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GLOSSARY

convention on biological diversity The convention
was first enacted in June 1992, and it has been signed
by many countries. Its objectives are the conserva-
tion of biological diversity, the sustainable use of its
components, and the fair and equitable sharing of
the benefits arising from the utilization of genetic
resources, including by appropriate access to genetic
resources and by appropriate transfer of relevant
technologies, taking into account all rights over
those resources and technologies, and by appro-
priate funding.

functional type A group of species that share morpho-
logical and physiological characteristics that result

" in a common ecological role.

global biodiversity assessment The Global Biodiver-
sity Assessment is an independent peer-reviewed
analysis of the biological and social aspects of biodi-
versity commissioned by the United Nations Envi-
ronment Programme.
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international geosphere biosphere programme A sci-
entific program that is part of International Council
of Science and provides an international and interdis-
ciplinary framework for the conduct of global
change science.

niche complementarity Refers to how the ecological
niches of species may not fully overlap and comple-
ment each other. Consequently, an increase in the
number of species that complement each other may
result in a larger volume of total resources utilized
and in a higher rate of ecosystem processes.

sampling effect Refers to the phenomenon in which
increases in the number of species increase the prob-
ability of including in the community a species with
a strong ecosystem effect. This phenomenon yields
an increase in ecosystem processes with increases
in diversity without invoking niche complemen-
tarity.

scientific committee on problems of the environ-
ment An international organization that is part of
the International Council for Science and is charged
with synthesizing current scientific understanding
associated with environmental issues.

GRASSLANDS are water-limited ecosystems, and water
availability defines the distribution of grasslands. Grass-
land ecosystems occur in areas of the world that have
an annual precipitation between 150 and 1200 mm
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and mean annual temperature between 0 and 25°C.
Temperature controls the distribution of grasslands
mainly indirectly by modulating water demand and
consequently water availability. Increases in tempera-
ture result in increases in soil evaporation and plant
transpiration; consequently, for a similar precipitation
regime, the water balance becomes more negative as
temperature increases. In contrast with most biological
phenomena, primary production of North American
grasslands decreases with increasing temperature, high-
lighting the indirect mechanism of the temperature con-
trol on the distribution of grasslands.

. GRASSLAND DISTRIBUTION

How does the distribution in temperature and precipita-
tion space translate into the distribution of grasslands
in geographical space? Along precipitation gradients
grasslands are located between forests and deserts. Sev-
eral of the International Geosphere Biosphere Pro-
gramme terrestrial transects (Koch et al., 1995) are
located along precipitation gradients and they intersect
forests, grassland—forest ecotones, grasslands, and de-
serts. This pattern is repeated in the North Eastern
China transect, in the Great Plains transect in North
America, and in the Patagonian transect in South
America (Fig. 1).

Although temperature and precipitation are the ma-
jor determinants of the distribution of grasslands, fire
also may play an important role. Fire becomes particu-
larly important in the grass—forest ecotones where the
dominance of grasses or woody plants in many cases
is determined by the frequency and intensity of fires.
For example, in North American tallgrass prairie, the
area covered with woody plants has increased dramati-
cally in the past 100 years and the human intervention
in reducing fire frequency is largely responsible for the
change (Briggs et al., 1998). Similarly, data from pollen
profiles, tree ring analysis, and photographic sources
documented a shift in the grassland—forest ecotone in
northern Patagonia with woody vegetation invading the
grassland (Veblen and Markgraf, 1988). Again, changes
in the human-induced fire regime were responsible for
the forest expansion.

This article focuses exclusively on climatically deter-
mined grasslands, in contrast with grasslands resulting
from human intervention. Anthropogenically deter-
mined grasslands are located in areas where potential
natural vegetation is forest. Humans, in an attempt to
produce forage for domestic animals, have logged for-
ests and have maintained these plots as grasslands by
mowing them periodically.

Worldwide, temperate grasslands are represented in
all continents and potentially cover a vast area of 49 X
10° km? that represents 36% of the earth’s surface

FIGURE1 Map of the global distribution of temperate grasslands (adapted from Bailey, 1998).




(Shantz, 1954). Our definition of temperate grasslands
excludes tropical and subtropical savannas but includes
grass and shrub deserts. In North America, grassland
is the potential natural vegetation of most of the Great
Plains and it reaches from the Chihuahuan desert in
the south to the deciduous forests of Canada in the
north and from the Rocky Mountains in the west to
the deciduous forest of the eastern United States (Fig.
1). In South America, grassland is the potential vegeta-
tion of the vast pampas and most of the Patagonian
steppe. Finally, in Asia, grassland ecosystems cover a
huge area from the Ukraine to China.

II. EXTENT OF BIODIVERSITY IN
TEMPERATE GRASSLANDS

Biodiversity can be examined in many different ways,
and multiple definitions exist for what constitutes “bio-
diversity.” Nevertheless, the authors of the Global Bio-
diversity Assessment, using definitions originally pro-
posed by the Convention on Biological Diversity,
defined biological diversity as “variability among living
organisms from all sources” (Heywood and Baste,
1995). Here, we focus on biodiversity in terms of taxo-
nomically defined species, and the vast majority of stud-
ies quantifying ecosystem variation have used this mea-
sure. However, genetic biodiversity (genetic variation
among a single species) and ecological diversity (in-
cluding landscape diversity and functional group diver-
sity) are also important components of biological diver-
sity. The definition of biodiversity, therefore, will
depend to a certain extent on one’s objective and scale
of interest, ranging from the gene to the ecosystem.

A. Diversity of Plants

Floristic diversity in grasslands varies broadly, with
many natural grasslands having a very high level of
plant diversity, at times approaching that seen in main-
land tropical forests (Groombridge, 1992). For exam-
ple, the Pampa region in Argentina represents some of
the highest diversity grassland, with more than 400
species of grasses (Cabrera, 1970). In North America,
more than 250 native species are found in tallgrass
prairie (Freeman, 1998), the vast majority of which are
perennial grasses.

Plant species of grasslands can be categorized into
four functional types: grasses, shrubs, succulents, and
herbs (Sala et al., 1997). The classification of plant
species into functional types only has epistemological
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value and serves the purpose of facilitating the study
of grasslands. This classification can be divided into
many new subcategories or aggregated into fewer units
depending on the needs of the analysis. The relative
contribution of the four functional types depends on
the seasonality of precipitation and the soil texture,
which are the factors controlling the distribution of
water availability in the soil profile. Water penetrates
deeper into the soil profile in coarse-textured soils than
in fine-textured soils. Similarly, water penetrates deeper
into the soil in regions in which most of the precipita-
tion occurs during the cold time of the year when evapo-
rative demand is low. In general, grasses and shrubs
have contrasting rooting patterns, with grasses having
predominantly shallow roots and shrubs having deep
roots (Jackson et al., 1996). Consequently, grasses dom-
inate in regions in which the wet and warm seasons
are in synchrony and in areas with predominantly fine-
textured soils (Sala et al., 1997; Fig. 2).

Grassland plant species can also be classified ac-
cording to their photosynthetic pathway into C; and
C, species. The two groups of species have differences
in the physiology of photosynthesis and in the morphol-
ogy of leaves that result in different ecological character-
istics that separate them in time and space. Regional
analyses of the distribution of these two types of grass
species showed that C; species decrease southward in
North America and northward in South America and
C, species show the opposite pattern (Paruelo et al.,

high
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FIGURE2 Conceptual model explaining the distribution of the func-
tional groups grasses and shrubs with changes in seasonality of tem-
perature and precipitation (congruence of warm and wet seasons)
and soil texture. The gray shaded area represents conditions that are
likely to favor the persistence of grasses, whereas the speckled area
represents conditions that favor the shrub functional group. The
intersection of the two areas represents points at which biotic influ-
ences are likely to be most pronounced (adapted from Sala et dl.,
1997).
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1998). Similarly, the abundance of C; species increases
whereas that of C, decreases along an altitudinal gradi-
ent (Cavagnaro, 1988). These biogeographical analyses
correlate with ecophysiological studies showing that C,
species have photosynthesis optima at higher tempera-
ture, have higher water use efficiency, and are better
adapted to low water availability conditions (Kemp and
Williams, 1980).

B. Aboveground Diversity of Animals

All major taxonomic groups are represented in grass-
lands, but despite their large areal extent (36% of the
area of terrestrial ecosystems), overall faunal diversity
is lower than in many other biomes. The number of
bird and mammalian species that are found primarily in
grasslands are estimated to be 477 and 245, respectively,
representing only 5% of the world’s species for each
taxonomic group (Groombridge, 1992). Local diversity
can be high in specific areas (e.g., there are an estimated
208 avian species for tallgrass prairie; Kauffman et al.,
1998), but general patterns show lower diversity for
most taxonomic groups compared with other eco-
systems.

One of the striking features of grasslands in terms
of animal diversity is the presence of large herbivores
as a prominent component of secondary production.
These large grazing mammals have an important impact
on the functioning of grasslands, altering patterns of
nutrient cycling, primary production, and plant species
composition (McNaughton, 1993), although their pres-
ence and diversity varies across different continents.
For example, in the Great Plains of North America,
nearly all the large grazing mammals went extinct dur-
ing the glaciation of the Pleistocene, but the prolifera-
tion of a very few species, particularly Bison bison (plains
bison), dominated the plant—herbivore interactions un-
til the introduction of domestic cattle at the beginning
of the twentieth century (Lauenroth and Milchunas,
1992). In contrast, African grasslands contain a very
high level of mammalian diversity of grazers, with up
to 20 species coexisting in a single reserve (Cumming,
1982). Finally, many South American grasslands
evolved without the presence of large grazers, and their
primary herbivory prior to the introduction of sheep
and cattle was due to insect species (Bucher, 1982).
Thus, although there is variation in the diversity of the
large herbivores, their presence and importance is a
distinctive characteristic of grassland ecosystems.

Small mammals, birds, reptiles, amphibians, and in-
sects also play an important role in the functioning of
grasslands. Species richness of small mammals is actu-

ally higher than that for large mammals (168 vs 77
species overall), and they are mostly granivores or om-
nivores (Groombridge, 1992). In contrast, in Australian
deserts small mammals are mostly insectivorous. Fluc-
tuations in seed supply caused by unpredictable envi-
ronmental conditions and the infertile soils could be
an explanation for these differences (Morton, 1993).

Avian diversity in grasslands represents 5% of the
total species of the world species diversity, and again
the fluctuating climate has an important control on this
distribution. In this case, birds can migrate to remote
areas outside of the grassland biome to seek alternative
resources in periods of unfavorable conditions. In North
American grasslands, which demonstrate a strong sea-
sonality, there are large annual variations of passerines
in response to climatic conditions. Additionally, within
the grassland ecosystems, there exists a gradient of avian
biomass that decreases with precipitation and primary
production from the tallgrass prairie to the mixed prai-
rie and shortgrass steppe (Lauenroth and Milchunas,
1992).

Reptiles in grasslands are less diverse than mammals
and birds, and amphibians are less diverse than reptiles
in the tallgrass prairie of North America (Kauffman et
al., 1998). Latitude has an effect on the biodiversity of
reptiles and amphibians because they are ectotermic
organisms, with an increase in the number of species
from north to south of the tallgrass prairie (Kucera,
1992).

Insects are a diverse element of the terrestrial mac-
rofauna of tallgrass prairie (Kauffman et al., 1998), re-
flecting general patterns of diversity for terrestrial eco-
systems in which insects represent more than 50% of
the species (Strong et al., 1984). They have a very im-
portant role as herbivores, pollinators, predators, para-
sitoids, and decomposers. Herbivorous insects are prob-
ably the most conspicuous functional group in tallgrass
prairie (Kauffman et al., 1998) and may replace large
grazing mammals as the primary consumer in some
South American grasslands (McNaughton et al., 1993).

C. Diversity of Soil Organisms

The diversity of belowground organisms (bacteria,
fungi, and micro-, meso-, and macrofauna) is known
in much less detail than that of plants and animals
aboveground, but it may constitute a very important
component of the biota, often equaling or exceeding
the aboveground biomass in grasslands (Paul et al.,
1979). The large biomass of roots and other under-
ground organs in grasslands and the high concentration
of organic matter provide substrate for a large variety



of bacteria, fungal, and nematode groups, and all are
represented in grassland systems. Additionally, the ar-
thropods, constituting the largest proportion of inverte-
brates in the shortgrass steppe and primarily herbivores,
take advantage of the large amount of belowground
primary production (Lauenroth and Milchunas, 1992).
The studies that have been done show a very diverse
group of organisms in grasslands soils in a variety of
functional roles. For the shortgrass steppe, the relative
importance in terms of biomass of the different func-
tional groups is bacteria > fungi > nematodes > proto-
zoa > macroarthropods > microarthropods (Lauenroth
and Milchunas, 1992). In terms of species numbers, a
soil invertebrate study in tallgrass prairie showed more
than 200 species of nematodes, with fungivores consti-
tuting 40% of the nematode species (Ransom et al.,
1998) and the nematode biomass was exceeded only
by that of bacterial and fungal groups. Another study
in the shortgrass steppe found soils to contain more
than 100 species of fungi during the summer season
(Christensen and Scarborough, 1969).

III. BIODIVERSITY AND ECOSYSTEM
FUNCTIONING IN GRASSLANDS

The relationship between biological diversity and the
functioning of ecosystems has been central in the devel-
opment of ecological ideas, and grassland ecosystems
have been crucial in testing these ideas. McNaughton
(1993) traced the idea of the relationship between bio-
diversity and ecosystem functioning to statements by
Charles Darwin about how increasing species diversity
in a plot might result in higher productivity as a result
of niche complementarity. Most species in Darwin’s
plot supposedly exploited different resources, and con-
sequently the larger the number of species, the larger
the volume of resources exploited. For example, plots
containing only shallow-rooted or deep-rooted species
should have lower productivity than plots containing
both groups of species that jointly have access to water
and nutrients stored in both upper and lower layers of
the soil.

Species not only differ in their ability to exploit re-
sources but also in their response to the environment.
Species show a variety of responses to abiotic factors
such as temperature or water availability as well as
biotic factors such as predation or competition. These
relationships led to the diversity—stability hypothesis
or portfolio hypothesis that stated that higher species
diversity results in greater ecosystem stability (Mc-
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Naughton, 1993). Consequently, ecosystem processes
will vary more in space or time in less diverse than in
more diverse communities.

The basic theory of the relationship between biodi-
versity and ecosystem functioning has been established
for decades, but its empirical support has been scarce
and fragmentary. Pimm’s (1984) review of experimental
results and later the Scientific Committee on Problems
of the Environment (SCOPE) project led by Hal Mooney
(Schulze and Mooney, 1993) reinvigorated the field and
highlighted the gaps in our understanding. The value
of possessing a quantitative understanding of the rela-
tionship between biodiversity and ecosystem function-
ing is underscored by the fact that we are in the midst
of the sixth major extinction event in the history of life
(Chapin et al., 1998). The major difference between
this and previous extinction episodes is that the current
wave of extinction is the result of human activity. Soci-
ety is urged to identify the consequences of the human-
driven changes in biodiversity for the functioning of
ecosystems that provide so many goods and services,
including grasslands, that are at the basis of human
well-being (Sala and Paruelo, 1997).

A large SCOPE project had the responsibility of as-
sessing and evaluating the vast number of observations
and experiments that addressed in different ways the role
of biological diversity on the functioning of ecosystems.
An initial meeting and corresponding volume synthe-
sized the theory and formulated a plan of action (Schulze
and Mooney, 1993). The second step was to address the
same questions on a biome by biome basis. Finally, a
large synthesis assessed the differences and commonal-
ties among biomes in the relationship between biodiver-
sity and ecosystem functioning (Mooney et al., 1995a, b,
1996). Results for the grassland biome emphasized the
effects of changes in biodiversity on primary productiv-
ity, decomposition, water balance, atmospheric proper-
ties, landscape structure, and species interactions (Sala
et al., 1995, 1996). This effort synthesized our knowl-
edge and it also highlighted the gaps in our understand-
ing and the need for further experimentation.

Grassland ecosystems played a key role in the experi-
mentation regarding the functional roles of biodiversity
mostly because of the small size and short life span of
grasses, which made manipulative experiments feasible
with few resources and in short periods of time. The
most widely accepted hypothesis indicates that the rate
of ecosystem processes, such as primary productivity
or nutrient cycling, might increase linearly as species
richness increases and that this relationship eventually
saturates as ecological niche overlap increases (Fig. 3)
(Vitousek and Hooper, 1993).
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FIGURE3 Theoretical relationship between biodiversity and ecosys-
tem functioning. Species richness (number of species) is the most
common indicator of biodiversity, although this axis term could
also include genetic diversity (diversity within species) to landscape
diversity. Ecosystem process could signify processes occurring at the
ecosystem level, including primary production and decomposition,
and components of nutrient cycling (adapted from Vitousek and
Hooper, 1993).

The first experiment specifically designed to test this
hypothesis was carried out under controlled conditions
at the Imperial College Ecotron facility (Naeem et al.,
1994). The experiment used synthetic communities
with three trophic levels and three levels of species
diversity, from the simplest with 1 species of a second-
ary consumer, 3 primary consumers, 2 producers, and
3 decomposers to the most diverse that had 31 species.
The results of this experiment supported the hypothesis
described in Fig. 3 in that carbon fixation (an indirect
measure of primary productivity) increased with diver-
sity. The first large-scale field experiment specifically
designed to test this hypothesis was located in the North
American tallgrass prairie (Tilman et al., 1996). The
experiment consisted of sowed plots with seven levels of
plant diversity and 20 replicates per level. Each replicate
was a random draw from a pool of 24 native species.
Consequently, replicates had the same diversity level
but could have a different or equivalent species compo-
sition. Results follow a pattern similar to that of Fig.
3, with total plant cover (a nondestructive way of esti-
mating light interception and production) and nutrient
uptake increasing with species richness up to a level
of approximately 10 species. Beyond 10 species, the
different estimates of ecosystem functioning did not
change. Recently, a large consortium of scientists orga-
nized a large-scale field experiment across Europe with
the purpose of testing the same hypothesis (Hector et
al., 1999). The same experimental design was repeated
in eight locations in Europe from Sweden to Greece and
it consisted of five diversity treatments with richness
ranging from 1 to 32 species. Species identity varied
among the sites since species for each treatment were

always drawn from a pool of species adapted to local
conditions. A single model represented the loglinear
increase of aboveground biomass with increasing spe-
cies richness for all sites.

The different experiments designed to test the effect
of diversity on ecosystem functioning yielded results
that are similar to those predicted from the hypothesis
described in Fig. 3. These results can be interpreted as
evidence of niche complementarity; that is, the higher
the number of species with niches that do not overlap,
the larger the total volume of resources exploited (Til-
man et al., 1997). Alternatively, the same results can
be interpreted as resulting from the sampling effect
(Huston, 1997; Tilman et al., 1997). It indicates that
as the number of species increases, the probability of
including in the mix a species with strong ecosystem
effects increases. This species may be a nitrogen fixer,
a deep-rooted species, or simply a species with a combi-
nation of characters that maximizes production in these
circumstances.

IV. THE FUTURE OF BIODIVERSITY
IN GRASSLANDS

Biodiversity in grassland ecosystems is seriously threat-
ened by human activity. Grassland ecosystems, in two
of three possible scenarios of biodiversity change for
the Year 2100, appear to be the most threatened biome;
in the third scenario, grasslands appear behind only
tropical forests, arctic ecosystems, and southern tem-
perate forests (Sala et al., 2000).

What makes biodiversity in grassland ecosystems so
vulnerable to human impact? Are grassland ecosystems
particularly sensitive? Are they located in areas that
will be affected the most? A recent study identified
the most important drivers of biodiversity change in
grasslands as changes in land use, climate, nitrogen
deposition, biotic exchange (accidental or deliberate
introduction of plant or animal species to an ecosys-
tem), and atmospheric CO, and studied their expected
change and the sensitivity of each biome (Sala et al.,
2000). The study concludes that grasslands are both
quite sensitive ecosystems and are located in parts of
the world where ecosystems are going to be affected
most by human activity (Fig. 4).

The expected change of each of the drivers was as-
sessed using other scenarios, such as climate change or
land use change, that were developed independently
(Alcamo, 1994; Haxeltine and Prentice, 1996). The dif-
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FIGURE4 Scenarios of biodiversity change in grasslands for the Year
2100. (A) Expected change of the major drivers of biodiversity change
in a relative scale from 1 to 5. (B) Sensitivity of grasslands to unit
changes in each driver using the same relative scale. (C) Grassland
biodiversity change resulting from changes in each driver and calcu-
lated as the product of the expected change of each driver multiplied
by the sensitivity of grasslands to each driver (adapted from Sala et
al., 2000).

ferent drivers of biodiversity change were originally
expressed in different units from parts per million to
hectares and degrees Celsius. In order to compare the
rate of change among drivers, they were all converted
into a 1 to 5 arbitrary scale. Land use, nitrogen deposi-
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tion, and biotic exchange are expected to be the drivers
that are going to change the most in grassland ecosys-
tems (Sala et al., 2000) (Fig. 4A). The most dramatic
changes in land use in grasslands are those that result
in changes in land cover, such as the conversion into
croplands. Grasslands are among the biomes that are
going to experience the largest conversion in land use
because of their mild climate and favorable soil condi-
tions that made them quite suitable for agriculture. The
conversion into agricultural land is not expected to be
even across the world but driven by the patterns of
food demand and population growth that indeed are
quite idiosyncratic. For example, the IMAGE2 model
(Alcamo, 1994) predicts for the Year 2100 a large in-
crease in agricultural area in Africa and a reduction in
North America resulting from an increase in demand
and an increase in intensification, respectively. Biodi-
versity losses resulting from conversion to agriculture
in one part of the world are not offset by a similar area
that will be abandoned and reverts to grassland but that
is located in a different part of the world. Therefore,
total change in grassland area grossly underestimates
the impact of land use change on biodiversity. Finally,
the expected change of nitrogen deposition and biotic
exchange in grasslands are among the highest of all
biomes. Densely human-populated regions are predom-
inantly located in temperate regions where the potential
native vegetation is that of grasslands. Nitrogen deposi-
tion is associated with industrialization, whereas biotic
exchange is associated with trade patterns and ulti-
mately with human density.

Sensitivity to changes in each driver is the magnitude
of change in biodiversity due to a change in a unit of
driver. Sensitivity varies among biomes, and grasslands
are quite sensitive to changes in land use, climate, and
CO, concentration in the atmosphere (Fig. 4B). Grass-
lands are most sensitive to land use change, which
means the conversion into croplands that implies plow-
ing of native grasslands and sowing of a monospecific
crop. This activity clearly results in the local extinction
of all the native plant species that, in turn, determine
the major characteristics of the habitat of animals and
microorganisms. Consequently, land use change drives
all plant species to local extinction and drastically af-
fects the diversity of other organisms (Anderson, 1995).
Biodiversity may be quite sensitive to changes in CO,
concentration in ecosystems that are limited by water
availability such as grasslands. There are well-known
differences in the species response in water use effi-
ciency due to changes in CO, (Jackson et al., 1994).
Consequently, changes in CO, will first affect the com-
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petitive balance and then the relative abundance, and
they may result in the local extinction of species.

The biodiversity change resulting from each driver
(Fig. 4C) can be calculated as the product of the ex-
pected change (Fig. 4A) multiplied by the biome sensi-
tivity to that driver (Fig. 4B). The largest biodiversity
change for the Year 2100 in grasslands is expected to
occur due to changes in land use. The second largest
effect will result from the expected increase in CO,
because although the atmospheric concentration of this
trace gas will increase uniformly throughout the world
(Fungetal., 1987), grassland biodiversity may be partic-
ularly sensitive to it.

Finally, the total biodiversity change in grasslands
expected for the Year 2100 can be calculated as the
sum of the individual effects of each driver (Fig. 4C).
This calculation assumes no interaction among drivers.
Comparison of the total biodiversity change in grass-
lands against that of all the other terrestrial biomes of
the world indicates that grasslands and Mediterranean
ecosystems appear to be the biomes that will experience
the largest change and will be affected the most (Sala
et al., 2000).

Other scenarios consider the assumption that there
are synergistic interactions among the drivers of biodiv-
ersity change. We can envision several examples of the
synergistic interactions among drivers. For example,
the effect of biotic exchange will be amplified if com-
bined with a land use change that results in fragmenta-
tion. Similarly, the effects of elevated CO, on biodiver-
sity when occurring in conjunction with increased
nitrogen deposition will be much larger than the sum
of the individual effects. The scenario developed using
the assumption of a synergistic interaction among driv-
ers also indicated that grasslands and Mediterranean
ecosystems are the most vulnerable (Sala et al., 2000).
The only scenario in which grasslands are not the most
vulnerable ecosystem is when an antagonistic interac-
tion was assumed and the total biodiversity change was
equated with the change resulting from the driver with
the maximum value. This scenario is plausible only
under extreme conditions, such as those of slash-and-
burn that destroy most of the plant and animal species,
and further change due to the other drivers is not possi-
ble. Even in the antagonistic scenario, grasslands are
among the most vulnerable biomes, following tropical,
arctic, and southern temperate ecosystems.
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