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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Do o ac. k) rasearch/nield e pertise fchilceoplast, hunl)y

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
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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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