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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
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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-

337 ¢

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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