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MANS AND THE
VIRONMENT

pter 22, you learned how environmental factors influence

isms within particular ecosystems. Large-scale
nmental forces also have significarit effects on human
tions. A new field of study called environmeﬁtal
e uses biological principles to look at the relal_‘fonshi,bs
‘en humans and the Earth. Environmental science is
pcoming increasingly important because humans are rapidly

ing the global environment.

have anything to do with fish harvests in South America or win-
ather in the United States, but they do. What connects these
is a complex interaction between air-and water.currents that is

et in motion by solar. .
e

and sinks. We can draw
attern of rising and falling
ng a loop called a convec-
uhn-VEK-shuhn) cell. Groups
nvection cells form the sys-
of global air circulation that
determine climate, as
in Figure 23-1.
the southern Pacific
, the usual pattern of con-
on cells creates a wind that
from east to west and Ry
hes warm surface water SouthPole .

FIGURE 23-1
Warming and cooling air form loops
called convection cells in Earth’s
atmosphere, These air currents influ-
ence where different ecosystems are
located and also create oceanic circu-
lation patterns.
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North
America

FIGURE 23-2

These two drawings show a compari--
son of water and atmospheric circula-
tion in normal (left) and El Nifio {right)
years. The red arrows indicate the .
movement of warm oceanic currents,

1 and the yellow arrows indicate the
movement of air. In an E! Nifio year, the
cold upwelling is blocked by warm
water moving toward the coast of Perti.

TOPIC: El Nifio :
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South ' ' North
America America

from South America toward Australia, as shown in Figure 23
the South American coast, cold water rises from deeper in the
and replaces the warm water. This rising current is calle
upwelling, and it brings with it organic material and nutrient
support an abundance of plankton. The plankton, in turn, Suppgrk
large populations. of fish.

One kind of fish that is abundant in these conditions
anchovy, a main export of the South American country of Pe
a popular pizza topping. Anchovies provide a livelihood not

and other workers. Diving sea birds eat anchovies too. When
birds come back to shore to roost and digest their food
excrete a white phosphorus-rich substance called guano.

another major Peruvian export.

El Nino

The Peruvian economy, along with sea birds, depends on no
atmospheric conditions. But sometimes, usually in December
normal east-to-west winds do not form over the Pacific O
Instead, winds push warm water eastward toward the coa
South America, as illustrated in Figure 23-2. When these condit
occur, the warm surface water cuts off the upwelling of nutri
This event is called El Nifio (meaning “the child™) because it u5
ally happens near Christmas.

With fewer nutrients, the fish populations decline and Peru
anchovy exports decrease. Fewer anchovies mean fewer birds
reduced guano production. Because all convection cells are link
the atmosphere, the effects of El Nifio extend beyond Peru. Und
strong El Niflo, northeastern Australia can suffer summer droug
leading to reduced grain production there. The southeastern Uni
States gets higher rainfall in El Nifio years, boosting agriculture .
also decreasing forest fires.




MAN INFLUENCES ON
BAL SYSTEMS

]

ystems, such as the interconnected system of convection
k people and economies from across the world. Examine the
g examples of how humans have unintentionally changed the
ystems on which we depend.

ning Ozone

earned in Chapter 14, ozone, O, is a naturally occurring gas
tal to life on Earth. Ozone in the upper atmosphere screens

Humans, if exposed to ultraviolet radiation, suffer increased
f skin cancer and cataracts (clouding of the lens of the eye).
-are advised to wear sunscreen and sunglasses to protect
-the ultraviolet radiation that is not blocked by ozone.

ral kinds of human-made chemicals are diminishing the
shield, allowing more ultraviolet radiation to reach the Earth’s
: The most important of these ozone-destroying chemicals
own as chlorofluorocarbons, or CFCs. Originally thought to
mless, CFCs have been used as coolants in refrigerators and
ynditioners and as the propellant in aerosol spray cans. They
‘also been used to make plastic-foam products and to clean
nic equipment. In the upper atmosphere, CFCs act as cata-
at break down ozone much faster than it is formed by natural
$ses. Scientists have estimated that a single CFC molecule can
destroy up to 100,000 ozone molecules. ,

ginning in the 1980s, atmospheric measurements have indi-
some alarming declines in ozone levels. Ozone destruction is
severe over the Earth’s polar regions, and for a few weeks
‘'year, an ozone “hole,” a zone of very low ozone concentration,
s over Antarctica, as shown in Figure 23-3. In 1991 an interna-
study estimated that even a 10 percent worldwide decrease in

1s on normilEtzone levels would cause 300,000 new cases of skin cancer in

ecembe himans. Other organisms, including plants and photosynthetic

acific O ,,gae are also harmed by high levels of ultraviolet radiation, so
» ozonie depletion could modify entire ecosystems over time.

;e condi F#-The evidence of widespread and worsening damage to the ozone

i-led to international agreements to stop production of CFCs by
nd of 1995. Because the substitutes for CFCs are initially more
bensive, the developed countries are contributing to a fund to
the developing countries make the changeover. A global envi-

ser birds antgionmental success story, these agreements have already cut CFC
s are linked B&Dtoduction by more than 75 percent. Environmental scientists esti-
>eru. Und that if the terms of the agreements continue to be followed,

mer drough -ozone layer will start to build up again, perhaps recovering
astern Uni Ii-lpletely in 50 to 100 years. The effort to protect the ozone layer
iculture whitgids-a good example of how scientists and policy makers can work
[:l0gether to solve an environmental problem.

t of the ultraviolet radiation from the sun that causes muta- .

FIGURE 23-3 if

These computer-generated images.are
based on satellite measurements of
ozone levels over Antarctica. -

OCTOBER 1996 .~

——INCREASING OZONE LEVEL—>
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(a) Sunlight passes through the
glass of a greenhouse.

(b) Plants and soil absorb sunlight and
radiate some of it as heat, which is
trapped by the panes of glass.

Increasing Carbon Dio;

Carbon dioxide, CO,, is a natm--
occurring gas that is a raw matg{m
photosynthesis and a byproduct
lular respiration. It is also release
fossil fuels, such as natural ga
and petroleum, are burned in

‘FIGURE 23-4
Solar energy in the form of light pene-

trates a greenhouse, but the reradiated

heat does not immediately escape. In
the atmosphere, gases such as carbon

dioxide trap heat and warm the surface.

Calculating CO, Production

Materials pencil, paper

““Procedure A young tree can’

| -remove 11 kg of €O, from the . -
atmosphere in a year. Each.liter of
gasoline burned by a car produces
3 kg of CO,. Suppose you are

~ taking a trip by car. Your round-trip

'~ mileage is 250 km,-and you get

13 km/L of gas. Calculate how

many young trees are needed in

1 year to remove the CO, that was

produced from your single trip.

Analysis In 1 year, how many
trees are required to remove the
C0, produced by 100 cars taking
the same trip and getting the same
number of kilometers per liter?
Discuss with your classmates
whether your trip was ecologically
efficient. What alternative trans-
portation methods might be more
ecologically

PO

power plants, ‘and motor veh
Around the middle of the ninef
century, before humans began tg
stantially increase their use of
fuels, carbon dioxide levels
atmosphere were fairly stable, at
280 parts per million (ppm). Since’
carbon dioxide levels have risen
30 percent, to 360 ppm, and the
likely to increase as the world’s ysg
fossil fuels grows. According to
projections, by the year 2100 th
centration of CO, in the atmosp
might be twice what it was in 185
The concentration of carbon dioxide in the atmosphere
ences how much heat from the sun is trapped by the atmosp
The atmosphere’s ability to retain heat is called the greenh
effect. As you can see in Figure 234, the glass in a greenhi
allows the sun’s rays in but prevents heat from escaping. The’s
process happens in cars left in the sun with the windows roll

Effects of Rising Carbon Dioxide Levels

If you look at climatic records derived from ice-core samj
shown in Figure 23-5, it is apparent that temperature change
the last 160,000 years correspond to changes in atmospheri
bon dioxide concentration. Scientists call this type of matcl
relationship a correlation. Because temperature changes corre
with changes in carbon dioxide level, the long-term patter
gests that a cause-and-effect relationship might exist betweer:
these two variables. In a cause-and-effect relationship, a chang
one variable directly leads to a change in the other variable. E
a strong correlation does not prove the existence of a cause-
effect relationship, but experiments enable scientists to estab
a connection between two variables. :
It is not possible to carry out a global experiment that would ¢
clusively demonstrate a cause-and-effect relationship between [
bon dioxide levels and rising temperatures. Instead, environmel
scientists rely on computer models that simulate the Earth’s:
mate. Because so many factors besides carbon dioxide levels h
to be taken into account (wind patterns, ocean temperatures, .
effects of ecosystems on CO, levels, to name a few), these mod
are very complicated. It is like predicting the weather hundred
years in advance. . :




jarying carbon dioxide levels in these climate models, scien-
n simulate the possible effects of CO, on temperature. The
‘of these simulations are consistent: doubling carbon diox-
centration leads to higher average global temperatures—in
nge of 1.0°C to 4.5°C (2°F to 8°F). The exact temperature

-in Figure 23-6. Today the average global temperature. is
.6°C (1°F) higher than it was in 1860. An international panel

ntists notes that temperatures are expected.to rise an addi-.

:2°C (4°F) within the next century. Although this may not

FIGURE 23-5

These graphs show data representing
150,000 years of Earth's climatic history.
Although the correlation is not perfect,
in general, high levels of carbon dioxide
correlate with temperature increases and
low levels correlate with temperature
decreases. As of 1995, carbon dioxide. -
levels had risen to 360 ppm, hlgher than
any part of this record

[Eliniernetéanmect

SC///\/KS TOPIC Globa a
‘m* KEY_\A{I'(_J D:

FIGURE 23-6

Although temperatures fluctuate from
year to year, a general warming trend is
evident over the last-140 years: During;
this same period, carbon dioxide levels::
have risen 30 percent, mainly due to" :
the increased use of fossit fuels..
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We do not fully understand all aspects” of the rela
between carbon dioxide and témp‘erature increases, but mg
ronmental scientists see some potential difficulties for hum
other species if current trends continue. Some _scientist
called for international agreements to reduce carbon dioxig o
sions. Others think we need to get better information beforg 3
any action, noting some evidence that “excess” carbon
might be absorbed by the oceans and soil.”

FUTURE POPULATION
GROWTH

You learned in Chapter 20 that the Earth’s human populatj
currently 6 billion and growing at the rate of about 90 milliog
ple per year. The United Nations estimates that by the yea
the world’s population could more than double, to 125 h
How would a doubling of the Earth’s population affect ozone
carbon dioxide concentrations, and other environmental cong
tions, such as the availability of clean water, open space, and
life habitats? _

Although ozone levels may increase and stabilize, doublin
number of people will likely mean more fossil-fuel use an
clearing and burning of forests, which in turn will increase cark
dioxide levels and hasten global warming. Fresh water consti
less than 3 percent of the water on Earth, and two-thirds o
world’s population already lacks a reliable source of dri
water. Doubling the population could also require twice as
homes, schools, hospitals, landfills, and roads, all of w
decrease the amount of undeveloped land. Humans alread
using 40 percent of the net primary productivity of the Eart
double our use, many other organisms will be unable to survi

‘lead to-increased food production. xplam the
iloglc behind this argumen




round the v‘vorid‘ have
into orbit to monitor

fface and relay it back to -
in “real time.” That is,
s;on Earth can view the

1t the same time the satel-
ruments are cbserving them.
system of polar-orbiting
which circle Earth in a
outh orbit each day,
formation to the National
and Atmospheric

tration. These satellites
Uipment that measures ..
ovides. temperature and |
.data from:Earth’s surface
h-the atmosphere, measures

res radiation striking and

he Earth. The satellites.also.
mergency signals from

locations, such as on ships,
5, weather balloons, and even -

ites provide both short term

usy seaport located north of the
ic Clrcle Tommervrk S p}rlmary

- times. During the same time,
- emission levels of sulfur diox-. .

'gy-emitted-by the-sun; and -

‘and other animals: The ARGOS " gains since the end of the

pollution on the natural environ-
ment of the Norwegian-Russian
border area, located hundreds of
kilometers east of Tromsg. In one
project, Temmervik and fellowsci-
entists used information from
remote-sensing satellites to map
changes in the area’s vegetation
cover from 1973 to 1988. They com-
pared vegetation-cover maps
with sulfur dioxide emission
levels for the same years. A
time sequence of satellite
images showed that the area
with lichen-dominated vege-
tation had decreased by 85
percent over 15 years, while
desert-like conditions. had :
increased by more than_five.

ide had increased dramati- -
cally. The scientists developed . ;{8
a pollution-impact map on
the basis of the vegetation
maps. The map clearly shows
how the impact of pollution

varies with distance from the .&;;""‘ :

pollution source.- _
Satellite monitoring of the
environment has.made large

Cold War between the United
States and the former Soviet
Union. Satellites that these
nations previously used for
spying on each other are

now being used to monitor

environmental-sciefice information..
gathering. Some are capable of
viewing objects that are less than
15 ¢m (6 in.) across. The scientific:
community stands to benefit not
only from better equipment but
also from international sharing of
expertise in designing sensors-and
interpreting data.

effects:of pollution on at 0,000 km’- area along the -
border between Russia and Norway. One of the
main discoveries was that lichen-covered areas (light
-: green, on maps) decreased by 85 percent, while 3!
“there'was a fivefold increase in bare, eroded and
' damaged areas (violet on maps).

environmental conditions.
These satellites have much
better resolution than sat-
ellites currently used for. ..
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THE
(RISIS

|BIODIVERSITY

Biodiversity refers to the variety of organisms in a give
. Biodiversity can be measured in several ways. Looking at Figure
it seems easy to say that Site A has more biodiversity than Sit
ess than Sites C and D. Recall from Chapter 21 that the numt
‘species in an area is called species richness. In this example, sp
ichness for Site A is 3, for Site B is 1, for Site C is 4, and for Sit;
4. For quick comparisons between sites, biologists often find

~species richness is a very.useful estimate of biodiversity.

Now compare Site C with Site D. Each site has four moth sp
but the moth communities are not the same. Site-C has three
viduals of each species of moth, while Site D has one individ

I
|
Il
i
a,

FIGUREZ37. .
This chart shows the number of individ
uals of four moth species captured

R AN 2L R bt b 3
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“three species and nine. md1v1duals of the. fou__"
ugh the species richness (4) and the total number of indi-
. (12) are the same, biologists would expect these two com-
es to behave differently. Thus, biologists often determme
ny individual organisms belong to each species, a measure
venness. In our example, Site C has greater evenness than
For detailed comparisons between communities, blodlver-
sometimes expressed as a quantity called species. dlver31ty
cept introduced in Chapter 21), which combines specxes
s and evenness. : o
ause evolution depends on the presence of genetic. vanatlon
a population, as you learned in Chapter 15, some blologlsts

FIGURE 23-8

This diagram shows the known species
richness of the Earth, with representa-
tives drawn to a size that is propor-
tional to their abundance. Although
people tend to think mainly of mam-
mals, there are many more species of
insects and plants. Data from tropical
forests, which are still largely unex-
plored, suggest that insects may repre- -

aple 5 €5 = ! ’ : : : sent an even greater fraction of the
[ for Site:D: i : illi jies.on Eart - | Earth’s bIOleerSIty than is shown here.
en fin - -

Y.

s .en most people think of nature, they tend. to focus ‘O AT

‘Humans seem to have a basic attraction to large mammalsy

G

INSECTS

MMALS FISHES FUNGI CR;USTACEANS'
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FIGURE 23-9 ) .

This graph illustrates the changes in
biodiversity, measured as;the number of
families of-marine organisms, over time.
At present, blOdIVGI‘SIty is-at an all-time
high. Arrows point to the: five known
mass extinctioris. A'sixth extinction is
under way due to human activities.

CHAPTER 23
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Biologists estimate that up to 20 percent of existing specieSﬂ
become extinct by the year 2030 As you learned in Chapter 15

than half the world’s tropical rain forests have been destroyed
half of what remains is likely to be gone by the year 2020. Bec
tropical rain forests have the highest species richness of
biome, containing up to one-ifth of all species on Earth,
destruction is especially damaging to biodiversity.

Ways to Save Biodiversity
The United States became prosperous partly by converting fores

‘and native prairies into farms. The tropics and other region

high biodiversity often include some of the economically poorest
countries on Earth. These countries are trying to use their nat
resources to build their economies and raise the standard of 1iVl
for their citizens, just as the United States did. Several conse
tion strategies offer ways for developing countries to benefit ¢
nomically from preserving their biodiversity. For example, 1

_debt-for-nature swap, richer countries or private conservatiols




ations pay off some of the debts of a developlng country In
nge, the developmg country agrees to take steps to protect
diversity, such as setting up a preserve or launchlngran.__:edg-
program for its citizens. Another idea to help local people
money from an intact ecosystem is to set up a national park
act tourists. People who want to see the ecosystem and its

organisms will pay money for nature guides, food, and Iodg—
is idea is called ecotourism.

E IMPORTANCE OF
ODIVERSITY

way to weigh the importance of biodiversity is called utilitar-
alue; it involves thinking of the economic benefits biodiversity
des to humans. For example, different plants and animals can
vested for food, and trees can be cut to build homes:and pro-
el. Some species are valuable as sources of medicines. Gi.iien

ave called for a-“Declaration of Interdependence;”. an; acknowl
'_nt of the connections between orgamsms lncludmg humans :

ENVIRONMENTAL -SCIENCE" |
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TAKING ACTION

Although biologists have just begun to learn how nature
works, they are now being called upon to help conserve
threatened wildlife and restore ecosystems. Science, publi
involvement, and new partnerships have led to several
environmental success stories. You too can coniribute.
Becoming aware of your local environment can link you

community action and global issues.

CONSERVATION AND
 RESTORATION BIOLOGY

As the human population has increased, the influence of hu
on natural ecosystems has also increased. In the United State
ing the last 200 years, over 99 percent of native prairies have
replaced with farmland or urban development, and most of th
growth forests have been cut. Loss of so much of these vegeta
types has meant losses of biodiversity.

Biologists are being asked to develop plans to protect and
age the remaining areas that still have much of their biodiver
A new discipline, called conservation biology, seeks to iderntihe
and maintain natural areas. In areas where human influenc
greater—such as agricultural areas, former strip mines
drained wetlands—biologists may have to reverse major chang
and replace missing ecosystem components. For example, r
ing a strip-mined area to a grassland may involve contouring
land surface, introducing bacteria to the soil, planting gras
shrub seedlings, and even using periodic fires to manage
growth of vegetation. Dealing with a more extreme case like th
called restoration biology.

At present, even the best scientific efforts may not be enouglt

completely restore an area to its original condition. But by usil

their understanding of ecological principles such as energy flow.
speéies interactions, and biogeochemical cycling, biologists
often make improvements. Let’s look at three examples of coll
vation and restoration biology: the conservation of migratd

. birds, the reintroduction of the gray wolf to Yellowstone Natio

&

y -.,_,:,Park, and new plans to restore the Everglades.




NSERVING MIGRATORY"

weighing as little as 20 g (just a bit more than a floppy disk)
ng nonstop over open ocean for 100 hours before.reaching
rest and feed. This is exactly what blackpoll warblers like the
wn in Figure 23-10 do. The blackpoll warbler is one of the 200

FIGURE 23-10 -
Each fall, blackpol! warblers migrate
more than 2,500 km {1,600.mi) over~
the ocean to reach their wintering. -
grounds in South America.

Jes of migratory birds you may recognize include the Canada
{sandhill crane, barn swallow, and scarlet tanager.

t migratory birds tend to follow generally north-south
.along rivers, mountains, and coastlines. These routes are

FIGURE 23-11

This map shows the four flyways

_ s commonly used by North American
ers for food or rest along the way. If food or habitat is lack- migratory birds. Birds tend to follow

ng their way or at their destination, they may not breed and landscape features such as rivers,
ren die. ) ' mountains, and coastlines.

Mississippi »

.. RERES flyway " Atlantic
Central TN flyway
flyway ™~
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In recent years, scientists, with the help of outdoor recredtig
ists such as hunters and birdwatchers, have documented signife
cant declines in the populations of some migratory birds, incl d(f“%
ducks, shorebirds, and songbirds. The number of ducks recor
in the winter of 1993 was the lowest since the surveys bega

1955, as shown in Figure 23-12. This period was marked by the [o

of 60 to 90 percent of prairie wetlands and over 50 percent0
United States wetlands.

Saving Critical Habitat

In 1903, President Theodore Roosevelt established the first nati
wildlife refuge, to conserve wading birds in Florida. As we have |
learned more about the preferred travel routes of migratory birdss
and their habitat and food requirements, biologists have help
propose and develop new wildlife refuges at critical places

the flyways. There are now 500 refuges in the United States, CQVERE
ing about 4 percent of the total area of our country. The refuges.are
also home to 220 species of mammals, 250 species of reptiles; ald
amphibians, and 200 species of fish, including one-third of al{!
species on the threatened and endangered species lists.

Because migratory birds also depend on winter habitats outs!
the United States, conservation efforts have to be internatiol
Migratory songbirds are the focus of a new U.S. Fish and Wildlf
Service program, called Partners in Flight-Aves de las AmeriC
covering the United States and Mexico. The Western HemispheX
Shorebird Reserve Network operates in Central America and 50
America. Deforestation and coastal development projects reﬁl'
major threats to migratory birds in these areas.




_.ned by people who feared for their own safety or who
y protect their livestock. Today the gray wolf is an endan-
cies, protected by law. In the contiguous 48 states, it is

FIGURE 23-13
~people, there is no documented case of a healthy wild The gray wolf is an er{dange_re_d;spé &s
r killing a person in North America. Some ranchers regard that is the ancestor of the-domestic "
as threats to their livelihood. As humans have reduced ?1°§Of\bd)”£]évglr‘;e;g’;?tgg ;b?(s“;tﬁo';%
prey populations, some wolves have occasionally attacked from the nose to the tip of the tail.

Wolves are social and commonly form
packs with two to eight members.

wilderness areas to survive. .
ja:biologist, the wolf is a top carnivore that is dynamically
d with prey species, such as elk and moose. Restoration
gists became interested in reintroducing wolves to
tone National Park, shown in Figure 23-14, because until
0 years ago wolves were the top predators of deer, moose,
Ik within the park. With the eradication of the wolf—and
se no hunting is allowed in national parks—elk populations [ETinternetcannect
rown so large that they may have exceeded the carrying
ity of the park. A proposal was made to reintroduce the wolf SC//NKS E%Ply% V\\mw scilinks.org
p control elk numbers, to restore a well-known species to @ KEYWORD: HM455
rk, and to increase enjoyment of the park for its 3 million
al visitors.

FIGURE 23-14
Yellowstone National Park is the old-
est national park in the United States.
Wolves lived there until about 60
years ago, when they were extermi-
nated by hunting.
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After many years of public hearings involving people with :
range of opinions, the National Park Service agreed to reintr

Before being released in Yellowstone
Park, the wolves were kept in pens for ;
three months to allow them to. become
accustomed to their new surroundings.
This strategy is called soft release.

their property. These financial arrangements were key fact
the approval of the reintroduction program. :
Before reintroduction, biological information about wolv

survival. In 1995, 14 wolves from Canada were placed in per
release sites within the park, as shown in Figure 23-15. Fifteenf
were released in central [daho. In 1996, 17 more wolves

RESTORING THE
EVERGLADES ECOSYSTEM

An enormous amount of biological information must be gather
order to reintroduce a single species into an ecosystem and m
tor it over time. But imagine what is involved in restoring an €
ecosystem that has been severely damaged. A new federal, s
and local partnership has been formed to restore one of the larg
and most species-rich national parks in the United States-
Everglades, shown in Figure 23-16.
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es and semitropical climates of southern Florida. They found
sive wetlands that were hard to build on and mosquito popu-
s that discouraged new residents. Over time, a series of
age canals was dug to intercept water moving south from
Okeechobee and divert it to the ocean, drying ‘out the land.
on-native melaleuca tree was also planted to take large
unts of water out of the soil.
that time, few people could foresee the ecological conse-
querices of these actions, but Marjorie Stoneman Douglas did. She
d acquire land to create Everglades National Park and in 1947
e a book, The Everglades: River of Grass, that explained how the
verglades functioned. It is not stagnant water, but rather a unique,
-moving river 80 km (50 mi) wide and 15 cm (6 in.) deep. The
glades is nearly flat and is dominated by saw grass, yet it is
-to over 100 species of water birds. Douglas led a lifetime cru-
or the Everglades, which in just 50 years experienced a 50 per-
eduction in the amount of wetlands, a doubling of salinity in
da Bay that killed sea grass and shrimp nurseries, and a 90 per-
reduction in populations of wading birds. The diversion of
aler also prevented the ground water from being replenished, cre-
g water shortages for farmers and residents of Miami. Rain
Washed fertilizers from agricultural fields and polluted the water
t did make it to the park. Heavy metals, such as mercury, poi-

Simmee River to its original channel, cutting back stands of
):.aleuca trees, and purchasing more than 40,000 hectares

FIGURE 23-16

Everglades National Park contains only
about 20 percent of the Everglades eco-
system. The map below shows some of
the key features related to the decline
and restoration of Everglades National
Park.
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3. Name z‘wo maj'or aorzcultural crops How do farmers or
ranchers obtazn water for crops or Zzuestock?'

. Trace the paz‘h of wa[er thaz‘ you use from when it falls g
preczpu‘az‘zon to when it ﬂows from your faicet. Where doe
the water go after you “have used it, and how is it treated

Name three endangered species in your area. If any spec
have become extinct, what was the cause?

. Trace the path of garbage after it is collected. Does your
sanitation department support recycling?

. Describe the primary geological processes that helped for
the land where you live. If the land was shaped by water,
wind, glaciers, or volcanoes, are any of these still
contributing to géologic change?

. Find the names and addresses of two nongovernment
conservation associations that are active in your region.
they allow you to act as a volunteer?

Exploring these questions may lead you to your own:
about what you can do to maintain biodiversity or improve, he
ecological integrity in your area. A new environmental field, ¢z ﬁ
urban ecology, involves people who are interested in the challenge’
of increasing biodiversity in the most heavily developed areas

ests of ranchers concerned about wolves?

5. How did the diversion of water from the
Everglades lead to environmental problems?

Yellowston :N‘atiohai Park.

from the reintroduction of wolves?
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SUMMARY/VOCABULARY

Currents of air and water are linked into a
global system that is responsible for climate.

El Nifio events occur when the normal east- -

-to-west winds across the souther_n'Pé’cific.
ocean reverse, causing a variety of effects
on organisms worldwide, in'chi’diiitg“’h ans.
Over a short time period, humans have'
affected global systems, including altering
the composition of the atmosphere by:
decreasing ozone levels and increasing
carbon dioxide levels.

Vocabulary

cause-and-effect
relationship (444)

chloroﬂuorpcatbons (443)
convection cell (441)

» correlation (444)
‘El Nifio (442)

Industrial chemicals called CFCs are )
destroying the ozone layer. A treaty tb ban
CFC production has been signed. = *

- From the results of computer models of the

atmosphere, a large majority of svcient_i'svts‘_\"

-~ have concluded that increased carbon

dioxide levels have resulted in warmer sur-
face temperatures on the Earth. Scientists
expect temperatures to continue to rise as
fossil fuel use and carbon dioxide levels
increase.

environmental sc1ence (441)_
upwelling (442) '

Biodiversity refers to the variety of I’ife
found in a given area and can be measured
in different ways, including by species rich-
ness, evenness, and genetic diversity. .
Scientists estimate that there. are’aﬂt‘ least -
10 million species on Earth and may be as
many as 30 million. Sc1entlsts have e
: descnbed fewer than 3 mllhon spec1es "

Insects and plants make up the ma]orlty of
species on Earth, espeCIally in troplcalf_haln

forests, whlch are rapldly bemg destroyed

Vocabulary

biodiversity (448)
debt-for-nature swap (450)

ecotourism (451) ‘ .

genetic diversity (449)

evenness (449) -7 "= monutilitarian value (451)

Two new ideas for conserving tropical bio-
diversity are debt-for-nature swaps and
ecotourism.

. People value biodiversity for utlhtarlan rea-

sons, which emphasize economic benehts _
from species. Some of these beneflts 1nc1ude '
medicines, foods, and other useful prod- '
ucts, as well as ecosystem serv1ces Non-
utilitarian reasons for conservmg blodlver51ty_, o
draw on the assertion that living thlngs :
have intrinsic value. This assertlc._)_n_often '

derives from moral or religious _belivefs_'.;’

utilitarian value (457)

Conservation biology and resto_rationhide _

ogy are two new disciplines. Conservation
biologists are concerned with 1dent1fylng

-and maintaining areas that are still relatlvely‘:.'

undisturbed, whereas restoration biologists
are usually involved with repalrmg badly
damaged ecosystems.

Populations of some migratory blrds
appear to be in decline due to habitat
destruction by humans, but- they are bemg

Vocabulary

conservation biology (452)

'migratory'bir’d (453)
flyway (453) R

" restoration biology (452)

helped by new refuges and international
partnerships. R

. m-After a 60-year absence, the gray. wolf has
“"been successfully remtroduced in: small
_numbers to Yellowstone National Park to .

help control elk populations and to
increase public enjoyment.

A new 20-year plan to restore the
Everglades ecosystem has recently been
approved.

urban ecology (458) .
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15. Which of the following is true about th
Everglades ecosystem?
(a) It is a stagnant swamp.
(b) It has doubled in size over the last
50 years.
(c) It supports very few species.
(d) It has been damaged by pollution.

REVIEW

‘Vocabulary

. Define the term environmental science. -

. What are flyways?

. What chemical elements would you expect to
find in chlorofluorocarbons?

. Describe ecotourism. \

. What is an upwelling, and what connection
does it have to El Nifio?.

Short Answer
16. Explain how convection cells are asso¢
with biomes.
. What happens during El Nifio? Describ
ways that El Nifio affects the economy

Multiple Choice o
6. Which of the following is a consequence of

El Nifio? (a) decreased anchovy production
" (b) greater number of fires in the southern
United States (¢) increased guano productlon
(d) ozone depletion
. Ozone protects organisms from (a) meteor
impacts (b) harmful radiation (c) salt deple-
tion (d) cold temperatures
. Which of the following is not a use for CFCs?,
(a) fuel (b) coolant in refrigerators (c) propel-
lant in aerosol cans (d) cleaning electronlcs
. Since 1850, carbon d10x1de levels have
(a) decreased by 30 percent (b)- remalned -
"about the same (c) increased by 30 percent
N l(d) not been measured accurately
). Which of the followmg is not true of
blodlverSIty? A
(a) It is decreasing.
(b) It consists mostly of mammals and
reptiles. .
(¢) It has declined sharply at least flve times.
in the past.. e
(d) It is higher in tropical rain forests than
in any other biome. i
. Biologists estimate that most species.on

‘Earth are (a) insects (b) plants (c) mammals

~(d) fungi. . .

. Benefits from blodlverSIty 1nclude (a) med1—
cines (b) useful products (c) water purifica-
tion (d) all of the above.

. Stopovers are used by migratory blrds to

(a) breed (b) seek new habitat (c) avoid
predators (d) feed and rest. _

. Wolves (a) are carnivores (b) need wilder-
ness areas (c) are usually solitary (d) usually
attack humans.

CHAPTER 23

countries other than Peru.

. What do environmental scientists mean

interdependence? Give an example of inte
pendence from this chapter.

. Explain the difference between a correla

and a cause-and-effect relationship. Ho
scientists distinguish between the two

. How could future human population gr

affect the environment?

. Describe some of the different attitude

toward wolves. How have these attitud
affected the status of wolves?

. Which of the communities in the table

has the highest species richness? the g
est evenness? Explain your answers.

the depletion and pollution of
ground water. How would more efficient us
ground water benefit ecosystems?




CRITICAL THINKING

are aware of some of the connections
yeen plankton, anchovies, humans, and

. Suggest other species interactions that
likely to be influenced by El Nifio.

. formation of the ozone layer depended
he presence of oxygen in the atmosphere.
ing on what you have learned about the
ory of life, explain how organisms affected
were affected by the forming ozone layer.

re are no substitutes for clean, fresh
er, which is in short supply worldwide.
ironmental scientists think fresh water
become a limiting factor on human .
ulation growth. Explain how you could

are your question with your classmates. ..

art of the global treaty to eliminate CECs,
veloped countries are contributing to-a -

to help the developing countries: buy.

substitutes.- What benefits do.the.devel-
ed-countries receive from this investment?

6. It is a widely held belief that the birth rate
declines when countries make prd_'gress
toward industrialization. However, birth rate
has declined in Sri Lanka and Costa Rj(':a,
countries with minimal industrial dé\’}'élop-
ment. How might these data be explamed?
Look at the graph below. Notice that
although the long-term trend is toward
higher carbon dioxide levels, the carbon
dioxide concentration fluctuates during each:.
year, falling in the spring and summer and -
rising in the fall. What do you thlnk causes
this fluctuation? i

Increase in CO;Levels

EXTENSION

n 1995, three scientists—Paul Crutzen,

herwood Rowland, and Mario Molina— -

vere awarded the Nobel Prize in chemistry

r their work on the ozone layer. Use -

ibrary resources or an on-line database to *

esearch each scientist’s contribution to our

nderstanding of the ozone layer. Write a

hort report that summarizes what you

ave learned.

orm a cooperative team with another mem-

er of your class. Work with your partner to

nswer the questions listed on page 458.

ou may need to consult several sources of
information, including the library, an on-line

database, local government agencies, and a -
nearby university, zoo, or botanical garden. .
When.you have answered all of the ques-.
tions, prepare a poster that dlsplays what
you have learned.

Read “In the Wake of the Spill” in Natzonal
Geographic, March 1999, on page 96.
Describe the ecological disaster that occur-
red in Alaska’s Prince William Sound just
after midnight on March 24, 1989. Which was
more effective in the recovery of the ecosys-
tem, nature or cleaning crews? Explain. What
other unrelated ecological changes are hap-
pening in Alaska?

ENVIRONMENTAL'SCIENCE  §




Testingthe Effects of
Thermal Pollution |

2. Design an experiment using the given material
= Model the effects of thermal poliution on living . test your hypothesis. In your experiment, Param
organisms. ‘ _ will be contained in the U-shaped tube. One larg
m Apply the underlying scientific principles to o . beaker will be filled with ice, and the other large
environmental issues. , ‘beaker will be filled with hot water. Other mater]
' that you can use in your experiment are listed in.
. materials list.
hypothesizing . In designing your experiment, decide which factor i
experimenting be an independent variable. Plan how you will
observing your independent variable. In your lab report, lis
organizing data independent variable and your method of varyin,
analyzing data . Decide which factor will be the dependent variab
your experiment. Plan how you will measure yoii -
dependent variable. In your lab report, list your depg
dent variable and your method of measuring it
ice ' . In most experiments, a control is necessary. Plan
hot water control, and describe it in your lab report.
thermometer o Discuss your planned experiment with your teac
U-shaped glass tubing, 30 cmlong Proceed with your experiment only after you hav

2 corks to fit both ends of the tubing received your teacher’s permission to do so.
125 mL beaker CAUTION Water hotter than 60°C can

water - scald. Be careful handling hot water, an
Paramecium culture ' alert your teacher if you burn yourself. Fill a
hand lens - o 400 mL beaker with ice and water. Make sure th
stopwatch or clock ' ice remains in the beaker for the entire experime
glass-marking pen or wax pencil : Fill another 400 mL beaker with 60°C tap water.
In a 125 mL beaker, gently swirl 20 mL of water
Background 20 mL of Paramecium culture. Your teacher will p
1. Some power plants use water from rivers as a coolant. vide aged tap water or spring water for you to use
After the water is used, it is much hotter than the during this step. (Chlorinated water would kill

water in the river. Paramecium.)
2. What is a poliutant? While your partner holds the test tube steady, care

3. How can heat be considered a pollutant? fully pour the Paramecium-and-water mixture into

4. How can power plants release nonharmful water? U-shaped tube. Fill the tube completely, leaving just;
“enough room for a cork at each end of the tube. M

Procedure sure there are no large air bubbles in the tube. Pla
1. Discuss the objectives of this investigation with your cork at each end of the tube.

partners. Develop a hypothesis concerning the effect 10. Create a table similar to the one at right to record
of temperature on Paramecium. your data. For example, the table below is designe




number of Paramecia in
rts of the U-shaped tube
Design your data table to
own experiment. Remember
plenty of space for record-
data.
with your experiment, using
. ice water, hot water, and

. How might a pollutant cause an increase in the num-

Clean up your materials and wash your ber of organisms? Explain.
hands before leaving the lab. . Judging from your experiment, how do you think
other organisms might react to a change in water
is and Conclusions temperature?
. How could a power plant change the type of organ-
isms that live in the water where it releases its cooling

-effect did heat and cold have on Paramecium in water?
your-experiment? '

Further Inquiry

vidence do you have that Paramecium pre-
ne temperature range.to another? Develop a hypothesis about the effects of acid rain on
are some possible sources of error in your Paramecium, and design an experiment to test your

hypothesis.

Number of Paramecia e
Hot end : Middie: "




