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EXECUTIVE SUMMARY

I. Frosystems provide services 1o humuns that are cruciai
for their well-being. These services are not widely
recognized, nor are they properly valued in economic, or
even social terms.

2

. Thee Earth is covered by o myriad distinctive ecosystems
all of which are increasingly tmpucted by human
activily.

A Numan-driven perturbations 1o ecosystems are altering
their structure, depleting stores of resources that fucl
productivity, disconnecting populations and disrupting
species interdependencies.

4, The accudental imroduction of species can hive magor,
and often detrimental, impacts on the functioning of
ecosystems. Successful establishment of invaders iy
greatest in those systems that are biotically simple, such
is islands, und those that have been disturbed by human
activity, The potential success of a particular invading
species 1s difficult fo predict but its ccosystem impact
depends on whether it vtilizes or produces a resource
unique 1o ats new habitil,

5. All ecosystem services are affected to one degree or
another hy reductions in diversity, This fact followy

simply from the preater resource cuplure, i.e. of energy,
warler, nutrients, sediments, of diverse systems compared to
simple sysiems, However, depending on the time
dimension and functional types present, the exact
relationship between diversity and function will vary,

Certain ecosysterns, such as arid and arctic ecosystems,
and those found on islands, appear particularly
vulneruble to human disruptions and hence alteration of
thesr functioning. These sensitive systems all have low
representation of key functional types (organisms that
share a common role).

. The types of connection among ecosystems within a

landscape greatly influence the exchange of nutrients,
waler, sedimenis und genetic material. Ecosystems, and
Ihe services they provide, must be considered in a tolal
landscape context and in some cases even on an
intercontinental basis,

. As socicty exerts ever greater control and management

of the ecosystems of the world, great care must be taken
to ensure their sustninability, which is due in farge part
to the buflenng capacity provided by hiotic complexity,




Riodiversey and Ecosystem Funclioning: Eq osystem Analys
6.0 Introduction

6.0.1 Background

In this section, the general principles outlined in Section §
ire used to assess our current knowledge of the ecosystem-
level consequences of human-induced changes in
hiodiversity. We provide separate assessments for o
selection of the major biomes of 1he world becuuse the
human impacts on biodiversity and the associated
ccosystem consequences differ among biomes and because
decision-makers will require different information for each.
Our sample includes freshwater, marine and terrestrial

systems that represent a significant portion of the
ccosystems on Eanth.

6.0.2 Biome essays and ecosystem processex
FFor cach of the 15 hiomes surveyed, the uuthors provide
information on the consequences of human-induced

vhanges in biodiversity for seven ccosystem provesses
wndfor properties:

*  Productive capacity and biomass

Soil structure, nutrients iwd decoimsposition
+ Water distribution, hatance amd quality

*  Atmosphenie properties wnd feedbacks

+  Landscape and walerscape structure

Biotic linkages/species interactions

+ Microbial activity

These 1opics involve key ecosystem processes, such s
carbon, water and nuirient cycling. They also recognize the
importance of higher levels of integration in ecological
systems; internctions between the Eanth's surlace and
mmospheric properties; biotic linkisges, because they resull
In the provision of many essential ecosystem services; and
microbial activity, which fuels muny ecosystem-level
processes, More extensive discussions of these points with
fespect Lo each ecosystem can be found in the forthconting
SCOPE volume (Mooney et al, 1996),

The biome essays provide biome-specific information on
(1) the dnvers of change in biodiversity, (b} the impact of
these drivers on biodiversity at multiple levels, amd (¢) the
ceosystem consequences of these changes in biodiversity,
For example, as oullined in the coral reel essay (6.1.10), a
major driver of chunge in these systems is overfishing by
the growing human populations that intabit the adjacent
coastlines. The impact of this driver on biodiversity is to
reduce greatly the abundance and diversity of algae-grazing
fishes. A significant ecosystem consequence of this change
ix the ransfarmation of reefs fram corul-dominuted to
algae-dominaled systems, These changes have direct and
immediate feedbacks o people who depend on coral reefs:
in addition 1o buffering coastal environments from storms,
corul reefs provide an array of highly specific tuxa thig nre
important in commereiitl and subsistence harvesting.

338

6.0.3 Cross-bivme comparisony and syntheses

Alter considering each of the 1S biomes in our sample, the
authors generate crosy-biome comparisons of the
ceosystem consequences of human-induced impacts on
biodiversity, These seven essays provide comparative
analyses of the functional consequences of an increasingly
modified world. We then synthesize the findings of the
individual biome essays and the cross-biome compurisons
to derive our final conclusions.

We have awempted throughout to provide a synthesis of
our conclusions that is in a form accessible to both policy-
nuking and scientific communities. Inevitably, our currens
ubility to address all the questions for which one would like
answers is limited in some cases. However, the hope is that
Tutere effors will benefit from an articulation of these

questions and from knowing where (he gaps in scientific
knowledpe exist,

Reference

Muotsey, TLA,, Cushawn, 1.H,, Medina, E., Salu, O.E. and
Selwitre, E-D 199, Functional Roles of Mdiversity: A global
Penspective. John Wiley, Chichester (in press).

6.1 Blome essuys

8.1 Arctic and alpize systems

6.4.4.1 Introduction

Arctic and alpine ecosystems are cold-dominated
ccosystems lacking trees, These ecosystems occupy about
8% of the terrestrinl surface of the globe (5% Arctic, 3%
alpine) hut support only ubout 4% of the global Nora (1500
Arctic species, 10 000 alpine species) and fauna, Species
diversily of plants and animals in Arctic nnd ulpine regions
declines with increasing latitude and aititede, but genetic
diversity within species appears unrelated to climatic
severity, Within both regions species diversity of plants
and animaly s concentrated in areas of high vertical relief,
lucking a well-developed organic mal, The vast expanses of
peat-covered landscape in the Arctic and in level termain in
alpine regions have very few species {generally <10
vascular plant species per m®), and these species have a
widespread geographic distnbution.  Landscape diversity
strongly influences terrestrial-aquatic exchanges, pasticularly
in permifrost-dominated Arctic terrain, where water and
nutrients flow laterally among ecosystems (Kling 1995).

6.1.1.2  Productive capacity, biomass, decomposition and
mutrient ¢yeling

Human impacts on biodiversity, Other than the direct

impacty of band use, the most prolound human impacts

result from activities omtside Arctic and nlpine ecosystems,

such s COp-indiced ehimatic change, which may increase




KAL)

reproductive output and growth in tie high Arctic (Woukey
et al. 1993) and cause major changes In growth-f'orm
composition in the low Arctic (Chupin ef al. in press) and
ulpine regions. CO, has linde direct effect on Arctic or
alpine plunt growth (Tissue und Ovcliel 1987) or ceusystem
CO, flux (Occhel ¢2 al. 1994; Komer ef af. 1995), Arcuc
hize derived from pollutunis produced at low lutitudes
could reduce the cover of mosses wnd lichens {Lechowicz
1987), which provide the mujor insulating layer protecting
permufrost integrity (Tenhunen ef al. 1992),

Ecosysiem consequencey of impacts, 1o the Arctic,
changes in the relative abundance of current species
generally have litle direct effect on productivity und
nutricnl eycling because reduced ubundance of some
species is bulanced by increased abundunce of others
(Chapin and Shaver 1985), Overall productivity is strongly
constriined by climate and nutrient supply, so that energy
und nutrient cycling are relatively insensitive 1o large
changes in reftive abundance of species and growth forms.
However, these changes in species composition cun have
long-term ¢ffects on nutrient cycling und productivity
through changes in litter quality and rates of decomposition
(Shaver er al. 1995) or nitrogen inguis by lichens und the
blue-green ulgae associated with mosses. Climatic wanming
increases the abundance of shrubs which haye higher liter
guality than the mosses they repluce (Chapin et al., in
press). Similuly, reduction in moss cover resulting (rom
pollutunt inputs could increuse energy inputs 10 soil und
soil temperature (Tenhunen ez al. 1992; Zimov ef ul.
19934). Warmer soils enhance decomposition und the
nutrieat supply to vaseular plunts {Nadelhoffer ef af. 1991 )
Lichens, which ure important both as a source of N fixution
und as winter tood for canbou, are particularly sensitive Lo
shading by shrubs (Chapin er al. in press) und to uir
pollutants (Lechowicz 1987). Cranges in gruzing cun also
modity the diversity of plunt functionat groups. Fur
example, lurge mammalian browsers increase in reapolise
10 increased shrub growth, In the boreal lorest, these
browsers specd the Tate of succession by remaving ighly
pulatuble species, beaving species with lower litter uality
and ussociuted declines in decomposition und niteugen
mineralization (Pustor ef al. 1993), Thus, the majur ¢lfects
of climutic warming may operate primurily through
changes in composition of plant wnd wnimal communites
wndd litter-guality leedbacks W nutrient supply rather than
directly on the productive cupacity of vegetation,

6.1.1.3 Soil steucture and nutrient pools

Human impacis on biodiversity. Soil siructure and
nutrient pools are most strongly dependeat on human
activities that influence long-term ecosystem pensistence. In
both the Arciic and the aipine, humun disturbance thil
destabilizes soils (e.g. tourist developments in the alpine
and use of trucked vehicles in the arctic) increases the

Hiadiversity and Ecosystem Functioning: Ecosystem Analyse,

physicul inleractions among landscape units, For exumple,
destabilization of slopes in the alpine causes down-slope
delivery of avalanche debris, In the Arctic, permaliross
degradation asseciated with mining and vil development
expunds beyond the initial zone of disturbance due to
heating of adjucent soils, melling of ice, impoundiment of
water, and slumiping of soils (Billings 1973; Walker of af.
1987).

Leosystem consequences of impaces. This shift in
lusdavape structure from mesic to wet undra results n
lower productivity, lower decomposition and greater
carbon storage than does the original tundra from which it
wis formed (Chapin er af, 1980; Qechel and Billings
1992). Some of the biologically richest ccosystems in the
lowes alpine zone in Eurasia have developed over millennii
of traditional caule grazing or mowing but are losing
species with the current ubandonment of Lands, This luss of
diversity aflects slope stability drainage. In both Arctic
und alpine ecosystems, return to the original ccosystem
type following soil destubilization can reguire hundreds w
theusands of yeurs,

6.1.14 Water distribution, balance and qualiry

Human impacts on biodiversity. Human impacts on
ccosystem integeity and landscape diversity (see above)
strongly influence water quulity und distribution.
Destabilizution of ulpine slopes reduces plant cover and
mereases the quantity and seasonal variation in runolf 1o
nvens, presumably ulfecting aguatic community strisclure
and trophic dynamics. In the Arctic, human-induced
melting of permalrost can lead 1o siltation of rivers wnd 10
formation of new ponds (Walker et al, 1987),

Ecosystem consequences of tmpacty. Even smull
anthropogenic nitrogen or phosphorus additions to Arctic
lukes and streams substantially increase ulgal and fish
production, increase production by benthic mosses, and
preatly uler the species composition of zooglankton (Likes)
wid nseet grazers (streams), shifting from u detritus-based
i wlgae-basead food web (Peterson of al. 1993),

LS Feediva ks o amospheric propertiey

Hamuan impaits on bisdiversity, Recent eblmutic
waring is ulready causing upward migration of e
spevies (Grabherr et al 1994) wil is predicted 10 cinse
nurthwant wd wp-slope movement of treelines (D Arrigo o
al 1987 Beilfa of al. 1990). This represents i mujor chiange
in distribution and diversity of species and Tunclional
Eroups in cold-dominited ccosystems. 1f ¢limatic wiming
leads 10 drier soils, this would change landscupe diversity,
which at present is largely determined by topography and
soil water movement.

Ecosystem consequences of impacts, Northward und
upwird movement of treelines would substuntially increase
annual energy absorption by northern ecosystems hy




Riodiversiry and Ecosystent Functioning: Ecosystem Ancelyses

masking snow and reduciug albedo, This would act as a
positive feedback Lo regional climatic warming, an effect
that would be most proncunced at high latitudes, but could
exviend to the tropics (Honan er al 1992), The current net
CO, etflux observed in Arclic ecosystems may depend
directly on soil drying (Qechel er @l 1993) in the wet
Arctic of North America (with diversity playing litlle role),
but the increased CO, efflux in the drier Russian Arctic
could reflect o reduction in cover ol pollutant-sensitive
maosses, whose insulative propertics govern the soil
temperiture regime (Zimov e al. 1993b), Arctic wetlands
and nssociated loess sediments are large feerestrial sources
of methane (Reeburpgh and Whalen 194925 Fukuda 1994),
and changes in landscape diversity, as a result of soil
drying, could reduce methane efflux, Changes in the
abundance or species composition of sedges, which
transport most methane from Arctic soils to the atmosphere
(Torn and Chapin 1993), could alter Muxes of this
greenhouse gas and, therefore, the role of methane in
mmospheric warming (Whalen and Rechurgh 1992),

0.l 1.6 Londscope and waterscope s e

Human impacts on biodiversity. Human agricultural
{nlpine) and industrinl (arctic) developments have
substantinlly aliered landscape structure wsd diversity, For
example, in the Arctie, the building of romds and pipelines
s altered patterns of water drainage, and the relative
ubundance of walerlopgged and well-drained soils, In the
alpine regions, the construction of ski runs has smoothed
the landscape and introduced new plant communities, Such
land-use change can alter hydroelectric yield. These indirect
impacts of energy development are many times farger than
the direct impact of development (Walker ¢f al, 1987).

Fcosysiem consequences of impacts. For ecosystem
conscquences, see Lhe above sections on soil structure and
water distnbution,

6.1.1.7 Bionc linkages and species inferactions

Human impacts on hediversity, Inereasing demand by
nen-Arctic people for Arctic animal products, combined
with increasing hunting efficiency, has resuited in a preater
human harves: of marine and terrestrial mammals, in many
cases causing or contributing to population declines. This is
often combined with changes in human social structure
which might atherwise have placed limits on the exploitation
of these animal resources (Young amnd Chapin 1995). In
wekdlition, human-induced climatic wiurming is aliering the
vompetitive hilanee ad diversity of plane species within the
Aretic (see productive capacity) nmd could decouple the
phienology of plants and their pollinutors, leading to
climination of plunt species that mny have important
eeosystem effects (nouye st MeGuire 1991,

Ecoasystem conseqiiences of impuects, 1n cases where
unimals (e.g. sea otlers) are keystone predatory, over-
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hunting produces clfecty that propagale through the entire
ccosystem. Human hunting of the Pleistocene megafauna
may have triggered the change from grass-dominated
steppe Lo less productive moss-dominated tundra at the end
of the Pleistocene (Zimov et al. 1995), Changes in
ahundance of reindeer or herding practices in Russia and
Scandinavia greatly influence fichen cover and, therefore,
the vegetation structure and productivity of these
landscapes (Andreev 197R). Geese and other waterfow!
determine productivity, nitrogen input and cycling rates,
und disturbance regimes, in Arctic salt marshes (Jefferies
and Bryant 1995), and recent changes in the abundance of
geese have totally altered the structure and dynamics of
these coastal ecosystems. Little is known about the
ecosystem impacts of possible changes in pollinator
abundances. [nsect-pollinated species are concentrated in
nreas of verticnl relief, which contribute little to carbon
storage or methune flux but are important in slope
stability.

0.1 1.8 Microhlal aretivities

Hman impacts on blodiversity, Humann impacts on
microbia! uetivity are mediated primarily by changes in
species composition and litter quality (see productive
capucity) nnd secondarily by the introduction of
contaminants from ol spills and pollution.

Fcosystem consequences of impacts. Most Arctic and
nlpine ecosystems bave a similar spectrum of enzymatic
potentials to degrade common substeates such as lignin,
celtulose and proteins, despite large differences in litter
chemical compaosition (Schimel 1995). Ecosystems do
differ, however, in their capacity 1o produce or consume
methane, petroleum products and many anthropogenic
pollutants, Changes in microbial diversity are thus more
likely 10 be important in the production and degradation of
unusual substrates than in the normal processing of plant
litter and soil organic matter,

6.1.1.9 Summary and relevance ro human activities

Arctic and alpine ecosystems are particularly vuinerable to
human impacts on species diversity, because there are few
species in the most widespread vegetation types, 5o the Joss
or gain of even one or two species has a large proportional
impact on diversity. Furthermore, landscape diversity is
cusily altered by human impact, due to the sensitivity to
disturhunce of sieep alpine slopes and the sensitivity of
Arctic soil to permafrost degradation, Resulting ecosystem
changes affect local inhabitanis primarily by reducing the
procductivity of various animal species (reindeer, marine
hammils, fish) on which they depend. In aipine and down-
slnpe coosystems, these changes influence run-off,
liswdstide stunger wod the guality of drinking water. Other
effects of human-induced changes on Arctic and alpine
ccosysems are indirect, resulting from potential positive
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feedbucks of CO, and CH, emissions 1o climate warming,
Becuuse humun impicts on the Arctic and alpine regions
originate primarily outside these regions, they are penerally
decoupled from, and unresponsive to, the effects they
cause,
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6.1.2 Tropical forests

6,1.2.1 Introduction
Tropical forests grow in frost-free regions between the
Tropic of Cancer and the Tropic of Capricom. [n the New
World, evergreen forests of the humid tropics extend from
the border of the San Luis Potosi-Yeracruz States of
Mexico (Dirzo and Miranda [991a), south 1o the east coast
of Brazl, In Africa, these forests are confined to the
Guinca ceast, the Zaire Basin and the castern part of
Madagascar, In Asia, they are Touad in the monsoon arcas
north to the southern slopes of the Himalayas, in
southeastern India, and in Malaysia, Indonesia, the
Philippines, Thailand, and New Guinea, Evergreen tropical
forests extend south in a narrow discontinuous strp on the
cast const of Australin

Most tropical forest regions, even the wettest ones, have
dry seasons during which one to several months may
recesve <100 mm of run. Only in Malaysia and Indonesin
are there large areas that are always wet (e, 2100 mm of
rainfall per month) (Walter 1973). Tropical arcas with
longer dry seasons are typically found poleward from welt
forest regions, but they also exist in regions that are dry for
topographic reasons. [f these areas have not been heavily
disturbed, they suppont moist and dry deciduous forests. In
tropical und subtropical regions with lengthy dry seasons,
rainfall reaches s maximum ar the time the sun i ut jts
zenith; the winter months, which are onty shightly cooler
than the summer months. are relatively dry.
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Rainfall increases with elevation on the siopes of tropical
mountains except in arcas that lie in the lec of tall
mountains. Clouds form on most days around 1500 metres
above sea level, with the result that cloud forests prevail
between 1000 and 2500 m on mountain slopes.
Precipitation decreases rapidly above the cloud belt.
Forests nbove the cloud zone have short stature and the
leaves of trees are smaller and more xeromorphic than
Ihose al lower elevations, Above these low-stature forests is
1 zone dominuted by scleromorphic shribs (Grubb 1977).

One of the most distinctive features of tropical forests is
their hiological richness, particularly in numbers of species,
The world records for species richness are 473 tree species
(considering only individuals with a dinmeter at breast
height (dbh} of 10 em or more) in o | hectare plot in
Amazonian Ecuandor (Valencia e/ al, 1994), which
supersedes the previously known nnd highly publicized
record of 300 woody species (trees and lianas dbh >10 cm)
in a1 ha plot in Ecuador (Gentry 1988) (sce also Section
3.2 and Latham and Ricklefs (1993) for an analysis of tree
specics diversity) and 1200 species of beetle collected from
a single tree species in Panama (Erwin 1982). Fourteen of
the |8 areas on Earth with unusually high degrees of plant
endemism lie within the moist tropics, Their collective
expanse, which is smaller than California, constitutes less
than 5% of the remaining undisturbed forests, These forests
contain more than 37 000 endemic plam species, or 15% of
all plant species, in less than 311 000 km?, or just 0.2% of
the Earth's land surface (Myers 1988, 1990). Plant life-
forms are also exceedingly diverse in tropical forests and
include trees, shrubs, herbs, epiphytes, hemi-epiphytic
trees, epiphytic cacti, terrestrinl and climbing palms,
climbing herbs, bamboos and more (Richards 1952;
Whitmore 1975; Gentry 1990). These impressive figures of
tropical biodiversity should not coaceal the fact that our
current knowledge is still very limited, Two splendid
uecounts of our ignorance on this subject are those of
Gentry (1992) for plants and Gaston (1991) for insects, The
following statements taken from these two sources provide
compelling examples, In the supposedly well-collected
region of Iquitos, Peru, nearly 70% of extracted timber
comes from a tree first described in 1976, and the most
common climbing species in the inundated forests of this
nren was {inst discovered in 1976. For insects, estimates of the
proportion of wwopical species still not described range from a
fow of perhaps 65%, to o high of 99% (see Section 3.1.2).

For unknown reasons, these forests are relatively resistant
to invasions; invaders tend to be restricted to disturbed
rather than natural areas (Rejmanek 1989; Whitmore 1991).

6.1.2.2 Human impacts on biodiversity

Considerable attention has been directed towards tropical
forests because their rate of loss is currently very high
(Myers 1989; Lanly er al. 1991; Whitmore and Sayer
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1992). According 1o the last published caleulations of FAQ
(1990), tropical closed forests were being destroyed at a
rate of at least 110.5 million ha per year. Rates of loss of
farest cover vary greatly by continent and habital 1ype, und
frue deforentstion rales are difficull 1o doterming beciyse
satellite datu are Incomplete and ground (ruthing Is
avaitable for relatively few areas (Myers 1994). In Central
Amenica, more than 95% of tropical dry forest has been
converied 1o agriculture, whereas a much higher percentuge
of evergreen humid forest still remains (Janzen 1988), 1f
recent rates of destruction of tropical forests conlinue,
massive extinctions of populations and species are expected
10 occur in the coming years and decades (Wilson 1992;
Whitmore and Sayer 1992),

The extensive conversion of forests to pastures and
agricultural lands as well as shifting cultivation and
forestry plantations in Southenst Asia greatly reduce
biodiversity al both local and landscape scales. Few of the
many species that make tropical forests the richest habitat
type on Earth can survive in the croplands, pasiures or
second-growih forests that replace the forests, However,
some of them can be extremely successful in those habitaty
(e.g. Cecropia spp. and Ockror.ar pyramidale, among other
plants (Gomez-Pompa and Kaus 1992), In uddition,
because of their narrow ranges many tropicul specics are
vulnerable to extinction from loss of forests in local arcas,
For example, many species of cloud forest plants in tropical
Latin America are endemic to isoluted sites smuller than 10
km? (Gentry 1992) while umong the birds of trupical
forests in South America, 440 species (25% of the 1otnl)
have ranges of less than 50 000 km?, In contrast, only elght
species (2% of the total) of bird species in the United States

und Canuda have such restricted runges (Terborgh and
Winler 1980).

6.1.23 Productive capacity, biomass, decomposition
and nutrient cycling

Primary productivity of tropical forests is appurently
positively correlated with plant species richness only when
the number of species is far below that which characterizes
most mainland tropical forests, even those that are
fragmented and highly disturbed (Vitousek and Hooper
1993; Wright in press). However, some tropicul forests,
especinlly those growing on unusual soils, are dominated
by one or u few species of trees (Connell and Lowman
1989; Hart 1990). Examples include Mora excelza stands
adjacent 10 mangrove forests (Richards 1952); Eperua
forests in South America (Richards 1952; Klinge and
Medina 1978; Klinge and Herrern 1983; Herrera ef al.
1984; Cuevas and Medina 198R), and the Prerocarpus
officinalis or Celacnodendron mexicanum foresty of
Mexico (Martijena 1993), These forests have not been
studied well enough to determine whether their productive
capacity is influenced by their low species richness. Recent
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studies have failed 1o de' ct significant differences in
nutrient levels of soils hetween forests dominated by
Celaenodendron mexicanum and adjacent mined (diverse)
patches of scasonally dry forests (Martijena 1993) or
between evergreen forests dominated by single species and
mixed forests In India (Kadambi 1942), Zaire (Hart e al.
1989; Hart 1990) and Malays:a {Whitmore 1975).

None the less, biodiversity may influence tropical forest
productivity if there is much variation in weather and if
disturbances are relatively frequent or severe. Annual
productivity is higher ond less variable in species-rich than
In species-poor lemperate grasslands because some species
perform better during wet years, while others do betier
during dry years (Tilman and Downing 1994). It is possible
that a similar vaniation in performance occurs among
tropical trees, but we are unaware of any relevant data.
Gathering such data may be difficult because little variation
is expected in the number of icaves produced per unit area,
The rate of biomass sccumulation depends strongly on the
nuture and intensity of disturbance, and species differ in the
speed with which they respond to disturbances, Therefore,
although there are no data available 10 test the hypotiwsis,
species richness may influence the rate at which biomass
accumulites after disturbance (Denslow 1995).

The consequences of forest disturbance for ecosystem
productivity und nutrient cycling depend on the scale and
frequency of the disturbance. In the Atlantic lowlands of
Costa Rica, intermediate-scale experimental clear-cutting
of forests on residunl soils resulted in rupid, short-term
increases in nutrient concentrations in soil solutions,
increused percolution of water through the soil, und
Inerensed losses of soil nutrients (Parker 1994), With no
udditionul disturbance, the large pulse of nutrients lost
below the rooting zone in percoluting water was trunsient:
concentrutions réturned to pre-disturbance levels in less
than two years, Small-scale disturbances, such as in nutural
or artifical treefall gaps, do not result in increased soil
nutrient availability (Vitousek and Denslow 1986) or
solution fosses (Parker 1994) compared 10 the intact forest,
On the other hand, large-scale, long-term conversion of
forests 1o grasslands or cropland results in major changes in
nutrient pools wid the soil biota (Olson 1963; Hamilton and
King 1983; Macedo and Anderson 1993; Henrot und
Robertson 1994), In combination with extraction of
nutrients in harvested biomass, these changes cause the
productivity of the transformed tropical ngro-ccosystems lo
decrease rapidly,

Litter decomposes so rapidly on the floor of lowland
tropical wet forests that there is no interannual
accumulation of decompaosing livter (Burrow 1991). Hence,
tropical trees may not influence the development of soil
profiles in highly species-specific ways as strongly s they
do in high-lutiwde forests, However, tropical trees differ
markedly in tissue chemistry (Rodin and Basilevich 1967;
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Golley 19834, b), supgesting that they ditler in what they
semove fram the soil and what they deposit on the xoil
surluce. Soils under the legume Pentacfethia macroloba ot
L Selva, Costa Rici, have lower pli vilues thisn soils
away from individualy of this species, presumubly because
the trees fix nitrogen, which is then nitrified (Parker 1994),
Soils under femate Trophix invelucrat individunls have
higher phosphorus concenirations than soils wnder males
{Cox 1981). The meager evidence so [ar available supgests
that trees of different species may pencrate signilicant
differences in the soils in the areas affected by their roots
and litter fall, but whether these differences are important
for regeneration, growth, species richness and productivity
of tropical forests remains 10 be determined (Parker 1994),

6.1.2.4 Warer distribution, balance and quality
Deflorestation, agricultural practices and soil erosion reduce
landscape complexity and diversity and zlso result in the
pollution of many rivers and streams that flow through
tropical forests. Pollution can alter species diversity and
trophic dynamics considerably, as in the case of lead- and
mercury-poliuted segments of the Orinoco River caused by
gold mining (Pfeiffer and De Lacerda 1988),

Alteration of landscape structure and diversity affect
wuter distribution and balance in terms of the seasonal
variation in runoff 10 rivers and lakes and associated
nutrient inputs. Water distribution and quality are also
affected by the type of management techniques and the
diversity components associated with management
practices. For example, in a seasonally dry forest in
Mexico, soil erosion within the forest was negligible (< 2
Mg/alfyr), whereas conversion to maize and grassland
increased erosional losses up to 130 MpMafyr (Maass et ol
1988), In this study, as much as 185 kMa of nitrogen, 27
k/ha of phosphorus, and 378 k/a of calcium were lost via
crosion within i year of deforestation, whereas less than 0.1
kfha of each element was lost from the intact forest,
Presumably, the nutrients eroded from deforested sotls end
up in neighbouring rivers and lakes where they aller water
quality. In addition, runoff from cul-over forests leads o

erosion along tropical coasts, which may cause death 10
corals.

6.1.2.5 Ammospheric properties and feedback

Tropical deforestation and subsequent conversion to other
simplified systems (largely grasslands) lead to changes in
the rates of fixation and storage of carbon n vegetation,
Tropical forest destruction and burning is currently a net
source of ntmospheric CO,, but this is due to reduction of
the total screage of forests and to extensive burning
(Deiwiler and Hall 1988; Hall and Uhlig 1991; Houghton
1991) and nol to loss of species per se. In general, tropical
wet forest deforestution contributes more 1o carbon
emissions than does cutting of seasonally dry forests
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(Musera ef al. 1992). Conversion to grassiund, the most
common type of forest conversion in the tropics,
contributes the largest amounts of curbon emissions
(Masers of of. 1992), Becouse tropical plantstions can and
o necumulate carbon at rates similar to those of natural
wpecies-rich forests (Cuevas ef al. 1991; Ewel ef al. 19915
Lugo 1992), there is no reason to expect that carbon
budgets of tropical forests are strongly influenced by
species richness,

Tropical wetlund areas are a major global source of
methane, but upland trapical soils can be significant
methane sinks, Conversion of upland tropical forests to
agriculture can transform these soils from methane sinks to
nel methane sources. Agricultural activities and
development projects that alter, destroy or create (artificial)
tropical wetlands also affect biodiversity components of
these systems with potential atmospheric effects.
Methanogenic bacteria in tropical wetlands are responsible
for 60% of the total global methane emissions from nateral
sources, but gut symbionts of termites are also a significant
source of methane (Wassmann ef al. 1992; but see Martius
et al, 1993). How emission rates of mcthane and other
chemicals vary with biodiversity is unknown, though
ongoing research indicates that emission rates vary with the
species of termite,

6.1.2.6 Landscape and waterscape structure
Deforestation 1s dramatically altering tropical forest
tandscapes and walerscapes (Shukla et al. 1990). However,
although deforestation is causing reductions in species
diversity, there ix no evidence that specics loss s, in tuem,
influencing the structure of landscapes or waterscapes, It
has been established that, in Amazonia, tropical landscape
modification in the form of transformation of forest to
grasstand may alter local climate, particulasly through the
intensification of rainfull seasonality (Shukla er ai, 1990).

6.1.2.7 Biotic linkages and species interactions

Deforestation, fragmentation and isolation, edge effects,
contemporary defaunation (sensu Dirzo and Miranda
199 1n), and reduction of forest habitat size (Lovejoy et al.
1986) have profound effects on biotic linkages and species
interactions. Most tropical plants are animal-pollinated
(Bawa 1979; Bawa and Beach 1981; Baker et al, 1983;
Bawa and Hadley 1990); they are fed vpon by a wide
variety of generalist and specialist herbivores (Dirzo 1987);
and they also depend upon animals for dispersal of their
seeds (see Estrada and Fleming 1986). Flowering plant
species inhabiting forest fragments can expetience severely
reduced rates of pollinator visitation which can lead to
reduced seed production and/or genetic diversity of
progeny (Aizen and Feinsinger 1994a, h). Similar effects
may be operaling a5 a consequence of reductions in the
abundance of critical pollinators, such as Euglossine bees
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in Amizonin forest fragments (Lovejoy et wl, 1986), or the
outright loss of hummingbind species oa Panus's Burro
Colorado Island (Karr 1982), Reduction or loss ol other
species or funchional guilds as a consequence of forest
fragmentution (e.g, seed-dispersing birds and baty) muy
also affect plant reproductive biology, forest structure wd
forest dynamics, Fragmemation and isolation ulso alters the
guild of vertebrate seed consumers in fragmented tropical
landtscapes, hereby affecting Noristic composition {Cox er
al, 1991; Dirzo and Mirunda 1991a; Leigh er al, 1993),
Contemporary defaunation (due 1o habitat alieration und
hunting) of medium- to large-sized understorey vertebrates
15 correlated with local reductions of floristic diversity and
the occurrence of monospecific seedling carpets in tropical
forests {Dirzo and Miranda 1991b). Although the long-term
ecosystem consequences of such changes have not been
studied, biodiversity disruptions such as defaunation and
creation of local monocultures probably affect patterns of
linerfull deposition and possibly nutrient dynamics, Long-
lerm ecosystem consequences of alterations of biotic
diversity in the tropics warrant further sludy.

Secondary productivity is potentially highly sensitive to
species richness because different plamts allocate their
primary production in highly distinctive ways. Plam
species differ strikingly in the proportion of primary
production allocated to defences: which defensive
compounds ure synthesized; the quantities und composition
of tissues that function 10 attruct mutvalists (Coley 2 al.
1985; Duvidson ef al. 1991) ard the chemical COmposiion
of their woud. Becaese tropical climatic conditions ullow
heavy herbivore pressure throughout the year, tropical
woody plants allocate relatively large umounts of energy to
the production of chemical defences (Levin 197%; Levin
and York 1978; McKey 1979) und to the production of
resources that attruct predators and parasites of herbiveres
(Simms 1992), Consumers may increase primury
productivity by maintaining individunl plunts and plamt
populations in rupid growth phases, by reducing i
accumulation of living plant biomuss, by reducing
respiratory losses, and by recycling nutrients, but the
relatively small amount of new primary production
typically consumed by herbivores in tropical forests
probably has litile effect on 1o1al net primary production
(Huston 1994).

*Mobile link® species (i.e, animals necessary for the
persistence of plant specics that in wm support otherwise
separate food webs ~ Gilbert 1980, pp. 19-20), such ns
poliinators, seed dispersal agents and piant defence
mutualists, alter fuxes of energy and materials very little in
ecological time, but they may be critical to the maintenance
of the species richness of tropica! forests, Muny species in
tropical forests depend wpon a small suite of frugivores for
dispersing their seeds. Loss of these species, many of
which disappear when forests are fragmented, may
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udversely alfect the long-tenn population viability of many
tree species (Howe und Smallwood 1982; Terborgh 1946).

0.1.2.8 Micrabial activities
Fungt and bacteria are involved in o wide range of
fundamental processes in tropical ecosystems, from global
geochemistry to decomposition and nutrient cycling
(Huwksworth e al. 1996), However, the taxonomy of
tropical microbes is so poorly understood that we know
very little about the functional roles played by individual
taxa and how sensitive ecosystem processes are to Truman-
induced deletions of these species, Although we know very
little about the effects of tropical deforestation on microbial
biodiversity, it is clear that microbial activity declines
considerably in cleased areas, One possible way in which
microbial activity may be uffected is by differential effects
of human activities on plant species that associate with
nitrogen-fixing bacteria, but there is no evidence of such
effects in tropical forests, However, we speculate that in
forests remuining near deforested nreas the edge elfect,
which is known 1o increase tree falls and forest tumover
rales, may indirectly affect microbial diversity through the
creation of advancing fronts of secondary plant species,
with leaf chemistry and Tiiterfa!! churacteristics differem
from those of the mature forest. Deforestation und
frugmentation which threaten the entire guild of nitrogen-
fixing microbes may directly affect productivity and
nutrient cycling in tropical forests.

In muture forest patches, in comparison 1o gaps, plants
grow slowly, use nutrients efficiently, and produce
relutively Tow-yuality liteer that decomposes slowly und
may deter litter herbivores, Gup pioneer specicey, in
contrust, grow rupidly, produce compuratively muore
degrmduble liter, and are easier 1w use by litter feeders —
thus entancing rutes of nutrient cycling (Hobbie 1992), 1n
wddition, posttive feedbacks to nutrient cycling may urise
due 1o species differences in carbon deposition and
competition with microbes for nutrients in (he rhizosphere,

6.1.2.9 Summary and relevance 1o human activities

Humans are impacting biodiversity in tropical systems
primarily through forest destruction, lurgely for conversion
lo pastures, cropland and plantations. Current rates of
habitat loss and associated species loss are higher in
tropical regions than elsewhere in the wosld (Janzen 1988;
Raven 1988; Whitmore and Sayer 1992), Reductions of
intraspecific penetic diversity are poorly documented, but
they are certainly taking place, perhaps al o very serious
level, Other human activities that affect biodiversity and
ecosystem functioning include water pellution and
development projects such as dams, but the ecosysiem
coasequences of such perurbitions are poorly known, It is
sometimes assumed that the profusion of species in tropical
forests may compensate for the loss of some or many of
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thems, However, given the paucity of data on many criticul
aspects of the relationships between bhiodiversity and
ecosysten processes, such an assumplion is unwarranted
and may be dunperous,
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6.1.3 Temperate forest systems

6.1.3.1 Introduction

Temperate forest ecasystems of the mid lutitudes oceupy o
climatic zone with pronounced variation in scasonal
temperatures. Distribution is mainly in the Northern
Hemisphere, in Europe, East Asia and eastern North
America. In addition, representatives of this biome exist in
a narrow band of rain forest along the Pacific coasts of
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North and South America and on the islands of New
Zealand and Tasmania. In Western Europe and in the
castern part of the United States and Canada, precipitation
is equitably distributed as snow of min throughoul the yeur.
In eastern Asia, under o monsoon climate, most of the
precipitation falls in the summer. Along the Pacific coasts
of North and South America, where the climate is mere
Mediterranean, precipitation occurs mainly during the
winter months, The forests are dominated by deciduous
und, ta a lesser extent, evergreen broad-leaf and necdle-leaf
trees encompassing & potential area of ubout 18.6 X 10°
km? (Mclillo ¢f al, 1993), more than 50% of which has
heen converted to cultivation (Matthews 1983). In total,
more than 1200 tree species are represented. Differences in
history since the Tertlary have caused large varigtions in
tree diversity in the four regions. East Asia, in spite of
extensive reduction in forest urei, has six times as many
species ns North America, eight times more than Europe,
und eighteen times more than Chile.

6.1.3.2 Productive capacity, biomass, decomposition and
nurrient cycling

Human impacts on biodiversity, For centuries the
temperate [orest regions have experienced intensive human
activity. The East Asian forests of China were the first to
be largely cleared for agncultural development before 3200
BP (Teng 1927). Cleanng followed much later in Europe,
North America und much of the Southern Hemisphere
(Perlin 19%9). In addition, many native lorests have been
converted 10 plantations of a few species, largely
represented by conifers. Human activities have affected
biodiversity in forests to a lesser extent by introducing
pests and pathogens, by creating air and water pollution,
and by selectively harvesting various products (tree
species, game unimals, mushrooms and litter). If, through
consumption of fossil fucls, humans induce predicted
climatic change, the biodiversity of temperate foresis us
well us other biomes will be substantially altered (Peters
und Lovesoy 1992).

Ecosystem consequences of impacts. A major
consequence of clenring activities is a reduction in
ccosystem carbon stores, in both biomass and soil organic
matter, Globally, temperate forests today, although much
smaller in extent than originally, are thought to be a net
sink for carbon dioxide exchange (Tans ef al. 1990). If so,
this is mainly the result of faster growth rates associated
with younger forests (Wofsy er al. 1993), The total
biomass, hoth alive and in dead woody material, is much
less in young forests than in older ones (Waring and
Franklin 1979). Although biodivessity in plantations is
usually reduced, growth rates are generally increased due to
genetic selection and intensive management. Air and water
poliution, pest and pathogens, and most harvesting
practices tend to increase the rates at which minerals cycle
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and nutrients are lost from the forest ecosysten. Genelic
and species diversity is usually sufficient, however, for
muntenance of net primury production ,given time for re-
establishment of a full canopy (Shugart and West 1977).
Immediately following forest clearing the microbial system
18 able 10 sequester eritical nutrents and prevent their loss

by leaching (Vitousek and Matson 1985; Griffiths er al,
1994).

6.13.3 Soil structure and nutriens pools

Human impacts on hiodiversiry. Frequent disturbances
associated with thinning and harvesting activities modify
the surfuce litter and may compact the soil, which causes
surface runoff and erosion from steep ground, The
increasing wse of fertilizers in forestry and agriculture,
combined with nitrogen and sulphur in the atmosphere
derived from consumption of fossil fuels, udd 10 wet and
dry deposition of these elements (Galloway er al. 1987).
Unpaved roads create dust, and winds distribute calcium,
potassium and other clements across wide arcas (Hedin e
al, 1994). Where ozone levels ure high, and combine with
atmospheric deposition of heavy metals, the recycling of
nutrients through decomposition may be slowed, and may
eventually limit the production of organic matler (Tyler
1972). Pests and pathogens, on the other hand, have fewer
long-term effects and penerally increase the rate at which
minerals and nutrients cycle through soils (Waring and
Schlesinger 1985),

Ecosysiem consequences of impacts, The practice of
clear-felling all the trees in a watershed temporarily
increases the expont of nutrients into groundwater, lakes
wnd steams (Likens er al. 1978). Uniess lund is permaneatly
cleared, however, the soil orgunic mauer content is not
substantially reduced (Gholz and Fisher 1982). The
microbial system associated with shruby and other
vegetution may survive on dead roots and is usually
sulficient 1o prevent immediate mobilization of eritical
nutrients (Vitousek and Matson 1985). In much of the
temperate forest region, where forests are rarely clear-
felled, wet und dryfall from air pollution acidifies soits and
increases N and S pools. As a resull, leaching of cations
{Ca, Mg, K) is accelerated and seepage waler 1s enriched in
nitrogen (Schulze 1989), Even without atmospheric
deposition, monocultures of evergreen species may acidity
soils (Last and Watking 1991), although this depends on the
type of soil, the species of evergreens (Speirs er al. 1986),
and the presence of species that may cycle calcium or other
clements from deeper soil horizons (Thomas 1959, Amiwell
and Adam 1993).

6.1.34 Warer distribution, balance and quality

Human impacts on biodiversiry. Frugmentation of forests
causes increased desiccation of canopies into the interior of
remaining forests (Saunders ef af 1991; Chen of o). 1995),
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As aresult, epiphyte cover 15 reduced and Tess precipitation
is intercepted by the cunopy. Outbreaks of insect
defoliators occur more regularly, causing u weakening of
the surviving trees which reduces their flower and seed
production, which in turn limuts the number of vertebrates
and invertebrates present, Replacement of deciduous
forests with extensive plantations of CYeTRIeCns increses
stream-flow (Swilt er 2/ 1975}, A closed forest cunopy
along stream channels prevents the development ol an
algae-based food chain in the sguatic system (Triska er of,
1982). Where forests are frequently cut or where
agrcultural Tands are intermixed with forests, surface and
subsoil runofl to streams increases, The runolf carvies with
it soul, minerals, and ofien pesticide residues that degrude
the stream hubitat and reduce species diversaty. As  resull,
spawning habitat for salmon, striped bass and other
commercial und sport lisheries has been Jost throughout
much of the temperate forest region, and surviving
populitions of fish and other aquatic wimals often cirry
high residues of pesticides.

Ecosystem consequences of impacts. Reduction in the
leaf area of forests, and conversion to agriculiursl or urban
development, greatly impact the way in which solar encrgy
is dissipated. At full leaf area, a forest may transpire the
equivalent of 3-8 mm water per day. Agncuhiural crops do
not develop a full cunopy until mid growing season and ane
harvested before the end of the normal LIOWINE season so
that the ol surface of foliuge availuble for interceprion
and evaporation is much reduced compared 1o forested
conditions. Urbun landscapes transpite or evaporale even
less water. Peak storm flow increases following forest
disturbance, causing Mooy damage downstream (Waring
and Schlesinger 1985). The shorter staure of vepetstion in
ficlds and woodlunds that replaces mature forests tends
make the surrounding area warmer (Kellibier ¢/ ol 19933, A
major impact of forest removal is Lpon streams. Loss of
shade increases waler temperatures, and harvesting
uctivities reduce the periodic wddition to streams of lurge
woody debris that creates pools and enhances the
processing of dissolved and purticulate Orgunic matter.
Increased erosion fills channels and allows silt 10
accumulate over gravels in which spawning fish lay their
epgs. Acidification und pesticide residues further limit the

ability of stream organisms 10 process organic madter and Lo
remove harmiul materials,

6.4.3.5 Feedbucks o atmospheric propertivs

Human impacis on biediversity Fragmented landscapes
composed ol deciduous woodlands, evergreen forests,
fields and urban areas, absorb solur radiation differently
from a uniform cover of vegetation, With generally less
surface area in forest canopy, evaporative cooling is
reduced and the meso-seale climate becomes less stable
(Piclke et @l 1991). Dust and hize created by wir pollutims
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reduce incedent solar radiation, Conversion 1o pluntations
of conifers icreases the production uf hydrocarbons by the
vegelation (Chameides er al. 19K8),

Ecosystem consequences of impacts. The presence of
forest cover inereases the surface ares of exchunge for the
deposition of aerosols by up to 20 times that of bare ground
while the loss of the forest canopy and its epiphyte
community allows wider distribution of the serosal load
(Lindberg er al. 1986), Haze generated by compounds
produced by trees or by human activities diffuses Tight and
Increases the efficiency of photosynthesis by ptants. The
concomitant reduction in solar rdintion heats surfaces less
and reduces respiration so that net ecosystem carbon
batances may not be changed as much as otherwise
predicted (Hollinger er al. 1994). Evergreen forests reflect
less solur energy than deciduous forests (Goward et ul,
1994), As a resull, when separute blocks of deciduous und
evergreen lorests are present, heat islands develop, which
merease alternoon thunderstorm activity (Nicholls ef of
1995). Snow that accumulates under evergreen forests will
not reflect s much solar radintion as that deposited under
deciduous canopics. The presence of snow may also
lengthen the s1an of the growing season by delaying soil
warming.

0.1.3.6 Landscape and warerscape struciie

Himan impacts on hodiversity. Agneuliure, urbanization,
road building and surface mining throughout temperate
forest ecosystems have substantiatly aliered landscape
Structure and diversity. The building of roads introduces
corridors for the transportation of plants, inscets und
pathogens. Roud construction also increases hillslope
crosion, which reduces landseape diversity, The removal of
forests along the Moodplains reduces the capacity of the
land to store water, which leads to more rapid runofl wiwd
excessive flooding when dam capacities are exceeded. The
simplification and instability of Roedplain vegelation are
mereased when unstable slopes are present in upper
drainages. In total, the overall diversity of habitats is
reduced across o drininage area when forests ane fragmented
of converted to oller uses.

Ecasysiem consequences of impacts. The wet effect of
reduced forest cover is aceelerated teansler of soil, orgunic
matter and water into streams, lakes and reservoirs, mud
becavse water cirries high concentrations of nutrieniy,
cutrophication of waterwiys resulls, e peneral effevt is
degradation and simplification of ayuatic Systems,
Poltution, and the introduction of nonnabive plants, insects
and pathogens, make nutive forests less resilient and thus
more sensitive 1o periodic disturbance and sustained
nutrient losses. As a result, the productive capacity of the
landscape may be degraded, and in extreme cases

prevented fram supporting forests (Schulze and Ulrich
1991).
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6.1.3.7 Biotic linkages and species interactions

Human impacits on hiodiversity, With increased
commerce belween continents, many insects and pathogens
hive been introduced into forests without co-evolved biotic
controls, For example, virulent pathogens such as Dutch
elm disease (Graphium wimi) and chestnut blight (Endothia
parasitica) have largely removed their respective host trees
from the landscape in the eastern US Gypsy moth
(Lymaniria dispar) and other introduced insects have also
caused extensive damage, [n addition, invasive plants such
as Kudzu (Pueraria lobata), a nitrogen-fixing vine, have
taken over many areas in the Southeastern USA and
restricted the regeneration of forests. When European
livestock were introduced into the New Zealand forests
they destroyed much of the native vegetation, which was
ill-dapted 10 browsing, and caused excessive compaction
of the soil {Veblen and Stewar 1982). Air pollution has
greatly reduced the epiphytic component of forest canopies
(Hawksworth and Rose 1970) as has the conversion of old-
growth forests 10 younger age classes (Sollins ef al. 1980).
More locally, where road systems are well developed,
orgamisms are readily transported across natural
boundaries, often without their biotic controlling agents,
Pesticide applications 1o farmland and forests accumulate
i food chains and are particularly harmful to raptors
(Carson 1962), and reduction in forest cover, combined
with bounty hunting and trapping, has caused the extinction
of many large curnivores such as wolves, bears and
mountain lions. Keystone species sisch as beaver and coypu
have also been lost. Selective managemen! of forests for
particular sizes and types of trees has great conseguence for
the diversity of all species, as do policies for fire
suppression, waoste deposition and air pollution. The
reduction in the area of forests, together with loss of tree
species, has an especially hard impact on bird populntions.
Birds that migrate between temperate and tropical forests
e most affected because they are losing habitat in both
hiomes (Wilcove 1990). Reduction in bird populations
ullows defoliating insects to reach epidemic population
levels more frequently and thus further endangers the
survival of some species of trees (Crawford and Jennings
19%9; Mason er af, 1983),

Eeosystem consequences of impacts. Continual reduction
in forest cover necentustes pollution, erosion and species
extinction, Forests managed on short rotations limit
diversity: fire protection, on the other hand, may lead to
cqunlly unstable conditions where multiple age classes of
Irees provide excessive accumulation of fuel, Thinning and
silvage logging have an important role to play in such
situations, Management may also ameliorate the effects of
acid rain by liming soils and surface waters and by
judicious tree harvesting, careful road consfruction, and
expansion of land conservation policies. Some
opportunities for organic matter recycling from urban areas
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and agocultural ficlds into forests may buffer rends, but
heavy metal concentrations and excessive applicutions of
fenilizer lead 10 more polluted streams and pround water,
Policies that favour fire protection often result in & change
in species composition and & more fire-prone situation than
normal. On the other hand, short culting cycles or selective
harvesting of the largest trees reduces habitit niches foe
muny species of vertebrates and invertebrates while
increasing the availability of forage for o few species of
ungulates (Tumer er al. 1994), Birds, butterflies wid other
species that migrate between wmperute and tropacad forests
are particularly sensitive because losses of habitat are
occurring in both types of forests, The loss of keystone
animauls such as beaver and coypu from most of (he
temperate forests hus reduced the aneu of wetlands and the
availability of habitat for fish, birds and other animuls,
Loss of large camivores allows populations of ungulutes 1o
oscillate more widely, resulting in selective removal of
more palatuble deciduous shrubs und trees unless hunting
pressures e increased accordingly, If headwater forests,
floodplain woods and adjacent wetlunds can be protected in
comdors, some buffering may be provided against erosion
and the eutrophication of water bedies, even with expanded
use of other lands.

6.13.8 Microbial activities

Human impacis on biodiversity. Most emperate forest
ccosystems have u large capacity 10 store nitrogen, but
chronic additions may lead 1o saturation (Aber e al, 1994).
Deposition of heavy metals in sewage sludge or from
uimospheric sources represents an increasing problem near
urban areas, Increases in the evergreen component of
forests changes the quality of litter for microbial activity,
while removul of the litter for bedding, as was done in
Europe for centuries, leads 10 impoverished substrates,
Atmospheric additions of § and N encourage microbial
activity that converts these elements to gases. Al the same
time, other functionul groups of microbes may be lost, such
as N-fixing bacteria and many fungi adupted 10 low levels
of nutrients,

Ecosysiem consequences of impacts. Increused
enrichment with nitrogen und sulphur may not enhunce
microbial decomposition if the carbon substrute is
inappropriate, particularly if symbiotic fungi (mycorrhizac)
became less active on the roots of trees und other Plunts,
On the other hand, denitrification and truce gus production
of sulphur compounds is enhanced (Aber e al. 1994)
unless heavy metal concentrations are sufficient 1o limit
microbial activity, Loss of eanthworms due (o compuction
und acidificution reduces mixing und will further limi
decomposition rates, Global increases In atmosphetie (X L
however, may result in more carbon being allocuted hy
plants 1o mycorrhizal fungi, which should enhance nutrient
mobilization in the rooting zane, Concomitant changes in
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climate may completely alter forest composition and
distribution (Neilson and Marks 1994),

6.1.39 Summary and relevance jo human activities
The deminant effect of human activity on temperale lorest
ecosystems Bis been their conversion to agriculteral use.
Large plantutions of single species of conifers and
hardwoods, combined with more frequent harvesting, exen
a major impact on ecosystem functioning and biodiversity,
In the lust half-century, air pollution has changed the
properties of the atmosphere and precipitation, and this hus
resulted in the removal of some species, alterations in
nutrient cycling, and the creation of ccosystems more
susceptible 1o outbreaks of inseets and diseases, Loss of
sume keystone species and the introduction of others
funther destabilize temperate forest ecosysiems, The full
impact of changes in the chemicul composition of the
aimosphere induced by human activity is not known but if
climatic conditions chunge rapidly, as they are predicted 1o
do, we would expect forests composed of long-lived trees,
typicaily with infrequent seed production, 1o be particulacly
vulnerable, along with the complex lood chuins they
support. As a result, we predict largely negusive
consequences on biodiversity, nel primary production, and
niet ccosystem production with rapid climate change.
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5.1.4 Arid and semi-arid lands

6.0.4.1 Introduchion

In arid tands, water availability (precipitation Vs,
evaporative demand) imposes severe constraints on
hinlogical activity, Precipitation is characterized by
unpredictability in time and space as well as by low total
amounts (Noy-Meir 1973). Semi-arid ecosysiems differ
from true arid areas in sieucture and in the rate and
regulation of ecosystem Processes, We differentiate
between Lhese two, and highlight cases of conversion from
semi-arid 10 arid lands (desertification; Verstracte and
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Schwanz 1991). Biodiversity, reflected in species nehness,
% moderutely high in semi-urid regions und declines with
increusing aridity for most taxa (Shmids 1985; Pianka and
Schall 1981; O'Brien 1993). Certain tuxa are diverse
relative to other biomes {e.g. predatory arthropods, unts und
Lermites, grasshoppers, snakes und lizards, rodents, annual
plunts), but there is substantial variation in the richness of
particulur taxa smong the desents of different continental
areas. The ubundance and activity of desen organisms are
"pulsed” in correspondence with episodes of high moisture
availability {(Noy-Meir 1973; Louw and Seely 1982); while
the prevalence of dormuncy, eryplobiosis, uestivation and
other modes of escaping hursh conditions means that most
of the biodiversity of arid regions can be impossible 1o
census or sumple during most time periods,

6.1.4.2 Productive capacity, biomass, decomposition and
nutrient cycling

Human (mpacts on biodiversity, Human activity has
caused changes in the biodiversity of arid lands printarily
through the use of and and semi-arid systems for griazing of
livestock. Introductions of domestic and gume unimals
have wltered the character und the magnitude of animal
consumption (Oesterheld er al. 1992), and these have been
accompanied by creation of water points, introduction of
non-gative plants, and removal of predutors and of
burrowing und herbivorous animals seen as threuts 1o
livestock, Plant species diversity decreases when the Jocal
exilnction of grazing- or trumpling-sensitive species
exceeds the establishment of new grazing-tolerant or weedy
species (Westoby er al, 1989; Milchunas and Lauenroth
1993); after a time lag, loss of native plant species may
result in a loss of animal wxu (Jones 1981 Jepson-Innes
and Bock 1989; Heske and Campbell 1991), In some
regions the intensive cultivation of irmigated croplunds has
climinated lurge portions of native ecosystems (Jucksoa ef
al. 1991).

Ecosystem consequences of impaets. In North America
and Africa, semi-arid prasstands have often been converted
to shrublands by grazing and by the dispersal of shrub
seeds by livestock (e.g. Peineuti er af, 1993), leading 1o 4
different structare and display of biomass us well as altered
species composition (Schiesinger er al. 1990), Production
will be reduced if grazers remove lepf urea und casse an
increase in the proportion of water lost to evaporition,
ruther than being used by plunts, However, net priary
productivity or NPP {the amount of plunt muterial produced
by pholosynthesis per unit urea over u time period) is not
necesnurily changed by changes in plunt species
composition induced by gruzing (Milchunas ww! Lusenroth
1993). Decreases in NPP are most pronounced where there
has been no long evolutionary history of intense Rrazing
(Milchunas and Lavenroth 1993), Some semi-ard and arid
ccosysiems comprse diverse ussembluges of diffesen plant
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2rowih forms, physiologies und life Wistories, which form
distinct guilds with respect 1o water use because of
correlutions among morphological, phenological and
physiological traits (e.g. Golluscio und Sala 1993). Where
the members of a guild (e.g. perennial prasses using
shallow waler during the hot season) respond similurly to o
disturbance (e.g. are all grazing-sensitive), the elimination
of that functional group will have direct influences oa the
structure and funclioning of the ecosystem, In addition, the
importance of macro-organisms in determining microbial
populations (Gallardo and Schlesinger 1992) meuns that
remaval of plants or ulteration of the distribution and
abundance of plant roots will ulter the pool and rates of
activity of decomposers, thus altering rates of
decomposition us well as of orgunic matter inputs. Termites
und nest- or burrow-building mammals provide micro-
environments that enhance decomposition and nutrient
cyeling. Their removal by humans has the potentizl 10 slow
decomposition und increase the chances of loss or ransparn
of nutrients frum the surface {Whitford 1991),

Conversion of semi-arid or and lunds 10 agriculture
(usually by irrigation) may increase local NPP values, but
the effects on biodiversity are severe, Native plunt
commuruties are displaced, and are notoriously difticult o
restore after cessation of cultivation (Juckson ef ul, 1991).
In India the birds of semi-urid regions have proved
especiully likely to disuppear following cultivation and
fragmentation of native habiturs (Daniels er al. 1994), It is
not ¢lear how human activities have altered the role that
fire plays in semi-arid regions. In some places fires may
have maintained semi-desen geassland, suggesting that
grazing (causing the reduction of fuel loads) and fire
suppression have contribuled to the conversion of
grasslunds 10 shrublands. However, in other systems the
pereanial grasses appear 10 be more sensitive to fire than
the woody plants {Wright 1980), and there is no clear
guideline for the use of fire in maintaining grassland or
manipuluting species composition (Bock and Bock 19492),

6.1.4.3 Soul structure and isirient pools

Human impacts en biodiversity. Introduction of hooled
livestock to regions lacking a recent evolutionary history of
ungulate grazing (e.g. Australia, southwestern North
Americn) has been the primary human effect on the
biodiversity of semi-arid regions. Thix has been
accompanied by reduction of populations of nutive
burrowing hetbivores (e.g. North American prairie dogs,
Australian marsupials), thus reducing the s0il-disturbing
wtivities of these animals.

Evosystem consequences of impacts. The introduction of
large hoofed animals 10 regiony previously tueking them
has cuused changes in the compaction of soil, reducing
infilication (Roundy e af. 19923, while also churning up
try surfiwe soil and increasing its vulnerability to eroson.
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Vegetation influences the ‘toughness’ of the surface, which
in tuen inffuences the movement and erosive power of wind
and water (e Abraliams 2 ol 1994); thus the bctivities of
livestock (or humanst have direct infleences on the riates of
crosion of surfuce layers. Erosion and transport of surface
soil particles will in tum infleence the seansport and loss of
mineral nutrients from the site (Schlesinger ef al. 1990).
The soil-binding propertics of plant roots are especially
critical in dunes, where species that can stabilize sediments
serve a enitical role in determining ccosystem structure (e,
Klopatek and Stock 1994), Harvesting of loss of these
species muy shilt i stable substeate (offering habitat Tor
plant and animal populations) to 0 much harsher migrating
dune system. Dissuption of a microbial ‘crust’ on the soll
strface (g by hooves) alters inpurs of nitrogen by these
N-fixers {sce 6.1.4.8). Burrowing animaly (termites, anly,
rodents, marsupials) ereate und reinforce hieterogeneity in
soil structure and nutrients {Whitfond 19939,

6.0.44 Water distribution, balance and quality

Human impacis on biodiversity. luman and livestock
achivity have altered plant species composition and
vegetation cover in many regions, both by reducing native
vegetation and hy introducing non-native species, cither
deliberately or accidemally, Aquatic hubitats (riparian
zones, springs) have been especinlly vulnerable 1o
invasions of non-native plants, Populations of burrowing
organisms have alse been reduced. Road construction and
other activities have altered drainage patierns, with
resulling changes in water distribution and hydrologic
regimes: these changes thea impact the distribution and
behaviowr of organisms,

Ecosystem conscquences of impacis, Vegetation cover
modulates the impact encrey of raindrops, reducing the
umount of sedimeni dislodged und transported during
heavy storms (Wood er of. 1987; Rogers and Schumm
1991). Rooted plants provide root chansels which in um
enhance deep percolation of water into the soil prafile (e,
Greene 1992), and the nature of the plant canopy influences
the proportion of ranfall thar is intercepted and that Talls
cither as throughfall or stem-flow (West and Gifford 1976;
Navar and Bryan 1990; Tromble 1987), Deep roots of
shrubs, and transpirational losses, are a strong influence on
soil water content in the lower parts of (he soil profile and
thus on the depth of curbonale deposition, leading
potentially to aiterations in the effective rooting depth off
the soil (Schlesinger ef al. 1987). Removal of shrubs would
then be expected to have potentially strong elfects on soil
moistare content and other characteristics, On the other
hand, Dugas and Mayeux (1991) and Carlson of of. (1990)
found that increased herbaceous cover following shruh
removal resulted in little net change in water distribution or
in total evapotranspiration from dry rangeland sites over
fhe short teem, Intredduction of phreatophytic {deep-rooted)

s

plunts, especially the genus Tamariy, has dramatically
altered hydrology in some riparian systems (Blackburn e
ol. 1982), even leading 1o the elimination of surface water
from previous spring sites due to its high
evapoteunspiration), Reduction in populations of termites
(small burrowing animals) has a dramatic influence on
nfiltration and surface runoff (Elkins et al, 1986),

6.1 4.5 Feedbacks o atmospheric properties :

Human impacts on biodiversity. At the global scale,
human activity is expressed primarily through direct and
Indireet alterations of vegetation cover und disturbance of
he sonl surface,

Ecosystem consequences of impacts. Vegetation cover is
negntively associated with albedo. Arid lands are
sipnificant determinants of the Earth's overall albedo
(Ottermun 1989) and thus of its global radision balance,
Arid lunds are also significant contributors of dust, and
reductions in vegelation cover caused by grazing or other
human activity (e.g, roads) increase these conteibutions
(Pewe 19R1: Pye 1987). While it hus been proposed that
arid-zone termites contribute substantial amounts of
methane to the atmosphere, recent work suggests that arid
regions are actually a significant sink for methane (Strieg!
er al, 1992). Conversion of semi-arid grassiand to
shrubland or woodland may incresse carbon storage,
uffecting the global carbon cycle (McPherson et al. 1993),

6.1.4.6 Landscape structure

Human impacts on biodiversity. Human alterations fo
semi-and landscapes are generally to facilitate grazing by
hivestock: they include fencing of pastures or paddocks,
creation of new water points for animals, and construction
of roads or trails for transport, Human and livestock
nctivity often creates gradients of disturbance or of
afteration (a 'variegated® landscape), rather than the
conspicuously patchy or fragmented nature of landscapes in
other ecosystem types (McIntyre and Barrett 1992).

Ecasysiem conxequences of impacts, Creation of new
walering points has perhaps increased local rates of NPP,
Conversely, disruption of normal drainage patterns (e.g. by
roud construction or by diversion of water) alters the
hydrology of intermittent streams and playas, and decreases
the productivily of vegetation dependent on that water flow
{Schlesinger nnd Jones 1984).

6.1.4.7 Biotic linkages and species interactions

Human impacts on hiodiversity, Imporiation of non-
nitive planis for improvement of forage or as weeds in
some regions has reduced focal plant diversity by replacing
native species. Humans have attempred direct removals of
plant species considered to be undesirable forage species
(e.g. lurge-seale removals of native shrubs in southwestern
US rangelands). Populations of some tree species in semi-
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unid regiony have been depleted by heavy use for fuel ar
other purposes. Poputitions of nalive mammals have been
reduced cither intentionally, when these are viewed as
competitoss for forage or as possible predators of livestock,
or indirectly, e.g. through the elfects of insecticide use on
but populations,

Ecosystem consequences of impacts, Alterution of nutive
10 non-native grass cover has apparently reduced
populitions of nutive wnls wid vether consuimers in Arizoni
(Whitford, pers comm), There is also some evidence that
declining bt populations in the southwestemn states of the
USA have led 10 decreased frequency of elfective
pollination in some bat-pollinuted monvcurpic species of
Agave (Howell and Roth 1981), Many biotic interactions in
arid lands are less direct, however, resulting from the
modification or modulution of the harsh environment by
one species in such a fashion as 1o facilitate the occurrence
or reproduction of other orgunsms, Among plunts this
fuctlitation is described as the *nurse plant’ phenamenon.
The regeneration of one species under another might vreate
u cyclic replucement or successionul series (McAulitle
1988; Yeuton und Esler 1990; Gutierrez et al. 1993): there
are muny reports that the presence of one plunt specics
creates @ specific environment that facilitates the
establishment of other particulur species (e.g, Montuia
1992; Silvertown und Wilson 1994), The luss vl large
woody species for use as fuel or us carving material has
been suggested s & negative influence on the penistence of
many typicul species of desert plants (e.g. Franco and
Nobel 1989). Introductions of large wnimals (as game or
livestock) have often established wild ar feral populutions
{horses, camels, oryx) that affect native vegetation und
compete with native herbivores,

6.1 4.8 Microlsal activities

Human impacts on biodiversity. The most prominent and
conspicuous wreny of microbial uctivity is the formation of
crusts on the soil surfuce by algae, cyanobacteria and
lichens (Isichei 1990; West 1990). Intreduction of hoofed
gruzers has reduced the prevalence and developmem of
these crusts i many regions (West 1990),

Ecosystem consequences of impacts. Microbial crusty play
significant roles in nitrogen cycling and in stabilizating the
soil surface against erosion (Eldndge and Greene 1994), In
somme cavey these microbes secrete polysacchandes thit ubsorb
waler, increasing the effective infiltrution of precipitution;
in other cases the secrelions are actually hydrophobie,
reducing soul wetting. Reductions in soil erusts are assumed
to have reduced nitrogen fixution, increased soil erusion,
and wltered local infiltrution of moisture.

6149 Swnemary and relevance to human aetivities
Human alierations of biodiversity in desert regions huve
been mediated chielly by the manigement of semi-urd und
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arid regions for livestock use and by the importation of
non-native plams, Arnd regions are a reservoir of genetic
varation useful for the development of new crops wnd new
vurieties of existing crops better suited 10 agriculture in
marginal environments (e.g. Glenn ¢t al. 1991). Because
biological activity plays such an impartant role in
muoderating the harsh environment of arid regions,
allerution of biodiversity iy expected to have negative
feedbacks on the remaining biological components of the
system. These feedbacks lead to the formation of
alternutive stuble states of the system, with stronger control
by abiolic forces (Schlesinger er al, 1990}, and the
necessity for management stralegies focused on trnsitions
between states (Westoby et al. 1989),
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6.1.5 Tropical savannuks

61351 lutroduction

Savunnahs are tropical ecosystems *...foming a conlinuum
of physiognomic types runging from closed woodlands
with u heliophytic grass understorey, through open
suvannah woodlands to treeless eduphic grasslunds’
(Huntley and Walker 1982). In all these areas, grasses with
the C4 phaotosynihetic pathway dominate the herbaceous
layer while the woody component, wt the moist end of the
moisture pradient, comprises fire-tolerant trees and shrubs.
With an estimated area ranging from 15 10 24.6 X 10° kmy?
(Whittuker and Likens 1975; Olson ¢z al, 1983) savannah
ecosystems constitute the largest single type of terrestrial
biome. Suvannahs develop in soils of generally low
ferulity, under a regime of srangly seasonul rainfull, and
are submitted o recurrent disturbances through herbivory
and fire (Figure 6.1-1) (Surniento 1984; Scholes and
Walker 1993). These environmentul constraints largely
determine structure @nd productive cupacity ol these
ecosystems (Walker [Y87; Deiling 1988). Population
reductions due Lo disturbunce, und spatial patehiness,
contribute to the maintenunce of species und functional
group diversity (Huston 1979). Lowening perturhation
frequency results in a large uccumulition of litter feading w
a reduction in diversity of the grass luyer (Tiimun 1993),
However, diversity of the tree luyer inereases i the
ubsence of perturbation due 10 the survival of fire- or
grazing-sensitive species (Sun José und Farifas 1991),

6,152 Human impacts on biodiversity

Human intervention in tropical savannahs hus been
continuous throughout human history: thus it has been
present in Africa longer (around 500 000 years), thun in
Austridin (¢, 40 000 years) and South America {c. 12 D00
years), Human modification of savannahy occurs through
the ulilization of fire for hunting, and the grazing of
domesticated herbivores, Human invasions have been
wssociated with lurge-scale megafauna extinctions in South
America dunng the Pleistocene (Martin 1973), Massive
modilications of landscupe ure, however, relutively recent,
beginning with the arrival of Europeun settlers. Most
chunges ure related to the agricultural utilization of
grusslands, and the largest human impacts on biodiversity
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Figure 6,1-1: Suvannahs of the workd, The Andropagonoiu
grasses doninate the coee savannalis in the SO0=2000 ssy rainsfall
aone, Humid suvannahs with heavier soils are dominated by
Eragrostond, Aristidoid wnd Chlaruboil prasses. The former are
moge cammon in South America, winke the Latter are fownd
Alnca, Australin and South America, Withio she core suvinnahs,
woadlands accupy the mediem light-deatured and more Ireely
drusned soils charocterized by Ewcalypos woodlands in Ausiralis,
the Brachystegia, sobeeling wod Jelbernadia wosdbands of
Alnics, aod U Curarella-Byrsonima woodlands of Soutl)
Ameni. Suvannuh parklands occupy the medium to heavy
teatared soils in both Alrics und Australin. The woody stratum is
charucterized by leguminous genera (Acovia,
HaubanialLysiphyihn) and Terminalia, On heavy cracking clay
suils, ees und shrubs wee rure. There ine saviannals af altiudes
above BUO-1000 m an Africa und Soath Asiserica, The Cervido
region in Brazil contains possibly the targest diversity of winsly

s o Iropical savannais, (Shightly modilicd froam Jobssun
and Toahill [985.)

ure reluted to the introduction of cattle; the over
eaplottution or overprotection of lurge native herbivores,
i the intreduction of alien grasses and legumes (Laws
1970; Hatton and Smart 1984; Mott 1986; Owenr-Smith
1988, Bruithwaite ¢ of, 1989, Bruithwaite 1990; Frecland
1990; Holmes and Mott 1993; Klink ez ul. 1993, Young
wsd Solbrig 1993),

6,153 Preductve capacity, biomass and decompoyition

Reductions in diversity of primary producers lowers both
resistance to grazing by a single species of ungulite and
resilience after grazing, thereby decreasing biomuss
stability through the seasons, Changes in the composition
and densily of ungulates affect primary productivity
becuuse herbivory regulates competition between plant
species through muintenunce of an open canopy,
conservaiion of soil moisture and nutrient recycling. The
ecologicul properties of (he plant species have inportint
consequences for ecosyslem orgunization and they appear
not te be interchangeable (McNaughion 1985, 1994).
Ruminant (e.g. z¢bra) and non-ruminant (e g wildebeest)
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ungulutes graze scasonally m grassiands with u high
proportion of nutritious species. These plant species
assemblages are more hikely to occur in grasslunds of
higher diversity, and therefore support more herbivores
tBen-Shahar and Coe 1992). Diverse natural grasstands
seem to be more resilient 1o drought-indeced changes in
productivity than simphified systems developed through
tong-term lertilization (Frank and McNaughton 19915
Tilman and Downing 1994). Changes in biodiversity in
Australian and South Amencan savannahs have affected
bingeochemical cycles leading 1o habitut and landscape
detertoration. The planting of exobe grasses with high
production capacity is [requemly Toltowed by a reduction
in yield and guality of forage due to slower mineralization
of humic material and tumover of nitrogen in plant residues
with high lignin:nitrogen ratios, and the gradual loss of
nitrogen from animal excreta (Holmes and Mott 1993;
Kiink er ol 1993},

6.1.5.4 Sod strwctare and nuirienty

Introduction of Afncan grasses into South Amencan and
Australian savannahs increases biomass production per unit
area, allowing larger numbers of cattle 10 be grazed per unit
ol tand. Higher canle density reduces soil penmeability amd
vegetation cover, and leads 1o increased runolf and erosion
(Mot er al 1979; Seiny-Boukar 1992), Grazing-imtolerunt
native grasses are being replaced hy faster growing,
invasive grasses (Mott ef af. 1979; Holmes and Mot 1993),
In dry years overgrazing destroys the prassland allowing
the penetration of woody weeds, and resulting in extended
erosion (Winter 1990), Exclusion of large herbivores in
East Africa reduced overgrazing and resulted in tree
regeneration and 4 sigmficant increase in soil {fertility (Hatto
and Smart 1984), while mtroduction of legumes improved
mitrogen availability in Australian grasslands (Henzell
L968; Myers and Robbins 1991). Higher palatability of
legumes, and patchy distnibution in pasture, leads to increased
trampling and soil detenosation strongly affecting pasture
productivity 1 the short lerm (Mot o2 al, 1979),

6.1.5.5 Water distribarion, balance and quality
Large-scale agricultural utilization of suvannahs cither
changes the composition of primary producers (native
grasses are substituted by alien grasses and legumes for
intensified cattle production), or eliminates the plant cover
for planting of cash crops (soybean, peanuts, sugar cane,
elc.). In both cases savannah soils require a heavy input of
fertilizers leading to long-term impacts on waler quality
{pollution of underground water resources wwd rivers) (Mot
et al, 1979; Gillard eral. 1989; Seiny-Boukar ¢ af, 1992).

6.1.5.6 Ammospheric properies
Petiodic burming, of savannah landscapes reduces treefgeass
ratios (Medina and Sitva 1990) umd has implications for
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atmospheric chemistry (Lobert et al, 1990), There are
potential strong feedbacks between the species composition
of grusslands and nitrogen cycling, Grass species differ in
helow-ground biomass accumulation and lissue-mtrogen
and lignin concentritions, and these factors affect nitrogen
mineralization rates (Wedin and Tilman 1990). Grass
speeies also differ in their nitrogen requirements depending
on their mode of photosynthetic C4 puthway, Malate
formers seem to require less mitrogen and have lower
tissue-nitrogen concentration, while aspartate formers
require more nitrogen and are more palatable (Huntley
19K2). The relative proportion of these photosynthetic
types may therefore affect nitrogen losses through fire and
the rate of nitrogen mineralization in soils. Changes in soil
nitrogen availubility modily substantially the relative
proportion of malate and aspartate formers in South
African grasslands (Medina and Huber 1992), The rapid
transition from miombo woodland and savannah to minze-
hased apriculture in southern Africa results in an almost
vompiete loss of ccosystem carbon poals. Clearing of the
miombo and estublishment of maize-bhased agriculiere on a
sundy ulfixol resulted in a decline in total soil organic
carbon from 28 1 9 Mg/ha (Woomer 1993).

6.1.5.7 Landscape and waterscape structure

Habitat heterogeneity determined by the co-occurrence of
trees und grasses in savannahs is considered to be a key
factor for the maintenance of their biodiversity (Gillard e
al. 1989; Holmes and Mott 1993). Utilization of savannah
lands for grazing has modified their onginal fire regimes,
Nuturul savannsh fires have a low frequency because they
depend on the occurrence of dry electrical storms, but fire
frequency has been increased under human infleence in
order to prevent excessive Tuel sccumulation wnd 1o provide
green fornge for cattle during the dry season. As a result,
trec/grass ratios have changed markedly, Trees are more
sensitive (o fire than grasses, beciuse the latter accumulate
most of their biomass and nutrient resources below ground,
High fire frequency reduces the number of tree species. and
the numbers of individuals per species in most savannah
sites {San José and Fanias 1991; Dauguet and Menaut 1992),

6.1.5.8 Biotic linkages and species interactions

The co-occurrence of trees and grasses in savannahy results
in patchiness of resource availability. Changes in tree/grass
ratios significantly modify rates of biogeochemical and
energy cycling as a result of the contrasting characteristics
ol the two components with respect to light interception
and nutrient requirements (Kellman 1979; Georgiadis
19K9; Ben-Shahar 1991; Isichei and Muoghalu 1992;
Belsky et al. 1993; Mordelet ¢ @l, 1993), The recent
human pepulation explosion in Africa, and the migratory
constrints imposed by political boundaries, increased the
occupation of fand with a consequent restriction of the
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ranges of wild animals, Most of the formerly wooded
southern section of the Murchison Fulls National Park
(Uganda), ¢. 2600 km?, has been converted from woodlund
nto grasslund (Hation and Smurt 1984), Numbers of
elephants in Tsavo Nationul Park increased dramatically
after the Second World War us u result of the enforcement
of anti-poaching activities, and the cansequent
overpopulation of elephants resulted in habitat
deterioration, particularly along waterways. Under the
inlluence of ekephants and fire the dry Commiphara-Acacia
bush has been destroyed over large aseas and replaced by
Brassland {(Luws 1970; Owen-Smith 1988). In the sume
wrea, a long-term experiment excluding herbivory by lurge
ungulates resulied in a marked tree regencration, and a
pronounced inerease in soil fertility (Hatton and Smart
1934),

Vegetation-herbivore inteructions ure highly varied, In
eistem Africa herbivory putchiness can be ussocisted with
nutritionul guality of the forage, but ulso prazing animals
can modify plant nutritional properties through their
influence on soil nutrient availability and plant species
composition (McNsughton 1985; Georgiades und
McNaughton 1990), Although ssvannahs of northern
Ausirilia and South America evolved in conjunction with
herbivore pressure, their herbivore megafauna disappeured
in the Pleistocene (Murtin 1973), Evropeans introduced
several medium- and large-sized herbivore species, in
numbers comparable to those of pative herbivores
clsewhere. In Austrulia, due o the lack of predators and
puthogens, the density of ferul populations of introduced
herbivores is much larger than in their onginal habitats, and
the high density of herbivores has led 1o c€cosysiem
deterioration {Frectand 1990). Mutualistic relationships in
Austrulian ecosystems have frequently evolved presumably
n response to low resource uvailubility, Australasian
woody plunts produce copious quuntities of nectar, and this
has had 4 pronounced effect on the fauna. Forly-two
percent of the honey-cater species of the fumily
Meliphagidae occur in Austrulia, and most of the rest ure
found in New Guineu (Braithwaite 1990), The potentia!
damage for tree reproduction folluwing reductions n
honey-caters' diversity iy large, Pasture improvement und
tree clearunces have produced substantial reductions n the
fumber and frequency of nutive herbaceous species, bul
also of bird species and »oil invertebrates (Greenslude
1992). Thinning of bird populations hus been Wk Lated
with the spread of eucalyptus dieback (rurl diehuck)
caused by more inlensive defoliation by insect herbivores,

0.1.5.9 Microbial activities

Mycorrhizae pluy un imporsant role in autricm upluke, mwt
possidbly also waler uplike, by vascular plants, C4 plants in
nutrient-poor soils appear to be more dependent on
mycorrhizal symbiosis than are C3 plamts (Heteick e al
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1990), both ut the seedling stage and duning regrowth from
rthizomes. Mycorhizal abundance in grissslands 15 generully
inversely relited 1o soil fertility and positively related o the
ratio of plant to soil nutrient contents (McNaughton and
Osterhield 1990), Therefore, mycorrhizal associations are
thought to stabilize ecosystem nutrient Nuxes, The semi-
ard savannahs in Botswana (rainfull SO0 mmj luve been
degraded by overgrazing, so restorution depends on the
probability of inoculuwion of seedlings” roots (Veenendaal
et al. 1992). Populations of mycorrhizae in the soil can be
managed by the introduction of spores of species duflering
in their host selectivity und efficiency in phosphorus uptake
capacity (Dodd er al. 1990). Changes in ecological
conditions leading 10 modificutions in the mycorthizal
fungi may rexult in disturbunces of the phosphorus
uvailabitity for native grasses, Introduction of legumes
improves nitrogen supply to the vegetation through
symbiotic nitrogen fixation (Henzell 1968). Plamt growth in
eastern African grassfands induced by rainfall events is
accompanicd by sirong pulses of microbial activity, and the
concentrution of lurge herbivores attracted by the green
foliage. Therefore, soil microbisl acnvity is closely
correlated with pattems of herbivore use wiwd intensity of
herbivory in nutural grasslands of castern Alfrica (Ruess
and Seagle 1994),

0.1.5.10 Summary and relevance 1o human acti vitiey
Savunnah ecosystems have been prafoundly modified
throughout human history, Most modifications we related
1o overpopulition and mismanagement of nuural resources.
Reductions in landscape, community, and species diversity
have affected ccosysiem functioning as expressed by
habitat deterioration und diminished capacity of savannah
environments to support human populations. Erosion,
pollution of wuter sources, reductions in soil fertility and
dimirushed carrying capacity for herbivores are some of the
ecologival consequences relevant for the continued use of
these environments. Restorution of ecosystem functioning
through the recovery of biodiversity is an essential stlep an
the plunning of sustainible use of savannahs,

References

Bebshy, AL, Mwonga, S.M., Amundson. R.G., Duxbury, J.M.
aid Als, AR, 1993, Comparative effects of isolated Lrees on
their undercanopy environments in high- and low-ruintull
savunisahs, Juurnal of Applicd Eculugy 30 143155,

Ben-Shubar, K. 19}, Abundance of trees and Brasses in @
woundliad savanauh in relusion 10 environmend factors, Joimal
of Vegetation Svinee 2; 345-330.

Ben-Shubur, B und Coe, MJ. 1992, The relatsonships botween
sk Lactors, prass nutrients amd e Toraging belavioue of
wildebvest and sebin Ovcolugic Wb 422405,

Hralthwaite, & W. 1990 Australin’s uniue biota; implation foe
Ilogwal processes. Jowrnal of Hiogeopeaphy 17; 347-384




Biodiversity and Ecosvstent Functioming: Ecosysrenm Analyses

Braithwaite, R W, Lonsdale, WM, and Esthergs, LA 19RY,
Alen vegetation and native biota: the anpact of Mimosa g,
Biodorgical Convervation 44 1R9-2100,

Dauget, J M, and Menaut, J.C, 1992, Evolution sur 20 unnées
dune parcelle de savannme buisée protegée du few dans 1a
réserve de Lamito (Cate d'Tvoire), Camdolfea 47: 621-64).

Detling, ) K, 1988, Grassland and savannahs: regulution of
enerpy Now and nutrient cycles by herbivores. In: Pomeray,
LRl Alveris, L)L teds), Conceprs in Ecosyatem Ecology.
Ecological Studies Yol, 67, 13114, Springer-Verlap, Berlin,

Dodd, 1.C., Asias. L and Koomen, L, Hayman, D.S. 1990, The
management of papulatians of vesiculur-arbuscular
mycortlizal fungi on plant growth and nutrition in the fickl
Plant sndd Sonl 122: 22922,

Frank, DA, and McNaugihton, . 1991, Siability increases with
diversity in plant commumties: empirical evidence from the
19K Yellowstone drought, Oukos 62- W60-162,

Freetund, W1, 1990, Large herhivone mammals: exotic species in
nonhem Awstralia, Soinal of Bogeogeaphy 17; 445449,

Georgiadis, N1 1989, Microhabital varition in an African
savanpah. effect of woody cover and hertivores in Kenya,
Somarsad of Troymoad Ecadogr § 91104,

Genrgiadis, NOJ i MeNauehion, S0, 1990, Elementa! aod filer
comtents of savaniah grasses: Varation with prazing, il type,
seison and species dowenal of Applied Erology 27: 621-614,

Giltard, P, Willims, 1. ardd Moneypenny, R, 1989, Clearing trees
from Australia™s semi-and tropics — production, economic amd
long term hwdrological chanpes, Ageicaliural Scienee 2 34-139,

Greenslude, P 1992, Conserving inveriehrile diversity in
agricaltural, foresiry and natural ecosystems in Australis,
Agrrealinee, Ecosysrcms wnd Favironment $0; 297-112.

Hatton, J.C, and Sman, NAOE, 1984, The elfeet of long-ferm
exulusion of large herbivores on soil nutrient satuy in
Murchison Falls National Park, Uganda, Afrscan Jowrnal of
Evodopy 22: 23-30

Henzell, EF, 1965, Sanrces of nitrogen for Quecrstand pastures,
Teapieal Grassiands 2 1-17.

Hetelek, BLA D, Wilson, GT.W. and Tadd, T.C. 1940
Dilferential responses of C3 and C4 prasses 10 mycorrhiza
symbiosis, phosphorus fertilasation, and soil Micraorganisms,
Cuamacdran Jowenal of Borany 68: 461-467.

Holmes, 111 sud Mo, 12, 1993 Towards the diversified use of
Austiabia’s savannahs. In: Young, M.D. and Solbvig, OT. (eds),
Tie World s Savannahs, Man and the Biosphens Series Vol, 12
K317, UNESCO and Punihenon Pabl Group Lid.. Pasis.

Huntley, L), 1982, African savannahs, In; Huntley, B.J. and
Walker, BH. (ede), Frology of Tropical Savanmals Springer-
Verlag, Berlin

Huntley, B and Walker, B.H. 1982, Introduction. Tn: Huntley,
B2 und Walker, B.H. (eds), Ecology of Teopical Savannahs,
Springer-Verbag, Berlin

Husten, M. 1979, A general hypothesis of species diversity.
American Natwealin 113: %1-101.

Isiehed, A.O, und Muoghaly, J.L 1992 The effects of tree canopy
cover on sail fertility in 2 Nigerlan savanmah. Journal of
Tropical Eealoge K- 329-138,

Jahnson, AW, and Totll, 1.C, 1985, Ecology and munagement
ol warld savannahs. Defiition and hromd peographic outhine of

——

Uh )

357

savanmih funds. In: Tothill, .C, and Mott, 1.J. (eds), Ecology
and Management of World Savannahs. 1 =13, Australian
Acidemy of Sciences, Cunberra,

Kellman, M. 1979, Soil enrichment by neotropicul sayunnih
trees. Journal of Ecology 67: 5652577,

Klink, C.A., Moreira, A.G. and Solbrig, O.T. 1993, Ecological
spnet of agricubtaral development in the Brazilian Cerrados.
In: Young, M.D, und Solbrig, O.T. (eds.) The World's
Savaneahs, Man and the Biosphere Scries, Vo, 12, 259-282,
UNESCO und Panthenon Publ. Group Lid., Paris,

Laws, R M. 1970 Elephants as agems of habitat and landscape
change in East Afnci. Oikas 210 1-15.

Lobert, £ M. Scharffe, D.H. Hao, WM. and Crutzen, P.J. 1990,
Impartance of biomass buming in the atmospheric hudgets of
nitrogen-containing pases, Natire 36: 552-554.

McNaughton, S, 1985, Ecology of a grazing ccosystem: the
Serengeti. Feological Monographs §5; 259-294.

MeNnughton, S.2, 1994, Conservation goals and the
canliguration of hiodiversity. In: Forey, P.L., Humphries, C.J.
and Vane-Wright, R.L (eds), Sysremartics and Conservation
Evaluation, $1-62. Clarendon Press, Oxford,

MeNuughton, S.J. nnd Oesterheld, M, 1990, Extrumatricn!
mycorrhizal uhundance ad grass nutrition in o tropical prazing
ccomystem, the Serengeti National Park, Tanzanin, Okos 59:
92.96,

Martln. PS, 1973, The discovery of America. Science 179: 060-974,

Medina, E. and Huber, O, 1992, The role of heodiversity in the
functioning of savannah ecosystems. In: Solbng, O.T., van
Emiten, O.HM and van Ooredt P.GW.J, (eds), Suodiversity and
Glohal Change. 139-158, Monograph No, B IUBS, Paris,

Medlna, E. and Silva, J. 19%). The savannahs of northemn Sauth
Americn: a steady stote regulased by water-fire interactions on
i hackperound of low nutnent availability, Journal Hogeography
17403413,

Mardelet, P, Abbadie, L. and Menaut, 1.-C. 1993, Effects of tree
clumps on sail charnctetistics in a humid savannah of West
Africa (Lameo, Chte d'tvoire), Plant and Soil 153 103-111,

Matt, L1, Hridge, BJ.and Amdi, W. 1979, Soil sesls in tropical
all pastares of northern Australin. Ausreolian Journal of Soil
Researeh J0: 483494,

Mott, 1.1, 1986, Planncd invasions of Australian tropical
savinnahs, In: Groves, B 1. »id Burdon, 1), (eds), Ecology of
dinlogical Invasions. 89-96, Cambridge University Press,
Cambridge,

Myers, R.J.K. and Robbins, G.B, 1991, Sustaining productive
pastures in the ropics. 5. Maintaining productive sown grass
pastures. Trapical Grasslands 28: 103-111,

Olsan, J.S., Waiss, LA, and Allison, L. 1983, Carbon in Live
Vegeration of Major World Ecosysiems. US Department of
Enerpy, Ouk Ridge National Labaratory, Tenn.

Owen-Smith, 1N, 1988, Megaherbivores, The inflience of very
fwge body size on ecology. Cambridpe University Press, Caunbridge,

Ruess, R.W. and Seaple, S.W. 1994, Landscupe pattems in sail
microhial processes in the Serenpeti Nationul Park, Tanzania.
Ecolagy 78 K92-904,

San José, 1), and Fariflas, M, 199]. Temporal changes in the
strueture of o Trachypogon savannah protected for 25 years.
Arta Oecalogica 12: 217247,

e



58

Sarmiento, G, |94, The Evolugy of Neorropical Suvaunahs
Harvasd University Press, Cambidpe, Muss.

Schales, R.J. and Walker, Bt 1993, Ay African Nevanak:
Syutheses of the Nylsvlet study, Cambridge University Press,
Cambridge,

Stiny-Boukar, L, Floret, €. ang Panunier, R. 1992, Degrudution
ol suvannah soils and reduction of water availuhle for the
vegelation: the case of norhern Cameraon Vertivols, Canidian
Journal of Soil Science 72; 4814838,

Tilmaa, D, 1943, Species richness of experimental Productivity

gradicnls: how important is colenization limitation? £ oluyy
74: 2179219,

Tilmua, D. ang Downing, J.A. 1994,
prasslands. Nerure 367 363.36S.

Veencndaal, EM Moanaapals, $.C.. Gitika, T, and Magole, 1L
1992, Vesicubar-arbuscular mycorchizul infection of Brass
seedlings in a degraded senund savannah i Botswan, New
Phyrologest 121: 477385,

Walker, 3,1, (ed.) 1987, Determinant of tropical savannaks.
IuBs Munagraph 3, RL Press, Oxforg,

Wedin, DA, ung Tilman, D, 1990, Species effect on trogen
exehing: d test with perenpial Brusses. Oecolugia 84: 433-441.
Whittuker, R.H. und Likens, G.E. 1978, The biosphere and man,
In: Lieth, H. awl Whittaker, R H. (eds), Privury

the Biosphery, Spn’n;cr-Vcthg. Berlin,

Winter, W H, 199, Australia's nanherm savannuhs: & time for
Chunge in managenient philosophy, Journal of Biogeogruphy
17: 525-529,

Woumer, BL. 1943, The it of cullivation on casbon Nuaes
In weoly suvannahs of Southern Africy. Water und Air
Foiltion 70: 403-412,

Young, M.D. 2nd Solbrig, 0.7, Ceds), 1993, The World's
Savarnals, Economic driving forces, ceological consirain
and policy eprions Jor sustuinable fand wxe. Man and the

Biosphere Series, Val, 12, UNESCO und Purthenon Publishing
Croup, Puris.

Biodiversity uny stability in

Pradwenivity of

6.1.6 Boreal forests

0.0.0.1 Inroduction

The boreul forest is a circumpolar biome covering
spproximitely 13 X 109 ke? in upland forest und 2.6 x
10° km? in peatland in North Amenca and Eurasia (Olson
cf al. 1983; Shugart of o). 1992; Apps ¢/ af. 1993).
Although ecosystems in this biome yre pencrally species.
poer, many species respond 1o and affect resource
avadlability, food supply for herbivores, and disturbance
regimes in very different ways (Bryant and Chapin [986;
Payete 1992 Pasior and Mladenort 1992). Functional
diversity is therefore high, but each functional Broup is
fepresented by only a few species, These strong [eedbacks
between species life traits, resources and disturbunce
regimes may in fury tause cyche fluctuations in
populationy of animals (Hansson 1979, Huukioga er af
1983}, Plunt 1issue chemisiry integrutes biudiversity with
ecosystem properties. Tissue chesuistry viries no anty
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between species but also between biogeographic MUVINCes
of major plant species (Bryant o @l 198y, FYSIL Tissue
chemistey controly decomposation and nutrien uvinlabstity,
palatabifity and flammability (Bryunt und Chapin 1986,
Pastor wikt Misdenor| 1992; Pastor and Naiman 1992) and
is correlated with life form, growth rates und longevity
(Chupin 1956, Bryant and Chapin 1986),
0062 Nunian-induced impacts and threats 1o biodiversity
Increased atmospheric loadings of rudianvely setive gases,
wilth consequen wirming of the climate, ynd logging are
the two human activitjes with greas consequences lor
clunges in biodiversity and CCOSYSIEm properties in borey|
regions aver the nexy severul decades, Initially, these
socsetal impacts will ylter the diversity of tree species,
Because of the couplings between gree species, loud web
slructure, nutrient cycling and the amaosphere, these
changes in (ree Species composition ramify throughout 1he
ccosystem and biome. The probubility
and increased logging over the next several decades iy high,
but the ecosystem effecty of these impacty are greatly
conditioned by the functional Lroup affected wl loca!
conditions, Human-induced changes in biodiversity in
boreul regions therefore introduce high variunce in
ceosystem properties w1 local and regional scales.

of elimue wikming

0.1.6.3 Productive capacity, biomasy asid deconipoyition

Human impacts on biodiversity, Global warnung will
cause differential migration of |ree species northwind from
e Boreul zone into the tndr, wnd from grasshids and
northem hardwood areas into arcas currently eccupied by
boreal trees (Pastor and Post 1988 Duvis and Zabinski
1992, Pastor und Jolnsion 1992). Logging in the boreu|
forest Lenerally consists of Clear-cuding or Plantition
estublishment, Clcar-cuuing alone perpetuvites carly
successionul foresty dominuted by shade-intuterant
hardwoads, bat witly generally high species fichness, while
plantations consise muinly of monoculiures of cenifery
(Mladenof! and Pastor 1993; Haile 1994),

Ecosysten consequences of impucis, As the ¢limate
wirms, the diflerential migration of tree species changes
Productivity, biomiss aid decomposition (Payette o al
1985, Pustor und Poss | YSE; Bunan erai 1990, MucDonslyg
elal. 1993), The dircction of Change depends on the focal
distribution of soil types. On sundy sols in mid-continenty|
regions south of the permafrost line, drought stress will
ineeease and the boreal forest will pe replaced by u jack
Pine-ouk savannah of |ow productivity und slow
decompusition, Op cliy soils that can retain wiler, the
boreal forest will be replaced by northern hardwoods of

higher productivity and decomposition rates (Pastor and

Post 19%58), 1 fiar northern regions, the loeal disseibution of
permafrost affects how ccosystems respond 1o climate

ntial soning of specics {Bonan

wirmiing beciuse of differe




