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Author’s Personal Statement: 
 
This essay constitutes a piece of boundary work between science and policy. It illustrates the conflicts, but also the 
opportunities, that natural resource management encounters in the twenty-first century. I have tried to provide a 
widely accessible document that argues why a more holistic approach to conservation and natural resource man-
agement is imperative. Inspired by the concept of “Integrated Forest Management,” I conceived the basics for an “In-
tegrated Sustainable Development” strategy. I have approached the vast topic of “sustainable development in the 
Amazon” without complicated methodology because I want to present the problem in its inherent complexity and any 
other manner would largely exceed the length of an essay. A future scientific challenge is to deepen the analysis of 
why an integrated approach to conservation and ecosystem management is more likely to succeed than a segrega-
tive approach. Ultimately, the more political task, however, is to promote dialogue between the manifold and impor-
tant stakeholder groups in the Amazon to a point where social, ecological, and economic realities are combined and 
provide a portfolio of sustainable development options. 
 
 
 
The Amazon—A Region at Risk 
 

The Amazon region harbors enormous plant and 
animal biodiversity that provides substantial regional 
and global ecosystem services (Costanza et al. 1997; 
Kier et al. 2005; Grenyer et al. 2006). However, Bra-
zil (where most of the Amazon region is located) 
faces rapid development likely to degrade the Ama-
zon forest, with worldwide consequences for biodi-
versity and ecosystem services (Cox et al. 2004; 
Lenton et al. 2008; Malhi et al. 2009). The reasons 
for such dramatic ecological changes are manifold: 
deforestation, fragmentation, fire, macroeconomic 
pressure, and climate change (see Scholze et al. 2006; 
Betts et al. 2008; Malhi et al. 2008; Nepstad et al. 
2008). Meanwhile, the sustainable development of 
the Amazon forest is vital to conserve its functions 
and value for humanity. The estimated worth of nu-
trient cycling, raw materials provision, erosion con-
trol, climate regulation, and other ecological func-
tions is estimated to be US$2,000 per hectare per 
year, making tropical forests one of the most valuable 
terrestrial ecosystems (Constanza et al. 1997). 
 
A Framework of Barriers and Opportunities 
 

Conservation is seen here as the preservation of 
the functioning and diversity of an ecosystem in its 
current but dynamic state. Although change is an in-
herent feature of natural systems, the emphasis is on 

maintaining resistant and resilient systems that con-
tribute to the long-term well being of human societies 
(Kasperson et al. 1995). Contrary, exploitation is any 
purposeful activity aimed at generating short-term 
financial benefit while altering ecosystem composi-
tion. The successful implementation of conservation 
and exploitation activities faces different barriers and 
opportunities, discussed in this article regarding for-
est ecosystems in the Amazon. The article then de-
rives implications for the region’s sustainable devel-
opment. 
 
Attacked From All Sides—Various Threats to 
Forest Conservation in the Amazon 
 

The barriers to conservation of the Amazon for-
est are institutional, socioeconomic, economic, and 
ecological. They are deeply intertwined, but disen-
tangling them into their principal components helps 
to make clear their respective importance. The insti-
tutional barriers for the conservation of the Amazon 
forest ecosystems comprise administrative/legal 
challenges and irregularities across and along scales, 
from the organizational to the national policy level. 
In remote areas unclear land tenure, relative inacces-
sibility, and resulting ownership conflicts may hinder 
conservation efforts. Several authors point out the 
detrimental effects of poor law enforcement, misma-
nagement, perverse economic incentives, and cor-
ruption that set up a framework for uncontrolled and 
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arbitrary exploitation of natural resources 
(Binswanger, 1991; Simmons, 2004; Carr et al. 2005; 
Bulte et al. 2007). Resulting illegal logging and de-
forestation challenge conservation efforts and contri-
bute to the Amazon’s critical situation (Laurance, 
1998). 

Socioeconomic barriers for conservation in the 
Amazon are directly related to the population’s living 
conditions. Poverty, demographic pressure from pop-
ulation increase, and global economic forces may 
drive local people to use the forest irrespective of its 
conservation status (Geist & Lambin, 2001; Lambin 
et al. 2001). 

Economic barriers related to the conservation of 
the Amazon forest mostly encompass a global under-
valuation of ecological services that do not leave val-
uable economic alternatives other than clearing the 
forest (Costanza et al. 1997). Currently, the income 
from the forest and its products (e.g., wood, fruits) is 
inferior to competing land uses such as farming. Glo-
balized markets and prices increase the economic 
pressure to convert forests to cropland and the rate of 
deforestation of the Amazon has been correlated to 
relevant crop prices in international markets (Morton 
et al. 2006). 

The ecological barriers to conservation in the 
Amazon mostly result from human action. Although 
constantly progressing and evolving, the lack of 
knowledge and associated uncertainties regarding 
ecological processes and biodiversity functioning is 
inherent to the science of ecology itself (Hooper et al. 
2005). Other anthropogenic interventions that create 
ecological barriers vary in scale and intensity and 
range from fuel-wood collection to illegal activities 
such as logging, mining, and poaching to serious 
overexploitation of the forest and land-use change 
due to agriculture and plantations. The fragmentation 
of the forest through infrastructure development 
(Laurance, 2004) and the propagation of invasive 
species place additional constraints on successful 
forest conservation (Asner et al. 2008). Finally, cli-
mate change and associated risks and uncertainties 
(Parrey et al. 2007; Roe & Baker, 2007; Solomon et 
al. 2007; Eastaugh, 2008) represent a major challenge 
for biodiversity conservation across the globe, in-
cluding the Amazon (Lovejoy & Hannah, 2005; 
Bonan, 2008). The interplay of these barriers results 
in a change in structure and composition of the forest 
and in higher fire intensity and frequency threatening 
an ecosystem where natural fires had been rare 
(Aragão et al. 2008; Barlow & Peres, 2008; Bush et 
al. 2008; Phillips et al. 2008). Other ecological 
processes such as interspecific interactions or mis-
matching phenological events may build up further 
ecological barriers. 

Forest Exploitation in the Amazon—Difficulties 
from Stand to Global Level 
 

Management of a vast forest area such as the 
Amazon requires a downscaling of measures to the 
forest-stand level.1 During management activities, 
private and public managers may encounter institu-
tional, technical, economic, and ecological barriers. 

In the Amazon, institutional barriers to forest 
exploitation are mainly related to lack of infrastruc-
ture and to corruption (Transparency International, 
2008). The application of sound management prac-
tices is often hindered by poor quality roads and cir-
cumvention of prudent management practices by 
bribes. Technical barriers to forest exploitation in the 
Amazon are valid for most forested regions of the 
world. Adequate cost-effective technology for diffi-
cult climatic and topographic conditions is lacking 
and damages from logging are tremendous, causing 
further forest degradation (Asner et al. 2006). Quali-
fied work forces may exist, but economic pressure 
and profit maximization hinder their employment. 
Another important barrier is the interplay of high 
ecosystem complexity and poor ecological under-
standing of different species. Thus, silvicultural strat-
egies for these natural forests simplify the forest 
structure and favor particular species types, such as 
pioneer species.2 Remote locations with difficult 
access also hinder Amazonian forest exploitation. 

The main economic barrier to managing exploi-
tation of the Amazon forest is the specialization of 
the timber market into a few commercial timber spe-
cies. The most prominent example of this selective 
effect is the quasi-extinction of Mahogany (Swietenia 
macrophylla) due to overexploitation (although nu-
merous other species with similar wood properties 
exist). The globalized timber market with fluctuating 
prices and strong pressure for cheap production also 
undermines sound forest management. Additionally, 
the comparably lower quality and more difficult 
processing of timber from natural forests compared to 
plantation forests (e.g., heterogenous wood proper-
ties, large diameters, occurrence of branches) is a 
further disadvantage for efficacious forest manage-
ment during economic exploitation. The lack of in-
vestment in equipment and staff education for im-
proving forest management is another constraint. 

Ecological barriers to forest exploitation are 
mostly due to the Amazon’s inherent complexity. 
While managers seek simplification and control, it is 
                                                      
1 Forest stand level: A group of trees with a certain set of 
characteristics that qualifies it as a management unit. 
2 Pioneer species: Species with special functional traits and growth 
strategies (e.g., light-demanding, long-distance dispersal) that 
emerge after disturbances. In forest gaps, species that perform the 
transition from nonforest land to forest land. 
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impossible to integrate this complex ecosystem. Ad-
ditionally, climate change, through potentially detri-
mental effects on infrastructure and accessibility, and 
because of the large uncertainties it imposes on plan-
ning and silviculture, has emerged as a new barrier 
for managing forest economic exploitation. Although 
climate change might also create new opportunities, 
such as enhanced productivity, it is generally as-
sumed to be detrimental for the Amazon forest eco-
system and its processes (Bonan, 2008; Bush et al. 
2008; Malhi et al. 2008; Phillips et al. 2008). 
 
Innovative Options for Future Conservation 
Activities 
 

Fewer opportunities than barriers exist for the 
conservation of Amazon forest and the same frame-
work of institutional, socioeconomic, economic and 
ecological elements applies. Institutional opportuni-
ties act across and along different scales and incorpo-
rate administrative and legal opportunities. Large 
changes in environmental governance have occurred 
over the last decades. Sovereign nations have ceded 
parts of their sovereignty to supranational bodies 
such as the Convention on Biological Diversity and 
no country plans environmental policy in isolation 
(Lemos & Agrawal, 2006). This change in environ-
mental governance may be the biggest opportunity 
for the conservation of forest ecosystems and comes 
in conjunction with an increasing global awareness of 
their value. Furthermore, the elaboration of land-use 
plans and clear land allocation and land-tenure rights 
foster the conservation of forest ecosystems (Oliveira 
et al. 2007; Sunderlin et al. 2008). The increasing 
acceptance and integration of indigenous knowledge 
and participative planning of conservation and land 
use with local communities further strengthens con-
servation efforts and forest protection (Molnar et al. 
2004; Chhatre & Agrawal, 2008). Finally, increasing 
monitoring and planning of conservation activities 
with clear timeframes, goals, criteria, and indicators, 
and expanding species inventories for patents of me-
dicinal plants, improve the situation of forest-
ecosystem conservation. 

The socioeconomic opportunities for the conser-
vation of forest ecosystems in the Amazon are pri-
marily related to the barriers that exist in this respect. 
Hence, better education and a leveling off of popula-
tion growth, combined with efforts to combat po-
verty, present valid opportunities. The economic op-
portunities for forest-ecosystem conservation are in-
creasing. Conservation planners have long focused on 
further valuation of conservation efforts through 
ecotourism activities. Moreover, payments for envi-
ronmental services (PES), and especially carbon se-
questration in reducing emission from deforestation 

and degradation (REDD) schemes, provide a wide 
framework for financing conservation activities and 
improving local livelihoods (Canadell & Raupach, 
2008; Hall, 2008; Jack et al. 2008). More alternative 
economic benefits emerge from the use of nonwood 
forest products (NWFPs) such as fruits, gums, resins, 
and medicinal plants. The availability of large mar-
kets is an opportunity; all these “new” products may 
be traded on a global scale. 

The ecological opportunities for conservation of 
Amazon forest ecosystems are limited and consist of 
increasing scientific knowledge of ecological 
processes. In already partly destroyed forest ecosys-
tems, restoration ecology fosters the successful im-
plementation of conservation measures (Dobson et al. 
1997). 
 
The Value of Forest Exploitation in the Amazon 
 

The main opportunities for forest exploitation in 
the Amazon are of a strictly economic nature. How-
ever, increasing the economic viability of forest ex-
ploitation entails other institutional, technical, and 
socioeconomic opportunities. Although the economic 
gains of forest exploitation often do not withstand the 
comparison with competing land-use systems (e.g., 
cash crops), actually a broad array of products di-
rectly result from forest exploitation. The variation in 
quality and quantity of different product types pro-
vides forest managers with the tools for intelligent 
forest management. Both timber and NWFPs can be 
produced for certified or uncertified markets. Despite 
the ecological and socioeconomic importance of spe-
cialized NWFPs, fair-trade market schemes, and cer-
tification, these cover only niche markets and hence 
are neither viable nor realistic income alternatives for 
an entire region such as the Amazon. Forest-certifi-
cation schemes additionally suffer from being heavily 
promoted by certain interest groups and excluding 
other entities more for ideological than rational rea-
sons. Furthermore, these schemes are market-based 
and consumer choice-driven and hence competing 
(and often contradictory) certification schemes that 
are “softer” and “stricter” may confuse consumers 
and lead to a general distrust of such approaches. 
Thus, a diverse set of products shelters forest manag-
ers from market fluctuations. 

Basic principles of sustainable (forest) manage-
ment are important for the successful implementation 
of diversified production. Developing and applying 
management plans and the rejection of “resource 
mining” production systems are fundamental aspects 
and increasingly in the minds of policy makers. 
These economic opportunities, combined with further 
development of low-impact harvesting techniques 
(such as reduced impact logging (RIL) for timber or 
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Figure 1 Synergies and contradictions of barriers and op-
portunities for exploitation and conservation. The position of 
the terms indicates their relative importance for exploitation 
(x-axis) or conservation (y-axis) as barrier or opportunity 
(italics). Only specific contradictions between particular bar-
riers and opportunities are displayed in normal font and 
further explained in the text. 

similar considerations for NWFPs) and increasing 
knowledge on yield capacities and species interac-
tions, improve livelihoods without threatening the 
forest itself. These considerations align themselves 
with synergies between forest management and bio-
diversity conservation, as Putz et al. (2001) point out. 
 
Synergizing Exploitation and Conservation—A 
Window for Sustainable Development 
 

To only consider the various barriers and oppor-
tunities for conservation and exploitation of the 
Amazon forest is an oversimplification. However, 
only by carefully disentangling these intertwined 
factors is there potential to identify the roots of con-
flicts and possible synergies. In most cases, it is 
possible that reduction of a barrier will coincide with 
an increase in an opportunity. For instance, improv-
ing the monitoring of species loss reduces ignorance 
about the ecological system and may lead to patents 
for medicinal plants. The latter enables synergies that 
integrate indigenous knowledge into manage-
ment/conservation.  

The different barriers follow similar directions, 
albeit the focus differs slightly between conservation 
and exploitation barriers. For instance, lack of educa-
tion is a bigger problem for conservation than for 
exploitation but still touches both processes. Institu-
tional, economic, and, to a lesser extent, ecological 
barriers are very similar for both conservation and 
exploitation of forest ecosystems. Hence, they are 
more related to forests and natural resources in gen-
eral than to their conservation or exploitation specifi-
cally. This is an important finding for solving con-
flicts among competing interest groups and for im-
proving mutual understanding of these two domains.  

Similarly, the opportunities for both forest con-
servation and forest exploitation in the Amazon are 
complementary. Further economic valuation of con-
servation “products”—ecosystem services but also 
ecosystem raw products—is consistent with efforts to 
elevate the importance of forests from a matter of 
local livelihoods to a question of urgency for the 
global community. Contradictions, such as the glo-
balization of markets, persist between barriers and 
opportunities for conservation and exploitation of 
forest ecosystems. This situation may also be due to 
the huge array of phenomena encapsulated by the 
term “globalization.” The lack of infrastructure and 
the remoteness of the forests in the Amazon act as 
barriers to forest exploitation. At the same time, the 
increasing development of infrastructure is an ob-
stacle to conservation and the remoteness of an area 
is important for the preservation of a forest. Conven-
tional approaches to conservation therefore oppose 
infrastructure development and access to forests, 

whereas sound management for economic exploita-
tion (and also to a certain extent for conservation) 
requires controlled access. These are concrete contra-
dictions, but in the area of conflict between forest 
exploitation and forest conservation compromises 
and trade-offs are a natural part of discussion and 
planning (Figure 1). 

Integrating conservation of forest ecosystems 
and forest exploitation increases synergies between 
already overlapping sectors and facilitates the accrual 
of benefits from incipient opportunities in the Ama-
zon region. Development initiatives that simulta-
neously aim at, for instance, supporting local live-
lihoods, promoting biodiversity conservation, and 
sequestering carbon for climate protection address 
several challenges outlined earlier. An integrated ap-
proach is more resilient, and hence also more likely 
to benefit from arising opportunities than a segrega-
tive approach that ignores particular opportunities. It 
is, however, uncertain whether an integrated ap-
proach addresses a single barrier better than a segre-
gative approach, but it has the potential to better miti-
gate its impacts. A broader variety of management 
goals, for example, allows switching the administra-
tive focus if necessary and thus increases the flex-
ibility of managers and diversifies the risk of failure. 
Furthermore, integrative solutions create greater so-
cial utility and help to maintain resilient ecosystems 
(Scheffer et al. 2000; 2002). Moreover, improving 
economic security and increasing the local popu-
lation’s well being fosters civil society and helps to 
overcome institutional barriers such as corruption and 
poor law enforcement. Such a combination of eco-
logical and social efforts and economic benefits has 
important implications for sustainable development at 
a broader scale (Tallis et al. 2008). Applying true 
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interdisciplinary knowledge in different sectors and 
ensuring the integration of multiple social actors is 
imperative for sustainable development and streng-
thens decision making and implementation processes 
to counter the ominous findings (i.e., loss of diversity 
of life, degradation of ecosystem services) of the 
Millennium Ecosystem Assessment (MEA, 2005; 
Ehrlich & Pringle, 2008). Furthermore, at the project 
level, more holistic and less “conservative” biodiver-
sity conservation projects that focus also on the pro-
vision of ecosystem-service benefits from a broader 
array of funding possibilities attract greater financial 
support (Goldman et al. 2008). This financial advan-
tage also indicates that an increasing number of such 
projects will be successfully implemented. A chang-
ing forest paradigm, combined with adjusting per-
ceptions of nature and positive feedback of forestry 
on poverty reduction, also provides further opportun-
ities for forest conservation (Bengston, 1994; Scherr 
et al. 2004; Willis & Birks, 2006). In this way, an 
integrated approach is likely to be more efficient in 
sustaining the Amazon’s ecological functioning and 
biodiversity as well as the long-term economic bene-
fits of forests. 
 
Implementing Integrated Conservation and 
Exploitation—A Case Study from Costa Rica 
 

The biggest challenges to an integrated approach 
to forest-ecosystem management are political opera-
tionalization, practical implementation, and lack of 
experience. Furthermore, the implementation of such 
measures is definitely a matter of scale and easier to 
conceive at the project level than at the regional 
level. For instance, the “Klinkii—Reforest the Trop-
ics” initiative, an applied research program in Costa 
Rica (one of the United Nations Framework Conven-
tion on Climate Change pilot projects of the “Activi-
ties Implemented Jointly” mechanism), is based on 
the notion of an integrated, multifunctional forest-
management system. Although this is a pasture refor-
estation program not directly dealing with natural 
forests, it highlights numerous advantages (e.g., par-
ticipation and training of local farmers, forest man-
agement adapted to climate change) of an integrated 
approach in addressing several of the barriers out-
lined earlier. Thus, it is conceptually interesting and 
illustrates what an integrated approach means in prac-
tice. 

In the Costa Rican project area, pastures on for-
merly forested lands have been reforested and res-
tored with mixtures of tree species to create diverse 
forests that are potentially more stable in the face of 
climate change. The farm forests are managed for 
both timber production and carbon sequestration by a 
nonprofit organization, Reforest the Tropics (RTT), 

and financed by carbon-offset donations from indi-
viduals and enterprises in the United States. These 
forests also provide habitat and food for forest ani-
mals and thus help protect local biodiversity. The 
participating farmers benefit from training on how to 
implement the complex silvicultural system. Through 
an initial grant from donors in the United States for 
the rights to register in their name the carbon cap-
tured by the forest, and later from sales of the timber 
taken out during thinnings, they are released from 
financial pressure. There are incentives to convert 
pasture land to forests that produce income because it 
is only when the forest is profitable that the farmers 
will manage it sustainably. The goal of RTT is to 
demonstrate the effectiveness of this strategy and to 
develop best practices for future projects (Barres, 
2009; Reyer et al. 2009). 

 
Conclusion—Each One, Teach One 
 

Forest conservation and exploitation in the Ama-
zon are constrained by similar barriers, but also share 
opportunities and important synergies. Actually, both 
activities are legitimate within a forest ecosystem, an 
important common property bonding them together. 
Hence, conservation of forest ecosystems in the 
Amazon should incorporate more exploi-
tive/management elements and forest exploitation in 
the Amazon should strive to include more conserva-
tion aspects. Such an approach balances conservation 
and exploitation and enables sustainable development 
in the Amazon region by respecting economic, social, 
and ecological realities. Proactive forest conserva-
tion, acknowledging the need for development and 
management to support livelihoods on the one side 
and less intensive forest exploitation on the other 
side, resumes the synergies of the various barriers 
and opportunities for forest exploitation and conser-
vation of the Amazon. The likelihood of addressing 
the barriers and benefiting from arising opportunities 
with an integrated approach is higher than with a se-
gregative approach. 
 
 
Acknowledgement 
I would like to thank Milena Holmgren and Chris Eastaugh 
for the valuable suggestions on earlier versions of this es-
say as well as the useful comments of two anonymous re-
viewers. I am grateful to Herster Barres from Reforest the 
Tropics for the supporting material on the Klinkii—RTT 
case study. The Studienstiftung des deutschen Volkes and 
the Erasmus Life Long Learning Programme supported this 
research. The essay was written while at the Forest Ecology 
and Management Group at Wageningen University. 
 



Reyer: Sustainable Development of the Amazon 

Sustainability: Science, Practice, & Policy | http://ejournal.nbii.org Fall 2009 |Volume 5 | Issue 2 
  

6 
 

References  
 
Aragão, L., Malhi, Y., Barbier, N., Lima, A., Shimabukuro, Y., 

Anderson, L., & Saatchi, S. 2008. Interactions between rain-
fall, deforestation and fires during recent years in the Brazil-
ian Amazon. Philosophical Transactions of the Royal Society 
B 363(1498):1779–1785. 

Asner, G., Broadbent, E., Oliveira, P., Keller, M., Knapp, D., & 
Silva, J. 2006. Condition and fate of logged forests in the 
Brazilian Amazon. Proceedings of the National Academy of 
Science 103(34):12947–12950. 

Asner, G., Hughes, R., Vitousek, P., Knapp, D., Kennedy-
Bowdoin, T., Boardman, J., Martin, R., Eastwood, M., & 
Green, R. 2008. Invasive plants transform the three-
dimensional structure of rain forests. Proceedings of the Na-
tional Academy of Sciences 105(11):4519–4523. 

Barlow, J. & Peres, C. 2008. Fire-mediated dieback and composi-
tional cascade in an Amazonian forest. Philosophical Trans-
actions of the Royal Society B 363(1498):1787–1794. 

Barres, H. 2009. Personal Communication. Director, Reforest the 
Tropics. July 3. 

Bengston, D. 1994. Changing forest value and ecosystem man-
agement. Society and Natural Resources 7(6):515–533. 

Betts, R., Malhi, Y., & Roberts, J. 2008. The future of the Ama-
zon: new perspectives from climate, ecosystem and social 
sciences. Philosophical Transactions of the Royal Society B 
363(1498):1729–1735. 

Binswanger, H. 1991. Brazilian policies that encourage deforesta-
tion in the Amazon. World Development 19(7):821–829. 

Bonan, G. 2008. Forests and climate change: forcings, feedbacks, 
and the climate benefit of forests. Science 320(5882):1444–
1449. 

Bulte, E., Damania, R., & López, R. 2007. On the gains of com-
mitting to inefficiency: corruption, deforestation and low 
land productivity in Latin Amazon. Journal of Environmental 
Economics and Management 54(3):277–295. 

Bush, M., Silman, M., McMichael, C., & Saatchi, S. 2008. Fire, 
climate change and biodiversity in Amazonia: a Late-
Holocene perspective. Philosophical Transactions of the 
Royal Society B 363(1498):1795–1802. 

Canadell, J. & Raupach, M. 2008. Managing forests for climate 
change mitigation. Science 320(5882):1456–1457. 

Carr, D., Suter, L., & Barbieri, A. 2005. Population dynamics and 
tropical deforestation: state of the debate and conceptual 
challenges. Population and Environment 27(1):89–113. 

Chhatre, A. & Agrawal, A. 2008. Forest commons and local en-
forcement. Proceedings of the National Academy of Sciences 
105(36):13286–13291. 

Costanza, R., d’Arge, R., de Groot, R., Farber, S., Grasso, M., 
Hannon, B., Limburg, K., Naeem, S., O’Neill, R., Paruelo, J., 
Raskin, R., Sutton, P., & van den Belt, M. 1997. The value of 
the world’s ecosystem services and natural capital. Nature 
387(6630):253–260. 

Cox, P., Betts, R., Collins, M., Harris, P., Huntingford, C., & 
Jones, C. 2004. Amazonian forest dieback under climate-
carbon cycle projections for the 21st century. Theoretical and 
Applied Climatology 78(1–3):137–156. 

Dobson, A., Bradshaw, A., & Baker, A. 1997. Hopes for the fu-
ture: restoration ecology and conservation biology. Science 
277(5325):515–522. 

Eastaugh, C. 2008. Adaptations of Forests to Climate Change: A 
Multidisciplinary Review. IUFRO Occasional Paper No. 21. 
Vienna: International Union of Forest Research Organisa-
tions. 

Ehrlich, P. & Pringle, R. 2008. Where does biodiversity go from 
here? A grim business-as-usual forecast and a hopeful port-
folio of partial solutions. Proceedings of the National Acad-
emy of Sciences 105(1 Supp):11579–11586. 

Geist, H. & Lambin, E. 2001. What Drives Tropical Deforesta-
tion? Land-Use and Land-Cover Change Report Series No. 4. 
Louvain: LUCC International Project Office, University of 
Louvain. 

Goldman, R., Tallis, H., Kareiva, P., & Daily, G. 2008. Field 
evidence that ecosystem service projects support biodiversity 
and diversify options. Proceedings of the National Academy 
of Sciences 105(27):9445–9448. 

Grenyer, R., David, C., Orme, L., Jackson, S., Thomas, G., Davies, 
R., Davies, T., Jones, K., Olson, V., Ridgely, R., Rasmussen, 
P., Ding, T., Bennett, P., Blackburn, T., Gaston, K., 
Gittleman, J., & Owens, P. 2006. Global distribution and 
conservation of rare and threatened vertebrates. Nature 
444(7115):93–96. 

Hall, A. 2008. Better REDD than dead: paying the people for 
environmental services in Amazonia. Philosophical Trans-
actions of the Royal Society B 363(1498):1925–1932. 

Hooper, D., Chapin, F., Ewel, J., Hector, A., Inchausti, P., Lavorel, 
S., Lawton, J., Lodge, D., Loreau, M., Naeem, S., Schmid, 
B., Setälä, H., Symstad, A., Vandermeer, J., & Wardle, D. 
2005. Effects of biodiversity on ecosystem functioning: a 
consensus of current knowledge. Ecological Monographs 
75(1):3–35. 

Jack, B., Kouskya, C., & Simsa, K. 2008. Designing payments for 
ecosystem services: lessons from previous experience with 
incentive-based mechanisms. Proceedings of the National 
Academy of Sciences 105(28):9465–9470. 

Kasperson, J., R. Kasperson, & B. Turner (Eds.). 1995. Regions at 
Risk. Tokyo: United Nations University Press.  

Kier, G., Mutke, J., Dinerstein, E., Ricketts, T., Küper, W., Kreft, 
H., & Barthlott, W. 2005. Global patterns of plant diversity 
and floristic knowledge. Journal of Biogeography 32(7): 
1107–1116. 

Lambin, E., Turner, B., Geist, H., Agbola, S., Angelsen, A., Bruce, 
J., Coomes, O., Dirzo, R., Fischer, G., Folke, C., George, P., 
Homewood, K., Imbernon, J., Leemans, R., Li, X., Moran, 
E., Mortimore, M., Ramakrishnan, P., Richards, J., Skanes, 
H., Steffen, W., Stone, G., Svedin, U., Veldkamp, T., Vogel, 
C., & Xu, J. 2001. The causes of land-use and land-cover 
change: moving beyond the myths. Global Environmental 
Change 11(4):261–269. 

Laurance, W.1998. A crisis in the making: responses of Amazo-
nian forests to land use and climate change. Trends in Ecol-
ogy and Evolution 13(10):411–415. 

Laurance, W. 2004. Forest–climate interactions in fragmented 
tropical landscapes. Philosophical Transaction of the Royal 
Society London B 359(1443):345–352. 

Lemos, M. & Agrawal, A. 2006. Environmental governance. 
Annual Review of Environment and Resources 31:297–325. 

Lenton, T., Held, H., Kriegler, E., Hall, J., Lucht, W., Rahmstorf, 
S., & Schellnhuber, H. 2008. Tipping elements in the earth’s 
climate system. Proceedings of the National Academy of 
Sciences 105(6):1786–1793. 

Lovejoy, T. & L. Hannah (Eds.). 2005. Climate Change and Biodi-
versity. New Haven, CT: Yale University Press. 

Malhi, Y., Roberts, J., Betts, R., Killeen, T., Li, W., & Nobre, C. 
2008. Climate change, deforestation, and the fate of the 
Amazon. Science 319(5860):169–172. 

Malhi, Y., Aragão, L., Galbraith, D., Huntingford, C., Fisher, R., 
Zelazowski, P., Sitch, S., McSweeney, C., & Meir, P. 2009. 
Exploring the likelihood and mechanism of a climate-change-
induced dieback of the Amazon rainforest. Proceedings of 
the National Academy of Sciences (in press). 

Millennium Ecosystem Assessment (MEA). 2005. Ecosystems and 
Human Well-being: Synthesis. Washington, DC: Island Press.  

Molnar, A., Scherr, S., & Khare, A. 2004. . Washington, DC: 
Forest Trends & Ecoagriculture Partners. 

Morton, D., DeFries, R., Shimabukuro, Y., Anderson, L., Arai, E., 
del Bon Espirito-Santo, F., Freitas, R., & Morisette, J. 2006. 
Cropland expansion changes deforestation dynamics in the 



Reyer: Sustainable Development of the Amazon 

Sustainability: Science, Practice, & Policy | http://ejournal.nbii.org Fall 2009 |Volume 5 | Issue 2 
  

7 
 

southern Brazilian Amazon. Proceedings of the National 
Academy of Sciences 103(39):14637–14641. 

Nepstad, D., Stickler, C., Soares-Filho, B., & Merry, F. 2008. 
Interactions among Amazon land use, forests and climate: 
prospects for a near-term forest tipping point. Philosophical 
Transactions of the Royal Society B 363(1498):1737–1746. 

Oliveira, P., Asner, G., Knapp, D., Almeyda, A., Galván-
Gildemeister, R., Keene, S., Raybin, R., & Smith, R. 2007. 
Land-use allocation protects the Peruvian Amazon. Science 
317(5842):1233–1236. 

Parry, M., Canziani, O., Palutikof, J., Adger, N., Aggarwal, P., 
Agrawala, S., Alcamo, J., Allali, A., Anisimov, O., Arnell, 
N., Boko, M., Carter, T., Casassa, G., Confalonieri, U., Cruz, 
R., de Alba Alcaraz, E., Easterling, W., Field, C., Fischlin, 
A., Fitzharris, B., García, C., Harasawa, H., Hennessy, K., 
Huq, S., Jones, R., Bogataj, L., Karoly, D., Klein, R., 
Kundzewicz, Z., Lal, M., Lasco, R., Love, G., Lu, X., 
Magrín, G., Mata, L., Menne, B., Midgley, G., Mimura, N., 
Mirza, M., Moreno, J., Mortsch, L., Niang-Diop, I., Nicholls, 
R., Nováky, B., Nurse, L., Nyong, A., Oppenheimer, M., 
Patwardhan, A., Lankao, P., Rosenzweig, C., Schneider, S., 
Semenov, S., Smith, J., Stone, J., van Ypersele, J., Vaughan, 
D., Vogel, C., Wilbanks, T., Wong, P., Wu, S., & Yohe, G. 
2007. Technical summary. In M. Parry, O. Canziani, J. 
Palutikof, P. van der Linden, & C. Hanson (Eds.), Climate 
Change 2007: Impacts, Adaptation and Vulnerability. Con-
tribution of Working Group II to the Fourth Assessment Re-
port of the Intergovernmental Panel on Climate Change. pp. 
23–78. New York: Cambridge University Press. 

Phillips, O., Lewis, S., Baker, T., Chao, K., & Higuchi, N. 2008. 
The changing Amazon forest. Philosophical Transactions of 
the Royal Society B 363(1498):1819–1827. 

Putz, F., Blate, G., Redford, K., Fimbel, R., & Robinson, J. 2001. 
Tropical forest management and conservation of biodiversity: 
an overview. Conservation Biology 15(1):7–20. 

Reyer, C., Guericke, M., & Ibisch, P. 2009. Climate change 
mitigation via afforestation, reforestation and deforestation 
avoidance: and what about adaptation to environmental 
change? New Forests 38(1):15–34 

Roe, G. & Baker, M. 2007. Why is climate sensitivity so unpre-
dictable? Science 318(5850):629–632. 

Scheffer, M., Brock, W., & Westley, F. 2000. Socioeconomic 
mechanisms preventing optimum use of ecosystem services: 
an interdisciplinary theoretical analysis. Ecosystems 
3(5):451–471. 

Scheffer, M., Westley, F., Brock, W., & Holmgren, M. 2002. 
Dynamic interaction of societies and ecosystems: linking 
theories from ecology, economy and sociology. In L. 
Gunderson & C. Holling (Eds.), Panarchy: Understanding 
Transformations in Human and Natural Systems. pp. 195–
240. Washington, DC: Island Press. 

Scherr, S., White, A., & Kaimowitz, D. 2004. A New Agenda for 
Forest Conservation and Poverty Reduction: Making Mar-
kets Work for Low-Income Producers. Washington, DC: Fo-
rests Trends. 

Scholze, M., Knorr, W., Arnell, N., & Prentice, I. 2006. A climate-
change risk analysis for world ecosystems. Proceedings of 
the National Academy of Sciences 103(35):13116–13120. 

Simmons, C. 2004. The political economy of land conflict in the 
Eastern Brazilian Amazon. Annals of the Association of 
American Geographers 94(1):183–206. 

Solomon, S., Qin, D., Manning, M., Alley, R., Berntsen, T., 
Bindoff, N., Chen, Z., Chidthaisong, A., Gregory, J., Hegerl, 
G., Heimann, M., Hewitson, B., Hoskins, B., Joos, F., Jouzel, 
J., Kattsov, V., Lohmann, U., Matsuno, T., Molina, M., 
Nicholls, N., Overpeck, J., Raga, G., Ramaswamy, V., Ren, 
J., Rusticucci, M., Somerville, R., Stocker, T., Whetton, P., 
Wood, R., & Wratt, D. 2007. Technical summary. In S. 
Solomon, D. Qin, M. Manning, Z. Chen, M. Marquis, K. 
Averyt, M. Tignor, & H. Miller (Eds.), Climate Change 
2007: The Physical Science Basis. Contribution of Working 
Group I to the Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change. pp. 19–91. New York: 
Cambridge University Press. 

Sunderlin, W., Hatcher, J., & Liddle, M. 2008. From Exclusion to 
Ownership? Challenges and Opportunities in Advancing 
Forest Tenure Reform. Washington, DC: Rights and Re-
sources Initiative. 

Tallis, H., Kareiva P., Marvier, M., & Chang, A. 2008. An eco-
system services framework to support both practical conser-
vation and economic development. Proceedings of the Na-
tional Academy of Sciences 105(28):9457–9464. 

Transparency International. 2008. 2008 Corruption Perceptions 
Index. http://www.transparency.org/news_room/in_focus/ 
2008/cpi2008/cpi_2008_table. March 6, 2009. 

Willis, K. & Birks, H. 2006. What is natural? The need for a long-
term perspective in biodiversity conservation. Science 
314(5803):1261–1265.

 


