KEY CONCEPTS

52.1 Ecology integrates all areas of biological
research and informs environmental decision
making

52.2 Interactions between organisms and the _
environment limit the distribution of species

52.3 Aquatic biomes are diverse and dynamic
systems that cover most of Earth

52.4 The structure and distribution of terrestrial

biomes are controlled by climate and
disturbance

I The Scope of Ecology

igh in the sky, a series of satellites circle Earth.
HThese satellites aren't relaying the chatter of cell

phones. Instead, they are transmitting data on
the annual migration of gray whales (Figure 52.1). Leav-
ing their calving grounds near Baja California, adult and
newborn gray whales (Eschrichitius robustus) swim side
by side on a remarkable 8,000-km journey. They are
headed to the Arctic Ocean to feed on the crustaceans,
tube worms, and other creatures that thrive there in sum-
mer. The satellites also help biologists track a second
journey, the recovery of the gray whales from the brink of
extinction. A century ago, whaling had reduced the pop-
ulation to only a few hundred individuals. Today, after 70
vears of protection from whaling, more than 20,000 travel
to the Arctic each year.

What environmental factors determine the geographic
distribution of gray whales? How do variations in their
food supply affect the size of the gray whale population?
Questions such as these are the subject of ecology (from
the Greek oikos, home, and logos, to study), the scientific
study of the interactions between organisms and the en-

1148

A Figure 52.1 Why do gray whales migrate?

vironment. These interactions occur at a hierarchy @
scales that ecologists study, from organismal to glob
(Figure 52.2).

In addition to providing a conceptual framework for u
derstanding the field of ecology, Figure 52.2 provides the of
ganizational framework for our final unit. This chapterbe
the unit by describing the breadth of ecology and some of th
factors, both living and nonliving, that influence the distrib
tion and abundance of organisms. The next three chapterse
amine population, community, and ecosystem ecology'§
detail. In the final chapter, we'll explore both landscape eco
ogy and global ecology as we consider how ecologists applyh
ological knowledge to predict the global consequences'§
human activities, to conserve Earth’s biodiversity, and to i
store our planet’s ecosystems.

r-n:mn 52.1
Ecology integrates all areas of

biological research and inform
environmental decision making

Ecology’s roots are in discovery science (see Chapter]
uralists, including Aristotle and Darwin, have long
organisms in nature and systematically recorded
vations. Because extraordinary insight can be gain
this descriptive approach, called natural history, it el
fundamental part of the science of ecology. Present-da
ogists still observe the natural world, albeit with
globe tools that would astound Aristotle and Darwin,
Modern ecology has become a rigorous experimen
ence as well. Ecologists generate hypotheses, manip;
vironment, and observe the outcome. Scientists
the effects of climate change on tree survival, for instane
create drought and wet conditions in experimental plots
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Organismal ecology, which includes the subdisciplines of physi-
ological, evolutionary, and behavioral ecology, is concerned with
how an organism’s structure, physiology, and (for animals) behav-
ior meet the challenges posed by its environment.

< How do hammerhead sharks select a mate?

2

A population is a group of individuals of the same species living
in an area. Population ecology analyzes factors that affect popu-
lation size and how and why it changes through time.

< \What environmental factors affect the reproductive rate of deer

3

A community is a group of populations of different species in an area.
Community ecology examines how interactions between species,
such as predation and competition, affect community structure and
organization.

< What factors influence the diversity of species that make up a forest?

An ecosystem is the community of organisms in an area and the
physical factors with which those organisms interact. Ecosystem
ecology emphasizes energy flow and chemical cycling between
organisms and the environment.

<« What factors control photosynthetic productivity in a temperate
grassland ecosystem?

A landscape (or scascape) is a mosaic of connected ecosys-
tems. Research in landscape ecology focuses on the factors
controlling exchanges of energy, materials, and organisms
across multiple ecosystems.

< Jo what extent do the trees lining a river serve as corridors of
dispersal for animals?

The biosphere is the global ecosystem—the sum of all the planet’s ecosys-
tems and landscapes. Global ecology examines how the regional exchange
of energy and materials influences the functioning and distribution of or-
ganisms across the biosphere.

< How does ocean circulation affect the global distribution of crustaceans?
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effect—by selecting for individualsth
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A Figure 52.3 Studying how a forest responds to altered precipitation. At the
Walker Branch Watershed in Tennessee, researchers used a system of troughs and pipes to create

artificial “dry” and "wet" conditions within parts of a forest.

of waiting decades for the dry or wet years that could be repre-
sentative of future rainfall. Paul Hanson and colleagues, at Oak
Ridge National Laboratory in Tennessee, used just such an ex-
perimental approach in a Herculean study that lasted more than
ten years. In one large plot of native forest, they collected one-
third of the incoming precipitation and moved it to a second plot,
while leaving a third plot unchanged as a control (Figure 52.3).
By comparing the growth and survival of trees in each plot, the
researchers found that flowering dogwoods (Cornis florida)
were more likely to die in drought conditions than were mem-
bers of any other woody species examined.

Throughout this unit, you will encounter many more ex-
amples of ecological field experiments, whose complex chal-
lenges have made ecologists innovators in the areas of
experimental design and statistical inference. As these exam-
ples also demonstrate, the interpretation of ecological experi-
ments often depends on a broad knowledge of biology.

Linking Ecology and Evolutionary Biology

As we discussed in Chapter 23, organisms adapt to their environ-
ment over many generations through the process of natural se-
lection; this adaptation occurs over many generations—the time
frame of evolutionary time. The differential survival and repro-
duction of individuals that leads to evolution occurs in ecological
time, the minute-to-minute time frame of interactions between
organisms and the environment. One example of how events in
ecological time have led to evolution was the selection for beak
size in Galdpagos finches (see Figure 23.1). Finches with bigger
beaks were better able to eat the large, hard seeds available during
the drought. Smaller-beaked birds, which required smaller, softer
seeds that were in short supply, were less likely to survive.

We can see the link between ecology and evolution all
around us. Suppose a farmer applies a new fungicide to protect
a wheat crop from a fungus. The fungicide works well at first,

1150 UNIT EIGHT  Ecology

“"Ambient” plot receives
natural amounts of
rainfall.

l .
must find a different, more potent ch
cal to control the fungus.

Ecology and Environmental
Issues

Ecology and evolutionary biology hel
understand the emergence of pesticide-resistant organism
many other environmental problems. Ecology also pro
scientific understanding needed to help us conserve ands
life on Earth. Because of ecology’s usefulness in co
and environmental efforts, many people associate ecolog
environmentalism (advocating the protection of nature),

Ecologists make an important distinction between sciéf
and advocacy. Many ecologists feel a responsibility to edu
legislators and the public about environmental issues. i
society uses ecological knowledge, however, depends
much more than science alone. If we know that phos
promotes the growth of algae in lakes, for instance, p
makers may weigh the environmental benefits of limiti
use of phosphate-rich fertilizers against the costs of doing
This distinction between knowledge and advocacy is clea
the guiding principles of the Ecological Society of Ameri
scientific organization that strives to “ensure the appropt
use of ecological science in environmental decision makin

An important milestone in applying ecological data
vironmental problems was the publication of Rachel
son’s Silent Spring in 1962 (Figure 52.4). In her book, wh

ides

< Figure 52.4
Rachel Carson,




as seminal to the modern environmental movement, Car-
son (1907-1964) had a broad message: “The ‘control of na-
wre' is a phrase conceived in arrogance, born of the
Neanderthal age of biology and philosophy, when it was sup-
posed that nature exists for the convenience of man.” Recog-
nizing the network of connections among species, Carson
wamned that the widespread use of pesticides such as DDT
as causing population declines in many more organisms
an the insects targeted for control. She applied ecological
principles to recommend a less wasteful, safer use of pesti-
ides. Through her writing and her testimony before the U.S.
(ongress, Carson helped promote a new environmental
hic to lawmakers and the public. Her efforts led to a ban on
DT use in the United States and more stringent controls on
euse of other chemicals.

CONCEPT CHECK 52.1

L Contrast the terms ecology and environmentalism.
How does ecology relate to environmentalism?

L How can an event that occurs on the ecological time
scale atfect events that occur on an evolutionary time
scale?

3 ICTISATEM A wheat farmer tests four fungicides on
small plots and finds that the wheat yield is slightly
higher when all four fungicides are used together than
when any one fungicide is used alone. From an evolu-
tionary perspective, what would be the likely long-term
consequence of applying all four fungicides together?

for suggested answers, see Appendix A.
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figure 52.5 Distribution and
indance of the red kangaroo in
_Stralia, based on aerial surveys.
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Australia is hot and wet,

32.2

Interactions between organisms
and the environment limit the
distribution of species

Earlier we introduced the range of scales at which ecologists
work and explained how ecology can be used to understand,
and make decisions about, our environment. In this section,
we will examine how ecologists determine what controls the
distribution of species, such as the gray whale in Figure 52.1.

In Chapter 22, we explored biogeograpliy, the study of the
past and present distribution of species, in the context of
evolutionary theory. Ecologists have long recognized global
and regional patterns in the distribution of organisms. Kan-
garoos, for instance, are found in Australia but nowhere else
on Earth. Ecologists ask not only where species occur, but
also why species occur where they do: What factors deter-
mine their distribution? In secking to answer this question,
ecologists focus on two kinds of factors: biotic, or living,
factors—all the organisms that are part of the individual’s
environment—and abiotic, or nonliving, factors—all the
chemical and physical factors, such as temperature, light,
water, and nutrients, that influence the distribution and
abundance of organisms.

Figure 52.5 presents an example of how both kinds of fac-
tors might affect the distribution of a species, in this case the red
kangaroo (Macropus rufiss). As the figure shows, red kangaroos
are most abundant in a few areas in the interior of Australia,
where precipitation is relatively sparse and variable. They are
not found around most of the periphery of the continent, where

Red kangaroos occur in
most semi-arid and arid
regions of the interior,
where precipitation is
relatively low and variable
from year to year.

——

8 Southeastern Australia

U has a wet, cool climate.
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A Figure 52.6 Flowchart of factors limiting geographic distribution. As ecologists factors  Soil structuee
study the factors limiting a species’ distribution, they often consider a series of questions like the Fire '
ones shown here. Moisture, eie
B How might the importance of various abiotic factors differ for aguatic and terrestrial
ecosystems?
the climate ranges from moist to wet. At first glance, this distri- Florida by 1960 (Figure 52.7). Today they have breedingpe
bution might suggest that an abiotic factor—the amount and ulations as far west as the Pacific coast of the United St
variability of precipitation—directly determines where red kan- and as far north as southern Canada.
garoos live. However, it is also possible that climate influences Natural range expansions clearly show the influenceofd
red kangaroo populations indirectly through biotic factors, persal on distribution, but opportunities to observe suchg
such as pathogens, parasites, predators, competitors, and food persal directly are rare. As a consequence, ecologists of
availability. Ecologists generally need to consider multiple fac- turn to experimental methods to better understand the roleg
tors and alternative hypotheses when attempting to explain the dispersal in limiting the distribution of species.

distribution of species,

To see how ecologists might arrive at such an explanation,
let’s work our way through the series of questions in the flow-
chart in Figure 52.6.

Dispersal and Distribution

The movement of individuals away from their area of origin or
from centers of high population density, called dispersal, con-
tributes to the global distribution of organisms. A biogeographer
might consider dispersal in hypothesizing why there are no kan-
garoos in North America: Kangaroos could not get there be-
cause a barrier to their dispersal existed. While land-bound
kangaroos have not reached North America under their own
power, other organisms that disperse more readily, such as some
birds, have. The dispersal of organisms is critical to understand-
ing both geographic isolation in evolution (see Chapter 24) and
the broad patterns of current geographic distributions of species.

Natural Range Expansions

The importance of dispersal is most evident when organisms
reach an area where they did not exist previously. For instance,
200 years ago, the cattle egret was found only in Africa and
southwestern Europe. But in the late 1800s, some of these
strong-flying birds managed to cross the Atlantic Ocean and
colonize northeastern South America. From there, cattle
egrets gradually spread southward and also northward

A Figure 52.7 Dispersal of the cattle egret in the Americ
through Central America and into North America, reaching Native to Africa, cattle egrets were first reported in South Americain 18
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Species Transplants

To determine if dispersal is a key factor limiting the distribu-
tion of a species, ecologists may observe the results of inten-
tional or accidental transplants of the species to areas where it
was previously absent. For a transplant to be considered suc-
essful, some of the organisms must not only survive in the
new area but also reproduce there. 1f a transplant is success-
fil, then we can conclude that the potential range of the
species is larger than its actual range; in other words, the
pecies could live in certain areas where it currently does not.
Species introduced to new geographic locations often disrupt
e communities and ecosystems to which they have been intro-
duced and spread far beyond the area of intended introduction
ve Chapter 56). Consequently, ecologists rarely conduct trans-
antexperiments across geographic regions. Instead, they docu-
ment the outcome when a species has been transplanted for other
poses, such as to introduce game ani-
mals or predators of pest species, or when a
ecies has been accidentally transplanted.

jehavior and Habitat Selection
EXPERIMENT

Astransplant experiments show, some or-
anisms do not occupy all of their potential
inge, even though they may be physically
bleto disperse into the unoccupied areas.
30 follow our line of questioning from
foure 52.6, does behavior play a role in
miting distribution in such cases? When
ividuals seem to avoid certain habitats,
senwhen the habitats are suitable, the or-
sm’s distribution may be limited by 80
phitat selection behavior.

Although habitat selection is one of the
astunderstood of all ecological processes,
ime instances in insects have been
bsely studied. Female insects often de-
it eggs only in response to a very nar-
set of stimuli, which may restrict 50 4
sribution of the insects to certain host

ants. Larvae of the European corn borer,

RESULTS

100
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40

Seaweed cover (%)

reample, can feed on a wide variety of OA_uglqust
ants but are found almost exclusively on 1982
(maize) because egg-laying females
CONCLUSION

pattracted by odors produced by the
it. Habitat selection behavior clearly
stricts the plant species on which the
imborer is found.

jotic Factors SOUECE

iehavior does not limit the distribution
fispecies, our next question is whether
iiic factors—that is, other species—are

responsible (see Figure 52.6). In many cases, a species cannot
complete its full life cvcle if transplanted to a new area. This in-
ability to survive and reproduce may be due to negative inter-
actions with other organisms in the form of predation,
parasitism, or competition. Alternatively, survival and repro-
duction may be limited by the absence of other species on
which the transplanted species depends, such as pollinators for
many flowering plants. Predators (organisms that kill their
prey) and herbivores (organisms that eat plants or algae) are
common examples of biotic factors that limit the distribution
of species. Simply put, organisms that eat can limit the distri-
bution of organisms that get eaten.

Let’s examine one specific case of an herbivore limiting
the distribution of a food species (Figure 52.8). In certain
marine ecosystems, there is often an inverse relationship be-
tween the abundance of sea urchins and seaweeds (large ma-
rine algae, such as kelp). Where sea urching that graze on

E!K-;ﬁ LSy

Does feeding by sea urchins limit seaweed distribution?

W. 1. Fletcher, of the University of Sydney, Australia, reasoned that if sea
urchins are a limiting biotic factor, then more seaweeds should invade an area from which
sea urchins have been removed. To isolate the effect of sea urchins from that of another
seaweed-eating animal, the limpet, he removed only urchins, only limpets, or both from
study areas adjacent to a control site.

Fletcher observed a large difference in seaweed growth between areas
with and without sea urchins.

| Removing both
- A limpets and
urchins or
» removing only
urchins increased
seaweed cover
dramatically.

Both limpets and urchins
removed

Only urchins
removed

Almost no
seaweed grew

in areas where
both urchins and
limpets were
present, or where
only limpets were
removed.

Only limpets removed

Control (both urchins
and limpets present)

Febr'uary Auéust February
1983 1983 1984

Removing both limpets and urchins resulted in the greatest increase in sea-
weed cover, indicating that both species have some influence on seaweed distribution. But
since removing only urchins greatly increased seaweed growth while removing only limpets
had little effect, Fletcher concluded that sea urchins have a much greater effect than limpets
in limiting seaweed distribution.

W. J. Fletcher, Interactions among subtidal Australian sea urchins, gastropods, and algae:
effects of experimental removals, Fcological Monographs 57:89-109 (1989),

LIRSS Seaweed cover increased the most when both urchins and limpets were re-
moved. How might you explain this result?

CHAPTER FIFTY-Two  An Introduction to Ecology and the Biosphere 1153
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seaweeds and other algae are common, large stands of sea-
weeds do not become established. Thus, sea urchins appear
to limit the local distribution of seaweeds. This kind of in-
teraction can be tested by “removal and addition” experi-
ments. In studies near Sydney, Australia, W. . Fletcher tested
the hypothesis that sea urchins are a biotic factor limiting
seaweed distribution. Because there are often other herbi-
vores in the habitats where seaweeds may grow, Fletcher per-
formed a series of manipulative field experiments to isolate
the influence of sea urchins on seaweeds in his study area
(see Figure 52.8). By removing sea urchins from certain plots
and observing the dramatic increase in seaweed cover, he
showed that urchins limited the distribution of seaweeds.

In addition to predation and herbivory, the presence or ab-
sence of food resources, parasites, pathogens, and competing
organisms can act as biotic limitations on species distribution.
Some of the most striking cases of limitation occur when hu-
mans accidentally or intentionally introduce exotic predators
or pathogens into new areas and wipe out native species. You
will encounter examples of these impacts in Chapter 56, which
discusses conservation ecology.

Abiotic Factors

The last question in the flowchart in Figure 52.6 considers
whether abiotic factors, such as temperature, water, salinity,
sunlight, or soil, might be limiting a species’ distribution. If the
physical conditions at a site do not allow a species to survive
and reproduce, then the species will not be found there.
Throughout this discussion, keep in mind that the environ-
ment is characterized by both spatial heterogeneity and
temporal heterogeneity; that is, most abiotic factors vary in
space and time. Although two regions of Earth may experi-
ence different conditions at any given time, daily and annual
fluctuations of abiotic factors may either blur or accentuate
regional distinctions. Furthermore, organisms can avoid
some stressful conditions temporarily through behaviors such
as dormancy or hibernation.

Temperature

Environmental temperature is an important factor in the dis-
tribution of organisms because of its effect on biological
processes. Cells may rupture if the water they contain freezes (at
temperatures below 0°C), and the proteins of most organisms
denature at temperatures above 45°C. In addition, few organ-
isms can maintain an active metabolism at very low or very high
temperatures, though extraordinary adaptations enable some
organisms, such as thermophilic prokaryotes (see Chapter 27),
to live outside the temperature range habitable by other life.
Most organisms function best within a specific range of envi-
ronmental temperature. Temperatures outside that range may
force some animals to expend energy regulating their internal
temperature, as mammals and birds do (see Chapter 40).
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Water

The dramatic variation in water availability among habit
another important factor in species distribution. Specis!
ing at the seashore or in tidal wetlands can desiccate (dry
as the tide recedes. Terrestrial organisms face a nearly
stant threat of desiccation, and the distribution of terress
species reflects their ability to obtain and conserve wi
Desert organisms, for example, exhibit a variety of adig
tions for acquiring and conserving water in dry environme
as described in Chapter 44.

Salinity

Asyoulearned in Chapter 7, the salt concentration of wat
the environment affects the water balance of orga
through osmosis. Most aquatic organisms are restricted o8
ther freshwater or saltwater habitats by their limited abilift
osmoregulate (see Chapter 44). Although many terrestrielg
ganisms can excrete excess salts from specialized glandsor
feces, salt flats and other high-salinity habitats typically b
few species of plants or animals.

Sunlight

Sunlight absorbed by photosynthetic organisms providesfh
energy that drives most ecosystems, and too little sunlighta
limit the distribution of photosynthetic species. In fore
shading by leaves in the treetops makes competition forlig
especially intense, particularly for seedlings growing onfl
forest floor. In aquatic environments, every meter of Wil
depth selectively absorbs about 45% of the red light and aba
2% of the blue light passing through it. As a result, mostpht
tosynthesis in aquatic environments occurs relatively nearfl
surface.

Too much light can also limit the survival of organisms. T

atmosphere is thinner at higher elevations, absorbing
ultraviolet radiation, so the sun’s rays are morve likely to damig
DNA and proteins in alpine environments (Figure 528
other ecosystems, such as deserts, high light levels can increa
temperature stress if animals are unable to avoid the lightor
cool themselves through evaporation (see Chapter 40),

Rocks and Soil

The pH, mineral composition, and physical stru
rocks and soil limit the distribution of plants and thuse
the animals that feed on them, contributing to the pa
ness of terrestrial ecosystems. The pH of soil and watere
limit the distribution of organisms directly, through!
treme acidic or basic conditions, or indirectly, through-
solubility of nutrients and toxins. In streams and rivé
the composition of the substrate (bottom surface) can
fect water chemistry, which in turn influences the re
organisms. In freshwater and marine environments, if



Figure 52.9 Alpine tree. Organisms living at high elevations are
iposed to high levels of ultraviolet radiation. They face other

fallenges as well, including freezing temperatures and strong winds,
ich increase water loss and inhibit the growth of limbs on the

dward side of trees.

iructure of the substrate determines the organisms that
an attach to it or burrow into it.

Now that we have surveyed some of the abiotic factors that
ifect the distribution of organisms, let’s focus on how those
ors vary with climate, as we consider the major role that
limate plays in determining species distribution.

ir abiotic factors—temperature, precipitation, sunlight, and
ind—are the major components of climate, the long-term,
evailing weather conditions in a particular area. Climatic fac-
5, particularly temperature
il water availability, have a
gjor influence on the distribu-
inof terrestrial organisms. We
ndescribe climate patterns on
0scales: macroclimate, pat-
mson the global, regional, and ~ Gulf
il level; and microclimate, "™
1y fine patterns, such as those

puntered by the community

oganisms that live beneath

dllen log. First let’s consider

iths macroclimate.

current

lobal Climate Patterns

ths global climate patterns
determined largely by the in-
of solar energy and the

The sun’s warming effect on the atmosphere, land, and water es-
tablishes the temperature variations, cycles of air movement,
and evaporation of water that are responsible for dramatic lati-
tudinal variations in climate. Figure 52.10, on the next two
pages, summarizes Earth’s climate patterns and how they are
formed.

Regional, Local, and Seasonal Effects on Climate

Proximity to bodies of water and topographic features such
as mountain ranges create regional climatic variations, and
smaller features of the landscape contribute to local climatic
variation. Seasonal variation is another influence on climate.

Bodies of Water Ocean currents influence climate along
the coasts of continents by heating or cooling overlying air
masses, which may then pass across the land. Coastal regions
are also generally moister than inland areas at the same lati-
tude. The cool, misty climate produced by the cold California
current that flows southward along the western United States
supports a coniferous rain forest ecosystem in the Pacific
Northwest and large redwood groves farther south. Similarly,
the west coast of northern Europe has a mild climate because
the Gulf Stream carries warm water from the equator to the
North Atlantic, driven in part by the “great ocean conveyor
belt” (Figure 52.11). As a result, northwest Europe is warmer
during winter than New England, which is farther south but is
cooled by the Labrador Current flowing south from the coast
of Greenland.

Because of the high specific heat of water (see Chapter 3),
oceans and large lakes tend to moderate the climate of
nearby land. During a hot day, when the land is warmer than
the nearby body of water, air over the land heats up and

A Figure 52.11 The great ocean conveyor belt. Water is warmed at the equator and flows along the
ocean surface to the North Atlantic, where it cools, becomes denser, and sinks thousands of meters. The deep,
iet's movement in space.  cold water may not return to the ocean surface for as long as 1,000 years.
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Latitudinal Variation in Sunlight Intensity

Earth’s curved shape causes latitudinal —= 90°N (Narth Pole
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Cancer)

unit of surface area are delivered there.
At higher latitudes, sunlight strikes
Earth at an oblique angle, and thus the

{ 0° (equator)

Sun directly overhead at equinoxes

- 23.5°5 (Tropical

most directly, more heat and light per ([\/

light energy is more diffuse on Earth’s N B capricom)
surface. \ 30°
Low angle of incoming sunlight \ -

90°S (South Pole
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Atmosphere

~ Seasonal Variation in Sunlight Intensity

March equinox: Equator faces sun directly;
' neither pole tilts toward sun; all regions on Earth
. experience 12 hours of daylight and 12 hours of
darkness.

June solstice: Northern 0° (equator) (f

Hemisphere tilts toward sun ‘@h l |
and has longest day and ! =
shortest night; Southern ‘ /Oos LN _:‘/:/
Hemisphere tilts away from —

sun and has shortest day
and longest night.

T
Constant tilt \

of 23.57

December solstice: Northern
Hemisphere tilts away from su
and has shortest day and lon
night; Southern Hemisphere t
toward sun and has longest de
and shortest night.
September equinox: Equator faces sun
directly; neither pole tilts toward sun; all
regions on Earth experience 12 hours of
daylight and 12 hours of darkness.

Earth’s tilt causes seasonal variation in the intensity of solar radiation. Because the planet is tilted
on its axis by 23.5° relative to its plane of orbit around the sun, the tropics experience the greatest
annual input of solar radiation and the least seasonal variation. The seasonal variations of light and
temperature increase toward the poles.
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Global Air Circulation and Precipitation Patterns
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ense solar radiation near the equator initiates a global pattern of air circulation and

cpitation. High temperatures in the tropics evaporate water from Earth's surface and cause

m, wet air masses to rise (blue arrows) and flow toward the poles. The rising air masses
aase much of their water content, creating abundant precipitation in tropical regions. The
h-altitude air masses, now dry, descend (brown arrows) toward Earth, absorbing moisture

mthe land and creating an arid climate conducive to the development of the deserts that are
nmon at latitudes around 30° north and south. Some of the descending air then flows toward
poles. At latitudes around 60° north and south, the air masses again rise and release abundant
dpitation (though less than in the tropics). Some of the cold, dry rising air then flows to the

paratively rainless and bitterly cold climates of the polar regions.

s, where it descends and flows back toward the equator, absorbing moisture and creating the

Global Wind Patterns
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,%: ff%g o
"‘\

; = uator
4 Southeast trades (eq )
4-——

(,_/
____:‘bWesterlses \\ \ / ,é{ \;-’ g

/30"5

60°S
66.5°S
(Antarctic Circle)

Air flowing close to Earth’s surface
creates predictable global wind patterns.
As Earth rotates on its axis, land near
the equator moves faster than that at
the poles, deflecting the winds from the
vertical paths shown above and creating
more easterly and westerly flows.
Cooling trade winds blow from east to
west in the tropics; prevailing westerlies
blow from west to east in the temperate
zones, defined as the regions between
the Tropic of Cancer and the Arctic
Circle and between the Tropic of
Capricorn and the Antarctic Circle.
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@ Air cools at
€ Cooler high elevation.

air sinks
over water. @ warm air

over land rlses

/

@ Cool air over water
moves inland, replacing
rising warm air over land.

A Figure 52.12 Moderating effects of a large body of water
on climate. This figure illustrates what happens on a hot summer day.

rises, drawing a cool breeze from the water across the land
(Figure 52.12). At night, air over the now warmer water
rises, drawing cooler air from the land back out over the wa-
ter, replacing it with warmer air from offshore. The modera-
tion of climate may be limited to the coast itself, however. In
certain regions, such as southern California, cool, dry ocean
breezes in summer are warmed when they contact the land,
absorbing moisture and creating a hot, arid climate just a few
kilometers inland (see Figure 3.5). This climate pattern also
occurs around the Mediterranean Sea, which gives it the
name Mediterranean climate.

Mountains  Mountains affect the amount
of sunlight reaching an area and conse-
quently the local temperature and rainfall.

warmer and drier. These abiotic differences
influence species distribution; for example,
in many mountains of western North
America, spruce and other conifers occupy
the cooler north-facing slopes, whereas
shrubby, drought-resistant plants inhabit
the south-facing slopes. In addition, every
1,000-m increase in elevation produces a
temperature drop of approximately 6°C,
equivalent to that produced by an 880-km

@ As moist air moves in off @ On the leeward side of
‘ : the ocean and encounters the mountains, there is [ittlé
South-facing slopes in the Northern Hemi-  mountains, it flows upward, cools precipitation. As a result of
sphere receive more sunlight than nearby @t higher altitudes, and drops a

. 3 large amount of water as preapltatlon.
north-facing slopes and are therefore Rl i it ol

increase in latitude. This is one reason the Ocean

biological communities of mountains are
similar to those at lower elevations but far-

When warm, moist air approaches a mountain, the air ri
and cools, releasing moisture on the windward side of the
(Figure 52.13). On the leeward side, cooler, dry air descend
absorbing moisture and producing a “rain shadow”” De
commonly occur on the leeward side of mountain ranges
phenomenon evident in the Great Basin and the Moj
Desert of western North America, the Gobi Desert of
and the small deserts found in the southwest corners of som
Caribbean islands.

Seasonality  As described earlier, Earth'’s tilted axis of rol
tion and its annual passage around the sun cause strong se
sonal cycles in middle to high latitudes (see Figure 52.10).
addition to these global changes in day length, solar radi
tion, and temperature, the changing angle of the sun overtl
course of the year affects local environments. For exa
the belts of wet and dry air on either side of the equator moj
slightly northward and southward with the changing angle
the sun, producing marked wet and dry seasons around 2
north and 20° south latitude, where many tropical deciduo
forests grow. In addition, scasonal changes in wind patter:
produce variations in ocean currents, sometimes causing th
upwelling of cold water from deep ocean layers. This nuts
ent-rich water stimulates the growth of surface-dwellir
phytoplankton and the organisms that feed on them.

Microclimate

Many features in the environment influence microclima
casting shade, affecting evaporation from soil, or cha
wind patterns. For example, forest trees frequently mod
the microclimate below them. Consequently, cleared
generally experience greater temperature extremes than t

this rain shadow, a desertis
often present.

Leeward side
of mountain

‘

direction

Mountain
range

ther from the equator. A Figure 52.12 How mountains affect rainfall.
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forest interior because of greater solar radiation and wind cur-

rents that are established by the rapid heating and cooling of

open land. Within a forest, low-lying ground is usually wetter
than high ground and tends to be occupied by different
species of trees. A log or large stone can shelter organisms
sich as salamanders, worms, and insects, buffering them
from the extremes of temperature and moisture. Every envi-
nment on Earth is similarly characterized by a mosaic of
small-scale differences in the abiotic factors that influence the
local distributions of organisms.

long-Term Climate Change

lftemperature and moisture are the most important factors
Imiting the geographic ranges of plants and animals, then the
dobal climate change currently under way will profoundly af-
fct the biosphere (see Chapter 55). One way to predict the
nssible effects of climate change is to look back at the

anges that have occurred in temperate regions since the last
e age ended.

Until about 16,000 years ago, continental glaciers cov-
wed much of North America and Eurasia. As the climate
warmed and the glaciers retreated, tree distributions ex-
nnded northward. A detailed record of these migrations
scaptured in fossil pollen deposited in lakes and ponds. (It
my seem odd to think of trees “migrating,” but recall from

apter 38 that wind and animals can disperse seeds,
gmetimes over great distances.) If researchers can deter-
mine the climatic limits of current geographic distribu-
jons for organisms, they can make predictions about how
dstributions will change with climatic warming. A major
pestion when applying this approach to plants is whether
weed dispersal is rapid enough to sustain the migration of
uch species as climate changes. For example, fossils sug-
st that the eastern hemlock was delayed nearly 2,500
ears in its movement north at the end of the last ice age.
This delay in seed dispersal was partly attributable to the
itk of “wings” on the seeds, causing the seeds to fall close
htheir parent tree.

Let's look at a specific case of how the fossil record of
ust tree migrations can inform predictions about the bi-
logical impact of the current global warming trend.
figure 52.14 shows the current and predicted geographic

inges of the American beech (Fagus grandifolia) under
wo different climate-change models. These models pre-
itthat the northern limit of the beech’s range will move
10-900 km northward in the next century, and its south-
mrange limit will move northward an even greater dis-
uce. If these predictions are even approximately correct,
e beech must move 7-9 km per year northward to keep
we with the warming climate. However, since the end of
i last ice age, the beech has migrated into its present
inge at a rate of only 0.2 km per year. Without human as-

, [ Current

; range
s 0 |_| Predicted
4 it range
: LY [ ] Overlap
(a)4.5°C warming over (b)6.5"C warming over
next century next century

A Figure 52.14 Current range and predicted range for the
American beech (Fagus grandifolia) under two scenarios
of climate change.

The predicted range in each scenario is based on climate factors
alone. What other factars might alter the distribution of this species?

sistance in moving into new ranges where they can sur-
vive as the climate warms, species such as the American
beech may have much smaller ranges and may even be-
come extinct.

CONCEPT CHECK LYM.

1. Give examples of human actions that could expand a
species’ distribution by changing its (a) dispersal or
(b) biotic interactions.

2. Explain how the sun’s unequal heating of Earth’s sur-
face influences global climate patterns.

3. BCTISAER You suspect that deer are restricting the
distribution of a tree species by preferentially eating
the seedlings of the tree. How might you test that
hypothesis?

For suggested answers, see Appendix A. I
rsmnm 52.3
Aquatic biomes are diverse

and dynamic systems that
cover most of Earth

We have seen how both biotic and abiotic factors influence the
distribution of organisms on Earth. Combinations of these fac-
tors determine the nature of Earth’s many biomes, major ter-
restrial or aquatic life zones, characterized by vegetation type in
terrestrial biomes or the physical environment in aquatic bi-
omes. We'll begin by examining Earth’s aquatic biomes.
Aquatic biomes account for the largest part of the bio-
sphere in terms of area, and all types are found around the
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globe (Figure 52.15). Ecologists distinguish between fresh-
water biomes and marine biomes on the basis of physical and
chemical differences. For example, marine biomes generally
have salt concentrations that average 3%, whereas freshwater
biomes are usually characterized by a salt concentration of less
than 0.1%.

The oceans make up the largest marine biome, coy
about 75% of Earth’s surface. Because of their vast
have an enormous impact on the biosphere. The
of water from the oceans provides most of the p
fall, and ocean temperatures have a major effect o
mate and wind patterns. In addition, marine alg

Bl lakes
B Coral reefs
o ~~ Rivers
e Oceanic pe
and benthic
@ Estuaries
~. il #7 Intertidal zor
~ W
Cancer
Equator
A N Comom
20Es
=
-5
s & = <

A Figure 52.15 The distribution of major aquatic biomes.

Littoral

Limnetic
zone

(a) Zonation in a lake. The lake environment is generally classified
on the basis of three physical criteria: light penetration (photic
and aphotic zones), distance from shore and water depth (littoral
and limnetic zones), and whether it is open water (pelagic zone)
or bottom (benthic zone).

A Figure 52.16 Zonation in aquatic environments.
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Intertidal zone
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(b) Marine zonation. Like lakes, the marine environment is |

generally classified on the basis of light penetration (photic
and aphotic zones), distance from shore and water depth
(intertidal, neritic, and oceanic zones), and whether it is open
water (pelagic zone) or bottom (benthic and abyssal zones).



photosynthetic bacteria supply a substantial portion of the
world’s oxygen and consume large amounts of atmospheric
arbon dioxide.

Freshwater biomes are closely linked to the soils and biotic
omponents of the terrestrial biomes through which they
pass or in which they are situated. The particular characteris-
fics of a freshwater biome are also influenced by the patterns
and speed of water flow and the climate to which the biome
exposed.

Stratification of Aquatic Biomes

Many aquatic biomes are physically and chemically stratified
llayered), as illustrated for both a lake and a marine environ-
ment in Figure 52.16, on the facing page. Light is absorbed by
ooth the water itself and the photosynthetic organisms in it,
%0 its intensity decreases rapidly with depth, as mentioned
trlier. Ecologists distinguish between the upper photic zone,
where there is sufficient light for photosynthesis, and the
ower aphotic zone, where little light penetrates. At the bot-
om of all aquatic biomes, the substrate is called the benthic
mne. Made up of sand and organic and inorganic sediments,
be benthic zone is occupied by communities of organisms
wllectively called the benthos. A major source of food for
many benthic species is dead organic matter called detritus,
fihich “rains” down from the productive surface waters of the
hotic zone. In the ocean, the part of the benthic zone that lies
ietween 2,000 and 6,000 m below the surface is known as the
iyssal zone.

Thermal energy from sunlight warms surface waters to
ihatever depth the sunlight penetrates, but the deeper wa-
ers remain quite cold. In the ocean and in most lakes, a nar-
ow layer of abrupt temperature change called a thermocline
gparates the more uniformly warm upper layer from more
miformly cold deeper waters. Lakes tend to be particu-
aly layered with respect to temperature, especially during
ummer and winter, but many temperate lakes undergo a
emiannual mixing of their waters as a result of chang-
Igtemperature profiles (Figure 52.17). This turnover, as
is called, brings oxygenated water from a lake’s surface
bthe bottom and nutrient-rich water from the bottom to
ie surface in both spring and autumn. These cyclic
hnges in the abiotic properties of lakes are essential for
e survival and growth of organisms at all levels within
ecosystem.

Inboth freshwater and marine environments, communi-
ksare distributed according to water depth, degree of light
etration, distance from shore, and whether they are
und in open water or near the bottom. Marine communi-
5,in particular, illustrate the limitations on species distribu-
in that result from these abiotic factors. Plankton and many
ih species occur in the relatively shallow photic zone (see
aure 52.16b). Because water absorbs light so well and the

Winter @ In winter, the coldest
water in the lake (0°C)
lies just below the

7 surface ice; water is
progressively warmer at
deeper levels of the

pa lake, typically 4°C at the
bottom.

Spring @ In spring, as the sun
melts the ice, the surface
water warms to 4°C and
sinks below the cooler
layers immediately below,
eliminating the thermal

q X stratification. Spring winds
mix the water to great
depth, bringing oxygen
to the bottom waters and
nutrients to the surface.

Summer ©) In summer, the lake
regains a distinctive
thermal profile, with
warm surface water
separated from cold
bottom water by a
narrow vertical zone of
abrupt temperature
change, called a
thermocline.

Thermocline

Autumn O In autumn, as surface
water cools rapidly, it
sinks below the
underlying layers,
remixing the water until
the surface begins to
freeze and the winter
temperature profile is
reestablished.

A Figure 52.17 Seasonal turnover in lakes with winter ice
cover. Because of the seasonal turnover shown here, lake waters are
well oxygenated at all depths in spring and autumn; in winter and
summer, when the lake is stratified by temperature, oxygen
concentrations are lower in deeper waters and higher near the surface
of the lake.

ocean is so deep, most of the ocean volume is virtually devoid
of light (the aphotic zone) and harbors relatively little life, ex-
cept for microorganisms and relatively sparse populations of
fishes and invertebrates. Similar factors limit species distribu-
tion in deep lakes as well.

Figure 52.18, on the next four pages, surveys the major
aquatic biomes.
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¥ Figure 52.18
Aquatic Biomes

Physical Environment  Standing bodies of water range from ponds a

few square meters in area to lakes covering thousands of square kilometers.

Light decreases with depth, creating stratification (see Figure 52.16a).

Temperate lakes may have a seasonal thermocline (see Figure 52.17); tropical

lowland lakes have a thermocline year-round.

An oligotrophic lake in Grand Teton A eutrophic lake in the Okavango
National Park, Wyoming Delta, Botswana

Physical Environment A wetland is a habitat that is inundated by
water at least some of the time and that supports plants adapted to
water-saturated soil. Some wetlands are inundated at all times,
whereas others flood infrequently.

Chemical Environment  Because of high organic production by plants
and decomposition by microbes and other organisms, both the water and
the soils are periodically low in dissolved oxygen. Wetlands have a high
capacity to filter dissolved nutrients and chemical pollutants.

Geologic Features  Basin wetlands develop in shallow basins, ranging
from upland depressions to filled-in lakes and ponds. Riverine wetlands
develop along shallow and periodically flooded banks of rivers and
streams. Fringe wetlands occur along the coasts of large lakes and seas,
where water flows back and forth because of rising lake levels or tidal
action. Thus, fringe wetlands include both freshwater and marine biomes.

Photosynthetic Organisms Wetlands are among the most
productive biomes on Earth. Their water-saturated soils favor the
growth of plants such as floating pond lilies and emergent cattails,
many sedges, tamarack, and black spruce, which have adaptations
enabling them to grow in water or in soil that is periodically anaerobic
owing to the presence of unaerated water. Woody plants dominate the

vegetation of swamps, while bogs are dominated by sphagnum mosses.

Heterotrophs Wetlands are home to a diverse community of
invertebrates, which in turn support a wide variety of birds. Herbivores,

1162 unIT EIGHT  Ecology

Chemical Environment The salinity, oxygen \E
concentration, and nutrient content differ greatly among ‘char:
lakes and can vary with season. Oligotrophic lakesare strea
nutrient-poor and generally oxygen-rich; eutrophic dow!
lakes are nutrient-rich and often depleted of oxygenin form
the deepest zone in summer and if ice covered in winteg beca
The amount of decomposable organic matter in bottom strat
sediments is low in oligotrophic lakes and high in

eutrophic lakes; high rates of decomposition in deeper
layers of eutrophic lakes cause periodic oxygen depletion:
Geologic Features  Oligotrophic lakes may become ‘may
more eutrophic over time as runoff adds sediments and beel
nutrients, They tend to have less surface area relative in r
their depth than eutrophic lakes have. tha

Photosynthetic Organisms Rooted and floating Gec

aquatic plants live in the littoral zone, the shallow, well= n
lighted waters close to shore. Farther from shore, whe sec|
water is too deep to support rooted aquatic plants, a
limnetic zone is inhabited by a variety of phytoplankton S fro;
and cyanobacteria. Ph

Heterotrophs In the limnetic zone, small drifting
heterotrophs, or zooplankton, graze on the phytoplanktoi roc
The benthic zone is inhabited by assorted invertebrates He
whose species composition depends partly on oxygen i
levels. Fishes live in all zones with sufficient oxygen.
Human Impact Runoff from fertilized land and ter

dumping of wastes lead to nutrient enrichment, which Ve
can produce algal blooms, oxygen depletion, and fish il

Okefenokee National Wetland Reserve in Georgia

from crustaceans and aquatic insect larvae to muskrats, consume
algae, detritus, and plants. Carnivores are also varied and may
include dragonflies, otters, alligators, and owls.

Human Impact Draining and filling have destroyed up to 90%!
wetlands, which help purify water and reduce peak flooding.



thysical Environment The most prominent physical
tharacteristic of streams and rivers is their current. Headwater
steams are generally cold, clear, turbulent, and swift. Farther
flownstream, where numerous tributaries may have joined,
lrming a river, the water is generally warmer and more turbid
fiecause of suspended sediment. Streams and rivers are

hiratified into vertical zones.

Human Impact  Municipal, agricultural, and industrial pollution
degrade water quality and kill aquatic organisms. Damming and
flood control impair the natural functioning of stream and river
ecosystems and threaten migratory species such as salmon.

ihemical Environment The salt and nutrient content of

fieams and rivers increases from the headwaters to the mouth.

ficadwaters are generally rich in oxygen. Downstream water

oy also contain substantial oxygen, except where there has
feen organic enrichment. A large fraction of the organic matter
tivers consists of dissolved or highly fragmented material

it is carried by the current from forested streams.

ieologic Features  Headwater stream channels are often

irow, have a rocky bottom, and alternate between shallow
kttions and deeper pools. The downstream stretches of rivers
itgenerally wide and meandering. River bottoms are often silty
im sediments deposited over long periods of time.

fiotosynthetic Organisms Headwater streams that flow
fiough grasslands or deserts may be rich in phytoplankton or
nted aquatic plants.

ferotrophs A great diversity of fishes and invertebrates
Biabit unpolluted rivers and streams, distributed according to,
llthroughout, the vertical zones. In streams flowing through
fiperate or tropical forests, organic matter from terrestrial
Zitation is the primary source of food for aquatic consumers.

A headwater stream in the Great The Mississippi River far from its
Smoky Mountains headwaters

Physical Environment An estuary is a transition area between
river and sea. Seawater flows up the estuary channel during a
rising tide and flows back down during the falling tide. Often,
higher-density seawater occupies the bottom of the channel and
mixes little with the lower-density river water at the surface.

Chemical Environment Salinity varies spatially within estuaries,
from nearly that of fresh water to that of seawater. Salinity also
varies with the rise and fall of the tides. Nutrients from the river
make estuaries, like wetlands, among the most productive biomes.

Geologic Features Estuarine flow patterns combined with the
sediments carried by river and tidal waters create a complex
network of tidal channels, islands, natural levees, and mudflats.
Photosynthetic Organisms  Saltmarsh grasses and algae,
including phytoplankton, are the major producers in estuaries.

Heterotrophs Estuaries support an abundance of worms,
oysters, crabs, and many fish species that humans consume. Many
marine invertebrates and fishes use estuaries as a breeding ground
or migrate through them to freshwater habitats upstream. Estuaries

are also crucial feeding areas for waterfowl and some marine
mammals,

Human Impact  Pollution from upstream, and also filling and
dredging, have disrupted estuaries worldwide.

fillary in a low coastal plain of Georgia Continued on next page
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¥ Figure 52.18 (continued) _
Aquatic Biomes

Rocky intertidal zone on the Oregon coast

Physical Environment An intertidal zone is periodically
submerged and exposed by the tides, twice daily on most marine
shores. Upper zones experience longer exposures to air and
greater variations in temperature and salinity. Changes in
physical conditions from the upper to the lower intertidal zones
limit the distributions of many organisms to particular strata, as
shown in the photograph.

Physical Environment The oceanic pelagic zone is a vast
realm of open blue water, constantly mixed by wind-driven
oceanic currents. Because of higher water clarity, the photic zone
extends to greater depths than in coastal marine waters.

Chemical Environment Oxygen levels are generally high.
Nutrient concentrations are generally lower than in coastal waters.
Because they are thermally stratified year-round, some tropical
areas of the oceanic pelagic zone have lower nutrient
concentrations than temperate oceans. Turnover
between fall and spring renews nutrients in the photic
zones of temperate and high-latitude ocean areas,

Geologic Features This biome covers approximately
70% of Earth’s surface and has an average depth of
nearly 4,000 m. The deepest point in the ocean is more
than 10,000 m beneath the surface.

Photosynthetic Organisms The dominant
photosynthetic organisms are phytoplankton,

| including photosynthetic bacteria, that drift with the
I oceanic currents. Spring turnover and renewal of
nutricnts in temperate oceans produces a surge of
phytoplankton growth. Because of the large extent
of this biome, photosynthetic plankton account for
about half of the photosynthetic activity on Earth.
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Open acean off the island of Hawaii

Chemical Environment  Oxygen and nutrient levelsaret
generally high and are renewed with each turn of the tides;

Geologic Features The substrates of intertidal ZOnes,
which are generally either rocky or sandy, select for
particular behavior and anatomy among intertidal
organisms. The configuration of bays or coastlines
influences the magnitude of tides and the relative exposue
of intertidal organisms to wave action.

Photosynthetic Organisms A high diversity and bin
of attached marine algae inhabit rocky intertidal zones,
especially in the lower zone, Sandy intertidal zones exposed
to vigorous wave action generally lack attached plants or
algae, while sandy intertidal zones in protected bays or
lagoons often support rich beds of sea grass and algae.

Heterotrophs  Many of the animals in rocky intertidal
environments have structural adaptations that enable themy
attach to the hard substrate. The composition, density, and
diversity of animals change markedly from the upper to the
lower intertidal zones, Many of the animals in sandy or mud
intertidal zones, such as worms, clams, and predatory
crustaceans, bury themselves and feed as the tides bring
sources of food. Other common animals are sponges, sea
anemones, echinoderms, and small fishes,

Human Impact  Oil pollution has disrupted many intertidal
areas.

Heterotrophs The most abundant heterotrophs in this biome
are zooplankton. These protists, worms, copepods, shrimp-like
krill, jellies, and the small larvae of invertebrates and fishes graze
on photosynthetic plankton. The oceanic pelagic zone also
includes free-swimming animals, such as large squids, fishes
turtles, and marine mammals.

Human Impact  Overfishing has depleted fish stocks inall
Earth’s oceans, which have also been polluted by waste dumping




Physical Environment Coral reefs are formed largely from
the calcium carbonate skeletons of corals. Shallow reef-building
twrals live in the photic zone of relatively stable tropical
marine environments with high water clarity, primarily on
slands and along the edge of some continents. They are
sensitive to temperatures below about 18-20°C and above
30°C. Deep-sea coral reefs, found between 200 and 1,500 m
deep, are less known than their shallow counterparts but
farbor as much diversity as many shallow reefs do.

themical Environment  Corals require high oxygen levels and
areexcluded by high inputs of fresh water and nutrients.

Geologic Features  Corals require a solid substrate for

aftachment. A typical coral reef begins as a fringing reef on a young,
high island, forming an offshore barrier reef later in the history of
eisland and becoming a coral atoll as the older island submerges.
Photosynthetic Organisms  Unicellular algae live within the
issues of the corals, forming a mutualistic relationship that
provides the corals with organic molecules. Diverse

bnulticellular red and green algae growing on the reef also
wntribute substantial amounts of photosynthesis.

feterotrophs  Corals, a diverse group of cnidarians (see

(hapter 33), are themselves the predominant animals on coral reefs.
fowever, fish and invertebrate diversity is exceptionally high.

Uverall animal diversity on coral reefs rivals that of tropical forests.

fysical Environment  The marine benthic zone consists of the
afloor below the surface waters of the coastal, or neritic, zone and
ieoffshore, pelagic zone (see Figure 52.16b). Except for shallow,
far-coastal areas, the marine benthic zone receives no sunlight.

liter temperature declines with depth, while pressure increases. As a
wult, organisms in the very deep benthic, or abyssal, zone are

ipted to continuous cold (about 3°C) and very high water pressure.

themical Environment  Except in some areas of organic
arichment, oxygen is present at sufficient concentrations to
upport a diversity of animals.

bieep-sea hydrothermal vent community

A coral reef in the Red Sea

Human Impact  Collecting of coral skeletons and overfishing
have reduced populations of corals and reef fishes. Global
warming and pollution may be contributing to large-scale coral
death. Development of coastal mangroves for aquaculture has
also reduced spawning grounds for many species of reef fishes.

Geologic Features  Soft sediments cover most of the benthic
zone. However, there are areas of rocky substrate on reefs,
submarine mountains, and new oceanic crust.

Autotrophs  Photosynthetic organisms, mainly seaweeds and
filamentous algae, are limited to shallow benthic areas with sufficient
light to support them. Unique assemblages of organisms, such as
those shown in the photo, are found near deep-sea hydrothermal
vents on mid-ocean ridges. In these dark, hot environments, the food
producers are chemoautotrophic prokaryotes (see Chapter 27) that
obtain energy by oxidizing H,S formed by a reaction of the hot water
with dissolved sulfate (SO,” 7).

Heterotrophs Neritic benthic communities include
numerous invertebrates and fishes. Beyond the photic
zone, most consumers depend entirely on organic
matter raining down from above. Among the animals of
the deep-sea hydrothermal vent communities are giant
tube worms (pictured at left), some more than 1 m long.
They are nourished by chemoautotrophic prokarvotes
that live as symbionts within their bodies. Many other
invertebrates, including arthropods and echinoderms,
are also abundant around the hydrothermal vents,

Human Impact  Overfishing has decimated important
benthic fish populations, such as the cod of the Grand
Banks off Newfoundland. Dumping of organic wastes has
created oxygen-deprived benthic areas.
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L CONCEPT CHECK BV X

The first two questions refer to Figure 52.18.

1. Many organisms living in estuaries experience fresh-
and saltwater conditions each day with the rising and
falling of tides. What challenge does this pose for the
physiology of the organisms?

2. Why are phytoplankton, and not benthic algae or
rooted aquatic plants, the dominant photosynthetic
organisms of the oceanic pelagic zone?

3. ICTISAGEE Water leaving a reservoir behind a dam
is often taken from deep layers of the reservoir.
Would you expect fish found in a river below a dam in
summer to be species that prefer colder or warmer
water than fish found in an undammed river? Explain.

For suggested answers, see Appendix A.

52.4

The structure and distribution of
terrestrial biomes are controlled
by climate and disturbance

All the abiotic factors discussed in this chapter, but especially
climate, are important in determining why a particular terres-
trial biome is found in a certain area. Because there are latitu-
dinal patterns of climate over Earth's surface (see Figure 52.10),
there are also latitudinal patterns of biome distribution
(Figure 52.19). These biome patterns in turn are modified by
disturbance, an event (such as a storm, fire, or human activ-

ity) that changes a community, removing organisms from it
and altering resource availability. Frequent fires, for instaned
can kill woody plants and keep a savanna from becoming#he
woodland that climate alone would otherwise support.

Climate and Terrestrial Biomes

We can see the great impact of climate on the distributionof
organisms by constructing a climograph, a plot of the tem
perature and precipitation in a particular region. Figure 5220
is a climograph of annual mean temperature and precipitation
for some of the biomes found in North America. Notice thal
the range of precipitation in northern coniferous forests §
similar to that in temperate forests, but the temperatif
ranges are different. Grasslands are generally drier than eihes
kind of forest, and deserts are drier still.

Factors other than mean temperature and precipitation
also play a role in determining where biomes exist. For exaii
ple, certain areas in North America with a particular combi
nation of temperature and precipitation support a temperaie
broadleaf forest, but other areas with similar values for these.
variables support a coniferous forest. How do we explain thi
variation? First, remember that the climograph is based onan:
nual averages. Often, however, the pattern of climatic vari
tion is as important as the average climate. Some areas
receive regular precipitation throughout the year, wheres
other areas with the same annual precipitation have disting
wet and dry seasons. A similar phenomenon may oceur witl
respect to temperature. Other environmental characteristics,
such as the type of bedrock in an area, may greatly affect mif# |]
eral nutrient availability and soil structure, which in turn affee
the kind of vegetation that can grow.

Tropic of
Cancer

Equator

Tropic of
Capricorn

Trapical forest
Savanna
Desert

Chaparral

Ternperate grassaig

Temperate broadissh
forest

Northern coniferol

forest
Tundra

i High mountains

[ Polarice

A Figure 52.19 The distribution of major terrestrial biomes. Although biomes are mapped
here with sharp boundaries, biomes actually grade into one another, sometimes over large areas.
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Figure 52.20 A climograph for some major types of
iomes in North America. The areas plotted here encompass the
ange of annual mean temperature and precipitation in the biomes.

eneral Features of Terrestrial Biomes
d the Role of Disturbance

ost terrestrial biomes are named for major physical or cli-
atic features and for their predominant vegetation. Temper-
e grasslands, for instance, are generally found in middle
titudes, where the climate is more moderate than in the
opics or polar regions, and are dominated by various grass
pecies (see Figure 52.19). Each biome is also characterized by
icroorganisms, fungi, and animals adapted to that particu-
environment. For example, temperate grasslands are more
lkely than forests to be populated by large grazing mammals.
Although Figure 52.19 shows distinct boundaries between
¢ biomes, in actuality, terrestrial biomes usually grade into
uch other without sharp boundaries. The area of intergrada-
ion, called an ecotone, may be wide or narrow.
Vertical layering is an important feature of terrestrial biomes,
dthe shapes and sizes of plants largely define that layering, In
any forests, for example, the layers from top to bottom consist
ithe upper canopy, the low-tree layer, the shrub understory,
e ground layer of herbaceous plants, the forest floor (litter
yer), and the root layer. Nonforest biomes have similar, though
ally less pronounced, layers. Grasslands have an herbaceous
yer of grasses and forbs (small broadleaf plants), a litter layer,
and a root layer. Layering of vegetation provides many different
fwbitats for animals, which often occupy well-defined feeding
woups, from the insectivorous birds and bats that feed above
anopies to the small mammals, numerous worms, and arthro-
wds that search for food in the litter and root layers.
The species composition of each kind of biome varies from
elocation to another. For instance, in the northern conifer-

ous forest (taiga) of North America, red spruce is common in
the east but does not occur in most other areas, where black
spruce and white spruce are abundant. In an example of con-
vergent evolution (see Figure 26.7), cacti living in North Amer-
ican deserts appear very similar to plants called euphorbs
found in African deserts, although cacti and euphorbs belong
to different evolutionary lineages.

Biomes are dynamic, and disturbance rather than stabil-
ity tends to be the rule. For example, hurricanes create
openings for new species in tropical and temperate forests,
In northern coniferous forests, gaps are produced when old
trees die and fall over or when snowfall breaks branches.
These gaps allow deciduous species, such as aspen and
birch, to grow. As a result, biomes usually exhibit extensive
patchiness, with several different communities represented
in any particular area.

[n many biomes, the dominant plants depend on periodic
disturbance. For example, natural wildfires are an integral
component of grasslands, savannas, chaparral, and many
coniferous forests. However, fires are no longer common
across much of the Great Plains because tallgrass prairie
ecosystems have been converted to agricultural fields that
rarely burn. Before agricultural and urban development,
much of the southeastern United States was dominated by a
single conifer species, the longleaf pine. Without periodic
burning, broadleaf trees tended to replace the pines. Forest
managers now use fire as a tool to help maintain many
coniferous forests.

Figure 52.21, on the next four pages, summarizes the ma-
jor features of terrestrial biomes. As you read about the char-
acteristics of each biome, remember that humans have altered
much of Earth's surface, replacing original biomes with urban
and agricultural ones. Most of the eastern United States, for
example, is classified as temperate broadleaf forest, but little of
that original forest remains.

Throughout this chapter, you have seen how the distribu-
tions of organisms and hiomes depend on both abiotic and bi-
otic factors. In the next chapter, we will begin to work our way
down the hierarchy outlined in Figure 52.2, focusing on how
abiotic and biotic factors influence the ecology of populations.

CONCEPT CHECK 52.4

1. Based on the climograph in Figure 52.20, what mainly
differentiates dry tundra and deserts?

2. Identify the natural biome in which you live and sum-

marize its abiotic and biotic characteristics. Do these

reflect your actual surroundings? Explain.

[#M If global warming increases average
temperatures on Earth by 4°C in this century, predict
which biome is most likely to replace tundra in some

locations as a result. Explain your answer.

For suggested answers, see Appendix A.
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¥ Figure 52.21

A tropical rain forest in Borneo
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A desert in the southwvestern United States

Distribution Equatorial and
subequatorial regions.

Precipitation In tropical rain
forests, rainfall is relatively con-
stant, about 200—400 cm annu-
ally. In tropical dry forests,
precipitation is highly seasonal,
about 150-200 ¢cm annually, with
a six- to seven-month dry season.

Temperature Air tempera-
tures are high year-round, aver-
aging 25-29°C with little
seasonal variation.

Plants Tropical forests are ver-
tically layered, and competition
for light is intense. Layers in rain
forests include emergent trees
that grow above a closed canopy,
the canopy trees, one or two lay-
ers of subcanopy trees, and
shrub and herb layers. There are
generally fewer layers in tropical
dry forests. Broadleaf evergreen
trees are dominant in tropical
rain forests, whereas tropical dry
forest trees drop their leaves dur-
ing the dry season. Epiphytes

Distribution Deserts occur in
bands near 30" north and south
latitude or at other latitudes in
the interior of continents (for in-
stance, the Gobi Desert of north
central Asia).

Precipitation Precipitation is
low and highly variable, generally
less than 30 cm per year.

Temperature Temperature is
variable seasonally and daily.
Maximum air temperature in hot
deserts may exceed 50°C; in cold
deserts air temperature may fall
below —30°C.

Plants Desert landscapes are
dominated by low, widely scattered
vegetation; the proportion of bare
ground is high compared with other
terrestrial biomes. The plants in-
clude succulents such as cacti,
deeply rooted shrubs, and herbs
that grow during the infrequent
moist periods. Desert plant adapta-
tions include heat and desiccation

such as bromeliads and orchids
generally cover tropical forest
trees but are less abundant indry
forests. Thorny shrubs and sue
culent plants are common in
some tropical dry forests.

w

il s ety SO

Animals Earth's tropical
forests are home to millions of
species, including an estimated:
5-30 million still undescribed
species of insects, spiders, and
other arthropods. In fact, ani-
mal diversity is higher in tropi
cal forests than in any other
terrestrial biome. The animals,
including amphibians, birdsand
other reptiles, mammals, and
arthropods, are adapted to the
vertically layered environment:
and are often inconspicuous.

Human Impact Humans long
ago established thriving com-
munities in tropical forests,
Rapid population growth leads
ing to agriculture and develop:
ment is now destroying some
tropical forests.

tolerance, water storage, and re-
duced leaf surface area. Physical dé
fenses, such as spines, and che
defenses, such as toxins in thel
of shrubs, are common, Many of e
plants exhibit C, or CAM photo-
synthesis (see Chapter 10).

Animals Common desertani
mals include many kinds of
snakes and lizards, scorpions,
ants, beetles, migratory and resi
dent birds, and seed-eating
rodents. Many species are
nocturnal. Water conservation
a common adaptation, with some
species surviving on water from*
metabolic breakdown of carho-
hydrates in seeds.

Human Impact Long-distancé
transport of water and deep
groundwater wells have allowed
humans to maintain substantial
populations in deserts. Conversio
to irrigated agriculture and urbans
ization have reduced the natural
biodiversity of some deserts.




Distribution Equatorial and
subequatorial regions.

Precipitation Rainfall, which
isseasonal, averages 30-50 cm
per year. The dry season can last
1p to eight or nine months.

Temperature The savanna is
warm year-round, averaging
14-29°C, but with somewhat
more seasonal variation than in
fropical forests.

Plants The scattered trees
found at different densities in the
savanna often are thorny and

have small leaves, an apparent
Ldaptation to the relatively dry
wnditions. Fires are common in
the dry season, and the dominant
plnt species are fire-adapted and
plerant of seasonal drought.
Grasses and forbs, which make

ip most of the ground cover,

Distribution This biome oc-
s in midlatitude coastal re-
gions on several continents, and
lismany names reflect its far-
luing distribution: chaparral in
North America, rmatorral in
snain and Chile, garigue and
magiiis in southern France, and
nbos in South Africa.

Precipitation Precipitation is
lighly seasonal, with rainy winters

idlong, dry summers. Annual
jrecipitation generally falls within
e range of 30—50 cm.

emperature Fall, winter, and

ring are cool, with average
Emperatures in the range of
(-12°C. Average summer tem-
rature can reach 30°C, and
jtime maximum temperature
nexceed 40°C.

ants  Chaparral is dominated
wshrubs and small trees, along
with a many kinds of grasses and
ths. Plant diversity is high, with
iy species confined to a specific,

grow rapidly in response to sea-
sonal rains and are tolerant of
grazing by large mammals and
other herbivores.

Animals Large plant-ealing
mammals, such as wildebeests

and bison, and predators, includ-

ing lions and hyenas, are com-
mon inhabitants. However, the
dominant herbivores are actually
insects, especially termites. Dur-
ing seasonal droughts, grazing
mammals often migrate to parts
of the savanna with more forage
and scattered watering holes.
Human Impact There is evi-
dence that the earliest humans
lived in savannas. Fires set by hu-
mans may help maintain this
biome. Cattle ranching and over-
hunting have led to declines in
large-mammal populations.

relatively small geographic area.
Adaptations to drought include the
tough evergreen leaves of woody
plants, which reduce water loss.
Adaptations to fire are also promi-
nent. Some of the shrubs produce
seeds that will germinate only after
a hot fire; food reserves stored in
their fire-resistant roots enable
them to resprout quickly and use
nutrients released by the fire.

Animals Native mammals in-
clude browsers, such as deer and
goats, that feed on twigs and
buds of woody vegetation, and a
high diversity of small mammals.
Chaparral areas also support
many species of amphibians,
birds and other reptiles, and
insects.

Human Impact Chaparral
arcas have been heavily settled
and reduced through conversion
to agriculture and urbanization.
Humans contribute to the fires
that sweep across the chaparral.

CHAPTER FIFTY-TWO

A savanna in Kenya

Continued on next page

An Introduction to Ecology and the Biosphere 1169




¥ Figure 52.21 (continued)

" Terrestrial Biomes

Distribution The veldts of
South Africa, the puszta of Hun-
gary, the pampas of Argentina
and Uruguay, the steppes of Rus-
sia, and the plains and prairies of
central North America are all
temperate grasslands.

Precipitation Precipitation is
often highly seasonal, with rela-
tively dry winters and wet sum-
mers. Annual precipitation
generally averages between 30
and 100 em. Periodic drought is
common.

Sheyenne National Grassland in
North Dakota

Temperature Winters are gen-
erally cold, with average tempera-
tures frequently falling well below
—10°C. Summers, with average
temperatures often approaching
30°C, are hot.

Plants The dominant plants
are grasses and forbs, which vary
in height from a few centimeters
to 2 m in tallgrass prairie. Many

Distribution Extendingina
broad band across northern
North America and Eurasia to
the edge of the arctic tundra, the
northern coniferous forest, or
taiga, is the largest terrestrial
biome on Earth.

Precipitation Annual precipi-
tation generally ranges from 30
to 70 ¢cm, and periodic droughts
are common. However, some
Rocky Mountain National Park coastal coniferous forests of the

inColorado U S, Pacific Northwest are tem-
perate rain forests that may re-
ceive over 300 cm of annual
precipitation.

Temperature Winters are usu-
ally cold and long; summers may

be hot. Some areas of coniferous

forest in Siberia typically range in
temperature from —50°C in win-

ter to over 20°C in summer.

Plants Cone-bearing trees, such
as pine, spruce, fir, and hemlock,

1170 UNIT EIGHT  Ecology

have adaptations that help then Dist
survive periodic, protracted mid]
droughts and fire: For example,

grasses can sprout quickly follo in N

ing fire. Grazing by large mam-
mals helps prevent establishment
of woody shrubs and trees.

Pre:
aver
Cim
Animals Native mammals i fall
clude large grazers such as bison® SuIT
and wild horses. Temperate win
grasslands are also inhabited by
wide variety of burrowing man Ter
mals, such as prairie dogs in
North America. Sur

! B2
Human Impact Deep, fertilé hu

soils make temperate grasslands
ideal places for agriculture, espe z
cially for growing grains. Asa bre

consequence, most grasslandin

North America and much of B (cal
Eurasia has been converted to

tarmland. In some drier grass- an
lands, cattle and other grazers fe
have helped change parts of the :

biome into desert. sp

dominate northern coniferous
forests. The conical shape of mang
conifers prevents too much snow
from accumulating and breaking
their branches. The diversityof
plants in the shrub and herb layes
of these forests is lower thanin
temperate broadleaf forests.

e T - |

Animals While many migra=
tory birds nest in northern conif
erous forests, other species residé
there year-round. The mammals
of this biome, which include
moose, brown bears, and Sibeian
tigers, are diverse. Periodic outs
breaks of insects that feed on the:
dominant trees can kill vast trag
of trees.

Human Impact Althoughtheg
have not been heavily settled by

human populations, northern
coniferous forests are beinglogg
at an alarming rate, and the olds
growth stands of these trees may
soon disappear.
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Distribution Found mainly at
midlatitudes in the Northern
Hemisphere, with smaller areas
inNew Zealand and Australia.

Precipitation Precipitation can
average from about 70 to over 200
tm annually. Significant amounts
fall during all seasons, including
summer rain and, in some forests,
winter snow.

lemperature Winter temper-
atures average around 0°C.
Summers, with maximum tem-
peratures near 35°C, are hot and
humid.

Plants A mature temperate
broadleaf forest has distinct ver-
tical layers, including a closed
@nopy, one or two strata of un-
ferstory trees, a shrub layer, and
an herbaceous stratum. There are
few epiphytes. The dominant
plants in the Northern Hemi-
sphere are deciduous trees,

Distribution  Tundra covers
mpansive areas of the Arctic,
imounting to 20% of Earth’s land
surface. High winds and low tem-
peratures create similar plant
wmmunities, called alpine tun-
ira, on very high mountaintops
itall latitudes, including the
tropics.

Precipitation Precipitation av-
grages from 20 to 60 em annually
arctic tundra but may exceed

100 cm in alpine tundra.

mperature Winters are

ng and cold, with averages in
sme areas below —30°C. Sum-
mers are short with low tempera-
fires, generally averaging less
ihan 10°C.

which drop their leaves before
winter, when low temperatures
would reduce photosynthesis and
malke water uptake from frozen
soil difficult. Tn Australia, ever-
green eucalyptus dominate these
forests.

Animals In the Northern
Hemisphere, many mammals hi-
bernate in winter, while many
bird species migrate to warmer ; '

climates. The mammals, birds, Great Smoky Mountains
and insects make use of all verti- National Park in North Carolina
cal layers of the forest.

Human Impact Temperate
broadleaf forest has been heavily
settled on all continents. Logging
and land clearing for agriculture
and urban development de-
stroyed virtually all the original
deciduous forests in North
America. However, owing to
their capacity for recovery, these
forests are returning over much
of their former range.

Plants The vegetation of tundra
is mostly herbaceous, consisting of
a mixture of mosses, grasses, and T
forbs, along with some dwarf B
shrubs and trees and lichens. A
permanently frozen layer of soil
called permafrost restricts the

growth of plant roots.

Animals Large grazing musk
oxen are resident, while caribou
and reindeer are migratory.
Predators include bears, wolves,
and foxes. Many bird species mi-
grate to the tundra for summer R e
nesting. Denah National Park, Alaska, pos

in autumn -

Human Impact Tundrais

sparsely settled but has become the
focus of significant mineral and oil
extraction in recent years. —h
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MB | MEDIA  FeliReRG Study Area at www.masteringbio.com for BioFlix
3-D Animations, MP3 Tutors, Videos, Practice Tests, an eBook, and more.

SUMMARY OF KEY CONCEPTS

[ _concerT WA

Ecology integrates all areas of biological research and
informs environmental decision making (pp. 1148-1151)

» Linking Ecology and Evolutionary Biology Events that oc-
cur in ecological time affect life in evolutionary time.

» Ecology and Environmental Issues Fcologists distinguish
between the science of ecology and environmental advocacy,
Ecology provides a scientific basis for solving environmental
problems, but policymakers must also balance social, eco-
nomic, and political factors in reaching their decisions.

Activity Science, Technology, and Society; DDT

| _concertr YD)

Interactions between organisms and the environment
limit the distribution of species (pp. 1151-1159)

Why is species X absent from an
Yes

Does dispersal limit its distribution? —_—

Nol

area?

Area inaccessible or
insufficient time

Does behavior limit its distribution? ~—————3 Habitat selection
Nr_li
Do biotic factors (other species) Yes Predation, ps
f —
limit its distribution? competition,
\Jul Chemical
P
actors » Water, oxygen, salinity, pH,
soil nutrients, ete
Do abiotic factors limit its distribution? —
Temperature, light, soil
Physical structure, fire, moisture, etc
factors

» Climate Global climate patterns are largely determined by
the input of solar energy and Earth’s revolution around the
sun. Bodies of water, mountains, and the changing angle of
the sun over the year exert regional, local, and seasonal effects
on climate. Fine-scale differences in abiotic factors determine
microclimates.

Activity Adaptations to Biotic and Abiotic Factors

Investigation How Do Abiotic Factors Affect Distribution of Organisms?

1172 uUNIT EIGHT  Ecology

[ concert LN

Aquatic biomes are diverse and dynamic systems tha
cover most of Earth (pp. 1159-1166)

» Stratification of Aquatic Biomes Aquatic biomes account
for the largest part of the biosphere in terms of area and are
generally stratified (layered) with regard to light penetration,
temperature, and community structure. Marine biomes hayea
higher salt concentration than freshwater biomes.

Activity Aquatic Biomes

[ concerr oyl

The structure and distribution of terrestrial biomes ar¢
controlled by climate and disturbance (pp. 11661171}

P Climate and Terrestrial Biomes Climographs show that
temperature and precipitation are correlated with biomes, b
because biomes overlap, other abiotic factors play a rolein
biome location.

» General Features of Terrestrial Biomes and the Role of
Disturbance Terrestrial biomes are often named for major
physical or climatic factors and for their predominant vegeta-
tion. Vertical layering is an important feature of terrestrial
biomes. Disturbance, both natural and human induced, infli
ences the type of vegetation found in biomes.

Activity Terrestrial Biomes

TESTING YOUR KNOWLEDGE

SELF-QUIZ

—

. Which of the following areas of study focuses on the exchang®
of energy, organisms, and materials between ecosystems?
a. population ecology
b. organismal ecology
c. landscape ecology

WIEN If Earth’s axis of rotation suddenly became pei
pendicular to the plane of its orbit, the most predictable effect’
would be

d. ecosystem ecology

€. comm Lll1it‘}’ CCOIOgY

a. no more night and day.

. a big change in the length of the year.

. a cooling of the equator.

. aloss of seasonal variation at high latitudes.
. the elimination of ocean currents.

c Ao o

3. When climbing a mountain, we can observe transitions in bio=
logical communities that are analogous to the changes
a. in biomes at different latitudes.
b. at different depths in the ocean.
¢. in a community through different seasons.
d. in an ecosystem as it evolves over time.
e. across the United States from east to west.



4. The oceans affect the biosphere in all of the following ways

excepl

a. producing a substantial amount of the biosphere’s oxygen.

b. removing carbon dioxide from the atmosphere,

¢. moderating the climate of terrestrial biomes.

d. regulating the pH of freshwater biomes and terrestrial
groundwater.

e. being the source of most of Earth’s rainfall.

5. Which lake zone would be absent in a very shallow lake?
a. benthic zone d. littoral zone
b. aphotic zone e. limnetic zone

c. pelagic zone

6. Which of the following is true with respect to oligotrophic

lakes and eutrophic lakes?

a. Oligotrophic lakes are more subject to oxygen depletion.

b. Rates of photosynthesis are lower in eutrophic lakes.

c. Eutrophic lake water contains lower concentrations of
nutrients.

d. Eutrophic lakes are richer in nutrients.

e. Sediments in oligotrophic lakes contain larger amounts of
decomposable organic matter.

7. Which of the following is characteristic of most terrestrial

biomes?

a. annual average rainfall in excess of 250 cm

b. a distribution predicted almost entirely by rock and soil
patterns

. clear boundaries between adjacent biomes

(= P

. vegetation demonstrating stratification
. cold winter months

o

8. Which of the following biomes is correctly paired with the de-

scription of its climate?

a. savanna—low temperature, precipitation uniform during
the year

b. tundra—long summers, mild winters

c. temperate broadleaf forest—relatively short growing
season, mild winters

d. temperate grasslands—relatively warm winters, most
rainfall in summer

e. tropical forests—nearly constant day length and
temperature

J. Suppose that the number of bird species is determined mainly
by the number of vertical strata found in the environment. If
so, in which of the following biomes would you find the great-
est number of bird species?
a. tropical rain forest d. temperate broadleaf forest

b. savanna

c. desert

e. temperate grassland

10, After reading the experiment of W. J. Fletcher de-
scribed in Figure 52.8, you decide to study feeding relationships
among sea otters, sea urchins, and kelp on your own. You know
that sea otters prey on sea urchins and that urchins eat kelp. At
four coastal sites, you measure kelp abundance, Then you

spend one day at each site and mark whether otters are present
orabsent every 5 minutes during daylight hours. Make a graph

that shows how otter density depends on kelp abundance,
using the data shown below. Then formulate a hypothesis to
explain the pattern vou observed.

Kelp Abundance Otter Density

Site (% cover) (# sightings per day)
1 75 98
2 15 18
3 60 85
4 25 36

For Self-Quiz answers, see Appendix A.

T isit the Study Area at www.masteringbio.com for a
Practice Test.

EVOLUTION CONNECTION

11. Discuss how the concept of time applies to ecological situations
and evolutionary changes. Do ecological time and evolutionary
time ever overlap? If so, what are some examples?

SCIENTIFIC INQUIRY

12. Jens Clausen and colleagues, at the Carnegie Institution of Wash-
ington, studied how the size of yarrow plants (Achillea lanulosa)
growing on the slopes of the Sierra Nevada varied with elevation.
They found that plants from low elevations were generally taller
than plants from high elevations, as shown below:

— 100+
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~ 2,000+
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Seed collection sites

Source: J. Clausen et al., Experimental studies on the nature of species. Ill
Environmental responses of climatic races of Achillea, Carnegie
Institution of Washington Publication No. 581 (1948).

Clausen and colleagues proposed two hypotheses to explain this
variation within a species: (1) There are genetic differences be-
tween populations of plants found at different elevations. (2)
The species has developmental flexibility and can assume tall or
short growth forms, depending on local abiotic factors. If you
had seeds from yarrow plants found at low and high clevations,
what experiments would you perform to test these hypotheses?
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