CHAPTER 3

ECOSYSTEM SERVICES

Jerry Melillo and Osvaldo Sala
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arth'’s mosai of ecasystems — [orests, grasslands, wedands, steeams, estuar

tes, and oeeans —when functkming nacurally, peovides naserials conditions

and processes that sustain all life on this planet, including fuman Ufe. The

benefits that all living things obeain from ecosysiems are called “ecosystem
services.” Same are very familiar o us, such as food and timber that are essertial for
our kives and important pacts of the global economy. Wit are equally important, bat
certainly less well recognized. ase the arvay of services deliversd by ecosystems than do
ot have easily sssigned monetary valors bt that make our lives possible, These indude
the purifxation of air and wates, the decompesition of wastes, the recycling of nusrients
on Land ami in the ocesns, the pedlination of crops, and the regulation of climate
Ecosystenn services are generated by a complex of natural cycles, ranging from
the shart Jite cycies of mkrohes that break down toxic chemicals wo the long-term and

planetwide cycles of water and of elements such as carbon arsl nitrogen that bave

sustained life for bundreds of millions of years. Dissuption of these natural cyeles
can cesult in disassrous proliemsy for buman beings, 11, for examphe. the nasural ser
vives that result m the control of pest populations ceased— thae is, i e kife cycle of
some natucad pest enemies were altered. or I they were eliminated o some areas-
there could be devastating cvop filures. I populatioes of bees and other pollinators
crashedl. society could face similar dire consequences. [ the carbon cycle were badly
disrupted, rapid cfimate change could threaten whole socketies. W teod 1o take these
seryviees tar granred and do not generally cecognize that we cannat live without them
rear can other lifie on this planet

The ecosystemns of the varld deliver their [ife-sustaining services for free, and in

mary cases, they involve such complexity and are oo a scale so vast thas bumaniry

wiuld fired it Impossible to substirate for them. [n addition, we often do not Know what
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species are necessary fur these seeyices to wodk, or ln what numdwers and propartions
they must be present.

As the wardd's human population grows and nonsustainable, per-capita con
sumption of all kinds of materials increases, ecosystems are being degraded and
thetr capacity 1o deliver their services & being compromised. The degradstion of the
workl s ecosystems isa “quiet crists,” lacgely hidden fram view, but the consequences
of this degradation are pteneially catastrophic for human beings,' In this chapier, we
reviess the character of ecosystem services. present examples of current woek thot
attempts to provide an econamic valustion of these services. and discass how humas
activaty is threatening them

THE CHARACTER OF
ECOSYSTEM SERVICES

fating. cultural, and suppecting, Far the purposes of this chapter and this book,

we ook at these services predominantly from a human perspective Provisiovnng
services are the peeducts obtained from ecosystems and include nods and nusdicines
Regulating services ace the benefits people obtain froe ecosystem controls of chimate,
plart pests and pathogens. animal diseases {including those that affect humans) wate
guality, sodl erosion, and much moee. Cultural swrvices are the noamaterial benefits th
people obtain from ecosystems: recreational, sesthetic, spiciaal, and micllectual And
supparting services are those necessary for the peoduction of all ather ecosystem ser
viees ankl inchide the production of new ceganie matter by plants through phowsys
thests (cabled “primary peoduction”) and the cycling of life-essential sutrients soch s
carbon, naregen. phasphorus, and othes clemenss coquined foe the daemissry of life

l E cusysteis secvioes can be divided i foor major categorbes: provisioning, regu-

PROVISIONING REGULATING CULTURAL

- SERVICES SERVICES SERVICES —
Products obtained from Benefits obtalned from environmental Nonmaterial benafits obtained
ECosystems regulation of ecosystem processes from ecosystems
o focd ¢ cleaning air o gesthetics
o fuel wood e purifying water o intellectual stimulation
* fiber o mitigating floods * 3sense of place
* medicines * controlling eresion

* detoxifying soils

o modifying climate

SUPPORTING SERVICES

Services necessary for the production of all other ecosystemn seraces
s primary productivity
* nutrient cycling
* pollination

Figure 30, A Sampiing of Ecosyitam Services

SusTaisinG Lise How Humas Heavm Derssos o [MoDivessiTy




MICROBIAL ECOSYSTEMS: EDITORS
NGTFE

Although the sccepled concept of what an ecosystem
is, and the one we use in this chapter and through
out this book—that an ecosystem is the sum total of
all the organisms In 2 specific environment and their
interactions with each other snd with the nonliving
componenis of that environment—includes microbes,
scientists generally define ecosystems in macroxcapic
terms, and peimarify By the plants and animals they con-
tain. for these are what we see and what we know best.
But It is becoming increasingly clear that most blogiver-
sity on Earth s microbial, that microbes rmediate many
gcosystem sendces that sustain life” and that possibly
no multicellular erganism exists without one or mors
micceblal species living symbiotically on it andfor in it
some of which are necessary for its survival, [Symbiosis
s the interaction between two arganisms that are living
together in an intimate sssociation—this can be mutu-
alism, where both organisms benefit from this Inter-
action; cormensalismy, where one arganism benefits
and the other i5 not affected; of parasitism, where one
organism benefits at the expense of the other)

There Is also & wider appreciation that there is
snother kind of symbiosis at work as well, one that
Involves the relationship between whole cells and what
are called organelles within them, some of which had
onginally been independent organisms, such as chioro-
plasts. In converting energy from the sun by photosyn-
thesis and in storing it, all plants depend on chloroplasts.
It has become glear that chloroplasts were originaliy
cyanobacteria, which over time, and on several different
accasions, were incorporated as Integeal paris of early
algal and plant celts hundreds of millions of years ago.
Carl Woess, who devised the three-domain modet for
classifying life on Earth [see figure 1.4 In chapter 1), Is
cregited with some of the early molecular work showing
both chioroptasts and mitochondria to be bacterial in
atlgin** Chioroplasts possess their own DNA and rep-
flicate independently of the cells they inhabit, although
much of their penome now resides within their host
cell's nuclei, Starting in the 1g6as, Lynn Margulis cham-
pioned into widespread acceptance the theory that early
arokaryotic organisms became organelles in eukaryotic
calls, greatly expanding upon an idea that had first been
proposed in the [ate ninsteenth century by the German
seientist Andreas Schimper.

A similar story can be told about mitochondria, the
eneogy factories that fuel almost all modern plant and
animal cells. These mini powsr genarators were origi-
nally prirmitive bucterea that similarly joined with larger
colls and became essential plant and animal cellular

Chlareplant Imside & Higher Plant Cell: Elecreoo Micograph of »
Chlaregdast in Cross Section, (4} Thusy Nuitesed hollow disks, eac
o whigh w calied a thylskoid, toguther form 3 stack zated x gravum

Chlcrophsll molecules w the thytaboid membranes initiate the
photospnthetic prucess when thay abzorb photony from suniighs
(b} Lamellae, the membrane struciures that cannect the thylakokds
fram grasum o grantem. {c) Stroma, the sernifluid emateris® thiat
contzen the chioraplest’s DNA, as well s BNA and enzymes and
99 site where carhon dioxde 15 transformesd Inga ghacose and shene
dvmoplast protins afe made. () imperial College Londan; electinn
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organelles. Mitachondrial DNA reflects its bactesial
origins: it is circular (whereas our eukaryotic DNA s
linear), It uses a bacterial type of apparatus and cade
book to be translated Into proteins, and its composi
tion resembles bacterial DNA much more than it does
that Trem multicellular organisms.” In spite of these dif-
ferences, mitochondria have woven their way into the
fabric of the cells they inhabit. As with chloroplasts.
much of their DNA has been transferred to ther cells’
nucies, a place that may be safer for genetic material to
reside and where its replication can be completed with
greater fidelity, and like chloroplasts, mitochondria rep:
licate independently.’

One feature that is of great interest in animals
that reproduce sexually is that because some of their
mitochondrial DNA is confined o the cytoplasm, it is
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contained in the ovum but not in sperm. As a result,
ane can begin to trace the maternal lineage of an off-
Spring by analyzing its mitochondrial DNA. This Is
being dane to trace the ofigins of some human popu.
lations, Using rnitochondrial DNA, for example, it has
been possible to trace some 40 percent of all present
day Ashkenazl Jews to four maternal lineages who lived
In Europe 1000 years agos

The field that encompasses these ingights about the
interrelationships among microbial organisms and the
multicellular organisms thay inhabit, a fiskd that owes
much to the work of Thomas Brock (the discoverer of
Theremus aquaticus-—-see chapters, page 179) inthe 15805
and the Dulch mictobiologist Martinus W, Beijerinck
decades earlier, has been called “microbial ecology,” and
i currently in a state of explosive growth as a discipline.
From this field a new concept is emerging, where entire
ccosystems can be individual organisms themsalves, or
even their crgan systems or portions of themn, and the
inhabitants of these “ecosysterns® are largely microbes
[although other organisms such as mites occupy them
as well)—bacteria, archaes, fungi, algae, protezaa, and
wiruses, The importance of this way of thinking about
ecalogy cannot be overstated,

* It illusteates that multicellular Hife on Earth may
enst only in association with comemunities of
microbes and that there may be no such thing as a
totally independent multicellular organism,

Transméssion Electron Micrograph of o Mitochondsion in Cross
Section from o Hemae Pancrastic Cetl. {4) The mitodhondnal megrac
¥ the space waehin the inner membrane af the mitnchondrion that
containy mitockandrial ONA, The cliric stid cpele, o Keebs ovehe, in
which 2 coll can preduce energy from pucose and oxyRen, lakes place
hee, (b} Cristas. the fiids i the mitacheadtial inner membrang, iro
whwee dlectian transpart takes PlCe, i process that = 2 eutaryotic
cell's mast efficient mesns of production of sdenosine Iriphasplate,
o ATP. AY® s fhe principal unergy sterage inclecsds for all cnfs
(Photo by Keith &, Portar @ Phota Revesrchers, Inc)

It raises interesting questions about the definition
of a species, which assumes thst each organism
contains only a single genome. Joshua Lederberg,
who shared the 1958 Nobel Prize in Physiclogy or
Medicine, has suggested, for example, that the
human gename should perhaps include the collac.
tive genomes of all of our resident microbes, our
so-called microblame

* It leads to 5 deeper understanding about health
and disease in animals and plants, Iincluding in
ourselves, our livestock, and our crops,

* Mt prevides a fuller picture of how immune sys-
terns work, where resident beneficial microbes,
accepted as “self” as opposed 1o being rejected
as "nonself™ may help regulate the development
of Imrmune system components, such as Paneth
<ells in the human small intestine, and trigger their
responses {see below).

* It suggests that in our attempts to pssess the
Impacts of environmental changes on organiems,
we need to take into account how those changes
will affect not only the external environment of
organisms, but also their internal environments

* It makes clear the vital connections we bumans, as
well &s all other multicaflufar organisms, have with
the microbial world, with which we haye co-evolved.

* ltcalls into question the wisdem of such practices
a3 using antiblotic resistance genes in genetically
modified foods or of giving antibiotics indiscrimi.
nately to aquacultured organisms und to livestack

¢ And it challenges the long-held notion that
microbes are mestly harmful and that we should
attempt to rid ourselves and our Immediate sur
roundings of them, such as by the use of antbacte.
tial soaps and personal hygiene products, actions
that are both futile and potentially unhealthy

In addition to examples presented elsewhere in this
book, such as the relationships of vascular plants with
their mycorrhizal fungi and of legumes with their nitea-
gen-fixing bacteria {as detailed in chapter 8), madels of
“mictobial ecosystems" in multiceliutar ofganisms are
mary. Perhags the best known are the rurminants, such
as cows and goats, which possess an argan called 3
tumen that is filled with billions of anaerabic bacteria,
anaerobic fungi, and ciliated protozoa {which themn-
selves  have hydrogen-utilizing, methane-generating
bacteria within them). These <omplex microbial com
munities carry out the process of digesting cellulase
and other polysaccharides, brea king these compounds
down into simpler sugars that ruminants can then
absorb in their intestines.




Wood-eating termites are also dependent on
< microorganisms. They have flagellated protozoa in
. their intestinas that, in turn, are living symbiotically
With many different types of bacteria that surround
& them and five within thern, all of which serve to break

‘down the Mdigestible components of wood—lignin
and cellulose —into digestible compounds for the ter-
mite. Now studies of bacteria in the gut of the termite
Resicutiterntes spematus have identified more than 300

different species in each individual, and there are esti-
" miates that the number may be as high as 700!

Corals depend on their resident zooxanthellae,
" microscopic photosynthesizing organisms that provide
. them with axyzen and nutrients, to survive, Without
- them, corale appear “"bleached" and become vulner
~ able to fatal infections. The larvas of same oysters and
- Barnacles will niot settle and metamorphose into adults
S Ul they are colonized by specific bacteria, And cacoa
| trees gre pratected from certain fungal diseases by the
L presenice of other fungi that live within their tissues.*
Wik too, are colonized by a vast, dynamic, and com.
gluwo(k‘.l of microbes—an our skin and our eyes, and
. bl ull our organs that communicate with the outside
warld, such as our ears, mouth, nase, trachea, lungs,
tvo]n(esumd tract, and vaginal canal. The number of
ierla I cur intestines alone is on the order of 100

U ﬁl[mm tells i our bodies, und these bacterly together
&te thaught to contain 100 :umcs rmore genes than the

2 skin &5 heavily populated with 2 wice assortment of
fi- jctens. fungl, and mites, the microscopic arthropods
ﬁein our sebaceous (oil) glands and hair follicles.
et regions of the skin have different numbers
erebial fioes. For example, the moist areas of ous
5 and the spaces between our toes may harbar
miny as 1o million bactecia per square centimeter
at million per square inch), whereas dry areas
s our forearms may contain only one hundred
andth that number. Itis as if one were comparing
st with 3 desert,' And the species themselves
 differ from one <kin environment to another,
o recent study of skin microbes on the farsarms
healthy pecple identified a total of 182 bacterial
langiog to 91 genera. There was a great dea!
 from one person to ancther, with only fout

ians alsa changed over time, with many of
inal specicy no longer present, being replaced
whien the subjects wece tested 3gain B to 10
i Some skin microbes have been found

Elottron Micrograph of & Mg Fellicle Mite. Hur Follzle Moes
[Oemipdlez follgalarum] are thought t9 be presest in a large
propertion of geapie. They live, penenally unnatced, mastly in shan
hair fodivien, such 9% m thoss of ayulnshes and eyebrows, Thoy also
Iiye in the nose and ears, wheie they feed on secrelivns ang cellula

vehrs Hesidas D Sslfuuborum, unather skin man speces, Demader

fAreait Inhaots sebaceous or all glaeds in cur skia, ‘Whether these
ity species play 4 beneleial mtn far us under namml comdtians
for example, by Ingesting dead colis and micobes, & nat known
Thoy am found in greater nuenbers i patierts with varicen st
disemses, but ot 13 ot ear whother thelr increased populations are
2 tonseguente, ather than 4 case, ul these ediions, (Mots ©
Andime Syred, Microsvopis Photalbinary, Dals soucon; B, Samae and
M. Stichertng, Demadiodosis revisited. Avts Cermala. Yantmohpea,
0283008

Thres Folficie Mites Burrowing into s Halr Follicle, (£ Andemw Syred,
Microacopis Photoldran,)
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Scanning Blectran Micragmph of a Subgingivae Microbisl € ity
in the Humin Mouth. Hers wo see biodsersity of an gral biofilm
dernuentrating 4t least thiwe different bacteny! WPotes~~two Lypin
of Baclll, the rod shuped organisins (one langer and of grester
chamelir in cross sectian than the other], and & type of cocous, or
ballshaped bacterium. {Froen Ziedonis Skobis, Foesyth Insttate §

to secrete antimicrobial compounds, such as the
bacteriocing,® that may complement the action of oth-
¢rs on the skin, such as psoriasin, a peptide produced
by hurnan epithelial cells that has the ability to con-
trol the growth of certain Gran-negative bacteria, But
despite these and other new Insights about microbes
that five on our skin, relatively little Is known about
their diversity or about the role they play in maintain.
Ing skin health or in causing disease.

MOUTH

The “ecasystem” of the human mouth has been much
better studied than that of the skin, chieffy by Sigmund
Socransky, Bruce Paster, Annc Haffajee, and their
colleagues at the Forsyth Institute, a dental research
center in Boston, Following observations made by the
Dutch microscopist Anton van Leeuwenhoek, who
studied scrapings of plague fram his own mouth in
1683 and made what may be some of the first drawings
of bacteria, these researchers have estimated (based
6n 165 rRNA studies—see chapter 1, page 10} that
there are mare than six billion microbes in the human
mouth, comprising more than 700 species.* Aimost all
of these are bacteria, but there are also archaea, fungi,
amoabas, and viruses, We focus here on the bacteria,
far they have been the best characterized.

Each person is thought to have a charactaristic
set of oral microbes, and ezch past of the mouth—the
tongue, soft palate, gums, and teeth, for exampie—
shows a different composition, The subgingival space,
that gap between the base ofteath and the inside of the

gums, has been the most extenslvely studied ragion,
because of its role in pericdontal disesse, 2 condi
tion of gurn inflammation that can result in tooth foss
The loss of teeth is a significant public health problerm
worldwide, especially for older populations, Almost
three in ten adults older than age &5 in the United
States, for example, have lost all of their teeth, primar-
ily because of periodontal disesse and tooth decay.
Understanding the role that gum microbes play in peri
odontal disease t3kes on added importance because
of growing evidence that periodontal infections may
e associated with atherosclerotlc vasculsr dissase
including of the coronary anteries s

A biofilm, consisting of layers of mirrobes hild
together by a mucus matrix, coats the mouth's tssues
In the subgingival space, one type of biofilm covess
teeth and forms dental plaque; another lines the inside
of the gums. One could consider then that act anky s
the mouth itself an “ecosystem,” but so are its var-
ous regions, as well as the microemvironments within
these regions, each of which contains a different array
of microorganisms. These biofilms are extrernoly resis-
tant to physical removal, such as by dental flossing and
tooth brushing, rapidly reestablishing themselves, They
can also be highly resistant to antibiotics, Subgingival
biofilms are firmly attached to the gums snd the teeth
and serve to protect them fram disease by proventing
pathogenic bacteria and othes organisms from gain
ing 3 foothold, Some commensal oral bacteria have
ilso been found to secrete antimicrobial texins that
kill pathagens.™ Others have been shown o stimulate
human epithefial cells lining the gums to produce their
own antimicrobial peptides, known as betz-defensing.’
Studies are under way to determine whether specific
species of bacteria and other microbes in these biofilms
are associated with specific diseases such as periodon-
tal disease {in which, eg., some archaea have been
shown to play impertant roles)*” and oral cancers,* and
whether regular screening of one's aral flors may serve
as an early indicator for these discases,

INTESTINE

There has also been intensa interest in the microbial
organisms of the human Intestine, where the vast
majority of the microbex in our bodies reside. Maolecuiar
studies based on the same rRNA technigues used with
oral bacteria, along with what is called *Rucrescent in
situ hybeidization” (which identifies DNA sequences
by attaching fluorescent antibodies to them), have
revealed that theee are on the order of 8oo distince
microblal species, most of which are bacteria, that live
In our small and large bowels, comprising thousands of
strains or subspecies.' Varicus archaea, viruses, yeasts,




and protozoa alse reside In our intestines, with asti-
mates, for example, that there are some 1,200 differ
ent types of viruses alone in our foeces The true extent
of the diversity of these other organisms, however,
remains unknown, {We should note here that debate
surtounds whether rRNA studies accurately messure
the number of different microbial species that actu.
ally reside in specific eavironments, Knawing whether
a given piece of rRNA represents a normal resident of
an individual’s bacterial community, or whether It was
i the case of the human bowel, e.g, ingested on 3
piece of foud, s difficult to decipher, as s determining
whether the bacterium identified is actively functioning
in the macroenvironments in which it is discovered.)
The composition of these intestinal communities has
been found to differ not only between individuals, but
between different regions of the intestine In the same
indeidual, and between the luminal (the intenor space)
and mucosal (the surface lining) aress in the same
':gmn:.'
What they are all doing thers @ a guesuon that
I beginning 1o occupy a targe number of researchers
around the world, Some of the services provided by
intestinal ricrabiota are clear, For one, it has lang been
known that some intestinal bacteria help us break down
otherwise indigestible polysaccharides, complex carbe-
Hydrates found In plants, into easily absorbed sugars,
They also produce vitamins for us, such as vitamin K
{as weli as very small amounts of the B vitamins—8
fofate, and thiamin).* While we obtain some vitamin
K from a number of foods, including lesfy greens and
eaber vegetables, cur main source comes from bacteria
" inour Intestines, Vitamin X is a key co-factor in path-
wilys that control blood clotting and in the formation

b~ of hurman bane through its action on & protein called

osteocalcin.
Rescarch on mice raised with sterile intestines
kas shed further light on some of the roles played by
our intestinal flora. Germ-free rodents must consurne
atound 30 percent more calories to maintiin the same
~ bady weight compared with normal animals. They are
= jlso more susceptible to infection ™ Investigators wha
added Bacteraides thetaiotaomicron (s bacterium that
=5 1,000 mes more abundant In our intestines than
* the much more widely studied E. coli [see section on E,
‘eoll i chapter 5] and that comprises some 25 percent
“of all our intestinal bacteria) to the intestines of germ

. fiee mice have discovered several remarkable things.
L B thetaiotaomicron has been found Lo rmonitor con-
',teut'vnions in our puts of a simple sugar called fucose
= thal ik uses for energy and to signal our intestinal cells
| o manufacure more of this sugas when supplies are
low. I retumn, 8. thetaioteamicron performs an array

& ofassential "ecosystem services. For ane, the bacteria
Ute major phayers in the breakdown of pelyssccharides

(in fact. much of the bacterium’s genome, sequenced in
2001, is devoted to this process). They also help form
the protective layer of mucus coating intestingl epithelizl
cells, which peovides both a physical barries, preventing
these cells from being injured, and which, along with
the presence of tight cellular junctions, blocks bacte-
fia frorm crossing the single-cell-thick epithelial layer 10
invade other tissues.*** B, thetaioteomicron may pro
tect our bodies from Infections in others ways, as well,
by interacting with special cells in the small intestine
called Paneth cells that are known to secrete a variety of
antimicrobial compounds such as defensins (which are
thoughbt to help fight food-barne and water-borne bac
terial infections);™ by competing directly with potential
pathogens for space and nutrition, thus preyenting their
colonzation; and by producing their awn antirnicrebial
substances, including lactic acid, hydrogen peroxide,
and potent antimicrobial peptides such as bactenocins.
Finaily, B. thetoitdaormicron helps stimulate the growth
of new blood vessels, a process called angiogenesis,
crutial to the intestines' abifity to absorb nutrients.”
Studying this angiogenic role of B thetaictaomicron
may lead to new insights about how human Intestinal
cancers form and how to treat them.

Given that we and ali other organisms on Earth live
in-a world composed grimarily of microbes with whach
we have co-evolved complex and dyrnamic interdepen:
dent relationships, it Is cnitically important that we
enlarge our definition of ecosystems to include them.
By this perspective, ecosystems axist at multiple levels
of organization—Ifrom the micrabial popolation level,
whare different genctic strains of a bacterial species, for
example, filt different biological niches. say, within one
layer of 3 human subgingival biofilm; to the microbial
specios level, where different bacterial species inhabit
different layers of this biofilm; to the tissue level, whers
the makeup of 3 microbial community on the tongue is
different from that lining the gums of the subgingival
space; ta the organ level, where the flora of the mouth is
distinct from that on the skin; to the level of the organ:
Ism as a whote. Ingdividual organisms are, in turn, parts
of communities that are arranged at progressively higher
levels of arganization, ultimately at the level of what we
have traditionally referred to as an ccosystern, such asa
ternperate farest or a coastal marine wetland

Until we begin to see ecosystems slong such a
continuum, we will fail to appreciate the vital and cen-
tral role played by microbes in our lives and In the lives
of all other spacies an Earth, both in health and in dis
ease; we will pay insufficient atteation to the enormous
diversity and complexity of organization that exists at
all the various subleyels of traditiona! ecosystems; and
we will ultimately have a superficial and incompiete
understanding of how ecosystems function to sustain
the living world,
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Provisioning Services

or millennia. people have harvested Nature’s bounty for nourishment. shelier

and fuel. They have also used plant produces vo treat a range of ilinesses. irchod

ing malaria and other maladies. Many of the goods harvested froen aquatic and
lund coosystems are radded in cconomic markets, For example, at the beginning of
the twenty-first century, the annual world fish carch from the poeans and from fresh
water was sbout 1y million metric wns fabout 145 million 1ons), valoed in the ringe
ol yoo hillin US, doeltars” Fish is a core conspocent of peoples” diets lin many parts
of the workd, soch as i Afrxca aod Axia, where same 20 percent of the population
depends on fish as a peimary source of protesn,

Lanid ecosystems, including grasslands and forests, are also lmportant sources
of marketablde goods, Grasslands help supply people with 3 wide rarge of animal
peoducts. incloding meat, milk. wool, and leather Forests supply people with many
things, inscluding food. timber. and wood for fucl. Fruits, nuts. mushrooms, honey
andd many other foods are also exteacted from focests, Wood, bambeo. grasses. and
uther plant materials are used to construct homes and ather bulldings. Organic mate
rial from trees and other plarits supplies about 15 percent of the world's tota

consumptian; i developing countries. & supplies almost 4o percens.” b addinon
matural products extracwsd from many huodseds of for

est and nonforest plants. are wsed hy industry. Examgples

include olls, resins, dyes, mnnms, and insecticides

Regulating Services

CLEANING AIR

Both plants and soll microbes are imvalved in cleaning the
air we breathe. Plant canoples, especially foeest canopaes
functian as filers of particulstes in the air and as chemi
cal reaction sites that help regulats the composition of the
aunasphere * The mator sources of atmasphenic particu
Lases are (1) the combastion of coal. gaselme, aod fued o, (2)
cement peodiscrion, () lime kiln operation, (4) incinetation
and (5 the burning of crops. These buman activities peo
duce fine partiches kess than wo pm (micrometers) in diam
eter, such as black carbon. and coarse particulates (greater
than wa pm), sach as dust (A miccometer Is one millonth
al 3 meter, or appeoximately acooey xS, s o jm 5
appraximately 0.004 inches | Plant canopées captuze x vari
ety of particulases. ranging trom harmless sea saltarrusols
near the oceans to dangerous lead pacticles alongside roads
Figwre 1.2. Marsh Arab Reed Moase, Ths mudhif, w typital floating hsso  in countries, both industrizlized and developng, where

of the Marsh Arabis of yewthar lraq, it made from ceeds ties dexd wowee Jad s syl] being used as a gasoline additive
s of pears o tris area, Saddasn Husaen

togethnr, x5 i¢ hay binwa Sor the : :
B Plant surfaces, particularly moist leaf surfaces: are

. but major irtecnationul ¢ffaris wre under

wpraphiy sises wheee o wide range of chemical reactions occur

fargely destr
way W et

ayed Uvese mprnh

Tiemn recaeet, (Foom Nik Wheeler ¥
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Farest canopy purifies air by
filtering particulates and praviding

chemical reaction sites where
pollutants are detoxified

Forest cancpy and leaf
itter protect the sall
surface from the erosive
pawer of rain

Forest trees and plants
store carbon and help
slow human-<caused global
dimate change

Forests help maintain
the water ¢ycie and
stabdlize local climates

Forests provide goods
such as food, timber, and
medicines

Forests provide critical
habitat for plants, animals,
and microbes

Deep forest soils store Forest soils purify water,

Forest tree roots bind solls
large volumes of water B acting as a massive filter

and help prevent erosion

Figure 3.1 Tempersie Forust Eces

u"h",h Chan



A=

R e s et S T Y

—r

- g P —

44

There, polluting compeunds stich as nitric oxide, the precursor of ground level ozone
produced mainly by automobiles and power plants, can be translormed inso lursnless
compounds.” Sue suil micrubes are akso capable of many of these wranshormations
One group of microbes known as “methanotrophs,” for example, that Hve in well
drained. well-aerated sedls and befong 1o the Archiaed (see chapter 1, page 1), break
dowen methane.” s powerful greenhouse gas that & involved in global warming.

PURIFYING WATER

Many well vegetated upland areas. freshwater wetlands, anif estaaries function 1o
purify water. The purification processes invalved Gin be blological, physicalichemi
cal, or a cambination of the two.

Upland Areas

Farests, shrublands. and grassiands that ocour in upland areas throughout the weeld
are impectant sources of clean water for human wse. The journey of water thraugh
these econystenss is like slawly dripping wates threagh a massive filler. The rin that
falls on many of these ecasystems often contains substantial amounts af chemicals.
such as inoeganic nitrogen {in the foem of ammonium or nirate compouinds). and
othez inoeganic and organic compounds. As it percolates theough the soil. the water is
strippedt of many of these chemicals, boch by being taken up by plasts and microbes
and by coming into contace with chemically eisctive sites on clay ard an DEZENIC Mat
ter to which such compounds bind. For example, in healthy middie sged farests i
New England, raln enters with an average ninogen load of aboat eight pounds per
acre each year Stream water Jeaving these focests often contales Jess than oo tepth
the coocentration of nitrogen that was present m the raingall

Freshwater Wetlands

Sirke the dawn of civitization. freshwiter wetlands have been alsuarbing and recy-
cling nurients from human sertkements. This ecasystem service is performed by
a variety of wetland ecosystem types. incading those that ncrupy lowland aress
along streams and rivers. and those tha barder lakes. As water flows theaugh these
wettands, plants, microbes, and sedimenss filter oat nusrients. sach as nitrogen and
phesphorus, from the water column, Plants take up these nutrients and I oeporate
them into root, stem. and leaf material. Micrabes ransform a water-soluble foem of
nitmgen into gaseous forms that are biologically iractive and harmbess 1o the envi-
roaneent. And physical and chemial peocesses in sediments. soch as those involving
the adsception (an accumulation of a substance on the surface of a salid, forming =
maksular film) of phosphorus to partides. function to purify water

Nutrient tetention and processing. characteristic of natural wetlands, have
been exploited in reconstructing furmer wetlands, such as i now ecerring in the
mazshlands of suuthern trag." o in the building of new cors, such as those being
develaped by some coastal cities and towns, They are coestructed so that water flws
slawly over sedliments and through vegesation, giving them time 1o strip the water of
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Figure 4 4. Freshrwater Wotlands Ecosystomn Services. (Onipginal phuoto by Maure Marinl wsw.deenmatiow com. Text dosugr by Tang

8 mutrents. ! In addition to controlfing the rate of water flow, managers of constricted
" wetlands often keep vegetstion in a rapid growth phase through periodic hacvest-
[ng in an effect 1 maximize the amouot and the speed of putcient uptake. They alss
megulate oxygen lrvels i the sediments o increase the loss of gaseous nitrogen, and
' manipulate the supply of soluble iron and aluminum to enhance the rate of phosphe
’ rus cemoval
Corstracted wetlands also bave the ability to remove husmanmade com
poundds. including some that are toxic. from fowing water. Ata U.S. Enyiranmental
Protection Agency research labaratary in Athens, Geeegia, for example. studies
have shown that un enzyme produced by the invasive Parcal Feather (Myriopilim
‘ hrasiliense). a freshwater plant that can spread rapidly to chog rivers, ponds, and
. ircigation channels, effectively breaks down trintrotoluene, better known as TNTY
['is has led ta several successful paat progects in which constructed wetlands were
ahle o remivee the chemical from water that had been contaminated by militacy fir
- ing ranges. {See also “Biniding and Detoxifying Pollutants in Sails, Sedimemts, and
Y. Warer.” bedow,)

Estuaries

3 Bivalve mollusks (n estuarles, including mussels, clams, and oysters. act as filwering

systems that can remove suspended marerials snd that consume algae secondary to
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entrophiation (the overgrowth of algie m acuatic ccosystems resuliing from excors
sive Jevels of human refeased nurrkents), An often-cited example is the filses ing capis

ity of Eastern Oysters (Crassastnag virginica) in the Chesapeake Bay. For centuries,

erpsters in the bay were so umerous that they could filer s complete volume in
approximately a theee-day period. The result of this massive fltering actvity was o
malntadn chear and oxygen-rich waters

A combination of poflutian. habitat destraction, overharvesting. and othes
peessures has dramatically redoced the oyster population of the Chesapeake Bay
and thase of other major estuaries aleng the U.S, East Coast: For the Chesapeske
the decline has heen so great that it new takes almest a year for the oysters o flter
the hay, meee than 100 times as long as i did as eec ently as about 100 years agy
The result of this decline has been the loss af a critical ecosystem service, the filtes
ing of wates that has been essential to maintaining the quality of the bay. lts waters
are nav murkiee and poarer in oxygen concentratians and fn aquatic Jife

MITIGATING FLOODS

| For millennia. many regions of the workl lave heen subgect tu extreme weathes
events. including perinds of excessively beavy rainfall amd the shart-term floodiog of
" relatively flat areas. known as “flood plains.” that border lakes, rivers. and strezms
Floed plains inchode a variety of Babitats such as forests and wetlands, Sume flood
l | platns bordering magor rivers are vas, such as thase of the Mississippl River, whase
flood plain i up 10 130 kilometers (8o miles) wick: in same areas Examples of other
farge river flood-plain ecosystems inclide the Sudd swamps on the White Nile in
i: Sudan and the Okavango River wetlands in Botswana. Unaltered lood plains serve
I 05 habitat for maay plant and animal species. For example, the Gran Pantanal of the
: Paraguay River in South America is bome to an estimated toa species of fish, 050
species if birds, and 8o species of mammals "
(| Fleod plains are one of Nature's “safety valves” Following excessive rafns

foodwaters flow aver riverbanks and into the foreszs, wetlands, ané other habitats
thist constirute flood plain ccosystems, Some of the water is saaked up by the seil 1
time, the floodwaters recede. leaving behind a new supply of nutrientrich sedimenes
that enbance the flood plain's fertility and make these ecosystems anioag the most
prodocuve in the warld
Many ancient clvilizations—foe example. In Mesopatamia. Egype, Chena
arxd Inclia—used food plains as agricultural sites, Taking advantage of the periods
enhancement of soil fertiliey by the Boad related deposition of nutrient-rich sed|
menss. As human papalations fiave growi, development peessates ca oo plalns In
many parts of the warld have Increased, resalting in o compecenisiog of the sbility of
flood phains to absorh Doodwaters
Thr Mississippi River and &s tributardes, which drain about ane-third of the
lower farty-eight states, flooded during the summer of g3 fllov ing ahove average
rains i the first half of the year and an unusaally high numbes of woerentlal rin
| evenis daring the summier. Such extreme precipitatin evenss, inclding both tor
rential rains and ('f-icllg}lls] are peedicied to Increase in freguency and Intensity as s

result of global warming." The loss of the flood plain alangsice the 7iver compoanded
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l Fgure 3.6. Ploaded Farm near Milview, Blinois, on (e 1ol River, Sumemer saga |Courtesy of [im War

the devastation. Floodwaters spread over 3 million hectares (23 million acres). inun
diting farms. towns, and cities i nine midwestern states —North Dakona, South
Jakota, Nebraska, Kansas, Minnesots, lvwa, Missoael, Wiscoosin, and Ulmais The
ol was enarmous- - 50 people were killed, more than 70,000 homes were lost. 8

millon acres of furmland were dumaged, and tatal property losses were estimaed at
sz billlon

The high cast of the flood damage has been atelbuated 1 theee practices: the
drainage aof food plain wetlands, the uilding of permanent structures on flood
plains. and the: construction of fevees to keep leodwaters fram spilling over. tn the
Midwess, one of the origimal. andd most impartant. changes o the landscape was, in !
addition, the Jass of beaver dams. Beavers had shaped the flood plain landscape for
themisamés of years priar 10 European seetlenvent, The seventeenth- and efghtecnst
century fur trade broaght the beaver to the verge of extinction In Hllinols by the mid
nineteenth century (the beaver is unce again abundans there due to #s ceintroductiod|
With the loss of braver dams. and the start of intensive farming that requiced the
draining of wetlands, came unimpeded trbugary flow into the Mississippé River and
increased flooding ™

During the past century, the drainage of wetlands in the US. Midwest intersi
fied ta produce mare farmiand and home sizes. The Good modecating seevice of these

| wetlandds was not recognized. Missourd, Wiouts, and lowa, the three states that suf

fered the mest damage fram the 1y floods. have less than 15 pereent of their ariging]
wetlands. ™
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Bullding peemanent stroctures such as barps, houses, and Gactockes on flood

plalng also Increases damage and the accompanying financial losses when flnods

occar, fue two reasams: First. they are valuable peoperties. Secoed. these stouctures
and their associased roads. parking lots, and cther paved surfaces redoce the ares
al sedls dnal sechiments thit are whle 1o absarh Boodwaters. If forest or other natuta

artaticn covers 2 Bood plain, the fleedwaters speead over the land slawly, and the

land ahsorls much of the water. Because kand in a developed flood plain is fess alde (o

atsorh excess waler, the water spreads moce rapadly and extensively
Finally, humdreds of leviees were built along the Misstssippt and 165 trihumaries 10

bold floodwaters back from the flood plain, Although levees may save lives and prop

erty where they ace bsilt, they cause floodwaters upsiveam 10 surge, damaging farms
and towns that wre less protected. In addition, they prevent the periodic deposttion of
sediment in the flood plains that replenishes the sod. serving to malntain its levels
and #is ability 1o absorh flodwaters, The building of levees and the subsequent loss
ol marsh soiks, along with the draining, destroctian, and devedapment of freshwates
wetlands, & thought to be, In part. resporsibile for the masstve Hooding of areas of

New Orleans following Huerivane Katrina

CONTROLLING EROSION

Inland Sires

Vegetation provides nawral protection loe salls agalast crosion in several ways, First,
the plane carapies intervept rainfall and rediice the farce with which ratnwater hits

the sux] surfice. Second. roots bind soll particies in place amt peey

et them from
washing down shopes. Third. old oot charnels help to minimize the powerful forve of
surface runoff by routing waser into the sall, Uke drain pipes. Animal busroves serve
the same functin

The UN. Feod and Agriculture Organization {FAQ) has estimated that durng

the clising decade of the twentieth century, erosion damaged oe destroved each year

between ten and twenty million acres of the world's cropland. Erosion has aflected

some areas moce than others: In China by 1078, erosion had forced the shandonmsent

of abaut coe-thind of alt arable land, Erosicn rases in many parts of Afrka are esti

mated to be nine tinwes higher than erosion rates m Europe

Erasian can affect human foealth in both direct ad indicece ways. By medu
lig the arei of croplands. erosion may conteibute to tood shortages and compro
mised nutritonal states among peaple in some developing countris. Erosion can
also directly canse deaths through mudstides. For example. intense rains falling
s steep slopes that were cleared of their foresss in the Caribbean and throughout
Central and Scuth Amecica have resulted in thousands of prople dying i mas

sive mudstides in recent decades, inchuding these acoompanying Horricane Miich

In 194
Lacge-scake mudslides became the signature of Hurrkane Mitch, which grew 1o
become the Atlanti basin's foarth strucgest hurcicane ever, with sussained wirkls of

180 mpd for moee than 24 hours, The husrcane Sulled of the coast of Honduras fron

October 27. 1008, until the eveniig of October 29, dropping up 1o 25 Inches of zaln In
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one six-hour period in some places. The heavy rains ked to widesgread flooding sl
mindshices that resulted in 33,000 bomes being destroyed, at least 7,000 deaths and
5.000 missing, and thousarxls of cases of cholera, malaria, and dengue feyer. ™

Hurricane Stan, which dumped torrenttal rains on Guatemala and other parts al
Central America from September 2 thrawgh October 5. 2ans, kitkd moce than 1,036
people In Guatemala alooe: left o000 bameless arkl three million without power,
water, and other basic sevvices: destrayes] crops amd livestock: and damoged oeacly
2500 mikes of vouls, cutting off many regions from outside belp ™ A US. Geobogical
Survey research team repocted that many of the deadly modslides accureed in areas
where the farests had been cheared w make way for agricubture

Ocean Edge

Mangtove [ecests and sak marshes are the most comiman ecasysteins found in mary
coastal areas, They perform an Impoctant ecosysicm service by buffering e land
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BOX 5.2

FHL TSUNAMLI OF DECEMBER 26, 2004

The great Southeast Asian Tsunaml of Decernber 28, 2004, which

kitled more than a quarter million people, left millions homeless

and caused widespread devastation In Indonesia, Thailand, India, Sn

Lanka, and other countries, provides an impartant case study for the
\ role that natural coastal ecosystems may play in the physical protec

tion of prople and tand against storm surges. Preliminary studies in
Sri Lanka suggested that in areas where coral reefs, vegetated coastal
sand dunes, and healthy mangrove forests were intact, damage to
the coastal zone was lessened. And investigations in Thailand, par
ticularly in the mast affected province of Phang Nga, dermonstrated
that mangrowve forests and seagrass beds significantly mitigated the
destructive force of the tsunami*~ Model simulations have supported
the role of coral reefs in buffering the impacts of t1sunamis.! But some
researchers have stated that while mangroves and coral reefs darnpen
the destructive action of normal storm generated waves, their protec-
vve roles during tsunamis are less clear, and that distance from the
epicenter, elevation and distance from the shore, shoreline profiles,
wave characteristics, and other factors may be as or more imporstant
in determining levels of destruction on land.’

>
4
3
=3
Figaen 1A Photo of Mangrovss n Southeast F e, o brant ndr eab up the f wirae ] p
1o Aurges and stabilize cuanthnen. [Courtesy of LS Na al Teeunic and Alermtghiun
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SUSTAIRING LIFE

ngainst oceyn starm Surges. Plants in these ccosystems stabilize submerged sodd sedi

mems thereby preventing coastal erosion, Scientists 2 the Mangrove Ecosvatrmy

Aesearch Centre i Hanol, Nogth Victram, for example. have compiled evidence

b

that mangroves are mare effective than concrete sea walls in contralling the ragiog
Doodwaters froan tropical storms.? Forested areas can aso help dampen the foece of
hurrcanes and protect cuastal communities. as was seen with Hurricane Felix and
its 1060 mile-per-hour winds that came ashote in northern Nicaragua and soathern
Horxduras on September 4, 2007

However. both salt marshes and mangrave tarests are rapidhy belng destroved
To uninformed people, salt marshes have often appeared 1o be warthless, empty
stretches of fand, As z result, many of them have been used as waste dumps o

have been filled in with dredged sediments to foem actificial fand for build

homes ar (ndustelal complexes, Mangroves are also under assault from |
forms of coastal development. such as from sheimp aquaciiure and unsustain
able legging ' Some countries, such as the Philippines, Bangladesh, 2nd Guinea
Bissau, have lust 50 percent or mare of their mangrave swamps.® Lusses of salt
mirshes and mangroves have consequences beyomd the less of ocean storm hul

fers. Maost important. these land-margin ecosystems are among the mast produs

tive breeding grounds and wieseries lar commercially important fish (see section
on aquaceliere in chapeer 8, page 373) and are Impor tant halsitats for many species

of hiedls

BINDING AND DETOXIFYING POLLUTANTS
IN SOILS, SEDIMENTS, AND WATER

One of the consequences of our industrial and agricultural activites |s that we
have speead, both intentinrally and unintentionatly, heavy metals and radicactive
clements warldwide, 3 result of faving mined them for a varicty of parpuses, e
have also released into the global envicanment, in varying concentrations. tens of
thousands of man-made chemicals—pestcides, medicines. (ndustrial chemicals,
bousehold preducts, and other compounds—some of which degrade very slowly,
accumulate in the food chain. and evenmaally end up in cur wwin tissues (see the s
thon oo poliution in chapter 2, page s1). Iy same places where they are deposied. they
reach toxic levels that can cender soch areas unusable by humans and a danger ta
maty other forms of life

Sciemssts ace using a varkty of vascular plants thas have the capacity 1o von
centrate posentially taxic clemerts withuot doing themselves harm, to clean up
acdl restore these contaminated areas, The [ndia Mustard Plant (Brassico fumeea)
for example, can accumulate kead, chromium, cadmium, nickel, zine, coppes. and
selenium: the Alpine Pennycress ( Thlaspd caernfescens) binds zine and cadmium
amdl the Commaon Sunflower (Hellandhus anauag) can capture some radivact v
substances. < ™ These “abil

" are being put 10 use in what §s cafled “bloreme
diatien” ue “phytoremediation,” Such planis are perticularly abundamt in tropical
o sulsropical regions, perhaps because Righ mesal concentrations |n their vissues
may conter some degrer of protecticn against plant-eating inseas and microbial

pathagens that are common In these regions. Other species of plants are also being
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imvestigated for their alslity to bind toxic substances, including allalfa, tomaio 2l

pumpkin vines, bamboo, Cordgrass, wil

yw and poglar trees, and even the invasive
Kudzu * Akl some nonplant speces, such as the lichen Trapefia invodue, which can
cancentrate wranium i is tiesues,” and sanme fungi. such as “white rot fungi™ (par
ticularly Pharerochaete chrysaspartum) and ~brown rot fungi” (notably, species of
Glacaphytlumj, which ace able vo accumulaze heavy metals.™ ™ ane also being studied
for thelr bioremediation potential

Sametimes the presence of plants growing oo contaminased sites sigoals thei
ability o sccumalate wxic substances. Recently, Brake Ferns (Preris ensiformis)
cominan in southeastern pacts af the United States and in same ather parts of the
warld, were found growing at a central Florida lumberyacd where solls were beavily
polluted with arsenic from wood preservatives feg, those used i “pressure-treated
wood ). The Brake Ferns were taking up the arsenic in their tissues. Anothes arse
nic-binding plant. the invasive, aquatic Water Hyacinth (Edckhornia crassipoy), bas
been used to remove arsentc from drinking water ™ Arsenic contaminated dreink
ing water is a problems in many parts of the Unied States. especially in the Wesr
and in Alaska. It is alse a significant problem i cther parts of the world, such as
Hanglodesh. where morre than bo percent of the groundwater contalss high concen
watkans. In Bangladesh, millions of people bave been exposed to arsenic Jevels that
increase their tisk for acute toxic effects, such as vomiting, ssephageal and abdom

nal paen, aml bloody “rice water” diacrhei and chronfc effects, such s keramosis

[a thickening of the skin), changes in skin pigmentation, and cancees of the skin
lungs, bladder. and kidoey. ™

Figure 300, Beabe Fern [Plem ansiforming

i oy Farken w angapes
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Twa phytocesmediation examples stardd put as mocdels for environmental cleanup

and public health protection. The firss involves 2n experiment conducted in a small
pooxd near the il-fated Cherrerby! ooclear pormet plant in the Ukealie. The poesd, ke
ather arvas sugoeniting Chernobyl. was beavily copaminated with stroatium 9o
ceslum 337, and other toxic radinactive substances that had been rekeased duning the
reactor fire in b Stientists grew Sunflimers (Hellanthus unsies) un Styroloain
rafts Moating in the pand. with their roots dangling in the waters like those ol lettuxe
plants growing, in hydroponic 1anks. The Suntlowers were found to rapidly sccumu
late radioactive strontiuem arsl cesmm in Uheir Lissues 1o levels that were several thyou
sandl times higher than cossentrations in the waces ™

Anather noteworthy success stocy was the cleanup of  lead laced wact of fand at
the DaimberChryslee company complex in Detroit, The cheanup process was stralght
farward. Fiest, the top four feet of soil were moveed to a neacbiy site and planted with
India Mustard and Sunflowers. both of which can accumwilae lead. The lead oon
centratives i the soll was redaced by 43 percent as & result of these plantings. which

brought the site into compliance with both federal and state regulations. The project

et abuut Tulf of what it would have cost to cart the 5700 cubie yards of soil  a
hazardous waste [andfill. Instead. the cheanug crew had to dispose of only & few cuble
yards of lesd rich plant matecial.*

Some maroorganisms in naurally funclioning CSWARe and MACNe cosys
weuns are also alde w perform the evasystem serviee of detoxifying wastes generated
by bimans, such as petecbeum and petrolewm byprodaicts, swuch as gasoline, that are
spilled into these environ ments on 3 regalac basis. Many of the companent compounids
peesent in thise spills carry health visks foe husans and for many sther arganisms
Wise: these componieds adhere to sinking parsicles, they seite bottom sediments,

where in some settings, natuzally occurring microbes. such as the marine bactersm

Alcanivarax borkissensis SK2, are able 1o detaxify them, ultimately turning them
ity carban dioxicke and water

Microocganisms are also being investigated w turn ather man-made chemicals

into harmkss substances. O, for example, 4n ansecobic bacterium named BAV), s
been found b break down vinyl chloride. a hazardows industrial chenica! peeseot in
shows one-third of afl wxic wasse Superfund sites m the Linited States ™ Vinyl chlorde
can causes neurological symproms such as dizziness arxl headaches with acute expo
wores, and o rare foem of Tiver cancer with longer term expasures Other microbes an
bk 1 degrade some pesticides. such as malathion. atrazine. and DDT, as well as such
heshicides as-2.45 tekhlorophenaxyaceric ackl (comonly known as 2,45 TH* aml

1o redisce the barmiul elfects of some radkuctve elemenes ™

CONTROLLING PESTS AND
DISEASE-CAUSING PATHOGENS

A pest is amy organism that intesferes insame wiy with human welface, A varkey of
weeds. insects, rodents, hacteria, fungs, uod other ocganisins compele with humans

fir foex, affect fiber production, or speead disease, Croplands and pests gu tagether

One estimate is that croplands support meee than 50,000 species o plant pathogens

g000 of nsects 2nd mites, ancl Boco of wieds The Joss of productivy in these
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imanaged ecosystems can be very high. Worklwide crop yiekls are rxluced by about
une third by pests and disease = And the basses could be much higher it were nat for

exosystem services that result in kevping populations af pests and disease carrying

arganisms under con

Sometimes we have o learn the value of natugal conards the hard way. A story
from China illustrates this point. In the 19508, at the time of Mao Tee Tung's Great
Leap Forward, Chinese officials became oo

seened that flocks of birds were devous
ing large amounts of grain. Te stop this attack oo an already (mperied food supply,

government officials declared that spacrows (which ultimately ended up meaning

“any small perching bird”) wene “enemies” iand thereloce candidates for eradics
tioe. Millions of Chinese set abour killing berds. Their surcess was [rightening Over
several days in 1048, an estimated 800,000 birds were killed in Betfing alooe. Majar
pest cuthreaks resulved from this bicd erodication pragram and led w significant crop
losses, The mistake was ultimately realized and the bird killing was lalied *

| Maintaining natural pest control seemetimes requises undesstanding how Lond

scape diversity refzes to this oritically impoctant ecosysiem servke. Let us o

ane example, that of hedgeeows, which are linear stands of small 1rees oc shrabs.
natural or planted, that separate Belds or pastures, In the southern German state of
Bavaria. mosaics of such hedgesows and farest plantations bocder agricultucal lands.
| They are modern Germany's mast diverse woody habatats, with up o thirty species
of woody plams aod many species of herbivoeous insecis. The insects are foe the most

part specialists. and they fesst on the woody plants In the bedgerow. while largely

ol Sustasse Liee; How Hus AN HEALTH DEPENDS O BRODIVERSTY




Pgurmy o=

uninulbing Fe

Adul

ng on €

Valulla Bectles [Wodelis

stuny Cunhion Scale

ignanng the crops, The presence af the insects in the bedgerows atrracts geoeralist

peedfasues und parasing, which feed norondy on them, but also onaphids in the nearby
grain fields. 1t is because of the bedgerows and their unigue food webs that northeast
Bavaria is ane of the few places in Germany where lawmess da ot need to speay for
wehwat aphids, (See chapter 8 for more discussion of myects and other ocganisms that
berefit craps.)

Using natural pest control as i model, scientists have tried 10 develop blelogl-
cal control mechanisms to replace pesticides. Biokagicul contrals invalve the use of
paturally occurring disease organisms, parasues, or predatoes to control pests. The
use of a beetle 1o contral Cottany Cushion Scale {{cerva piirchasd) (s a good example
Cotrony-Cushion Scale & a small fnsoct that sucks the sap from the branches aml
hark of many fruit rees. Including citrus trees, A pative of Australio, it was acci
dentally introduced into the United States in the 1&8es. An American entomakogist
figured ot that another organism from Australia, the Vidalia Beetle {Rodolia cordi-
nalis) was very effective ja conteolling scale, Beciwse the beetle feeds exciusively and
voraciously on the scale, its intredoction almast eliminated Cottony Crsshion Scake
in orchards within a few years. Today. both the scale 2nd the beetle are present in
very lowe numbers in LS. oechards, ared the scale is vor considered an economxally

npartam pest

MODIFYING REGIONAL AND
LOCAL CLIMATE

While climate plays 3 major ole in the distributson of vegetation globally, vegeta
tion also has a nsajor intloence on local and regional dimates. For example, the rain
tall in the Amazon Basin is, in part, a copsequence of the existerce of the region s
focests. Abnut balf of the mestn anncal cainfall in the basin & recycled by the forests
themselves via evapotranspiratim —a process that accounts for the total amount

of water transferced from plant-covered surfaces of Earth to the atmosphece. which
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combines evapocation trom open hodies of witer and from the soll. with “transpira
tioe,” the movement of water within planss and its evenitual loss 1w the stmaspherr
s water vapor. Computer modeling studies suggest that extensive deforeszation
In the Amazon could dramatically ceduce rainfuil in the region so that the foreses
might not be able to reestablish thensselves. At the local scale. troes create “mic

climutes”™ by providing shade and sucface coeling associased with evapoteans

tian. Deforestation can also result in climatic change in areas adgacent to the foces!

with fosses in ralafall thae can affest agrionftore and the availability of water in
these arcas ** *

Storing Carbon and Stabilizing the Climare

Land ecosystems of the workd are karge starchouses of oeganic carbon. Estimates place
these carbon stoces in the tange of 2,100 billlon metric tons, or BMTSs (abous 2,300 bil

lion or 23 trillson tansj, About o0 BMTs of this are stoced in plant tissue, and 1500
BMTs are stored in the soil as organic matter. " Recent analyses of the glabal carbon
eycle indicate that carboa stores, inat keast some land ecosystems, are grawing, albes
in small annual increments. Furthermore, 106 argued that this growth in plans aed

soll carbon stocks i slowing the batklup of carban dioxide in the atmasphiese. therel

slowing the rase of climate change and praviding the valuable ecosystem service of
stabilizing the global dimate system. ™

Over the past decade. eaviranmental policy makers have recognized the impor
tant role that terrestrial carbon sinks play. In fact, as pare of the UN, Framewar
Canvention on Climate Change. policy makers bave sought 10 increase the size of
these sinks through direct management actins as a way of skwing climate change

It Is impoetant  note that while terrestrial carbon sinks ave enarmensly importans

over the near tecm in taking vp our carbon dioxide emissions. we should not rely
them 1 bail us aut aver the long tenin. By the middle of the twenty-first century, they
ey be so reduced In stze that their contributions in taking up carbon, relative t the
amkunts released from the buening of fussil fuels. may be minimal.

Cultural Services

RECREATION

Cusdoor recreation conteibutes to human well-being around the ghobe in man

ferent ways. Recreational epportunities on land Inclode activities such as hiking
phetography, camping, backpacking, large and sizall game hunting, bird waich
Ing, wildlife viewing, bicycling. and off road vehicke use. Water-basedl recreational
activities inclode fishing. boating, water skiing. and swimming [n the Unlted
States in 1995, almost g5 percent of the population sixteen ar mare vears of age par
ticipated in some form of outdoor receeation,” 1n a vecens pall in the Usnived States
more than 5 percent roported that they use the outdoors for health and excroise
relaxation, and stress reduction.™ Tourism, or 25 it is now called. “eco-twarism

centered on wikdlife and nature reserves, is one of Africa'’s fastest growing indus-
tries. although (¢ will be sustainable unly when the needs of native commanities are
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SO INTRICATELY 1S THIS WORED RESOLVED

So intricately is this world resolved
Of substance arched on thrust of circumstance,
The earth’s organic meaning so involved
That none may break the potern of kis dance:
Lest, deviating, ke confound the fine
Of reason with the destiny of race,
And. altering the perifous design.

Bring ruin like a raln on time and space.

e T Coliccred Soems, by Scankey Kbz

arley Kuniiz

Useit by parsstsion of WW

Novidw L Cowmpany. Im

aken into account, and when a fale proporvion of the profits received are used w
benefit local populations

PSYCHOLOGICAL, EMOTIONAL, SPIRITUAL,
AND INTELLECTUAL VALUES

The value of leisure in natural settings o humans & mabiple and Includes is) pes
somal psychological benefits such as better mental bealth, persanal development
and growth, and personal appreciation; (2) psychophysiological benefts such as
improved cardiovasculsr health; {3) social and culturad benefits, such as comunity
satisfaction, reduced social alienation, tighter family buncing, a greater nurturance
of obers. Increased cultural identity, and diminished social problems by at risk
youth; (4) ecotontic benefits such as redoced health costs, increased productivity.
Jess work absentesism, and decreased job turnover, and (5) enviranmental benefits
such as improved relationships with. and a greater understanding of. our depers
dency on the natural world. Edward O. Wilson's ~béaphilia” hypothesis suggests

that many of these benefits may derwve [ram our Innate and hard wiced band with

sher living ceganisms ™

Our natural woerkl & a thing of beauty largely because of the diversity of living
forms found in it Artists have attempeed o capture this beaaty In drawings, paint
ings. sculpture, and photography, and it has inspired poets, writess acchitects, and
imskcians 1o create works reflecting and celebrating the natural world, This work has

led to falfillment and rejuvenation for the artists and their audierces
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Nature also provides for many people great spiciroal value, This is troe not only

for these who bedicve thor all living things are God's creation arsl must be wated
with everlasting reverence, byt atso for those who da st believe in Godd at all. but who
nevertheless regard fife. in all #s beauty and varety and mystery, with a profoum
sense of awe and wandee. Lile on Earth may be a5 sacred to many nonbeliovers as it is
1o any derply religious persoa who worships God

Trying to understarsl the Incredible complexity of bivlogical syseems umd how
vrganisms have evolved over more than 55 hilfion years is for some af us the most
clallenging, fscinating, and fulfilling way we could ever imagine to use nur powers
of abservation and our ineellects. 1t may also be the most important, because i1 will he
through our own understanding of the natural warld, and that by countless others
and through our collective efforts to help policy makess and the public understand its
vulnerability to aur noesustainable behaviers, thar we may have a chance to protec
the global environment

Supporting Services

PRIMARY PRODUCTION

Net peimary production (NPP) is the amoanst of plant mater@l generated during 2
year through the process of phatosynthesis. It repeesents the energy base that pow
ers all ecologial processes and, 25 a result, undeclies the capacity ul teosysiens 1o
grovkle all sther eoosystem services

For the weekd's kand ecosystems, NPP is estimated to be about 120 billion metry
toers fabeut 132 billion tous) of new organic matter each year in the form of pla keaves
stems, and roots, This matecial, 10 turn, functions as the material aml energy base oo
all of the peovisioning, regulating, and cultural services provided o bumans by land
ecosystems. The anoaal NPP of the oceuns 15 sinvikar in magnatwde, and 7t supports
services such as marine fisheres and the cpcling ol nutrients in the oceans.™

Scientists estimase that currently. human beimgs consume, degrade, ar co-opx
about 40 pereent of 21l weerestrial NPP, This has major implications for other species
and fioc ccasystems. For example, we are selacuively harvesting plants o the paint ol

causing local and regional extingtixms, and we are clearing rainfocesss, altering the

climane in those areas and reducing the viability of adjacent ecagystems.’

JTRIENT CYCLING

The global cycles of cartion. hydrogen. oxygen, nitrogen. phosphorus, and sulfir and
perhaps s sany as twenty frve ather elements sustain life an Earth. As these elementy
move through the envircament, elther in arganic ar ineeganic foems. they affect other
hasic ecosystem processes, such as photasyiebesis anid the decay of arganic materlals
by microbes, and thus affect the way the woekd works (n furdamenial ways

Human activities soch as agekularal ineosifiation. urbanization, Industrl
alization, and the (ntroductson and remaval of species aler the ow of clements

through the enviromment. These alterations coptzibute o magar enviteamenial
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TABLE 3.1. MACRONUTRIENTS AND MICRONUTRIENTS

MACRONUTRIENTS MICRONUTRIENTS
Carhon Acsenit lodine Tin
Hydrogen Banum frem Tungsten
L Cxygen Borun Mangamese Vanaxdim
Narugrn Bruntine Malybdentm FATT
Phosphaorus Chline Nackel
Sulfin Cheomilum Selenivm
Caloum Cobalt Slion
Magnesium Copper Sodim
: ST ' : B S
Potassium Fluorane Scrontium
|
. e
. problems such as climage change, ackd peecipitation, photochemical smog, aiwl “dead
‘ pones” in the oceans. We will moed to better manage these element cycles if we are
going 10 be successful in wsing the global enviconment in sustainable ways
Table 5.t lists the elements believed to be essemial for animals. microbes, and
: phants. The elements required In large quantities are seferced w s macronutrients
] Six elemerss—carbon. hydrogen. oxygen. nitrogen, phesphecus, and sulfur—are
the magor constitoents af living tissue and compeise o3 percent of the biosphere
¢

POLLINATION AND SEED DISPERSAL

Podlination

Flowering plants and their animal pollinators wark together in Noture. Because plaras
are rooted in the gmund, they lack the mobility that animals have when mating. Many
tlowering plands refy on animals to help them mate. Bees. Tevtkey, butterflies. moths
hamminglerds, bars. and other animals ranspare the made reproductive strocnines
alled polken, fram one plant to anather, in effect giving plants mability. Ooe of the
rewards for pollinatoes is tood - nectar ta sugary solstian) and pollen. Plants often

prostuce foed that is precisely correct foc a specifoc poliinatoe ™ The mectar of fowers

pollinated by bees. for example, usually containg beeween 30 ardd 35 peroent sugar

the concentration that bees need in ander 1 nrake haney. Bees will oot visi flowers

with lower sugar concentrations in whedr nectar. Bees also use pollen to make

bread.” a nutritivus mixwure of nectar and pollen that s caten by their lazvae ™
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the Farge-fruited trees w populate their habsats and migrate sress the land in
response w a vasiety of disturhances. Inckoding cimate change

As Yvonne Baskin notes. the distribution of plants in both temperate and topi
cal regions of the Amezicas may be quite different today from what it was during
the Pleistocene epoch, tens of thousands of years ago, hecause of the demise of large
fruit-eating amimals that lived then, For example. the kwland forests of Central
America Jost mastodan-like gomphotheres, giant ground sioths, and other massive
consumers of frults, seeds, and fdiage, Without these animals 10 disperse their seeds
frizitrees may have lost significant porpaons of their sanges over the silknnia ® Twa
renowned botanists. Dan Janzen of the University of Pennsylvania and Paul Martir
of the University of Arizona, have suggested that the same thing may have occursed
when temperate North Americs lose its frulrcating megatauna. Trees bearing large
fruits such as the Osage Orange (Moclura pomifera), Pawpaw (Asimina trilaha)
and Persimmon {Diaspyros irginianu) over the millennia grew progressively mote
sparse and limited in range

Today, wucans, agoutis, monkeys. fruit bats, and ather frugivores (fruit calers)
and seed dispersers provide a crieical comystem seevice that heips to maintain the
biodiversity of terrestrial ecosystems and their essential life-giving services

|HE ECONOMIC VALUE Ol
ECOSYSTEM SERVICES

ueerous examyples illistrate that ecosystem services have signifbcanr ico-

nomic value, Here we consider three such examples, one that involves the

dellvery of clean water ta New York City, and two cthers that imvobve the
pallination of cash crops

Clean Water for New York City

ew York City has wradiionally been known far #s clean drinking water
which has been ranked as among the best in the United Stazes. It celgl
nates in the warersheds of the Catskill Mountaing [n secent years it hay
deteriocated in quality because of sewage and agricultural runalf that have aver
whelmed the watersheds™ natural purification systems. When the quality drapped
bedow the standards of the US. Envircamental Pratection Agency, New York City's
administration begn to investigate the cost of replacing the nacural system with an
enginerred filtration plamt. Estimates for boilding the filtration plant ranged from six
to eight billion L1.S. dollacs, with annual operating costs of around s3o0 milllon—2
grvat deal of moaey 1o pay loe what ance cost nothing
These high capital and operating cost estimates peompted further thinking
about the prohlem. The result of the reanalysis showed that it vould be tar cheaper (n
pewe-tlime cost of ¢ billion) to resioee the integriry of the watershed's natural purificat
jom gervices, than 1o butkl the filration plant. Faced with these alternatives. the city
decided to restore the watershed. Tn 1997, it exised the necessacy funds by issuing a

Susvassene Live: How Hosas Heac i Desesos on BovERSITY

.




Schohan
L Bumn
-~
. s o
| r g “
] T~/
)
3
1<
.
ad
g
[
pe
=y
.D
i Figare 333 Map of the Cotakil Watershed e wx major dralnage b thelr reservoirs and o
\ 20005, Dhata sownee N |
') { rutection, Bureau of Water Supply, Ginhe! mdormatian Sestems 200¢)
|-
N -
E bend, husth m purchase kand in the watersheds of the Casskills and m halt its furthes
: development. compensating landowners for restrictions on peivate development; arxd
subskdizing imgravenent of their septic svstems,**
y In this case, the citizens of New York City saved their clean water supply by
1 ) i preserving the natural watershed thas created it, and saved billions of dollars in the
I : TR 3
It process™ They also protected other valuable ecosystem services, such as the water
' : shed's ability to peovide floed cantrol and to serve as a carbon sink to help mitigate
glotul warming Their success is serving as a modet for othee municipalities, such as
e Riv de Janeiro n Brazil
‘ Pollination of Cash Crops
COFFEE IN COSTA RICA
A gool example of the economic value of the ecosystem service ol pollination can be
A ' fousmd an cotfee farms of Central America. Working in Costa Hica, 2 team of Workd
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PALM OFL, EDITORS” NOTE

Millions of acres of O Palms have besn planted
in the tropics-=in Asia, Africa, Latin America,
and Oceania, and many milllons more are being
planned for the industrial production of palm oil,
Palm oll i used in a wide range of foods, such as
bread, margarine, cockies, and crackers {where it
may be labefed anly. generically s “vegetable ail™),
and in such products as fipstick, toothpaste. and
s0ap.* As many @ one in ten producls on super
market shelves contain palm oil. Demand is also
rapidly growing for palm oll as a source for biod-
fesel fued for slectine power plants and vehicles,
as substitutes for fossil fuels become increasingly
astractive, While Ol Palms can be grown and har-
vested sustainably for lecal populations, as has
been demonstrated in many parts of Africa and in
s0me countries in South America, problems arise
when its industrial-scale commercinl cultvation
fequires massive deforestation

Countries - such as Malaysia are developing
large-scale palm oil bindiesel production for export,
mainty to the European Union, where interest in
such blofuels is very high, The usual scenarlo is
that rainforests are cut down and burmed to make
way for palm ol plantations (the severe forest fires
in Indoriesia in 1997, it should be noted, were trig
gered by such burning), threatening countless
species because of deforestation® Biodiversity s
further esoded as u result of the high levels of chem-
4al inputs—horbicides and fertilizers—that these
palm tree monocultures require. Most disturbing is
the deforestation that has been the consequence of
new palm oil plantations in Indonesia and Malaysia,
ahere 30 percent of the world's palm oil cormes
from, that is wiping out the rainforest homes of
QOrangutans {and other specles) n these countries,
ga percent of which have already been destroyed, A
tecont report by the Center for Science in the Public
Inteeest has concluded that palm oll plantations are

the main threat to Orangutan survival on the island
of Sumatea®

A further problem with palm ol production
In Southeast Asia comes from the draining and
burning of large aress of peattand to establish new
plantations, resulting in enormous, 2nd previously
uncounted, carbon emissions into the atmosphere?
A study by scientists from two Dutch organizations,
Wetlands International and Delft Hydraulics, has
concluded that the draining and burming of peat-
land in Indonesia for palm oil production currently
releases more than twe billion tons of carbon into
the atmosphere each year, catapulting Indanesia
into the positicn of the world's third leading pro.
ducer of greenhouse gases.*

Deforestation in Malaysia, in part secondsry to
the proliferation of palm oll plantations, may also
have played some role in the outbreak in Malaysia
of Nipah virus disease.in 1598, cousing larger num-
bers of fruit bats carrying the disease to search for
food, outside of the forests, in fruit trees bordering
pig farms, With their excreta containing the virus,
the bats were able to infect the pigs, which then
passed the virus onto people. Such widespread
deforestation can also result in the emergence and
spread of other vector.borne infectious diseases
carried by mosguitoes and snalls (see chapter 7,
page 234).

The interest in palm oil, and In some other
trepical olis such as coconut oil, has been fueled
In part by concerns about the use of trans-fatty
acids, which can raise cholesterol, in foed, and the
belief that palm oil would not have such effects.
But several studies have contradicted this belief,
showing that palm oil raises cholesterol levels and
promotes heart disease), Palm oil production
miay therefore be 25 unhealthy for human beings
as it seems to be in some parts of the world for
the enviranment.

Wildlife Fusd researchers found that preserving forest fragments around coffee

farms boasted their crop yields and raised average incomes by abowt 62,000 per

year, roughly 7 percent af the average larm's annual income. The presecved forest

1 provided a reliable source of bees w help pollinate the plants. Colee plant llowers

near the forested areas received twice the msmber af bee visies and double the amean

af pallen transter compareil s flowers farther away. The iscreased pollinatioo led w

an percent greater yickds and 27 percent fewer defocimed coffee beans ¢

ECOSYSTEM SURVICES
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ASSIGNING DOLLAR VALUES TO ECOSYSTEM
SERVIGES, EDITORS NOTE

There are large incentives for assigning doliar figures to ecosystem
services, the most important of which are ta help people recognize
the value of what is being threatened by providing them with mon.
stary equivalents, and to assist palicy makers in how best to allocate
often sparse public funds to help protect and restore natural environ:
mants. Many scientists and economists are Involved in this work*"
and clearly, there is 0 need for such calculations, becsuse trade-offs
generally must be made in public pelicy decisions. But while this may
make sense for some services on local and regional scales, where the
choices are clear and relatively easily monetized, such as with New
York City's water supply or with the cash crops mantioned above, in
the view of some scientists, it does not make sense in many, and
porhaps in most, other cases."* By assigning a dollar value to an eco-
system service, there is the Implication that we could re-create that
service if we spent the amount of money designated. But this i not
possible for services that are on so vast a scale that there Is no way
we could re-create them or are so complex that we barely understand
how they work, such as the breakdawn of organic matter and the recy.
cling of nutrients or the sequestration of carbon by plants on land
and in the oceans that helps regulate global climate. |s it pessible to
assign dollar values to services that are, in essence, priceless and that
we cannot live withcut? The conclusion of the researchers who stud-
ied the disastrous results of the experiment known as “Biosphere |1"
where ecosystoms were artificially created (st enormous expense and
with significant scientific input) within a: sealed eavironment In the
Arizona desert in an effart to provide all the life support secvices nec:
essary to keep four men and four women alive in that environment for
a period of two years, was that, as no one yel knows haw Lo re-create
the natural biological systems that provide life support services in a
*Bicsphare I," we had better do everything in our power to preserve
*Bicsphere 1"—Earth *

PALM OIL IN MALAYSIA

Often a pollinatar’s worth o a crop s appacent caly when # is missing ar added. The
stury of Olf Palms In Malaysia (lfustrates this point. The African Oil Palm (Elaels
greineensis) was introduced 1o Malaysia from the forests of Cameroon in West Altica
in 1957 At that time, the weevil that peflinated the palm was not brought along with
the trees. For decades. the padm growers of Malaysia redied an expensive, labar-iner
sive hand pollination, much like the apple growers of Maoxian County in Nepal, &
illustrated in the opening figure foc 1his chapter. fn 1550, the weevil was impored w
Malaysia, The presence of this natural pellinatoe soon boosied frust yield in the palms
by 40 1o bo peccent. and also generated substantlal savings in labor amaunting to
approximately siqo milllon per year

SusTamans L How Husmas HEAUTH Drresioeon Ricerveksi y




=

[HREATS TO ECOSYSTEM SERVICES

variety of factars affect ecosystein servives, In this section, we review
soine of the mape cees: Climate change, defocestation. desectification
utbanizition, wetland drainage. pollution, dams and diversivas, and

invasive species

Climate Change

be Fourth Assessaent Report of the Intergovernmental Panel on Climate
Change tor IPCC} peogects that liman- induced dimate change will lead 1w
a warming of the surface of Earth on average of between 1.1 and 6.4 degrees
Celsius (arouad 2 to 7 degrees Fahrenheit) by 2100 The ceport also (ndicates that
dimate change will result in the disappearance oe fragoentatian of sene natucal eco
systems i particular areas. The ecosystem services that are expected to be lost are
likely to be cestly or impossible 10 veplace
Climate change will affect terrestrial, [oeshwater, and marine ecosystems
When models that project future climages aee coupled with thase that project the
future dstreibution of Earths major terresieial vegetation types, some deasatic
changes show up in 1he simulations, For examiple. a recent simulation developed by
the Madley Centre of the UK. Metesralogical Office, using a highly regarded model
that couples climate with terresteial ecosyssems, projects that climase change over
the twenty-first century will result in the disappearance of much of the Amazn
rainforess due to hower and deyer condivions, and in its replacement by tropical
savanna. @ tree grass mix similag to what exists wday along the southern and
sontheastern edges of the Amazon Basin.® The loss af the rainforest will diminish
the ability of the region to supply Torest products, including timber. food (fruits and
nutsy and medicines extractedd from plants. antmals; and microbes. In addwion, the
disappeazance of rainforests will reduce the regian's copacity to stoee carbon and
will, i1 Cacy, resubt in the release of a karge amoant of carbon to the atmosphere thal

had been stored in organic fares in the forests” trees and soils. The newly relezsed

carbon will cesult in further warming and so is considered a positive feedback 10
the (limate system. with further warming promoting move carbon release. leading
w msare warming. and so oo, And the loss of the rinforests will affect local 2nd
regional climage, resulting indeier conditions

Climate change will also have magor effects an freshwater peosystems and the
services they dediver in some parts of the warld, with probabile changes in the amount
timng, and distribuion of rain, snowfall, and runofi, leading to changes in water
availabality. An intesesting example i related (o the effects of climate change an snow
packs Snowpacks serve as pataral water Stexge in mountainocs reglons 2ni pole
ward porisons of the globe, relcasing their water in speing and summer. Snesvpacks
will likely decrease as 1he dimaie warms, despite increasing peecipitation, because
scicatists predicr that more precipitation will fall as rain ord that smowpacks will
devedop later and melt earlier, As a result, peak stream flows will very likely come
eacier In the spring, and summer faws will be reduced, at times dramatically
Potential impacts of these changes Include the increased possibility of feoding in
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winter and early speieg, arcl more water shoctages in summer ™ In regions whire

summer flores are dramatically reducst and where campeeition far wates ressurees
is high. the in stream eoosystem services, such as peoviding halneat foe fish. will be
disrupeed and, in extreme cases. lust

Unique marine ccosystems such as coral ceefs will also be adversely afficud by
climate change, because they do not da well mstside of a relatively tarmuw tempera
tute envelope, The kst few years have seen unprecedented declines in the health of
cural reefs, During the 1908 E Niiis, there were record sea-surface temperatures and
associated coral bleaching (resulting from boss af the algar that live within the coras
and that are tequired by them for survival) Up w70 percent of the coral may have
died it a single season in some regions (ser chapeer 2, page y5)

When we lase corals, we alse fose impartant ecosystem servies. Coral reofs
provide imporzans habitat for fishes, render protection for coastal areas against storin
surges. and ase important recreation sites for tourists, Reefs are also ooe of the Larpest
glebal starchouses of marive biodiversity, with untanped geaetic resoarces.

Deforestation

he mest serines problem faciag the warld's farests & defarestation. When

forests are destrayed, they no longee pravile us with ecosystem poods and

services, and In the ropics. their destruction theeatens the cultural and
physkal survival of native peoples. Dieforestation ofien results in decosased s fir
tiliy and increased suil erosion, with critical plant nutrients, such as nirogen, being
flushed fram soils into streams in defarested watersheds.” Uncontealled sail erosion
particularty on steep slopes, can affect the production of Tydroeles tric pemwer as sl
builds up behind dams. Sail eresion can also result in increased sedimentation of
waterways, harming downstream fisheries. I drier areas. deforestation coottibtes
ta the farmation of deserts through the process of desertification {see below) Wien
forest is semaoved, the sotal amaunt of surface water that flows into rivers anid streams
actually increases. However, because this water flow is na knger regulated by the fix
est, the affected region experiences alternating periods of floods and droaghy

Deforestation is a major facrar in species Joss. Many rropical species. i particu
lar, bave Himited rauges within forests, making them especially volnerable 1o habitas
modificatian ard destruction. Migratoey species, as well, inchading birds and ot
wrilies, subfer significant ksses.
Delocestatinon rads o changes in both regional and global Cimate. Trees paimp

oul substantial ameonts of water into the air, which falie hack 1o Earth as precipitation
When o large forest is cheared, rainfall may decline and droaghts may become moc

frequent in the region. Tropical defarestation may aksy contribume to global wanning
by caasing the release of sweed cacbion into the atmesphere as carboa diaxide
Cakulating the curcent rate of defarestation is beset by a number of difficel
ties, Incloding a lack of adequate satellfte coverage, disagreements over definaions
ard other problerms {see also chapeer 2, page sob. Foe the period 19801004, the FAQ
estinaaes thint focested areas i the industrialized warkl increased by sbout 27 percers
while they decreased by 10 percent in levelpping countries. As discussed in¢chapter 2
estimates of deforestation for tropical humid forests ate around 120000 sguare
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kikuneters per year (about ¢b,you square mikes), and fin tropical dry foreses, around

10000 square kilometers per year dahuut 15 g00 square miles) '

Desertification

eseetifation, the degradation of sece fertide ackl and semiarid land inta

anpeoductive desert, invobves the loss of blological or cconpmii prerdix

tivity and complexity o croplands. pastures. and woodlands. It & due

inainly to chimate variabdity and unsustainable human activities, the mast commoa

aif which are overcultivation overgrazivg, deforestation, and poor irrigation [

1kes. Seventy pescent of the warld’s drylands fexcliding the hyperarid desertsj, or
ahout 5.6 bellion hectures (about 8 g billion acres) s degraded. Whike drought 5 often
associated with fand degradation. it & 2 natural phenomsennn that occurs when rain
fail 15 significantly below normal recoeded levels foc a long period of time,

By definition, drylands have limited freshwater sopplies, bus Precipitation cin
vary greatly during the year in these regions. In addition ta this seasenal variahility
wede Huctuations cocue aver years and decades, frequently leading to drought. Over
the ages. dryland etosystems have became attuned to this variability in moésture
Ievels. with plants, animals. and micribes able w respond quickly 10 its presence or
its asence, Far example, satellite imagery has shawn that the vegetation houndary
suuth of the Sahara can move by up 1o 200 kilometers jabout 124 miles) when @ wet
year Is followed by adey one, and vice versa

People lave survived in deyland areas by adjusting to vhese natural fluctuations
In climate, The Wological and econom ke resources of drylands-—aatably sail qualiry
[reshwater supplies, vegetation. and crops - are easify damaged. Peaple have kearned
i prosect these cesources with age-old strategies, such ns by adopting noenadic life
atylkes In agricultural practices and in the raising of livestock, However. in recont
decades these strategies have become less peactical with changing economic and
palitical circumstances, population growth, and a teend toward meee sectled comma
nitles. When land managers cannee. o¢ da e, respond flexibly o climate variativns
desertification |s the result

Desertification causes a reduction iva varicty of coasystem goeds and services
Food production & undermined. IF desertification is not stopped i an area, malmite
tan. starvarian, and uhtimately famine may result. Eamive typically occues in areas

that also suffer from poverty, civil uncest. or war. Desertification aften helps ta trig-

fer i crists, which is then made woese by poar fuod distribution and an mability af

poogle 1o buy what is available. This is particularly true in Africa, where two-thisds
of the contlvent is desert or deylands, and almost theee quarters ol the extensive
agricuitaral drylands are degraded 1 some degrer ™

The stabilization of s against water and wind erosion is diminished during

deservibeation. Degraded land may ciuse downstream flooding. reduced water qual
e ) &

ity. sedimentation in rivers and lakes, and the siting o seservoirs and nay Isttion
channels. It e2n also cause dust storms that can exaverbate human beahth problems
including eye infectans. respiratory flinesses, and allergies. and thae can carry dust
aeel it constituenc arganisms for thousands of miles e “Introduced Spcies”

chapier 2. page 47)
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Finally, critical habieat far both plant 2nd an mal species is lost as desertification
proceeds. Loss of habieat has a range ol ¢ ohsequences, incliding same economic anes
For example. in Africa, where desertification is ¢ urrencly having its greatess impace

ecatoarism £S being negatively affected in some aress

Urbanization

rhanization and population. growth tave been among the most unigue

leatuces of the twentieth century. In 1700, only five cities (n the warld_ al

political capitals, weee home to mece than half 2 million peaple. By 190t
this number had climbed to Sarty-three cities. In 1950, anly one city, New York. had
moee than ten million people. By 1975, there were five citiss with populations of more
than ten millon, and in 2001, there were seventeen, with projections that this number
will climdy to twenty oor by the year 2015. BY the year 2000, almost 50 percent of the

workd's people were urban dwellers

Cities can have significant benefits for the enviroament They can attract people
from sural areas where they may be daing move damage. Costa Rica farexample, Isa

CLHISETVARTON SWCress stocy. as much because the Intel Co

paration created thousands

of jobs in San Jase as [t is because land has been set aside in reserves. However. cities

also gobble up Jand and take in cves ihcreasing amcants of eneryy, water, aril maters

bls. They pamp owt commercial goods and services along with pollutanes and wolid

wistes, The impact of cities an the enviranment is wide eanging, Land use changes
el pollstion associated with urbanization alter the goods and services that naturs!

ecosystems pravide. Plant and andmal habitat is lost 2nd same of ecusystems szabali

zation functions are diminished. Foe example. urbanization often leads to increased

erusion and educed natural wateeshed contral of floods. The filling in of wekands

for urban expansion climinates thelr wa ex cleansing function " Many of these “lost

lunctons are castly, I nea Imp'ﬂsﬂrll‘ XIII"['7ilIP
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Wetland Drainage

o hondreds of years in many places across the globe—fue example. in the

the

Nethedands. England, Germany, India. Barma, Vietnaw, 1 hatland

Philippines, Sudan. New Zealand. and the United States— peopie have
drained wetkands 1o make new ageicultural land. One estimate & that far the wurld
as @ whale, 10 million square kilametery oot 19 million squace milest of wet
larkls, an asea about the size of Canada. have beer dralped during the twemets
cenmury.”

In the lower forty cight U S stawes. dratinge fas reduced wetand acea hy

shout half-—froo 106 mitlion bectares {about 247 million acres) ta 53 million hecures
fubowt 331 millioe acresh. Much of the corn belt In the United States was crosted by
the drainage of 17 million hectares fabout 42 millico acres). msastly in the twentieth
ventury. In the Scuth, the Mississippi River botimlands weee drained and even
ally became important sites for growing rive and soybeans. In the Floeitla Everglades
snother million hectares oc $o (aboat 25 million acres) were drained for ageiculiirl
use. And much of the Central Valley of California was also converred from wetlands
to croplarels and pastures.™

Wetland drainage has produced some of the warld’s most productive agricultural
land. but at the expense of critical wildlife habitar. tood plains and vitally imporeant

rutural flecation systenss far flowing waters

Pollution

he pottution of ra amd snowfall, air, water. and the land has diminished
ccosystern goods and services ina varfety of ways, The air pallurant veone
far example, can redhuce the growth of ageicuitural crops and plars of many
different Kinxds in natoral ecasystems, 1t s estimated that ground level ozone bevels
in Chita are high enough to reduce crop ylells nationwide hy bevaeen 10 amk o
percent each year ™ (The ceader shoald note that azane at groand level is a pellutant
damaging some plants. including craps. and causing flares of respiratory disease (n
people, while the same campound. O, n the strasphere acts as3 protective harrier
Isdocking harmfal uhraviolet radiation from reaching the sarface ol Earth [see chapter
1 pagetul )
Pollutinn of taim and s fall with sulfur and nitrogen compaunds eesuits
In ackd rain that damages plants and Impoverishes seils. It also acidifies surface
waters. killing plants and the antmals that inhabit them, The nitrogen component
of achl raln can act as a fervilizer 10 both land and water plants. In some estoacks
such as the Chesapeake Bay, the nitrogen inputs in-acid rain ace high eoaugh 1
cause urwanted algal blooms that make the wates unanzactiye for recreation and
cun lead to the creation of oxygen deficits in the water column associated with the
decontposition of dead algae® 1€ the axygen deficit is large enough. deamatic fish
kills can resule. Stmilar results 2an be caused by nitrugen pollation of estuacies
from agriulural cunoff and from point soucces suc b as industrial compleses ard

sewage treatment plants
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Heavy metals spewing from seelters in such plaves as Sudbery, Ontaro. e

accunealated i soils downwind. causing the death of much of the plamt Iife in the

affected areas. Without the protection ol vegetation caver, eroston has became a majo:

probiem at these sites ”

Dams and Water Diversions

ames and water diversins have hi! major effects on the ability of aquatk
ecasysems (o peovide goods and services. Danss have beess buik for sev
eral purposes. including extending irrigation, controlling floods, and gen

erating electricity.
For dams, a skace of successes In food and energy production. and in food con
tral, has sometimes been overshadowed by enviranmental problems. One protlem
has been that dams change the natural Bows of rivers aned alter the quality of the

W

aquatic habuat, resalting in species losses. A dam causes water to back up, Mooding
large areas of laned and forming a tesecvair, which destroys former plant and anima)
labsitats, The natural beavty of the counteyside is often negatively affcted. and cor
tain furms of wikierness recreativn are compromised ve made impassible.

Inarid regions, the creation of reservales behind dams results in i greae evilp-
otatian of water, because the reservairs have a larger suelace ase in contact with air
than did the original rivers. As a result. serious water loss and Increased salinity
of the remaining water can occie When the dammed water is used foe irrigation
in afid regians, there is alwayx the risk of salinization. the protess of varkus min
eritl salts accumulatieg in the sofl In rain-fed agrculture precipitation vhit moves
through the soil profile runs off 10 & river, carrying the salts away. I figatin water

however, generally soaks into sodls acdd does not run off the kand into civers. Whet
&

the irrigation water evaporates, the salts remains behind and gradually accumulay
Salinization results in crop yickl declines and. in extreme cases, ceixlers the sol
completely unfit for agricuiture, This has sccurred in some regians af the Central
Valley af California. foc examale, ance promoted as the “Frait Basket of the Woeld,”
where selenium salts have now ceached high levels in irrigated agricultural sedds ™
By the end of the twentieth contury, salintzasion had affected about 20 percent of the
workl's irrigased land

Dams muy alse encourage the spread of waterboene diseases. such as schiste
sonmisis, that may speead theomghout Jocal populations, Sclkstosamiasis is @ trups
«al disease caused by a parasitic woem that can damage the liver. urinacy tracl.
nervous system, and lungs, (See chapeer 7, page 207, lor a detailed discussion of
schistasomiasis.

Invasive Species

enturles of human commeree and wravel have ded 1o a redistribution of
Earth's biowe. This provess his accelecated through time. and today, irva

sive species are conskdered a major covicommental (ssue. 1avasive species
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compete with mative species foe food and habitat oc may prey an them. They may

also cause disedse, By aliering the food web and affecung ecosystem functions in
a varety of ways, invasive species reduce the ability of ecosystems 1o deliver |
sustaining g xls and services w people

While invassve species are occasionally introduced into an area by nacural
means. people are usually responsible for the Introductons, bath with ave with
oot intent. Foe example, because it had attractive flowers, the Water Hyacinth was
beaught from Suuth America 1o Floeida. Over the years, this sapidly growlieg plant

has crowded cut native species and impeded boat trafhe, clogging many of Flurslas

waterways. In 1900, the Amazonian Water Hyacinth population akso exploded in

Lake Victaria in East Afrikca Bordered by Kenya, Uganda. and Tanzania, Luke
Victarta iy an essential source of water and hsh peotein for s surrounding haman
populaticas: A combination of invasive species and mutrient ensichment from fand

use changes have transforaed st from a clear, well-oxygenated kake with an incred

ihle iveesity of cichlid fishes {a Lirge family of freshwater fish, some specks of
which are important food fish, e, tilapia. that live mostly in tropical aseas of Africa
and the Amerikash 10 3 murky. vxygen depleted. weed-choked lake with markedly
reduced fish diversity. For many experts, the changes due o eutrophkation and
irvasive species have been so great tlsa the ability of the fake 1o meet hunan peeds
is now threatened

CONCLUSION

I of us, eegardbess of where we live on this planet, depend completely on its
ecosystems and on the services they peavide, such as food, water, climate
regulation, disease mansgement, the breakdown ol wastes and the recy
cling of nuteients, spiritual fulfillmen. and aesthetic endayment, A cenaral conclusion
of the Millenninm Ecosystern Assessinent, a recent repart by the Uninsd Natlons
of the status of Earth's consystems and the services they prwide to us, is that oves
the past ball century. humans have changed oar planct’s ecosystems more rapklly
and extensively than in uny comparable period of thme v our history. Most of these
changes were made to meet rapidly growing demands for food. fresh water, timber.

fiber. and fuel. While the changes have clearly contribated o substantial gains in

human well-being and economic development for some. many others have henelued

litle. In addition. the chonges have resulted In a substantial and largely ircevers
ible ks im the diversity of life on Earth and have had Large costs in the foem of the
degraddation of many ecosystem services aed of an exacerhation of poverty foe suipe
groups of people. It & imperative that we understand much bettes than we do the
makeup and furctioning of the planet s ecosystems and how buman acrivity theeat
ens the services they provide. and It & essential that we do everything we can o

preserve them,
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