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A View of Life

t a height of nearly 3 m (10 ft), the titan arum slowly urfurls its enormous Hower,
which heats up, turns red, and emits an overpowering stench remirniscent of ratting
meat. Its home is the forests of Sumatra, arnd the smell attracts the beetles and flies that

ordirarily pollinate the flower. Now the plant is cultivated in boranical gardens around the

world to the delight of curious onlookers.

The Earth hosts a wide variety of ecosystemns, from which spring a mind-boggling
diversity of life, including the titan arum. Even so, all Earth's organisms, regardless of
form, are united by a number of common characteristics, such as the need to acquire
nutrients, the ability to respond to a changing envtronment, and' to reproduce their own
kind. Incredibly, even organisms as diverse as the titan arum and a buman being share
similar characteristics, including a common chemistry and genetic code. As you read this
chapter, reflect on the staggering diversity of [-27;5 on Earth and on the marny ties that bind
even the most diverse orgarnisms, from bacteria ta the titan arum to humans. It is through
these tes that our [ates are linked together in the web of life.

The titan arum (Amorphaphallus titarum),

1.1 HOW TO DEFINE LIFE

% The living organisms nn Eacch share
many common charactarisics: they

ace acgdnized, acquice marerials and
2nergy, cesspond o rthe environmenc, and
ceproduce and.develap. 2-5

1

. y
Scill, lving chings ace divecse because
they are adapeed to cheir differenc
envirommenss. 5

1.2 EVOLUTION, THE UNIFYING
CONCEPT OF BIOLOGY

The cheory of evoludon states that all
types of living arganisms share a commoa
ancestor and change over ume. Therefore,
evolution explains both the unity and
diversity on Eacth.  6-§

[

1.3 BOW THE BIOSPHERE IS
ORGANIZED

= Living chings inceract with each other and
with the physical enviconmenc to focm
ecosystems. 9-10

Due o human acrivities, many diverse
ecosystems are cucrently endangered.
Biologises are coacerned ahout the
currenc rate of excinctions, and believe
thac we should cake steps to preserve
biodiversicy. 10

1.4 THE PROCESS OF SCIENCE

@ The scieatific process is used by biologists
t0 gather informarion and come to
conclusioas abour the natural wocld
before reporcing it co ocher scientises and
to che pablic. 11

The process includes observacion,

proposing a hypochesis, pecforming an
experimenc, anafyzing the cesules, and
making conclusions. Conclusions usualty
lead 0 a new hypochesis.  11-16
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Life on Earth iakeson 2 staggering varniety of forms, oftan
functioning and behaving in ways strange © humans. Fot
example, gastricbrooding frogs swallow their embryos and
oive birth to them later by throwing them up! Sorme species
of puf‘fballs, a type of fungus, are capable of producing wil-
lions of spores when they reproduce. Fotal sand sharks kill
and eat their siblings while stll inside their mother. Some
Ophrys orchids look so much like female bees that male bees
fry to mate with them. Octopuses and squid have remark-
able problem-solving abilities despite a small brain. Some
bacteria live their entre life in 15 minutes, while bristlecone
pine tr2es outlive ten generations of hurmans. Simply put,
from the deepest oceanic renches to the uppet reaches of the
atmosphere, life is pler\tiful and diverse.

Figure 1.1 ilustrates the major groups of living things,
also called organisms. From left to right, bacteria are widely
distributed, Gny, fmicroscopic Orgarisms with a very simple
structure. A Parameciunt is an example of a microscopic Pro-
Hst. Protists are larger in size and more complex than bacte-
Aa. The other orgarisms in Figurel.lare casily seen with the
naked eye. They can be distinguished by how they get their
food. A morel is a fungus that digests its food externally. A
sunflower is a photosynthetic plant that makes its own food,
and a snow goose is an animal that ingests its food.

" Because life is so diverse, it seems reasonable that it
cannot be defined ina straightforward manner Instead, life
s best defined by several pbasic characteristics shared by all
organisms. Like nonliving things, organisms are composed
of chemical elements. Also, organisms obey the same laws
of chemistry and physics that govern everything within the
uriverse. The characteristics of life, however, will provide
great insight into the unique nature of organisms and will
help us distinguish living things from nonliving things.

Living Things Are Organized

The levels of organization depicted in Figure 12 begin withat-
oms, which are the basic units of matter. Atoms combine with
other atoms of the same OT different elements to form mol
ecules. The cell, which is composed of a variety of molecules

Bacteria Paramecium Marel

FIGURE 1. | Diversity of life.
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warking together, 8 the basic unit of struchurs and functdon
of all living things. Some cells, such as anicellular paramecia,
lise Lndependentl‘/i Other calls, tor example, the cotonial alga '
Volwox, cluster togeﬂ\er in microscopiE colonies.

Many living things ate mulicellular, meaning they

d

conjain more than one cell. In muldcelludar Qrganisms, sirmi-
\ar cells combine t0 form a tissue; nerve tssue is a commen
Hssue in animals. Tissues make up 0rgans, as when various
fissues combine tO form the brain, Organs work together in
systems; for example, the brain works with the spinal cord
and a network of nerves form the nervous system. Organ
systems are joined together to form a complete iving thing,
or OTZArUsIIL such as an elephant.

The levels of biological organization extend beyond

the individual orgarism. 'All the members of one species L .

a particular area belong to a population- A nearby forest
may have a populadon of gray squirrels and a population of
white oaks, for example. The populations of various animals
and plants in the forest make up & community. The comme-
nity of populations interacts with the physical environment
and forms an ecosystem. Finally, all the Farth's ecosystems
make up the biosphere.

. Emergent Properties

Each level of biological organization builds upon the previ-
ous level, and is more complex. Moving up the hierarchy,
each level acquires new emergent properties that are de-
termined by the interactions between the individual parts-
When cells are broken down into bits of mermbrane and lig-
uids, these parts themselves cannot carry out the business
of living. For example, you can take apart a lump of coal, re-
arrange the pieces in any order, and still have a lump of coal
with the same function as the original one. But, if you stice
apart a iving plant and rearrange the pieces, the plant is no
longer functional as a complete plant, because it depends on
the exact order of those pieces.

Tn the living world, the whole is indeed more than the
surm of its parts. The emergent properties eated by the Inferac:
fions between levels of biological organization are new, unigque
characteristics. These properties are governed by the taws of
chermistry and physics. :

Sunflower Snaw goose




Biosphnei=
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Ecosystam
A community plus the physical environment

Community
Interacting populations in a particular area

P’opuiation
Organisms of the sdme specxes
ina part(cu[ar area

. Organlsm ;
An mdmduaf complex individuals : -
contain organ systems' ,

¥

Organ System
Composed of saveral argan
workmg together :

The stru'c'tﬁ'ra_l and fur:mt‘lon‘a
unit of alf fiving things. -

: Molecuie
Union jof twa, or.miore atortis, .
of the same at dlfferent aler 'ents

Atom
Smallest urut of an elemsnt composed aof
electrons, protons, and neutrons
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Living Th
and Energy
Living things cannot maintain their organization or carry on
life's activities without an outside source of nuirients and
energy (Fig. 1.3). Food provides nuiients, whizh are used
as bu_ld.mc blocks or for energy. Energy is the capacity © do
work, and it takes work to maintain the organization of the
cell and the organism. When cells use nuirient molecules to
make their parts and products, they carry out a sequence of
chernical reactions. The term metabolism [Gk. meta, change]
encompasses all the chemical reactions that occur ina cell.

The ultimate source of energy for nearly all life on
Earth is the sun. Plants and certain other organisms are able
to capture solar energy and carry on photosyntheas apro-
cess that transforms solar energy into the chemical energy af
organic nutrient molecules. All life on Earth acquires energy
by metabolizing nutrient molecules made by photosynthe-
sizers. This applies even to plants.

Remaining Homeostatic

To survive, it is imperative that an organism maintain a state
of blologlcal balance or homeastasis (Gk. homoigs, like, and

stasis, the same]. For life to continue, temperature, moisture

level, addity, and other physioclogical factors must remain

b.

FIGU RE 1.3 Acquxrmg nutrients and energy.

a. An eagle ingesting fish. b. A hurman eating an apple. < A cypress ree cptuiag sunhghr_ d. An amaeba angulﬁng foad. e. A fungus feeding on a ree. f. A bisan eadng grass.

mmﬂd by s "'stems chaL monitor uuema‘
make rouine and necessary aqjustmants.
Organisms have intricate feedback and conirol mecha—
rusms that do not require any conscious activity. These mecha-
nisms may be conizolled by one or more tissues themselves,
or by the nervous system. When a student is so engrossed in
her textbook that she forgets to eat lunch, her liver releases
stored sugar to keep blood sugar levels within normal Limits
Many organisms depend on behavior to regulate their inter-
nal environment. These behaviors are controlled by the ner-
vous system, and are usually not consciously conirolled. The
same student may realize that she is hungry and decide to visit
the local diner. A lizard may raise its internal ternperature by
basking in the sun or cool down by moving into the shade.

Living Things Respond

Living things interact with the environment as well as with
other hvmg things. Even unicellular organisms can respond
to their environrment. In some, the beating of microscopic
hairs or, in others, the snapping of whiplike tails maoves thetn
toward or away from light or chemicals. Multicellular organ-
isms can manage maore complex respanses. A vulture can
detect a carcass a kilometer away and soar toward dinner. A

| <




:h of fall and begin
Labundant.

The ability to respond oftan
leaves of a land plant turn toward the sun, and animals
dart toward safety. Appropriate rasponsas halp ensure
survival of the organism and allpw it to carry on its daily
activities. All togather, these activities are termed the be-
havior of the organisim. Organisms display a variety of
behaviors as they maintain homeostasis and search and
compete for energy, nutrients, shelter, and mates. Many
organisms display complex communication, hunting, and
defense behaviors.

Living Things Reproduce

and Develop

Life comes only from life. Every type of living thing can re-
produce, or make another organism like itself (Fig. 1.4). Bac-
teria, protists, and other unicellular organisms simply split
in two. In most multicellular organisms, the reproductive
progess begins with the pairing of a sperm from one partner
and an egg from the other partner. The union of sperm and
egg, followed by many cell divisions, results in an immature
stage, which grows and develops through various stages to
become the adult. )

An embryo develops into a humpback whale or a pur-
ple irls because of a blueprint inherited from its parents. The
instructions, or blueprint, for an orgarism’s metabolism and
organization are encoded in genes. The genes, which contain
specitic information for how the organisim is to be ordered,
are made of long molecules of DNA (deoxyribonucleic acid).
DINA has a shape resembling a spiral staircase with millions
of steps. Housed within this spiral staircase is the genetic
code that is shared by all living things.

When living things reproduce, théir genes are passed
on to the next gereration. Random combinations of sperm
and egg, each of which contains a unique collection of genes,
ensure that the new individual has new and different char-
acteristics. The DNA of orgarisms, over time, also under-
goes mutations (changes) that may be passed on to the next
generation. These events help to create a staggering diver-
sity of life, even within a group of otherwise identical or-
garisms. Sometimes, organisms inherit characteristics that
allow them to be more suited to their way of life.

Living Things Have Adaptations

Adaptations (L. ad, toward, and aptus, suitable] are modi- - -

fications that make organisms better able to function in
a parti_cular environment, For example, penguins are

adapted to an aquatic existence in the Antarctic. An extra -

layer of downy feathers is covered by short, thick feathers
that form a waterproof coat. Layers of blubber also keep the
birds warm in cold water. Most birds have forelimbs propor-
-toned for flying, but penguins have stubby, flattened wings
itablz for swimming. Their feet and tails serve as rjﬁdde

FIGURE 1.4 Rackhopper penguins with their affspring.

Rackhapper penguins, which ars named for their skill in leaping from reck ta
rack, produce ore ar twa offspring at a time. Bath male and female have 2 braad
patch, a feather-free area of skin conwining many blood vessels, which kezps the
egg(s) warmm when sither parenc sits an the nest.

in the water, but the flat feet also allow thein to walk on
land. Rockhdpper penguins have a bill adapted to eating
small shellfish. ‘ :

Penguins also have many behavioral adaptations to
living in the Antarctic. Penguins often slide on their bellies
across the snow in order to conserve energy when moving
quickly. Their eggs—one or at most two—are carried on the
feet, where they. are protected by a pouch of skin. This also
allows the birds to huddle together for warmth while stand-
ing erect and incubating eggs.

From penguins to fire ants, life on Earth is very di-
verse because over long periods of time, orgarusms respond
to ever-changing environments by developing new adap-
tations. Evolution [L. evolutio, an urwolling] includes the
way In which populations of arganisms change over the
course of many generations to become more suited to their
environments. Evolution constantly reshapes the spedies,
providing a way for organisms to persist, despite a chang-
ing environument.

Check Your Progress ' i1
I, What are common.characteristics of living organisms? -~~~
in what ways do virusas (p. 356) nat specifically meet

all of the above charactaristics?

3. Y¥hat adaptations would suit an organism, such as a

cactus, to {(fe in a desart?

[




function, and Lifesty

le, Organisms
s. As mentioned, ey ar

Despite diversity in form,
shara the same basic characteristic
all composed of cells organized n & similar manner. Their
genes are composed of DN A, and they carry out the same
metabolic reactions O acquire energy and maintain theis 0r°
unity of living things suggests that they are
Qescended from a COmmon ancestor—he frst cell or cells.
_An evolutionary tree is like a family free (Fig. 1.5)-
Justas a farnily tree shows how a group of people have de-
scended from ore couple, an evoludonary tree traces the ar-
cestry of life on Earth to a cormumon ancestor. One couple cant
have diverse children, and likewise a populatio.n can be a
cOmITLON ancestot ta several other groups, cach adapted toa
particular set of environmental conditions. In this way. over
time, diverse life-forms have arisen. Evolution may be con-
sidered the unifying concept of biology because it explains
so many aspects of biology, ncluding how living organisms
arose from a single ancestor.

ganization. The

Organizing Diver sity
Tecause life is so diverse, it is helpful to group organisms 1nto
categories. Taxonomy [Ck. tassa, arTange, and normos, usagel
is the discipline of identifying and grouping orgarisms ac
cording © ertain rules. Taxonomy males sense out of the
bewildering variety of life on Earthrand i meant to
¢aluable insight into evolution. ’
As more is learned about Lving
fhings, including the evolutonary
relafonships between species, @x-
onamy changes. DA technalogy
isnow being sed to revise current
information and to discover previ-
ously unknown relationships be- A
bweer! OTgATISIS: comme”
ancestar
Several of the basic classi- (first cells)
ficatdon categories, or taxa, ZOINg .
trom least inclusive to most inciu-
sive, are species, genus, family,
order, class, phylum, kingdom,

FIGU RE ‘ 5 Evolutionéry tree

of life.
" As axisting organisms change over dme, they
" give rise tQ new spedes. Evalutianary swdies
shaw that all fiving arganisms arase from
2 comman ancestor abodt 4 billian years
Domain Archaea includes prokaryates

aga.
rame anvironmens,

capable of surviving in ext
such as chose with high salinity and
temperature and low pH. Damain Bacteria
inc{udes metabalically diverse prokaryates
widely distributed in various apvironments.
<=+ = The darmain Eukarya includes bath ynicatiutar —--
and muiticaiiular Qrganisms chat possess 2
boundad nucleus.

provide

call with nucleus

{avels of Classification

Human Carn

Category

Daomain Zukarya Cukarya
Kingdom Animalia Plantaz
Phylumn Chardara Aqthophy™@
Clas3 Marnrnalia Monocoryledanes
Qrder Primatas Commeli.nales
Famity Harminidae Poaceze
Genus Ho.mo » " Zea

H. sapiens Z. mays

Spacies“

270 specify 2 arganism, you musc use che full hinomial name, such as Homa sapiens.

inclusive category, species
f interbresd-
classification category above
ms than the preced-

(Table 1.1). The least

and domain
{L. species, model, kind}, is defined as a group ©

ing individuals. Each successive
species conains more types of organis
ing one. Species placed within one genus share many specific
characteristics and are the most closely related, while speci
laced inthe same kingdom share only general characteri
with one another. For example, all species In the genws Pisur
look pretty much the same—that is, like pea plan'cs—-‘out spe
cies in the plant kingdom can be quite varied, as is eviden
when we coIpare grasses to trees. Spedes placed in. differsr
domains are the most distantly related.

Protists

Plants

heteratraphis
- pratist "o
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bt
Bicchemical evidencs suggests that thers ara only threa
domains: domain Bacteria, domain Archaea, and domain
Bukarya. Figure 153 shows how the domains are belisvad
to be related. Both domain Racteria and domain Archaea
may have evolved from the first common ancestor soon af-
ter life began. These two domains contain the prokaryotes,
which lack the membrane-bounded nucleus found in the
eukaryates of dornain Eukarya. However, archaea organize
their DINA differently than bacteria, and their cell walls and
membranes are chemically more similar to eukaryotes
to bacteria. So, the conclusion is that
the archaeal line of descent,

Domains

than
eukarya split off from

Prokaryotes are structurally simple but metabolically
complex. Archaea (Fig. 1.6) can live in aquatc environments
that lack oxygen or are too salty, too hot, or too addic for
most ather organisms. Perhaps these environments are simi-
lar to those of the primitive Earth, and archaea (Gk. archae,
ancient) are the least evolved forms of life, as their name
implies. Bacteria (Fig. 1.7) are variously adapted to living al-
most anywhere—in the water, soil, and atmosphere, as well
as on our skin and in our mouths and large intestines,

Taxonomists are in the process of dedding how to cat-
egorize archaea and bacteria into kingdoms. Domain Eukarya,

. i\DrokaryotI&: cells
of various shapas
« Adaptations to
‘axtreme environmants
«Absarb or
chemosynthesize faad
= Unique chemical
characteristics

t.& Diormain Archaea.

~ Prokaryatic ceils
of variqus shapes
« Adaptations to
all environments
* Absarb, photasynthesize,
..ar chemasynthesize food
«Unique chemicat
characteristics

- __fé:s;hqrfchia cofi, a bacterium, _ . 15um,

FlGURE 1.7 Daormain Ba;teria

ou the other k
{Fig. 1.8). Protisis, which now compris
loms, range from unicel]

containg four oigjor g

e & number of king-
wlar forms to a few multicallular
nes. Some arz photosynthesizars
their food. Common protists
and the water molds. Fig
animals most
Plantae) are

¢

» and some must acquire
mclude algae, the protozoans,
wre 1.5 shows that plants, fungi, and
likely evolved from prokists. Plants (kingdom
multicellular photosynihetic organisms. Example
plants include azaleas, zinnias, and pines. Among the fungi

*Certain algae, mossas, ferns,
conifers, and flawering plants
*Mutticeflufar, usually with
specialized tissuss,
cantaining complex cells

*Photasynthesize foad




- reach their food source

(kngdom Fungi) are the familiar molds and mushoooms th
along with bacteria, help decompose dead organisms.

mals (kingdom Animalia) are multicellula: organisms that
must ingest and process their food. Aardvarks, jellytish, and

zebras are representative animals.

Scientific Name _
Biologists use binomial nomenclature (L. i, two, and 10~
mew, name] to assign each living thing a two-part name
called a scientific name. For example, the scientific name
for mustletoe is Phoradendron tomentosum. The first word is
the genus, and the second word is the specific epithet of a

. . . + .
Species within a genwus. The genus may be abbreviated (e.g.,

P, tomentoswm) and the species may simply be indicated if

it is unknown (e.g., Phoradendron sp.). Scientific names are
universally used by biologists to avoid confusion. Common
names tend to overlap and often are in the language of a
particular country. Bui scientific names are based on Latin, a
universal language that not too long ago was well known
by most scholars.

Evolution Is Common Descent
with Modification

The phrase “common descent with modification” sums up
the process of evolution because it means that, as descent oc-
curs from common ancestors, so do modificaions that cause
Organisms to be adapted to the environment. Through many.
observations and experiments, Charles Darwin came to the
conclusion that natural selection was the process that made
modificaton—that s, adaptation—possible.

Natural Selection

During the process of natural selection, some aspect of the
environment selects which traits are more aptto be passed on
to the next generation. The selective agent can be an abiotic
agent (part of the physical envirorunent, such as altitude) or
it can be a biotic agent (part of the living environment, such
as a deer). Figure 1.9 shows how the dietary habits of deer
might eventually affect the characteristics of the leaves of a
particular land plant.

Mutations fuel natural selection because mutation intro-
duces variations among the members of a population. In Fig-
ure 1.9, a plant species generally produces smoaoth leaves, but,
a mutation occurs that causes one plant to have leaves that
are covered with small extensions or “hairs.” The plant with.
hairy leaves has an advantage because the deer (the selective
agent) p_refer to eat smooth leaves and not hairy leaves. There-
fore, the plant with hairy leaves survives best and produces
more seeds than most.of its neighbors. As a result, genera-
tions later most plants of this Species produce hairy leaves.

. As with this example; Darwin realized that although
all individuals within a population have the ability to repro-
duce, not all do so with the same success. Prevention of re-
production can run the gamut from an inability to capture
resources, as when long-neck, but not short-neck, giraffes can

- t0.an inability to escape being eaten - --

CHAPTER | A Vb o Lk

Some plants within a Popuiation exhibit variation in leaf structure.

7

Deer prefer a diet of smooth leaves over hairy leaves. Plants with
hairy leaves reproduce more than other plants in the population.

SRR N TR gt

Generations later, most plants within the populatio‘n have hairy
leaves, as smaoth leaves are selected against.

FIGURE i.9 Natural s.ele;tion.

Natural selection salects far or against new trzits intraducad inte a poputatian
by murarians. Ovar many generations, selective farces such as comperitaa,
predation, and the physical snvironment aftar the makeup of a papulatian to
fmore suit its enviranment and lifestya, -

because lang legs but not short legs can carry an animal to
safety. Whatever the example, it can be seen that living things
with advantageous traits can produce more offspring than
those that lack them. In this way, living things change over
time, and these changes are passed on from one generation
to the next. Over long periods of time, the introduction of

‘mewer, more advantageous traits into a population may dras-

tically reshape a spedes. Natural selection tends to sculpt a
species to fitits environment and lifestyle and can create new
Species {rom existing ones. The end result is the diversity of
life classified into the three domains of life (see Fig. 1.5).

" Check Your Progress... _ - e L2
. List the levels of taxonomic classification from most
' inclusive to least inclusive, o
2. What differences might be usad to distinghiéh the
various kingdoms of domain Eukarya?
3. Explain how natural selection results in new
adaptations within a species.




The organization of life extands beyond
organism to the biosphere
water at the surface of the

the individual
. the zone of air, land, and
Earth where organisms exist
(see Fig. 1.2). Individual organisms belong
lation, which is all the members of
particular area. The populations of 2 community interact
among themselves and with the physical environment
(e.g. soil, atmosphere, and chernical ), thereby forming
an écasystem. ]
Figure 1.10 depicts a grassland inhabited by populations
of rabbits, mice, snakes, hawks, and various types of land
plants. These populations exchange gases with and give off
heat to the atmosphere. They also take in water from
/ and give off water to the physical environment.
Inaddition, populations interact by form-
ing food chains in which one popu-
lation feeds on another Mice
feed on plants and seeds,
snakes feed on rmice,
and hawks feed on
rabbits and snakes,
for example. Inter-
actions -between
the various food
chains make up
a food web.

to a popu-
a species within a

{n an acosystem, chamical cycling (gray arrows)
begin when pfants usa solar energy and inorga,
and directly of indirectly for all acher papul

Ecosystams are characterized by chemical cyeling and

arz ¢ ' ) veling an
energy tow, hoth of which bagin when photosynthetic plants,
aquatc alzae, and some bacteria take in solar energy and inor-
gAnic nuirients to produce food in the fo1m 0f organic nutrients.
present chemical cycling—

The gray amows in Figura 1.10 re
>pulaton to another ina food chair,

chemicals move from one po

unil swith death and decomposition, Inorganic nutrients are
refurmed (o living plants once again. The yellow 1o red arrows
representenergy flow. Energy flows from the sun through planis
and other members of the food chainas one population feeds.on
energy is lost as heat. Fveniu-

another. With each fransfer some
T3y taken in by photosynthesizers has dissipated

ally, all the ene
into the atmosphere. Becauss energy flows and does not cycle,
Qout a constant input

ecosystems could not stay in existence witl

of solar energy and the ability of photosynthesizers to absorb .
The Human Population :
Humars possess the unique ability to modify eﬁsﬁn@efgsys-

tems, wi can greatly upset their natural nuaTient cycles.
When an ec}%}‘stem’s natural energy flow hasbeen disrupted
by eliminating {Sqd sources for other ami

the human populason can eve
clear forests or grasslan,
on what was once fa
towns into dties,

al populations even
ally suffer harm. Humans
TOW crops; later, they build houses
ahd; and finally, they convert small
bastal ecosystemns are most vulnerable. As
they are devefdped, humians se

othe;ggﬂé.bnts into the sea. Human Mtivities destroy valuable
cgastal wetlands, which serve ag protectios against storms and
as nurseries for a myriad of invertebrates and-vertebrates,

FIGURE 1.10 Grassland, a terrestrial ecosystef'n..'

and energy flow (yeliow to red arrows)
nic nutrients to praduce foad for themsalvas

feads on another, chermicals and energy are passed along 2 faad chain.
With each transier, same ener

gY is lost as heat. Eventually, all
the energy dissipates. With the dearh and dedompasttion ™
of arganisms, inorgadxfc nutrients _are' returried to the
- snvironment and eventually rray be sed ©
byplans, Tt

N

sediments, 'sewage, and '~

ations in the ecosystam. As ane popuiztian”




