441

Ramakrishnan, 5. 1942, Shfriey Agricwitiond avd Siwraimabiy
Drevelopmear; An Diterdivcipiinery study Jrom Norpl-Eusiern
fndia, UNESCO-MAR Serius, Parks, and Panbenon Pulsl.,
Canifoih

Read, D), Lewls, DUH., Fitker, AL and Adexiiniber, 11, fesls)
1992, M pvarreivi=us dn Faayysiema
Wallingfurl

Schuiz, H., Setler, W, and Rinmenberp, H. 1990, Soils and lond
uae relused sources und sanks of meElune CCH b i e congexs
of the globasl meulse baidped. Iy Bowwian, AF. (eal.d, Nealy
wudd e Greenbusase Effect, 300283, lakn Wiley, Chichester.

Swilt, L1 1993, Mainisiaing e baolugical stutus of soil ;g key
10 suslainable Laid ik e me® b Grecolamd, Do),
Knowland, J. and Szaboks, 1. Leds) Seul Resilivnce gud
Swgrploably Land Use, 235-24%. CAB liternational,
Walliogioed,

Swilt, M. and Andersan, 1M, 1993 Biodiversity aml eeosysueny
Tunction in agrcelunal systens, I Schudée, 1.0, sl Melaminey,
H. (eds], Migeiversity and Ecugegren Fumtion. 15 43,
Springee-Werlay, Beglui

Swift, M.J., Fross, PAGH., Campbell, B8, Hamon, 10, 5y,
Mitrogen cyching in farmng systeime derived Tnson spvanmialy:
peaspectives il challenges, In: Clariobn, M. sl Beergsirom,
L. dedsl, Ecodogy of deadde Ll b=, Kluwer Acaleme
Publishers, Dardiech,

Swilt, M.J., Yaudermver, 1., Rummiksishnan, P8, Ong, C.K,,
Andersom, JML wind Flawkins, [, |2H5, Hbodiversity and
agroccosystem functan, Tn: Mooney, HoA_ o0 o) {edal,
Bigdvwversivy wnd Ervsystem Famtton, SCOPE, Jabng Wik,
Chichesier [in press).

Tian, G.. Kang, BT, and Brossuard, L 1942, Buokugicul elfecls
of plant ressdaies with contrasting chemical eoibpasitions bider
humil trapival conditinn — decinnpwisidiin sl nuisicni rebegae.
Jatd Wiy ared Naoacdemdsiry 20 1105 I = L

Yundermeer, J. 1989, Tie Eculugy uf Interevopig. Cambridge
University Pres, Cumbradype.

Vanderplank, LE. 1984, Diseuse Bevitiance iy PManis. Acatemie
Fress, Orlandi, Flg,

Walmun, M.G. usd Fourier, P04, VEET, Lawnd Tranyfaraninag
in Agrividture. SCOPE 32, Juln Wikey, Chiluiter.

LA Dolermatinl,

6.3 Conclusivns

631 Backprognd

Understanding the role of blodiversity's elements in the
lunctioning of coosystems is g relutively new ficld i
research endeavour. This seience i crucial i is own righi
for leaming about the ¢volution of biotic iieractions, e
structural and functionl properties of ccosysiems, wnd the
degree of sensitvity of these propentics 1o changes in
underlying diversiny. Uncherstanding she functional role of
biodiversity s slso AL i1 anagenyen upplations,
Valuable scientific principles and suidelines jur mhiking
ccosystem management decisions ane beginning o eamerge
in spite of the field's youth and the selatively small number
of experimental studics from which we can draw. We cun
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expect much more (o follow in the mear Tulure as these
resesrch wreas gother momenium,

6.4.2 The imporiance of ecosysiem approach

The eccosystem integrates both the physical and the
biological environment, and thus changes in uany of the
clements of the ccosysiem affect the quantity wnd guality of
s lunctioning, These changes in functioning may
themselves then affect the biologicat compsition of the
ccosystem, its physical characteristics, and its dynamies.
From o very practival stundpoing, it is the ecosystem, and
e array of ecosyslems over enline landscipes and regions,
that provides o broud diversity of goods and services 1o
humun society. The ecosystem is the level of ecological
organizition that most closely corresponds o the primmsy
Hirgels of most mansgement decisions, Therefore,
understanding the functional consequences of chunges in
the uwnderlying bivdiversily  ossumes tremendous
imporance for munagers and seientists alike,

6.3.3 Eeological poods and services

OF particular importance in undersinnding the rale of
changes in biodiversity in ecosystem functioning is the
concepd of ecological goods and services. Ecosysiems
ubviously provide marketable commodities, e.g. food from
fisheries and agroccosystens and timber from Torests {Box
f.3-1). Ecosystems also provide o wealth of products from
which marketable goods are made, c.g luxol from the
North American yew (Taruy brevifolia), or from which
they cun ultimately be symhesized, such as the PTEcursor 1o
tasal Tound in the commuonly vccurring Ewropesn Yew
Uhdiis bugvara) or the original sources of uspirin wnd

Box 6.3-1: Biodiversity's infMluence on yivle.

Yield is one of the most imporant paLramelers o
understund and manage sustainuably in managed
evological systems. In agricolwral sysiems, genetic
diversity is very Important for delermining yield
{Section 5.2.1). Although the highest known yields
i terrestrial systems occur in species monoculiures
(6.2.1), substantial umounts of energy, Ferilizer and
pesticide are required o maintain these levels, and
theis long-term sustuinability is difficult 1o asceriain,
Moderate yiclds can be achieved without energy
subsidies in manuged mixed crops (6.2.8), sugpesting
that increused diversity at the species level can
redice the overull subsidies needed fo LT T
adequate, slthough not maximum, yields.
Management that decreases animal diversity in
pastures s comeled with increased yicld of animal
products (6:1,7). Loss of coossal hubitat diversity can
leud 1o lessening of production in unmianaged
fisheries (6. 1.9),
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digialis, Ecosystems further provide services Tor which
there are obvious economic returns: ecolourism, whose
populanty is growing world-wide, is one example, bul the
same principles hold for spori fishing and hunting, where
the economic activities range from the purchase of licences
to expenditures for travel and lodging.

Ecosystems also provide services that are more difficult to
measure in economic terms, but which are nevertheless
fundamentally important to our quality of life. For example,
wetlands provide substantial copabilities to ossimilate wastes
and to purify the water that flows through them; microbial
diversity can be imporant for the degradation of hazardous
wastes; adequate functioning of the s0il microbiota is
partially responsible for the maintenance of soil fertility.
while the contribution of intact forests in controlling soil
erion, particularly in mountainous regions. is well known,
Although diminutions in these services can be shown to have
srcial and economic costs, markets do not capture their full
worth. They have thus been labelled “free’ services (Box
f.3-2) Our endersianding of coosystem functioning miust e
improved so as 1o enable society to maintain these *free’
services, as well as providing marketable goods and services,
Building this understanding is an increasing challenpe for
managers and scientists.

8.4 Drivers of change

Human activitics are now the dominant force in causing
the alteration, redistribution and loss of bindiversity. The
rate al which humans are allering the environment, the
extent of that alteration, and the consequences of these
changes for biological diversity are unprecedented in
hiaman history, and are now beginning to pose substantial
threats to economic and cultural aspects of many socicties.
Depending on the circumstances, human activities may
increase, maintain or diminish the diversity of species,
penes or ecological communities in a given region and at a
piven time, but the general trend is an increasing loss of
hindiversity al the plobal scale. Some of these changes,
such s the efosion of genetic varahility and the extinction
of species, are truly irreversible; others are not, but the
challenge of managing natural resources while maintaining
adequate levels of biodiversity has increased markedly,
Marcover, pressures on biological diversity are likely to
increase still further as a consequence of human-induced
climate change.

6.1.5 Factors affecting the functional sensitivities of
EEOSFETEMT
Reductions in specics diversity can reduce the ability of
ccorystems either to resist stress from environmental
factors o to recaver from disturbance. For example, coral
reefs, mangroves and kelp forests can buffer adjacent
terrestrial systems from ocean waves, and (hus the presence
of coastal landscape diversity can mitigate the effects of
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Box 6.3-2: Water quality and Mood control:
provision of ‘free’ services by ecosystems.

Biodiversity at both landscape level and specics level
influences water quality and quantity, For example,
conversion of vegetation within a watershed From
forest or shrubland to grassiand increases stream-
flow oul of the wutershed, Loss of the woody
oversiorey in riparion sysiems greatly increases water
temperature. and reductions in the diversity and
productivity of the herbaccous layer increase the
velocity and crosive capacity of the sircam-flow
{6.1.7}. Thus, lnndscape-leve] conversions, partscularly
those involving hydrological changes associated with
chearing forested watersheds, can increase Mows and
the variance of Nows, making flood control more
difficult and expensive.

In nquatic ecosystems, even the addition of a
Mnpgle species can greatly alfect water quality, For
example, the accidental introduction of the 2ebro
mussel into the Grem Lakes greatly increased water
clarity due 1o its rremendous filtering copagity and
rapid population growth (Ludyanski er of, 1993),
This increasc in clarity, unfortunately, comes at the
expense of many natural plankion communities, and
Lhius alfects fish poqulatons,

storms that would otherwise produce suhstantial eroshon
{6.1.9; 6.1.10; 6.1.11). Experimental studies have shown
that species-rich temperate grasslands cxhibit smaller
changes in plant blomass after drought than less rich areas
(0.1,7). The existence of relatively undisturbed
commumnities within a mosaic of different lund uses can
serve as sources of propagules, seeds and dispersing
animals o recolonize arcas that have been adversely
affected by other stresses (6.1,1),

The sensitivity of ccosystem functioning fn chanpes in
biesfiversity appears (o be influenced in part by the number
of species that comiribute to processes in similar ways
(6.2.2), For example, the functional consequences of
species losses should be greatest for those systerns that
have few species - such as boreal foresis, deserts and
islands, because there are few species that can substifute for
the deleted taxa, and thus the chance of adversely affecting
an ecosystem process from even a single deletion is high
(6.].4; 6.1.6: 6.2.6: 62.7). For crample, emissions of
methane, nitrous oxide, dimethyl sulphide and volatile
organic chemicals, each scem to depend on o limited
number of taxonomic groups with functionally similar
propeics,. s nod understocdd why this is the cose, but it
seems reasonable o presume thit the marginal effect of
bosing any one of them would be high.
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Conversely, ecosysiems or processes with miny
functionally similar species should be bener protected from
such disruptions in the long 1emm, because there are more
species that respond differently 1o environmental stress.  For
example, o wide variety of organisms comprise the functional
group of primary producers, and there is Bo good evidence
that primary productivity i ecosystems depends strongly on
the number of species, within reasonable limits (Box 6.3.3),

On short time scales, some degree of substitutability cun
be documented in particulur cases (6.1.10 In a wemperue
prassland sysiem, dominant species fully compensmed for
the removal of subordinate species, while the subordinate
species only pariially compensated for the removal of
dominant species (6.1.7). Substitutability has some
limitations, however, Al the genetic level, populations may
not be completely substitutable because of local
adaptations, Thus, even for small areas, when a longer
timescale is considered, our best understanding is that
functional substitutability umaong species is limited, and it
i§ unwise (o assume that species are functionally redundant.

Ecosystems can vary tremendously in the number of
functionally similar species they contain, and there is no
consensus on what delermines the number of functionall ¥
similar species in panticular biomes. For example, marine
ecosyslems (open ocean, near coastal, estuarine) tend 1o
hive greater phyletic diversity among functionally similar
species than do werrestrial ecosystems, due al least in iart b
their greater overall phyletic richness. Many tropical
lerresirial ecosystems have large numbers of apparently

Box 6.3-3: How does biodiversity influence
productivity?

The relationship between biodiversity and primary
productivity needs 1o be considered over both shon
and long time scales. On relatively shor time scales
and smaadl spatial scales, the most important issue is
whether reductions in species diversity will adversely
impact productivity. Over loager time scales, the role
of diversity in the maintenance af productivity in
syslems undergoing o veriety of stresses becomes
paramaount,

In mest biomes, primary productivity appears 1o be
only weakly related 1o the number of plant species, as
it usually peaks ar relatively low species-richness
levels (6.2.1; 6.1.; 6.1.7), Diversity may play a role
in the maintenance of productivity in the face of
nutural and buman-induced change (e.g, disturbance,
drought, climate change, toxlns) (sec 6.2.1; £.1.2),
and changes in landscape configuration can have
farge and long-lasting effects on regional productivity
(e-g. bunded vegetation sysiems, £.2.5),
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functionally similar species, especially when commipured o
their temperate analogues. Even within a climatic zone,
historical factors can result in substantial varistion in the
number of functionally similar species, a5 Is seen in the
wide variution in numbers of flowering plant Species in
different zones of emperute deciduous forest and different
Mediterranean ecosysiems.

Each individual species may play many different
functional roles, which are rurely fully understood. It is
possible for an ofganism 1o have a suite of biological traits
that coafer on it a dynamic importance out of PrOpOTLian 10
its abundance, ie. it plays a keysione role in arganizing
structure and processes throughout an ecosystem. The
¢ffects of moose and reindeer on boreal and Arctic
ecosysiems; sea olters in northern California kelp foresis:
many purasitoids and parasites in biological contraol
programmes; and the mujor grazers on grassland
ccosystems, all provide well-documentad examples, The
full influence of such species is generally only seen and
undersiood when it has been lost from the svstem. Chur
ubility 1o predict a priori which species will have such
effects is very poor, und they may oceur in either specics-
poor of species-rich syslems.

When changes in ecosystem composition and
funclioning do oceur, they are often gradual. However,
some  systems, especially islunds, lakes and
agroecosystems, exhibit dynamic threshalds in their
Fesponse 10 3 mujor siress or disturbance that affects
diversity. Others scem 10 be susceplible to chronic siress,
and these tend 1w have very few species with functional
similarities: e.g. boreal, Arciic and wlpine systems,

6.3.6 Invasions, introductions and ipecies losyes

Imernational truvel and trade, in addition 1o climatic
variation, provide opporunities for the deliberate
introduction or accidental invasion of SpECcies inlo new
ecosyslems. When a species enters an ccosystem in which
it previously did not occur, it can either adversely disrupt
ccodyslem processes or have positive effecls — such as
providing biocontrol of pests or pathogens in
dgroccosystems. Microbial species introductions,
particularly of plant puhogens, have had o lurge effect on
ecosystem composition in both natural snd managed
systems, but these effects do not always have farpe
Gbservable elfects on ecosystem processes %.2.7). For
example, the loss of chesinut from eastern deeiduous
forests in North America, dug 1o the introduction of
chestnut blight from Europe, was both rapid and dramatic,
but there have baen no discornible conssquences for
ecosystem functioning as ather tree species scem o have
Tulfilled Its original functional roles. On the other hind,
introductions of new capabilifies such s nitrogen fixation
It ecosystems whose component specics previcusly did
ol have this ability, typically have dramatic clumnges in
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bath composition and ecosystem functioning. The
introduction of nitrogen-fixing trees into sites in Hawaii
has led to a complcte restructuring of the plant
communitics, with consequent changes in nutrient supply,
fire frequency and water availability, Biotically
impoverished systems whose major species have only
limited genctic diversity, such as many production
aproccosystems, are often very suseeptible to the effects of
imrodductions and invasions (5.2.1: 6.2.1: 6.2.6), with the
intraduction of pathogens being of primary concem.

Islands and ecosystems with relatively few component
species, such as boreal forests, seem to be more susceptible
o specics invasions than species-rich biomes such as
tropical foresis, so it would be expected that invasion of
specics leading to disruption of ecosystem processes is
mare likely to occur in the former than in the lotter (5,2.6),
Freshwater ecosysiems in all climatic zones also seem to be
especially =ensitive to invasions and introductions (6,1.13),
In peneral, arcas of coosystems that have been subjecied 1o
disturbance or stress from other environmental Factors,
such as fire, drought. overgrazing or extensive clearing. can
provide open habityt and resources that allow invaders 1o
hecome established. Whether or not introduced species will
spread From their original entrance depends on the
particulars of their biology, and the hiology of the native
species they encounter. Apart from these generalizations,
ihere is very little ability to predict a pelerl the effects of
accidental or deliberate introductions, suggesting that
ennsiberable prudence be exercised,

6.3.7 Transformation and fragmentation of populations
and ecosystems

The net effect of human activities may possibly be an
wcrease in the overall diversity of ecosystem types around
the world, some of which are extremely important o
socigtal well-being. Human activities are, for example,
ilirectly responsible for creating agroccosystems, However,
these increases in the diversity of ecosystem types have
come at the expense of impoverishment of a greal number
of natural communities, and the reduction of at least some
ECOSYSIEM services,

Some fragmentation of existing ecological communities
i inevitahle, except in areas that have been specifically
protecied, In nearly all cases, the fragmentation of existing
communities reduces the diversity of native species in their
natural habitats. Human impacis, in particular habitat loss,
fragmentation and over-exploitation, tend to reduce
severely the size of many biclegical populations, and this
increases (he risk that a populvhion will be lost, ultimotely
leading to species” extinction. Even when the species does
ned become extinet, its loss from a local regron or a major
reduction in 18 population can have significont
consequences for human livelihoods and ecological
services. The specics most likely to he lost are large
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predutors and other apecies with larpe Body sizes and area
requirements. Alse likely 1o be lost are species with less
ability to disperse among and colonize habital patches,
Species likely to survive fragmentation will be those best
adapted o patchy and frequently disturbed environments,
especially early successional and easily dispersed specics.
Frapmentation is thus expected 1o result in CCosysioms
dominated by such 'weedy' species. Such systems have
characteristically higher losses of nutrients, nitrogen and
carbon, higher litier quality and therefore Faster
decompesition rates; simpler spatial structure; and less
overall protection from herbivory than the original
communitics that preceded theim,

No bieme is functionally resistant to landscape-scale
changes in diversity, particularly those changes due to
anthropogenic alterations. The large-scale conversion of
ecosystems in landscapes tends 1o have long-lasting effects
on system processes independently of whether the
particular ecosystems were originally of high or low
diversity. For example, the larpe-scale transformation of
forested ecosystems Lo pasturcland, prasslands and
agricultire has been an important contributor to the
mcrease in atmospheric carbon dioxide over the st several
hundred years. The first phase of this transformation
occurred in the developed countries of the Northern
Hemisphere, but in recent decades tropical conversion of
foresied eoosystems to prassland hos become the main
contribaitor. During the 19808, conversion of tropical forest
to grassland contributed approximately 1.6 gigatons of
carbon per vear to the smosphere, in addition 1o the 5.5
gigatons of carbon per vear released by fossil fuel
combustion. This was slightly offset by regrowth of
temperate and horeal forests, which sequestered about 0.5
gigitons per year during the same time period, Improved
management of forested ecosystems and reforestation in
both the temperate and tropical regions can continue to
sequester carbon from the atmosphere and move it to
longer-lived soil pools, thus reducing the rate at which
greenhouse pases are ndded to the Mmosphere,

The interactions among different ecosystems determine a
landscape’s functional sensitivity to changes in diversity.
Landscape-scale functions are affected by changes in
diversity at lower hierarchical levels either when the
changes in diversity affect the strength of the spatial
interaction, of when the changes in diversity affect the
strength of sources or sinks of the maoterials being
transferred. There are charnacteristic differences in these
aspecis of coosystem ‘connectedness™ e.g. ocean systems
have high conneciedness compared fo termestnal systems,
therefore changes n one place mav ultimaicly have effects
far aveny. T mnmy ferrestial sygienis, the connectedness of
landscnpe componenis s delermimned by weater Mow, and
thus both topogriphy and wepetnnion play mopor rokes in
determining fandscape-level Tunctional msponses. However,
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even in iemesirial sysiems, simosphernc or climatic siress or
disturbance, gr processes that produce Teedbacks 1o the
atmiosphere, operaie through o medium that provides high
conmecledness. The acidification of soil and surfuce water
in forested landscapes; changes in soil microflora; and loss
of nitrogen from previously nitrogen-limited forests as a
consequence of acid precipitation in North America and
Europe, demonstrute that landscape-leve] functional chanpes
N oCeur in leresirial systems because of atmosphenic stress.

Within reasonuable bounds, we cannoi consider
trunsformations of ecological communities 1o have only
local effects. In manne systems, chunpges in peographically
distant ecosystems may greatly alfect one another through,
for example, lorval ransporn or e transport of poliutams
by currents {8.1.12), Even in terresirial ecosystems,
migratory animals and the atmosphere provide similur
linkages between distanl ecosystems. Fragmentation of
temperate foresis in Monh America cun, for example, affect
the survivorship of tropical-temperate migratory birds,
which are imponant seed dispersul and bioiogical control
agents in neciropical aneas, Changes in forested wanersheds
can have obvious effects on water flow and quality far
downstream. Current rates of forest conversion will also
reduce potential or actual sustainable economic benefits
due 10 soil and water conservation services, recreation and
tourism, and non-tmber producis.

6.3.8 Goods and services ai risk
The trunsformation, rupmentstion wnd loss of habitos hos
haod many different effecis on the provision of ecological
goods ond services. The massive creation of new
agroccosystems has obviously resulied in the ability o
increase Tood production drametically, At the swme ime, it
has Jed o the impoverishment of namral communities and
cun reduce the ability of ecosystems to maintain
productivity in the face of envivonmental fluctuation,
" Substantizl alteration in soil fertility can be driven by
changes in plant species composition and microbial
functional groups which are required for the cycling of
important plant outrients. The loss of purticulur plant
species and loss of critical communities, such as forestad
wilersheds, can reduce the ability of ecosystems 1o control
&0il erosion and retuin water. Conversion from forest or
shrublend 1o grassland dramatically increnses sireame-{low,
und if this ocours in the upper reaches of watersheds, can
increase the need for additional water contral messures
through dams. Thus, degradation and conversion of
fioresied watersheds can result in significant economic costs
duo 1o increased flooding and sedimentation.

The rapid transformation of Torested ecosystems without
regard for appropriate management of water resources, has
had serious consequences for human healih {Box 6.3-4),
Dieforesiation led to major makaria outhbreaks in the western
Amaron, due to the creation of new habitats for mosguito
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Box &.3-4: How du disrupiicns in blediversity
infMuence human bealth?

Digruptions in biodiversity con affect disease
transmiission either through their inflluence on vecions
of disease, or more directly on their influsnce on the
disease-causing organisms themselves. Changes in
landscape diversiny, due 1o agriculiure, have resulied
in the the spread of human disenses, For example, the
introduction of slash-and-burn agriculiure into wel
tropical Africa resulied in an increase in malaria
which 1 tum increased the ococumence of sickle-cell
anpemin (5.2.1). Physically domaged reefs are ofien
invaded by the dinoflagellate Gambierdisous roxicis,
which is responsihle for ciguwbern in humens (6.1, 10).
Unidentilied precursars in the dinoflagellate ure
wansformed into woxins which sccumulae in food
chains leading o table fish,

Other direct or indirect effecis oa health can conwe
from biodiversity's influence on panticelor ecosystem
processes, Changes in plant species composition can
result in changes in the emissions of volatile organic
compounds by plants which can lead, ulong with
industrial pellutunts, to increases i tropospheric
oane that cun indirectly affect human healih (6.2.4).
Rooting depth changes as a result of replacing
species when forests are converted 10 wgriculiorul
systems. These chanpes in roong depth affect the
amount of witer percolting through the soil and may

increase the levels of nitrate 0 ground water (8,1.4;
6.1.7

vectors, and also 1o the increased colonization of the region
by susceplible human populstions, However, management
of vector habitars, when coupled with other public haalih
measures, dramatically reduced the moidence of the sume
disease in the southern United States,

Incresses in the extent und yield of rice agroecosysiems
huve provided food for vust numbers of people. AL the
same time, the increases in rice cullivation and livestock
husbandry have been major contributors 1o the Increased
miethane concentrutions in the stmosphers, and thus 1o
concerns over greenhouse warming. I is likely, ahhough
less certuin, thal increases in the use of nitrogenous
fertilizer in the tropics in order 1w enhance agriculiural
productivity are also contribuling 1o nsing atmospheric
concentrations of nitrous oxide, u very pawerlul
greenhouse gas, in the atmosphers (Box 6.3-5)

Transformation of pans of ecosysiems that han acouin
substantial economic value often requires intensive
management in gher pans of the ecosysem. Fire controd in
lorest ecosysiems provides one example, Fire contral in
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many forests provides substantial benefits for adjacent
property owmers, and for hunling and recrention. However,
hecause fire control completely alters the Trequency of
naturally occurring fires, it also can have the unintended
side-effect of contributing to the buildop of fuel, possibly
leading 1o more intense fines which have adverse effects on
plant regeneration and wildlife habitat, and threaten human
habitation. Prescribed buming can partially mitigate these
priendial pdverse consequences, but can itsell be expensive,
Fire control thus illustrates the need to balance carclully the
costs and benefits of maintaining diversity in ecological
communitics,

Over-exploitation in extracting matenials and goods from
converted or depraded ecosystems, such as poorly managed
cropping and timber harvesting. while providing food and
wind, also tends (o disrupt some ecosystem. services by
decreasing the abality of the ecosystems 1o retain mutricnts,
wiler and Eopadil. These effects are due direcily to the
mechanical effects of extracting the desired materials,
along with the longer-term biogeochemical effects of
remaving carbon, nitrogen and nutrients from the systems,
Owver the long term, reductions in soil carbon and soil fertility,
ond increnszs in overland flow and sedimentahion mies, pre
affen the resull (Box & 5-6) Increased fertilizer and pesticide
subsidies are then often required (o mamiam adequate
apricultural vields, resulting in increased direct costs.

The introduction of non-native species, and over-
exploitation of respurces, has been especially problematic
in grassland ecosystems, Tn arid and semi-arid regions, the
imrhuction of calfle, sheep and other non-native grazers,
subseguent overpgrozing, over-use of fire, and the
intressction and spread of alien plant species, can result in
desertification because the new species lack the adaptations
of the natural communitics for using water cfficiently in the
fzce of the original herhivornes,

639 Implications

Understanding the functional role of binlogical diversity 1s
imporiant scientifically, but as our analysis mokes clear, it
alsn is important from a managerial and policy pemspective.
Changes in biodiversity will, to the best of our current
knowledge, have imporiant implications. for sustamable
resource management, and for the continued provision of
ecological poods and services, Our analyses suggest that
these implications may be particularly important for longer
time scales, especially for those ccosystem processes and
poods such as primary productivity and crop yields that o
mol depend strongly on diversity over short lime scales. As
the need for sustainable management of coological poosds
and services increases, the maintenance of these processes
hecomes more important over long time scales, and the
importance of conssdering biodiversity as a component to be
mannged alsn increases, Ecosysiems can be managed so as
by meaintiin pords and services that might otherwise be bost, if

e ey,
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Box 6.3-5: How does hiodiversity influence
aimospheric composition and climate?

The influcnce of biodiversity on air quality is not
generally thought to be strong in comparison with
direct anthropogenic effects, However, there is some
trelationship between the actunl composition af
ecosystems and landscapes and nir quality, Becpuse
different plant species emit different volatile organic
compounds, species composiiion can affect the
concentration of troposphenc ozene, in conjunction
with ncustrial pollutants (65.2.4) Certain ecosysicms

within a landscape serve as particularly efficient
sinks for polluionts (5,13

Biodiversity ot a species or ecosystem level plays
a stronger role in (e relatiee strenpeth of sources and
sinks of imoe pases. Some specics and sysigms ane
particularly high sources of trace-pras emissions, such
a5 DMS, CH4, N,O. and NCx (6.01.2; 6.1.6; 6.2.4;
6.2.8). Methane (CH,) 1 one of the most important
greenhoase gases and its production is restricted to a
single group ol bacterio specics thatl require
anacrobic comlitions, they are Townd especially in
wellands and in the digestive tracts of rominants and
termites {6,120 6.1.7: 6.2.4)% For DMS5. microbial
specics interactions such ns grazing can have a
strong influence on emission rates (6.2.4; 6.2.7), bt
the sensitivity o anthropopenic disturbance 13 not
knpwwn, Dither microbial spocies provide imporiant
sinnks Tow O il MO,

The changes in aimosphenc concentrations of some
trace gases can be reluted in part (o alterations n
landscope-level diversity and human activities, One
of the sources of the net addition of CO, to the
atmosphere is land-cover conversion (ic. change in
landscape diversity) notably in the direction of
tropical evergreen = trogical decideous > temperale
forests (50,28 Mer additions of CH, can largely be
attribated to human activities enhancing the extent of
rice paddy snils, livestock, and other sources rather
thum one particular chunge in landscape diversity,

In temperate foresis. changes in species
composition can affect stmospheric interactions and
local wemher through chanpes in evapotranspiration
and athedo (6.1.3), In desent and prassland systems, the
arnonl af water transpired — and henoe the local climaie
— depends very sirongly on the particular complement
of specics present and the way in which they
partition water (6.2.31. In marine sysiems, planktonic
alpae emil considerable amounts of dimethylsulphide
(DMS), which subsequently have a strong influence
on clowd formation (6.1.9: 6.1.12: 6.2.45,

Miter 1 umntas s #
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Box 6.3-6: How is biodiversity reluted to sl

fertility, soil erosion and the control of hazardous
wasle?

Soil femlity is relued to soil parent material, liter
type and the presence of basic microbial species
richness. Therefore, within an ecosystem, species
composition certainly matters, and chunges in
species diversity can therefore lead w changes in soil
fertility. Substantial aherations in soil fertility can be
driven by changes in plant species composiion
(6.1.6), both within and omong ecosystems.
Unfortunately, few duta are available on microbial
richness in soils, or the interactions among plant
species fchness per a2, linter quality, soil biota and
soil Tertility, We know that different microbial
functional groups are required Tor the cycling of
important plant nutrients. However, i present we
have linle knowledge of the comparative roles of
microbes within functionul groups (6.2.7).

Biodiversity cun aflect rutes of soil ercsion in o
variety of ways, Ad the species bevel, individual plunt
species, due 1o their growth form and canopy
architeciure, can play a crucial role in contralling
soil erosion (6.2.5), Paniculnrly in arid wvd semi-aril
regiong, then, reducing the divensity of plant species
can accentuate soil lesses through erosion.
Landscape diversity resulting mainly from Lund-use
palterns can abso affect erosion rate direcily (6,1.2;
6.1.4; 6.1.7). These changes largely come about
through land-cover conversion, especially the
transformation of forested systems o agriculiural
uses or pastures, but they can also come about
through the intensification of agriculiural
manngement. Both chunges generally have the effect
of lowering the wmer and soil retention capubilities
of the landscape, leading 10 increased soil erosion,
Coastal forested wetlands play an imponant rode in
controlling shoreline erosion (61,11,

Microbial diversity can be very important for the
degradation of xenobiotic compounds (ie. hozundous
wastes). 11 is imporant both for dealing with the
myriad toxic compounds entering the environment in
all biomes and also in cases in which microbial
COmMmAunity imeractions, such as co-metabolism, are
necessary 10 break down a single compound (6,2.7),
These phenomeni can be eaxploied wo identily
speciflic organisms, or groups of organisms, that
possess traits that could be harnessed on larger
scales either 1o mitigate the effects of accidentul
contamination, or to reduce hazardous wasle
production in industrial processes

Bicdiversing and Ecesysiem Fuoviening : Ecoyysicm Amalyses

the appropriake compownis of baodiversity wre mambangd
(Box 6.3-7) Changes i bliodeversany can bave direcl wel
mdirect effects on wtmaspheric COmposItog, Mmenagemsi
of water, und human health. Thus, mamagement cauliian i
reducing diversity s indicied for bath specics-rich and
SpeCics-poor sysiems, when il 15 imporant 10 susbun the
proviston of goods and services over long nime scales.

Box 6.3-T: Approprigle manugement can enbunce
eCosystem services

Coarbon sequestration can be enhanced by managing
landscape diversity. Corversion 1o prassland, the most
common type of [orest conversion in e (ropics,
coptributes the lurpest amounts of curbon emissions
in those areas. Retuming agriculiorad lund (o Dorest,
or managing ugriculiural lund more effectively to
enhance soil carbon sequestration, cun leud o lower
emissions of truce poses, and cun show thie rue w whech
excess carbon dioside 15 added 1o e wumsplicre.

Forest fragmentation profoundly affects bioic
interachions which constilule imporian eoosysien
services. A clear example of this s biotic pollination
(0, 2.0), Reducing the degree of fragmentution, peraps
by providing sufficien corridors for dispersal, migha
be able (o mamtsin un sccepiable level of pollinaticn
while allowing some harvesting of resources,
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