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Abstract

:

Climate change has created potential major threats to global biodiversity. The multiple components of climate change are projected to affect all pillars of biodiversity, from genes over species to biome level. Of particular concerns are “tipping points” where the exceedance of ecosystem thresholds will possibly lead to irreversible shifts of ecosystems and their functioning. As biodiversity underlies all goods and services provided by ecosystems that are crucial for human survival and wellbeing, this paper presents potential effects of climate change on biodiversity, its plausible impacts on human society as well as the setting in addressing a global crisis. Species affected by climate change may respond in three ways: change, move or die. Local species extinctions or a rapidly affected ecosystem as a whole respectively might move toward its particular “tipping point”, thereby probably depriving its services to human society and ending up in a global crisis. Urgent and appropriate actions within various scenarios of climate change impacts on biodiversity, especially in tropical regions, are needed to be considered. Foremost a multisectoral approach on biodiversity issues with broader policies, stringent strategies and programs at international, national and local levels is essential to meet the challenges of climate change impacts on biodiversity.
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1. Introduction


Climate change poses major threats to biodiversity [1,2,3]. Although a certain variation of climate is compatible with the ecosystem survival and its function, the very rapid shift is detrimental to the variety of life. Climate change is expected to exacerbate biodiversity loss in the future [4]. Many species might simply be unable to adapt to the rapidly changing, probably unsuitable conditions and thus will be threatened by extinction [5]. As atmospheric CO2 upsurges over the next century, it is predicted to become one of the major drivers of global biodiversity loss [6]. Global average temperatures increased by 0.2 °C per decade since the 1970s, global average precipitation increased by 2% in the last 100 years [7]. Moreover, climate alterations are spatially assorted. Tropical forest ecosystems for example experience much greater changes than global means, while other ecosystems and regions of the world are exposed to secondary effects. In addition to changes in averages of temperature, precipitation or sea level, anthropogenic climate change is also linked to changes in the frequency and intensity of extreme events, which can also affect biodiversity [8,9].



Climate change may have already resulted in several recent species extinctions. Many species ranges have moved poleward and upward in elevation in the last century [10] and this is likely not to cease. Local communities are disaggregating and encompassing more warm-adapted species [1,11]. Phenological changes in populations, including shifting breeding cycles or deferred peaks of growth periods, are decoupling species interactions. Phenological shifts in flowering plants are potentially initiating the incompatibilities between plant and pollinator population. This may lead to the extinctions of both the plants and the pollinator with expected consequences on the structure of such mutualistic networks [12]. The multiple components of climate change i.e., temperature, rainfall, extreme events, CO2 concentrations and ocean dynamics are anticipated to affect all levels of biodiversity: gene-, species- and habitat-diversity. At the very basic level of biodiversity, climate change is able to lessen genetic diversity of populations due to directional selection, genetic drift, population differentiation and rapid migration. As a consequence the probability of population adaptation to new environmental conditions is reduced and thus the risk of extinction increases. Furthermore, altered species compositions and interactions are considered to directly affect ecosystem functioning and resilience [11].



At a higher level of biodiversity, an altered climate could induce changes in vegetation communities that are projected to be large enough to affect biome integrity as a whole. The Millenium Ecosystem Assessment predicted shifts for 5–20% of Earth’s terrestrial ecosystems [13]. The particular concerns are “tipping points” where ecosystem thresholds will possibly lead to irreversible shifts in biomes. Such thresholds exist because of the ecological understanding of hysteresis as alternative states of ecosystems. The shift between them is characterized by passing a certain threshold or “tipping point”. The potential for hysteresis (parameter perturbation or changing environmental drivers) implies that communities and ecosystems might be easily pushed into some configurations from which it may prove much more difficult for them to recover [14,15]. Past examples include e.g., effects of invasion by exotic species [16], and undesirable vegetation changes in terrestrial ecosystems [17]. Pressures on biodiversity can shove ecosystems 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, i.e., by conserving biodiversity, are critical to prevent the “tipping point” being surpassed. Meanwhile the precise location of tipping points is difficult to define. Recent “tipping points” analyses indicate that rising atmospheric CO2 concentrations and climate change could lead to major biodiversity transformations. Especially in tropical regions [18] levels near or below the 2 °C global warming, are defined as “dangerous” by the Intergovernmental Panel on Climate Change (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 socio-economic, biological and physical systems, these transformations will be irreversible over the next several centuries [14], creating great difficulties in ecological management. With biodiversity as the basic fundament in providing ecosystem functions and services to human society, its loss induced by climate change might disturb these functions and services and might reduce human benefits. Reduced provision of ecosystem services can be expected for all types of land uses: agriculture, forestry, fisheries, infrastructure, urban agglomerations and tourism. Beside the complex approaches of conservation in situ there also exist artificial alternatives of biodiversity conservation such as assisted migration or ex-situ conservation.



With the magnitude of climate change expected in the current century and in combination with other human activities (i.e., transformation of forest into agricultural land, expanding or creating settlements) biodiversity will be pressured far beyond the changes caused by natural global climate change [2]. Projected rates of climate change are also faster than they were in the past. Thus, in situ genetic adaptation of most populations to new climate conditions is not likely nor is migration likely to be fast enough for many species [1,9].



Ecosystems can be considered as a fund of natural capital stocks generating flows of intermediate and final ecosystem goods and services through time, which will be disturbed by the scenarios aforementioned. These natural capital stocks include renewable and non-renewable resources such as biotic, geologic, water, atmosphere, and land resources. Flows of ecosystem services are classified by the Millennium Ecosystem Assessment [19] as supporting (e.g., nutrient cycling, primary production), regulating (e.g., natural hazard mitigation, water quality), cultural (e.g., spiritual values, recreation), and provisioning (e.g., food, fresh water) services. Stocks and flows are highly interdependent. Depreciating stocks jeopardize the future yields of flows. If beyond a possibility of adequate replacements, this interferes with the viability of natural capital stocks [20] and finally creating a possible crisis at a global scale.




2. Review and Discussion


2.1. Responses of Species to a Rapidly Changing Climate


Sullivan and Clark in 2007 define that the impacts of global climate change on biodiversity are not merely concerns of a far-off “worst-case” future [21]. Following their statements, global climate change has both direct and indirect effects on biological systems. Direct effects include those arising from increased temperature and increased CO2 levels associated with global climate change. These direct effects give upsurge to numerous potentially serious indirect effects, such as changes to hydrologic cycles (precipitation and evaporation) and an increasing frequency of extreme weather events. These changes can influence biodiversity in many ways (whether positive or negative), such as changing the timing of critical events that affect the reproduction and survival of species.



In their publication in 2007 Sullivan and Clark in general describe three possible responses of affected species to global climate change, which can be recapitulated as “change, move, or die.” Either species can adapt by altering life cycles or by shifting habitat ranges to a more suitable, generally cooler climate, or finally can become extirpated from a region or extinct altogether. There is evidence that all three responses are occurring around the world; as plant and animal species are already on the move toward the poles or to higher elevations [10,11,13,22], hatching earlier, blooming earlier, or exhibiting other phenological changes [23], or even evolving rapidly [24]. Species-specific differences in the reaction to climate change can become particularly important when interacting species, such as plants and their pollinators, are considered. Hence, climate change has the potential to disrupt trophic interactions, having important consequences at ecological and evolutionary time scales [25].



Bellard and colleagues stated in 2012 that because of climate change, species might not acclimate through plasticity to the set of environmental conditions in a given region and could therefore fall outside their respective climatic niche. To persist, individuals, populations or species must develop adaptive responses, which can be several mechanisms [13]. The first would be that a given species will be able to acclimate fast enough to keep up with the rapid pace of changing climate through plasticity which provides a measure of short-term responses within individual lifetimes. This may involve intraspecific variation in morphological, physiological or behavioral traits, which can occur at varying temporal scales within the spatial range of the populations. Another type of response is a genetic one, where micro-evolution takes place. In such case species can genetically adapt to new conditions through mutations or selection of existing genotypes. Evolution can be very rapid through mutation and selection and could allow species with short life cycles to adapt successfully to severe environmental changes. However, many plant species show a unique and often slow response to environmental changes, which is related to specific plant life history traits, such as long generation times or potential for clonal growth [26]. It may take many generations for genetic drift to have a significant impact on population genetic structure [27]. Hence, it is not clear how the non-synchronization of the evolution of different species will affect their performance and thus ecosystem functions and services.



Although there are multiple possible responses at temporal and spatial scale to cope with a changing climate, nowadays species have to cope with additional threats. Those threats can somehow act in “synergy” with climate change [28]—as for example habitat loss and destruction [2,29]. Thus, as we are already facing an irrefutable biodiversity crisis, the possible increasing number of species that are threatened by climate change has become a major concern during the last decade.




2.2. Climate Change Impacts on Biodiversity—Examples from Tropical Ecosystems


The following examples are summarized from the detailed appendices of the Global Biodiversity Outlook 3 by the Secretariat of the Convention on Biological Diversity [30].



Extensive dieback of humid tropical forest like the Amazon as modeled through various climate projections would lead to a substantial reduction in precipitation. Combined with rising temperatures this would lead to significant reductions in species abundance in this region than foreseen in previous global biodiversity assessments. Extensive fires and forest dieback could also result in a massive degradation of sustaining and regulating ecosystem services. The release of carbon, for example stored in vegetation and soils would be large enough to significantly influence atmospheric CO2 concentrations and global climate. There is still uncertainty concerning the Amazon “tipping point”. However, if an extensive dieback of the Amazon forest would occur within the next several decades a negative feedback loop regarding biodiversity, regional and global climate will be a possible scenario [31].



The West Africa “tipping point” for land degradation has already been passed several times with dramatic consequences for human well-being [32]. Social and political instability promotes the unregulated use of natural resources and drives human migrations to regions already under environmental stress, often triggering further social and political disruption. Many studies found that a reduction in species richness harms the functioning and services of ecosystems. The short-term adaptability is to a decisive degree a function of species diversity. Therefore one crucial service of species-rich ecosystems, such as the Sudanian savannas and woodlands, is the capability to mitigate the effects of climate change respectively. This and further ecosystem services—such as pollination, seed dispersal, natural pest control–thus are the basis for continued regeneration of natural biodiversity, allowing for continued use of many vital natural goods and services by the local inhabitants [33]. This also applies to the Guinean Forest, which is characterized by a high level of endemism. Land degradation is considered as one of the main reasons in the semi-arid areas of this region, as well as the great difficulty of restoring lands once they have been degraded due to soil compaction, erosion and salinization [34].



The “miombo woodlands” belt, a moist savannas formation, is elongating south of the Congo rainforests from Angola to Tanzania as one of the largest remaining near-intact ecosystems in the region. Instead of direct impacts of climate change, here land use change (which might be an indirect effect of local climate change) is projected to cause high rates of extinctions of vertebrates and vascular plants, thus changing the species composition and therefore the characteristics of this woodland by more than 20% by 2050 [35].




2.3. Climate Change Induced Species Loss and Altered Ecosystem Functioning


Global estimates predict major losses of biodiversity due to global climate change, which are generally higher than current rates of loss and also much higher than rates of species extinctions documented in fossil records [36]. One of the first global studies estimated that by 2050, 15–37% of species are committed to extinction under intermediate climate warming [37]. Malcom and colleagues stated in 2006 that the extinction rate of endemic species could reach up to 39–43% under worst-case scenarios, which represents a potential loss of 56,000 endemic plant species and 3,700 endemic vertebrate species [38]. Biodiversity hotspots for conservation priorities are particularly vulnerable because they are not only characterized by their endangerment, but also by their high level of endemism [39]. The majority of those hotspots are located within tropical regions.



There is robust understanding that biodiversity in biogeochemical functioning of an ecosystem depends on the combined, interrelated activities of its organisms, i.e., the ways and rates at which ecosystem processes are carried out (e.g., respiration, CO2 fixation, nitrification, litter decomposition). If such processes are disrupted by the loss of species and therefore by the loss of essential links within the system, ecosystem functions are affected, including impacts on goods and services provided by ecosystems to human benefit and prosperity [40,41]. Therefore the issue of climate induced biodiversity loss is of major concern, especially in the environment of vulnerable developing countries in the tropics.




2.4. How to Face a Lingering Crisis?


A global setting facing a lingering global crisis has been formulated in the institutional frameworks on governing biodiversity and climate change: e.g., the establishment of the Convention on Biodiversity (CBD) and the United Nations Framework Convention on Climate Change (UNFCCC). The framework then is specialized through the construction of various global networks as well as through national and local initiatives.



Recommendations on biodiversity management in the face of climate change, out of initiatives by the aforementioned institutions and others, were reviewed by Heller and Zavaleta in 2009 [1]: They differentiated between general and actionable principles, whereas most recommendations offer general principles for climate change adaptation but lack specificity needed for implementation. Throughout the recommendations it appears increasingly important to protect the heterogeneity of habitats as well as the genetic diversity within a species to sustain a sufficient capacity to adapt. Furthermore conservations efforts should be prioritized for sites, which are capable of a minimization of the effects of climate change—e.g., tropical forest ecosystems, which not only contribute essentially to local climatic conditions, but also are suitable as climate refuges for biodiversity. Another important strategy is to enhance landscape connectivity to enable species to move through a matrix of interconnected habitats to support possible escapes from unsuitable climatic conditions and to provide gene flow. Data-driven, demographic assessments in conservation biology are particularly needed to predict abundance responses and to identify areas that can serve as biodiversity refugia under climate change [29]. In this regard it is of increased interest to avoid a somehow conventional view of climate change as a single threat, but rather see the interrelation between additional and potentially synergistic factors like land-use change or pests [42].



It is also essential to shift from a species centered focus to a holistic view; encompassing species interface networks and other facets of biodiversity such as functional and phylogenetic diversity. Beyond numerous different sectors (Figure 1), there is an emergent demand to go past the predictive focus and start aiming for an integrated and united framework to identify species vulnerability and adapt biodiversity management interventions. In addition, reducing other global change drivers could increase overall resilience of biodiversity in the face of climate change.
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Figure 1. Distribution of given recommendations regarding biodiversity management in the face of climate change among different sectors; adapted [1]. 
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3. Conclusions


Scenarios related to the impact of climate change on biodiversity are made up continuously, often predicting fast paced extinction of species, loss of natural habitats and shifts in the distribution and abundance of species during the first decade of this 21st century. In this matter “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 consequences in terms of species numbers and distributions, thus potentially disrupting ecosystem functioning and services. This will be exponentially severe in highly diverse 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 a paucity of works 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 mentioned interactions are largely neglected in assessments under global change scenarios. Hence, it is necessary to consider those interactions among different drivers of environmental change in the future.



Biodiversity issues suffer from insufficient integration 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 regarding sectors. They must be able to adapt in an appropriate way towards increasing knowledge, raising public awareness and responsibility and thus towards changing conditions. The recent establishment of an institution like the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), which has to complement to existent structures like the Intergovernmental Panel on Climate Change (IPCC), might be a first step into this direction.







Acknowledgments


The authors want to thank Jürgen Pretzsch and the staff of the Professorship of Tropical Forestry at Dresden University of Technology, which were involved in the organization of the Complex Thematic Seminar in 2012, where the idea of the presented work evolved. Furthermore the authors want to thank for the support of the scientific network “INCA” (International Network on Climate Change) as part of the climate networks of the German Academic Exchange Service (DAAD), funded by the Federal Foreign Office of Germany. The authors are grateful for constructive comments by three anonymous reviewers on a former draft of the manuscript.




References


	



Heller, N.E.; Zavaleta, E.S. Biodiversity management in the face of climate change: A review of 22 years of recommendations. Biol. Conserv. 2009, 142, 14–32. [Google Scholar] [CrossRef]

	



Travis, J.M.J. Climate change and habitat destruction: A deadly anthropogenic cocktail. Proc. R. Soc. Lond. Ser. B 2003, 270, 467–473. [Google Scholar] [CrossRef]

	



Keith, D.A.; Akçakaya, H.R.; Thuiller, W.; Midgley, G.F.; Pearson, R.G.; Phillips, S.J.; Regan, H.M.; Araújo, M.B.; Rebelo, T.G. Predicting extinction risks under climate change: Coupling stochastic population models with dynamic bioclimatic habitat models. Biol. Lett. 2008, 4, 560–563. [Google Scholar] [CrossRef]

	



Thomas, C.D.; Cameron, A.; Green, R.E.; Bakkenes, M.; Beaumont, L.J.; Collingham, Y.C.; Erasmus, B.F.N.; de Siqueira, M.F.; Grainger, A.; Hannah, L.; et al. Extinction risk from climate change. Nature 2004, 427, 145–148. [Google Scholar][Green Version]

	



Soto-Correa, J.C.; Sáenz-Romero, C.; Lindig-Cisneros, R.; de la Berrera, E. The neotropical shrub Lupinus elegans, from temperate forests, may not adapt to climate change. Plant Biol. 2012. [Google Scholar] [CrossRef]

	



Sala, O.E.; Chapin, F.S.; Armesto, J.J.; Berlow, E.; Bloomfield, J.; Dirzo, R.; Huber-Sanwald, E.; Huenekke, L.F.; Jackson, R.B.; Kinzig, A.; et al. Biodiversity—global biodiversity scenarios for the year 2100. Science 2000, 287, 1770–1774. [Google Scholar]

	



IPCC (Intergovernmental Panel on Climate Change), Climate Change 2007-The Physical Science Basis; Cambridge University Press: Cambridge, UK, 2007.

	



IPCC (Intergovernmental Panel on Climate Change), Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A Special Report of Working Groups I and II of the Intergovernmental Panel on Climate Change; Cambridge University Press: Cambridge, UK, 2012.

	



Omann, I.; Stocker, A.; Jaeger, J. Climate change as a threat to biodiversity: An application of the DPSIR approach. Ecol. Econ. 2009, 69, 24–31. [Google Scholar] [CrossRef]

	



Parmesan, C.; Yohe, G. A globally coherent ï¬?ngerprint of climate change impacts across natural systems. Nature 2003, 421, 37–42. [Google Scholar] [CrossRef]

	



Parmesan, C. Ecological and evolutionary responses to recent climate change. Annu. Rev. Ecol. Evol. Syst. 2006, 37, 637–669. [Google Scholar] [CrossRef]

	



Walther, G.R.; Post, E.; Convey, P.; Menzel, A.; Parmesan, C.; Beebee, T.J.C.; Fromentin, J.M.; Hoegh-Guldberg, O.; Bairlein, F. Ecological responses to recent climate change. Nature 2002, 416, 389–395. [Google Scholar]

	



Bellard, C.; Berstelsmeier, C.; Leadley, P.; Thuiller, W.; Courchamp, F. Impact of climate change on the future of biodiversity. Ecol. Lett. 2012, 15, 365–377. [Google Scholar] [CrossRef]

	



Leadley, P.; Pereira, H.M.; Alkernade, R.; Fernandez-Manjarrés, J.F.; Proença, V.; Scharlemann, J.P.W.; Walpole, M.J. Biodiversity Scenarios: Projections of 21st Century Change in Biodiversity and Associated Ecosystem Services; Technical series no. 50; Secretariat of the Convention on Biological Diversity: Montreal, PQ, Canada, 2010. [Google Scholar]

	



Beisner, B.E.; Haydon, D.T.; Cuddington, K. Alternative stable states in ecology. Front. Ecol. Environ. 2003, 7, 376–382. [Google Scholar]

	



With, K.A.; Pavuk, D.M.; Worchuck, J.L.; Oates, R.K.; Fisher, J.L. Threshold effects of landscape structure on biological control in agroecosystems. Ecol. Appl. 2002, 12, 52–65. [Google Scholar] [CrossRef]

	



Dublin, H.T.; Sinclair, A.R.E.; McGlade, J. Elephants and fire as causes of multiple stable states in the Serengeti-Mara woodlands. J. Anim. Ecol. 1990, 59, 1147–1164. [Google Scholar] [CrossRef]

	



Hirota, M.; Holmgren, M.; van Nes, E.H.; Scheffer, M. Global resilience of tropical forest and savanna to critical transitions. Science 2011, 334, 232–235. [Google Scholar] [CrossRef]

	



Millennium Ecosystem Assessment, Ecosystems and Human Well-being: Synthesis; Island Press: Washington, DC, USA, 2005.

	



Yang, W.; Bryan, B.A.; MacDonald, D.H.; Ward, J.R.; Wells, G.; Crossman, N.D.; Connor, J.D. A Conservation Industry for sustaining natural capital and ecosystem services in agricultural landscapes. Ecol. Econ. 2010, 69, 680–689. [Google Scholar] [CrossRef]

	



Sullivan, R.G.; Clark, M. Can biodiversity survive global warming? Chic. Wilderness J. 2007, 5, 2–13. [Google Scholar]

	



Wilson, R.; Gutiérrez, D.; Gutiérrez, J.; Martínez, D.; Agudo, R.; Monserrat, V. Changes to the elevational limits and extent of species ranges associated with climate change. Ecol. Lett. 2005, 8, 1138–1146. [Google Scholar] [CrossRef]

	



Root, T.; Hughes, L. Present and Future Phenological Changes in Wild Plant and Animals. In Climate Change and Biodiversity; Lovejoy, T., Hannah, L., Eds.; Yale University Press: New Haven, CT, USA, 2005. [Google Scholar]

	



Thomas, C. Evolutionary Effects of Climate Change. In Climate Change and Biodiversity; Lovejoy, T., Hannah, L., Eds.; Yale University Press: New Haven, CT, USA, 2005. [Google Scholar]

	



Schweiger, O.; Settele, J.; Kudrna, O.; Klotz, S.; Kühn, I. Climate change can cause spatial mismatch of trophically interacting species. Ecology 2008, 89, 3472–3479. [Google Scholar] [CrossRef]

	



Eriksson, O.; Ehrlen, J. Landscape Fragmentation and the Viability of Plant Populations. In Integrating Ecology and Evolution in a Spatial Context; Silvertown, J., Antonovics, J., Eds.; Blackwell Publishing: Oxford, UK, 2001; pp. 157–175. [Google Scholar]

	



Young, A.; Boyle, T.; Brown, T. The population genetic consequences of habitat fragmentation for plants. Trends Ecol. Evol. 1996, 11, 413–418. [Google Scholar] [CrossRef]

	



Botkin, D.B.; Saxe, H.; Araujo, M.B.; Betts, R.; Bradshaw, R.H.W.; Cedhagen, T.; Chesson, P.; Dawson, T.P.; Etterson, J.R.; Faith, D.P.; et al. Forecasting the effects of global warming on biodiversity. Bioscience 2007, 57, 227–236. [Google Scholar] [CrossRef]

	



Cabral, J.S.; Jeltsch, F.; Thuiller, W.; Higgins, S.; Midgley, G.F.; Rebelo, A.G.; Rouget, M.; Schurr, F.M. Impacts of past habitat loss and future climate change on the range dynamics of south African Proteaceae. Divers. Distrib. 2012. [Google Scholar] [CrossRef]

	



Secretariat of the Convention on Biological Diversity, Global Biodiversity Outlook 3; United Nations: Montreal, Canada, 2010.

	



Nobre, C.; Leadley, P.; Fernandez, J. Appendix 2. Amazonian Forest. In Biodiversity Scenarios: Projections of 21st Century Change in Biodiversity and Associated Ecosystem Services; Leadley, P., Pereira, H.M., Alkernade, R., Fernandez-Manjarrés, J.F., Proença, V., Scharlemann, J.P.W., Walpole, M.J., Eds.; Secretariat of the Convention on Biological Diversity: Montreal, PQ, Canada, 2010; Technical series No. 50. [Google Scholar]

	



Koulibaly, A.; Goetze, D.; Traoré, D.; Porembski, S. Conservatoire et Jardin Botaniques de Geneve, Chambésy, Switzerland. Candollea 2006, 61, 425–452. [Google Scholar]

	



Naeem, S. Ecosystem consequences of biodiversity loss: The evolution of a paradigm. Ecology 2002, 83, 1537–1552. [Google Scholar] [CrossRef]

	



Mbow, C.; Smith, M.S.; Leadley, P. Appendix 4. West Africa: The Sahara, Sahel, and Guinean Region. In Biodiversity Scenarios: Projections of 21st Century Change in Biodiversity and Associated Ecosystem Services; Leadley, P., Pereira, H.M., Alkernade, R., Fernandez-Manjarrés, J.F., Proença, V., Scharlemann, J.P.W., Walpole, M.J., Eds.; Secretariat of the Convention on Biological Diversity: Montreal, PQ, Canada, Technical series no. 50.

	



Scholes, R.J.; Biggs, R. Appendix 5. Miombo Woodlands. In Biodiversity Scenarios: Projections of 21st Century Change in Biodiversity and Associated Ecosystem Services; Leadley, P., Pereira, H.M., Alkernade, R., Fernandez-Manjarrés, J.F., Proença, V., Scharlemann, J.P.W., Walpole, M.J., Eds.; Secretariat of the Convention on Biological Diversity: Montreal, PQ, Canada, 2010; Technical series no. 50. [Google Scholar]

	



Pereira, H.M.; Leadley, P.W.; Proenca, V.; Alkemade, R.; Scharlemann, J.P.W.; Fernandez-Manjarres, J.F.; Araújo, M.B.; Balvanera, P.; Biggs, R.; Cheung, W.W.L.; et al. Scenarios for global biodiversity in the 21st century. Science 2010, 330, 1496–1501. [Google Scholar]

	



Thomas, C.D.; Cameron, A.; Green, R.E.; Bakkenes, M.; Beaumont, L.J.; Collingham, Y.C.; Erasmus, B.F.; de Siqueira, M.F.; Grainger, A.; Hannah, L.; et al. Extinction risk from climate change. Nature 2004, 427, 145–148. [Google Scholar][Green Version]

	



Malcolm, J.R.; Liu, C.R.; Neilson, R.P.; Hansen, L.; Hannah, L. Global warming and extinctions of endemic species from biodiversity hotspots. Conserv. Biol. 2006, 20, 538–548. [Google Scholar] [CrossRef]

	



Myers, N.; Mittermeier, R.A.; Mittermeier, C.G.; Da Fonseca, G.A.; Kent, J. Biodiversity hotspots for conservation priorities. Nature 2000, 403, 853–858. [Google Scholar] [CrossRef]

	



Kappelle, M.; van Vuuren, M.M.I.; Baas, P. Effect of climate change on biodiversity: A review and identification of key research issues. Biodivers. Conserv. 1999, 8, 1383–1397. [Google Scholar] [CrossRef]

	



Cardinale, B.J.; Duffy, E.; Gonzales, A.; Hooper, D.U.; Perrings, C.; Venail, P.; Narwani, A.; Mace, G.M.; Tilma, D.; Wardle, D.A.; et al. Biodiversity loss and its impact on humanity. Nature 2012, 486, 59–67. [Google Scholar]

	



Hof, C.; Araújo, M.B.; Jetz, W.; Rahbeck, C. Additive threats from pathogens, climate and land-use change for global amphibian diversity. Nature 2011, 480, 516–519. [Google Scholar]





© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).







nav.xhtml


  diversity-05-00114


  
    		
      diversity-05-00114
    


  




  





media/file0.png
Individual and
Community
Actions
4%

Science and
Technology
28%





media/file1.png
Individual and
Community
Actions
4%

Science and
Technology
28%





