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ABSTRACT
Introduction: Biodiversity and biodiversity-based ecosystems services are intrinsically depen-
dent on the climate. During the twentieth century, climate change has posed major threats to
biodiversity in Africa, and impacts are expected to increase as climate change continues and
perhaps even accelerates.
Outcomes: Our review shows that the multiple components of climate change are projected
to affect all levels of biodiversity, from genes over species to biome level. Loss of biodiversity
as a result of climate change can alter the structures and functions of African ecological
systems. As a result, the provision of biodiversity-based ecosystem services and the well-
being of people that rely on these services are being modified. Of particular concerns are
“tipping points” where the exceedance of ecosystem thresholds will possibly lead to irrever-
sible shifts of the structure of ecosystems and their services. In recent years, climate predic-
tion models have portended continued warming and more frequent extreme weather events
across the region. Such weather-related disturbances such as El Niño will place a premium on
biodiversity and biodiversity-based ecosystem services that people rely on.
Conclusion: As biodiversity underlies all goods and services provided by ecosystems that are
crucial for human survival and well-being, this paper synthesizes and discusses observed and
anticipated impacts of climate change on biodiversity and biodiversity-based ecosystem
service provision and livelihoods, and what strategies might be employed to decrease current
and future risks on the well-being of human in Africa.
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Background

Climate change is a major global threat that has
already had an observed impact on biodiversity and
natural ecosystems. Over the last century, the global
average temperatures have risen by 0.7ºC and are
predicted to continue rising. The Intergovernmental
Panel on Climate Change (IPCC) predicts that tem-
peratures are expected to rise by 1.1–6.4ºC by the end
of the twenty-first century relative to the 1980–1999
baseline (IPCC 2013). Global average precipitations
have increased by 2% in the last 100 years and are
likely to increase in future (IPCC 2013). Africa is a
highly vulnerable continent in the world to climate
change. Overall, the continent has warmed 0.7°C over
the twentieth century and warming across Africa is
expected to continue with an increase ranging from
0.2°C per decade (low scenario) to more than 0.5°C
per decade (high scenario) (Hulme et al. 2001; IPCC
2001). Precipitation patterns in Africa are also more
variable; however, historical records indicate that
there has been an increase in rainfall over the last
century in east and central Africa (Hulme et al. 2001;
Intergovernmental Panel on Climate Change (IPCC)

2001). In addition to the changes in climate and
weather, climate change in Africa is also linked to
changes in the frequency and intensity of extreme
events such as episodes of El Niño–Southern
Oscillation (ENSO), that is, El Niño and La Niña
(Korcha and Sorteberg 2013; Midgley and Bond
2015). As climate change is expected to increase
over the next century, it is expected to become one
of the major drivers for the loss of African biodiver-
sity (Sala et al. 2000; Bellard et al. 2012; Midgley and
Bond 2015). Thus, it is important to understand the
link between biodiversity, ecosystem services, and
climate change.

Africa is immensely rich in biodiversity and contains
an estimate of one-fifth of all known species ofmammals,
birds, and plants, as well as one-sixth of herpers (Siegfried
1989). The content’s species compose the world’s most
diverse and biologically important ecosystems such as
savannahs, tropical forests, coral reef, marine and fresh-
water habitats, wetlands, andmontane ecosystems. These
regionally important ecosystems provide benefits that
many African communities obtain, collectively known
as ecosystem services (MA 2005). The African ecosystem
supplies multiple ecosystem services required to meet
human needs and sustain livelihoods including
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provisioning (e.g., feed, fuel-wood, food, timber), regulat-
ing (e.g., disease and climate regulation), supporting (e.g.,
soil formation, nutrient retention), and cultural (e.g.,
recreation, ecotourism) services (Millennium Ecosystem
Assessment (MA) 2005, Wangai, Burkhard, and Muller
2016). However, these biodiversity, ecosystem, and eco-
system services are threatened due to climate change.

Climate change is both a cause and an effect of
biodiversity and ecosystem change in Africa (Thomas
et al. 2004). Along with anthropogenic stressors, the
multiple components of climate change are antici-
pated to be the main drivers of biodiversity at all
levels (Parmesan 2006). Loss of biodiversity due to
climate change have directly or indirectly changed the
pattern and dynamics of energy flow and material
circulation (Zhong and Wang 2017), which greatly
impacts the African ecosystem and ecosystem service.
For instance, the capacity of ecosystems to provide
climate regulation service depends on the diversity of
species they currently support (Bellard et al. 2012).
Climate change is also a consequence of the way in
which biological resources are converted into useful
goods and services, and especially of the way in which
grasslands and forests are converted into croplands
(Lambin and Meyfroidt 2011). The production of
biological resources for foods, fuels and fibers, and
the conversion of forests and grasslands for agricul-
ture both directly affect emissions of several green-
house gases (GHGs) (Hector and Bagchi 2007,2007;
Burnham and Ma 2015). Changes in stocks of bio-
mass can also influence the amount of carbon seques-
tered (Hector and Bagchi 2007). It follows that
options for the mitigation of climate change include
the management of both GHG emissions from pro-
ductive processes and carbon sequestration, while

options for adaptation to climate change include the
management of biodiversity for ecosystem resilience
(Eric, Lambina, and Patrick 2011; Banin et al. 2014;
Araos, Berrang-Ford, and Ford et al. 2016). As
African climate continues to change, there seems a
consequence for biodiversity loss. These resulting
effects bring changes on the range and distribution
pattern of ecosystem and ecosystem services upon
which human populations depend (Figure 1).
However, there is limited understanding of the
impact of climate change on multiple component of
African biodiversity, and their functional or interac-
tive role in ecosystem integrity and stability, how the
system will respond to biodiversity loss induced by
climate change, and ultimately affect the societal ben-
efits they support. Thus, this comprehensive synthesis
considers the connection between climate, biodiver-
sity, and biodiversity-based ecosystem services in
Africa. Here, I used information gleaned from differ-
ent studies and databases to show the status and
identify biodiversity and biodiversity-based ecosys-
tem services that have been and will continue to be
affected by climate change and their impending
impact on human well-being in Africa. The impact
of climate change on the well-being of human is
described in terms the change in ecosystem services
caused by climate-induced change in biodiversity. In
this review, the categories of ecosystem services are
those applied in the Millennium Ecosystem
Assessment (Millennium Ecosystem Assessment
(MA) 2005).

This paper is a technical review of the impact of
the multiple components of climate change on biodi-
versity and associated ecosystem service provision
and value. This review is an input into the national

Figure 1. Link between climate change and its impacts on biodiversity and ecosystem services, and the impact of biodiversity
loss on climate change.
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development policies and poverty reduction strategies
of the African government to take the country in to
the status of “middle income” by 2025 in the Second
Growth and Transformation Plan (GTP II), which
aims to promote more sustainable farming practices
and enhanced conservation of indigenous biodiver-
sity resources as well as livelihood development from
natural resources. Moreover, the review will contri-
bute to the building of climate-resilient Green
Economy, which focuses on adaptation to climate
change and mitigation of GHGs emissions, reducing
GHG emissions through enhancing productivity of
the crop and livestock subsectors that improve food
security and income of farmers and pastoralists, pro-
tecting and rehabilitating forests for their economic
and ecosystem services. The aim of this paper is not
only to provide an encyclopedic treatment of the
documented and expected impacts of climate change
on biodiversity and biodiversity-based ecosystem ser-
vice provision in Africa but also to extract highlights
regarding selected ecosystem services. In particular,
this review focuses on services that are (1) key to a
broad swath of African society and to the nation’s
economy; (2) if altered, could significantly affect the
well-being peoples in Africa; and (3) not sufficiently
addressed in the literature so far, so that, conclusions
about their sensitivity to climate change can be
drawn. I conclude the review with a discussion on
how the Government of African and other stake-
holders can prioritize ecosystem services based cli-
mate change adaptations, allocate resources and time,
and highlight many of the perspectives in which
Africans have experienced and expect to experience
and notice climate change. Given the high values of
these vulnerable biodiversity and biodiversity-based
ecosystem services, it is needed to examine regarding
the interlinkages between biodiversity conservation
and ecosystem services. Therefore, I also highlight
some potential policies and strategies useful for con-
servation and enhancement of biodiversity-based eco-
system service flows under the changing climate.

Biodiversity loss

Globally, biodiversity is being lost and increasingly
threatened through a range of anthropogenic actions
(Jetz, Wilcove, and Dobson 2007; Bellard et al. 2012;
Fardila et al. 2017; Barlow et al. 2018). The
Convention of Biological Diversity (CBD) defines
“biodiversity loss” as “the long-term or permanent
qualitative or quantitative reduction in components
of biodiversity and their potential to provide goods
and services, to be measured at global, regional and
national levels” (CBD COP VII/30). Fossil records
showed that it took on average one million years
before an individual vertebrate species became extinct
(Lawton and May 1995). Hence, no more than one

out of one million species should go extinct.
However, the current observed extinction rate is 2.6
vertebrate species per 10,000 per year (Pimm and
Raven 2006; Whiteside and Ward 2011).

The most important notable drivers behind the
current loss of biodiversity are habitat modification,
overexploitation, climate change, invasive alien spe-
cies, and chains of extinction, known collectively as
the evil five biodiversity threats (Brook, Sodhi, and
Bradshaw 2008; Guo, Desmet, and Powrie 2017;
Sonwa et al. 2017). As mentioned in the IPCC
(2013) report, global warming and precipitation is
expected to increase, the changing climate is pre-
dicted to be one of the worst drivers for the loss of
all level of biodiversity over the next 50–100 years,
and further exaggerated the effects of earlier threats
on biodiversity loss. However, only few studies have
directly quantified climate-induced biodiversity
extinctions. Even if it is difficult to disentangle the
impacts of climate change from other anthropogenic
stressors for a range of species, consequently, predic-
tions may provide insights into the multiple compo-
nents of climate change and their relative distribution
threats to global biodiversity (IUCN 2014; Trull,
Böhm, and Carr 2018). Predictions of climate-
induced extinction rates are uncertain and expert
opinions differ on the extent of loss due to the great
deal of uncertainty regarding the number of species
that exist on earth (He and Hubbell 2011; Mora et al.
2011). For instance, Monzón et al. (2011) found that
19 species have been extinct due to climate change.
The International Union for Conservation of Nature
Red List of Threatened Species predicted that 4161
species are being threatened by climate change, 33%
are at the risk from climate change-induced habitat
shifts and alteration, 29% are due to temperature
extremes, and 28% are due to drought (IUCN 2016).

The current velocity and magnitude of climate
change trends will likely exceed the abilities of a
number of species to survive and adapt to new envir-
onmental conditions thus leading to increased extinc-
tion rates (Keith et al. 2008; Loarie et al. 2009; Bellard
et al. 2012). From an ecological point of view, climate
velocity described as the speed and direction in which
a species would need to move to sustain its current
climate conditions under climate change (Brito-
Morales et al. 2018). This is specifically true in
Africa because the current threat from habitat
destruction, land use change or fragmentation, and
rapid population growth interacts with climate
change in a nonlinear way so that the negative
impacts are higher than expected (Midgley et al.
2002; Sonwa et al. 2017; Barlow et al. 2018). This
change will lead to a growing demand for natural
resources, resulting in land use change and unsus-
tainable use of species. In addition, these changes
place great pressure on biodiversity and ecosystem
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service provision. Biodiversity is vital for human well-
being. However, its irreversible loss that entails the
loss of ecosystem services and its multifunctions is
one of the most important environmental threats that
humanity faces in the country. Therefore, it is neces-
sary to examine the interlinkages between climate
change, biodiversity, and biodiversity-based ecosys-
tem services as well as the threats posed to theses
components by climate change.

Biodiversity and climate change: effects and
responses

Effects of climate change on biodiversity

Africa boasts remarkable biodiversity, including the
many endemic and endangered mammals and plants.
However, species abundance and diversity is in
decline and the threats to species diversity are
increasing. Climate change is one of the major threats
to biodiversity and ecosystem services in the region
(Lepetz et al. 2009; Guo, Desmet, and Powrie 2017;
Sonwa et al. 2017; Matata and Adan 2018). The
United Nations Framework Convention on Climate
Change and the CBD recognize that climate change is
one of the greatest threats to biodiversity. Recent
studies also have shown the impacts of climate
change on biodiversity in Africa. For instance,
Midgley et al. (2002) studying the potential impact
of climate change on plant diversity in the Cape
Floristic Region in South Africa have shown that
11% of the species studied are at risk of extinction,
and a reduction in the modeled range sizes of 42% of
the species, with the projected climate-change sce-
nario. A study published in Nature (Thomas et al.
2004) reveals that climate change could result in the
extinction of more than a million terrestrial species in
the next 50 years. Rare species, fragmented ecosys-
tems, and areas already under pressure from pollu-
tion and deforestation are the most vulnerable. Fire is
a major cause of biodiversity loss in Africa. As global
warming increases, these fires are likely to get more
intense and extensive and may result in significant
ecosystem changes that would affect biodiversity
through species loss or changes in species composi-
tion (Bellard et al. 2012; Foden et al. 2013; Akcakaya
et al. 2014; Bland et al. 2015; Pacifici et al. 2015).
Similarly, the broad conclusions of the review outputs
showed that direct and indirect effects of climate
change have posed potential major threats to biodi-
versity in Africa.

Direct effects include those arising from increased
temperature and increased CO2 levels associated with
global climate change (Adler, Leiker, and Levine
2009; Andrew et al. 2010; Dawson et al. 2011).
These direct effects result in several potentially
major indirect effects, such as changes in hydrologic

cycles (evaporation and precipitation) and an increas-
ing magnitude and extent of extreme weather events
and frequent fires that destroy the ecosystem. These
changes can affect biodiversity in many ways, includ-
ing altering life cycles, by shifting habitat ranges and
species distribution, changes in abundance, changes
in migration patterns, and changes in the frequency
and severity of pest and disease outbreaks.

One of the other important pathways by which
climate change affects African biodiversity is by redu-
cing the amount and availability of suitable habitats
and by eliminating species that are vital for the spe-
cies in question (Lovett, Midgely, and Barnard 2005;
Hély et al. 2006; Doak and Morris 2010; Dawson et al.
2011). A loss of species from an ecosystem not only
affects the species that is lost but also the interactions
with other species as well as the general ecological
functions, which are expected from these interac-
tions. Despite growing awareness that biodiversity is
one of the most vulnerable to climate change, Africa
is one of the least studied region in terms of biodi-
versity dynamics and climate variability (Getahun
and Shefine 2015; Sonwa et al. 2017; Matata and
Adan 2018). Therefore, understanding how climate
change affects African biodiversity is important, both
for examining status or trends, responses, and identi-
fying biodiversity that are sensitive to climate change
system and to provide valuable insights to avoid or
mitigate climate-induced effects.

Response of biodiversity to climate change

Shifts in species distribution
The broad conclusion of literature results shows that
many species have shifted their geographic ranges in
response to rapid changes in temperature and pre-
cipitation regimes, generally poleward, toward higher
elevations (Nye et al. 2010; Burrows, Schoeman, and
Buckley et al. 2011; Chen et al. 2011; Doney,
Ruckelshaus, and Duffy et al. 2012). Groffman et al.
(2014) found that in terrestrial environments, plants
and animals moved toward higher elevations at the
rate of 0.011 km per decade and to higher latitudes at
the rate of 16.9 km per decade. Climate change has
resulted in dramatic shifts in the geographical distri-
butions of east African species and ecosystems. The
current rates of migration of species will have to be
much higher than rates during postglacial periods in
order for species to adapt to the changing climate
(Malcolm et al. 2002; Hély et al. 2006; Doak and
Morris 2010). Climate change is significantly altering
Africa’s species diversity. For example, the endemic
Ethiopian wolf (Canis simensis) is struggling to adapt
to the longer dry periods and shrinking availability of
water and other resources. Ecological specialists are
particularly vulnerable and react strongly to changing
resources due to their relatively narrow dietary,
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thermal, and habitat niche breadths (Altermatt 2010;
Lawton et al. 2010; Montoya and Raffaelli 2010;
Clavel, Julliard, and Devictor 2011) and association
with relatively stable environments (Walther et al.
2002). In Ethiopia, the unique environments that
support endangered and endemic species are more
vulnerable to the impacts of climate change. For
instance, studies showed that the reduction in the
range of the rare and Africa’s most endangered
Ethiopian wolf (C. simensis) is likely to have an
increased risk in local extinction as a result of climate
change. Gottelli and Sillero-Zubiri (1992) recorded
that C. simensis were distributed in Gojjam and
northwestern Showa at 2500 m above sea level in
the early twentieth century. Today, the distribution
of the species shifts toward higher elevations and is
known to occur above 3000 m above sea level, which
extends up to 3700 m above sea level and is largely
restricted to the highest peaks (Gottelli and Sillero-
Zubiri 1992). Strategies for future designations of
protected areas and conservation of ecological specia-
list species in Ethiopia need to be developed that
include projections of future climate change and cor-
responding changes in the geographic range of plant
and animal species to ensure adequate protection.

In fact, climate change has the potential to alter
migratory routes (and timings) of species that use
both seasonal wetlands (e.g., migratory birds) and
track seasonal changes in vegetation (e.g., herbi-
vores), which may also increase conflicts with
humans, particularly in areas where rainfall is low
(Thirgood et al. 2004). In Africa, wild animals that
are unable to move or migrate are at risk. Solomon,
Aklilu, and Eyualem (2014) found that land-use pat-
terns in Ethiopia can also prevent animals from chan-
ging their migratory routes, for example, expansion
of large-scale agriculture has been demonstrated to
disrupt migratory journeys, leading to a population
decline in large mammals.

Demographic responses
Loss of natural habitats and shifting habitat ranges to
more suitable ones as a result of climate change could
have profound impacts on species population size
(Erasmus et al. 2002; Walther 2010). C. simensis have
already shifted its geographical range toward higher
elevations in response to rapid changes in temperature
and precipitation regimes. These shifts might likely
bring about new assemblages of species (Williams and
Jackson 2007), cause novel interspecific interactions,
and in worst case, scenarios result in some extinction
(Channel and Lomolino 2000; Butchart, Walpole, and
Collen et al. 2010; Barnosky et al. 2011). Therefore, the
shift in the distribution of C. simensis is a likely indica-
tor of a rapid decline in its population size.
Additionally, this relationship could be exacerbated if
climate change restricts the range of a species to just a

few key sites and an extreme weather event occurs, thus
driving up population decline and extinction of the
species in the future. Species ranges will probably not
shift in cohesive and intact units and are likely to
become more fragmented as they shift in response to
changing climate (Walther 2010; Barnosky et al. 2011).
To be able to better conserve biodiversity in the future,
it is imperative to understand how species and ecosys-
tems are likely to change under varying climate change
scenarios.

Phenological shifts
Changes in phenology or the seasonal timing of life
events have been observed in Africa in response to
variations in temperature, precipitation, and photoper-
iod (Workie and Debella 2017). Phenological events
include changes in leaf growth, flowering and blooming
in plants, and shifts in the timing of spawning, repro-
duction, and migrations in animals (Doak and Morris
2010; Miller-Rushing et al. 2010; Dawson et al. 2011).
Weather extremes can also affect biodiversity in more
complex ways. For example, in African elephants
(Loxodonta africana), breeding is year-round, but
dominant males mate in the wet season and subordi-
nate males breed in the dry season. Subsequently, a
change in the intensity or duration of the rainy versus
drought seasons could change relative breeding rates
and, hence, genetic structures in these populations
(Marcel, Visser, and Christiaan 2005). As food crop
production is the main agricultural activity in Africa,
lengthened growing seasons would also mean incre-
ments in costs of production of crops.

From a conservation point of view, the critical feature
of multiple components of climate change is that it dif-
ferentially affects the probability that species will be dri-
ven to population decline and extinction. It has been
suggested that the risk of population decline and extinc-
tion is likely to increase for many species that are already
vulnerable (Thomas et al. 2004), in part because of the
time it takes for many species to adjust to climate change
(Menendez et al. 2006). While the impact of climate
change on extinction probabilities remains contentious,
it is the effect thatmotivates the conservation community
most strongly (Willis and Bhagwat 2009). Outside the
conservation community, there is greater concern for the
potential adverse impacts of climate change on biodiver-
sity that most directly affects biodiversity based ecosys-
tem service. Of particular concern are “tipping points”
where ecosystem thresholds can lead to loss or irreversi-
ble shifts of ecosystems, their services and functioning to
human society, and ending up in a global crisis.

Climate change, biodiversity, and ecosystem
services

Biodiversity is fundamental to ecosystem structure
and function and underpins the broad spectrum of
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goods and services that humans derive from natural
ecosystems (Chapin et al. 2000; Walther et al. 2002;
Millennium Ecosystem Assessment (MA) 2005;
Naeem et al. 2009; Leadley et al. 2010, Mace,
Gittleman, and Purvis 2003). At least 40% of the
world’s economy, and 80% of the economy of less-
industrialized nations, is derived directly from biolo-
gical resources as a function of ecosystem service
(Travis 2003). Declines or loss of any aspect of bio-
diversity to the point that they no longer contribute
to ecosystem servicing can have dramatic impacts on
the importance of ecosystem services upon which
people depend. The decline or loss might move
toward its particular “tipping point,” lead to loss or
irreversible shifts of ecosystems, their services, and
functioning to human society, ending up in a global
crisis. However, there is limited understanding of the
functional or interactive role biodiversity plays in a
system. It is, therefore, vital to gain a better under-
standing of the linkages between biodiversity and
ecosystem services, and how climate change threats
to biodiversity will affect human well-being (Mace,
Gittleman, and Purvis 2003).

Millennium Ecosystem Assessment has defined four
types of ecosystem services (provisioning, regulating,
cultural, and supporting) (Millennium Ecosystem
Assessment (MA) 2005, Mace, Gittleman, and Purvis
2003). The Millennium Assessment’s evaluation of bio-
diversity through the services it offers (Millennium
Ecosystem Assessment (MA) 2005) is the approach
that economists have traditionally taken to the problem
(Perrings, Folke, and Mäler 1992). In this approach,
biodiversity change is evaluated in terms of its implica-
tions for (a) as supporting (e.g., nutrient cycling, pri-
mary production), (b) regulating (e.g., climate and
disease regulation), (c) cultural (e.g., spiritual values,
recreation), and (d) provisioning (e.g., food, fuel, fiber,
and fresh water) services (Millennium Ecosystem
Assessment (MA) 2005). The approach recognizes
that change in biodiversity is a source of both benefits
and costs. At the global level, theMEA documented that
over 60% of ecosystem services were deteriorating or
already overused (Larigauderie and Cesario et al. 2009),
and it has been worsened by the impact of increasing
climate change. As biodiversity underlies all goods and
services provided by ecosystems that are crucial for
human survival and well-being, this paper presents the
potential effects of climate change on biodiversity and
associated ecosystem services and function on human
society as classified by the Millennium Ecosystem
Assessment:

(1) Provisioning services (production of foods, i.e.,
crop and livestock production)

(2) Regulating services particularly on disease and
climate regulation

Agricultural production and food security

The agriculture sector in Africa has a large impact on
fostering economic growth, reducing poverty, and
improving food and nutrition security. It also
accounts for about 20–30% of gross domestic product
(GDP), 55% of the total value of export, and 80% of
total employment (FAO 2014; Palma et al. 2014).
Agriculture is dominated by smallholders who con-
tribute up to 90% of agricultural production in the
region (Brown, Nuberg, and Llewellyn 2018). Africa
depends heavily on rain-fed agriculture making rural
livelihoods and food security highly vulnerable to
climate variability such as shifts in growing season
conditions (Intergovernmental Panel on Climate
Change (IPCC) 2001, Corbeels et al. 2014). There is
a strong link between climate, natural ecosystem, and
African agriculture. Biodiversity and ecosystem ser-
vices are at the heart of many solutions for sustain-
able increases in agricultural productivity in Africa
that not only deliver better outcomes for food and
nutrition security but also reduce climate externalities
(Barrios et al. 2018; Bommarco, Vico, and Hallin
2018). Besides agricultural products, many peoples
in Africa depend on food product from natural eco-
systems. Moreover, these ecosystems are essential in
provisioning important agricultural services like irri-
gation water, improving soil nutrients, and erosion
control (Bommarco, Vico, and Hallin 2018; Georg,
Requier, and Fijen 2018). Areas which sustain higher
level of biodiversity generally are much more resilient
to environmental change and increase agricultural
production (Winfree and Kremen 2009). On the
other hand, the degradation of natural ecosystem
reduces their capacity to store and regulate water
availability, soil formation, and energy and nutrient
flow (Bommarco, Vico, and Hallin 2018; Georg,
Requier, and Fijen 2018). Consequently, this will
also affect agricultural productivity, and this effect is
enhanced if as a result of climate change.

In Africa, temperature has increased and precipitation
in the region has varied inmost areas; many countries are
already being affected. For example, from 1996 to 2003,
there has been a decline in rainfall by as much as
50–150mmper season (March–May) and corresponding
decline in long-cycle crops (e.g., slowlymaturing varieties
of sorghum andmaize) across most of Africa (Funk et al.
2005). Long-cycle crops depend upon rain during this
typically wet season and progressive moisture deficit
results in low crop yields in the fall, thereby impacting
the available food supply. Nelson et al. (2009) predicted
that the net effects of climate change on agriculture in
many developing countries would be negative (Nelson
et al. 2009). Most African countries are the most at risk
countries from climate change impacts (Evangelista et al.
2013). Gebreegziabher et al. (2011) also reported that low
adaptive capacity, geographical location, and topography
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make the region highly vulnerable to crop failure due to
adverse impacts of climate change (Gebreegziabher et al.
2011). It is estimated that climate-induced drought
reduced Africa’s agricultural production by 21%, which
led to a 9.7% fall in the GDP (World Bank 2006).

Crop yields show a strong correlation with climate
change and with the duration of heat or cold waves
and differ based on plant maturity stages during
extreme weather events (Hoffmann 2013). Modified
precipitation patterns will enhance water scarcity and
associated drought stress for crops and alter irrigation
water supplies. They also reduce the predictability for
farmers’ planning (OECD 2014). In an indirect way, a
change in temperature and moisture levels may lead
to a change in the absorption rate of fertilizers and
other minerals, which determine yield output. In
short, the rise in temperature along with reduction
in rainfall reduces agricultural productivity if both are
beyond the threshold that is suitable for crop produc-
tion (Tirado and Cotter 2010). According to Ignaciuk
and Mason-D’Croz (2014), climate change currently
decreases the yield of maize, rice, wheat, potatoes,
and vegetables and continues to reduce seriously in
the future. Bezabih, DiFalco, and Mekonnen (2014)
also pointed out that climate variability and change in
Africa has a significant impact on different crop yield.
Particularly, Bayrau, Assefa, and Hagos (2015)
showed that change in climate will likely have an
overall significant impact in reducing the productiv-
ity of sugarcane and cotton in Ethiopia. Increased
variability (i.e., deviation from the mean) of crop
production is also a major concern of farmers in
Ethiopia. Interannual climate variability (e.g.,
ENSO) has huge impacts on Ethiopia’s climate.
Warm ENSO events also referred to as El Niño events
produce abnormally high amounts of precipitation in
parts of Africa and can result in flooding and
decreased agricultural yields. The authors argue that
in developing countries, climate change will induce
yield declines for the most important crops. Similarly,
in Africa, researchers correlated past El Niño and La
Niña episodes and found that overall major cereal
crop yields were decreased by 16% and 5.3% in
Upper Awash Basin during El Niño and La Niña
episodes, respectively (Abdisa, Dirba, and Muktar
2017, Sintayehu et al. 2017). Further south, in
Zimbabwe, researchers correlated past El Niño events
and warm sea surface temperatures in the eastern
equatorial Pacific with more than 60% of the change
between above and below average agricultural pro-
duction of maize (Patt, Suarez and Gwata 2005).

Africa is home to Africa’s largest livestock popula-
tion and is the world’s 10th largest producer of livestock
and livestock products (MacDonald and Simon 2011),
which make up about 10% of the country’s foreign
currency earnings (Pantuliano and Wekesa 2008).
Frequent and extensive droughts in the country have a

considerable effect on Ethiopia’s livestock because
decreased rainfall shrinks available water resources
and reduces the productivity of grassland and range-
land. The main causes of livestock deaths in Africa are
shortages of water and food during drought
(MacDonald and Simon 2011). Increased temperatures
can affect the behavior and metabolism (internal body
processes) of livestock, such as a reduced intake of food
and a decline in productivity (Thornton et al. 2009).
These impacts on livestock are already being felt in
Ethiopia; in the past two decades in Borana zone, south-
ern Ethiopia, there have been losses of livestock asso-
ciated with drought. The number of animals per
household declined on average “to three oxen from
ten; to seven cows from 35; and to six goats, down
from 33” (MacDonald and Simon 2011). According to
the Afar National Regional State (ANRS) 2010 report,
all pastoral regions in Ethiopia are highly prone to the
adverse impacts of climate change, while the problem is
more prevalent in the North Eastern lowlands of the
country mainly Afar region. Afar pastoral communities
mostly depend on rainfall during the main rainy season
for availability of pasture and water resources. Hence,
the decline in rainfall has resulted in severe livestock
reduction. For instance, in La-Niño years 2008, cattle
mortality increased by 12.4%, sheep 26.2%, and goats by
6.5% in Shinile pastoral communities (Ahmed et al.
2017, Sintayehu et al. 2017). Therefore, any substantial
climate-change-induced disruption in African crop and
livestock production would likely increase food prices
and insecurity andworsen the standards of living. There
are many opportunities for ecosystem-service-based
adaptation in African agriculture, determining which
strategies are feasible and most cost-effective is an
important next step for researchers, economists, and
policy makers.

Disease regulation

The impacts of climate-induced biodiversity change
on human, animal, and plant health are of concern
because of the potentially high cost associated with
both emerging zoonotic diseases and changes in the
distribution of existing disease vectors. Many patho-
gens are maintained by multiple host species in nat-
ural systems (Woolhouse and Gowtage-Sequeria
2005), where the loss of a host species or biodiversity
as a result of climate change in an area can influence
disease risk and is expected to exacerbate the occur-
rence and intensity of future disease outbreaks and
perhaps increase the spread of diseases in Africa. For
instance, bovine tuberculosis (bTB) infection rate was
positively associated with mammalian species even-
ness (J′) loss. Loss of noncompetent or spillover
mammalian species as a result of climate change
might increase cattle herd movement and increase
encounter rates among cattle. Such an “encounter
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increase” (Keesing, Holt, and Ostfeld 2006) might
lead to increased probabilities of bTB infection
risks. Loss of other host species in the community
that are less competent reservoirs for bTB, that is,
transmitting the pathogen ineffectively, might
increase the contact between bTB wildlife reservoir
hosts and cattle. Such an “encounter increase”
(Keesing, Holt, and Ostfeld 2006) might lead to
increase probabilities of bTB infection risk.

Invasive species have been shown to be highly
adaptive to variable climatic conditions (Malcolm
et al. 2002). Due to its climate-sensitive distribution
of native flora and fauna, Africa may be particularly
vulnerable to exotic and invasive species (i.e., Prosopis
juliflora, Lantana camara) colonization. Land-use
changes as a result of plant species invasions and
associated changes in the composition of the host
community have been described as one of the causal
drivers in current emergence and re-emergence of
infectious diseases. In semi-arid African Savana,
bTB prevalence was positively associated with the
invasion of P. juliflora (Sintayehu et al. 2018).
Invasive species have the ability to change ecosystem
processes (Ehrenfeld 2010) and decrease the abun-
dance, structure, and diversity of native species
(Blackburn et al. 2004; Gaertner et al. 2009).
Similarly, invasion of Prosopis has been shown to
suppress the growth of grasses and other herbaceous
species and reduce species diversity (Getachew,
Demissew, and Woldemariam 2012; El-Keblawy and
Al-Rawai 2007; Haregeweyn et al. 2013). The influ-
ence of Prosopis on the palatable herbaceous species
in highly invaded areas may contribute to the reduc-
tion in mammal species evenness, as abundance and
distribution of mammal species is partly determined
by the availability and quality of palatable plant spe-
cies (Treydte et al. 2013; Young et al. 2013).
Haregeweyn et al. (2013) also reported negative
impacts of Prosopis invasion on biodiversity in
Ethiopia, as the invasion of Prosopis reduced the
densities of wild animal species, such as oryx (Oryx
gazelle), zebra (Equus grevyi), dik-dik (Madoqua salt-
iana), and kob (Kobus ellipsiprymnus) in response to
a reduction of palatable plant species (Haregeweyn
et al. 2013).

Another way by which Prosopis may influence the
prevalence of bTB is through livestock herd move-
ment. Invasion of Prosopis species have been
observed to suppress grass growth and reduce avail-
ability of herbaceous plant species (Brown and
Archer 1989). The invasion by Prosopis reduces avail-
ability of palatable herbaceous species in Ethiopia
(Mehari 2015). Several useful palatable plant species
such as Chrysopogon plumulosus, Cymbopogon schoe-
nanthus, Cymbopogon pospischilii, Andropogon cana-
liculatus, Eragrostis cylindriflore, and Terapogon
cenchriformis are now on the verge of local extinction

in areas due to Prosopis invasion (Haregeweyn et al.
2013, Mehari 2015), which could increase the move-
ment of cattle herd in search for pasture. This study
also showed that high proportion of Prosopis cover
increased the movement of livestock herd. The herd
moved more and grazed in larger areas, hence the
probability of contact with either infected domestic
or infected wildlife hosts increased, amplifying the
chances for bTB infection (Sintayehu et al. 2016).
For the loss of biological diversity (i.e., native flora
and fauna) and the homogenization of host commu-
nities due to invasion of invasive species in the chan-
ging climate, Africa may be particularly have the
potential to increase the prevalence of and risk of
exposure to zoonotic diseases.

It is known that climate variability and extreme
weather events, such as high temperatures and
intense rainfall events, are critical factors in initiating
malaria epidemics, especially in the highlands of wes-
tern Kenya, Uganda, Ethiopia, Tanzania, Rwanda,
and Madagascar (Zhou et al. 2004). While other
factors, such as topography and health preparedness,
can influence the spread of malaria, scientists have
found a correlation between rainfall and unusually
high maximum temperatures and the number of
malaria cases (Githeko and Ndegwa 2001; Zhou
et al. 2004). This is due to the fact that the survival
of mosquito vectors (Anopheles spp.) and the mos-
quito parasite that causes malaria (Plasmodium falci-
parum) are also effected by climate. Temperature
affects the development rates of vectors and parasites
while rainfall affects the availability of mosquito
breeding sites (Zhou et al. 2004; Craig et al. 2004).
Rift Valley Fever epidemics are also correlated to
climate variability. Between 1950 and 1998, three
quarters of the Rift Valley Fever outbreaks occurred
during warm ENSO event periods (i.e., El Niño
events). During El Niño, the East African highlands
typically receive unusually high rainfall which is cor-
related with Rift Valley Fever outbreaks (Patz et al.
2005).

Carbon sequestration

One of the key supporting services provided by for-
ests is carbon removal from the atmosphere (carbon
sequestration) and the long-term storage of this car-
bon in biomass, dead organic matter, and soil carbon
pools. Of the global forest carbon stocks, an estimated
55% (471 Pg C) is stored in tropical forests, of which
more than half is stored in biomass (Pan et al. 2011).
The role of forests in sequestering carbon is evident
when considering that 57% of the carbon emitted
annually from global fossil fuel use and land-use
change is absorbed by land and ocean sinks, cutting
in half the rate of increase in atmospheric CO2 con-
centrations over the past four decades (Le Quéré et al.
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2009). Species can affect the long-term balance of
carbon gains and losses in ecosystems through differ-
ent components of the carbon cycle, including the
magnitude, turnover, and longevity of carbon stocks
in soils and vegetation (Díaz, Hector, and Wardle
2009; Murphy et al. 2008; Barantal et al. 2011;
Maestre et al. 2012). Experiments with tree planta-
tions of native and introduced species have often
found significant and positive effects of species rich-
ness on different components of the carbon cycle,
including productivity (Piotto 2008, Healy, Gotelli,
and Potvin 2008), decomposition (Scherer-Lorenzen,
Luis Bonilla, and Potvin 2007), soil respiration
(Murphy et al. 2008), and plant mortality (Healy,
Gotelli, and Potvin 2008). Similarly in Africa, there
has been strong evidence that better managed biodi-
versity sequesters more carbon (Abebe et al. 2013).
The current ecosystem conservation in Africa relies
on afforestation and reforestation of the natural area,
which increases the annual productivity. Increase in
annual productivity directly indicates an increase
in forest biomass and hence higher carbon sequestra-
tion potential. Studies have shown that, under similar
conditions, tree plantations with two or more species
may achieve higher levels of productivity than single-
species plantations for a range of species combina-
tions (Forrester et al. 2006, Kelty 2006; Piotto 2008).
In Africa, a positive relationship between tree species
richness and above-ground productivity has often
been found (Sintayehu et al. 2018b). Moreover,
Sintayehu et al. (2018) that in individual species
may dominate processes; thus, functional groups are
often particularly important in controlling specific
processes (Sintayehu et al. 2018). Loss of biodiversity,
linked to deforestation and forest degradation, could
further diminish the ability of forests to effectively
provide multiple ecosystem services, including car-
bon sequestration. Therefore, greater clarification of
the importance of individual species effects and the
role of functional groups for carbon storage is an
important area for further research.

Conclusion

African biodiversity currently faces insurmountable
problems than in the past due to climate change.
There are two major reasons for this: (1) Species
habitats are smaller than in the past. Smaller habitats
support smaller populations which constitute
less genetic diversity and have less evolutionary
potential. This evolutionary potential is critical for
species’ ability to adapt to the changing environmen-
tal conditions. (2) Species habitats are more fragmen-
ted than in the past. The fragmentation prevents
individuals from being able to shift their distribution
in response to climate-related impacts as easily as in
the past. These are the two fates available to species

other than going extinct: adapt to climate change or
migrate in response to climate change in order to
track environmental conditions favorable for survival.
The current rate of climate change is probably unpre-
cedented and would present extreme challenges to
the biota of the planet under normal circumstances.
However, the combination of the magnitude of
change, the extreme fragmentation of habitats, and
the fact that there are 180 million people using a very
large proportion of Africa’s resources means that
neither evolution nor migration will be sufficient to
allow many species to cope with current rates of
global climate change. Thus, the species might be
lost, and their value to humans and their beauty will
decrease.

Scenarios related to the impact of climate change
on biodiversity are made up continuously, often pre-
dicting fast paced extinction of species, loss of natural
habitats, and shifts in the distribution and abundance
of species during the first decade of this twenty-first
century. Pressures on biodiversity can shove ecosys-
tems beyond what might be termed “safe functioning
space.” Once an ecosystem enters the peril zone, it is
in danger of crossing a threshold which will tip it into
an alternative state. Actions to increase the resilience
of ecosystems, that is, by conserving biodiversity, are
critical to prevent the “tipping point” being sur-
passed. Recent “tipping points” analyses indicate
that rising atmospheric CO2 concentrations could
lead to major biodiversity transformations (Bellard
et al. 2012). Especially in tropical regions, levels
near or below the 2°C global warming, are defined
as “dangerous” by the IPCC. The change eventually
becomes self-perpetuating through what is known as
a “positive feedback,” for example, deforestation may
reduce regional rainfall, leading to greater fire risk,
further drying, and dieback of forest. As a result of
lags in the socioeconomic, biological, and physical
systems, these transformations will be irreversible
over the next several centuries, creating great diffi-
culties in ecological management. The broad conclu-
sions of the review output showed that climate
change have created potential threats to the loss of
African biodiversity which basically fundamental for
providing ecosystem services to which human well-
being. These effects give upsurge to numerous poten-
tially serious negative impacts on key ecosystem
services, such as crop and livestock production, and
disease and climate regulation as well as reduce
human benefits.

In this context, “Climate Change” may be a
familiar term by now, but further attention and
action is urgently needed. Even a modest and slow
warming of the climate will have complex conse-
quences in terms of species numbers and distribu-
tions, thus potentially disrupting ecosystem services.
This will be exponentially severe in highly diverse
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ecosystems like tropical forests comprising highly
specialized organisms. This causality is particularly
relevant for developing countries where often the
majority of local livelihoods depend on goods and
services provided by ecosystems like tropical forests.
Drivers of biodiversity loss have not yet been
addressed significantly. Furthermore, there is pau-
city of research dealing with the interaction
between different drivers of global change. So far,
most studies only focus on particular ones (mostly
either climate change or habitat loss) and the men-
tioned interactions are largely neglected in assess-
ments under global change scenarios. Hence, it is
necessary to consider those interactions among dif-
ferent drivers of environmental change in the
future.

Biodiversity issues suffer from insufficient integra-
tion into broader policies, and stringent strategies and
programs at international, national, and local levels are
mostly far from being functional. Future initiatives
must start to overcome the lack of connections
between the relevant sectors. They must be able to
adapt in an appropriate way toward increasing knowl-
edge, raising public awareness and responsibility and
thus toward changing conditions. The recent establish-
ment of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services,
which fittingly complements the existent structures
like IPCC, is a step in the right direction for tackling
the threat of climate change on biodiversity. The plat-
form could be used to push out the frontiers of knowl-
edge and performance in the area of biodiversity
conservation and climate change for sustainable devel-
opment and improved livelihoods of society.

In order to reduce losses in biodiversity, associated
key biodiversity-based ecosystem services, and to pro-
duce a high quality of life in a way that does not damage
the environment, the government of Africa and other
stakeholders following urgent and important actions
are needed to head in to mitigate climate change:

● Need to a move away from static targets of
nature-based conservation to nature–human
conservation approach

● Ensuring integrated climate change adaptation
activities and developing policies across many
sectors whilst avoiding conflicting targets

● Ensuring that any climate-induced biodiversity
loss impacts are understood in terms of biodi-
versity-based ecosystem services losses in order
to integrate into National Poverty Reduction
and other National Strategies

Disclosure statement

No potential conflict of interest was reported by the author.

Ethics approval and consent to participate

Not applicable.

Funding

Not applicable.

Consent for publication

Not applicable.

Availability of data and materials

The authors declare that all data and material used in the
publication will be available online.

Competing interests

The authors declare that they have no competing interests.

Author contributions

SWD initiated the work, and writing and revising the
manuscript.

References

Abdisa, A., K. Dirba, and M. Muktar. 2017. Impacts of
Various ENSO Phases on Cereal Crop Productivity in
the Upper Awash Basin, Central High Land of Ethiopia.
Ethiopia: Haramaya University.

Abebe, D., B. Randall, and M. Alemu. 2013. Community
Controlled Forests, Carbon Sequestration and REDD+:
Some Evidence from Ethiopia. Addis Ababa, Ethiopia:
Environment for Development.

Adler, P. B., J. Leiker, and J. M. Levine. 2009. “Direct and
Indirect Effects of Climate Change on a Prairie Plant
Community.” PLoS ONE 4 (9): e6887. doi:10.1371/jour-
nal.pone.0006887.

Afar National Regional State (ANRS). 2010. Programme of
Plan on Adaptation to Climate Change. Ethiopia: Afar
Region.

Ahmed, H., Z. Tessema, T. Adugna, and K. Diriba. 2017.
Interconnection between El-Niño-Southern Oscillation
Induced Rainfall Variability, Livestock Population
Dynamics and Pastoralists Adaptation Strategies in
Eastern Ethiopia. Ethiopia: Haramaya University.

Akcakaya, H. R., S. H. Butchart, J. E. Watson, and R. G.
Pearson. 2014. “Preventing Species Extinctions Resulting
from Climate Change.” Nature Climate Change 4: 1048–
1049. doi:10.1038/nclimate2455.

Altermatt, F. (2010). “Climatic Warming Increases
Voltinism in European Butterflies and Moths.”
Proceedings of the Royal Society B 1685:1281–1287.

Andrew, R. B., C. W. Susan, A. B. Betsy, J. L. Joshua, L. S.
Catherine, and S. G. Stephanie. 2010. “Direct and
Indirect Effects of Climate Change on Amphibian
Populations.” Diversity 2: 281–313. doi:10.3390/
d2020281.

Araos, M., L. Berrang-Ford, J.D. Ford, S. E. Austin, R.
Biesbroek, and A. Lesnikowski. 2016. “Climate Change
Adaptation Planning in Large Cities: A Systematic

234 D. W. SINTAYEHU
D

ow
nloaded from

 https://spj.science.org on N
ovem

ber 12, 2025

https://doi.org/10.1371/journal.pone.0006887
https://doi.org/10.1371/journal.pone.0006887
https://doi.org/10.1038/nclimate2455
https://doi.org/10.3390/d2020281
https://doi.org/10.3390/d2020281


Global Assessment”. Environment Sciences Policy 66:
375–382. doi:10.1016/j.envsci.2016.06.009.

Banin, L., S. L. Lewis, G. G. Lopez, T. R. Baker, C. A.
Quesada, K. J. Chao, D. F. Burslem, R. Nilus, K.
Abusalim, and H. C. Keeling. 2014. “Tropical Forest
Wood Production: A Cross-Continental Comparison.”
Journal of Ecology 102: 1025–1037. doi:10.1111/1365-
2745.12263.

Bank, W. 2006. “Ethiopia: Managing water resources to
maximize sustainable growth (Report No 36000-ET)”
Washington,DC, World Bank.

Barantal, S., N. Fromin, H. Schimann, and S. Hättenschwiler.
2011. “Long-Term Presence of Tree Species but Not
Chemical Diversity Affect Litter Mixture Effects on
Decomposition in a Neotropical Rainforest.” Oecologia
167: 241–252. doi:10.1007/s00442-011-1966-4.

Barlow, J., F. França, T. Gardner, C. Hicks, G. D. Lennox,
E. Berenguer, L. Castello, et al. 2018. “The Future of
Hyperdiverse Tropical Ecosystems.” Nature 559: 517–
526. doi:10.1038/s41586-018-0301-1.

Barnosky, A. D., N. Matzke, S. Tomiya, G. O. U. Wogan, B.
Swartz, T. B. Quental, C. Marshall, et al. 2011. “Has the
Earth’s Sixth Mass Extinction Already Arrived?.” Nature
471: 51–57. doi:10.1038/nature09833.

Barrios, E., V. Valencia,M. Jonsson, A. Brauman, K. Hairiah, P.
E. Mortimer, and S. Okubo. 2018. “Contribution of Trees to
the Conservation of Biodiversity and Ecosystem Services in
Agricultural Landscapes.” International Journal of
Biodiversity Science, Ecosystem Services and Management
14: 1–16. doi:10.1080/21513732.2017.1399167.

Bayrau, A., B. Assefa, and A. Hagos. 2015. Productivity and
Welfare Impact of Climate Change in Sugarcane and
Cotton Producing Regions of Ethiopia. EDRI Research
Report 23. Addis Ababa: Ethiopian Development
Research Institute.

Bellard, C., C. Bertelsmeier, P. Leadley, W. Thuiller, and F.
Courchamp. 2012. “Impacts of Climate Change on the
Future of Biodiversity.” Ecology Letters 15: 365–377.
doi:10.1111/j.1461-0248.2012.01764.x.

Bezabih, M., S. DiFalco, and A. Mekonnen. 2014. On the
Impact of Weather Variability and Climate Change on
Agriculture, Evidence from Ethiopia. Addis Ababa:
Published by Sida Environment for Development and
Resource for the Future.

Blackburn, T. M., P. Cassey, R. P. Duncan, K. L. Evans, and
K. J. Gaston. 2004. “Avian Extinction and Mammalian
Introductions on Oceanic Islands.” Science 305: 1955–
1958. doi:10.1126/science.1101617.

Bland, L. M., B. Collen, C. D. L. Orme, and J. Bielby. 2015.
“Predicting the Conservation Status of Data-Deficient
Species.” Conservation Biology 29: 250–259. doi:10.1111/
cobi.12372.

Bommarco, R., G. Vico, and S. Hallin. 2018. “Exploiting
Ecosystem Services in Agriculture for Increased Food
Security.” Global Food Security 17: 57–63. doi:10.1016/j.
gfs.2018.04.001.

Brito-Morales, I., J. Molinos, D. S. Schoeman, M. T.
Burrows, E. S. Poloczanska C. J. Brown, et al. 2018.
“Climate Velocity Can Inform Conservation in a
Warming World”. Trends in Ecology and Evolution 33:
441–457. doi:10.1016/j.tree.2018.03.009.

Brook, B. W., N. S. Sodhi, and C. J. A. Bradshaw. 2008.
“Synergies among Extinction Drivers under Global
Change.” Trends in Ecology & Evolution 23: 453–460.
doi:10.1016/j.tree.2008.03.011.

Brown, B., I. Nuberg, and R. Llewellyn. 2018. “Constraints
to the Utilisation of Conservation Agriculture in Africa

as Perceived by Agricultural Extension Service
Providers.” Land Use Policy 73: 331–340. doi:10.1016/j.
landusepol.2018.02.009.

Brown, J. R., and S. Archer. 1989. “Woody Plant Invasion
Of Grasslands-establishment Of Honey Mesquite
(Prosopis Glandulosa Var. Glandulosa) on Sites
Differeing in Herbaceous Biomass and Grazing
History. Oecologia 80: 19–26. doi:10.1007/BF00789926.

Burnham, M. and Z. Ma. 2015. “Linking smallholder
farmer climate change adaptation decisions to develop-
ment.” Climate and Development 8: 1–10.

Burrows, M. T., D. S. Schoeman, L. B. Buckley, P. Moore,
E. S. Poloczanska, K. M. Brander, C. Brown, et al. 2011.
“The Pace of Shifting Climate in Marine and Terrestrial
Ecosystems.” Science 334: 652–655.

Butchart, S. H. M., M. Walpole, B. Collen, A. van Strien, P.
W. Scharlemann, R. E. A. Almond, J. E. M. Baillie, et al.
2010. “Global Biodiversity: Indicators of Recent
Declines”. Science 328: 1164–1168. doi:10.1126/
science.1187512.

Channel, R., and M. Lomolino. 2000. “Dynamic
Biogeography and Conservation of Endangered
Species.” Nature 403: 84–86. doi:10.1038/47487.

Chapin, F. S., E. S. Zavaleta, V. T. Eviner, R. L. Naylor, P.
M. Vitousek, H. L. Reynolds, D. U. Hooper, et al. 2000.
“Consequences of Changing Biodiversity.” Nature 405:
234–242. doi:10.1038/35012241.

Chen, I. C., J. K. Hill, R. Ohlemüller, D. B. Roy, and C. D.
Thomas. 2011. “Rapid Range Shifts of Species Associated
with High Levels of Climate Warming.” Science 333:
1024–1026. doi:10.1126/science.1205623.

Clavel, J., R. Julliard, and V. Devictor. 2011. “Worldwide
Decline of Specialist Species: Toward a Global
Functional Homogenization?” Front Ecol Environ 9:
222–228. doi:10.1890/080216.

Corbeels M., J. Graaff, T. H. Ndah, E. Penot, F. Baudron, K.
Naudin, N. Andrieu, et al. 2014. “Understanding the Impact
and Adoption of Conservation Agriculture in Africa: A
Multi-Scale Analysis.” Agriculture, Ecosystems and
Environment 187: 155–170. doi:10.1016/j.agee.2013.10.011.

Craig, M. H., I. Kleinschmidt, J. B. Nawn, D. Le Sueur, and
B. L. Sharp. 2004. ““Exploring 30 Years of Malaria Case
Data in KwaZulu-Natal, South Africa: Part I.” The
Impact of Climatic Factors.” Tropical Medicine and
International Health 9: 1247–1257. doi:10.1111/j.1365-
3156.2004.01340.x.

Dawson, T. P., S. T. Jackson, J. I. House, I. C. Prentice, and
G. M. Mace. 2011. “Beyond Predictions: Biodiversity
Conservation in a Changing Climate.” Science 332: 53–
58. doi:10.1126/science.332.6026.173-c.

Díaz, S., A. Hector, and D. A. Wardle. 2009. “Biodiversity
in Forest Carbon Sequestration Initiatives: Not Just a
Side Benefit.” Current Opinion in Environmental
Sustainability 1: 55–60. doi:10.1016/j.cosust.2009.08.001.

Doak, D. F., and W. F. Morris. 2010. “Demographic
Compensation and Tipping Points in Climate-Induced
Range Shifts.” Nature 467: 959–962. doi:10.1038/
nature09439.

Doney, S. C., M. Ruckelshaus, J. E. Duffy, P. Barry, F.
Chan, C. A. English,H. M. Galindo, et al. 2012.
“Climate Change Impacts on Marine Ecosystems”.
Annual Review of Marine Science 4: 11–37. doi:10.1146/
annurev-marine-041911-111611.

Ehrenfeld, J. G. 2010. “Ecosystem Consequences of
Biological Invasions.” Annual Reviews of Ecology
Evolution and Systematics 41: 59–68. doi:10.1146/
annurev-ecolsys-102209-144650.

ECOSYSTEM HEALTH AND SUSTAINABILITY 235
D

ow
nloaded from

 https://spj.science.org on N
ovem

ber 12, 2025

https://doi.org/10.1016/j.envsci.2016.06.009
https://doi.org/10.1111/1365-2745.12263
https://doi.org/10.1111/1365-2745.12263
https://doi.org/10.1007/s00442-011-1966-4
https://doi.org/10.1038/s41586-018-0301-1
https://doi.org/10.1038/nature09833
https://doi.org/10.1080/21513732.2017.1399167
https://doi.org/10.1111/j.1461-0248.2012.01764.x
https://doi.org/10.1126/science.1101617
https://doi.org/10.1111/cobi.12372
https://doi.org/10.1111/cobi.12372
https://doi.org/10.1016/j.gfs.2018.04.001
https://doi.org/10.1016/j.gfs.2018.04.001
https://doi.org/10.1016/j.tree.2018.03.009
https://doi.org/10.1016/j.tree.2008.03.011
https://doi.org/10.1016/j.landusepol.2018.02.009
https://doi.org/10.1016/j.landusepol.2018.02.009
https://doi.org/10.1007/BF00789926
https://doi.org/10.1126/science.1187512
https://doi.org/10.1126/science.1187512
https://doi.org/10.1038/47487
https://doi.org/10.1038/35012241
https://doi.org/10.1126/science.1205623
https://doi.org/10.1890/080216
https://doi.org/10.1016/j.agee.2013.10.011
https://doi.org/10.1111/j.1365-3156.2004.01340.x
https://doi.org/10.1111/j.1365-3156.2004.01340.x
https://doi.org/10.1126/science.332.6026.173-c
https://doi.org/10.1016/j.cosust.2009.08.001
https://doi.org/10.1038/nature09439
https://doi.org/10.1038/nature09439
https://doi.org/10.1146/annurev-marine-041911-111611
https://doi.org/10.1146/annurev-marine-041911-111611
https://doi.org/10.1146/annurev-ecolsys-102209-144650
https://doi.org/10.1146/annurev-ecolsys-102209-144650


El-Keblawy, A., and A. Al-Rawai. 2007. “Impacts of the
Invasive Exotic Prosopis Juliflora (Sw.) D.c. on the
Native Flora and Soils of the UAE.” Plant Ecology 190:
23–35. doi:10.1007/s11258-006-9188-2.

Erasmus, B. F. N., A. S. Van Jaarsveld, S. L. Chown, M.
Kshatriya, and K. J. Wessels. 2002. “Vulnerability of
South African Animal Taxa to Climate Change.” Global
Change Biology 8: 679–693. doi:10.1046/j.1365-
2486.2002.00502.x.

Eric, F., C. Lambina, and M. Patrick. 2011. “Global Land
Use Change, Economic Globalization, and the Looming
Land Scarcity.” Pnas 108: 3465–3472. doi:10.1073/
pnas.1100480108.

Evangelista, P., P. Nicholas, N. Young, and J. Burnett. 2013.
“How Will Climate Change Spatially Affect Agriculture
Production in Ethiopia? Case Studies of Important
Cereal Crops.” Journal Climatic Change 119: 855–873.
doi:10.1007/s10584-013-0776-6.

FAO. 2014. Ethiopian Country Programe Framework. Addis
Ababa: FAO.

Fardila, D., L. T. Kelly, J. L. Moore, and M. A. McCarth.
2017. “A Systematic Review Reveals Changes in Where
and How We Have Studied Habitat Loss and
Fragmentation over 20 Years.” Biological Conservation
212: 30–138. doi:10.1016/j.biocon.2017.04.031.

Foden, W.B., S.H. Butchart, S.N. Stuart, J.C. Vié, H.R.
Akçakaya, A. Angulo, L. M. DeVantier, et al. 2013.
“Identifying the World’s Most Climate Change
Vulnerable Species: A Systematic Trait-Based
Assessment of All Birds, Amphibians and Corals”.
PLOS ONE 8: e65427. doi:10.1371/journal.
pone.0065427.

Forrester, D. I., J. Bauhus, A. L. Cowie, and J. K. Vanclay.
2006. “Mixed Species Plantations of Eucalyptus with
Nitrogen-fixing Trees: A Review.” Forest Ecology and
Management 233: 211–230. doi:10.1016/j.
foreco.2006.05.012.

Funk, C., G. Senay, A. Asfaw, J. Verdin, J. Rowland, J.
Michaelson, G. Eilerts, D. Korecha, and R. Choularton.
2005. Recent Drought Tendencies in Ethiopia and
Equatorial-Subtropical Eastern Africa. Washington DC:
FEWS-NET.

Gaertner, M., A. den Breeyen, C. Hui, and D. M.
Richardson. 2009. “Impacts of Alien Plant Invasions on
Species Richness in Mediterranean-Type Ecosystems: A
Meta-analysis.” Progress in Physical Geography 33: 319–
338.

Gebreegziabher, Z., S. Jesper, A. Mekonnen, and A. Alemu.
2011. “Climate Change and the Ethiopian Economy: A
Computable General Equilibrium Analysis.” http://www.
rff.org/files/sharepoint/WorkImages/Download/EfD-
DP-11-09.pdf]

Georg, L. A. G., A. F. Requier, and T. Fijen. 2018.
“Complementarity and Synergisms among Ecosystem
Services Supporting Crop Yield.” Global Food Security
17: 38–47. doi:10.1016/j.gfs.2018.03.006.

Getachew, S., S. Demissew, and T. Woldemariam. 2012.
“Allelopathic Effects of the Invasive Prosopis Juliflora
(Sw.) Dc. on Selected Native Plant Species in Middle
Awash, Southern Afar Rift of Ethiopia.” Management
of Biological Invasions 3: 105–114. doi:10.3391/mbi.

Getahun, Y. S., and B. G. Shefine. 2015. “Analysis of
Climate Variability (Enso) and Vegetation Dynamics in
Gojjam, Ethiopia.” Journal of Earth Science Climate
Change 6 (10): 320. doi: 10.4172/2157-7617.1000320.

Githeko, A. K., and W. Ndegwa. 2001. “Predicting Malaria
Epidemics in the Kenyan Highlands Using Climate Data:

A Tool for Decision-Makers.” Global Change and
Human Health 2: 54–63. doi:10.1023/A:1011943131643.

Gottelli, D., and C. Sillero-Zubiri. 1992. “The Ethiopian
Wolf – An Endangered Endemic Canid.” Oryx 26:
205–214. doi:10.1017/S0030605300023735.

Groffman, P. M., P. Kareiva, S. Carter, N. B. Grimm, J.
Lawler, M. Mack, V. Matzek, and H. Tallis. 2014.
“Ecosystems, Biodiversity, and Ecosystem Services.
Climate Change Impacts in the United States: The
Third National Climate Assessment, J. M. Melillo,
Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S.”
Global Change Research Program 200–201.

Guo, D., P. G. Desmet, and L. W. Powrie. 2017. “Impact of
the Future Changing Climate on the Southern Africa
Biomes, and the Importance of Geology.” Journal of
Geoscience and Environment Protection 5: 1–9.
doi:10.4236/gep.2017.57001.

Haregeweyn, N., A. Tsunekawa, M. Tsub, D. Meshesha,
and A. Melkie. 2013. “Analysis of the Invasion Rate,
Impacts and Control Measures of Prosopis Juliflora: A
case Study of Amibara District, Eastern Ethiopia.”
Environmental Monitering and Assessment 185: 7527–
7542. doi:10.1007/s10661-013-3117-3.

He, F., and S. P. Hubbell. 2011. “Species–Area Relationships
Always Overestimate Extinction Rates from Habitat
Loss.” Nature 473: 368–371. doi:10.1038/nature10079.

Healy, C., N. J. Gotelli, and C. Potvin. 2008. “Partitioning
the Effects of Biodiversity and Environmental
Heterogeneity for Productivity and Mortality in a
Tropical Tree Plantation.” Journal of Ecology 96: 903–
913. doi:10.1111/j.1365-2745.2008.01419.x.

Hector, A., and R. Bagchi. 2007. “Biodiversity and
Ecosystem Multifunctionality.” Nature 448: 188–190.
doi:10.1038/nature05947.

Hély, C. L., S. Bremond-Alleaume, B. Smith, T. M. Sykes,
and J. Guiot. 2006. “Sensitivity of African Biomes to
Changes in the Precipitation Regime.” Global Ecology
and Biogeography 15: 258–270. doi:10.1111/j.1466-
8238.2006.00235.x.

Hoffmann, U. 2013. Agriculture: A Key Driver and a Major
Victim of Global Warming. Geneva: United Nations
Conference on Trade and Development..

Hulme, M., R. Doherty, T. Ngara, M. New, and D. Lister.
2001. “African Climate Change: 1900 – 2100.” Climate
Research 17: 145–168. doi:10.3354/cr017145.

Ignaciuk, A., and D. Mason-D’Croz. 2014. “Modelling
Adaptation to Climate Change in Agriculture.” OECD
Food, Agriculture and Fisheries Papers 70: 58.7.

Intergovernmental Panel on Climate Change (IPCC). 2001.
“Climate Change 2001.” Synthesis report. Cambridge
University Press. Cambridge, UK.

International Union for Conservation of Nature (IUCN).
2014. The IUCN Red List of Threatened Species. Gland,
Switzerland: IUCN.

International Union for Conservation of Nature (IUCN).
2016. The IUCN Red List of Threatened Species. Gland,
Switzerland: IUCN.

IPCC. 2013. “Climate Change 2013: The Physical Science
Basis. Contribution of Working Group I to the Fifth
Assessment Report of the Intergovernmental Panel on
Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M.
Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex
and P.M. Midgley (eds.)].” Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA.

Jetz, W., D. S. Wilcove, and A. P. Dobson. 2007. “Projected
Impacts of Climate and Land-Use Change on the Global
Diversity of Birds.” PLoS Biol 5: 157–184.

236 D. W. SINTAYEHU
D

ow
nloaded from

 https://spj.science.org on N
ovem

ber 12, 2025

https://doi.org/10.1007/s11258-006-9188-2
https://doi.org/10.1046/j.1365-2486.2002.00502.x
https://doi.org/10.1046/j.1365-2486.2002.00502.x
https://doi.org/10.1073/pnas.1100480108
https://doi.org/10.1073/pnas.1100480108
https://doi.org/10.1007/s10584-013-0776-6
https://doi.org/10.1016/j.biocon.2017.04.031
https://doi.org/10.1371/journal.pone.0065427
https://doi.org/10.1371/journal.pone.0065427
https://doi.org/10.1016/j.foreco.2006.05.012
https://doi.org/10.1016/j.foreco.2006.05.012
http://www.rff.org/files/sharepoint/WorkImages/Download/EfD-DP-11-09.pdf
http://www.rff.org/files/sharepoint/WorkImages/Download/EfD-DP-11-09.pdf
http://www.rff.org/files/sharepoint/WorkImages/Download/EfD-DP-11-09.pdf
https://doi.org/10.1016/j.gfs.2018.03.006
https://doi.org/10.3391/mbi
https://doi.org/10.4172/2157-7617.1000320
https://doi.org/10.1023/A:1011943131643
https://doi.org/10.1017/S0030605300023735
https://doi.org/10.4236/gep.2017.57001
https://doi.org/10.1007/s10661-013-3117-3
https://doi.org/10.1038/nature10079
https://doi.org/10.1111/j.1365-2745.2008.01419.x
https://doi.org/10.1038/nature05947
https://doi.org/10.1111/j.1466-8238.2006.00235.x
https://doi.org/10.1111/j.1466-8238.2006.00235.x
https://doi.org/10.3354/cr017145


Keesing, F., R. D. Holt, and R. S. Ostfeld. 2006. “Effects of
Species Diversity on Disease Risk.” Ecology Letters 9:
485–498. doi:10.1111/j.1461-0248.2006.00885.x.

Keith, D. A., H. R. Akcakaya, W. Thuiller, G. F. Midgley, R.
G. Pearson, S. J. Phillips, H. M. Regan, M. B. Araujo, and
T. G. Rebelo. 2008. “Predicting Extinction Risks under
Climate Change: Coupling Stochastic Population Models
with Dynamic Bioclimatic Habitat Models.” Biology
Letters 4: 560–563. doi:10.1098/rsbl.2008.0049.

Kelty, M. J. 2006. “The Role of Species Mixtures in
Plantation Forestry.” Forest Ecology and Management
233: 195–204. doi:10.1016/j.foreco.2006.05.011.

Korcha, D., and A. Sorteberg. 2013. “Validation of
Operational Seasonal Rainfall Forecast in Ethiopia.”
Water Resource Research 49: 7681–7697. doi:10.1002/
2013WR013760.

Lambin, E. F., and P. Meyfroidt. 2011. “Global Land Use
Change, Economic Globalization, and the Looming Land
Scarcity.” Proceedings of the National Academy of
Sciences 108: 3465–3472. doi:10.1073/pnas.1100480108

Lawton, J. H., P. N. M. Brotherton, V. K. Brown, C. Elphick,
A. H. Fitter, J. Forshaw, R. W. Haddow, et al. 2010.
“Making Space for Nature: A Review of England’s
Wildlife Sites and Ecological Network.” Report to defra,
Department of Environment, Food and Rural Affairs, UK.

Lawton, J. H., and R. M. May. 1995. Extinction Rates.
Oxford: Oxford University Press.

Le Quéré, C., M. R. Raupach, J. G. Canadell, G. Marland, L.
Bopp, P. Ciais, T. J. Conway, et al. 2009. “Trends in the
Sources and Sinks of Carbon Dioxide.” Nature
Geoscience 2:831–836.

Leadley, P., H. M. Pereira, R. Alkemade, J. F. Fernandez-
Manjarrés, V. Proença, J. P. W. Scharlemann, and M. J.
Walpole. 2010. Biodiversity Scenarios: Projections of 21st
Century Change in Biodiversity and Associated Ecosystem
Services. Canada: Convention on Biological Diversity,
Montreal.

Lepetz, V., M. Massot, D. S. Schmeller, and J. Clobert.
2009. “Biodiversity Monitoring Some Proposals to
Adequately Study Species’ Responses to Climate
Change.” Biodiversity Conservation 18: 3185–3203.
doi:10.1007/s10531-009-9636-0.

Loarie, S. R., P. B. Duffy, H. Hamilton, G. P. Asner, C. B.
Field, and D. D. Ackerly. 2009. “The Velocity of Climate
Change.” Nature 462: 1052–1055. doi:10.1038/
nature08649.

Lovett, J. C., G. F. Midgely, and P. B. Barnard. 2005.
“Climate Change and Ecology in Africa.” African
Journal of Ecology 43: 279–281. doi:10.1111/j.1365-
2028.2005.00608.x.

MacDonald, M., and J. Simon. 2011. Climate, Food
Security, and Growth Ethiopia’s Complex Relationship
with Livestock. Policy Brief 3. New York, NY: Brighter
Green Publisher.

Mace, G. M., J. L. Gittleman, and A. Purvis. 2003.
“Preserving the Tree of Life.” Science 300: 1707–1709.
doi:10.1126/science.1085510.

Maestre, F. T., J. L. Quero, N. J. Gotelli, A. Escudero, and
V. Ochoa. 2012. “Plant Species Richness and Ecosystem
Multifunctionality in Global Drylands.” Science 335:
214–218. doi:10.1126/science.1215442.

Malcolm, J. R., A. Markham, R. P. Neilson, and M. Garaci.
2002. “Estimated Migration Rates under Scenarios of
Global Climate Change.” Journal of Biogeography 29:
835–849. doi:10.1046/j.1365-2699.2002.00702.x.

Marcel, E., C. Visser, and B. Christiaan. 2005. “Shifts in
Phenology Due to Global Climate Change: The Need for

a Yardstick.” Proceedings R Social B 272: 2561–2569.
doi:10.1098/rspb.2005.3356.

Matata, A. C., and A. Adan. 2018. “Causes of Climate
Change and Its Impact in the Multi-Sectoral Areas in
Africa-Need for Enhanced Adaptation Policies.” Current
Journal of Applied Science and Technology 27: 1–10.
doi:10.9734/CJAST.

Mehari, Z. H. 2015. “The Invasion of Prosopis Juliflora and
Afar Pastoral Livelihoods in The Middle Awash Area Of
Ethiopia.” Ecological Processes 4: 1–9. doi:10.1186/
s13717-015-0039-8.

Menendez, R., A. G. Megías, J. K. Hill, B. Braschler, S. G.
Willis, Y. Collingham, R. Fox, D. B. Roy, and C. D.
Thomas. 2006. “Species Richness Changes Lag behind
Climate Change.” Proceedings R Social B 273: 1465–
1470. doi:10.1098/rspb.2006.3484.

Midgley, G., and W. J. Bond. 2015. “Bond Future of
African Terrestrial Biodiversity and Ecosystems under
Anthropogenic Climate Change.” Nature Climate
Change 5: 823–829. doi:10.1038/nclimate2753.

Midgley, G. F., L. Hannah, D. Millar, M. C. Rutherford,
and L. W. Powrie. 2002. “Assessing the Vulnerability of
Species Richness to Anthropogenic Climate Change in a
Biodiversity Hotspot.” Global Ecology and Biogeography
11: 445–451. doi:10.1046/j.1466-822X.2002.00307.x.

Millennium Ecosystem Assessment (MA). 2005.
“Ecosystems and Human Well-Being: Synthesis.” Island
Press, Washington 2005: 155.

Miller-Rushing, A. J., T. T. Høye, D. W. Inouye, and E.
Post. 2010. “The Effects of Phenological Mismatches on
Demography.” Phil Transactions R Social B 365: 3177–
3186. doi:10.1098/rstb.2010.0148.

Montoya, J. M., and D. Raffaelli. 2010. “Climate Change,
Biotic Interactions and Ecosystem Services.”
Philosophical Transactions of the Royal Society B 365:
2013–2018. doi:10.1098/rstb.2010.0114.

Monzon, J., L. Moyer-Horner, and M. B. Palama. 2011.
“Climate Change and Species Range Dynamics in
Protected Areas.” Bioscience 61: 752–761. doi:10.1525/
bio.2011.61.10.5.

Mooney, H. A. Larigauderie, M. Cesario, T. Elmquist, O.
Hoegh-Guldberg, S. Lavorel, G. M. Mace, et al. 2009.
“Biodiversity, Climate Change, and Ecosystem Services”.
Curr Opin Environ Sustain 1: 46–54. doi:10.1016/j.
cosust.2009.07.006.

Mora, C., D. P. Tittensor, S. Adl, A. G. B. Simpson, and B.
Worm. 2011. “How Many Species are There on Earth
and in the Ocean?” PLoS Biology 9: 1–12. doi:10.1371/
journal.pbio.1001127.

Murphy, M., T. Balser, N. Buchmann, V. Hahn, and C.
Potvin. 2008. “Linking Tree Biodiversity to Belowground
Process in a Young Tropical Plantation: Impacts on Soil
CO2 Flux.” Forest Ecology and Management 255: 2577–
2588. doi:10.1016/j.foreco.2008.01.034.

Naeem, S., D. E. Bunker, A. Hector, M. Loreau, and C.
Perrings. 2009. Biodiversity, Ecosystem Functioning and
Human Wellbeing: An Ecological and Economic
Perspective. Oxford University Press, UK.

Nelson, G. C., M. W. Rosegrant, J. Koo, R. Robertson, T.
Sulser, T. Zhu, C. Ringler, et al. 2009. Climate Change:
Impact on Agriculture and Costs of Adaptation.
Washington, DC: IFPRI Food Policy Report.

Nye, J. A., A. Bundy, N. L. Shackell, K. D. Friedland, and J.
S. Link. 2010. “Coherent Trends in Contiguous Survey
Time-Series of Major Ecological and Commercial Fish
Species in the Gulf of Maine Ecosystem.” ICES Journal of
Marine Science 67: 26–40. doi:10.1093/icesjms/fsp216.

ECOSYSTEM HEALTH AND SUSTAINABILITY 237
D

ow
nloaded from

 https://spj.science.org on N
ovem

ber 12, 2025

https://doi.org/10.1111/j.1461-0248.2006.00885.x
https://doi.org/10.1098/rsbl.2008.0049
https://doi.org/10.1016/j.foreco.2006.05.011
https://doi.org/10.1002/2013WR013760
https://doi.org/10.1002/2013WR013760
https://doi.org/10.1073/pnas.1100480108
https://doi.org/10.1007/s10531-009-9636-0
https://doi.org/10.1038/nature08649
https://doi.org/10.1038/nature08649
https://doi.org/10.1111/j.1365-2028.2005.00608.x
https://doi.org/10.1111/j.1365-2028.2005.00608.x
https://doi.org/10.1126/science.1085510
https://doi.org/10.1126/science.1215442
https://doi.org/10.1046/j.1365-2699.2002.00702.x
https://doi.org/10.1098/rspb.2005.3356
https://doi.org/10.9734/CJAST
https://doi.org/10.1186/s13717-015-0039-8
https://doi.org/10.1186/s13717-015-0039-8
https://doi.org/10.1098/rspb.2006.3484
https://doi.org/10.1038/nclimate2753
https://doi.org/10.1046/j.1466-822X.2002.00307.x
https://doi.org/10.1098/rstb.2010.0148
https://doi.org/10.1098/rstb.2010.0114
https://doi.org/10.1525/bio.2011.61.10.5
https://doi.org/10.1525/bio.2011.61.10.5
https://doi.org/10.1016/j.cosust.2009.07.006
https://doi.org/10.1016/j.cosust.2009.07.006
https://doi.org/10.1371/journal.pbio.1001127
https://doi.org/10.1371/journal.pbio.1001127
https://doi.org/10.1016/j.foreco.2008.01.034
https://doi.org/10.1093/icesjms/fsp216


OECD. 2014. “Climate Change, Water and Agriculture:
Towards Resilient Agricultural and Water Systems.”
doi:10.1787/9789264209138-e.

Pacifici, M., W. B. Foden, P. Visconti, E. M. Watson, H.
M. Butchart, K. M. Kovacs et al. 2015. “Assessing Species
Vulnerability to Climate Change”. Nature Climate
Change 5: 215–225. doi:10.1038/nclimate2448.

Pan, Y., R.A. Birdsey, J. Fang, R. Houghton, P.E. Kauppi, W.
A. Kurz, O.L. Phillips, B. R. Scheffers, et al. 2011. “A Large
and Persistent Carbon Sink in the World´S Forests.”
Science Express 333: 988–993.

Pantuliano, S., and M. Wekesa. 2008. Improving Drought
Response in Pastoral Regions of Ethiopia-somali and Afar
Regions and Borena Zone in Oromiya Region. Ethopia:
Addis Ababa.

Parmesan, C. 2006. “Ecological and Evolutionary
Responses to Recent Climate Change.” Annual Review
of Ecology, Evolution, and Systematics 37: 637–699.
doi:10.1146/annurev.ecolsys.37.091305.110100.

Patt, A., P. Suarez, and C. Gwata. 2005. “Effects of Seasonal
Climate Forecasts and Participatory Workshops among
Subsistence Farmers in Zimbabwe.” PNAS 102: 12623–
12628. doi:10.1073/pnas.0506125102.

Patz, J. A., D. Campbell-Lendrum, T. Holloway, and J. A.
Foley. 2005. “Impact of Regional Climate Change on
Human Health.” Nature 438: 310–317. doi:10.1038/
nature04188.

Perrings, C., C. Folke, and K. G. Mäler. 1992. “The Ecology
and Economics of Biodiversity Loss: The Research
Agenda.” Ambio 21: 201–211.

Pimm, S. L., and P. Raven. 2006. “Biodiversity – Extinction
by Numbers.” Nature 403: 843–845. doi:10.1038/
35002708.

Piotto, D. 2008. “A Meta-Analysis Comparing Tree Growth
in Monocultures and Mixed Plantations.” Forest Ecology
and Management 255: 781–786. doi:10.1016/j.
foreco.2007.09.065.

Sala, O. E., F. S. Chapin, J. J. Armesto, E. Berlow, J.
Bloomfield, R. Dirzo, E. Huber-Sanwald, et al. 2000.
“Biodiversity—Global Biodiversity Scenarios for the
Year 2100”. Science 287: 1770–1774. doi:10.1126/
science.287.5459.1770.

Scherer-Lorenzen, M., J. Luis Bonilla, and C. Potvin. 2007.
“Tree Species Richness Affects Litter Production and
Decomposition Rates in a Tropical Biodiversity
Experiment.” Oikos 116: 2108–2124. doi:10.1111/
oik.2007.116.issue-12.

Siegfried, W. R. 1989. “Preservation of species in southern
African nature reserves. In: Biotic Diversity in Southern
Africa: Concepts and Conservation (Huntley, B.J. ed.).”
Oxford University Press.

Sintayehu, W. D., I. M. A. Heitkönig, H. H. T. Prins, E. van
Elburg, H. Bartholomeus, and W. F. de Boer. 2018.
“Beyond Invasion: Land Use Influencing Bovine
Tuberculosis (Btb) Infection as a Function of
Ecosystem Services.” Landscape Ecology (Under review).

Sintayehu, W. D ., I. M. A. Heitkönig, H. H. T. Prins, K. Z .
Tessema, and W. F. de Boer. 2017. “Effect Of Host
Diversity and Species Assemblage Composition on
Bovine Tuberculosis (Btb) Risk in Ethiopian Cattle.”

Parasitology 144: 783–792. doi: 10.1017/
S0031182016002511.

Solomon, B., A. Aklilu, and A. Eyualem. 2014. “Land Use
and Land Cover Changes in Awash National Park,
Ethiopia: Impact of Decentralization on the Use and
Management of Resources.” Open Journal of Ecology 4:
950–960. doi:10.4236/oje.2014.415079.

Sonwa, D. J., A. Dieye, E. H. Mzouri, A. Majule, F. T.
Mugabe, N. Omolo, H. Wouapi, J. Obando, and N.
Brooks. 2017. “Drivers of Climate Risk in African
Agriculture.” Climate and Development 9: 383–398.
doi:10.1080/17565529.2016.1167659.

Treydte, A. C., S. Baumgartner, I. M. A. Heitkönig, C. C.
Grant, and W. M. Getz. 2013. “Herbaceous Forage and
Selection Patterns by Ungulates across Varying
Herbivore Assemblages in a South African Savanna”.
PLoS ONE 8: e82831

Thirgood, S., A. Mosser, S. Tham, G. Hopcraft, E.
Mwangomo, T. Mlengeya, M. Kilewo, et al. 2004. “Can
Parks Protect Migratory Ungulates? The Case of the
Serengeti Wildebeest”. Animal Conservation 7: 113–
120. doi:10.1017/S1367943004001404.

Thomas, C. D., A. Cameron, R. E. Green, M. Bakkenes, L.
J. Beaumont, Y. C. Collingham, B. F. N. Erasmus, et al.
2004. “Extinction Risk from Climate Change.” Nature
427: 145–148. doi:10.1038/nature02121.

Thornton, P. K., J. Van de Steeg, A. Notenbaert, and M.
Herrero. 2009. “The Impacts of Climate Change on
Livestock and Livestock Systems in Developing
Countries: A Review of What We Know and What We
Need to Know.” Agricultural Systems 101: 113–127.
doi:10.1016/j.agsy.2009.05.002.

Tirado, R., and J. Cotter. 2010. Ecological Farming:
Drought-Resistant Agriculture. United Kingdom:
Greenpeace Research Laboratories, University of Exeter.

Travis, J. M. J. 2003. “Climate Change and Habitat
Destruction: A Deadly Anthropogenic Cocktail.”
Proceedings R Social Lond Series B 270: 467–473.
doi:10.1098/rspb.2002.2246.

Trull, N., M. Böhm, and J. Carr. 2018. “Patterns and Biases
of Climate Change Threats in the IUCN Red List.”
Conservation Biology : the Journal of the Society for
Conservation Biology 32: 135–147. doi:10.1111/
cobi.13022.

Walther, G. R. 2010. “Community and Ecosystem
Responses to Recent Climate Change.” Philosophy
Transactions R Social B Biologic Sciences 365: 2019–
2024. doi:10.1098/rstb.2010.0021.

Walther, G. R., E. Post, A. Menzel, C. Parmesank, T.
Beebee, J. M. Fromentin, O. Hoegh-Guldberg, and F.
Bairlein. 2002. “Ecological Responses to Recent Climate
Change.” Nature 416: 389–395. doi:10.1038/416389a.

Wangai, P., B. Burkhard, and F. Muller. 2016. “A Review of
Studies on Ecosystem Services in Africa.” International
Journal of Sustainable Built Environment 5: 225–245.
doi:10.1016/j.ijsbe.2016.08.005.

Whiteside, J. H., and P. D. Ward. 2011. “Ammonoid
Diversity and Disparity Track Episodes of Chaotic
Carbon Cycling during the Early Mesozoic.” Geology
39: 99–102. doi:10.1130/G31401.1.

238 D. W. SINTAYEHU
D

ow
nloaded from

 https://spj.science.org on N
ovem

ber 12, 2025

https://doi.org/10.1787/9789264209138-e
https://doi.org/10.1038/nclimate2448
https://doi.org/10.1146/annurev.ecolsys.37.091305.110100
https://doi.org/10.1073/pnas.0506125102
https://doi.org/10.1038/nature04188
https://doi.org/10.1038/nature04188
https://doi.org/10.1038/35002708
https://doi.org/10.1038/35002708
https://doi.org/10.1016/j.foreco.2007.09.065
https://doi.org/10.1016/j.foreco.2007.09.065
https://doi.org/10.1126/science.287.5459.1770
https://doi.org/10.1126/science.287.5459.1770
https://doi.org/10.1111/oik.2007.116.issue-12
https://doi.org/10.1111/oik.2007.116.issue-12
https://doi.org/10.1017/S0031182016002511
https://doi.org/10.1017/S0031182016002511
https://doi.org/10.4236/oje.2014.415079
https://doi.org/10.1080/17565529.2016.1167659
https://doi.org/10.1017/S1367943004001404
https://doi.org/10.1038/nature02121
https://doi.org/10.1016/j.agsy.2009.05.002
https://doi.org/10.1098/rspb.2002.2246
https://doi.org/10.1111/cobi.13022
https://doi.org/10.1111/cobi.13022
https://doi.org/10.1098/rstb.2010.0021
https://doi.org/10.1038/416389a
https://doi.org/10.1016/j.ijsbe.2016.08.005
https://doi.org/10.1130/G31401.1


Williams, J. W., and S. T. Jackson. 2007. “Novel Climates,
No-Analog Communities, and Ecological Surprises.”
Front Ecol Environ 5: 475–482. doi:10.1890/070037.

Willis, K. J., and S. A. Bhagwat. 2009. “Biodiversity and
Climate Change.” Science 326: 806–807. doi:10.1126/
science.1178838.

Winfree, R., and C. Kremen. 2009. “Are Ecosystem Services
Stabilized by Differences among Species? A Test Using
Crop Pollination.” Proceedings of the Royal Society B 276:
229–237. doi:10.1098/rspb.2008.0709.

Woolhouse, M., and S. Gowtage-Sequeria. 2005. “Host
Range and Emerging and Reemerging Pathogens.”
Emerging Infectious Diseases 11: 1842–1847.
doi:10.3201/eid1112.050997.

Workie, T. G., and H. J. Debella. 2017. “Climate Change and
Its Effects on Vegetation Phenology across Ecoregions of

Ethiopia.” Global Ecology and Conservation 13: e00366.
doi:10.1016/j.gecco.2017.e00366.

Young, H. S., D. J. McCauley, K. M. Helgen, J. R. Goheen, E.
Otárola-Castillo, T. M. Palmer, R. M. Pringle, T. P. Young,
and R. Dirzo. 2013. “Effects of Mammalian Herbivore
Declines on Plant Communities: Observations and
Experiments in an African Savanna.” Journal of Ecology
101: 1030–1041.

Zhong, L., and J. Wang. 2017. “Evaluation on Effect of Land
Consolidation on Habitat Quality Based on InVEST
Model.” Trans. Chin. Soc. Agricultural Engineering 33:
250–255.

Zhou, G., N. Minakawa, A. K. Githeko, and G. Yan. 2004.
“Association between Climate Variability and Malaria
Epidemics in the East African Highlands.” PNAS 101:
2375–2380.

ECOSYSTEM HEALTH AND SUSTAINABILITY 239
D

ow
nloaded from

 https://spj.science.org on N
ovem

ber 12, 2025

https://doi.org/10.1890/070037
https://doi.org/10.1126/science.1178838
https://doi.org/10.1126/science.1178838
https://doi.org/10.1098/rspb.2008.0709
https://doi.org/10.3201/eid1112.050997
https://doi.org/10.1016/j.gecco.2017.e00366

	Abstract
	Review
	Background
	Biodiversity loss

	Biodiversity and climate change: effects and responses
	Effects of climate change on biodiversity
	Response of biodiversity to climate change
	Shifts in species distribution
	Demographic responses
	Phenological shifts


	Climate change, biodiversity, and ecosystem services
	Agricultural production and food security
	Disease regulation
	Carbon sequestration

	Conclusion
	Disclosure statement
	Ethics approval and consent to participate
	Funding
	Consent for publication
	Availability of data and materials
	Competing interests
	Author contributions
	References



