


Bssential Guestions

@ What are the characteristics of
populations and how they are
distributed?

@ What are the differences between
density-independent and density-
dependent limiting factors?

@& What are the similarities between the
different models used to quantify the
growth of a population?

@ How does carrying capacity affect
reproductive rates?

Review Yocabulary

population: the members of a single
species that share the same geographic
location at the same time

Mew Vocabulary

populaticn density
dispersion
density-independent factor
density-dependent factor
population growth rate
emigration

immigration

carrying capacity

Multilingus! eGlossary

Eigure 4 The population density of the cattle

egrets is greater near the Cape buffalo.

Sungest the type of dispersion you would

expect these birds to have,
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disiributﬁam and growth rafe.

Razi-orke Reading Link Have you ever observed a beehive or an ant farm?

The population had certain characteristics that could be used to describe it
Ecologists study population characteristics that are used to describe il pepulations
of organisms.

opulation Characteristics

All species occur in groups called populations. There are certain
characteristics that all populations have, such as population density,
spatial distribution, and growth rate. These characteristics are used
to classify all populations of organisms, including bacteria, animals,
and plants.

Population density One characteristic of a population is its
population density, which is the number of organisms per unit
area. For example, the population density of cattle egrets, shown
with the Cape huffalo in Figure 1, is greater near the buffalo than
farther away. Near the Cape buffalo, there might be three birds per
square meter. Fifty meters from the Cape buffalo, the density of
birds might be zero.

Spatial distributios: Another characteristic of a population is called
dispersion—the pattern of spacing of a population within an area.
Eigure 2 shows the three main types of dispersion—uniform, claumped
groups, and random. Black bears are typically dispersed in

a uniform arrangement. American bison are dispersed in clumped
groups or herds. White-tailed deer are dispersed randomly with unpre-
dictable spacing. One of the primary factors in the partern of disper-
sion for ail organisms is the availability of resources such as food.

Baverly Joubert/National Geagraphic/Gatty Images



Figure 2

Population density describes how many individual erganisms live in a given area. Disparsion describes how the
individuals are spaced within that area. Population range describes a species’ distribution.

Black Bear

Bispersion: American black
hear males usually are dis-
persed uniformiy within
territorles as large as several
hundrad square kilometers.
Females have smalier lerritories
that overlap those of mates.

Density: cne bear per
several hundred square
kilometers

American Bison

Dispersion: American bisen
are found in ctumped groups
caled herds.

Density: four bison/km? in
Northern Yellowstone in 2000

White-tatied Deer

Dispersion: White-tailed deer
are dispersed rancomly

Density: 10 deei/km? in some areas
of the northeastern United States

throughout eppropriate habitats.

Black Bear Distribution {in purple)

Uniform
dispersion

Bison Distribution (historic range
prier to 1865 in orange}
&

Clumped
dispersion

Random
dispersion




Dvstribution

Science usage: the area where
something is located or where a
species lives and reproduces

The white-tailed deer has a wide
distribution that covers much of the
United Siaies.

Common usage: the handing out
or delivery of items to a number of
people The distribution of report
cards to students occurred today.

= Pigeare 3 The Hawaiian honeycreeper lives

onfy on some of the Hawalian islands. The
peregrine falcon is found worldwide.

Hawaillan honeyecreepear
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Fapulation rarges No population, not even the human population,
occupies all habirats in the biosphere. Some species, such as the Hawai-
ian honeycreeper shown in Figuere 3, have a very limited population
range, or distribution. This songbird is found only on some of the islands
of Hawail. Other species, suci as the peregrine falcon shown in Figure 2,
have a vast distribution. Peregrine falcons are found on all continents
except Antarctica. Note the distribution of the animals in Figere 2.

You might have learned that organisms adapt to the biotic and
abiotic factors in their environment. A species might not be able 10
expand its population range because it cannot survive the abiotic
conditions found in the expanded region. A change in temperature
range, humidity level, annual rainfall, or sunlight might make a
new geographic area uninhabitable for the species. In addition,
biotic factors, such as predators, competitors, and parasites, present
threats that might make the new location difficult for survival.

Heading Check Describe two reasons why a species might not be able to
expand its range.

opulation-Limiting Factors

Limiting factors are biotic or abiotic factors that keep a population
from continuing to increase indefinitely. Decreasing a limiting factor,
such as the available food supply, often changes the number of indi-
viduals that are able to survive in a given area. In other words, if the
food supply increases a larger population might result, and if the
food supply decreases a smaller popularion mighr result.

Density-independent factors There are two categories of limiting
factors—density-independent factors and density-dependert factors. Any
factor in the environment that does not depend on the number of
members in a population per unit area is a density-independent
factor. These factors usually are abiotic and include natural phenomena
such as weather events. Weather events that limit populations include
droughr or flooding, extreme heat or cold, tornadoes, and hurricanes.

Peregrine falcon

{iMichael Ord/Photo Researchers; (rjirco Images/Delpha, K./Alamy
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Crown fire damage Managed ground fire damage

Figure 4 shows an example of the effects that fire can have on a
population. Fire has damaged this ponderosa pine forest community.
Sometimes the extreme heat from a crown fire, which is a fire that
advances to the tops of the trees, can destroy many mature ponderosa
pine trees—a dominant species in forests of the western United States.
Tn this example, the fire limits the population of ponderosa trees by
killing many of the trees. However, smaller but more frequent ground
fires have the opposite effect on the population. By thinning lower
growing plants that use up nutrients, 2 healthier population of mature
ponderosa pines is produced.

Populations can be limited by the unintended results of human
alterations of the landscape. For example, over the last 100 years,
human activities on the Colorado River, such as building dams, water
diversions, and water barriers, have significantly reduced the amount of
water flow and changed the water temperature of the river. In addition,
the introduction of nonnative fish species altered the biotic factors in
the river, Because of the changes in the river, the number of small fish
called humpback chub was reduced. During the 1960s, the number of
humpback chub dropped so low that they were in danger of disappear-
ing from the Colorado River altogether.

Air, land, and water pollution are the resuit of human activiiies that
also can limit populations. Pollution reduces the available resources by
meking some of the resources toxic.

Density-dependent factors Any factor in the environment that
depends on the number of members in a population per unitareaisa
density-dependent factor. Density-dependent factors are often biotic
factors such as predation, disease, parasites, and competition. A study of
density-dependent factors was done on the wolf-moose populations in
northern Michigan on Isle Royale, located in Lake Superior.

Figure 4 A cown fire is a density-
independent factor that can limit population
growth. However, small ground fires can
promote growth of pines in a pine forest
community.

Explain why these two situations
involving fire have different results on
the pine tree populations.

f J—

Popuiation Biologlst A popula-
tion bioiogist studies the characteris-
tics of populations, such as growth,
I size, distribution, or genetics. They use
\ their findings to predict the future of
\J populations and determine what can
| be done to lessen the negative L
irmpacts.
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Eigeire B The long-term study of the wolf
and moose populations on Isle Royale shows the
relationship between the number
of predators and prey over fime.
infer what might hove coused the
incregse it the number of moose
in 1955,

Incorperate information
from this section into
your Foldable.

WVirtual Lab

- Figure & Lemmings are mammals that
produce offspring in large numbers when food is
plentiful. When the food supply diminishes,
lemmings starve and many die.
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Mumber of Waolves
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Prior to the winter of 1947-48, apparently there were no wolves on
Isle Royale. During thatr winter, a single pair of wolves crossed the ice
on Lake Superior, reaching the island. During the next ten vears, the
population of wolves reached about twenty individuzls. Figure 8 shows
some of the results from the long-term study conducted by population
biologists. Notice that the rise and fall of the numbers of each group
was dependent on the other group. For example, follow the wolves’
line on the graph. As the number of welves decreased, the number of
moose increased.

Disease Another density-dependent factor is disease. Outbreaks of dis-
ease tend to occur when population size has increased and population
density is high. When population density is high, disease is transmitted
easily from one individual to another because contact between individu-
als is more frequent. Therefore, the disease spreads easily and quickly
through a population. This is just as true for human popularions as it is
for populations of protists, plarits, and other species of animals,

Competition Competition between organisms also increases when
density increases. When the population increases to a size so that
resources such as food or space become limited, individuals in the
population must compete for the available resources. Competition can
occur within a species or between two different species that use the
same resources. Compertition for insufficient resources might result in
a decrease in population density in an area due to starvation or to
individuals leaving the area in search of additional resources. As the
population size decreases, competition becomes less severe.

The lemmings shown in Figure 6 are an example of a population
thar often undergoes competition for resources. Lemmings are small
mammals that live in the tundra biome. When food is plentiful, their
population increases exponentially. As food becomes limited, many lem-
mings begin to starve and thelr population size decreases significantly.

Parasites Populations alsc can be limited by parasites, in a way
similar to disease, as population density increases. The presence of
parasites is a density-dependent factor that can negatively affect
population growth at higher densities.

Jim Cartier/Phote Researchers



Populstion grewih rate An important characreristic of
any popularion is its growth rate. The population growth
rate (PGR) explains how fast a given population grows. One of
the characteristics of the population ecologists must know, or at
least estimare, is natality. The natality of a population is the
birthrate, or the number of individuals born in a given time
period. Ecologists also must know the mortality-the number of
deaths thar occur in the population during a given time period.
The number of individuals emigrating or immigrating also is
important. Emigration {em uh GRAY shun) is the term ecolo-
gists use to describe the number of individuals moving away
from a population. bmmigration (ih muh GRAY shun) is the
rerm ecologists use to describe the number of individuals mov-
ing into a population. n most instances, emigration is about
equal to immigration. Therefore, natality and mortality usually
are most important in determining the population growth rate.
Some popularions tend to remain approximately the same
size from year to year. Other populations vary in size depend-
ing on conditions within their habitats. To better understand
why populations grow in different ways, you should under-
stand two mathematical models for population growth-the
exponential growth model and the logistic growth model.

Exponential grewth model Look at Figure 7 10 see how a pop-
ulation of mice would grow if there were no limits placed on
it by the environment. Assume that two adult mice breed
and produce a litter of young. Also assume the two offspring
are able to reproduce in one month. If all of the offspring sur-
vive 1o breed, the population grows slowly at first. This slow
growth period is defined as the lag phase. The rate of popula-
rion growth soon begins to increase rapidly because the total
number of organisms that are able to reproduce has
increased. After only two years, the experimental mouse pop-
ulation would reach more than three million mice.

Notice in Figure 7 that ornce the

mice begin to reproduce rapidly, the graph becomes J-shaped.
A [-shaped growth curve illustrates exponential growth.
Exponential growth, also called geometric growth, occurs
when the growth rate is proportional to the size of the popu-
latior. All populations grow exponentiaily until sorme limit-
ing factor slows the population’s growth. It is important to
recognize that even in the lag phase, the use of available
resources is exponential. Because of this, the resources soon
become limited and population growth slows.

Logistic growih medel Many populations grow like the model
shown in Eigure # rather than the model shown in Figure 7.
Naotice that the graphs look exactly the same through some of the
time period. However, the seconc graph curves into an S-shape.
An S-shaped curve is typical of logistic growth. Logistic growth
occurs when the population’s growth slows or stops foliowing
exponeritial growth, at the population’s carrying capacity. A pop-
ulation stops increasing when the number of births is less than
the number of deaths or when emigration exceeds immigration.

NP T
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Exponential groth:
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Mice population millicns)

Figure 7 if two mice were aliowad to reproduce
unhindered, the population would grow slowdly at first but
would accelerate quickly.

Infer why mice or other populdgtions do not
continue to grow exponentially.

| Animation

= Bigure 8 When a population exhibits growth thai
results in an S-shaped graph, it exhibits fogistic growth.
The population ievels off at a limit called the carrying
capacity.

| i
Carying capacity | |
10,000 Pt P EREY L

8000 - A

6000 |—i- |

Fopulation

4000 - !
Lag phase
2000 |-—tH— ; |
I H
i |

0 | ! : H : i
13 5 7 9 11 %3 15 17 1% 21 23 25

Time period

Section 4 » Population Dynamics @7




Carrying eapacity 1D Pigure 2 on the previous page, notice that logis-
tic growth levels off at the line on the graph identified as the carry-
ing capacity. The maxinnun number of individuals in a species that
an environment can support for the long terim is the carrying
capacity. Carrying capacity is limited by the energy, water, oxygen,
and nutrients available. When populations develop in an environ-
ment with plentiful resources, there are more births than deaths.
The popularion scon reaches or passes the carrying capacity. As a
population nears the carrying capacity, resources become limired. If a
population exceeds the carrying capacity, deaths outnumber births
because adequate resources are not available to support all of the
individuals. The population then falls below the carrying capacity as
individuals die. The concept of carrying capacity is used to explain
why many populations tend to stabilize.

« Bigure  Locusts, which are an exampleof ¢ Reproductive patterns The graph in Figure 8 shows the number
r-strategists, produce many offspring in their . of individuals increasing until the carrying capacity is reached.
short [ffetimes. . However, there are several additional factors that must be consid-

infer what specific factors might fluciu-

: ) _ ered for real populations. Species of organisms vary in the number
ate in o locust’s environment.

of births per reproduction cycle, in the age that reproduction
begins, and in the life span of the organism. Both plants and ani-
mals are placed into groups based on their reproductive factors.

LB PLYING : Members of one of the groups are caﬁed the' r‘fstra.tégists. The
EeRACTICES . Tate strategy, or r-strategy, is an adaptation for living in an envi-
' ronment where fluctuation in biotic or abiotic factors occur. Fluc-
tuating factors might be availability of food or changing

Use Mathematical and/or Computationat
Representations Go o the resources tab

in ConnectED to find the Applying Practices . temperatures. An r-strategist is generally a small organism such as
worksheet Carrying Capacily of Nectar-Feeding  +  a ruit fly, a mouse, or the locusts shown in Figure 9. R-strategists
Bats. . usually have short life spans and produce many offspring.

Based on Real Daia™

. . , Erark g Chb &
Do parasites affect the size of a host pepulation? e an servatiens

In 1994, the first signs of a serious eye disease
caused by the bacterium Mycoplaosma
gallisepticum were observed in house finches that
were eating in backyard bird feeders. Volunteers
collected data beginning three different years on
the number of finches infected with the parasite
and the total number of finches present. The graph
shows the abundance of house finches in areas
where the infection rate was at least 20 percent of
the house finch population.

1 1
7?1&% | o 1904 = 1995 o 1996 |

LS R V6 B < ¥ S @ )

House finch index

Think Critlcally
1. Compare the data from the three areas,
2. Hypothesize why the house finch 3. Infer whether the parasite, Myvcoplasma gaili-

abundance stabilized in 1995 and 19%6. septicum, is effective in limiting the size of
fiouse finch populations. Explain.

Years after infection rate reached 20 percent

*Data obtained from: Gregory, R., et al. 2000, Parasites take control. Nofure 406: 33-34,

288 Chapter4 - Population Ecology
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Daryl Balfour/fhoto Reseachers

Bigure 10 Elephants are k-sirategists that
produce few offspring, but they invest a lot of care in
the raising of thelr offspring.

The reproductive strategy of an r-strategist is to produce as many
offspring as possible n a short time period in order to take advantage
of some environmental factor. They typically expend little or no
energy in raising their young to adulthood. Populations of r-strategists
usuaily are controlled by density-independent factors, and they usu-
ally do not maintain a population near the carrying capacity.

Just as some environments fluctuate, others are fairly predictable.

- ) . ; ) The speed of ¢ car fluctuates when
The elephants in Figure 40 experience a carrying capacity that changes e i .
. . . ) ; © you are driving on narrow, winding
little from year to year. The carrying-capacity strategy, or kstrategy, is & 40 o
an adaptation for living in these environrments. A k-strategist generally
is a larger organism that has a long life span, produces few offspring,
and whose population reaches equilibrium at the carrying capacity.
The reproductive strategy of a k-straregist is to produce only a few off
spring that have a better chance of living to reproductive age because
of the energy, resources, and time invested in the care for the young.
Popularions of k-strategists usually are controlled by density-
dependent factors.

Flucinate

to vary or change measured levels
or from cne thing to another in an
unpredictable way

Secti =gt
Section Summary . Linderstand Main ldeas
@ There are population characteristics thatare @ 4. : Compare and contrast spatial distribution, population density,
common to all populations of organisms, . and population growth rate.
including plants, animals, and bacteria. 2. Summarize the concepts of carrying capacity and limiting factors and their
@ Populations tend to be distributed : effects on reproductive patterns.
randomly, uniformly, ot in clumps. 3. Sketch diagrams showing population dispersion patterns.
@ Popuiation limiting factors are either © 4. Analyze the impact a nonnative species might have on a native species in
density-independent ar density-dependent. - terms of population dynamics.
@ Populations tend 1o siabilize near the carrying . Thinking Critically

capacity of their environmen 5. Design an experiment that you could perform to determine which population

growth model applies to fruit fly populations.

> Bialouy

€. Wiite a newspaper arlicle describing how a weather event, such as drought, '
has affacted a population of animals in your community.

R EEE RN
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Eszential Guestions

@ What aspects affect human population
growth?

@ What are the trends in human
population growth?

& What are the age structures of
representative nongrowing, slowly
growing, and rapidly growing
countries?

@ What might be the consequences of
continued population growth?

Review Yaocabulary

carrying capacity: the maximum
number of individuals in a species that
an environment can support for the long
term

Hew Veocabulary
demography

demographic transition

zero population growth (ZPG)
age structure

' Mubtilingual eGlossary

400 Chapter4 - Population Ecology

Popuiation {in billions)

 Human population growth changes over time.

Real-World Beading Link Has someone you know recently had a baby? The odds
of babies surviving to adulthood are greater than ever before in most countries
today.

rervetle

furnan Population ¢

The study of human population size, density, distribution, move-
ment, and birth and death rates is demography (de MAH gra fee).
The graph in Figure 44 shows demographers’ estimated human pop-
ulation on Earth for several thousand years.

Notice that the graph in Eigure 44 shows a relatively srable num-
ber of individuals over thousands of years—until recently. Norice also
the recovery of the human population afrer the outbreak of the
bubonic plague in the 1300s when an estimated one-third of the
population of Europe died. Perhaps the most significanr feature in
this graph is the increase in human population in recent times. In
1804, the popularion of Earth was an estimated one billion people.
Earth reached a milestone in 1999, when our planet’s population was
recorded at six billion people. With the current growth rate at just
over 80 million people per year we are expected to reach z popula-
tion of seven billion by 2012, and nine billion by 2050.

* Figure 41 The human population on Earth was relatively consiant until recent times, when
the human population began to grow at an exponential rate.
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Techralogical sdvanees For thousands of years, environ-
mental conditions kept the size of the human population
at a relarively constant number below the environments
carrying capacity. Humans have learned to alter the envi-
ronment i ways that appear 10 have changed its carrying
capacity. Agriculture and domestication of animals have
increased the human food supply. Technelogical advances
and medicine have improved the chances of human sur-
vival by reducing the number of deaths [rom parasites and
disease. In addition, improvemens in shelter have made
humans less vulnerable to climatic impact.

Fercent increase

Beading Check Explain why an Improvement in shefter
increased the survival rate of the human population.

Human population growth rete Although the human 021 B S
population is still growing, the rate of its growth has _ o

slowed. Figure 42 shows the percent increase in human : 1950 1975 2000 2075 2050
population from the late 1940s through 2009. The graph Year

also i_n.cludes the projeae;d population increase through . Figure 42 This graph shows the percent increase in the
2050. Notice the sharp dip in human population growth  © giobal human population using data from the Tate 19405

in the 1960s. This was due primarily to a famine n China © through 2009 and the projected percent increase to 2050.

in which about 60 million people died. The graph also . Petermine the approximate population increase in
shows that humnan population growth reached its peak at ! the year 2025.

over 2.2 percent in 1963. By 2009, the percent increase in
human population growth had dropped to less than 1.2
percent. Population models predict the overall pepulation
growth rate to be below 0.6 percent by 2050. The decline
in human population growth is due primarily to diseases
such as AIDS and voluntary population control.

MiniLab

What factors affect the growth of a human population?
Technelogical advances have resulted in a rapid growth in
human population. However, human population growth is
not eguati in all countries,

=
=

¢ Below age 16 :
| B8 Ages 65 and oldej
s

Procedure

1. The graph shows one facter affecting human population
growth. Use the data to predict how this factor will affect
the population in each country between now and the
year 2050.

2. Brainstorm a list of factors, events, or conditions that
affect the growth of human populations in these coun-
tries. Predict the effect of each factor on the population
growth rate.

(o5}
[

farcent of youth and elderly
in the total population

Analysis

Think Critically in your opinion, what factors or groups of
factors have the greatest impact on population growth? Jus- Country
tify your answer.

Section 2 - Human Population 404



Demography

demo- from the Greek word
demos; meaning people

-ography from the French word
graphie; meaning writing

Launch Lak

Review Based on what you've read about
populations, how would you now answer the
analysis guestions?

+ Flgure 13
History of Human
Population Trends

Many factors have affected human population
growth throughout history.

902 Chapter 4 - Population Ecology

Trends in Human Population Growth

The graph in Figure 42 is somewhar deceptive. Population trends can
be altered by events such as disease and war. Figure 43 shows a few
historical events that have changed population trends. Figure 12
could also easily be misinterpreted because hurman population
growrtil is not the same in all countries. However, population growth
trends are often similar in countries thar have similar economies.

For example, one trend thar has developed during the previous
century is a change in the popuiation growth rate in industrially
developed countries such as the United States. An industrially devel-
oped country is advanced in industrial and technological capabilities
and has a population with a high standard of living. In its early his-
tory, the United States had a high birthrate and a high dearh rate. It
was not uncommon for people to have large families and for individu-
als to die by their early forries. Many children also died before reach-
ing adulthood. Presently, the birthrate in the United States has
decreased dramatically and the life expecrancy is greater than seventy
years. This change in a population from high birth and death rates to
low birth and death rates is called a demographic transition.

@ How do population growth rates (PGR}
compare in 11"1dustr1a11y developed countries and developing
countries? As an example, we will compare the 2008 populations
for the United States and Honduras, a small country in Central
America. The calculation for PGR is

birthrate - death rate + migration rate = PGR (%)

10
In our example, we'll have to divide the final answer by 10 1o get a
percentage because the rates are calculated per 1000.

The United States has birthrate 14.1 (per 1000), death rate 8.3
(per 1000), and migration rate 2.9 (per 1000). This gives a PGR of
0.87 percent for the United States. Honduras has birthrate 26.9 (per
1000), death rate 5.4 (per 1000), and migration rate -1.3 (per 1000).
This gives a PGR of 2.02 percent for Honduras.

- 1800 The indusirial
Revolution leads to a
dramatic population
expiosion.

1347-%351 The bubonic
plague kilis one-third of
Europe’s population and
75 million people through-
ouf the world.

Q 69,000 B.C. Researchers think that
as few as 15,000 to 40,000 people
survived global climate changes that
resulted from the eruption of the Toba
supervolcano.

i- 4798 The first essay on human
pepulation is written by Thomas
Malthus, whe predicted exponen-
tial population growth leading 1o
famine, poverty, and war.

)©isteckphato.comiKadistratova: IS Beltmanl



Population Growih Rates of Countries
Afghanistan 263 Afghanistan Germany Indonesia Migeria
arazil 0.92 - :'j;!,.ia _ EHnod:z:uras o] l:;_:ngf = United States
Bulgariz —0.81
Germany -0.04
Honduras 2.02
india 158
Indonesia 118
Kenya 2.76
Higer 2.88
Nigeria 2.38 4
United States 0.88

Developing countries will add more people to the world popula-
tion as compared to the amount of people added in the industrially
developed countries. For example, between now and 2050, the
developing country Niger—shown in Tabie 4—will be one of the fast
est growing countries. Its population is expected to expand from
13 to 53 million people. The industrially developed country Bul-
garia is expected to have a population decline from seven to five
million people in the same time period.

T

F9E4 improved

medical care,
1939 ~1948 Approximately medicines, and
58 |_'|1i|lion peaple are killed sanitation leads to . 2006 An estimated 2.9 mitlion
during World War 1L an increase in people die as a result of AIDS in

human poputation. sub-Saharan Africa.

& 1998 The Spanish B TSHE The world

fiu kitls between population growth
50 and 100 million: rate peaks at 2.2
people, percent.

{iMPVArchlIve Photos/Getlty Images: (rjJonn Grifl
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Eﬁ%eﬁ‘ac%w@ F%ez«sémg As you read,
write three questions on siicky notes
about human population dynamics, The
questions should begin with why, how,
where, or when. Use the notes fo ask
a partner guestions about the content in
the chapter.

Male  Femaje
Fost-reproductive

Eere population growil Another trend that populations can
experience is zero population growth. Zere population growih
(ZPG) occurs when births plus immigration equals deaths plus emi-
gration. One estimate is that the world will reach ZPG between
2020 with 6.64 billion people and 2029 with 620 billion people.
This will mean that the population has stopped growing, because
births and deaths occur at the same rate. Once the world popula-
tion reaches ZPG, the age structure evenrually should be more bal-
anced with numbers at pre-reproductive, reproducrive, and
postreproductive ages being approximately equal.

Age structure Another iimportant characteristic of any popula-
tion is its age structure. A population’s age structure is the
number of males and females in each of three age groups: pre-
reprocuctive stage, reproductive stage, and postreproductive
stage. Humans are considered to be prereproductive before age
20 even though they are capable of reproduction at an earlier age.
The reproductive years are considered to be between 20 and 44,
and the postreproductive years are after age 44.

Analyze the age structure diagrams for three different represen-
tative countries in Eigure 44—their locations are shown in Tabte 4.
The age structure diagrams are typical of many countries in the
world. Notice the shape of the overall diagram for a country that is
rapidly growing, one that is growing slowly, and one that has
reached negative growth. The age structure for the world’s human
population looks more like that of a rapidly growing country.

Beading Check Compare and contrast the age structures of the countries
shown in Figure 14,

+ Pigure 18 The relafive numbers of individuals in pre-reproductive, reproductive, and
post-reproduciive years are shown for three representative countries.
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Human carryving sapecity Caleulating population growth
rates is not just a marhematical exercise. SCientists are Con-
cerned abour the human popularion reaching or exceed-
ing the carrying capacity. As you learned in Secrion 1, all
populations have carrying capacities, and the human pop-
ulation is no excepiion. Many scientists suggest that
human population growth needs 1o be reduced. In many
countries, voluntary population control is occurring
through family planning. Unfortunately, if the human
population continues 1o grow—as most populations do—
and areas become overcrowded, disease and starvation
will occur. However, technology has allowed humans to
increase Barth's carrying capacity, at least temporarily. It
might be possible for technology and planning to keep :
the human population at or below its carrying capacity. : 0

ad
)

Estimated hectares of fand us
o

- . «
Another important factor in keeping the human pop- 4 g8 & E

ulation: at or below the carrying capacity is the amount z =

of resources from the biosphere that are used by each Country

person. Currently, individuals in industrially developed

countries use far more resources than those individuals Lo Figure 48 The amount of resources used per person

in developing countries, as shown in Figure 98. This > varies around the world. Refer to Table 1 for the locations of

graph shows the estimated amount of land required to  ©  fhese couniries.

support a person through his or her life, including land
used for production of food, forest products and hous-
ing, and the additiona! forest land required to absorb
the carbon dioxide produced by the burning of fossil
fuels. Countries such as India are becoming more indus-
trialized, and they have a high growth rate. These coun-
tries are adding more people and are increasing their
use of resources. At some point, the land needed to sus-
tain each person on Earth might exceed the amount of

land thar is avatlable.
ssessmient \w__

Secti

Section Summary . Understand Main ldeas

@ Human population growth rates vary in 4 % Describe the change in human population growth over time.
industrially developing countries and . 2. Describe the differences between the age structure graphs of
industrialized countries. nongrowing, slowly growing, and rapidly growing countries.

& 7ero population growth occurs when the
birthrate and immigration rate of a popula-
tion equals the ceath rate and the emigra-
tion rate.

2. Assess the consequences of exponential population growth of any population.

@ ¢ 0 e ow oz

°© 4. Summarize why the human population began to grow exponentially in the
i Modern Age.

@ The age structure of the human population s Think Critically
a contribuiing factor to population growth in 5. Predict the short-term and long-term effects of a newly emerging
some countries. . disease on Industrially developing and developed countries.

e 0 3 @ a3

@ Farth has an undefined carrying capacity for Bintogy

the human population. - T §. Construci an age-structure diagram using the following percentages:
0-15 years: 447, 20~44 years: 52.9; 45 years and over: 2. 4. Which type of
. growth is this country experiencing?
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Using this data, scientists have determined there may be a
safety net of ice in Arctic Canada and Greenland. This ice is
expected to last longer than other areas of the polar bears’
habitat, and so conservation efforts have been focused
there.

Bear necessities Polar bears only live in the
circumpelar north, which inciudes the countries of the
United States (Alaskal, Canada, Russia, Denmark
(Greenland), and Norway. The sea ice that forms each win-
ter creates passages in which the bears travel, as well as
creating an optimai environment for hunting. Polar bears
rely on seasongl sea ice o stalk their favorite
prey—ringed and bearded seals. As the sea ice dwindles,
so does the polar bears’ ability to effectively hunt these
fast-swimming marine mammals.

The cold, hard facts Scientists have combined
daily satellite and meteoroiogical data irom the past

30 years, including global climate change projections, to
extrapoiate where conservation efforis to save the species
would be most successful. The data will also be used to
create a Geographical Information Systems (GIS) map.

406 Chapter 4 - Population Ecclogy

Approximately 60 percent of the polar bear population reside in Canada.

Using the GIS map, scientisis think they will be able o
determine short-term seasonal effects as well as large-
scale phenomena (like the Arctic and North Atlantic escilla-
tions) and their effect on the Arclic’s megafauna,

Persuasive Letter Research what criteria must be met to
have a species added to the Endangered Species list.
Then choose a species and write a persuasive letter to
emphasize the importance that the species be addad to
the list.
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B0 PLANTS OF THE SAME SPECIES COMPETE WITH ONE ANOTHER?

Background: Ecologisis often study plant 6. Construct a data table. Observe the
competition by comparing the biomass of plants once each week for a 5-6 week
individual plants in plant populations. in this pericd. Record your observations.

lab, you will study intraspecific competition— 7. At the end of the experiment, measure
competition among plants of the same species. the biomass of the plants in each pot by
As with most ecological studies, you will need cutting each plant at soil level and

to coliect data for severat weeks. quickly weighing all the plants from the

same pot together. Record your measure-
ments. Calculate the average per-plant
biomiass of each pot.

8. Cleanup and Disposal Wash and

Guestion: Do plant populations of varicus
densities grow differently due to competition?

Materiais retum all reusable materials. Wash your
marigold seeds or radish seeds hands after watering or working with the
9-cm plastic pots (6) plants. Dispose of the plants at the end of
clean potting soil the lab as instructed by your teacher.
rulers

shallow tray for pots Analyze and Conclude

small garden trowels 1. Graph Data Prepare a graph showing
masking tape the relationship between the average
permanent markers plant biomass and the density of plants.
balance (accurate 10 0.1 g) Draw a best-it line for your data points.
watering can What was the effect of plant density on

the average biomass of each pot’s popu-
lation? Does this graph support your
hypothesis? :

2. Infer Draw a second graph that compares
the total biomass for each population to
the number of plants in each population.

3. Think Critically Based on your results,
infer how human population growth is
affectad by population density.

4. Error Analysis What sources of error
might have affected your results?

Safety Precautions T B4 |

Procedure

1. Read and complete the lab safety form.

2. Plant seeds in several pots as instructed
by your teacher. Your goal should be
to have pots with the following densi-
ties of plants: 2, 4, 8, 16, 32, and 64.

3. Place the pots in a shallow tray near a
sunny window or under a grow light
Continue to keep the soil moist-not
drenched—throughour the course of

the experiment. SHARE VOUR DATA

4. After the seeds have sprouted, weed Poster Session Creare a poster using the graphs
out any extra plants so that you have you produced as a result of your experiment.
the correct density. If a digital camera is available, rake photos of

each pot of plants to include on your poster.
Add headings and legends for each graph and
photograph that explain and suminarize your
findings. Display your poster in the classroom
or a hallway of your school.

5. Write a hypothesis about the effect
plant density will have on the average
biomass of each pot’s population.

Biokab BioLah




@m Poputation growth is a critical factor in a species’ ability to maintain
homeosiasis within its environment.

population density {p. 92} S Populations of species are described by density, spatial
dispersion {p. 92) distribution, and growth rate.

density-independent factor (p. 54) s There are population characteristics that are common to all
density-dependent factor {p. 95) populations of organisms, including plants, animals, and bacteria.
population growth rate {p. 97) « Populations tend to be distributed randomly, uniformly, or in
emigration {p. 27} clumps.

immigration {p. 7}

. . « Population limiting factors are either density-independent or
carrying capacity (p. 98}

density-dependent.
« Popularions tend to stabilize near the carrying capacity of their
environment.

demography {p. 100) L Human population growth changes over time.
demegraphic transition {p. 102) Humman population growth rates vary in industrially developing
zero population growth (ZFG) {p. 104) countries and industrialized countries.
age structure (p. 104) Zero population growth occurs when the birthrate and
immigration rate of a population equals the death rate and the
emigration rate,
» The age structure of the human population is a contributing facror
to population growth in some countries.
Harth has an undefined carrying capacity for the humarn population.

-

@

)

@

408 Chapter 4 - Study Guide Vocabuiary ezames

{Harce Images/Delpho, M.tAiamy; (OBettmannfCorhis



©Gary W. Carter/Corbis

Saction 7 E

Vocabulary Review

Replace the underlined words with the correct vocabu-
lary term from the Study Guide page.

1. The number added to a population by movement :

can considerably increase a population’s size.

2. Drought is a density-dependent factor.

3. Were it not for the long-term limit, a population :

would continue to grow exponentially.

Understand Main ldeas

Use the illustration to answer guestions 4-6.

10,000
g 8000 |—
i 1
26000 |-y o | ;
[ .
& 4000 e j
2000 f— 1 j

e A i

0

1305 7 9 111315171921 23 25
Time period

4. Which population growth model does this
graph illustrate?
A. exponential growth
B. lag phase
C. logistic growth
D. straight-line growth

5. What is the horizonral line on this graph called?
A. carrying capacity C. geometric growth
B. exponential growth D. straight-line growth

6. What do the time periods 1-7 represent?
A. accelerarion phase €. exponential growth
B. carrying capacity 1. lag phase

7. If angelfish produce hundreds of young several
times a year, which statement below is true?
A. Angelfish have a k-strategy reproductive pattern.

B. Angelfish have an r-strategy reproductive pattem.

C. Angelfish probably have a low mortality rate.
D. Angelfish provide a lot of care for their young.

Cnline Test Practice

8. If an aquarium holds 80 L of water and contains
170 guppies, what is the approximate density
of the guppy population?

A. 1 guppy/L C. 3 guppies/L
B. 2 guppies/L D. 4 guppies/L

9. Which is a density-independent factor?
A. a severe drought
B. an intestinal parasite
C. a fatal virus
D. severe overcrowding

Use the photo below to answer questions 10 and 11.

10. Why is the life span of this finch with an eye
disease most likely reduced?
A. The bird cannot mate.
B. The bird cannot find food or water.
€. The bird spreads the disease to others.
D. The bird cannort survive a temperarure change.

11. Which is a possible reason for the relatively
quick spread of the shown disease?
A. an abiotic factor
B. a decreased food supply
C. increased population density
D. increased immunity

12. Whar is the dispersion pattern of herding animals,
birds that flock together, and fish thar form schools?
A. clumped C. uniform
B. random D. unpredictable

Constructed Response

13. short Answer Female Atlantic right whales
can reproduce at ten years of age and live moze
than fifty years. They can produce a calf every
three 10 five years. Assuming that a right whale
begins to reproduce at age ten, produces a calf
every four years, and gives birth to its last calf
at age fifty, how many whales will this female
produce in her liietime?
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14,

15.

16,

17

18.

i9.

Short Answer What is the population density :
of Canada and the United States if they havea
combined zarea of approximately 124 millicn

square kilomerers and a combined population
of approximarely 524 million?

Short Answer How does the carrying capac-
ity affect k-strategists?

Opert Ended Give two examples of how two
different density-independent factors can limit
a specific population.

Open Ended Give two examples of how two
different density-dependent factors can limir a
specific population.

Short Answer Explain how competition lim-
its a population’s growth.
Think Critically

Predict the shape of a population growth
curve for a game park in which a male and a
female rhinoceros are released.

Use the photo below to answer question 20.

20.

21,

22,

110

Infer the reproductive strategy of the animal in !
the photo. Explain your answer. :

RN Opossums are solitary animals that
usually meet in nature only to mate. What is
their probable dispersion pattern?

Select from the following list the species that
are r-strategists: minnow, giraffe, human, beetle,
bacteria, eagle, and cougar.

Chapter 4 - Assessment

Eection 2 N

Vocabulary Review

Using the list of vocabulary words from the Study
Guide, identify the term described by the scenario.

23.

24,

25.

Use

A population has an egual number of births and
deaths.

Twenty percent of a pepulation is in
pre-reproductive years, 50 percent is in the
reproductive years, and 30 percent is in the
post-reproductive years.

The size, density, and birth and death rates of a

human population are studied.

Understand Main ldeas
the graph below of the growth of the human popu-

lation through history to answer questions 26 and 27.

World population (billions)

26.

27

* High fertility
10 : 7
9 Average feriility P
8 — e
" Low fertilit
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: /
;Deveiopmg countries
e —— U i
s !
2 M SR —
1 M N
¢ Develeped countries
9 .
1900 1950 2000 2050
Year

What is the projected population of developed
countries by 20507
A. 1.5 billion
B. 7.3 billion

C. 9 billion
I3. 10.5 billion

What is the approximate popularion difference
berween developing countrieg that have low
fertility rates and developing countries that
have high fertility rates in 20507

A. 1.5 billion C. 3.2 billion

B. 1.7 billion D. ¢ billion

Online Test Practice
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Z8. When did the human population begin o
increase exponentially? Use Sigure 4% as a

reference.
A. 2 million years ago C. 1800 p.c.
B. 4500 b 3. 1500 ad.

2%. Japan had a birthrate of eight and a death rate
of nine in 2008. What was the PGR}
A. 0.G1 percent {. —1 percent
B. 1 percent . —10 percent

30. Georgia, a country in western Asia, had a
birthrate of 11 and a death rate of 10 in 2008.
What was the PGR of Georgia in that year?

A. 1 percent C. 1.1 percent
B. 0.11 percent D. 11 percent

Constructed Response

2]. Open Ended Do you think the birthrate or
the death rate is more important ro human
populations? Explain vour answer.

32. | E b DI Why
might a population continue to grow when
the number of births equals deaths?

33,0 Study Eigure 41 and identify which
phase of grewth occurred berween the Old
Stonie Age and the Middle Ages.

Think Critically

34. Hypothesize the shape of the age diagram for
Switzerland, a developed country in Europe.

Use the graph below to answer question 35.

Rapid Growth

SRS | || B

Post-ieproductive

R
8 6 4 2 0 2 4 6 B 10
Percent of pepulation

35. Describe the advantages and disadvantages of
a population thar has this type of age structure.

Ontine Test Praciice

Surnmiative Assessment

36.

Create an imaginary community

in which a particular population has been
growing exponentially fast. What factors can
you adjust to create a thriving, burt steady,
COMIIMUIILY?

Bindagy Write a letter to the
editor of your student newspaper expressing
your views on the effect of human activities
on a population of animals in your area.

Document-Based Guestions

Novth Atlantic right whales were once abundanr in
the northwestern Atlantic Ocean. By 1900, their
numbers were almost depleted. Today, there are an
estimated 300 individuals remaining.

Use the graph below to answer the following
questions.

1.06

1.04

1.02

1.00

0.98

Population growth rate

0.96

0 1 2 3 4 5 9
Number of fomale whales
saved per year

Data obtalned from: Fujiwara, M., et al. 2000 Demography of the endangerad North
Atfantic right whale, Nature 414 537-540.
38. Predict the population growth rate if six
female North Atlantic right whales were saved
each year,

39. Saving females isn’t the only factor 10 take
into consideration when trying to restore the
whale population. Write a hypothetical plan
of action that takes into account two other
factors that you think might help.
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1. Which is the main benefit of scientific debate

for scientists?

A. challenging accepted theories
B. creating controversy

C. gaining research funding

D. publishing results

Use the graph below to answer question 2.

Populaticn size

Time

2. Which part of the graph indicates the carrying

capacity of the habirat?
Al

UOow
IV

. Which one is likely to be an oligotrophic lake?
a lake formed by a winding river

a lake in the crater of a volcanic mountain
a lake near the mourth of a river

a lake where algae blooms kill the fish

oo

. Which characteristic of a plant would NOT be
studied by biclogists?

beauty

chemical processes

growth rate

reproduction

onNnwp

. Which statement describes the first changes in a

forest that would foliow a forest fire?

A. A climax community is established.

B. New plants grow from seeds that the wind
carries to the area.

C. New soil forms.

D. Pioneer species are established.
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Use this graph to answer question 6.
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. Which evenrt appears to coincide with a gradual

increase in human population?
A. bubonic plague

B. farming

C. Industrial Revolution

. plowing and irrigation

Suppoese an organism is host to a parasitic

tapeworm. Which would be beneficial to the

Tapewornm?

A. death of the host from disease caused by the
rapeworm

B. absorbing enough nutrients to sustain the
tapeworm without harming the host

C. treatment of the host with antitapewornm drugs

D. weakening of the host by the tapeworm

Which adaptation would you expect to find in an
organism living in an intertidal zone?

ability to live in total darkness

ability to live in very cold water

ability to survive in moving water

ability to survive without water for 24 hours

°

onEe

. Which limiting factor is dependent on the

density of the population?
contagious fatal virus

duniping toxic waste in a river
heavy rains and flooding
widespread forest fires

SRR
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10. Assess what happened to the hare population
after a sharp rise in the lynx population.

11. Lynxes hunt hares for food. Predict what would

happen to the lynx population if a disease killed

all of the hares.

12. Using your knowledge of current evenrs or his-
tory, give an example of when ignorance about
biology had a harmiful effect on people.

13. Compare and contrast how density-dependent
and density-independent factors regulate the
growth of populations.

14. Describe whar happens to organisms whose opti-

Use these graphs to answer question 17.

United States: 2000 Mexica: 2000
Riale fiake
854
L] 80-84
75-79
0-74
65-69
I 6-64 |
[ 55.59 |
i 50.54 i
I 45-49 1
{ 40-44 ]
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T T T g T i T i T
1412108 6 42 0 0 1 2 3 4 5 5
Population {in millions)

17. Stare what you think is the most significant area

of difference between the two populations and
justify your reasoning.

ia.

Many vertebrates that live in temperate forests
hibernate in the winter. How do you think this
adaptation helps with survival in this biome?

mum temperature zone is between 21°C and 32°C :

when the temperature rises from 21°C to 50°C.

15. Give some examples of the ways that an environ-
mental factor, such as a forest fire, can affect a
population.

16. Explain how a population relares to an ecosystem.

Author Carrie P. Snow once said, “Technology... is
a queer thing. It brings you grear gifts with one
hand, and it stabs you in the back with the other.”
C. P. Snow, New York Times, 15 March 1971

Using the information contained in the guotation above,
answer the following question in essay formar.

19. You are in charge of organizing a debate about
whether technology is good or bad. Using your
prior knowledge, choose a position and write a
surnmary of the key points you would debare,

Standardized Test Practice
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