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ENVIRONMENTAL GOODS
AND SERVICES
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INTRODUCTION

ecl(l)rsn;snt :r?lcslet.les 1d(iirlve many essential goods from natural
» Including seafood, gam i
fuelwood, timber, a Gt proaliets, do e o
, » and pharmaceutical ;
' products. These
fepresent important and familiar parts of the economy. g‘:’(l?:ii

has been less a i ;
ppreciated until recently ig t
écosystems also perform fundamental life)-’ hat natural

planet_Wide,ClmlIolves the; life cycles of bacteria as well as the
ycles of major chemical elements such as carbon

and nitrogen. Such Processes are worth many trillions of dollars
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annually. Yet because most of these benefits are not traded in
economic markets, they carry no price tags that could alert
society to changes in their supply or deterioration of underlying
ecological systems that generate them. Because threats to these
systems are increasing, there is a critical need for identification

" and monitoring of ecosystem services both locally and globally,

and for the incorporation of their value into decision-making
processes.

Historically, the nature and value of Earth’s life support
systems have largely been ignored until their disruption or
loss highlighted their importance. For example, deforestation
has belatedly revealed the critical role forests serve in
regulating the water cycle — in particular, in mitigating floods,
droughts, the erosive forces of wind and rain, and silting of
dams and irrigation canals. Today, escalating impacts of human
activities on forests, wetlands, and other natural ecosystems
imperil the delivery of such services. The primary threats are
land use changes that cause losses in biodiversity as well as
disruption of carbon, nitrogen, and other biogeochemical
cycles; human-caused invasions of exotic species; releases of
toxic substances; possible rapid climate change; and depletion
of stratospheric ozone. Based on scientific evidences, it can be
inferred that many of the human activities that modify or
destroy natural ecosystems may cause deterioration of
ecological services whose enormous long term value is
sacrificed for the miniscule short-term economic benefits
society gains from those activities. Our current understanding
of ecosystem services reveals that:

* Ecosystem services operate on such a grand scale and in
such intricate and little-explored ways that most could not
be replaced by technology.

* Human activities are already impairing the flow of
ecosystem services on a large scale.

 If current trends continue, humanity will dramatically alter
virtually all of Earth’s remaining natural ecosystems within
a few decades.
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Considered globally, very large numbers of species and
populations are required to sustain ecosystem services.

Land use and development policies should strive to achieve
a balance between sustaining vital ecosystem services and

pursuing the worthy short-term goals of economic
development.

The functioning of many ecosystems could be restored if
appropriate actions are taken up in time.

IMPORTANT ECOSYSTEM SERVICES

Ecosystem services refer to a wide range of conditions and
processes through which natural ecosystems, and the species
that are part of them, help sustain and fulfill human life. All
these services maintain biodiversity and the production of
ecosystem goods, such as seafood, wild game, forage, timber,
biomass fuels, natural fibers, and many pharmaceuticals,
industrial products, and their precursors. The harvest and trade
of these goods represent important and familiar parts of the
human economy. In addition to the production of goods, it
also acts as a sink into which the inevitable byproducts of
production and consumption activities can be discarded. This
is otherwise referred to as the waste assimilative function of
the environment. (Holdren and Ehrlich 1974; Ehrlich and
Ehrlich 1981). Ecosystem services support life through:

* purification of air and water
e mitigation of droughts and floods

* generation and preservation of soils and renewal of their
fertility

detoxification and decomposition of wastes

pollination of crops and natural vegetation
e dispersal of seeds

cycling and movement of nutrients

control of the vast majority of potential agricultural pests
* maintenance of biodiversity

e 3B
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. protection of coastal shores from erosion. by waves

. protection from the sun’s harmful ultraviolet rays

o partial stabilization of climate o

« moderation of weather extremes and their 1mp.acts '

« provision of aesthetic beauty and intellectual stimulation
that lift the human spirit

The lack of attention to the vital role Qf natural gcos%stgm
services is easy to understand. Humanity came mttc.) nelfr:)gr
after most ecosystem services had been in operatio for
hundreds of millions to billions of years. These ?ervmers1 .
so fundamental to life that they are easy to ta}ke ﬁr tg;a; mal;
and so large in scale that it is hard to imagine tha s
activities could irreparably disrupt them. Ecosystem i el
and the systems that supply them are so interconnecte Lnat
any classification of them is necessarily rather ar.b1trary.b o
such services that operate in ecosystems worldwide are briefly

described hereunder.
Production of ecosystem goods

Human race obtains from natural ecqsystems an arrzy (zf
ecosystem goods — organisms and their parts and pr}c\) uc rs1
that grow in the wild and that are used dlrec'tly for gmi
benefit. Many of these, such as fishes and animal pr? uc 13
are commonly traded in economic markets. The annua wotr '
fish catch, for example, amounts to about 100 mﬂhoq me IICt
tons and is valued at between $ 50 billion fmd $100 bo11110n, hl
is the leading source of animal protein, with over 2}(1) Yo otf ht '1?;
population in Africa and Asia dependent on fish as ?al
primary source of protein (UNFAO 19.93). ‘The commeri .
harvest of freshwater fish worldwide in 1990 tota e2
approximately 14 million tons and was valufed at abotut $§He
billion (UNFAO 1994). Grasslands were algo 1mportan ash
original source habitat for most domestic animals suc a}s\
cattle, goats, sheep, and horses, as well as many crops, suc1
as wheat, barley, rye, oats, and other grasses (Sala and Il’ar;lle 2
1997). In a wide variety of terrestrial habitats, people hun

_
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game animals such as waterfowl, deer, moose, elk, fox, boar
and other wild pigs, rabbits, and even snakes and monkeys.
All these goods are produced in natural ecosystems.
Natural ecosystems also produce vegetation used directly
by humans as food, timber, fuelwood, fiber, pharmaceuticals
and industrial products. Fruits, nuts, mushrooms, honey, other
foods, and spices are extracted from many forest species
(Tiwari and Rani, 2004) Wood and other plant materials are
used in the construction of homes and other buildings, as
well as for the manufacture of furniture, farming implements,
paper, cloth, thatching, rope, and so on. About 15 percent of
the world’s energy consumption is supplied by fuel wood
and other plant material; in developing countries, such
“biomass” supplies nearly 40 percent of energy consumption
(Hall et al., 1993), although the portion of this derived from
natural rather than human-dominated ecosystems is
undocumented. In addition, natural products extracted from
many hundreds of species contribute diverse inputs to
industry: gums and exudates, essential oils and flavorings,
resins-and oleoresins, dyes, tannins, vegetable fats and waxes,
insecticides, and multitudes of other compounds (Myers 1983;
Leung and Foster 1996). The availability of most of these

natural products is on decline due to on-going habitat
conversion.

Generation and maintenance of biodiversity

Biological diversity refers to the variety of life forms at all
levels of organization, from the molecular to the landscape
level. It is generated and maintained in natural ecosystems,
where organisms encounter a wide variety of living conditions
and chance events that shape their evolution in unique ways.

Biodiversity is a direct source of a variety of ecosystem
goods. It also supplies the genetic and biochemical resources
‘that support our current agricultural and pharmaceutical
enterprises and allow us to adapt these vital enterprises to
global change. Our ability to increase crop productivity in
the face of new pests, diseases, and other stresses has

V—f
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i on the transfer of genes from wild crop
deper.lded thf:tv tclg}ifvltlap:esistance to these challenges. Such
I‘emm{iiesns from biodiversity’s “genetic library” account for
s loincreases in crop productivity of about 1 percent,
annuaﬂ valued at $ 1 billion (NRC 1992). Biotechnology now
cur;en }:)ssible even greater use of this natural storehouse of
e et?cpdiversi’cy via transfer of genes to Crops from any k}nd
g(fener anism — not simply crop relatives — and it promises
fc)o glagy a2 major role in future yield increases. By thg tulrn of1
the century, farm-level sales of the products of agricu ’cutread
biotechnology, justnow entering the marketplace, ar;egegﬁpe(;te(i
to reach at least $ 10 billion per year (World Bank , C
i i 1., 1996). .

i RIe;dagti?’cion to lustaining the production of convgnhonal
crops, the biodiversity in natural gcosystems y}aydlnclu;duei
many potential new foods. Human beings have utlhz.e arou 1
7,000 plant species for food over the course of hlstoa(r 1am
another 70,000 plants are known to have edible parts § Vi stog
1989). Only about 150 food plants have ever been cultivate
on a large scale, however. Currently,' 82 plar}t spfefmecsi
contribute 90 percent of national per-capita supphesho c;(l)a
plants (Prescott-Allen and Prescott-Allen 1990), alt m;g ‘
much smaller number of these supply the bulk of the calories
humans consume. Many other species, ho.wever, appear more
nutritious or better suited to the growing conditions tl;la’lcc
prevail in important regions than the standard crops tha
dominate world food supply today. Because of_ 1r1creasxr}scg1
salinization of irrigated croplands and the potegtlal for rapi
climate change, for instance, future food security may come
to depend on drought- and Salt-tolergntlzzarletles that now
aratively minor roles in agriculture.
planyErrfilEg to me}(liicinal resources, a recent sgrvey sll}oxtxieiii
that of the top 150 prescription drugs uS(sd in the n; ;o/
States, 118 are based on natural sources: 74% on plants, 4 o
on fungi, 5% on bacteria, and 3% on one vgrtebrate (sn; e)
species. Nine of the top ten drugs in this list are b.aie 1on
natural plant products (Dobson 1995). The Fommerc1ad v; 1;8
of pharmaceuticals in the developed nations exceeds
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billion per year (Principe 1989). Looking at the global picture,
approximately 80% of the human population relies on
traditional medical systems, and about 85% of traditional
medicine involves the use of plant extracts (Farnsworth et al.
1985, Tiwari et al., 2004).

Stabilization and amelioration of climate

Climate plays a major role in the evolution and distribution
of life over the planet. Yet most scientists would agree that
life itself is a principal factor in the regulation of global
climate, helping to offset the effects of episodic climate
oscillations by responding in ways that alter the greenhouse
gas concentrations in the atmosphere. For instance, natural
ecosystems may have helped to stabilize climate and prevent
overheating of the Earth by removing more of the greenhouse
gas carbon dioxide from the atmosphere as the sun grew
brighter over millions of years (Alexander et al., 1997). Life
may also exert a destabilizing or positive feedback that
reinforces climate change, particularly during transitions
between interglacial periods and ice ages. One example: When
climatic cooling leads to drops in sea level, continental shelves
are exposed to wind and rain, causing greater nutrient runoff
to the oceans. These nutrients may fertilize the growth of
phytoplankton, many of which form calcium carbonate shells.
Increasing their populations would remove more carbon
dioxide from the oceans and the atmosphere, a mechanism that
should further cool the planet. Living things may also enhance
warming trends through such activities as speeding up
microbial decomposition of dead organic matter, thus releasing
carbon dioxide to the atmosphere (Allegre and Schneider 1994).
The relative influence of life’s stabilizing and destabilizing
feedbacks remains uncertain; what is clear is that climate and
natural ecosystems are tightly coupled, and the stability of that
coupled system is an important ecosystem service.
Besides their impact on the atmosphere, ecosystems also
exert direct physical influences that help to moderate regional
and local weather. For instance, transpiration (release of water

—
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f plants) in the morning causes
rom the leaves of p ) in :
vapos istorrns in the afternoon, limiting both moisture loss
o and the rise in surface temperature. In

o '
i;orgi\:z;f\glfzr example, 50% of the mean annual rainfall
e 74

itself via evapo-transpiration — that
%S reCYdiiabt?oi‘lefrfgrr:Svtvet leaves anr()i soil combined with
e eva'I;ation (Salati 1987). Amazon deforestation coulq SO
transpiicall reduce total precipitation that the forest rmght
drama::lble t(}), reestablish itself following complete destruction
bsehirlzla et al., 1990). Temperature extremes are alsq moderated
l(gy forests, which provide shade am:,i surface coohgg and alstﬁ
act as insulators, blocking searing winds and trapping warm

by acting as a local greenhouse agent.
Mitigation of floods and droughts

An enormous amount of water, about 119,000 cubic kilometﬁrts,
is rained annually onto the Earth’s land surface — enough to
cover the land to an average depth of 1 meter (Shlklor(rilanﬁv
1993). Much of this water is soaked up by soils and gradua gr
meted out to plant roots or into aquifers and surface s’fre?lm};
Thus, the soil itself slows the rush of water off the 1a‘nd in flas
floods. Yet bare soil is vulnerable. Plants and plant litter sh1e1<.:l
" the soil from the full, destructive force of rain@rops and hold it
in place. When landscapes are denuded, rain cgrppacti) the
surface and rapidly turns soil to mud (espec1a.11'y if it has egrl1
loosened by tillage); mud clogs surface cavities in the soil,
reduces infiltration of water, increases runoff, and further
enhances clogging. Detached soil particles are splashed down
slope and carried off by running water. -
Erosion causes costs not only at the site where soil is lost
but also in aquatic systems, natural and hurgan?made, where
the material accumulates. Local costs of erosion include losses
of production potential, diminished infiltration and water
availability, and losses of nutrients. Downstream costs nt;fy
include disrupted or lower quality water s.upphes.; siltation 1at
impairs drainage and maintenance of navigable river Chat}ne s;
and irrigation systems; increased frequency and severity o
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floods; and decreased potential for hydroelectric power as
reservoirs fill with silt (Pimentel et al., 1995).

In addition to protecting soil from erosion, living
vegetation — with its deep roots and above-ground
evaporating surface — also serves as a giant pump, returning
water from the ground into the atmosphere. Clearing of plant
cover disrupts this link in the water cycle and leads to
potentially large increases in surface runoff, along with
nutrient and soil loss. A classic example comes from the
experimental clearing of a New Hampshire forest, where
herbicide was applied to prevent regrowth for a 3-year period
after the clearing. The result was a 40 percent increase in
average stream flow. During one four-month period of the
experiment, runoff was more than 5 times greater than before
the clearing (Bormann 1968). On a much larger scale, extensive
deforestation in the Himalayan highlands appears to have
exacerbated recent flooding in Bangladesh, although the
relative roles of human and natural forces remain debatable
(Ives and Messerli 1989). In addition, some regions of the
world, such as parts of Africa and India, are experiencing an
increased frequency and severity of drought, possibly
associated with extensive deforestation.

Wetlands are particularly well-known for their role in
flood control and can often reduce the need to construct flood
control structures. Floodplain forests and high salt marshes,
for example, slow the flow of floodwaters and allow
sediments to be deposited within the floodplain rather than
washed into downstream bays or oceans. In addition, isolated
wetlands such as prairie potholes in the Midwest, (USA) and
cypress ponds in the Southeast (USA), serve as detention areas
during times of high rainfall, delaying saturation of upland
soils and overland flows into rivers and thereby damping
peak flows. Retaining the integrity of these wetlands by
leaving vegetation, soils, and natural water regimes intact

can reduce the severity and duration of flooding along rivers
(Ewel 1997).

r"
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gervices supplied by soil

i nt component of a nation’s assets,
- rep:(fé’i:: ﬁﬁnﬁgg;tio hundlzeds of thousands of years
. t'lllg and yet very few years to be lost. Some civilizations
tObmd zvpim great strength from fertile soil; conversely, the
N f : roductivity through mismanagement is thought to
s OusI;\ered many once flourishing societies to their ruin
?,:Yiims 1981). Today, soil degradation inducec} by hutrrzzg
activities afflicts nearly 20 Fe;;;r(;; of the Earth’s vegeta
man et al., ‘ .
1an(zllr?:c§?ici(teic()(r?1§)e moderating the water cycle, as desc1'r1bed
above, soil provides five other interrelated services (Iially c:;
al., 1997). First, soil shelters seed§ and provides I?r hysu: "
sui)port as they sprout and mature into adultr p‘lantsi tercc)((;ts
of packaging and storing seeds and .of anchoring plan ot
would be enormous without 501‘1. Human—en%lnie °
hydroponic systems can grow plants in the absence 0 5011, a <
their cost provides a lower bound to help assess the C\{a tue o
this service. The costs of physical support trays an lf a? s
used in such operations total about US $ 55,000 per hectare
(FACS)elc?r?c)l., soil retains and delivers nutri.ents to plamlts}.1
Tiny soil particles (less than 2 microns in diameter), wlfuc(:: "
are primarily bits of humus and clays.,, carry a suf at
electrical charge that is generally negative. This pI‘O{)?I‘ rzl
holds positively charged nutrients — cations sgck} as ca ciu ;
and magnesium —near the surface, in proximity to plan
roots, allowing them to be taken up gradually. cherw1se,
these nutrients would quickly be leached away. Spll also ac}ts
as a buffer in the application of fertilizers, holding onto the
fertilizer ions until they are required by plants. Hydropc:im(;
systems supply water and nutrients to plants without nee ol 1
soil, but the margin for error is much smaller — even srr: 1
excesses of nutrients applied hydropomc.ally can be letha
to plants. Indeed, it is a complex undertaking to regulate-the
nutrient concentrations, pH, and salinity of the nutru?nt
solution in hydroponic systems, as well as the air and solution

R— __‘_———d
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temperature, humidity, light, pests, and plant diseases. World
wide, the area under hydroponic culture is only a few
thousand hectares and is unlikely to grow significantly in the
foreseeable future; by contrast, global cropped area is about
1.4 billion hectares (USDA 1993).

Third, soil plays a central role in the decomposition of
dead organic matter and wastes, and this decomposition
process also renders harmless many potential human
pathogens. People generate a tremendous amount of waste,
including household garbage, industrial waste, crop and
forestry residues, and sewage from their own populations
and their billions of domesticated animals. Many industrial
wastes, including soaps, detergents, pesticides, oil, acids, and
paper, are detoxified and decomposed by organisms in soil.

The simple inorganic chemicals that result from natural

decomposition are eventually returned to plants as nutrients.
Thus, the decomposition of wastes and the recycling of
nutrients — the fourth service soils provide — are two aspects
of the same process. The fertility of soils — that is, their ability
to supply nutrients to plants —is largely the result of the
activities of diverse species of bacteria, fungi, algae, crustacea,
mites, termites, springtails, millipedes, and worms, all of
which, as groups, play important roles. Some bacteria are
responsible for “fixing” nitrogen, a key element in proteins,
by drawing it out of the atmosphere and converting it to forms
usable by plants and, ultimately, human beings and other
animals. Certain types of fungi play extremely important roles
in supplying nutrients to many kinds of trees. Earthworms and
ants act as “mechanical blenders,” breaking up and mixing
plant and microbial material and other matter (Jenny 1980).
For example, as much as 10 metric tonnes of material may pass
through the bodies of earthworms on a hectare of land each
year, resulting in nutrient rich “casts” that enhance soil
stability, aeration, and drainage (Lee 1985).

Finally, soils are a key factor in regulating the Earth’s major
element cycles — those of carbon, nitrogen, and sulfur. The
amount of carbon and nitrogen stored in soils dwarfs that
in vegetation, for example. Carbon in soils is nearly double
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i i atter and nitrogen in soils is about
(1.8‘hme3) te};atl:::rgslz:ﬁ:lgi?ger 1991). Alterations in the carbqn
B - 1 cycles may be costly over the long term, anq in
e in?’eversible on a time scale of interest to society.
o Cacsie?{uxes of carbon to the atmosphere such as occur
Increaie d is converted to agriculture or when wetlands are
E ;-ncontribute to the buildup of key greenhouse gases,
B arbon dioxide and methane, in the atmosphere
nar}r:flzi: er 1991). Changes in nitrogen fluxes caused by
- dﬁctiogn and use of fertilizer, burning of wood .and otl;ter
girgmass fuels, and clearing of tropical landdlead tot;‘r;r;istler;gt

i rations of nitrous oxide, anotix
;&Z’;ﬁgjgzcgzzntf;tisa also involved in th; destﬁuctlon iorf tﬁz

i i d other changes
stratospheric ozone shlgld. Thesg an B ot s
nitrogen cycle also resultin aa?l rain an , lentinp s

er systems, estuaries, and coa}sta .man ‘

tTohfirseSr}\lxizentyinflux causes eutrgphlcatlon of i;l(ie;tlc
ecosystems and contamination of drmk%ng ;Nateir Z(; )
both surface and ground water — by high levels

nitrogen (Vitousek et al., 1997).

Pollination

nimal pollination is required for the successful reprod'uctlon
?f most%owering plants. About 220,000 out of an esﬁ.lmegii
240,000 species of plants for which the mode of po g\a "
has been recorded require an animal suceh‘as ad eg o
hummingbird to accomplish this vital tasl‘<. This includes c;es
wild plants and about 70 percent of the agrlcultu_ral crop spec es
that feed the world. Over 100,000 different ar.umal spefci}es -
including bats, bees, beetles, birds, bqtterfhes, anc_l 1etshalc
are known to provide these free pollination serv};ce?< .
assure the perpetuation of plants in our Croplanils, : acnythe
gardens, rangelands, meadows an'd forests. In dur 4 il
continued availability of these pollinators depen sf onth ‘
existence of a wide variety of habitat types neede?d .for (13117
feeding, successful breeding, and completion of their life cycles
(Nabhan & Buchmann 1997).
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One third of human food is derived from plants pollinated
by wild pollinators. Without natural pollination services, yields
of important crops would decline sharply and many wild plant
species would become extinct. In the United States alone, the
agricultural value of wild, native pollinators — those
sustained by natural habitats adjacent to farmlands — is
estimated in the billions of dollars per year. Pollination by
honey bees, originally imported from Europe, is extremely
important as well, but these bees are presently in decline,
enhancing the importance of pollinators from natural
ecosystems. Meanwhile, the diversity of natural pollinators
available to both wild and domesticated plants is diminishing:
more than 60 genera of pollinators include species now
considered to be threatened, endangered or extinct
(Buchmann and Nabhan 1996; RI News Bulletin 2004).

Natural pest control

Pests are humanity’s competitors for food, timber, cotton,
and other fibers, and they include numerous herbivorous
insects, rodents, fungi, snails, nematodes, and viruses. These
pests destroy an estimated 25 to 50 percent of the world’s
crops, either before or after harvest (Pimentel et al., 1989). In
addition, numerous weeds compete directly with crops for
water, light, and soil nutrients, further limiting yields.
Chemical pesticides, and the strategies by which they are
applied to fight crop pests, can have harmful unintended
consequences. First, pests can develop resistance, which means
that higher and higher doses of pesticides must be applied or
new chemicals developed periodically to achieve the same level
of control. Resistance is now found in more than 500 insect
and mite pests, over 100 weeds, and in about 150 plant
pathogens (WRI 1994). Second, populations of the natural
enemies of pests are decimated by heavy pesticide use. Natural
predators are often more susceptible to synthetic poisons than
are the pests because they have not had the same evolutionary
experience with overcoming plant chemicals that the pests
themselves have had. And natural predators also typically have
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i i hose of their prey.
ller population sizes than t their
= strir;i oef pfeditor populations leads to explosions in prely
Destli)ucrs not only freeing target pests from natural controls
B ffen,”promoting” other non-pest species to pest status. rl
bu’;.(; rnia in the 1970s, for instance, 24 of the 25 most 1mporta;1
Call Oultural pests had been elevated to that status b.y‘ :1 e
agnr(ilse of pesticides (NRC 1989). Third, ex.posure to pestici ecsi
OVZ herbicides may pose serious health risks to humans and
e other types of organisms; the recenﬁtly d1sc9vere ’
iil;i};\es in human sperm counts may be att;lbutablet ullypa;rn
[ 1., 1996). Fortunately,
h exposure (Colborn et al.,
te(;tisrli;ted 98 percent of potential crop p;sts arfi cont;oalieaiilt)%
mies, including many birds, spiders,
IJ\:;J;: :lnfc? Eies lady bugs, fungi, viral diseases, f?ﬁd numetrl;a;sl
, i De Bach 1974). These na
other types of organisms ( ). natural
i farmers billions of do
:ological control agents save :
zfnzglly by protecting crops and reducing the need for
chemical control (Naylor and Ehrlich 1997).

Seed dispersal

Once a seed germinates, thef rels:ultinlg ptlar;’;1 ;sn uf;l;l,lz nﬁ;)g{t:eti
in place for the rest of its life. For plants, thet, :
1;;‘1; zites beyond the shadow of the r:iarent 2sh u;;xe;ll’ll}(; :eclrg?ft;(i
dispersal. Many seeds, Such
glal:\);egl;rie aer(cie disppersed by wind. Some are dlspersedtﬁy v;:(t:_ir;
the most famous being the seafaring coconut. Many 0 1 erS o
have evolved ways of getting around by using z@ma see:3 sl
dispersal agents. These seeds may be pack:age‘ in sw o
to reward an animal for its dispersal services; 'sc:lme e
seeds even require passage through the gut of abir loi rr{)a .
before they can germinate. Others require buria o )zaChé
a forgetful jay or a squirrel which later leaves by
uneaten —for eventual germination. Stlu others are e%mpfo !
with sticky or sharp, spirfly surlfaces c}gselgg:;(ci)r’ceO S:)Cp p?r?g 2
i nimal and go for a long 11 : ‘ ‘
g:::gnr%;;bed off. Wit;g\out thousands of ammgl species acc:it:lré%
as seed dispersers, many plants would fail to repro
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successfully. For instance, the whitebark pine (Pinus albicaulis),
a tree found in the Rockies and Sierra Nevada-Cascade
Mountains, cannot reproduce successfully without a bird
called Clark’s Nutcracker (Nucifraga columbiana), which chisels
pine seeds out of the tightly closed cones and disperses and
buries them; without this service, the cones do not open far
enough to let the seeds fall out on their own. Animal seed
dispersers play a central role in the structure and regeneration
of many pine forests (Lanner 1996). Disruption of these
complex services may leave large areas of forest devoid of
seedlings and younger age classes of trees, and thus unable
to recover swiftly from human impacts such as land clearing.

Aesthetic beauty and intellectual and spiritual stimulation

Many human beings have a deep appreciation of natural
ecosystems. That is apparent in the art, religions, and traditions
of diverse cultures, as well as in activities such as gardening
and pet-keeping, nature photography and film-making, bird
feeding and watching, hiking and camping, eco-touring and
mountaineering, river-rafting and boating, fishing and hunting,
and in a wide range of other activities. For many, nature is an
unparalleled source of astonishment and inspiration, peace and
beauty, fulfillment and rejuvenation (Kellert and Wilson 1993).

THREATS TO ECOSYSTEM SERVICES

Ecosystem services are being impaired and destroyed by a wide
variety of human activities. Foremost among the immediate
threats are the continuing destruction of natural habitats and
the invasion of non-native species that often accompanies such
disruption; in marine systems, overfishing is a major threat.
The most irreversible of human impacts on ecosystems is the
loss of native biodiversity. A conservative estimate of the rate
of species loss is about one per hour, which unfortunately
exceeds the rate of evolution of new species by a factor of 10,000
or more (Wilson 1989; Lawton and May 1995). But complete
extinction of species is only the final act in the process. The
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populations of species — the populations

ss of local ' ) = U
ratetOfelr?erate ecosystem services 1N specific localities and
that g

i i Daily and Ehrlich
. O .o orders of magnitude higher (
reglonSDestioying other life forms also dlsrupt_S the Weib Oi
. ions that could help us discover the potential useéu e
i ific plants and animals (Thompson 1994). Once
e T edacious insect is on the brink of extinction,

inator or a pr : : -
If)onl'rrlésltgnce itp would be difficult to discover 1ts potential
ori ’ : :

ili farmers. _ . )
utlh,(c)ytktgr imminent threats include the alteration of the Earth’s

bon, nitrogen, and other biogeochemical cycles thrfoutg'{; Zt::
;armin,g of fossil fuels and heavy use of nitrogen er 11turai
dzgradation of farmland through unsustamablf a;gf:::i\; e
i ' hwater resources; toX
es; squandering of fres : : '
{jarr?;t;%d wgterways - and overharvesting of fisheries, managed

forests, and other theoretically renewable systems.

Factors for threats to ecosystem services

The threats to ecosystem services are drn.rgn ultsllxlr:;i}; 1?1};
two broad underlying forces. One is rapl ,.1'1n o
growth in the scale of the human enterpn;e. mV;i)rO;; e
size, in per-capita consumption, and also in the en _

impacts that technologies and institutions generate as they

roduce and supply those consumables (Ehr.lich et ;}13.; ;?,Z?n
g‘he other underlying factor is the frequent mlsnr\:;;tcl e
indivi ic i tives a = ,
_term, individual economic INCENTY
zggir;ta‘le well-being. Ecosystem services are ger.lerally greatly
undervalued, for a number of reasons such as:

1. Many are not traded or valued in the marketpl‘ace. pock
2. Many serve the public good rather than provide direc
benefits to individual landowners. .
3. Private property owners often have no way;odbte;\igz
financially from the ecosystem services supplie
society by their land.

4. People whose activities disrupt ecos
do Eot pay directly for the cost of those

ystem services often
lost services.
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5. Society often does not compensate landowners and others
who do safeguard ecosystem services for the economic

benefits they lose by foregoing more lucrative but
destructive land uses.

Therefore, there is a critical need for policy measures that

address these driving forces and embed the value of ecosystem
services into decision making frameworks.

CONCLUSION

Given its characteristics, environment is best described as a
common good. The human €conomy depends upon the
services performed “for free” by ecosystems. The ecosystem
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