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The purpose of the exercise reported in this book was to develop biodiver-
sity"scenarios for the year 2100. The scenarios focused on 10 terrestrial
biomes and freshwater ecosystems, and were based on global scenarios of
changes in the environment and current understanding about the specific
biome sensitivity to global change. The first step was to identify the major
drivers of biodiversity change at the global scale: changes in land use, climate,
N deposition, biotic exchange (the deliberate or accidental introduction of
species into an ecosystem), and atmospheric CO,. Chapters 2 and 3 described
these global patterns and the models used to predict their changes for the
year 2100. Next, we estimated the magnitude of change in drivers for each
biome. Finally, we estimated the sensitivity of each biome to a unit change
in the drivers. The expected change in biodiversity due to each driver for each
biome resulted from multiplying the expected change in each driver times the
sensitivity to a unit change in driver. For each biome, Chapters 4 to 14
described the general patterns of biodiversity, the expected changes in drivers,
the sensitivity to changes in drivers, and the expected patterns of biodiver-
sity change. A first attempt at synthesizing this effort of developing global
biodiversity scenarios has been published (Sala et al. 2000). This final chapter
synthesizes the detailed information presented in each chapter. highlights
similarities and differences among biomes, and develops the global biodiver-
sity scenarios. First, we describe broadly the patterns of biodiversity and the
Jocation of high-diversity areas within each biome. Second, we develop global
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scenarios of biodiversity change by combining the biome-specific informa-
tion into a common framework.,

Within-Biome Patterns of Biodiversity

The biological diversity of a biome is determined by the regional matrix
of biodiversity and by centers of high species diversity, which contribute
substantially to the overall biodiversity of a biome. The causes of diversity
patterns differ among biomes depending on the relative importance of long-
term geographic isolation, rapid cvolutionary change, habitat diversity, and
human-induced and natural causes of extinctions. In some areas the elimi-
nation of dominant species may be compensated by species from the high-
biodiversity arcas; however, loss of diversity will be substantial in situations
where human impact is focused in these arcas. Where is biodiversity concen-
trated in cach biome?

In arctic and alpine tundra, high-biodiversity arcas occur in favorable
sites with relatively warm temperatures (c.g., steep slopes facing toward the
cquator or at low altitudes and latitudes). The highly fragmented and iso-
lated locations of alpine sites contribute to the significant proportion of rare
and endemic species. Endemism is especially high in the European Alps, as
well as in parts of the southern hemisphere and Himalayan alpine region.
Both global warming and land-use change will strongly affect the local
(mainly in the alpine) and regional (mainly in the arctic) diversity of the
tundra.

In the boreal forest, the prime diversity arcas include early-successional
riparian floodplains and decaying logs in late-successional forests. The latter
support a rich beetle fauna assoctated with wood decay and a rich flora of
mosses and lichens. The floodplains support many migratory tropical birds.
In the Scandinavian countries, a high proportion of the beetle specics is
threatened due to a long history of extensive forest harvest. Overall, there are
relatively few endemic species in the boreal zone.

The savanna biome is species-rich due to its long evolutionary history
without major glaciation events, allowing many taxa to co-evolve and co-exist
in space and time. The large interannual variability in climate contributes
to the diversity of life forms in savannas. Characteristic high-diversity arcas
within this biome are wetlands and riparian habitats, which provide favorable
resource-rich conditions. In addition, there are rocky outcrops and ephemeral
hydromorphic vegetation types that harbor specialists with narrow ecologi-
cal requirements.

The five mediterrancan-climate regions of the globe all have high species
richness, due in part to their long complex cvolutionary history without
glaciation cvents. In addition, ecarly human intervention created a heteroge-
neous fine-grained pattern of many different land-use practices. Especially in
the Mediterranean Basin, a complex mainland and insular geography and a
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high topographic variation 1esulted in unusually high landscape-scale diver-
sity that explains the high level of floristic diversity and endemism in Europe.

The extreme environment of the deserr has led to the evolution of high
species diversity with a wealth of unique adaptations. The gecomorphology
and topographic diversity create diverse local moisture patterns and micro-
habitats that allow a multitude of animal and plant species to co-exist. In
addition, mobile sand dunes and unique parent materials support areas of
unusually high diversity of plants and animals.

Diversity varies enormously among grassland types, with many native
grasslands such as the grasslands of the Pampas and the tallgrass prairie
having levels of plant diversity as high as those typical of tropical forests,
whereas others (e.g.. the Patagonian grasslands) have less than 30 species of
plants. Levels of plant-species diversity in grasslands are not associated with
levels of diversity within other taxa. Grasslands that have high plant-species
diversity may have low mammal diversity. but high bird diversity.

Temperate forests of the two hemispheres support a striking diversity in
tree species, life form, structure, and function spanning a wide range of
climate, geology, and evolutionary histories. Latitudinal and regional pat-
terns in seasonality of temperature and rainfall determine the physiognomic
diversity of these forests. The southern hemisphere has particularly high con-
centrations of endemism.

Tropical forests have particularly high species density. They support 14 of
the 18 recognized global areas of highest endemism. Tropical forests also
support a diversity of life forms and life histories.

Diversity in lakes develops during periods of geographic isolation from
other water bodies, particularly in arid environments. In ancient lakes, speci-
ation events are relatively frequent, contributing to high levels of endemism.
The biodiversity of streams varies regionally, due to differences in history,
temperature, hydrology, and geomorphology. The tropical freshwaters are a
major reservoir of global fish diversity, whereas North American streams
and rivers support the richest freshwater fish fauna of moist temperate
regions.

Global Biodiversity Scenarios for the Year 2100

The Approach

The task of combining the effects of different drivers on the biodiversity
change of different biomes required a common framework. Global models
of environmental change express their output in different units [e.g., squared
kilometers of land-use change or parts per million (ppm) of CG, in the
atmosphere]. In addition, biomes differ substantially in current levels of
species diversity. We used a business-as-usual scenario generated by global
models of climate (Had CM2), potential vegetation (Biome 3) (Haxeltine and
Prentice 1996), and land use (Scenario A from the Image 2 model) (Alcamo
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1994) to estimate the change in the magnitude of the drivers of biodiversity
change for each biome. We ranked the projected changes in drivers from
small (value of 1) to large (value of 5) (Table 15.1A). The locations of the 10
biomes selected for this excrcise were determined by aggregating the Bailey
ccorcgions (Bailey 1998).

The next step of the exercise was to estimate, for cach biome, the impact
that a unit change in cach driver has on biodiversity independent of the
expected change of the driver (Table 15.1B). As in the approach used to
compare expected changes in drivers, we ranked the sensitivity of cach biome
to a unit change in driver from small (value of 1) to large (value of 5). We
calculated the expected change in biodiversity due to the effect of one driver
as the product of the expected change times the sensitivity.

Finally, to calculite the total change in biodiversity for each biome, we
developed three different scenarios based on different assumptions regarding
interactions among the drivers of biodiversity change. The first scenario was
based on the assumption that there were no interactions among drivers; con-
scquently, total biodiversity change, for each biome, was calculated as the
sum of the effects of cach driver. The second scenario was based on the
assumption that there were antagonistic interactions among drivers; thus,
the driver with the largest effect overshadowed the effects of the other drivers.
In the antagonistic-interactions scenario, the biodiversity change of the biome
was equal to the cffect of the driver with maximum value. The third scenario
assumed that therc were synergistic interactions among drivers and that the
effects on biodiversity of scveral drivers was larger than the sum of the effects
of those same drivers acting independently. In the synergistic-interactions
scenario, we calculated the biome change in biome diversity as the product
of the effects of cach driver.

Our current understanding does not allow us to predict which scenario
will most closely represent biodiversity change by the year 2100. Evidence
suggests that cach scenario is plausible under particular circumstances. For
example, the sum of the independent cffects on biodiversity of elevated CO,
and N deposition will be much smaller than the effect of enhanced CO, and
N availability acting together (synergistic interaction). The effects of elevated
CO, on several aspects of ccosystem functioning is amplified when combined
with high N availability (Mooncy et al. 1999). It is similarly very likely that
the effect of biotic exchange on biodiversity will be enhanced if species intro-
ductions occur simultancously with changes in land use or N availability.
Other cases support the antagonistic-interactions scenarios. For example, it
is unlikely that climate change or N deposition will further affect the biodi-
versity of tropical forest stands that have been cut, burned, and planied with
a crop. We present the three scenarios as plausible alternatives for global bio-
diversity change because there is no clear evidence that any single scenario
will best represent future patterns. Moreover, we expect that the shape of the
interactions among drivers will differ among biomes, among drivers, and with
the intensity of the change in drivers.
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The Drivers

The IMAGE 2 mode! projects the largest changes in land use to occur in the
tropical forest and southern temperate forest biomes (Table 15.1A). In
contrast, biomes located in remote arcas, such as the arctic and alpine
tundra, which will continue to have low human density, are expected to show
the least amount of land-use change. Grasslands, savannas, and mediter-
rancan ccosystems will exhibit intermediate levels of land-use change for
rcasons that are specific to cach biome.

The global circulation model (GCM) used in our exercise as well as GCMs
included in the most current version of IPCC (Kattenberg et al. 1996) agreed
with predictions of largest changes in temperature at high latitudes; conse-
quently, we assigned the largest change in climate to the high-latitude biomes,
arctic tundra and boreal forest (Table 15.1A). In contrast, tropical forest
will experience the least climate change, and other biomes will show inter-
mediate values.

Carbon dioxide mixes globally on an annual basis (Fung et al. 1987). We
therefore assumed that all biomes will experience the same change in atmos-
pheric CO, (Table 15.1A). Patterns of nitrogen deposition vary significantly
among regions, with the highest levels occurring in Eastern North America,
Western Europe, and Eastern Asia associated with the intensity of industrial
and urban activitics (Holland et al. 1999). We assigned the highest values for
N deposition to northern temperate forests and the lowest to biomes located
in regions distant from industrial arcas such as the arctic tundra and south-
ern temperate forests (Table 15.1A). Biotic exchange is driven by activities
such as trade and agriculture and is therefore related to the pattern of human
activity. Remote areas receive fewer exotic species than areas with intense
human activity (Drake et al. 1989).

The Biome Sensitivity

The sensitivity of biodiversity in a particular biome to changes in each driver
is generally poorly documented in carefully controlled experiments. These
sensitivities, however, can be estimated from general principles, from ecolog-
ical patterns of species distribution along gradients, and from changes in
diversity that have occurred in response to a varicty of human-induced envi-
ronmental changes. In assigning values of biome sensitivity to each driver,
authors of each chapter reviewcd the available literature for their biome and
consulted widely with other ecologists familiar with that biome. We then used
these literature reviews and the experience of chapter authors to develop a
set of “sensitivity rankings” that were consistent across biomes.

Land-use change is the driver with the largest impact on biodiversity (Sala
1995). The impact is so large and equally negative for all biomes that we
assigned land-use change the maximum value in all biomes (Table 15.1B).
Land-use change affects biodiversity primarily by reducing habitat availabil-
ity. For example, when an arca of tropical forest is logged, burned, plowed,
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and seeded with a soybean crop, most native plant species disappear, and the
below-ground biota are drastically modified (Anderson 1995).

We expect that a given change in climate will have a larger effect in biomes
characteristic of extreme environments (Table 15.1B). Climate change likely
will affect biodiversity in all ecosystems but the rate of change per unit tem-
perature change will be larger for the arctic, alpine tundra, and desert biomes
that possess species narrowly adapted to extreme climatic conditions.

Nitrogen deposition will have the largest effect on ecosystems that are most
limited by N (e.g., temperate and boreal forest) and the least effect on biomes
that are most frequently limited by other factors [e.g.. water availability
(deserts) or phosphorus (tropical forests)] (Table 15.1B). N deposition affects
biodiversity by changing N availability in the soil. Numerous studies reported
a negative relationship between N additions and species diversity (Berendse
and Elberse 1990; Huenneke et al. 1990; Tilman 1993). For example, fertil-
ization with 27 gN/m?/year in a grassland, characteristic of the North Amer-
ican tallgrass prairie, resuited, after 11 years, in a 50% reduction n species
richness (Tilman 1993). Changes in soil N will alter first the competitive
balance of plant species by favoring species with high relative growth rate
that can take advantage of this resource. If changes persist in time or space,
they will result in local extinctions.

The vulnerability of different ecosystems to invasions is an issue of current
debate and one that is attracting a significant research effort. The severity
of climate is one of the factors that has been suggested as an important
determinant of vulnerability to invasions, with more mesic environments
being more vulnerable than xeric ecosystems (Rejmanek 1989). Experimental
studies have reinforced the idea that high initial biodiversity may reduce vul-
nerability to invasions (Levine 2000). The same study. however, highlighted
the role of other factors that may overshadow the effect of the original bio-
diversity level. We assigned the lowest sensitivity to biotic exchange to arctic,
alpine tundra, boreal forest, and tropical forest, and the highest to mediter-
ranean ecosystems (Table 15.1B).

The sensitivity of different biomes to elevated CO, is associated with the degree
of water limitation (Mooney et al. 1991). One of the most consistent effects
observed in elevated CO, experiments has been a reduction in stomatal conduc-
tance and a consequent increase in water-use efficiency (Jackson et al. 1994). We
therefore assigned the highest sensitivity values to grasslands and savannas
because they are water-limited ecosystems witha combination of functional groups
with different rooting patterns, photosynthetic pathways, phenology, and
woodiness (Table 15.1B). In contrast, we assigned the lowest sensitivity values
to arctic, alpine, boreal forest, tropical forest, and freshwater ecosystems.

Ranking of Drivers

The exercise of developing biodiversity scenarios yielded a ranking of drivers
according to their expected global effect on biodiversity for the year 2100
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Relative effect of drivers

Figure 15.1. Relative effects of the major drivers of changes on biodiversity, The
expected biodiversity change for each biome for year 2100 was calculated as the
product of the expected change in drivers times the effect of each driver on biodi-
versity for each biome. Values represent the average across biomes and they are made
relative to the maximum change, which resulted from change in land use. Thin bars
are standard errors and represent variability among biomes. Redrawn with permis-
sion from Sala et al. (2000). Copyright 2000 American Association for the Advance-
ment of Science.

(Fig. 15.1). Land-use change is expected to be the driver with the largest effect
on biodiversity as indicated by the average effect across biomes. Land-use
change will affect biodiversity by changing habitat availability that will result
in local and global species extinctions. Climate change is the second most im-
portant driver primarily due to the strong effect of warming at high latitudes.
N deposition, biotic exchange, and atmospheric CO, follow land-use and
climate change in the ranking of global effects on biodiversity. Variability
among biomes is maximal for land use (Fig. 15.1) due to the large variabil-
ity among biomes in expected land-use chinge and the uniformly high sen-
sitivity of all biomes to changes in land use. In contrast, the effect of elevated
CO, shows small variability because CO, is well mixed in the atmosphere and
because differences in sensitivity to CO; among biomes are relatively narrow
(Table 15.1B).

Variation Among Biomes

Biomes differ strikingly in the expected effect that different drivers of biodi-
versity change will have by the year 2100 (Fig. 15.2). Tropical forests and
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Figure 15.2. The effect of each driver on biodiversity change for each terrestrial biome
and freshwater ecosystem type calculated as the product of the expected change
of each driver times its effect for each terrestrial biome or freshwater ecosystem.
Expected changes and impacts are specific to each biome or ecosystem type and are
presented in Tables 15.1 and 15.2. Values are relative to the maximum possible value.
Redrawn with permission from Sala et al. (2000). Copyright 2000 American Associ-
ation for the Advancement of Science.



360 O.L. Sala et al.

Table 15.2. (A) Expected changes for the year 2100, in
the major drivers of biodiversity change for lakes and
streams. (B) The impact of a large change in cach driver
on the biodiversity of cach major freshwater-ccosystem

type
(A) Expected
changes (B) Impact on
in drivers diversity
Lakes  Streams  Lakes  Streams
Land usc 4.0 5.0 5.0 5.0
Atmos CO, 2.5 2.5 1.0 1.0
2.0 2.0 2.0 1.0
N deposition
Climate 3.0 4.0 30 4.0
Biotic exchange 5.0 35 5.0 3.0

Methods and assumptions are as in Table 15.1 (see text).

southern temperate forests will likely be affected mostly by a single factor
(i.e,, land-use change) whereas the other drivers will have a relatively small
cffect. Arctic tundra will also likely be affected mostly by a single driver, in
this case climate change. In contrast, Mediterrancan ccosystems, savannas,
and grasslands will likely be affected simultancously by scveral factors, all
with moderate-to-large effects. Finally, biomes such as northern temperate
forests and deserts will likely experience low-to-moderate impacts of all
drivers.

Freshwater ecosystems will likely experience large changes in biodiversity
that result from changes in land use, biotic exchange, and climate (Table 15.2
and Fig. 15.2). Lakes and streams will both be affected significantly by land-
use change because human activities are disproportionately concentrated
around waterways. Urban areas and agriculture tend to be located on ripar-
ian zones or near them. Human activity results in increase input of nutrients,
sediments, and pollutants. Biotic exchange, which results from both inten-
tional human actions and unintentional consequences of these actions, is also
relatively larger in freshwater ecosystems than in terrestrial biomes (Lodge
et al. 1998). For example, fish stocking in lakes and streams has driven many
native fish to extinction, and the unintentional cxchange of biota in ballast
water that has had large negative cffects on the biota of several lakes. N depo-
sition and elevated CO, will likely have smaller effects in {reshwater eco-
systems than in terrestrial ecosystems (Tables 15.1 and 15.2). The combined
effect of all these factors currently has resulted in a larger decline of
biodiversity in freshwater ecosystems than in the most strongly impacted
terrestrial ecosystems (Ricciardi and Rasmussen 1999).

Streams in tropical regions will likely be affected most strongly by land-
use change, whereas climate change and biotic exchange will have relatively
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smaller effects. Temperate streams will likely be affected equally by land-use
change and biotic exchange (Richter et al. 1997; Harding et al. 1998). Finally,
high-latitude streams will likely be affected the most by climate change with
land-use change and biotic exchange playing a small role (Oswood et al.
1992). Streams are more sensitive than lakes to changes in climate because
of the large effect of climate on run-off and its large effects on stream
biodiversity (Poff et al. 1997).

We developed three scenarios of biodiversity change taking into account
the effect of all drivers for the ten terrestrial biomes. The three scenarios were
based on assumptions of no-interactions, antagonistic interactions, and syn-
ergistic interactions among drivers of biodiversity change (Fig. 15.3; see color
insert). In the first scenario, which is based on the assumption of no interac-
tions among drivers, mediterranean ecosystems and grasslands appear as the
biomes that will experience the largest proportional change in biodiversity,
mostly because of the additive effects of most drivers that all have moderate-
to-high values (Fig. 15.3A). In contrast, arctic, alpine, and desert ecosystems
will experience the least proportional change, mostly as a result of the low-to-
moderate effect of most drivers. The range of change from the biome that will
change the most to the one that will change the least is relatively narrow in this
scenario with the minimum change being 60% of the maximum.

In the second scenario, which was based on the assumption of antagonis-
tic interactions among drivers, the ranking of biomes changed drastically
(Fig. 15.3B). Tropical and temperate forests and arctic ecosystems will be the
biomes with the largest proportional change in biodiversity, whereas they
were among the biomes with lowest change in the previous scenario. Biomes
with large changes in this scenario respond to the effect of a single driver,
which will be land-use change for tropical and temperate forests and climate
for arctic tundra.

In the third scenario, which was based on the assumption of synergistic
interactions among drivers, the ranking of biomes is similar to the ranking’
of the first scenario with the largest proportional change in mediterranean
and grasslands biomes and the least proportional change in tropical forest
and arctic tundra (Fig. 15.3C). Biomes that will be affected by multiple
drivers show larger changes in this scenario than biomes that will be affected
by a single factor, even when the expected change of the driver will be very
large. The assumption of synergistic interaction among drivers amplifies the
differences among biomes. The change expected for the biome with the least
change (arctic) will be just 2% of the biome with the largest change (mediter-
ranean ecosystems). The other two scenarios showed narrower differences
between the biomes with the highest and lowest expected change.

Despite the differences that result from the three different assumptions
about interactions among drivers, common patterns emerge in the compari-
son of all three scenarios. Mediterranean ecosystems and grasslands appear,
in all three scenarios. among the biomes that will experience the greatest pro-
portional change in biodiversity by the year 2100. Savannas, independent
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of the scenario chosen, appear as a biome that will experience moderate
change. In all three scenarios, deserts and northern temperate forests will also
experience moderate-to-low proportional change in diversity. In contrast, the
expected change in tropical and southern temperate forests differs dramati-
cally among scenarios. These two biomes range from being the biomes that
will show the greatest proportional change in biodiversity in the antagonistic-
interactions scenario to being among the biomes that will change the least in
the no-interactions and the synergistic-interactions scenarios. All of these
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scenarios project proportional changes in biodiversity. Because the tropical
forest has many more species than the arctic, for example, the changes in
absolute number of species lost would be greater in those biomes with great-
est current biodiversity.

Conclusions and Future Research Needs

Biodiversity is quite sensitive in all biomes to drivers of global change. Land-
use change appears as the driver with the largest global effect on biodiversity
by the year 2100; however, the importance of the different drivers varies cnor-

|
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Figure 15.3. Maps of three scenarios of the expected change in biodiversity for the
year 2100. Scenario A assumes that there are no interactions among drivers of bio-
diversity change; consequently, total change is calculated as the sum of the effects of
each driver, which in turn results from multiplying the expected change in the driver
for a particular biome (Table 15.1A) times the effect of the driver that is also a biome-
specific characteristic (Table 15. 1B). Scenario B assumes that total biodiversity change
equals the change resulting from the driver that is expected to have the largest effect
and is calculated as the maximum of the effects of all the drivers. Scenario C assumes
synergistic interactions among the drivers; consequently, the total change is calculated
as the product of the changes that result from the action of cach driver. The differ-
ent colors represent the expected change in biodiversity from moderate to maximum
for the different biomes of the world ranked according to the total expected change.
The numbers in parentheses represent the total change in biodiversity relative to the
maximum value projected for each scenario. The biomes are MED (mediterrancan
ecosystems), GRAS (grasslands), SAV (savannas). BOR (boreal forest), S. TEMP
(southern temperate forest), TROP (tropical forest), N. TEMP (northern temperate
forest), ARCT (arctic ecosystcms), DESERT (desert). Values for alpine, stream, and
lake ecosystems are not shown. (Redrawn with permission from Sala et al. 2000.
Copyright 2000 American Association for the Advancement of Science.)
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Land Use

Relative Importance

Time

Figure 15.4. Hypothetical diagram of the changes in the importance of each driver
of biodiversity change relative to its maximum, from present time to the year 2100.
The diagram depicts the changes in importance through time for each individual
driver from the lowest (0) to the highest (1), but it does not attempt to make com-
parisons among drivers. Land-use change is expected to change at the fastest rate and
reach the maximum sooner than the other drivers do. The importance of land-use
change will likely decline when most of arable land has been converted into cropland.
On the contrary, the importance of the other drivers will grow at a slower rate, but it
will continue growing until the end of the period of study because of the abundance
of the resources and the difficulty of humans in controlling consumption.

mously among biomes ranging from those affected by a single factor, land
use or climate, to those affected by most drivers.

In addition to the idiosyncratic geographical patterns of drivers and their
differential effects on biodiversity, their relative importance will likely vary
with time (Sala et al. 1999). We expect that land-use change will be the driver
that will have the steepest rate of change and will achieve a maximum value
the soonest (Fig. 15.4). The rate of change in land use has been documented
extensively. Since the beginning of the twenticth century a very large fraction
of native ecosystems have been transformed into croplands and urban areas
(Richards 1993). The rate of change of land use, however, will be reduced in
the medium-to-short term when most of the arable land is converted into agri-
cultural land. Changes in the composition of the atmosphere have also been
clearly documented (Keeling 1986). The rate of change of greenhouse gases
in the atmosphere does not scem to be limited in the medium term due to the
abundance of fossil fuels (Schimel et al. [996) and the difficulties in imple-
menting a global policy that constrains energy consumption. Changes in
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climate will result from changes in the composition of the atmosphere
and consequently will lag behind changes in the concentration of CO;
(Kattenberg et al. 1996). The impact of humans on the nitrogen cycle has also
been documented (Vitousek 1994), and it is unlikely to decrease in the medium
term. The importance of biotic exchange will be magnified by changes in land
use. CO,. and N deposition and will consequently lag behind them. During the
time period explored by this scenario, we expect that the importance of land-
use change will grow quickly, but that its relative importance will decline,
whereas the other drivers will continue increasing their effects on biodiversity.

This exercise highlights the sensitivity of biodiversity change to the
assumptions about interactions among drivers of biodiversity change. We
suggest that this is one of the most important sources of uncertainty and
that decreasing the level of uncertainty will require a major interdisciplinary
research effort. We hypothesize that the shape of the interactions among
drivers will vary among biomes and among sets of drivers. The shape of the
interaction may also change with the intensity of drivers. At low levels of
change, synergistic interactions may prevail, but the antagonistic scenario
may be the most realistic at high levels of any driver. Another source of
uncertainty in this exercise is the future state of the drivers. Any improve-
ment in the scenarios of change in climate, land use, and CO,, will result in
a reduction of the uncertainty associated with the biodiversity scenarios.

The scale at which the global scenarios were constructed influences the error
of the exercise and limits its applicability. Scenarios were developed for ten ter-
restrial biomes and two types of freshwater ecosystems. Each of the biome
chapters highlighted major differences within biomes that were overshadowed
by the scale at which results were synthesized. Most management decisions
occur al a finer scale than the one used in this study. Humans manage pri-
marily paddocks, watersheds, and regions and struggle to manage larger units
that encompass a varicty of ecological, political, and social conditions.

Actions tending to mitigate biodiversity change include those actions that
decrease the rate of change of global change drivers. For example, reductions
in the rate of change of climate and land use would reduce the rate of change
of biodiversity. Those changes should be complemented with specific actions
at a finer scale and tailored for the biological, social, and economic con-
ditions of each region. Different management plans will be required for
different regions and must be based on a thorough understanding of the
ecological and social characteristics of each region. The fine-scale under-
standing of the determinants of biodiversity change is as important as the
understanding of the global patterns and will be an important challenge for
the future.
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