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_ F CASSOWARIES, Mmmum VlABLE Popuumons
'éi.Box (358 AND CRITICAL DEPENSATION OF Ecos‘rerMs

In the ramforests of northeastern Austraha, up 1o mo spemes of arge-
v_:seeded friit trees depend’ almost entxrely éna smgle bird spec:es far
dlstnbuﬁon This bird, the cassowary, is a large ratite; an ostfich- hke
3 :_bn'd that lives in the forest. It is the only animal known in the region cav
pahle of swallmmng and transpcrtmg very ‘targe seeds. up to 2 kg of - ‘
" which can be found in & single Scat.’ Ev:dence suggests that Some seeds ;':;
* must pass through the digestive tract of 3 cassowary before they can ;
+ germinate. - _ : .

: Cassowaries need large home territories to survwe, especnaliy in the L
: highland forests. As forests are cleared in a patchwark pattern, few !
.*.areas remait that can sustam a\nabte ca owary pOputatlon Wnthout
- cassowanes. many trees in the region will be unable to dlsperse. and
"some may not even he able to germ

ecosystem J'The entire process could take’ a Ve
: ‘be noticed untd centurigs afteritis too late?
~Such examples of mechanisms for cntu:al e
; of the posstb:lrtaes that have been proposed Agam,
thatwe really have little idea where maximum susta
~cal depensation. pomts lie. ignorance, uncertamty nd
- constant companions in the real world.

%, Bentrupperboumer, Con_serv&tu’on oFd Rainforest Gi
' {i992). Also extensive personal communications, .

B ECOSYSTEM SERVICES

In our discussion of ecosystem srructure and function, we explained why
forests need the functions generated by forests to survive, but we also
hinted at the presence of extensive benefits that ecosystem functions pro-
vide for hurmans. We call an ecosystem function that has value to human be-
ings an ecosystem service. For example, forested watersheds help maintain
swable climates necessary for agriculture, prevent both droughts and
fioods, purify wazer, and provide recreation opportunities~—all invaluable
services for watershed inhabitants. But ecosystems provide many more
services, of course. Unfortunately, we are unsure exactly how ecosystem
structure creates ecosystem services, and we are often completely unaware
of the services they generate. For example, prior 1o the 1970s, most peo-
ple were unaware that the ozone layer played a critieal role in making our




E CONTAINING AND SUSTAINING ECOSYSTEM: THE WHOLE

planet habitable.® If we also take inro account the tghtly interlocking na-
ture of ecosystems, its safe to say that humans benefit in some way from
almost any ecosystem function,

We just described forests as & stock of trees that generates a flow of
trees. Now we want to look at the forest as a exeator of services: as such,
it is very different from a stock of trees. A stock of trees can be harvested
at any rate; that s, humans have control over the rate of flow of timber
produced by z stock of trees. Trees can also be harvested and used imme-
diately or stockpiled for later use. Ecosystem services are fundamentally
different. We cannot use climate stability at any rate we choose—for ex-
ample, drawing on past or future climate stability to compensate for the
global warming we may e causing today. Nor can we stockpile climate
stability for use in the future. Nor does climate stability become a part of
what it produces, If rimber is used to produce a chair, the dmber is em-
bodied in that chair. If climate stability is used to produce a crop of grain,
that grain in no weay embodies climate stability. Furthermore, climate sta-
bility is not altered by the production of a crop of grain (unless perhaps
the grain is grown on. recently deforested land, but 361 it is the deforesta-
tion. and net the grain that affects climate stability).

Intact ecosystems are funds that provide ecosystem services, while
their structural components are stocks that provide a flow of raw materi-
als, However, recall that stock-flow resovrces ave used up, and fund-
service resources are worn out. But when ecosystems provide valuable
services, this does not “wear them out.” The fact is, however, that ecosys-
tems would “wear out” if they did not constantly capture solar energy to
renew themselves. The abilicy of ecosysterm fund-services to reproduce
themselves distinguishes them in & fundamental way fom manmade
fund-services, Depreciating machines in a factory do not antomatically re-
produce new machines to Teplace themselves. -

* Examples of ecosyster services provided by a forest may help clarify
the concept. Costanza et al. describe 17 different goods and services gen-
erated by ecosystems.® Forests provide all of these to at least some degree.
Of these, food and raw materials are essentially stock-fiow variables,
though their ability 1o regenerate is a fund-service. The Temaining fund-
service variables included are described in Table 6.1.

8As further evidence of the extreme unceruinty concerning ceosysiem function and human
Impacts upon it, in 1573 physicis: James Lovelock, famous for the Gaia hypothesis, 1o his later re-
gree stated that fuorocarbons posed no conceivable hazard 1o the envirsnment. M. E. Kowalok,
Comien Threads: Research Lessons from Acid Rain, Ozone Depledion, and Global ‘Warming, En-
virenment 35(6):12-20, 35-38 (1693),

°R. Costanza et al., The Value of the World’s Ecosystem Services and Naural Capital, Nature
387:256, Table 2 (1997).

EXAMPLES OF SERVICES PROVIDED BY ECOSYSTEMS

. Ecosystem Service Examples from Forests
_EEE regulation Trees store CO, and growing trees create O, forests can ¢lean SO, from the atmosphere.

'CHmate regulation

Greenhouse gas regulation; evapotranspiration and subsequent transport of stored heat
energy to other regions by wind; evapotranspiration, cloud formation, and local rainfail;
effects of shade and Insulation on local humidity and temperature extremes.

Disturbance regulation

Storm protection, flood control (see water regulation), drought recovery, and other
aspects of habitat response to environmental variability controlled mainly by vegetation
structure.

\Water regulation

Tree roots aerate soil, allowing it to absorb water during rains and release it during dry
times, reducing risk and severity of both droughts and floods.

Water supply

Evapotranspiration can increase local rainfall; forests can reduce erosion and hold stream
banks in place, preventing siltation of in-stream springs and increasing water flow.

Waste absorption
capacity

Forests can absorb large amounts of organic waste and filter pollutants from runoff; some
plants absorb heavy metals.

Erosion controi and
sediment retention

Trees hold soil in place, forest canopies diminish impact of torrential rainstorms on soils,
diminish wind erosion.

Soil formation Tree roots grind rocks; decaying vegetation adds organic matter.

Nutrient cycling Tropical forests are characterized by rapid assimilation of decayed material, allowing little
time for nutrients to run off into streams and be flushed from the system.

Pollination Forests harbor insects necessary for fertilizing wild and domestic species.

Binlogical control

Insect species harbored by forests prey on insect pests.

Refugia or habitat Forests provide habitat for migratory and resident species, creating conditions essentiai
for reproduction of many of the species they contain.

Genetic resources Forests are sources for unique biclogical materials and products, such as medicines,
genes for resistance to plant pathogens and crop pests, omamental species.

Recreation Ecutourisn‘i. hiking, biking.

Cultural Aesthetic, artistic, educational, spiritual, and scientific values of forest ecosystems.
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THINK ABOUT I!
Of the ecosystem services in Table &, 1, which are rival and which gre
excludable? Which would be impossible to make excludable?

Again we eraphasize that the precise relationship between the quantity
and quality of an ecosystem fund and the services iv provides is kighly un-
certain and is almost certainly characrerized by nonlinearities, thresholds,
and emergent properties. We can say with reasonahle confidence thar the
larger an ecosystem fund and the better its health, the more services it is
likely to generate. As we deplete or degrade a complex ecosystern fund,
we really carmot predict what will happen with any reasonable probabil-
ity Since we have defined service as an anthropoceniric concept, we do
know that it can be dramarically affected by buman presence and use and
not just by abuse. For example, a highly degraded forest in an urban set-
ting may offer more water regulation and more recreational and culoural
services (as measured by benefits to humans) than 2 pristine forest remote
from hurean populations. Forests near orchards or ofher insect-pollinated
crops may offer far more vahuable pollination services,

Perhaps even more critical for the economic problem of efficient allo-
cation of ecosystem services is their spatlal variation. To use an example
already described, large tropical forests can regulate climare at the local
level, the regional level, and the global level. Flood conurol and water pu-
rification provided by forests may berefit only select populations horder-
ing local rivers and floodplains, and the provision of habitat for migratory

birds may benefit primarily populations along the migratory pathways.

Ecosystem services have some other characteristics that make them ex-
tremely important economically Probably most important, it is undikely
that we can develep substimtes for most of these services, including the
provision cof suitable habitat, for humans, We scarcely understand how
these services are generated, and we are not aware of al] of them. At the
cost of some $200 million, a billionaire named Edward Bass inidated the
Biosphere Two project in Arizona 10 see if he could develop substitutes for
these services sufficient to suswin only eight pecple. The project failed.
Imagine crearing substitutes for hillions of pecple! In addirion, most
Eeosystem services are nontival—if I benefit from a forests role in reduc-
ing flocds, providing habitat for pollinators, or regulating amospheric
gases, it does not diminigh the quaniity or quelity of these services avail-
able to anyone else. Many ecosystem services (though certainly not all) are
nonexcludable by their very nature as well,

The Relationship Between Natural Capital Stocks and Funds

In review, the structural elements of an ecosystem are stocks of biotic and
abiotie resources (minerals, water, trees, other plants, and animals), which
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when combined together generate ecosyster functons, or services. The
use of a biological stock at a nonsustainable level in general also depletes
a corresponding fund and the services it provides. Hence, when we har-
vest trees from a forest, we are not merely reducing the stock of trees but
are also changing the capacity of the forest to create ecosystem services,
many of which are vital to our survival. The same is true for fish we har-
vest from the ocean, except we know even less about the ecosystem serv-
ices produced by healthy oceanic ecosystems, '
The relationship between natural capital stock-flow and fund-service
resources flustrates one of the most important conceps in ecological eco-
nomics: It is impossible to create something from nothing; all economic
production requires 4 flow of natural resources generated by a stock of
narural capital. This flow comes from structural components of ecosys-
terns, and the biotic stocks are also funds that produce ecosystem services.
Therefore, an: excessive rate of flow extracted from 2 stock affects not only
the stock and its ability to provide a flow in the future but also the fund
1o which the stock contributes and the services that fund provides, Even
abiotic stocks (i.e., elements and fossil fuels) ¢an be exrracted and Con-
sumed only at some cost to the ecosystem. In other words, production re-
quires inpuis of ecosystem structure, Ecosystem structure gelflerates
ecosystern function, which in tum provides services, All economic pro-
duction thus has an impact on ecosystem services, and because this irn-
pact is unavoidable, it is completely Internal o the economic process.

B WASTE ABSORPTION CAPACITY

But this is only kalf the story. The laws of thermodynamics ensure d{m TEW
materials once used by the economic system do not disappear but instead
Teturn to the ecosystem as high-entropy waste, They also ensure that the
process of producing useful {ordered) producs also profluces amore than
compensating amount of disorder, or waste. Much o? this waste canl be as-
stmilated by the ecosystem. Indeed, waste assimilation and recycling are
ecosystem services on which all life ultimately depends. Hoﬁever, as a
fund-service, waste absorption occurs only at 2 fixed rate, while conver-
sion of stock-flow resources into waste occurs at a rate we can choose.
Waste absorption capacity is a sink for which we have control over the
flow from the faucet but not over the size of the drain. The removal of
ecosystem structure also affects the ability of the SCOSYSIERD. 10 process
waste. If we discharge waste beyond the ecosystem’s capacity to absorb. ir,
we can teduce the rate at which an ecosystern can absorb wasie, W‘Eu(‘.‘.h
makes the waste accumulate more quickly In fime, the waste bul}dup vyxll
affect other ecosystem functions, though we canmot always predict which
services will be affected and when.
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A spectlic example can help filustrate these points. When we Gret begin
to dump wastes, such as raw sewage and agricultural runoff, mto a pris-
tne lake, they will be heavily diluted znd cause little harm, Higher waste
loads may threaten humans who use the lake with intermirent health
problems from bacteria and noxious chemicals contaminating the sewage,
and water becomes unsuitable for drinking without prior weatment. In-
creasing nutrients allow bacterial and algal populations to thrive, increas-
ing the ability of the system to process waste but Teducing 2 number of
other ecosystem services. Fish will begin to accumulate noxious cora-
pounds present in the waste sweam and become inedible. Pollution-
sensitive species will be extirpared, Yet more waste may make the water
unsuitable for drinking even after extensive processing, and eventually it
will become 100 contaminated for industrial use. Excess mutrients event
ally lead to eutrophication, where algal and bacterial growth absorbs so
much oxygen during the night'® and during the decay process thar fish,
amphibians, and most invertebrate species die out. Birds and terrestrial
animals that depend on the lake for water and food will suffer. With even
greater waste flows, even algae may fail to thrive, and we have surpassed
the waste absorption capacity of the system. Waste begins 1o accurulate,
further decreasing the zhility of algae to survive and leading to a more

rapid accumulation of waste even if the waste flow is not increased any
more. The system collapses.

Prior to the point where waste flows exceed the waste absorption ca-
bacity, a reduction in flows will allow the system to recuperate. After that
point, it may not. Similar dynamics apply to other ecosysterns. If the
ecosystem in question provides critical life-support functions, either lo-
cally or globally, the costs of exceeding the waste absorption capacity of
an ecosystern are basically infinite, at least from the perspective of the hu-
hans it sustains. a

In general, ecosystems have a greater ability to process waste products
from biolegical resources and a much more limited capacity to absorb
manmade chemijcals created from mineral resources. This is because
ecosystems evolved over billions of years in' the presence of biological
wastes. In conmast, products such as halogenated cyclic organic com-
pounds and plutonium (two of the most pernicious and persistent pollu-
tants known) are novel substances with which the ecosystern has had no
evolutionary experience and therefore has not adapted.

In contrast 1o many ecosystemt services, waste abscrption capacity is
tival. If T dump pellution into a river, it reduces the capacity of the river

1While growing plants are net producers of oxygen and sbsorbers of CO;, they also requize
oxygen for survival, During the day, photosynthesis Benerales more exygen than the plants con-
surtte, but at night they consume oxygen withour producing any. Average oxygen levels may he
higher, but the lowest levels determine the ability of fish and other specics to survive,
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to assimilate the waste you dump . It is also fairly simple to estab?is‘n.m
stinations that make wagste absorption excludable, and many such instita-
nor;shee)%i;tom line is that the laws of thermodynamics tell us that gatm:al
TESOUICES 4Te COnomic tluoughprtlllts. We must pay close attention to
come from and where they go.

Wh“;;‘fbil‘;}"z :un;umarizes some of the important characteristics of the Lh:ge
biotic resources. We will discuss these characteristics and examine their
policy relevance in greater detail in Chapter 12 and PaFt V‘L. ‘

The points to take away from this chapter deserve .re-ltexauon. Firet, hu-
mans, like all animals, depend for survival on the ability of plang tf) cap-~
ture solar energy in two ways: directly 2 a source of energy and indirectly
through the life-support functions generated ‘oy _the global ecosystem,
which itself is driven by the net primary productivity of plants. There are
no substitutes for these life-support fmmcﬁop.s. Second, every act of eco-
pomic production requires natural resource inputs. Not only are thes;l n-
puts being used faster than they can replenish themselv.es,.b?lt when these
strucrural elernents of ecosystems are vemoved, they diminish ecosystem. .
functior. Third, every act of economic production gener?ta‘s mte. Waste
has a direct impact on fwuman, well-being and further diminishes ecosys-
tem function. While the removal of mineral resources may hf:tve litle .dl—
rect impact on ecosystern function, the waste stream from their Fmgcn;r;
and use is highly damaging 1o ecosystems and. human well-being in
long run, As the economy expands, it depletes nonrengwabledresour:;es,

displaces healthy ecosystems end rhetf‘tlzeneﬁts they provide, and degrades
naining ecosystems with waste outflows.

N Biotie %’esouslies are unique because they are simultaneorasly st?cks and

funds, 2nd their ability to renew themselves is a fund-service. This means

ECONOMIC CHARACTERISTICS OF BIOTIC RESOURCES * ™
Can Be
c Rival Between
foti -Flow o1 Made . . -
gmc Y ?ﬁ:ﬁ;}:\n ce Excludable Rival Generations Substitutability
esounce - -
Stock-flow Yes Yes Depends on ng‘h at margin,
Renewable 1o rate of use ultnmateh{
Resources nonsubstitutable
§ No Low at margin,
Ecosystem Fund-service for most, no For mast, na nonsubstitutahle
Services .
te at margin,
i 5 Depends on Moderate
Waste Absorption  Fund-service Yes e b consubstitutable
Capacity
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that ultimately economic scale is desermined by the amount of fund-
services provided in 2 given year, where one of those fund-services is the
ability of renewable natural resources to venew, Biotic resources have a
pardenlarly large impact on scale because they ultimately have nio substi-
mies, and we cannot survive without them.

1:11e91517.C4 to remember .

m Ecosystem structure = Carrying capacity

m Ecosystem function ® Minimum viable population

= Ecosystem services m Critical depensation

= Stock-flow and fund-service - m Maximum sustainable yield
resources u Waste absorption capacity

m Risk, uncertainty, ignorance
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Mmons FOR MONE‘I’ARYVALUATIOHS OF
Ecosvsrems

_ _Several methods are avallable fo ol lar values on the nonmar—
keted goods and sennces provided by ecosystems Many of these are ap-
 propriate for valuing ont services. Most textbooks in
“environmental econom qlidte intfoduction to these ~ -
methods. We recommend as a good Starting point the Web site “Ecosys- -
“tem Valuation” at hittp: ystemvaluatlon org, where the follow- :
- ing methods are Uisted ‘ L

OﬂomlC values For ecosystem prod- -

servi ‘ce. ‘The most widely. sed "
asswe use" values Asks people

tribution. Conventional economists argue that the question is not one of
distriburion but rather one of efficient allpcation. If 2 resource will be suf-
ficiently more valuable i the future than in the present, it should be
saved for the future. Therefore, maximizing the net present value (NPV)



