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6.1.7 Temperate grasslands

6.1.7.1 Introduction

Grasslands are the potential natural vegetation on
approximately 25% (33 X 10° km?) of the land surface of
the Earth (Shantz 1954), although estimates of their current
extent range from 16% (Whittaker and Likens 1975) to
30% (Ajtay et al. 1979).

Three aspects of grassland environments distinguish
them from other ecosystem types (Anderson 1982;
Milchunas et al. 1988): these are drought, fire and grazing
by large ungulate herbivores. All three factors provide
sclection pressures favouring high turnover of above-
ground plant organs, location of perennating organs near
the soil surface, and location of a large fraction of plant
biomass and activity below ground. Drought is a frequent
influence on dry grasslands: fire is a much more significant
force in shaping grasslands in humid regions than it is in
dry regions, Grazing can be an important evolutionary
force across the moisture gradient but its specific influence
depends upon the moisture status of the site (Milchunas et
al. 1088). Adaptations that cnhance survival in arid and
semi-arid environmenris may promote tolerance or
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avoidance to grazing (Coughenour 1985). Therefore,
grazing should have a larger effect on the species
composition in humid than in arid and semi-arid grasslands
(Milchunas et al. 1988). :

6.1.7.2 Human impact on biodiversity

The most common use of grasslands is for grazing by
domestic animals to produce mainly meat, milk and fibre.
The first management action in most cases has been to
replace native grazers and their predators with a few
species of domestic animals. In an attempt to enhance
animal production, humans have tried to increase primary
production and/or animal consumption. Techniques aimed
at increasing primary production, such as fertilization and
irrigation, are all practices that raise resource availability
for plants. Given that domestic animals have a selective
intake, a large fraction of management techniques
attempts to change species composition to match domestic
animal preference. By their selective grazing behaviour,
livestock tend to modify species composition in
opposition to the efforts of managers, Even minimum
husbandry has resulted in significant increases in animal
biomass density in vast grassland regions (Oesterheld er
al. 1992),

Grazing does not necessarily reduce plant biodiversity
although overgrazing can result in losses of diversity at the
population, species, ecosystem and landscape levels. The
lack of grazing in some grassland types also results in
biodiversity losses (Sala et al. 1986; Sala 1988). In general,
ecosystem enrichment via fertilization or irrigation results
in a decrease in diversity at the population and species
levels (Tilman 1993). The replacement of animal or plant
species by introduced species has a clear and direct
negative effect on biological diversity. Changes in
ecosystem and landscape diversity occur as a result of
habitat selection by livestock (Smith er al. 1992) and

replacement of native ecosystems by cultivated grasslands
and croplands (Burke er al. 1991),

6.1.7.3 Productive capacity

Human impact on biodiversity. Primary production is
most often manipulated by the addition of water or mineral
nutrients. Both kinds of resource additions directly and
indirectly modify biodiversity (Rosensweig 1971; Mellinger
and McNaughton 1975; Lauenroth et al. 1978; Tilman
1993).

Ecosystem consequences of the impacts. A decrease in
species richness, with initial deletion of the rarest species,
results in no change in primary production until a threshold
is reached beyond which there is a steady and substantial
decrease in production (Figure 6.1-2). Removal of rare
species in the Serengeti grasslands resulted in full
compensation of production by the remaining species
(McNaughton 1983). Deletion of species of intermediate
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Figure 6.1-2: The effect upon primary productivity (Pn) of
removing species that have different biomass in the intact
ecosystems. In each case, all the individuals of a different species
were removed. Remaining species were able to compensate for
the removal of species with small biomass but were not able to

compensate for the removal of the most abundant species (From:
McNaughton 1983).

abundance resulted in production being only partially
compensated. Finally, removal of dominant species
resulted in a significant decrease in production.
Grasslands provide several examples in which the
relationship between diversity and primary production has
been assessed experimentally, The sites studied are
geographically diverse and include California annual
grasslands, old fields in New York, and grasslands in the
Serengeti (McNaughton 1993). Results are contradictory:
a negative relationship was observed between
productivity and biodiversity in the annual grasslands of
California and in the old fields of New York, whereus no
relationship between productivity and diversity was found
in the Serengeti. The effects of species diversity on
production should be assessed with reference to which
species have been deleted, and with respect to the driving
forces behind the observed changes in diversity, rather
than the diversity itself. In the case of the Serengeti,
differences in diversity resulted from differences in
gruzing regime, while in the old fields in New York the
diversity differences were a consequence of a
successional process. ;
The diversity—stability hypothesis (McNaughton 1977)
suggests that perturbations will result in a larger change in
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ccosystem functioning in simple systems than in diverse
systems. There is experimental evidence to test this
hypothesis in grasslands. McNaughton (1993) analysed the
response to a perturbation caused by fertilization along a
diversity gradient which emerged as a result of a
successional process. Similarly, Tilman and Downing
(1994) analysed the response to a perturbation caused by a
severe drought along a diversity gradient resulting from an
experimental nitrogen fertilization where diversity was
maximum in the native system and decreased as fertility
increased (Figure 6.1-3). In both cases, the effect of
perturbation on production was at a maximum in the simple
systems and a minimum in the most diverse systems. The
conclusions emerging from the experiment which used a
diversity gradient created by differential fertilization has
been criticized because greater soil fertility generally
favours plants with lower root: shoot ratio, higher leaf
conductance, and greater photosynthetic capacity (Givnish
1994). These characteristics also result in lower drought
resistance. Therefore, the largest effect of drought observed
in low diversity plots could have been the result of those
plots being dominated by drought sensitive plants. The
critical experiment to address this question has not been
done yet: it would compare the response to similar
perturbations of ecosystems with different levels of natural
or experimentally created diversity, and should disentangle
the effect of diversity from the effect of individual species.

6.1.7.4 Decomposition and soil structure

Human impact on hiodiversity. Range managers use
chemical, fire and mechanical means to modify plant
species composition by deleting those species that are least
preferred by domestic animals or by adding those that are
highly preferred. Selective grazing by domestic herbivores
also modifies plant species composition.

Ecosystem consequences of the impacts. The effects of
biodiversity on decomposition in grasslands can be viewed
from the plant perspective or the microbial perspective.
Microbial diversity is not well documented in grasslands
and its effect on decomposition is even less clearly
understood. The effects of plant species diversity on
decomposition result mainly from differences in litter
quality among species. Several experiments have
demonstrated the importance of species characteristics to
total soil nutrients, nutrient availability and the rate of
decomposition (e.g. Wedin and Tilman 1990; Matson
1990; Hobbie 1992; Vinton and Burke in press).

6.1.7.5 Water distribution and balance

Human impact on biodiversity. Management
manipulations and foraging behaviour may change
biodiversity. Large arcas of grasslands in North America
and Africa have slowly changed into shrublands and
savannahs presumably as a result of grazing (Buffington
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Figure 6.1-3: The effect of plant species richness before a severe
drought on above-ground biomass during the drought year
expressed as a fraction of previous year biomass. Standard error
and number of plots with a given species richness are shown. The
gradient of species richness was experimentally created by
fertilization (from: Tilman and Downing 1994).

and Herbel 1965; Walker et al. 1981; van Vegten 1983;
Neilson 1986; Archier 1539).

Ecosystem consequences of the impacts. Important input
and output flows, which determine water balance and
distribution of water, change with the scale of the unit
under consideration. At the ecosystem level, the major
flows are transpiration, bare soil evaporation, deep
percolation, run-on, run-off and precipitation. At the plant
level, transpiration is the only relevant flow but at higher
levels of organization, watershed variables become
dominant. All the output flows of water at one scale are
intimately related, and although the biotic compon‘ems
directly affect mainly absorption and transpiration, they
affect all other components of the water balance indirectly.

Reduction of transpiration as a result of species deletions
is related to species-specific characteristics that affect water
dynamics. Rooting depth, phenology, maximum
transpiration rate, drought resistance or avoidance are all
species characteristics that affect water balance. Species
with deep roots are able to absorb water from a different
part of the soil profile than species with shallow roots.
Species with different phenological patterns (early vs late
season) are able to use water available at different times of
the ycar. In addition, many of these characteristics are self-
associated. For example, late season“phenology is
associated in several systems to xerophytism or deep root
systems (Gulmon er al. 1983; Golluscio and Sala 1993).

Experiments and associated models of grassland water
dynamics have shown how removal of functional types
such as perennial grasses or shrubs results in profound
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alterations of the €cosystem water balance (Knoop and
Walker 1985; Paruelo and Sala 1995). Deep percolation
losses increase as a result of a decrease in the abundance of
one of the functional types and the distribution of water in
the soil profile changes as a result of deleting deep or
shallow root functional types. Only a fraction of the water
freed by the removal of a functional type is used by the
remaining functional type (Sala er al. 1989). Most of these
experiments focused on the deletions of entire functional
types, providing no experimental evidence for the eftects of
deleting individual species.

0.1.7.6 Atmospheric properties

Human impact on biodiversity. Range management
results in changes in biodiversity as described previously,

Ecosystem consequences of the impacts. Atmospheric
CO, is an important trace gas and a major component of
the carbon cycle. We have described how biological
diversity at scales ranging from species to landscapes
affects production and decomposition which are the major
processes driving the carbon cycle. We are not aware of
any studies relating species diversity to atmospheric
properties. However, Burke er al. (1991) calculated the
effects on the carbon balance of converting a large fraction
of the North America Central Grassland Region into
cropland. Cultivation resulted in a net release of carbon
from soil organic matter larger than the expected loss as a
result of climate change. The current increase in
atmospheric methane is not related to an increase in the
number of grazing mammals (Crutzen er al. 1986).

6.1.7.7 Landscape structure
Human impact on biodiversity. Croplands have
expanded dramatically during this century, from 9.1 X 106
o 15 X 109 km? (Richards 1990). This expansion has
altered landscape heterogeneity in grasslands. Habitat
selectivity by domestic livestock has differentially
influenced riparian €cosystems and therefore altered
landscape diversity. Domestic livestock, and especially
cattle, tend to congregate in the topographically lowest
portions of the landscape (Senft et al. 1985; Pinchak er al.
1991). Such habitat selectivity has negative effects on the
plant and animal diversity of riparian ecosystems
(Kauffman and Krueger 1984; Smith et al. 1992).
Ecosystem consequences of the impacts. The reduction in
diversity of streamside vegetation and its productivity have
negative effects on both physical and chemical indicators
of water quality (Kauffman and Krueger 1984). Reduction
in the diversity and productivity of the herbuceous
vegetation layer can change the velocity and erosive energy
of the stream flow, while losses of the woody overstorey
have large effects on water temperature. Both the
overstorey and understorey vegetation la

yers have
important effects on the rates and kind:

quatic
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processes that occur in a stream (Kauffman and Krueger
1984), and the diversity and productivity of invertebrates

and fishes are profoundly influenced by the diversity of the
streamside vegetation.,
6.1.7.8 Biotic linkages and species interactions

Human impact on biodiversity. Invasions in grasslands
are common and in some cases have been associated with
changes in grazing regime. Examples of grassiands that
have been invaded by exotic species are the California
grasslunds and the intermontane west of North America,
the pampas in South America, and the savannahs in
tropical South America (Sala er al. 1986; D’ Antonio and
Vitousek 1992),

Ecosystem consequences of the impacts. Invasions in
grusslands have usually occurred in association with an
increase in grazing intensity and/or a change in dominant
gruzer. Vulnerability to invasions associated with grazing
appears to be related to moisture availability and the
grazing history in evolutionary time (Milchunas ¢t al.
1988). Grasslands that evolved under light grazing
conditions and under mesic conditions are more vulnerable
to invasions than those that evolved under heavy grazing in
xeric environments. Semi-arid grasslands of the northwest
ary
grazing history, and before the introduction of cattle they
were dominated by perennial tussock grasses (Tisdale
1947; Daubenmire 1970). The inability of these grasses to
cope with heavy grazing resulted in the invasion and
dominance of many areas by Eurasian weeds (Daubenmire
1940, 1970; Ellison 1960; Mack 1981; Mack and
Thompson 1982). Invasions often disrupt compe
interactions (D’ Antonio and Vitousek 1992) which re

changes in species composition with the e
described above,

titive
sult in
cosystem effects

6.1.7.9 Microbial activities

Human impact on biodiversity. See discussion of
decomposition and soil structure above.

Ecosystem consequences of the impacts. The effect of
changes in plant species diversity on microbial activity as a
result of changes in litter qQuality and quantity are described
in the decomposition section above,

6.1.7.10 Summary and relevance 1o human activities

On a world-wide basis the response of grasslands to the
major human use - domestic livestock grazing — has been
variable (Milchunas and Lauenroth 1993). In some areas
where the native vegetation in wall idapted us a
evolution, changes in biodiversity have been very small
(Milchunas er al, 1988). In other areas changes have been
very large. In some cases and especially in tropical and
subtropical grasslands, the large changes have involved a
shift from a grass-dominated vegetation to one dominated

result of
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by woody plants (Walker et al. 1981; vanVegten 1983;
Archer 1989). In other cases the large changes have
involved invasions of exotic plants which have profoundly
altered the ecosystems. Conversion of grasslands to
croplands or sceded pastures has also had a major influence
on biodiversity and ecosystem functioning. In many cases
thesc converted grasslands have become net sources of
carbon and nutrients accelerating global change. These
major transformations of grasslands and their effects on
biodiversity modity the water, carbon and nutrient cycles to
an cxtent that significaniiy contributes to altering the
Earth’s life support system.
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6.1.8 Mediterranean-type ecosystems

6.1.8.1 Introduction

Mediterranean-type ecosystems share a climate of cool wet
winters and a distinct summer drought, and are found in the
Mediterranean Basin, California, Chile, the Cape Province
of South Africa and southwestern and southern Australia,
Estimates of biome cover vary depending on the climatic
classification used, but are approximately as follows, given
as 10® km? (estimates of numbers of plant species in each
region are given in parentheses where available):
Mediterranean Basin 1.87 (c. 25 000), California 0.32
(5050), Chile 0.14 (c. 2100), Cape Province 0.09 (c. 8550),
Southwestern Australia 0.31 (c. 8000) (Quézel 1981;
Cowling er al. 1992; Fuentes er al. 1995; Hobbs ¢t al.
1995; Keeley and Swift 1995). The last four regions are
listed as *hot spots’ for species diversity by WCMC (1992),
although parts of the Mediterranean Basin also possess
high plant diversities, as estimated on a species per km?
basis (Davis et al. 1986; Valdés et al. 1987; Moreno Saiz

and Sainz Ollero 1993). The five regions have markedly
different biogeographic characteristics, histories and
current patterns of human habitation and use, and markedly
different patterns of biodiversity. These differences are
most clearly obvious between the Mediterranean region,
which has a long history of human habitation, and some of
the areas more recently settled by Europeans, such as
Australia, Mediterranean-type ecosystems consist of ‘a
variety of vegetation types, including forest, woodland,
shrubland and grassland. A feature of many of the
vegetation types is their sclerophyllous nature, and high
levels of secondary compounds such as terpenes. Floristic
diversity and degree of endemism are high in most
Mediterranean areas, and shrublands in Australia and South
Africa are particularly noted for their high floristic
diversity.

Human impacts on biodiversity vary between regions,
and include both positive and negative components. In the
Mediterranean Basin, where human activities have
modified the landscape for thousands of years, current
levels of biodiversity are in part maintained by continued
human influence. Where traditional human activities cease,
plant and animal diversity can be reduced (Gonzilez
Berndldez 1991; Naveh 1994) and susceptibility to
disturbances, especially fire, can be increased (Moreno
1989). This in turn can promote landscape homogenization,
with resultant negative effects on biodiversity (Faraco et al.
1993; Pérez et al. in press). Landscape homogenization can
also result from the abandonment of agricultural/pastoral
land (Ferndndez-Alés er al. 1992). Human activities have
also played an important role in deterinining the
distribution of vegetation and ecosystems in Chile, and
may be important in the retention of components of the
biodiversity within these ecosystems (Fuentes and Muioz
1994; Fuentes ¢f al. 1995).

In South Africa and Australia, and in California, human
impacts are largely negative, These include reductions in
population size and/or distribution of sensitive species
which have occurred as a result of land-use changes and
fragmentation (Saunders 1989, 1993 Hopper et al. 1990;
Cowling and Bond 1992; Hopper 1992). Reduced age
structure diversity of dominant species results from aliered
disturbance regimes (Yates er al. 1994); genetic diversity is
reduced through habitat loss (Rebelo 1992),; and loss of
species diversity is caused by introduced predators,
herbivores, plants and diseases (Mooney et al. 1986; di
Castri er al. 1990; Groves and dj Castri 1991; Scougall et
al. 1993; Wills 1993).

Reduced structural complexity can occur because of
management practices such as post-fire re-seeding (Barro
and Conrad 1987) or deforestation, but this is countered in
some cases by local increases in complexity through
reforestation (Blondel 1976). Human activities can
maintain structural diversity where vegetation patterns are




