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Summary

This chapter presents results of a scenario-building exercise, designed to explore future trends
in forest biodiversity in four forest areas, and the potential implications for policy develop-
ment and implementation. An expert consultation conducted in a workshop environment
identified 11 principal pressures responsible for biodiversity loss in Latin America, namely
land-cover change, fire, invasive species, browsing animals, pollution, mining, development of
infrastructure (roads, pipelines, dams), logging/fuelwood extraction, habitat fragmentation,
climate change and loss of keystone species and ecological structures. The relative importance
of these different pressures was assessed in each of four study areas, namely Central Veracruz
(Mexico), the Highlands of Chiapas (Mexico), Rio Maule-Cobquecura (Region VII, Chile) and
Los Muermos-Ancud (Region X, Chile). Scores were generated for each area describing both
variation in intensity of the pressures over time and their potential impacts on different com-
ponents of biodiversity. The scoring process was used to support development of three sce-
nario narratives for each area, namely business as usual, deepening conservation crisis and effective
conservation. Recommendations for policy development and implementation are presented
for each study area, based on these scenarios. The results indicate that action on global com-
mitments to reduce biodiversity loss must take account of the geographical variation in the
relative importance of different pressures and their varying impacts on different biodiversity
components. Policy developments and practical conservation action will need to be tailored
for individual areas, defined at the sub-national level.

Introduction

The development of effective conservation strategies and plans requires infor-
mation not only on current status and trends in biodiversity, but on how biodi-
versity might change in the future. For example, if a species is declining in
abundance, then a conservation intervention might be planned based on an
assumption that this decline is likely to continue unless some form of action is
taken. Models of ecological dynamics provide a set of tools for exploring po-
tential future trends in the structure and composition of ecological communi-
ties (see Chapters 9-11). However, such models are based on a range of
assumptions and uncertainties, which make it difficult to predict the future
with any degree of accuracy. Conservation plans tend to ignore such uncer-
tainties, and fail to consider the possibility of novel situations or surprises oc-
curring, despite their potentialimportance (Scott, 1998). As aresult, conservation
planning may often risk costly failure (Holling and Meffe, 1996).

Scenario planning offers a tool for supporting conservation decision making
under such uncertain conditions. A scenario can be defined in this context as
an account of a plausible future (Peterson et al., 2003). The development of
scenarios is a recognized tool in business planning and economic forecasting
(Wack, 1985a, b; Schwartz, 1991; van der Heijden, 1996), but only recently has
it begun to be applied to biodiversity conservation. Peterson et al. (2003) pro-
vide a valuable introduction to the use of scenarios in this context. A first
attempt to develop global biodiversity scenarios was presented by Sala et al.
(2000), and elaborated further by Chapin et al. (2001). Scenarios are increas-
ingly being used in environmental assessments at global and regional scales,
such as the Millennium Ecosystem Assessment (http://www.maweb.org/)
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(Carpenter et al., 2005), the Global Environment Outlook (http://www.unep.
org/geo/) (UNEP, 2003) and the International Assessment on Agricultural
Science, Technology and Knowledge Development (http: // www.agassessment.
org). This reflects their value in communicating complex scientific information
to policy makers.

Scenarios can be used to explore the uncertainty surrounding the future
consequences of a decision, by developing a small number of contrasting
scenarios. Generally, scenarios are developed by a group of people in a work-
shop who engage in a systemic process of collecting, discussing and analys-
ing information. The scenarios may draw upon a variety of quantitative and
qualitative data, such as the results of ecological surveys and outputs from
modelling exercises. Peterson ef al. (2003) suggest that the major benefits of
scenario planning for conservation are: (i) increased understanding of key
uncertainties; (ii) incorporation of alternative perspectives into conservation
planning; and (iii) greater resilience of decisions to surprise events.

This chapter presents the results of a scenario-building exercise under-
taken for four forested regions of Latin America. The aim was to identify and
start to quantify present and potential future human impacts on genetic, spe-
cies and habitat components of biodiversity. The goal was to identify priorities
for conservation action and produce recommendations for policy makers.

Development of Scenarios

Scenarios were developed in a workshop activity involving a team of re-
searchers drawn from a variety of different ecological fields, who were in-
vited to provide an expert assessment of current and potential future
pressures and their potential impacts on biodiversity. The exercise covered
the forested parts of four study areas: Central Veracruz (Mexico), the
Highlands of Chiapas (Mexico), Rio Maule-Cobquecura (Region VII, Chile)
and Los Muermos-Ancud (Region X, Chile). The four regions were assessed
separately by different groups of experts, both because the intensity of the
pressures experienced differs between regions, and because the impact of a
similar intensity of pressure varies between forest ecosystems. Two separate
workshop activities were undertaken: (i) a scoring exercise, considering the
processes influencing biodiversity and their potential impacts; and (ii) the
development of scenario narratives.

Scoring exercise

Working in four regional groups, researchers were invited to identify a list of
pressures (or processes influencing biodiversity) considered to be important
in the forests with which they were familiar. They were then asked to per-
form a numerical scoring exercise, to indicate the likely intensity of each
pressure at three dates: 2005 (the present time), 2010 and 2050. Intensity was
scored as mean intensity over the forested parts of the study area, using a
five-point scale: Zero (0), Relatively Low (1), Moderate (2), Relatively High (3)
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and Very High (4). For land-cover change, this would equate to: Zero, 0%;
Low, 1-25%; Moderate, 26-50%; High, 51-75%); and Very High, 76-100% of
the forest area converted to another land-cover type. Whilst land-cover
change does not vary in intensity at a given location, other pressures may
vary in intensity at a given location (i.e. fires may be either low or high tem-
perature; logging can be selective or total). For these, the following guidance
for scoring was developed:

Zero: no area of the region affected by the pressure under consideration.

Low: either a small area (<25%) at high intensity, or larger area at low
intensity affected.

Moderate: either a moderate area (26-50%) at high intensity, or larger
area at low intensity affected.

High: either a large area (51-75%) at high intensity or larger area at low
intensity affected.

Very High: a very large area (>75%) at high intensity affected.

Participants were asked to refer to research results or supporting data if
available, but otherwise to provide an estimate based on their expert judge-
ment. Participants were then asked to estimate the potential impact of each
intensity value of the pressure on each of the three components of biodiversity
(genetic, species and habitat diversity). The scoring system for these impacts
was as follows: Zero (0), Low (1), Moderate (2), Relatively High (3), Very High (4),
Complete Loss of Biodiversity (5). This part of the exercise recognizes that differ-
ent pressures have different relative impacts on biodiversity, and this may
also vary between study areas and forest types. For example, fire of a moder-
ate intensity might be expected to have a far greater impact on a montane
cloud forest than on a lowland tropical dry forest, as in the latter case many
species may have evolved in the presence of fire and display adaptations to it
(Chapter 13). This is further illustrated by the results obtained. In 2005 in the
Highlands of Chiapas, there was considered to be a high level of land-cover
change. This was estimated to have a very high impact on habitat diversity, a
moderate impact on species diversity and a moderate impact on genetic diver-
sity. In comparison, in the Rio Maule-Cobquecura region, there was also con-
sidered to be a high level of land-cover change in 2005. This was estimated to
have a very high impact on genetic diversity, and to be leading to a complete
loss of both species and habitat diversity.

Development of narratives

The scoring exercise was used to prompt a discussion, within each group of
experts in the workshop, leading to the development of scenario narratives
for each of the study areas. To support this process, researchers were asked to
consider the following questions:

* How might different pressures interact?
e What are the underlying factors responsible for these pressures, and how
might they be addressed?
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¢  Which specific species and habitats/ecosystems are at particular risk,
and from which pressures?

* What specific recommendations can be made for policy makers, includ-
ing those in national and local government, conservation organizations
and the private sector?

For each region, three contrasting and yet plausible scenario narratives
were then developed: business as usual, deepening conservation crisis and effec-
tive conservation. These were defined as follows:

1. Business as usual. What might happen to biodiversity if things continue as
they are at present?

2. Deepening extinction crisis. What might happen to biodiversity if the cur-
rent situation deteriorates? Why might this occur?

3. Effective conservation. What might happen to biodiversity if effective
conservation action were to be implemented? How might this be brought
about?

Under each scenario, the experts were invited to consider the following
questions:

¢ What will happen to the pressures (and underlying drivers) responsible
for biodiversity change?

¢  What will the impacts be on different components of biodiversity?

*  What are the implications for human responses, including policy devel-
opment and implementation, and practical conservation action?

Each regional group of experts was also invited to suggest one or more
possible surprise events that would modify the course of the narrative sce-
narios, and to note the critical uncertainties for the future of that forest area.
Interactions between pressures were considered in the narratives, but not in
the preceding numerical exercise. The narratives and results of the scoring
exercise are presented below, considering each of the four study areas
individually.

Scenarios for Central Veracruz (Mexico)

Present trends and pressures

The major pressures and drivers (or ultimate causes) of biodiversity loss in
the tropical montane cloud forest region between 1000 and 2000 m altitude in
Central Veracruz were identified as operating at local, national and global
scales. Land-cover change is currently the most significant direct cause of bio-
diversity loss in the area, followed by infrastructural development, logging/
fuelwood extraction and habitat fragmentation (Table 16.1). At a global scale,
underlying drivers include fluctuations in international markets, including
those for coffee, sugar cane and beef, and the impacts on markets of interna-
tional treaties such as the North American Free Trade Agreement (NAFTA).
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Mega-projects such as the Plan Puebla Panama pose a specific threat to re-
gional biodiversity through plans for an expanded infrastructure of ports,
roads, airports and railways, with associated land-use changes. National-scale
drivers include subsidies for forest clearance for economically productive
purposes, and a lack of enforcement of environmental legislation, including
that on the implementation of environmental impact assessment studies.

Local-scale direct drivers include unsustainable harvests of forest prod-
ucts, through both selective logging and the collection of orchids, bromeliads
and birds, infrastructure development and strip mining for gravel and sand.
As forest cover disappears, biodiversity conservation depends strongly on
species survival in other land uses. However, traditional agroecosystems
(such as shade coffee, home gardens and traditional intercropping systems
(milpas)) that harbour wild forest species are being transformed to low- or
eroded-diversity systems (such as sugar cane, non-shade coffee, pastures or
urban areas). Indirect drivers include population growth (especially in large
cities), a lack of security in land tenure, a culture of land clearing and the
social and economic marginalization of local people. This final factor is also
leading to migration from rural areas and land abandonment, which can
have a positive effect on biodiversity.

Scenarios

From 2005 to 2050, under a business as usual scenario, there are few changes
in environmental legislation and subsidies. However, community groups
continue to exert pressure on the government to implement the existing laws.
New protected areas are created, but receive little planning or financial sup-
port, and so their impact on biodiversity conservation is limited.

Most pressures remain unchanged (Table 16.1), with an initial increase in
the rate of logging, and a long-term increase in the rate of fragmentation.
Initially, the rapid loss of undisturbed forest cover continues. Many forest
fragments may not disappear in the short term, but will experience acceler-
ated changes in structure and composition as a result of the selective removal
of certain tree sizes and non-timber products, and of cattle grazing, espe-
cially close to forest edges. In 2005, there was already evidence that the
hydrological system (rivers and springs) is affected by forest loss and degra-
dation, and that small wetland areas are disappearing (Bruijnzeel, 2001).
There is some evidence that deforestation will slow as the most accessible
forest cover is removed, with the remaining forests being restricted to steeper
slopes (Manson et al., 2007). As a result of economic pressures, some large
areas of agricultural land were being abandoned in 2005, resulting in an
increase in old-field systems and secondary forests.

Within the reduced area of forest, patterns of fragmentation remain
relatively unchanged under a business as usual scenario. Most forest fragments
are currently small. Given the intensity of the land use under this scenario,
the level of isolation of forest patches remains relatively high, thus reducing the
level of gene flow between populations. Thus, endogamy and gene drift reduce
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genetic diversity, especially for species that require large habitats. To some
degree, the impact of forest conversion on biodiversity depends on the domi-
nant land use in the region. Some agroecosystems (e.g. shade coffee) harbour
more forest biodiversity and conserve more ecosystem services than others
(e.g. sugar cane or pasture); these systems also offer better connectivity bet-
ween forest patches.

Species with very specific habitat requirements, especially including
shade-tolerant primary forest species preferring high humidity conditions,
continue to be threatened by these pressures. Whilst a large number of
endemic forest species are present, local extinctions are difficult to document
and had not been observed in the region by 2005. The long lifespan of many
tree species means that an extinction debt can build up through limited
regeneration opportunities, even though viable adult individuals are still
present (Hanski and Ovaskainen, 2002; Helm et al., 2006).

In a deepening extinction crisis scenario, changes in international markets
lead to a dramatic increase in intensive land use such as sugar cane plantations,
cattle pasture and urban areas. The associated increase in use of agrochemicals
leads to high levels of pollution in water, soils and air, and resulting species
loss in non-forest ecosystems. Forest fragments become smaller, more isolated
and more disturbed, with edge effect penetration increasing. Eventually, only
remnant fragments on very steep slopes and in protected reserves remain. In
response to the decreased area of exploitable forest, groups illegally extracting
timber, firewood and non-timber products from the remaining forests become
better organized, more powerful and more difficult to control. The more fre-
quent drier and warmer weather resulting from global warming and the
increased concentration of human activity lead to, fire becoming an important
pressure within these patches.

Light-demanding and invasive species colonize the small, degraded for-
est patches, and most plant species dependent upon forest interior condi-
tions become locally extinct. Animal species share a similar fate as a result of
reduced opportunities for dispersal and reproduction. The remaining popu-
lations of native species suffer from founder effects and inbreeding.

As soil fertility, water quality and quantity decline, policy makers are
eventually forced to act. The resulting reforestation programme is too late to
save much of the region’s biodiversity, with the new forests being little more
than plantations.

An effective conservation scenario arises when markets for ecosystem ser-
vices become increasingly important. The main drivers of biodiversity loss
are controlled, as economic opportunities relating to water capture, carbon
sequestration and ecotourism become more attractive than agricultural activ-
ities. Secondary succession becomes possible within degraded land areas,
and much lost forest is recovered. Protected areas finally receive adequate
government support in the form of staff, budgets and management plans,
and are linked together with the remaining forest fragments through biologi-
cal corridors.

Agricultural subsidies are redirected to sustainable organic agriculture.
There is an increase in certified forestry (including plantations), which involves



378

L. Miles et al.

the implementation of management plans that pay attention to biodiversity
conservation. The use of native species and application of ecological knowl-
edge within the forestry sector reduces the costs of restoration efforts and
ensures that most, if not all, forest structure and forest types are conserved.
Traditional ecological knowledge is incorporated directly into management
plans for forests, plantations and diversified farming. Finally, the develop-
ment of other industries in the region reduces pressure on forest resources.

As a result of these timely developments, the populations of many spe-
cies, including those thought to have become locally extinct, begin to recover.
Gene flow between fragments increases, and the risk of random extinctions
reduces.

Xalapa is declared a model sustainable city according to the UNESCO
criteria. Politicians learn that conservation pays, and that balancing biodiver-
sity conservation and productivity is both possible and very popular, as soci-
etal benefits rather than private interests are maximized.

Surprise events and critical uncertainties

Possible surprises

* Volcanic activity increases in unexpected locations, affecting land uses/
land cover.

* A strong earthquake results in the destruction of human infrastructure;
reconstruction costs are too high and population densities are drastically
reduced.

*  Water sources available to Xalapa are reduced and the city is forced to
adopt drastic measures to take advantage of local water sources includ-
ing local rivers, springs and rainwater (cisterns). At present, 60% of
Xalapa’s water supply comes from the state of Puebla.

* A major highway is built in the area of the remnant cloud forest frag-
ments, thus affecting the biodiversity and hydrology of the region.

* A fall in the price of coffee drastically changes regional land uses; for
example, an increase in the production of sugar cane would reduce bio-
diversity and increase forest fragmentation.

* New legislation in relation to payment for environmental services focuses
on the sustainable use of forest natural resources.

* Large areas of forest are protected and restored by private interests,
without government support, either with conservation in mind or in the
expectation of ecosystem services payments.

Critical uncertainties

Global warming may lead to regional climate change such that large areas of
cloud forest are succeeded by a different type of forest or become more at-
tractive for different land uses. Even with a smaller magnitude of change,
cloud forest species may be outcompeted by species originally belonging to
other ecosystems.
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Recommendations

* A network of connected protected cloud forest areas could be created
and administered and managed by local owners.
* Considerably more financial, professional and governmental support
could be provided for the current protected areas.
* An environmental zoning assessment could support land-use planning.
* Intensification of cattle ranching could reduce the overall land area
required.
* Sustainable land use could be encouraged through:
* Investment in organic coffee production and marketing.
¢ Promotion of sustainable use of non-timber forest products.
* Promotion of sustainable ecotourism.

Scenarios for the Highlands of Chiapas (Mexico)
Present trends and pressures

Land-cover change and habitat fragmentation are currently the most signifi-
cant causes of biodiversity loss in the area, with logging/fuelwood extrac-
tion ranking as the next most important pressure (Table 16.1). The intensities
of these pressures are determined by a suite of indirect drivers related to
population density and growth rates, markets, culture, land tenure, weak
and disorganized environmental governance, and a lack of institutional reli-
ability and trust. Poor, marginalized people in this region have little incen-
tive to conserve forests. There is a lack of markets for forest products, and a
culture favouring agricultural activity over forestry, so that forest is perceived
as potential agricultural land rather than a resource in itself. Indigenous
groups place a particular cultural value on maizefields.

Scenarios

In a business as usual scenario, deforestation, fragmentation and loss of biodi-
versity continue at present rates until forest area becomes a limiting factor
(Table 16.1). As the area of agriculture land increases, the agriculture frontier
expands, and there is a concomitant decrease in biodiversity. The structure
and composition of remaining forests is simplified as a result of fragmenta-
tion, edge effects and increased accessibility. The most dominant habitats are
then pastures, maizefields and agroecosystems; there are fewer areas recov-
ering from agriculture, and a reduction in overall habitat diversity.

Species of Andean and Neotropical affinity are often replaced in the
landscape by species of Holarctic origin, although some native opportunistic
and pioneer species will continue to be widespread. Species of limited range
are particularly vulnerable to losses in genetic diversity as populations are



380

L. Miles et al.

lost. The effect on tree species is delayed in comparison to species with
shorter life cycles (Helm ef al., 2006).

By 2050, as the same trends continue, there is an economic and social col-
lapse, with accompanying emigration, and abandonment of rural areas. In
particular, men emigrate in search of viable employment, breaking up family
units. Policy changes occur in response, with the NGO sector playing a key
role, but it is too late to alter the land-use changes and their impacts.

Rural conditions have been poor since before the social conflict in 1994,
which led to the Zapatista uprising. Indigenous peoples continue to be mar-
ginalized, and suffer high rates of poverty. These conditions have driven the
accelerated process of forest area loss (Gonzélez-Espinosa, 2005; Cayuela
et al., 2006). A deepening extinction crisis could be produced if levels of conflict
were to rise again. The processes described in the business as usual scenario
would be accelerated, and the breakdown of the regional economy occur
more rapidly.

For an effective conservation scenario to come into being, novel social and
resource management policies, with national investment in ecosystem restora-
tion are required. People are enabled to make use of the forest as an important
resource rather than converting it to agriculture. Payments for environmental
services such as water and carbon storage, and taxation of polluting industries,
help to bring this about. Interventions to create these economic opportunities
are needs-based, apply locally appropriate approaches developed through
participation and foster equal opportunities, including between genders. As
the economic situation improves, population growth rates decline, decreasing
the level of pressure on natural resources.

Under this scenario, all components of biodiversity are better conserved.
The productive role of biodiversity is better recognized as new products are
discovered and exploited, and ecological and conservation values are inte-
grated into international ecosystem service markets. Species-oriented resto-
ration is rapid, and we expect the gradual recovery of ecosystems over time.

Surprise events and critical uncertainties

Possible surprises

¢ One or more earthquakes could create such destruction in the cities that
urban populations migrate to rural areas, increasing the rate of forest
loss and pressure on biodiversity.

¢ Erosionand mud slides produced by increased precipitation and changes
in the rain regimes could lead to direct loss of forest area, and loss of
crops resulting in increased poverty and land-cover change.

* Forest health could suffer as a result of desiccation and loss of biodiver-
sity, allowing insects (e.g. bark drillers) or new plant diseases to have
serious effects on tree canopy dominants.

¢ Anew indigenous uprising could result in land invasions, resulting land-
cover changes, new black markets for rural products and migration from
conflict areas to forests.
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* An increase in the level of drug production and traffic could lead to
deforestation for marijuana cultivation.

Critical uncertainties
The long-term impacts of fire on vegetation cover and the forest’s ability to
recover following anthropogenic disturbance are uncertain.

Recommendations

* Invest in local development, employment and welfare; simultaneously
enforce relevant legislation on forests and narcotic cultivation.

* Promote a new rurality, with new relationships between natural areas
and development, between cities and rural areas.

* Redevelop political institutions, seeking a regulated autonomy within a
national legal framework, to help satisfy indigenous people’s demands
for self-governance.

* Promote the peaceful coexistence of cultures, with education towards
political, cultural and religious tolerance.

e Establish predictive models that relate climate variables, fire occurrence
and vulnerability, in order to inform the regulation of fire setting in agri-
cultural areas adjacent to wild lands.

e Identify areas vulnerable to mud slides, and initiate preventive forest
restoration and hydrological management.

Scenarios for Rio Maule-Cobquecura (Region VII, Chile)
Present trends and pressures

Land-cover change, pollution, loss of keystone species and habitat fragmenta-
tion are currently the most significant causes of biodiversity loss in the area,
with fire and invasive species ranking as the next most important pressures
(Table 16.1).

Scenarios

Under a business as usual scenario, each of the major pressures continues to
be important, with intensity only reducing by 2050 because the area of forest
available to be affected has been so substantially reduced (Table 16.1). The
area and spatial continuity of exotic pine plantations expands. The scarcity
of land available for commercial afforestation in the western portion of the
Rio Maule-Cobquecura region means that the process of conversion of na-
tive forests to plantations shifts to the eastern slope of the Coastal range. Here,
there are reductions in the area of mixed sclerophyllous Mediterranean-type
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forests and shrublands, which harbour several endemic tree species.
Firewood and timber for charcoal continue to be harvested from the remain-
ing forest.

The increasing plantation area and connectivity of plantations leads to
an increase in the area and severity of anthropogenic fires. Reduced precipi-
tation as a result of climate change, and an increased frequency and intensity
of ENSO-driven droughts (La Nifia events) also leads to increased fire fre-
quency. As the area of native forest decreases, the area affected by fire also
decreases, but the proportional area affected remains high.

Other effects of the massive expansion of forest plantations include
reductions in river flow and water availability, and an increase in soil erosion
associated with the 12-20-year clear-cut cycle (Varas and Riquelme, 2002;
CIREN, 2004; CONAMA, 2004). Together, these pressures lead to biodiver-
sity losses in riparian habitats, wetlands, rivers and streams.

Rates of forest fragmentation and its impacts on genetic and species
diversity initially increase, and then decrease as the area of native forest
available for conversion is reduced. Invasive animals and plants increase in
number as native forest fragments become smaller and are surrounded by a
matrix of non-native plantations. These invaders include Canis domesticus
(dog), Pinus radiata (Monterey pine), Teline monspessulana (broom) and Acacia
dealbata (silver wattle).

The combination of land-use change, fire, logging and fragmentation
leads to local extinctions and regional reductions in genetic biodiversity,
especially for threatened species. The most threatened groups include
amphibians, freshwater fish, crustaceans, aquatic insects, some mammal spe-
cies such as Pudu pudu (pudu deer) and birds.

A deepening extinction crisis scenario results from a rise in the interna-
tional price of wood pulp, bringing about a faster expansion of forest planta-
tions, and related pressures on wetlands, rivers and streams. Large timber
companies gain control of ever-increasing areas of land. In this market-
oriented scenario, there is a strong pressure to weaken the legislation protect-
ing the threatened species and habitats of Chile. An increase in the level of
various threats that are present at low levels, such as infrastructure develop-
ment, mining and industrial pollution, could also lead to a deepening extinc-
tion crisis.

In an effective conservation scenario, subsidies for exotic plantations are
replaced with financial incentives for the sustainable management of forest
ecosystems, and the restoration of native forests in priority areas. This policy
change results from new legislation intended to implement biodiversity con-
servation and sustainable development targets. One major aim is to restore
the area of native forest to 1975 levels, with managed forest plantations also
established to provide access to firewood and non-timber forest products.
Technical assistance is provided to landowners, forest certification employed
more effectively and applied ecological research promoted. By 2050, there is
an improvement in the conservation status of all biodiversity elements, with
the exception of some irrecoverable losses of genetic diversity in threatened
species.
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Surprise events and critical uncertainties

Possible surprises

A huge wildfire is looking increasingly possible, as a result of: (i) the
massive expansion of contiguous fire-prone exotic pine and eucalyptus
plantations; and (ii) reductions in precipitation and intensification of
droughts in the region.

The introduction of new invasive insect species and fungal diseases
could affect the native plant and animal species. On the other hand, if
these new pests or fungi preferentially infest pine or eucalyptus planta-
tions, this could facilitate the recovery of native tree species.

An earthquake could trigger landslides and debris flows, devastating
some of the current forest stands that would be replaced by pioneer spe-
cies. This happened after the Valdivia Earthquake of 1960.

A tsunami would not only greatly disturb coastal marine and estuarine
ecosystems, but in combination with subsidence from earthquakes could
increase the area covered by wetlands, as was also seen after the Valdivia
Earthquake of 1960.

A large volcanic eruption could destroy thousands of hectares of forests
and Andean grasslands and shrublands, covering them in tephra and
pumice. This happened in 1957, after the eruption of Quizapu Volcano
in the Andes of the Rio Maule-Cobquecura region. Snow persistence
would be reduced, and the albedo and nutrient loss would significantly
increase. Under the new Mediterranean-type climate, stream-flow vari-
ability between summer and winter would increase.

Critical uncertainties

The intensification of global climatic change might lead not only to tempera-
ture increases but to an increased inter-annual and intra-annual variability in
precipitation, with a trend towardsreduced annual totals. This Mediterranean-
type climate would cause a decrease in water availability, with water restric-
tions imposed in summer.

Recommendations

Forest conservation and research goals could include:

* Abase inventory of biodiversity for the region, with ongoing monitor-
ing planned and implemented.

» Better dialogue, collaboration and negotiation for conflict resolution
between the various stakeholders dealing with the management and
conservation of native forests including: the government, forest com-
panies, rural communities, researchers and NGOs at national, regional,
municipal and local levels.

* Landscape planning, including the establishment of a network of
new protected areas to improve the connectivity at a landscape scale,
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would help to conserve all the remaining forest and shrub fragments,
wetlands, Andean grasslands and shrublands.

* The targeted restoration of those species, habitats and ecosystems that
are assigned a high conservation priority would increase the chances
of their long-term persistence in the region.

For success in this region, the main change needed is the approval of a
Law on Native Forests, which would bring economic incentives to the
sustainable management and conservation of native forests. This law has
been discussed since 1992, and its approval is considered the single most
important policy measure towards forest conservation in Chile.
A complementary goal is the elimination of the subsidies to exotic plan-
tations in this region, since there is a need to reduce the planted area,
which is already excessive and incompatible with maintaining a desir-
able level of biodiversity and ecosystem services as a basis for economic
development and population welfare.
Over 90% of the plantations are owned by two major private holdings,
and virtually all of them are certified through existing certification sys-
tems (i.e. FSC, ISO 14001, Certfor). Therefore, the standards and proce-
dures of certifiers need to be revisited, with the full participation of forest
conservationists and researchers. Both accountability and compliance
with certification, including adequate criteria to ensure the conservation
of biodiversity, are crucial.
Adequate planning of the roads, dams, irrigation channels and other
infrastructure is also needed, in order to reverse unnecessary fragmenta-
tion caused by poorly planned works. A better coordination of the govern-
ment services in charge of forests and biodiversity (CONAF, CONAMA)
with the Public Works Ministry and the private sector is necessary.
The use of pesticides, herbicides and other agrochemicals should be
reduced in the forest plantations, and the most toxic agrochemicals
should be eliminated.
Opportunities for alternative projects involving the local and rural commu-
nities need to be promoted, in order to reverse deforestation trends and to
promote socio-economic development in rural communities. These projects
could include agroforestry, ecotourism, conservation and restoration pro-
grammes, and the sustainable use of native forests and other ecosystems, for
example through the harvesting of non-timber forest products (NTFPs).

The budget and resources devoted to the prevention and extinction of

wildfires need to be strengthened, emphasizing the protection of native

forests, and allocating a high priority to areas with threatened flora and
fauna, or threatened ecosystems.

The local education system, from kindergarten to high school, should

promote awareness of the importance and uniqueness of the biodiver-

sity of the Rio Maule-Cobquecura region, and how to effectively contrib-
ute to its conservation. Training at university level, and of professionals,
workers, rural communities and other target groups, should also be
considered, as well as public campaigns focused on critical issues such
as fire prevention. The aim is to improve the attitudes and behaviour
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of the population towards the conservation and sustainable use of the

resources in the region.

* Measures to improve regional natural hazard response could include:

¢ Working to better prevent and suppress wildfires in areas of high con-
servation value.

* Improvement of the current germplasm banks and ex situ conserva-
tion efforts for the most threatened native species.

* Further studies on long-term climatic variability using data derived
from tree-rings, pollen, charcoal and lake sediments.

* The development of better geological hazard maps for earthquakes,
debris flows and volcanism.

* Design action plans and expert systems to respond to natural haz-
ards and to reduce the vulnerability of biodiversity, human popula-
tions and economic activities to such hazards, in coordination with the
government institution that deals with hazards (Oficina Nacional de
Emergencia - ONEMI).

Scenarios for Los Lagos (Region X, Chile)
Present trends and pressures

Browsing by livestock, logging/fuelwood extraction and habitat fragmentation
are currently the most significant causes of biodiversity loss in the area, with land-
cover change and fire ranking as the next most important pressures (Table 16.1).

Scenarios

Under a business as usual scenario each of the major drivers continues to be
important in 2010 (Table 16.1). Fire frequency in natural forests remains high,
as the expansion of fire-prone eucalyptus plantations continues. The fires
that are used to convert native forests to pasture land also have a tendency to
spread beyond their intended area.

Within natural forest areas, selective felling for timber using mobile saw-
mills continues, leaving only the less commercial trees. Emergent trees are
lost, and structural diversity decreases. These levels of extraction will increase
the probabilities of fires, presence of invasive species and cattle grazing in
the understorey. As logging levels approach clearcutting, forest areas are
converted to arborescent shrubland.

The extraction of peat and Sphagnum mosses from bogs and moorland
also increases, being enabled by new mining laws, and leads to considerable
biodiversity loss and erosion.

The commercial success of the Puelo and Huilo-Huilo hydroelectric dams
results in plans for many more being drawn up. Visitor numbers decline at the
Huilo-Huilo nature reserve, but energy companies are unconvinced by tourism
arguments. Riverine fragmentation increases, overall water velocity decreases,
and local extinctions of aquatic species result.
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Invasive species spread through the landscape, as forest fragments
become smaller and surrounded by invaded spaces. Non-native plant spe-
cies already gaining a hold in the region in 2005 include Ulex europacus
(gorse), Sarotamnus scoparius (broom), Rubus constrictus (blackberry) and Acer
platanoides (Norwegian maple). Invasive animal species include Canis domes-
ticus (dog), Mustela visori (American mink) and Salmo trutta (brown trout).

By 2050, the levels of pressure from land-cover change, fire, logging and
fragmentation all decrease, primarily because habitat loss leaves little native for-
est to be affected. The overall impacts on biodiversity of these events are nega-
tive. From a genetics perspective, there is a moderately severe impact on
threatened species of flora and fauna. At a species level, the rates of loss are mod-
erate to high. The only species to remain widespread in the region are those that
are most resilient to change. By 2025, 1% of species are lost from the region.
Particularly threatened tree species include Pilgerodendron uvifera (ciprés de las
Guaytecas), Persea lingue (lingue), Laurelia philippiana (tepa) and Eucryphia cordi-
folia (ulmo). Vertebrate groups that suffer major losses include nutrias (otters),
Pudu pudu (Pudi deer), birds, reptiles, fish and amphibians, especially including
Rhinoderma darwinii (Darwin’s frog) and Bufo rubropunctatus (red-spotted toad).

Aquatic ecosystem diversity is also affected by the increased area of
plantations. Reductions in the availability and quality of water in streams
and rivers lead to desiccation of riparian habitats and peat bogs.

A deepening extinction crisis scenario is brought about through increases
in the market value of woody fibre, Sphagnum and other forest products. As
fossil fuel prices increase without alternative energy sources coming online,
the demand for fuelwood increases pressure on the forests. As there are no
incentives to conserve the forest, these extractive pressures speed the rate of
loss. If the regional impacts of climate change, water and air pollution are
more rapid than anticipated, this will also hasten the rate of loss.

Anumber of factors combine to produce an effective conservation scenario.
The promotion of ecotourism and regulation of existing tourism bring sus-
tainable income that is dependent upon nature conservation to the region.
Certification schemes for timber extraction, hand-in-hand with education at
different levels, technical assistance to landowners and the elimination of
subsidies for plantations of non-native species, combine to create an enabling
environment for sustainable forestry. With subsidies being redirected to sup-
port sustainable management, and legislation being enacted to encourage
habitat restoration for the conservation of target threatened species, pine for-
ests are restored to native forests in selected areas. Other plantation areas are
managed for long-term fuelwood supply.

Research funding under this scenario is directed towards biodiversity
inventory, monitoring, restoration techniques and land-use planning with
different future scenarios in mind. The aim might be to restore the area of
forest to that existing in 1975, within the framework of a network of pro-
tected areas to improve connectivity on a landscape scale. Most elements of
biodiversity and associated ecosystem services would be expected to recover
under these circumstances, though some losses of genetic diversity are
irrecoverable.
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Surprise events and critical uncertainties

Possible surprises

A huge wildfire could result from the combination of the spread of the
invasive Ulex europacus and the occurrence of extreme climate events
such as prolonged or repeated droughts.

The approval of legislation favourable to the environment would be sur-
prising, but welcome.

The approval of mega-projects in the region, bringing infrastructural
development and greater market connectivity, would be likely to have
additional negative effects on biodiversity.

The introduction of different non-native plants could bring with it a new
disease to which either native species or non-native species are vulner-
able, resulting in widespread die-offs in native forests or plantations.
A comparable example is the Phytophthora ramorum fungus, which is
causing ‘sudden oak death” in Europe and the USA (Henricot and Prior,
2004).

An earthquake, perhaps accompanied by a tsunami, or a large volcanic
eruption, would have unpredictable but calamitous effects (as described
for the Rio Maule-Cobquecura region).

Low-probability, high-impact events of global resonance could include
impact of a large meteorite or spread of a novel disease.

Critical uncertainties

The rate of future land-use change is extremely uncertain, as a result of
the lack of clear governing legislation, and the overwhelming influence
of future markets.

Climate change patterns bring a great source of uncertainty, with models
simulating greater climate variability into the future. If climate change
results in decreased levels of precipitation and greater variability in pre-
cipitation, fires within plantations and natural forests can be expected to
become more frequent and stronger in times of drought.

The effectiveness of policy response measures in preventing biodiversity
loss is highly dependent upon the resources invested and the strength
of the prevailing pressures. Example measures include ex siti conserva-
tion including germplasm banks, an improved fire-fighting programme,
and in situ conservation initiatives including restoration and harvest
management.

Recommendations

Forest conservation and research goals could include:
¢ A focus on policy-relevant research, and improved dialogue between
researchers and decision makers.
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¢ Simulation and risk mapping of the potential impacts of extreme
events such as large fires, tsunamis or earthquakes.

* Development of expert systems to respond to wildfire emergencies,
in coordination with the government institution that deals with hazards
(Oficina Nacional de Emergencia - ONEMI).

As for the Rio Maule-Cobquecura region, the approval of a Law on

Native Forests would provide economic incentives for the sustainable

management and conservation of native forests.

Redirecting subsidies from support to non-native plantations and from

agriculture (including the drainage of swamp forests) towards sustainable

management of native forest would provide great assistance for forest con-
servation. Reduction in pesticide use might accompany these changes.

The expansion of plantation area would then cease. In particular, it would

be useful to prevent the establishment of further Eucalyptus plantations

in the region’s seasonally flooded forest areas (fiadis).

The promotion and regulation of forest certification schemes would sup-

port sustainable forest management and open different markets to local

timber products.

Investment in new pulp plants, which stimulates demand for planta-

tions, could be ceased, and existing plants could be converted to conform

to environmental standards.

Improved land-use planning, taking multiple benefits of forest into

account, would: (i) designate areas for forest restoration with connec-

tivity, watershed management, biodiversity value and a forest coverage
target in mind; and (ii) reduce the potential for further unnecessary frag-
mentation caused by the construction of roads and canals.

Greater investment in and planning of fire control.

Alongside these practical measures, education is key to gaining commu-

nity cooperation with conservation. The local education system could

help by disseminating knowledge about the region’s unique biodiver-
sity, and its contribution to ecosystem services.

Opportunities for the rural population to avoid destructive logging and

other impacts could be provided through creation of alternative employ-

ment, especially in the growing ecotourism industry, and within forest
restoration initiatives. '

Combining Intensity and Impacts of Pressures: A Modelling
Approach

Results from the scoring exercise indicated that, as the intensity of pressures
increases, the impacts on biodiversity are generally likely to increase (Table 16.2).
However, the impacts of different pressures differed between biodiversity compo-
nents and between study areas, depending on the pressure concerned. For example,
a very high intensity of land-cover change was considered to have at least a very
high impact on all three components of biodiversity in Rio Maule-Cobquecura, but
only moderate impacts on genetic and species diversity in the Highlands of Chiapas.
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Table 16.2. Continued
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Impacts of invasive species were also higher in Rio Maule-Cobquecura than in the
other study areas, whereas impacts of mining were considered to be higher in
Central Veracruz than in the other areas. In contrast, other pressures such as climate
change and loss of keystone species were considered to have similar impacts for a
given intensity in all of the study areas. Impacts also differed between biodiversity
components; in general, impacts on habitat diversity were considered to be higher
than on species or genetic diversity, for a given intensity of a particular pressure.
However, these relationships again differed between study areas; for example im-
pacts on genetic diversity were generally considered tobe higher in Central Veracruz
than in the other study areas.

Such scores of the potential impacts of different pressures can be combined
with the scores describing the intensity of pressures. This could potentially pro-
vide a tool for projecting trends in biodiversity, based on an assessment of pres-
sures. Such a tool could then be used interactively to examine the potential impact
of different policy or management interventions. As a first attempt towards devel-
oping such an approach, we constructed a Bayesian Belief Network (BBN) incor-
porating the results of the scoring exercises. A BBN can be considered as a tool for
exploring the probabilistic relationships between (usually categorical) variables.
A BBN is constructed first by developing a graphical model illustrating the rela-
tionships between the variables of interest. These relationships are then defined
in terms of the probabilities associated with the states of the variables concerned.
Further information about the method is provided by Castillo ef al. (1997) and
Jensen (2001). An example of the application of BBNs to exploring the sustainable
management of Latin American forests is provided by Newton et al. (2006).

Four major causes of biodiversity change, as identified during the workshop,
were incorporated in the BBN: habitat fragmentation, logging, fire and land-cover
change. These four pressures ranked among the most important when scores
obtained for the four study areas were pooled together. The BBN was constructed
using Hugin Developer 6.3 (Hugin Expert A /S, Aalborg, Denmark). In this model,
the impact of the four pressures is considered separately on the three components
of biodiversity: genetic, species and habitat diversity. A separate BBN was con-
structed for each of the four study areas, enabling scores to be integrated in the
model for the relative impact of each level of each pressure on each of the three
components of biodiversity. The impacts of different pressures were treated addi-
tively. The model was then explored using the scores for the estimated intensities
of each pressure within each study area for three dates: 2005 (present day), 2010
and 2050. The model was run by selecting the appropriate state of each factor on
a scale of 04, using the scores provided in the workshop.

The BBN infers outcomes based on the probabilistic relationships represented
in the conditional probability tables (CPTs) associated with the individual vari-
ables. In this model, the probabilities incorporated in the CPTs were based on the
scores provided in the workshop. Using the BBN, it is possible to alter the intensity
value of any of the pressures included, to assess the impacts on different compo-
nents of biodiversity. In this way, it is possible to explore how the impacts vary
according to the level of different pressures, and to combine pressures together.

Initial results obtained using the model are presented in Fig. 16.1. These
outputs highlight a number of interesting features:
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Fig. 16.1. Projected impacts of four combined pressures on different components of
biodiversity under the ‘business as usual’ scenario, based on continuing current trends,
using a Bayesian Belief Network (BBN) incorporating workshop scores (see text). Impact
scale (loss of biodiversity): Zero (0); Low (1); Moderate (2); Relatively High (3); Very High (4);
Complete Loss (5). Impact values presented are those inferred as most likely by the BBN,
from combined scores of four pressures: fragmentation, logging, fire and land-cover change.
Open bars, Veracruz; hatched bars, Highlands of Chiapas; cross-hatched bars, Rio Maule-
Cobquecura; horizontally hatched bars, Los Lagos. Impacts presented relate to (A) genetic

diversity, (B) species diversity and (C) habitat diversity.
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¢ DProjections differ between the three components of biodiversity. In gen-
eral, more severe impacts are anticipated on habitat diversity than on
genetic diversity, for example.

» Current rates of biodiversity loss appear to be higher, according to the
results of this exercise, in the South American study areas (Los Lagos,
Rio Maule-Cobquecura) than in the Mexican study areas (the Highlands
of Chiapas, Central Veracruz).

e Across three of the four study areas, the impacts of these pressures on
biodiversity are projected to diminish with time. This counter-intuitive
result is explicable in terms of the current high rates of biodiversity loss.
Such high rates of loss cannot be sustained indefinitely into the future: if
biodiversity continues to decline at present rates, then by 2050 there will
be relatively little left to lose. Therefore rates of loss will decline.

Conclusions

These examples highlight the value of scenarios as a tool for conservation
planning, enabling the implications of research results to be communicated
in a way that can readily be understood by decision makers. The contrasting
narratives produced for each of the four study areas illustrate how the par-
ticular circumstances differ between areas, highlighting the need for specific
conservation actions to be developed at local or sub-regional scales. While
the ‘extinction crisis’ can be considered as a global phenomenon (Ceballos
and Ehrlich, 2002; Thomas et al., 2004), the precise causes of biodiversity loss
and the severity of their potential impacts vary substantially from place to
place. This variation is perhaps unsurprising given the ecological, political
and socio-economic differences between the study areas, but the finding has
important implications for policy initiatives developed at the international
scale. For example, parties to the Convention on Biological Diversity (CBD)
have endorsed a far-reaching Programme of Work relating specifically to
conservation of forest biodiversity, which defines broad activities for the as-
sessment and reduction of threats to forest biodiversity and suggests that
guidance should be developed and implemented ‘to help the selection of
suitable forest management practices for specific forest ecosystems’ (CBD,
2002). The implication of the current research is that, although the general
causes of biodiversity loss may be common to many areas, each forest area
will differ in terms of: (i) the precise combination of different pressures;
(ii) their varying intensities over space and time; and (iii) their contrasting
potential impacts on different components of biodiversity. Distinctive ap-
proaches to addressing these problems will therefore need to be developed
for each area individually, as illustrated by the recommendations for policy
and action presented here.

Peterson et al. (2003) suggest the particular circumstances under which
scenario-based conservation planning might be preferred, relating to the
degree of uncertainty and the degree to which a system can be controlled.
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When control of a situation is difficult and uncertainty is high, these authors
suggest that scenario planning is an effective approach. The study areas
considered here could certainly be considered as meeting these criteria;
much of the environmental change that is occurring is uncontrollable and
uncertain in terms of outcome. However, in other situations, alternative
approaches such as adaptive management planning (Margoluis and
Salafsky, 1998; Salfasky et al., 2001, 2002) might be more appropriate. At
present, there is little evidence of adaptive management in any of the study
areas. This partly reflects a lack of resources and capacity among the insti-
tutions that might implement it. As illustrated by the recommendations
presented here, the policy environment relating to natural forests is poorly
developed, non-existent or even actively antagonistic to conservation. The
problem therefore lies deeper than a consideration of the most appropriate
approach to conservation planning and management. Rather, the priority is
to strengthen the political will, institutional capacity and financial support
for forest conservation — whether the institutions be government agencies,
conservation NGOs, community-based organizations or private sector
enterprises.

Peterson et al. (2003) also highlight some of the problems of the scenario-
planning approach, such as the reliance on expert opinion. It is conceivable
that the predictions of experts may be no better than those of non-experts.
Certainly it could be argued that the reliance on one type of expert, namely
research scientists with expertise in forest ecology, limits the value of the
scenarios presented here. This could be addressed by involving a broader
range of stakeholders in scenario-building exercises. Such an approach,
implemented at the level of the individual study areas, could provide a use-
ful means of strengthening dialogue between research scientists and other
stakeholders, including local communities, government representatives and
non-government organizations. Methods could also be used to elicit infor-
mation from a broader range of experts, for example specialists in mam-
mals, insects or other species groups (see Burgman, 2005). However, it is
salutary to consider the extent of uncertainty surrounding biodiversity in
these study areas. The precise patterns of distribution, abundance and pop-
ulation trends of the vast majority of species remain poorly defined, and, as
a result, it is unclear precisely how many species are currently threatened
with extinction. Given this lack of baseline information, estimates of poten-
tial future change in biodiversity can remain little more than informed
guesswork.

The development of effective conservation strategies depends on a com-
prehensive assessment of different pressures or threats (Salafsky et al., 2002).
It is notable that little progress has been made in developing appropriate
methods for assessing such pressures. Wilson et al. (2005) provide a recent
review of relevant approaches by considering the concept of vulnerability,
which may be defined as the likelihood or imminence of biodiversity loss to
current or impending threatening processes (Pressey et al., 1996). Wilson et al.
(2005) differentiate different elements of vulnerability, including the inten-
sity of a threatening process in an area, and the effects of a threatening process
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on particular features of biodiversity. As described by Wilson et al. (2005) and
in Chapter 14 of the present volume, spatially explicit statistical or process-
based modelling approaches offer methods for assessing the exposure of
areas to threatening processes. However, few examples of this approach are
available that consider multiple threats (e.g. Miles et al., 2006; ten Brink et al.,
2006), and still fewer consider impacts on multiple components of biodiver-
sity. Bayesian Belief Networks, as described here, could potentially provide a
tool for such analyses. BBNs possess the advantage of modelling probabilis-
tic relationships, enabling the uncertainty surrounding pressures and their
impacts to be explicitly incorporated and explored. Ideally, future develop-
ments of this approach might be informed by further quantitative analysis of
threatening processes (see Chapter 14), and by information regarding the
interactive effects of different pressures on biodiversity. The lack of informa-
tion about such interactions is one of the most serious areas of uncertainty. It
is conceivable that future losses of biodiversity could be substantially more
rapid than envisaged here, because of novel interactions that might occur in
future (e.g. climate change influencing spread of pests and diseases and
interacting with the fire regime).

Use of such analytical approaches could provide a means of further
developing biodiversity scenario approaches. For example, Sala et al.
(2000) adopted a simple multiplication procedure for combining scores
describing the magnitude of expected changes in drivers of biodiversity
change and their potential impacts. While conceptually simple, this
method offers limited scope for analysing or exploring the uncertainty
surrounding the scores, which, in common with the current investigation,
were based entirely on expert knowledge. Another interesting contrast
between the global analysis presented by Sala et al. (2000) and the current
investigation relates to the pressures (or drivers, sensu Sala et al., 2000) that
were identified. These authors considered five pressures: land-use change,
climate, nitrogen deposition, biotic exchange and atmospheric CO,. In the
current analysis, 11 pressures were identified through discussion as sig-
nificant current causes of biodiversity loss within the study areas.
Atmospheric CO, was not included (except with respect to its role in cli-
mate change). Given their importance within the areas assessed here, it is
surprising that pressures such as habitat fragmentation, overharvesting
(i.e. logging), infrastructural development and fire were not considered by
Sala et al. (2000).

One of the outcomes of the modelling analysis presented here is that the
rate of biodiversity loss might actually decline in some areas in coming
decades, even if current trends in pressures continue (Fig. 16.1). This reflects
the current high rates of biodiversity loss, and the fact that these rates cannot
be maintained indefinitely. In other words, the rate of biodiversity loss will
decline when there is little biodiversity left to be lost. This has significant
implications for the current international policy goal of reduced rate of loss
of biodiversity (‘the 2010 biodiversity target’), as endorsed by the CBD
(Balmford et al., 2005). It is ironic that this policy objective might be met only
when its ultimate aim, to conserve biodiversity, has failed.



396 L. Miles et al.

References

Balmford, A., Bennun, L., ten Brink, B., Cooper, D., C6té, |.M., Crane, P, Dobson, A.,
Dudley, N., Dutton, I., Green, R.E., Gregory, R.D., Harrison, J., Kennedy, E.T., Kremen, C.,
Leader-Williams, N., Lovejoy, T.E., Mace, G., May, R., Mayaux, P., Morling, P., Phillips, J.,
Redford, K., Ricketts, T.H., Rodriguez, J.P., Sanjayan, M., Schei, P.J., van Jaarsveld, A.S.
and Walther, B.A. (2005) The Convention on Biological Diversity’s 2010 target. Science
307(5707), 212-213.

Bruijnzeel, L.A. (2001) Hydrology of tropical montane cloud forests: a reassessment. Land Use
and Water Resources Research 1, 1-18.

Burgman, M. (2005) Risks and Decisions for Conservation and Environmental Management.
Cambridge University Press, Cambridge, UK.

Carpenter, S.R., Pingali, PL., Bennett, E.M. and Zurek, M.B. (2005) Millennium Ecosystem
Assessment. Ecosystems and Human Well-Being: Scenarios. Findings of the Scenarios
Working Group. Millennium Ecosystem Assessment Series, Island Press, Washington,
DC. Available at: http://www.maweb.org/

Castillo, E., Gutierrez, J.M. and Hadi, A.S. (1997) Expert Systems and Probabilistic Network
Models. Springer, New York.

Cayuela, L., Rey-Benayas, J.M. and Echeverria, C. (2006) Clearance and fragmentation of
tropical montane forests in the Highlands of Chiapas, Mexico (1975-2000). Forest Ecology
and Management 226, 208-218.

CBD (2002) Decision VI/22: forest biological diversity. In: Decisions Adopted by the Conference
of the Parties to the Convention on Biological Diversity at its Eighth Meeting. Curitiba,
20-31 March 2006. UNEP/CBD/COP/8/31. Available at: http://www.biodiv.org/decisions/
default.aspx?dec=VI/22 (accessed 8 November 2006).

Ceballos, G. and Ehrlich, PR. (2002) Mammal population losses and the extinction crisis.
Science 296(5569), 904-907.

Chapin, FS., Sala, O.E. and Huber-Sannwald, E. (2001) Global Biodiversity in a Changing
Environment. Scenarios for the 21st Century. Ecological Studies 152. Springer, New York.

CIREN (2004) Recuperacion secano costero de VI y VIl regiones. Available at: http://www.
agricultura.gob.cl/noticias/detallenoticia_print.php?cod_not_p=1226 (accessed 8 November
2006). :

CONAMA (2004) Politica Ambiental de la Region del Maule. Available at: http://www.conama.
cl/portal/1255/article-26195.html (accessed 8 November 2006).

Gonzalez-Espinosa, M. (2005) Forest use and conservation implications of the Zapatista re-
bellion in Chiapas, Mexico. In: Kaimowitz, D. (ed.) Forests and Conflicts. ETFRN News
No. 43-44 (European Tropical Forest Research Network), Wageningen, The Netherlands,
pp. 74-76.

Hanski, I. and Ovaskainen, O. (2002) Extinction debt at extinction threshold. Conservation
Biology 16, 666-673.

Helm, A., Hanski, |. and Partel, M. (2006) Slow response of plant species richness to habitat
loss and fragmentation. Ecology Letters 9, 72-77.

Henricot, B. and Prior, C. (2004) Phytophthora ramorum, the cause of sudden oak death or
ramorum leaf blight and dieback. Mycologist 18, 151-156.

Holling, C.S. and Meffe, G.K. (1996) Command and control and the pathology of natural
resource management. Conservation Biology 10, 328-337.

Jensen, FV. (2001) Bayesian Networks and Decision Graphs. Springer, Berlin, Germany.

Manson, R.H., Williams-Linera, G. and Carter, J. (2007) Current and future land-use change in
the central mountains of Veracruz, Mexico: implications for the conservation of neotropi-
cal cloud forest. (In preparation.)



Future Scenarios for Forest Biodiversity in Latin America 397

Margoluis, R. and Salafsky, N. (1998) Measures of Success: Designing, Managing, and
Monitoring Conservation and Development Projects. Island Press, Washington, DC.
Miles, L., Newton, A.C., DeFries, R., Ravilious, C., May, |., Blyth, S., Kapos, V. and Gordon, J.
(2006) A global overview of the conservation status of tropical dry forests. Journal of

Biogeography 33, 491-505.

Newton, A.C., Marshall, E., Schreckenberg, K., Golicher, D., te Velde, D.W., Eduoard, F. and
Arancibia, E. (2006) Use of a Bayesian Belief Network to predict the impacts of commer-
cializing non-timber forest products on livelihoods. Ecology and Society 11, 24.

Peterson, G.D., Cumming, G.S. and Carpenter, S.R. (2003) Scenario planning: a tool for con-
servation in an uncertain world. Conservation Biology 17, 358-366.

Pressey, R., Ferrier, S., Hager, T., Woods, C., Tully, S. and Weinman, K. (1996) How well pro-
tected are the forests of north eastern New South Wales? Analyses of forest environments
in relation to formal protection measures, land tenure and vulnerability to clearing. Forest
Ecology and Management 85, 311-333.

Sala, O.E., Chapin, FS., lll, Armesto, J.J., Berlow, R., Bloomfield, J., Dirzo, R., Huber-
Sanwald, E., Huenneke, L.F, Jackson, R.B., Kinzig, A., Leemans, R., Lodge, D., Mooney,
H.A., Oesterheld, M., Poff, N.L., Sykes, M.T., Walker, B.H., Walker, M. and Wall, D.H.
(2000) Global biodiversity scenarios for the year 2100. Science 287, 1770-1774.

Salafsky, N., Margoluis, R. and Redford, K. (2001) Adaptive Management: A Tool for
Conservation Practitioners. Biodiversity Support Program, Washington, DC.

Salafsky, N., Margoluis, R., Redford, K. and Robinson, J. (2002) Improving the practice of con-
servation: a conceptual framework and agenda for conservation science. Conservation
Biology 16, 1469-1479.

Schwartz, P. (1991) The Art of the Long View: Paths to Strategic Insight for Yourself and Your
Company. Doubleday, New York.

Scott, J.C. (1998) Seeing Like a State: How Certain Schemes to Improve the Human Condition
have Failed. Yale University Press, New Haven, Connecticut.

ten Brink, B., Alkemade, R., Bakkenes, M., Eickhout, B., de Heer, M., Kram, T., Manders, T., van
Qorschot, M., Smout, F,, Clement, J., van Vuuren, D., Westhoek, H., Miles, L., Lysenko, |.,
Fish, L., Nellemann, C., van Meijl, H. and Tabeau, A. (2006) Cross-roads of Planet Earth’s
Life. Exploring Means to Meet the 2010-biodiversity Target. Netherlands Environmental
Assessment Agency, Bilthoven.

Thomas, J.A., Telfer, M.G., Roy, D.B., Preston, C.D., Greenwood, J.J.D., Asher, J., Fox, R.,
Clarke, R.T. and Lawton, J.H. (2004) Comparative losses of British butterflies, birds, and
plants and the global extinction crisis. Science 303, 1879-1881.

UNEP (2003) Global Environment Outlook 3. United Nations Environmental Programme,
Nairobi, Kenya.

van der Heijden, K. (1996) Scenarios: The Art of Strategic Conversation. Wiley, New York.

Varas, E. and Riquelme, J. (eds) (2002) Tecnologias apropiadas para el manejo sustentable de
los suelos de la Region del Maule. Serie Actas Instituto de Investigaciones Agropecuarias,
Santiago, Chile No. 17, 148 pp.

Wack, P. (1985a) Scenarios: uncharted waters ahead. Harvard Business Review 63, 72-89.

Wack, P. (1985b) Scenarios: shooting the rapids. Harvard Business Review 63, 139-150.

Wilson, K., Pressey, B., Newton, A., Burgman, M., Possingham, H. and Weston, C. (2005)
Measuring and incorporating vulnerability into conservation planning. Environmental
Management 35, 527-543.



