which contains a number of core elements including the flexibility mechanisms (i.e. carbon trading),
land-use change, forestry activities and funding for developing countries (Watson, 2005). The United States has
stated that the Protocol is a flawed policy because: i) there are still significant scientific uncertainties; earth’s
climate system has been overestimated and the impact of human activities on the earth’s climate system has been
underestimated; ii) high compliance costs would hurt the United States economyj; iii) it is not fair because large
developing countries such as India and China are not obligated to reduce their emissions and iv) it is not
effective because developing countries are not obligated to reduce their emissions. Developing countries did not
want to do that because they already produced relatively small amounts of greenhouse gases and feared that to
agree to reduction targets would prevent their struggling economies (UNEP, 1999; Watson, 2005), even though
India and China are positive in their response.
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To mitigate the effects of global warming on wildlife or biodiversity in general, two distinct kinds of
actions are proposed. These are reducing emissions of greenhouse gases, and the other is developing nature
reserves (Botkin et al., 2007). By taking responsible actions to cut emission of CO, and other greenhouse gases,
we can slow down global warming and help reduce the threat it poses on wildlife (Price and Glick, 2002; Green
et al., 2003). Greenhouse gas concentrations need to be limited to levels that would not be dangerous. This will
require reductions in global net emissions of such gases by 50% or more by the middle of the current century
(Topfer, 2003; McKellar and Abbott, 2007). Halting climate change can only be accomplished through concerted
global actions to increase energy efficiency. The only way to effectively mitigate is through the intensive
development of renewable energy options, such as solar and wind power. Technological innovations and
minimizing land clearing are also essential mitigation measures (UNEP, 1999; Nordhaus, 2007). Industrialists
and governments have key roles to play in this input (Princiotta, 1996). Mitigation and adaptation options in the
forest sector need to be fully understood and used in the context of promoting suitable development (Gupta ef al.,
2009).

CARBON SINKS

Maintaining the stores and sink of carbon in natural ecosystems can play key role to reduce future emission of
greenhouses gases (Gupta et al., 2009). With climate change riding high on the political and economic agenda,
more and more attention is being paid to different mechanisms for offsetting, reducing and preventing carbon
releases into the atmosphere. It is estimated that land-use change and deforestation in particular is responsible for
18 % of global green house gas emission (Roe ef al., 2007). Habitat destruction and degradation are implicated
in the decline of over 85 % of the world’s threatened mammals, birds and amphibians (Boakes et al., 2009). A
wide range of forest-based projects can help to reduce, prevent or offset carbon emissions. These include:
afforestation, reforestation and slowing or preventing deforestation (Roe et al., 2007). Afforestation activities
can play an important role in reducing net greenhouse gas emissions to the atmosphere. Reforestation of
degraded ecosystems and plantations is a proven technology that can absorb significant amounts of carbon
(Lovejoy and Hannah, 2005). Afforestation and reforestation can have positive, neutral or negative impacts on
biodiversity depending on the ecosystem being replaced and management options applied. Plantations of native
tree species will usually support more wildlife and plantation of mixed tree species will usually support more
wildlife than monocultures (IPCC, 2001; Hoffert et al., 2002; Pollock, 2002; Watson, 2005). Slowing
deforestation and forest degradation can provide substantial biodiversity benefits in addition to mitigating
greenhouse gas emissions and conserving ecological services (Watson, 2005). Forests are important as a major
carbon pool as trees have more storage of carbon per unit area as compared to other types of vegetation (Gupta et
al., 2009). They play an important role in regional and global carbon cycles because they store massive
quantities of carbon in vegetation and soil, exchange carbon with the atmosphere through photosynthesis and
respiration, become atmospheric sinks during re-growth, and can be managed to conserve significant quantities
of carbon on the land (Singh et al., 2009).

In terms of adaptation to the adverse effects of climate change the Copenhagen conference agreement
provides that developed countries shall provide adequate, predictable and sustainable financial resources,
technology and capacity building to support the implementation of adaptation action in developing countries;
especially in those that are particularly vulnerable, least developed countries, small island developing States and
Africa (Costello et al., 2009; Dringer et al., 2009).

CONCLUSION

Climate has been varying ever since the earth was formed. However, the unprecedented recent and rapid climate
warming, which is enhanced by anthropogenic activities has significant consequences for wildlife and their
habitats. Anthropogenic warming could lead to some impacts that are irreversible, depending upon the rate and
magnitude of the climate change. Its effects depend upon the adaptability of wildlife and their habitats. Species
with small and/or isolated populations and low genetic variability will be least likely to withstand impacts of
climate change. On the other hand, species with broader habitat ranges, wider niches, and greater genetic
diversity should fare better. Wildlife managers have to take effective steps to enhance the ability of a species to
withstand global climate change by ensuring widespread habitat availability and managing for self-sustaining
populations. Given enough time, many wild species would likely be able to adapt to shifts in the climate, as they
have done in the past. It is time for in depth understanding of the link between global warming and extinction, an
understanding that leads to solutions to safeguard the diversity of life on the planet Earth. It is time to work
together at the national, regional and global levels on this global issue to reduce the effects of global warming
and sustain life. Our success at slowing global warming will depend on meaningful actions by individuals and
governments and all over the world. This is not just about the quality of life for wildlife; it is about the future of
mankind itself. Climate change is a global issue affecting the planet’s ecosystems and biodiversity including the
future of Homo sapiens as a whole.
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