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3.3.2 Human-induced perturbations biodiversity
F3.20 huroduction

Human perturbations affect biodiversity both directly and
indirectly through changes in land and water use (Figure
3.3-1) Such changes have a dinsct impact through hubitar
destruction and over exploitation of resources such as
occurs in everfishing and overgrazing, and an indirect
impact through their effects on the composition of the
atmosphere dind the climate, both of which directly afTep
biodiversity, Changes in biodiversity in turn modify the
functioning of populations, ecosystems and Iandscapes.
Finally, these changes feed bock Into land-use patierns,
atmospheric composition and climate, accelerating or
decelerating the rute of global change and the impacls of
human activities, Here we focus on the effects of land use,
aimospheric composition, and climate on the differem
components of biodiversity whereas most of Sections 5 and
G of the GBA analyse the effects of changes in biodiversity
on ecosystem functioning.

Ecosystem
Functioning

Figure 5,3-11 Concepiual model of the effects of human-indsced
pertarbations on bindiversity and ecosysiem funciioning, Chanpes
in lurvd nnd wuser use directly nffect biodiversiny amd
simublancously modify the composition of the mmosphere and the
climate. The ubieratsons of land and water use include the
overexpinitation of resources such as in overfishing or
overgrzing as well as deastic \nsformations such as ihe
eonversion of forests into croplands. Chanpes in climate and in
the compoition of the simosphers also directly alier hiadiversity,

Biodiversiry und Ecosystem Functic w Principles
53.2.2 Changes in land and water use

Forests, grasslands, savannahs, and deserts have been
altered drastically by human activity, Over the last three
centuries, forests have decreased by 1.2 billion ha or 195,
and grasslands by 560 million ho or 8% (Richards 1993),
This is malnly the result of increase in croplands of 1.2
billion hectares and the growth of urban areas, The rate of

land-use change is accelerating very rapidly, as is
demonstrated by agriculwral expansion which was greater
during the period 1950-80 than during the entire | 50-year
period between 1700 and 1850 (Richards 1993), Land-use
change also includes changes associated with the over
exploitation of resources which are ubiquitous and more
difficult to quantify. For example, livestock overstocking
has resulied in severe degradation of rangelands (referred
Lo as desertification), bush encroachment or brush invasion
altering large areas of Norh America, Africa and Australia
(Buffington and Herbel 1965: Walker er al. 1981; van
Vegten 1983; Archer 1989),

Marine environments have been and still are being
drastically modified by human action. Changes in water
use are usually not reflected in qualitative shifis like those
we observe in terrestrial enviconmenis but in steady and
yuantitative changes of their chemical, physical and
biological propertics. Anthropogenic additions of nuirients
are most obvious in relatively shallow coastal seas such ns
the Baltic or the North Sea in Europe, or Puget Sound
along the open coast of the state of Washington in North
America (Jickells of al. 1993}, As a result of the discharge
of wisles from heavily populated and industrialized areas,
the nutrient content of the oceans has incressed
significantly. For example, phosphate concentration in the
Baltic increased by o factor of 3 in the period 1958-80
(Jickells er al, 1993), Increases in nutrient availability
stimulate the growth of plankton which in turm consumes
dissolved oxypen as it decomposes (Lancelot er al. 1987).
Simultaneously with the increase in nutrient availabiliry,
dissolved onygen in the deep waters of some pars of the
Bultic Sea decreased from 3 mifl st the beginning of the
century to almost zero ot present (Jickells er af. 1993},
Besides pollution, humans also drastically alier marine
environments by over-exploitaling resources, Overfishing
has resulted in the elimination of subsiocks of herring, cod,
ocean perch and salmon in several regions of the world
(Luedwig er al. 19493),

Changes in land use are the major causes of habitat
destruction and fragmentation, and these in furn are the
major cuuses of recent extinctions, and constitule a ITHik [T
threat to biological diversity (WCMC 1992: Skole and
Tucker 1993), A clear indication of the importance of
habitat destruction in accounting for changes in hiological
diversity is that one way of estimating current and
predicied losses of species diversity is hased solely on
combining information on curreni and projected
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deforestation rates with information vn species richness per
unmit area in tropicol foreses (Ehrlich and Wilson 1991 see
ilso Section 4.4). The assumption that global terrestrial
species extinction rales cun be assessed from tropical forest
extinction rates is justified on the assumption that mest
terrestrinl species occur in tropical moist foresis,
Independent exercises using different dpprosches have
estimated extinction rates 1o be of the same order of
magnitude as those estimates based on species—area
felitions and the rate of habitat loss (Smith et af. 19493:
Heywood er ool G0y,

Although drastic changes in land use such as lurge-scale
transformations of forests into grusslands or prasslinds into
croplands usually result in reductions in global species
diversity, more subtle human-induced changes sometimes
increase local species diversity, For cxample, some
grasslands that evolved under low prazing pressure hive
shown increases in species diversity as a result of the
imtroduction of livestock and the consCguent increase in
gruzing intensity (Saka ot al. 1986 Milchunas ef af. 19KE).
This pattern is sccounted for mainly by the introduction of
alien species better adapied 1o grazing conditions, without
the disappearance of native grasses. Further increases in
grazing intensity have reduced diversity as introduced
grazing-tolerant species have become dominant. Humzn
activity is mostly neutral or nepative with respeet 1o ponitic
or species diversity. Only fecenily = by means of
miotechnology — have humans increased diversity.
However, at the community and Lindscape levels human
activily may either increase or decrease diversity, Noveh
(1971} suppested that human-induced livestock grazing hus
increased plant, community and landscape level diversity in
the Mlediterrunean Risin,

323 Changes in amospheric composition

Reeent changes in the composition of the atmosphere are a
clear indication of the major disruption of hiogeochemical
eycles that have occurred a5 a result of human nctivities
{Schlesinger 1991). First, scientisiy povimied out fhe
perturbiations of the carbon cycle amd the resulling sharp
merease in the concentration of carbon dioxide in the
atmosphere (Keeling 1986). Next in importance is the
disruplion of the nitrogen eyele as evidenced by the
magnitucle of human-induced nitropen Mxation, the frcrease
in nitrous exide emissions, and (e high values of nitrogen
deposition over most of the developed world (Matzon and
Vitousek 1990; Vitousek 1994), These alterations of
biogeachemical cycles have always resulted in ecosystem
enrichment and, in most ecosystems, nutrient enrichment
results in a sharp reduction in species diversity.
Experimental fenilization of shorlgrass steppe, tallgrass
prairie, tundra ond deciduous forest has always resulicd in
decreases in plant species richness (Lavenrolh o af 578,
Schuleze 1989; Tilman 1993},

a9

The increase in atmospheric CO,, and the comesponding
€O, fertilization effect, results in an ecosystem carbon
enrichment which is modulated by nutrient and water
availability (Mooney er af. 1991), Carbon enrichiment can
be expecied to have effects on biodiversity similar 1o those
that have been demonstrated for the enrichment of
ccosystems with nutrients. Because our ability to perform
€0, enhancement experiments in whole ecosystems is
relatively recent, there is no experimental evidence 1o
assess the effect of CO, fertilization on biodiversity,
Experiments ender controlled environmental eonditions
support the hypothesis that CO, enhancement changes
plant-plant interactions, and alters the competitive balance
among species, which might lead 1o a decrease in plam
species diversity, Elevated CO, field experiments based on
open-topped chambers showed a distinction between the
response of C3 and C4 species in a salt-marsh (Cunis ef af.
1989, Morse und Bazriz (1994) also exposed rwo species
with different photosynthetic pathways to elevaied CO,
concentrations and found that the C3 species (Abutilon
theophrasi) showed a larger response than the C4 species
(Amaranthus rerroflems). Based upon experiments under
controlled environmental conditions, Polley er al, {1994)
suggested that the invasion of the C4 grasslands in the
southwestern United States by woody C3 mesquite
(Prozapis glandulosa) during the past 150 Years can he
related to the observed 27% rise in aimospheric CO,.
Species-specific differences among C0, responses of forest
trees have been reported for temperate zones (Williams er
al. 1986; Norby er al. 1992) although not for tropical
eciEystems {Kidmer and Amone 19925, Phillips and Gentry
(1994) speculated thal increased €O, may favour vine
growth in tropical forests, which may explain the ohserved
increase in tree mortality,

5324 Climare change

The indirect effects of changes in the compasition of (he
atmosphere and changes in land-use patierns occur via
changes in climate. Changes in land-use and atmospheric
composition have already been detected and will affect
ccosystems and humans sooner than chanpes in climate.
However, climate change has been the first global change
phenomenon to attract the attention of scientists and policy-
makers, Scientists agree that an increase in the atmospheric
concentration of greenhouse gases such as C0y and
methane will result in an increase in global kemperature and
it change in the global distribution of precipitation, Current
uncertainties are related 1o the geographical patterns of
those changes and the speed with which they will oceor
(Mitchell er af. 1990), Predicted changes in climate for a
doubling of stmospheric CO, are quite significant for most
regions in the world, Models that refae average climatic
viriables to the distribution of vegelation types are jdenl
wols for assessing the potential effect of climate change
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Box 5.3-2: Management for sustainable bindiversity.

To manuge and exploit the environment eltectively, and sustainably, scientific information must be translated o
management plans and actions, However, promoting the wise use of ecelogical concepls in managing the Eanh's

biodiversity is neither simple nor struightforward. It requires nod only specific scientific skills, but ulso considerable
leadership qualities in co-ordination, integration and ndvocacy. On the other hand, the challenges and opponunities for
a decisive involvement of the ecological sciences in environmental management are greater thun ever, given that the

Convention on Biological Diversity und the Agenda 21 document signed ot the UNCED Rio summit in 1992 provide
ample political support at the highess level. How do we translute ecological research into management? Here, some key
ispects of the rescarchimanagement interface are discussed.

1. The available opiions are limited. The options available 1o MANALErs mre

eavironmental acceptability, economic desirabality, and in many cases political advantage (Saunders and Burbidge
1988). Time is a key constraini. Decisions need 10 be made within o given (and usually short) fime horizon, and
typecally with oaly incomplete information available. In the cuse of biodiversity, for example, the rate of loss of
both species and habitats is growing expancatially, leaving less and less time for detsiled, long-term studies
[Meadows ef uf, 1992),

2, Munagement for sustainable biodiversity must be based on the precautionary principie. The precautionary
principle, and the sssociated notion of reserved rationality (Perrings 1991; see Section 12}, upply 1o those decision-
making problems in which both the level of fundamental uncerainty and the potential costs are high. Examples include
the use of environmental resources in novel ways and w high levels of mugnitsde, Both primciples imply the need o
procecd cautiously 1w safeguard against the possibility of unexpectedly severe future costs when there is ignorance as
10 the probability distribution of the magnitude of the negative impacts. In other words, when dealing with decisions
that have the poential 10 destroy crucial life-supporting systems, it is prudent 1o have some margin for emor (on Lhe
conservative side) as one learns the outcomes of a given management policy, 1 is also prodent 1 make allowunces for
the potential, although uncertain, future losses associated with the resulting use of environmental resources and
services. By necessity, the precautionary principle implies a high value-driven judgment about the responsibility borne
by present generations 1oward future penerations (Perrings 1991). Therefore, and ucknowbedging that a1 present we do
nol huve ull the snswers we need, the only prudent policy 10 ussume today is that while there ks clearly redunduncy in
the role of specics in delivering some services, then: muy also be an extinction threshold which, if erossed,
i unacceplable delerionution of ecosystems services (see 3.1). Accordingly. the precautionury principle ind
ehireme care shoull be taken before labelling any species as *redundant’
cost for human societies, decisions need 10 be made abowl how much the precautionury principle would have o be
streiched or how misch insurince different societies can afford 1o buy. These kinds of decisions will be preatly aided hy
a bewer understanding of the reluwtionship between biodiversity and ecosystem funclioning.
A The relutionship between science and MANAgement is @ IWo-Way process.

restricted by practical feasibiliny,

will pesult
icates
- Since the precautionary principle entuils o

There is no such a thing as o definie,
prescription regarding environmental maniagement. Management is o cominweous, dynamic and interaciive Process
nvalving research, implementstion and monitoring, Therelore, 4 continuous feedback between reseurchers., MRIEErs
and wsers is clearly necessary. Accordingly, the following basic sleps wre required inoa well plunned project: {a)
planning wd develaping goal-oricntuted research, (b) dissemination of resulis, (¢) implem

entition of management
practices ud policies, and (d) monitoring and feedback,

An imporant component of this two-way process is the adaptive manugement approach, ie. using munugement
practices as a research 1ol to obuain information and insight 16 fie-tune management practices, Use of ManiEement is
a research ool has considerable poleniiul, providing access 1o semi-experimental situstions ut o scale and degree of
realism well beyond the possibilities of “traditional’ experiments (Holling 1978). Furthermore, the MEANAELME] frojict
isell can be used as an experimental probe as, for example, when mani
understunding vegetation dynamics In savunnas or grusslands, The adaptive management approach is particulary
useful when decisions need 1o be made in situmions where data are incomplete and uncertuinty is great, requiring an
oagoing, flexible, und sometimes opporunisile process, A purticularly linporiuni chillenge for researchers on the
functional role of biodiversity is the nesd o develop sustuinable mansgement models Tor cuch of the Eunth's biomes, in
which bath ecological services und human use are made computible (see for example Millon e af. 19494

Towr w
discussion on suvunnas), Furthermore, involvement in real-world alwions Tavours

inderdisciplinary work, while
providing o better insight imo the constellation of factors (biological, econamic and social) affecting (he syslem under
T e,

puluting prezing pressure as a wiy ol
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under equilibrium conditions. One of the carliest models of
this kind is the one developed by Holdridge {1947) [see
Section L3}, Analysis of the distribution of wepedation in
equilibrium with the new climatic conditions showed big
shifis of vegetation types under a double CO, climate
(Emanuel ¢s al. 1985; Kramer and Leemans 1993}, The
main result is o poleward shify of vegetation patierns,
Approximately 30% of the vegettion of the Earth will
experience a shift un a resull of the predicied climate
change. Although the climare change is cxpecied to be
significant, the magor ileeat for biodiversily is the specd
wilh which this chunge will vecur, Changes af (he
magnitude predicied for o doubling of CO, have occurred
during the Eanh's clinuile shifi from glacial 10 imerplacial
periods. However, while these changes oceurred over
millennia, the expecied human-induced changes will oceur
in less than a century (Watson ef af, 19%0), The rapid
change in climatic conditions will hamper the ability of
individual species 10 migrate 1o regions with climatic
conditions similar to those of the present, Morcover, in
some eases such os the Arctic, the area fivourshie Tor the
suevival of an individual specics will he larpely reduced.
The reductions of suitable arcas for o Lirpe number of
species, und o change in climude faster than the migration
rute of most species, I8 certain 1o result in a drastie
reduction of global species diversity.

AJ2F Conclusions

Human-induced perturbations differ guantitatively and
qualitutively from natural perturbations, Humans have
increased 1he frequency and severity of natural
disturbances to the extent that their impact is now greater
than that of most natural ones (Likens P9 ). The duration
of human disturbances is also usuilly much longer, and the
frequencies are much higher, than natural ones {Reiners
1983, Woodwell 1981 Among the major theeats to
species diversity are the quaditatively new kind of
disturbances for which no specific adaplations have yer
evolved. Homans huve synthesized new chemical
substances which have reduced the siratospheric aoome
layer at higher latitudes in the Southern Hemisphere ag
well as al mid-latitudes (Farmon er af. 1985: Siolarski ol
al. 1991}, A reduction in the ozonc layer allows increased
quantities of short wave radiation LUV} to penetrate
through the asimosphere. There is evidenee thal increased
UV results in major negative effecis on primary producers
a5 well as on the next trophic bevel (Caldwell o af. 1989:
Smith ef ol 1992; Bothwell of of, 1994), Equally new is
the ability of humans 1o exchange floras and faunas which
I resulied b rapid and NELRT invisions ol exotic plani
and animal species (Drake o7 af. 1989). Increases of some
msect, plant puthogen wnd weed pests may be associated

with the increase in CO, and remperature (Pimentel o al,
k1

J21

All the human-induced perturbations described here
resull in reductions of global species and genetic divemsity,
ilthough some human munipulitions may result in local
INCTELSCS N Eenelic, spocies, Community, ecosysiem and
landscape diversity, Human-induced perturbations under
the term "global change’ directly affect ccosystems, and
humans who depend on ecosystem services iEhrlich and
Mooney 1983), Global change reduces species diversity
which in wm (as described in Sections 5 und &) may alTect
ccosystem functioning. The truly imeversible nature of the
leres of genetic und specics diversity ix whut it makes it so
important for humans {Vitousek 1994), In Lonirast, (he
chunges in aimospheric composition and climate and oo
hurge extent land use are reversible. Reducing of “human
foscing” will result in a slow netum of the atmosphere and
the climate 1o approximarely original conditions. In
contrast, the loss of population and species diversity is
permancnl. The combination of genes that results in a
variely of morphologies and behaviours will be lost lor
millions of years or even forever. The issue of how Io
silisly the increasing demands of human societies for
poods and services and simultaneously 1o ameliorate the

rate of species and populations loss, is discuased in Box
332
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54 Conclusions

541 Background

Fundamentally, we wish to answer the simple question:
Does biodiversity matter in the functioning of ecological
systems? This question should be sddressed with respect o
the four major principles introduced in Section 5.0: (1) the
tevels of biological and ecological organization and their
interactions, (2) the numbers of different bislegical units
within ench level, () the influence wnd degree of similarity
in the traits or roles that biological and ecological units
within each level play, and (4} the spatial confliguntion of
the units within any level. We have thus summarized the
conclusions of the chapters in Section 5 with respect 1o
these four principles. We then proceed with a synthesis of
these conclusions with respect to the inflluence of human
uctions and implications for management, The summary
and synthesis tuke the form of severul simple guestions.

5.4.2 What are the influences of penetic diversity on
ecasysiem functioning?

Ehrlich (5.1} and Templeton (5.2.1) both point out that
intraspecific genetic variation can be, and has been,
exploited to change quantitative aspects of ecosystem
functioning, e.g. by increasing crop yields. In addirion,
miruspecilic genetic vanability confers some adaptive
capability to those species, and thus increases the
possibility that their funclional roles can continue to be
expressed in ecosystems that are undergoing environmental
variability or stress. There 15 very little information on
whether the genetic similarity of populations influences
ecosystem functioning. Templeton (5.2.1) points out that
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the phenomenon of local sdaptation of populations 1o their
environment is well known, and thus the spatial
conligurution of genetic variability might be important.
Relntroduction of species to areas from which they have
been lost is generally most successful if the reintroduced
inchividuals are from populations that originated close to the
ofiginal area. It is not unreasonable to suppose that there
are ramifications of these observations for ecosystem
lunctioning, but direct experimental evidence or
ohservations are locking,

5.4.3 What are the influences of species diversity in
ecorysiem funcioning?

In many cases, species clearly matter. This is primarily
becawse the species plays an important and unique role in
ita ecosystem, Removal or addition of the species results in
a dramatic and obvious change in the other species in the
ecosysiem or in a key ecosystem process, The evidence o
this conclusion is compelling: the number of examples is
increasing ns more systems are examined: and these
keystone species (Chapin ef al., 5.2.2) have been reported
from a wide range of ccosystem types. However, in spite of
the widespread existence of the phenomenon, no species
characieristics huve emerged that allow prediction of which
specics will play keystone roles. In fact, some small or
eryplic species have been found o play a keysione role.

In many other cases, however, there appears 1o be
substantial overlap among species with respect to their
functional roles. Their removal or addition appears to have
litke demonstrable effect either on olher species or on an
ecosystem process, Other species compensate for the
absence of the target species, ot least in the short term.
However, it is not known with certainty if all functions of
the species in question are compensated for (in fact, it is
rarely understood what the full range of functions is for
each species). For this reason, it is probably inappropriate
1o say that species are ‘redundant’.

Ecosystems with greater overlap among species with
respect 10 any particular process will be more resistant to
change than otherwise comparable systems characterized
by little compensatory potential, This stability is predicted
10 be a dircet result of the fact that species that overlap with
respect 1o a particular function probably differ with respect
to their responses 1o environmental changes such as
temperature, salinity, ultravioler radiation (UV-B), or
explosure to toxie compounds, Compensatory overlap is
hies suppested o provide ‘Insurance” in the sense that key
functions are maore likely 1o continue despite changes that
result in the loss of some species, There is some evidence
for this prediction, but it is a very difficult phenomenon to
demenstrate. There is no evidence that contradiets the
predictions, This is an arca where further research is necded.

The above conclusions focus on particular traits of
species and the extent 1o which the traits are uRiquee 1o &



