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Question
1
Figure 7

The graph below represents the population growth of

mice over time, What does the letter [h] refer to?

Expenential Population Grawth

1 3 5 7 8 N 131517190 23 15
Manths

¢ b (e Alal delan gal g oLl atl pesl
A il ek sl L

Py

~ Exponential growth

Acceleration phase

) all

d Straight=line growth



What type of growth is represented by the
J-shaped curve shown below?

Question )
1 7. According to the graph, the growth rate of a

house fly population
a. increases, then drops suddf:nl".r

b. increases, at a steady rate
| ¢. increases rapidly |

Population Size

d. levels off after a certain amount of time

Figure 7

Time

A sinusoidal

D random

Population size

Time
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Carrying capacity Ecossterss have lmits to the numbers of organisms and
populations they can support. The

s raimber of individuals in 2 species that
the carrying capacity. You will notice
in Figure § on the last page that logistic growth kevels off at the line on the graph

m

an environment can support for the long
identifiod as the carrving capacity

Carrying capacity is ged by such factors as the availability of Bving and nonliving

resources and from such challenges as predation, competition, and disease. Organisans
would have the capacity to produce popalations of great size were it not for the fact that
environments and resources are finite, This fundamental tension affects the abundance

(number of individuals

species in any given ecosystem. When populstions develop
in an environment with plentiful resources, there are more bisths than deaths. The

population won resches o passes

the carrying capacity. As a population nears the
carrying capacity, resounces become kmited

If a population exceeds the carrving capacity, deaths outnumber births becawse

s are not avallable 10 support all of the individ

adexquate v

pals. The population
then falls befow the carrying capacity 2 individuals die. The concept of carrying
capacity is used 1o explain why many popalations tend 1o stabilize

Reproductive patterns
The graph in Figure § shows the number of individusls increasing until the carrying

capacity is reached. The graph is 2 aseful population model, and can be used to predict
how a population’s number might changs osvr time

However. ¢

are several additional factors that must be considerad for real populs-
aber of births per reproduction cycle, in the
n. Both plants and

animalks are placed into groups based on their reproductive factors. However, not all

thons. Species of organisms vary in the nu

ago that reproduction begins, and in the life span of the

AN

organdams fit under a specific reproductive strategy
Members of one of the groups are called the retrategists. The rate strategy, or rstrategy
is an adaptation for living in an environment where fluctuation in blotic or absotic
factors mught be availability of food,
or migrating animmals. An ratratogist is

factoes occur. Fluctuating

changing tomperatur
geerally a small organism such as a frait fly, a mouse, or the
locusts shown tn Figure 9. r-strategists usually have short life
spans and peoduce many offspring,

The reproductive st

v of an rstrategist 18 10 produce as many
offspring as possible in a short time period in onder to take
advantage of some environmental factor. Organisms dassified as

rtrategists typically expend hitthe or no energy in raising their
voung to adulthood. Populations of rtrategists are usually
controlled by dersity-independent factors, and they asually do
nol maintain a popalation near the carrying capacity

Irapire Botogy. Studert Eamon

Just as some environments fluctuate

sthers an
clephants in Figuze 10 ¢

iy predicts

'
carrying capacity that changes Eitle

from year 10 year. The carrying-

capacity stzategy, or k-strategy, i an
sdaptation for Living in ensironments

that are fairly stable
A L-strategest generally @ a larger
organiun that has a long [ife span,

produces few affspring, and whose

population reaches equilibrium at the

carrying capacity

The reproductive strategy of 3 Figure 10 Blepte ek M produce few

k-strategist is 20 produce only a few

offspring that have a better chance of living to reproductive age because of the energy,
bor of individuals in a

resources, and time invested in the care foe the young, The n
population of i-trategists uaialy are controlled by density-depondont factors and not

by der

ity-independent factors. For example, a ten-degree change m temperature might

be enough to drastically reduce the number of locusts in a population, but it would not

likely influence the number of dephants in 3 population

|E Check Your Progress

Summary Demonstrate Understanding

« Thete are population 1 Compere and contrast spatial dstbuton, populstion
chamacteristics that are density, and population growth rate.

common 10 3 poputations of 2 Summarize the concepts of carrying capacity and

organsms, including piants, limiting factors, and their efiects on reproductive
animals, and bactena. pattems.
« Populations tend to be 3 Sketch showing A3t &l
distributed randomly, uniformly, pattems.
Of in Champs.
4. Analyze the Impact 3 NONNATvE Speces mgnt have on
« Populationfimiting factors are & native species in terms of population dynamics.
@ther density-ndependent or
density-dependent. Explain Your Thinking
+ Populations tend to stabiize 5. Design an experment that you could perform to

neat the carrying capacity of determine which populetion growth model applies 1
their enveronment. fruit fiy populations.
6 chmtﬂmﬁ‘\Mm a newspaper article
describing how a weather event. such as drought. has
afleced a population of animals in your community

LEARNSMART Goontine 10 follow your personaized ieaming path 10 1evien. pracice.
e renorce your understanding
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§
4
3
i
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Question

a r- strategy for reproduction?

a fruit fly agslall ;L Locusts

Which of the following organisms does not follow

€ G Aathiud aday ¥ ASEN Laldl QUISH Ga

for reproduction?

Mouses olyiall
(A) (B) (©)
g
Which of the following organism follows an r-strategy ¢ G 1 At ads AU Aald) S o 4‘




Based on the table below, which letter of the following corresponds to the J..Ll_._.qjﬂ Laa i ‘_.;1 calial dJaadl falizl
correct definition of carrying capacity? Flulaionf) 580 laas W po

uestion -
‘ \ 3 ‘ ‘ A The number of organism per unit area.

el e laadl &g piliy opdl) T s

B The number of individuals moving away from a population.

Aiba¥ delaal ) Ogacady Gl A8 e
= The number of individuals moving into a population.
s sl gl e da s D) aakitd L s U G as sl

The maximum number of individuals in a species that an environment can support for the long term.

A
b.

B
[




Question

Which of the following organism follows the r-strategy ¢ A r- dailind i A dall SLAS) e 4‘ |

for reproduction?

Leamning Outcomes Covered

0 BI03403.012



Qu e Sti‘o ‘n 17. species whose population growth is controlled by
| L AT A ) density-dependent factors aaisall Jolall as5=30 all £ gl
acbazll gai pd aslisdl o lc

carrying capacity dul=et.welll §,3&ll

exponential growth ol -l

K-zelected dazadl il e

= = - _——

r-selected a4 Tewl

Which organism follows an r—strategy for T Sl Lo dldcd sty (s30 Slsll Le

reproduction?

Zebra h_r..'.‘u.._,ll J'_,,_-.J'.
O Robin clall o L
e Mayfly sle s

o Human By




Question

,

(® Populations of K-strategists usually

@are controlled by density-dependent factors
B are controlled by density-independent factors
C do not reach equilibrium at the carrying

capacity
D produce as many offspring as possible in a
short period of time

Mice are an example of an r-strategist
reproduction pattern because

A they produce few individuals
B the expend great energy raising young
@ they produce many offspring

D they maintain populations near the carrying
capacity



P YR T Which strategy is considered as an adaptation for living in an
QU e St L0)a] environment where fluctuation in biotic or abiotic factors occur?

A. k-strategy reproductive pattern.

r-strategy reproductive pattern.
C. a low mortality rate.

D. high mortality rate

Which strategy involve a larger organism that has a long-life
span, produces few offspring, and whose population reaches
equilibrium at the carrying capacity?

k-strategy reproductive pattern.
B. r-strategy reproductive pattern.

C. a low mortality rate.
D. high mortality rate
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Question

3

Figure 8

What does the horizontal line (C) on this graph represent?
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Question

3

Figure 8

What is the

16,000
am
GO0D
000

Populatian

2000

horizontal line on this graph called?
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@traight—line growth u_L.:_h el J [ )

@) The phrase carrying capacity refers to .

A storing extra food for winter

the number of organisms a habitat can
support

C transporting food to organisms in an area

D the maximum possible weight of an individual
organism




Why does the population —
growth level off at 10,0007?

| Fal N (
Question on
A. Biotic factors have made = 8000
— survival difficult. 2 co00
3 The population has reached ;-f 4000 S-curve
' its carrying capacity. 2000|129 P15
C. Density-independent factors .
have slowed the growth of the 1357 91113151719212325
Time period

population.

F igu re 8 D. Immigration into the

population has reached the
maximum limit.
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Question

Which of the following is a characteristic of Bal3l Slaw (e dase 3ad s Laa (gl

exponential population growth?

rdaad) Aulgud)

O

O

Jalpdl S g ol JE5 pd Bl 3y
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Initial population growlth s rapid

O st e e BN el 1LY L
Growdh rale is inversaly propacriconal ko populalion size

pteall patll o glall dls .
The lag phase follows rapid growth 4

Which part of the graph below indicates
the carrying capacity of the habitat?

Population Changes Over Time
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trapire Brokogy. Studene Edtion

[ \
: Figure 4 on the last page shows an example of the effects that fire can have on a popula-

tion. The ponderosa pines have been damaged by a crown fire, a fire that advances to
the tops of the trees. In this example, the fire lmits the popualation of pondeross trees
by killing many of the trees. However, smaller but more freguent groand fires have the
opposite effect on the populatson. By thinning knwer gromang plants that use up nute-

ents, a healthier population of mature ponderosa panes is produced

Populations can be lenited by the results of human interference. For example, over the

Last 100 years, bulding dams and other human activities on the Colorado River have

significantly reduced the rver's water flow and changed its temperature In additson
the introduction of nonnative fish species altered the river’s biotic factors. Because of
the changes in the river, the number of small fish called humpback chub was reduced
During the 19605, the number of humpback chub dropped so low that they were in
darger of disappearing from the Colorado River altogether. Alr, land, and water pollo-
tion are the result of human activities that also can lmit populations. Pollution reduces
the available resources by making some of the resources toxic

[
Density pendent factors

I g u r e Any Qactor in the environment that depends on the number of members in 2 population
per unit area is o densitydependent factar. Density-dependent Baciors are often bioti

factors such as peodation, disease, competition, and parasites

Predation A stusdy of dersity-dependent factors was done on the woll and moose
populations in northern Michigan on ke Royale, located in Lake Superior. The
results of this study are shown in Figure 5

Isle Royal Case Study
2880
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Question

Figure 5

The figure below shows the long-term study of the wolf and
moose populations on isle Royale. The figure shows the
relationship between the number of predators and prey over
time, Study

it and then answer the question

What was the approximate ratio of moose to wolves in 19857
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Figure 4 on the last page shows an example of the effects that fire can have on a popula-
tion. The ponderosa pines have been damaged by a crown fire, a fire that advances to
the tops of the trees. In this example, the fire lmits the popualation of pondeross trees
by killing many of the trees. However, smaller but more freguent groand fires have the
opposite effect on the populatson. By thinning knwer gromang plants that use up nute-
ents, a healthier population of mature ponderosa panes is produced

Populations can be lenited by the results of human interference. For example, over the

Last 100 years, bulding dams and other human activities on the Colorado River have

significantly reduced the rver's water flow and changed its temperature In additson
the introduction of nonnative fish species altered the river’s biotic factors. Because of
the changes in the river, the number of small fish called humpback chub was reduced
During the 19605, the number of humpback chub dropped so low that they were in
darger of disappearing from the Colorado River altogether. Alr, land, and water pollo-
tion are the result of human activities that also can lmit populations. Pollution reduces
the available resources by making some of the resources toxic

[
Density pendent factors

I g u r e Any Qactor in the environment that depends on the number of members in 2 population
per unit area is o densitydependent factar. Density-dependent Baciors are often bioti

factors such as peodation, disease, competition, and parasites

Predation A stusdy of dersity-dependent factors was done on the woll and moose
populations in northern Michigan on ke Royale, located in Lake Superior. The
results of this study are shown in Figure 5
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The figure below shows the long-term study of the wolf and [ el .:._.»( ‘,Ji Sl fu_ob P foto] sl ._,'S.‘JH

7 a ® 7 moose populations on Isle Royale. The figure shows the el Ly A s gy - Jlg) B oA Sy B Adlal
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What was the approximate ratio of moose to wolves in 19757
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Prior ta the winter of 194748 there were apparently no wolves on Isde Royale. During
that w "

island During the next ten years the population of wol
viduals. Notice that the graph in Figure 5 on the

fall of the numbers of each g

a single pair of wolves crossed the ice on | sching; the

Superior,

reached about twenty ind

vious page shows that the rise and

sup was dependent an the other gro

p For example

decressed, the number of

follow the wolves’ line on the graph. As the number of wob
moose increased

Disease Another density-dependent factor is disease. Outbreaks of disease tend to
sbze has increased and population density Is high W
population density is high, disease is transmitted easily from one individual W another

sccur when populat

because contact between individ

i more frequent. The

jore, the disease spreads
easily and quickly through a population. Thiy

s of protis

Just as true for haman populations as it

is for populatic

dants, and other species of animals.

Competition Competi

arganisms also increases when density

o0 bty

n

in

ases. When the population increases to &
size where resources such as food or space

become Imited. in

iduals in the population
must compete for the availab
Competitio
between two different species that use the

can occur wi

b
2

same resources. For example, the foxes fighting
he squirrel in Figure 6 slso compete with
other species, such as coyotes, for the same

food so

ove

) Figwe 6 Adece
Competition for insufficient resources might petition between memde .

resalt in 4 decrease in population deasity in an
area due 1o starvation or o individusls leaving the ares in search of additsonal
resources. As the population size decreases. competition becomes less severe.

Parasites Like discase, parsitic organisms can place limits o

a population. The
presence of parasites is a density-dependent factor that can ivega

vely affect population

growth at higher densities

pulation growth rate

§ An important charscterbstic of any population bs is growth rate. The population growth
ke (PGR) explains how fast 2 given population grows. One of the characteristics of the

population ecologists mist know, of at least estimate. is natabty. The natality of

¥ population ks the birthrate. ar the number of indrviduals born in  given time period
# Eeologists also must know the mortality ~the number of deaths that occur in the popu
3 lation during a given time period.

The number of individusls emigrating ot knunigrating abo &

snportant. Emigration (e
uh GRAY shun) s the term ecologists use to describe the number of individuals moving

away from a population

Sexdere Lazon
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Carrying capacity Ecosystens have limits to the mumbers of organisms and
popu

an environme

ramber of indivadual
s the carrylng capacity, You will notice

owth levels off at the line an the graph

stions they can support The m

in a spocies that

can support for the
0 Figure § on the last page that logistic
identifand 3+ the carrying capacity

Carrying capacity & limited by such factors as the availability of biving and nonliving

resources and from sach challenges as predation, competition, and discase. Organisans
would have the capacity to produce populations of great size were it not for the fact that
eovironments and rescurces are finite. This fundamental tension affects the abundance
{number of indrvidual

in an environment with

f species in any given ecosystem. When populstions develop

plentiful resources, theee are more bisths than deaths. The

soon reache the

populat or passos the carrying capacity. As a populati

carrying capacity, resources become Rmited

1f 2 population exceeds the carrving capacity, deaths outnumber births because

adexquate n ble 10 support all of the individual The populat

ources are not aval

then falls befow the carrying capacity s individuals die. The concept of carrying
capacity s used o explain why many popalations tend to stabilize

Reproductive patterns
The graph in Figure 8 shows the number of individusls increasing until the carrying

capac population model, and can be used to predict
how a popu ght change ovur tme

However.

e are several additional (actors that must be considered for real populs-
tons. Species of organisms vary in the number of bisths per reproduction cycle, in the
age that reproduction begins, and in the life span of the organism. Both plants and
animals are placed into groups based on their reproductive factors. However, not all
eganisms fit under & specific reproductive strategy

Members of one of the
is an adaptation for living in an environment where fluctuation in blotic or absotic
- Fluctusting factors might be availability of food,
\peratures, oc migrating animals. An retratogist is
Mol oeganisn such as a fruit fly. 2 m
Figure 9. -+

oups are called tho ratrategists. The rate strategy. of r-strategy

e, or the

tegists usually have short life

Tnenigmtion {2 muh GRAY shun) o the term coologists 0se 1o decride the nusber of
mudheadush movang Into 3 populatioe. In mos it emigration b« sbow spad &
snmigration. Thercow, nataity and martadity sl arv the munt Exportant factoes in
Uiterrsinisg the popalation groneh e

= Pola 1h0s 1N 10 remain agprosimately D sapee s froes year 10 yeae. Other
purulstarne vary o e depending oo condlices within their Sabeats To better
understand win pepelaticns grow in dificrent wins. you Sould undrstzad v maths
sratical models for popelition growth-the cxponcrtial groweh moddd and the logitic

growth modd

Exponential growth medel Look at Figese

Exponential Peputaton Growth
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h. hoserver, curves into the

many offspring,
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If a population grows larger than vl dla it Baih fa el pads SUELT ass oA 13)
its environmental carrying

Question

7 O birth sate may rige sipnificanthy
i gl Lina adty o4

l:' death raba may rise

AN gt Lo i B

G imrregration rale may incease

Lpals M0 m S o adl

':-' desth rate may fall significanty

§P A new species of mouse is introduced into an
environment. These mice reproduce and the
population grows. As the population grows,
food resources diminish and predation by
hawks increases. Eventually, the number of
mice in the environment levels off so that the
rate of birth eguals the rate of death. What is

this nearly constant number of organisms
called?

carryving capacity
exponential growth
C linear growth
I competitive edge




Question

A population reaches the carrying Ddgagteat Bl LI Agial) delasd Juad

capacity:

FoSgsenia A agSn
= reached in r—salacked populations

Bigima _'_J,.d..:l _|,$'_ ke ey '.‘é“ L™
is reached as mesowcess becomes limiting

e 0 gl gy gl o
im reached at the and of exponential groesrth

by Agad R L gl Lead

i esscbuead weleen e evmmoranenl Beggines W b P e

Based on the table below, which letter of the following corresponds to the Jads ol [N é! oolisl Jgaal) o s
correct definition of carrying capacity? ipta sy 50 lagas W as

Aalas Baay JS A Rad LR 3

A
The number of organism per unit area.

- Agiaal! detaall g0ty a0 AA 2
The number of individuals moving away from a population.

= Al dslaadl ) Ogadaly il A o

The number of individuals moving into population

@ gl (Sl e das s A aind b gy bl O 3 s

The maximum number of individuals in a species that an environment can support for the long term
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__ . ® The figure below shows dispersion of a population within an (Basas dllis “,.i dalaln Sl laadl LIS E‘Jﬂ el sl Jein
Q u e St ’l (0 ‘n area. study it and then answer the question:
| ‘ { ‘ | ‘ ‘

el (ol o el
Which lener{g' of the following indicates uniform dispersion?

Al LY ) el Y Las (Gal)da g

(A) (B) (€)

Figure 2
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Question
PR 9-What is the dispersion pattern of herding animals,
8 ’ 9 birds that flock together, and fish that form schools?

Figure 2 @ ~lumped

B. -uniform
C. -random
D. -unpredictable
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LESSON 1
POPULATION DYNAMICS

FOCUS QUESTION

What are characteristics of populations and how are they
determined?

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

Population density

Ome chasacteristic of a population is its population density, which s the number of
organiuns per unit arca. For example, the population density of cattle egrets, shown
with the Cape buffalo in Figure 1, is greater near the buffalo than farther avay, 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

COLLECT EVIDENCE INVESTIGATE

56 Use your Scsence Joumai 30 Q GO ONLINE 10 tnd these actiiles and moie ies0ures :
TECOME the Svideace you colect & Aoelying Pract) E "
you cempiets the resdiegs and @ s Lacst Y- Dy

HS-AS21 Une . o andlor compul prege s 10 Support eapi "

SChves I this lesson
of i afe e X 2 ¢iPerord scales




An ecologist estimates a population density of 2.3 lemmings
per square meter of tundra. What would be the approximate

Qu EStiO n number of lemmings over 1000 square meters of tundra?

W a A. 0.23
‘ B. 23
C. 230

. 2300

What is population density?

A. pattern of spacing of a population in an area
number of organisms in an area
C. characteristics of a population




12-If an aquarium holds 80 L of
water and contains 170 guppies,

what is the approximate density
of the guppy population?

Question

A. 1guppy/L

v/ B. 2guppy/L

C. 3guppy/L

D. 4guppy/L

Which of the following is the best example of the concept

of population density? TLACD LD pagha e Tl JE2 L b ¢

dbwyall Laglsill Sloyaall

BIO.3.4.03.012 o
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You may have leamed that organisons adapt 1o the biatic and absotic factors in thalr ervi-

ranment. A species might not be able to expand its pope
survive the abitic conditions found in the expandead regic

xn range because it cannot
A change in temperature

range, hurmidity level, annual rainfall, or sunlight might make o new geographic ares
uninhabitable for the spockes. In addition, iotic factors, sach as peodatons, competitars
and parasites, present threats that might make the new location difficult for sarvival

L_,E—/ Get It?
Describe two reasons why a species might not be able to expand its range

op } L NIt t

Limiting factors are baotic or abvotic factors that keep a popelation from continuing 1o
increase indefinitely. Decressing a limating factor, such as the availabie food supply
often changes the number of individuals that are able to survive in a grven area. In
other words, ¥ the food supply increases a larger population might result, and if the

food supply decreases a smaller population would likely result

Density-independent

Ay factor in the environment that does not depend on the number of members in 2
population per unit area is a densitydndependent factor. These factors cswally are
absotse and include natural phenomena such as weather events. Weather events that
limit populations include drought or flooding, extreme heat or cold, tornadoes,
hurricanes, or fires (as shown in Figure 4)

Wependent 1actar that pepulat V) 1oweyer aTa

fore

ACADEVIC VOC

Pepulstion Bologist derrisant

Wiy & i mpociant 0 Anow e MaracierSics. such &% sUe. rowth, aeg dsinby more powesul, succesdd o I conbor
Son. of pogulations” How would you study 8 populaton 12 Getermine thewe P somefing tie

ChasOenalics” Woule you e 4 J0b That reguires you 10 De i Dhe fedd Shudyeng The Dot wilh wiich you wele ond oo

cegarvares in their matansl habRa® I Bese queshons nioeedl you, you might de a4 0Ll oty desds s cofied you
Rt popalsiion Dologsl PODUION DIOPSLS wie ter INangs 1o predit the dorminast Song
Ature of papadation: and detormine what can be done o |eLten A0galive ImpactL



Which is a density-independent factor?

Q u 1e St i <0 ‘n severe drought

B. an intestinal parasite

' ' C. a fatal virus
1 1 D. severe overcrowding

Which is a density—-independent factor for dalgs elpg ANCH o datay Y @A Jaladl La
a flock of Canada geese on a large lake? TBmS Ban Ao (ga8D oY) e palad
O Intestinal worms Aagaall Slastl
@) Infectious virus dae gagpd
O Dwindling food supply Jilaia plae el

@ Unusually cold winter sislad 5. 2,0 a2 a

6 What are forest fires, temperature fluctuations,
and floods all examples of?

A Dbiotic, density-dependent factors

B Dbiotic, density-independent factors

C abiotic, density-dependent factors
abiotic, density-independent factors
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Figure 4 on the last page shows an ¢

thon. The ponderosa pines have been damaged by a crown fire, a fire that advances to
the tops of the trees. In this example, the fire linits the population of ponderosa trees

by killing many of the trees. However, smaller but more froguent groand fires have the

opposite effect on the population. By thinning kawer gromang plants that use up mutes-

ents, a healthier population of mature ponderosa pines is produced

Populations can be lenited by the results of human interference. For example, over the
Last 100 years, buliding dams and other human activities on the Colorado River have
significantly reduced the rver’s water flow and changed its temperature. In addition,
the introduction of nonnative fish species altered the river’s biotic factors. Becawse of
the changes in the river, the number of small fish called humpback chub was reduced
During the 19605, the aumber of humpback chisb dropped so low that they were in

darger of disappearing from the Colorado River altogether. Air, land. and waser pollu-
tion are the result of human activities that also can limit populations. Pollution reduces
the available resources by making some of the resosrces toxic

Density-dependent factors

Any Qctor in the enviconment that depends on the number of members in 4 population
per unit area is o densitydependent factar. Density-dependent factons ane often biotic

factors such 25 peodation, disease, competition, and parasites

Predation A study of dersity-dependent factors was done on the wolf and moose
populations in northern Michigan on ke Royale, located in Lake Superior. The
results of th dy are shown in Figure 5

Iske Royal Case Study
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mplo of the effects that fire can have on a popula-
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Prior to the winter of 194748 there were apparenily no wolves on Isle Royale. During
that wand
island During the next ten years the population of wolve

single pair of wobves crossed the ice on Lake Superior, neaching the

reached about twenty indi-

viduals. Notice that the graph in Figure 5 on the previous page shows that the riso 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 wolves decreased, the number of

moose increased

Disease Another densty-dependent factor is disease. Outbreaks of disease tend to

occur when population size has incressed and population der

y Is high When

population density Is high, disease is transmitted easily from one individeal W another

because contact between individuals is more frequent. Therelore, the discase spreads

7
aschly through a population. This bs just as true for haman populations as it

eastly and
is for populations of protists, plants, and other species of animals
Competition Competition between
arganisms also increases when density
increases. When the population increases to a

size where 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. For example, the foes fighting
over the squirrel in Figure 6 also compete with

other species, such as coyotes, for the same

food source

Fige 6 A doces e aca

Competition for insufficient resources might

resalt in 4 decrease in population density in an

arca due 10 starvation or to individuals leaving the ares in search of additional

resources. As the population size decreases, competition becomes jess severe

Parasites Like discase, parasitic organisana can place limits on a population. The
presence of parasdtes is a density-dependent factor that can negatively affect population
growth at higher densities

Population growth rate

An important charscteristic of any population bs s growth rate. The population growth
e (PGR) explains how fast a given population grows. One of the characteristics of the
population ecologists must know, or at least estimate, 5 natalty. The natality of a
population ks the birtheate. or the number of individuals born in a given time: period.
Ecologists also must know the mortality~the number of deaths that occur in the popu
lation during a g

time period
The number of individuals emigrating or knumigrating also is knportart. Emigration {em
uh GRAY shun) is the term ecologists use to describe the number of individuals moving

away from a population



Which ofthe followingis 2 density-dependent limiting factor?

Question

e ) winter frost (thin ayer ofce) destroying most of the year's grape . drought i the Kalahari, threatening the lfe of kudu, wildebeest,
1 2 crops n laly and lions
() drastic changes inwater pH, causing fish fo cie a adecling nthe moose population afer wolies move ntothearea ., /

Alimiting factor is a factor that controls the growth of a population. Factors that depend on population density are called density-dependent limiting factors.
|dentify the density-dependent limiting factors.

1 flooding [ forestfires

H competition v ] E parasitism

71 pollution 1 coldweather




Which statement describes the crown fire effect on the
population ?

Question

A. thickening lower growing plants .
| Y B. new plants grow from seeds that the wind carries to the area.
C. healthier population of mature ponderosa pines is produced.

limits the population of ponderosa trees by killing many of the
trees.

Which statement describes the ground fire effect on the
population ?

A. thickening lower growing plants .
B. new plants grow from seeds that the wind carries to the area.
© healthier population of mature ponderosa pines is produced.

D. limits the population of ponderosa trees by killing many of the
trees.




Question

12

Which is a density-independent factor for a flock of

Canada geese on a large lake?

salfs olyy B o 2y ¥ g Jalad gh La
8 A S b ) 00 ol

Dwindling food supply

Infectious virus

Intestinal worms

Unusually cold winier

Fe===y
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Question

12

Which limiting factor is dependent on the density of the

population?

contagious fatal virus

B. dumping toxic waste in a river

C. heavy rains and flooding
D. widespread forest fires

Lemmings are mammals that produce offspring in
large numbers when food is plentiful. When the food
supply diminishes, lemmings starve and many die.
Which of the following factors influences Lemmings

population size?

A e BuS del NISS Sl A Gugdl) Ga)ld o
Ao Lgha aad) Sigan ¢ AT 108 il Lasic ol
foa Al dclas paa d Sk b las Jale

Predation

Disease

Parasites

Competition

oY
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Notice Figure 11 on the kst page shows a relatively stable number of indivadaals over
thousands of vears—until recently. Notice also the recovery of the human population
after the outbreak of the bubonic plague in the 1300s when an estimated one-thied of the
populstion of Europe died. Perhaps the most ssgnificant festure in this graph is the
increase in the population in moent times, In 1804, the population of Earth was an
estimated one bdlion people. Earth reached a milestone in 2011, when our population
was recorded at seven billlon people. With the current growth rate af just over 83 million

peoplo per year we are expected 1o reach a population of 9.5 billion by 2050

Technological advan

For thousands of vears, environmental conditions kept the sz of the human population
at a relatevely constant number below the environment's carrving capacity. More
recently, however, humans have altered the envisonment in wavs that appear to have
changed its carrying capacity. Agriculiure and domestication of animals have increased
the human food supply. Technological advances and medicane have improved the
chances of humuan survival by redecing the number of deaths from parasites and discase

In addition, improvements in sheltor have made humans less valnesable to cimatic

impacts

B Get I?

Explain the factors that have contrbuted to an increase in the surveval rate of the
human population. Have these faciors conwibuted 10 the homeostass of the
population within s enviroment? Explain

Human population growth raote

Although the haman population is still growing, Percent Increase in Human Population
the rate of its growth has slowed_ Figare 12 32

shows the percent increase in human population 10

from the late TM0s through 2016, The graph i 1§ po

also includes the progcted population increase ';

through 2050 ' & 2

Notice the sharp dip in human popalation ‘ :

growth in the 1960s. This was due primarily to 2 5 o6

famine in China in which about 60 milion o4 T |

people died. The graph also shows that human :i { | 1

population growth reac hed its poak at over 2.2 - s J000 s 3
percent in 1963, By 2016, the percent increase in Voar

human population growth had dropped to less . . o =

than 1.2 percont 1 popel o e 3 ¢

Populstion models predict the overall population
growth rate 10 be below 0.6 percent by 2050 o
The decline in human population growth & due
primardy o diseases such as AIDS and volun-

tary population control




Question

13,14

16-Which is a primary reason
for the decline in the percent
growth of the human
population after 19627

A. decreased agriculture
B. famine and wars
C. setbacks in medicine

Parcent increase

1n.."-::nvlrh.lrﬂ:::l ry population controll

18
1.8
1.4
1.2
10
L4 8]
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Percent Increasse im Haman Popalation

e

Which is a primary reason for the sharp dip in human

population growth in the 1960s ?

A. decreased agriculturede! ;)| (alisll

famine 4l

C. setbacks in medicine «khll 4Ll

D. voluntary population controlgludy!) hlis
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Percent Increase in Human Population

. a® 2|— '\,\ I complete the table |

Questionpge

:: W ks\‘\ Approximate Growth Rate
. . % Nl ‘ \ a3 1950 1975 2000 2025 (estimated)
1 3 1 4 2., 5‘“‘ 1.7 1.8 1.3 0.9
‘ 4 E 10 o _":,.;‘_ ||
a 08 Mag What are the main reasons for the expected trend in human
06— l | | "'*.,_‘ population between now and 20507
0.4 | ‘ diseases such as AlDS and voluntary population control
02
1]

1950 14975 2000 2025 2050
Yoar
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LESSON 2

Q u le St HUMAN POPULATION

7 _ . FOCUS QUESTION
' What factors affect human population growth?

The study of human population size, density, distribution, movement, and birth and
death rates s demography (de MAH gra fee). The graph in Figure 11 shows demogra-

phers’ estimated human population on Earth for several thousand years

[
Mumen Population en Earty
2 v T T T T — ol
S Y N O
n \ , =
© . I | - 3_ gL
. F&:
e : + : v
O | Y
g Stone . MNew . [Bronze  Won .
Age Stone Age Age Age '
b 7 | i
s - . - P o—p r - bo =)
£ | 1 '
6 t s ¢ + ‘ : '
| Powing and Buson pague |
S " ngencn begn 1 o0y | "
r 1
4 1 dasial |
) 1 Revok begrn
|
2 T
1 |
0
2 mlbon 6000 S000 4000 3000 2000 100 AD AD AD
yeors BC BC B8C 8BC BC 8C ! 1000 2000
Year
- atwe enat t wa

Figure 11 Thas humaee o

g Dege oW 3l &8 exponenl

s :: I..._ = e m
¢ COLLECT EVIDENCE INVESTIGATE

5

3 5 Use your Science Jours 1o Q GO ONLINE 10 find these acthilies 3ad mare seaources

retord the svdence you coliect &8 | Siolatx M o p Lation trend?
you complete the (sasings e Uo
Plan and carry out an iovesigation in deermne the cruse and effect of ends

activiies in tals lesson.
a Quick Investigation: Evaluste Factors
Aralyre sod interpret Gata 30 determre Me 1aCitrs that alflect Qo




Question
15,24
Figure 12

Human Population of Earth

12
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: r I
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Year

6. Which event appears to coincide with a gradual
increase in human population?
A. bubonic plague
B. farming
C. Industrial Revolution

D. plowing and irrigation
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The graph in Figure 12 on the last page bs somewhat deceptive, Population trends can
be allerod by events such as discase and war. Figure 13 (next page) shows a fow histors
cal events that have changed population trends. Figure 12 could also easily be misinter-
preted because human population growth bs not the same in all countries. However,
population growth trends are often similas in countries that have similar economies

For example, one trend that has developed during the previous century is a change in
the population growth rate in industrially developed countries such as the United

States, An industrially developed country is advanced in industrial and technological
capabilities and has a population with a high standand of Inving. Criteria for determening
developed countries include average national income, individual average health and
education, and national export and mpert of geods.

In its early hastory, the Unsted States had a high bertheate and o high death rate. It was
not uncommon for people 1o have Large Lamilies and for individuals to die by thedr early
forties. Many children also died before reaching adulthood. Presently, the birthrate in
the United States has decreased dramatically and the life expectancy is greator than
seventy years. This change in a population from high birth and death rates 0 low birth

and death rates is calied 4 demographic transition.

p Connection | How do population growth rates (PGR) compare in industrially

developed countries and developing countries? As an example, we will compare the
2008 populations for the Unsted States and Hondasas, a small country in Central
America The calculation for PGR is

bathmte — death rate + mugratyon rate

PGR (%)

In our example, we'll have 1o divide the final answer by 10 to get a percentage because
the rates ase calculated per 1000. The United States has birthrate 1.1 (per 1000), death
rate 8.3 (per 1000), and migration rate 29 (per 1000). Thes grves a PCR of 0.57 percont
for the United States. Honduras has bisthrate 26,9 (per 1000), death rate 5.4 (per 1000)
and migration rate -1.3 (per 1000). This gives 2 PGR of 2.02 percent for Honduras

@ Get It?
Compare the population growth rates in the United States and the United Kingdom,

which has a birthrate of 12 (per 1000), death rate 88 {per 1000), and migration mate
25 (per 000

Cromba

WORD ORIGINS

dermography

demo- hom the Gresk word demon; meaning pecpie
Sgrephy hom the Freach werd grophie, mesning weiling

U




Question

16,17,

Population Growth Rate (PGR)

| Calculated per 1000 |

The calculation for PGR

Birth rate - death rate + migration rate

25

()= e =

= PGR (%)

10

Find PGR for the countries:  |United States |

' Honduras |

The birthrate 14.1(per1000)
death rate 8.3 (per1000)

and migration rate 2.9 ( per1000)

141-83+29

= 0.87 (%)
10

The birthrate 26.9(per1000)
death rate 5.4 (per1000)
and migration rate -1.3  per1000)

26.9-5.4+(-1.3)

= 2.02 (%)
10




The change in a population from high birth and death rates to
low birth and death rates is called a...........

Qu estion 3l gl ¥ ana ) Ayl i g g ) all e 0 SISl 30 B uinil) ey

D 2 daddiall il Sl
16,17, o
A. demographic formation

2 5 demographic transition

C. demographic position
D. demographic illustration




apiee Bology & 12 Studert Edtien

Another important factor in keeping the human Human Use of Resources
population at or below the carrying capacity s

the amount of resousces from the biosphere that

are wsed by each person. Carrently, individoals
in industriadly developed cosntries wse far more

resources than those individuals in developingy

s»omB

countries, as shown in Figure 15 This graph
shows the estimatod amount of land required to
spport a person through his or her life
including land used for production of food,
forest products and housing, and the additional
forest land required 1o absorb the carbon
duoxide produced by the burning of fossil

A5

>

»
Nger @
an

Gomany
[

Estimated hectares of land used

-

a
L
a
-

fueds. Countries such as India are becoming
more industrialized, and they have 2 high
growth rate. These countries are adding more
people and are increasing their use of resources. At some point, the land needed 1o sustain each
person on Earth might exceed the amount of land that bs avadlable. At that time the human
population will Bkely have excoeded Earth's carrying capacity

|E Check Your Progress

Summary Demonstrate Understanding

+ Human population gromtn rates 1. Describe the change in human population growth
vary In ndustrialy devedoping over time.
countries and industralized 2. Describe the differences Detween the Sge structure
counttes graphs of nongrowing, siowly growing, and rapidly

+ Zero population growth occurs growing countries
when the binhrate and Immi- 3 Assess the consequences of expanental populatcn
Orabion rate of & population growsh o any populaton

Scuals the destis sate and the 4 Summarize why tho human populatan bagan to grow

SORGFPON rate. exponentially in the Modern Age
+ The age structure of the human

popuiation is a comtributing Explain Your Thinking
5 factor to popuation growth in S Analyze how a newly emerging disease might affect
i sOme countries the populstion size in an industrially developing and in
§ « Earth has an undelined carry- an akeady developed courntry
£ ing capacity for the human 6. [P Connection] Corstruct an sgestructure
i popuiRaton diagram using the foll g percentages: 0-19 years

447, 20-44 years: 529 45 years and over: 24 Which
type of growth is this country experiencing?

ILEARNSMART Goonine to follow your personsized ieaming path to review, practice.
and reinforce your understanding




19-Based on the information in the
graph, infer which statement accurately
represents the information provided.

Question
18
Figure 15 e S s S

e oo ond
="
[

N

i

[

[

AL India has very little land for farming.
B. Germany is smaller per acre than
the United States.
@ More land is used to support an
individual in the United States.
D. A person in indonesia requires more
land than a person in Brazil.




Question
18
Figure 15

Based on the information in the graph, infer which statement accurately
represents the information provided.

Human Use of Resources

A. Brazil is smaller per acre than the United States.
B. More land is used to support an individual in Nigeria.

@A person in India requires less land than a person in
Brazil.

Estimated hectares of land used
o ma By o o D‘ r\.;
Ia I

D.Nigeria has very little land for farming 308 1§} ¢
8 -
Country

Based on the information in the graph, infer which statement accurately
represents the information provided.

Human Use of Resources

A. Germany has very little land for farming.
B. India is smaller per acre than the United States.

@ = ra =

C. More land is used to support an individual in India.

=]

A person in Indonesia requires less land than a
person in Brazil.

Estimated hectares of land used

usa

Indonesia
Nigeri
India

]
=]
=
=
2
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Questior

Another important characteristic of any population Is its age structure. A populstion’s
age structure is the number of males and females in each of three age groups: prese
productive stage, reproductive stage, and post-reproductive stage. Humans are consid-

ered 10 be pre-reproductive before age 20 even though they are capable of reproduction

y at an earlier age. The reproductive years are considered to be between 20 and 44, and
the post-reproductive years are after age 44
Analyae the age strocture diagrams for three different representative countnes in
Figure 14. The age structure diagrams are typical of many countries in the workd Notice

the shape of the overall diagram for a country that is rapidly growing, one that i
growing slowly, and one that has reached negative growth. The age structere for the
world's human population looks more like that of & rapidly growing country

Age Structure in Human Population for 2015

Urvted Statet

Bhau®
SRORELB2UE

-
o

Figure 14

Posi-reprocecive

Age

3%
Lo23R3E

on?y

Pre-coprocixctive

VWERAG2020600 64 2022a¢4% 642024846
Percent of poputation Percent of population  Percent of population
Flgure M The seabioe 1bers ol sedvatusd Dok (e0r A e seoroduciive. asC DY

.L;’ Get 1?7

Compare and contrast 1he age structures of the countnes shown in Figure 14

Earth's carrying capacity for humans ;4
Caleulating population growth rates 5 not just » mathematical exercise. Schentists are concerned 3
about the human populstion reaching or exceeding the carrving capacity. As you leamed in ’

Lesson 1, all popudations are limited by the carrying capacity of their ecosystemns, and the human

population Is no exception. Many sclentists suggest that human popalation growth needs to be
reduced. In many countries, voluntary population control is ocaurring through family planning,

Unfortunately. if the human population contintes o grow—as most populitions do— and arvas
become overcrowded, disease and starvation will occur. However, technology has allowed humans to
incroase the carrying capacity of Earth, at least temporarily. It might be possible for technology and

planning to keep the haman population at or below Earth's carrying capacity




Question
19,22
Figure 14

9-What is the type of growth - l -
in human population? :

=

A. Negative growth
Rapid growth

C. Slow growth

D. All of the above

aaaaaaaaaaa

(O I I B B

10-What is the type of growth
in human population?

Male
_—
=}
e i
e

A. Negative growth
B. Rapid growth

@Slnw growth

D. All of the above

E 4 & 0 @ 4 &

11-Describes the relative numbers of
organisms of each age within a
population and is often represented by a
graph

12-What is the type of growth My g fomee
in human population?

A. Demographic transition
B. Population growth rate

©&ge structure diagram

D. Fertility rate

| nkl¥

Negative growth

B. Rapid growth
C. Slow growth
D. All of the above

6B 4 2 0 2 4 B



17) Which of these diagrams represents an age structure diagram of more-developed

countries?
= N N _
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Figure 14

(O A)Diagram A

(O B)DiagramB

5) What is the age structure diagram for a population that has a birthrate higher than its
death rate and larger population in prereproductive ages than in reproductive and
postreproductive ages?

A) This population can expect to see a pyramid-shaped diagram that will cause

the population to grow in the near future.

B) This population can expect to see an urn-shaped diagram that will cause the
population to grow in the future.

C) This population can expect to see a bell-shaped diagram that will cause the
population to grow in the future.

D) This population can expect to see a pyramid-shaped diagram that will cause
the population to decrease in the future.

O O O O

E) This population can expect to move into a logistic growth curve in the near
future.




In the age structure of the human population, the age group
that has the working population is the ........

Q u 1e St i <O ‘n o Claladl SISl ansat Al A peal) 20dl) old ¢ LSl (o seall S0l A

R . A. Pre-reproductive stage

1 9 2 2 Reproductive stage

| ’ C. Post-reproductive stage

In the age structure of the human population, the age group

Figu re 14 that has the eldest population is the ........

A. Pre-reproductive stage
B. Reproductive stage
@ Post-reproductive stage

In the age structure of the human population, the age group
that has the youngest population is the ........

Pre-reproductive stage
B. Reproductive stage

C. Post-reproductive stage
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Quest

HUMAN POPULATION

FOCUS QUESTION
What factors affect human population growth?

na J |-
The study of human population sze, density, distribution, movement, and birth and
death rates & demography (de MAH gra feed. The graph in Figure 11 shows demogra-
phers’ estimated human population an Earth for several thousand years

MHumen Pepulation on Esrmy
. . . + ' g w
; [ | Beonze _ Won 5 ; ;
- - - ' 8 a1 - -1
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i Plowing asd |
n:m:ﬁ begn | 11
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2 million
yeors 8C BC 8C 8C 8C B8C 1 1000 2000
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Fgure 11 T pulate . Awely Cormalant Lot 1 Seme '
1 Began 10 oow o onenbs
3 ; ¥ R . - e R =
T £ oct gy < T —

i COLLECT EVIDENCE INVESTIGATE
3 = U your Scence jourmal 10 Q) GO ONLINE 1o lind thete sChilies and mire seuources
= edord the svidence you collect &8 f\: Biolatr M ean you 5 v .

you complete the reasi o
actisiees in DN lesson - Plan and Carry 0ut an imvestQation 10 Setermine the trise and offect of

treexdy

o= Quick investigation: Evalunte Factors
Analyze sad mterpret duts 1o detemune Me laciors that alect oog Qrowt




6-The study of the size, density,
distribution, and movement of the
human population is

Question P -
2 0 demggraph":"

C. ecology
D. ethnography
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Table 1 Population Growth Rates of Countries

Geowth
ntry (percent)

Alghanistan 263 Population Geowth Rates of Countries
B I ‘ 098 ? 2
3 9
Al | g 10
Bulgania ~0.81 S 2%

} B >
Germany | -0.04 | @ 20

' | 15
Honduras | 202 | 10

T 1
Inca l 158 | 0s
nconesia [ 1 | 00

4 { -0%
Kenyn 276 - 10
: ‘ By FH BEF BEE
Neoer . 288 Eégg:?eé}gf
Ngerls 238 g e 8 3 $ T
United States 088 < 5

Population growth madels predict that the total number of people added 1o the world
population i developing countries will be greater than the total numbes of people added
in the industrially developed countries. For example, between now and 2050, the develop-
ing country Niger—shown in Table 1-will be one of the fastest growing countries. Assum

ing that the growth rate remains the same, s population s expectad fo expand from 13
to 53 million people. The industrially developed country Bulgaria & expected 1o have a
population decline from seven 1o five milllon people in the same time period

Zero population growth

Another trend that populabions can experience s 2010 population growth. Zere population
growth (ZPG) occurs when births plus immigration equals deaths plus emigration for a
generation. This will mean that the population has stopped growing, because births and
deaths occur st the same rate. Once the world popalation reaches ZPG, the age struc
ture eventually should be more balanced with numbers at pre-reproductive, reprodix-
tive, and post-reproductive ages being approximatedy egual

& Zero populatson growth is a goal of many countries and soceties. Many population

# planners and ervironmentalists bebieve that ZPG will contribute to the sustatnability of

2‘ Eanth's ecosysterns.

4

3 3 CROSSCUTTING CONCEPTS SIUOY TS

t Scale, Proportion, and Geantlty Cassduly study De dals pesenied in Interactive Reading A4y iead wele

" Table 1. Ressach 1o Ind Be comeat popuation of each of Mews (ountres Bree queslion: adoul humean popule
Assarming Mt e growth cate semains the same, detamine what the popolsten | 500 dyminscs, The questicns ol
of these coumtries will be i %0 yrars. SelecT A Countyy Tt you thesk has & Segn wil aty how, whese, of when
Seotlematc DEad mnd prepese a repor 1o & govemment simina Ling the At 3 pivtasr o Queitions about e
gl dton rered for the et Gacate Lise your evedennce 10 10ettily oclontis content in he moduie

peoblents snd suggest solutons for these prodlems.




8) The population growth rate is negative when
(O A) birthrate is greater than death rate.

Q u le St j 10 n E) B) death rate is greater than birthrate.

(O C©) all couples are married but average fewer than two children apiece.

> X - (O D) acountry becomes poorer, because it is related to economic growth.
2 1 2 3 (O E) better health care reduces the death rate and increases survivorship of
| el 4 : newborns.

2-When does zero population growth occur?

Table 1

when birth rate equals death rate
B. when death rate exceeds birth rate
C. when birth rate exceeds death rate
D. when there are zero births

Once the world population reaches ZPG, the age structure
eventually should be.............

A. unbalanced with numbers at pre-reproductive, reproductive ages
are less than the post-reproductive age group.

B. unbalanced with numbers at pre-reproductive, reproductive ages
are more than the post-reproductive age group.

balanced with numbers at pre-reproductive, reproductive, and
post-reproductive ages being approximately equal.




8-What will happen to the human
population when the birthrate equals the

Q ue St j on death rate?

21,23 o e
. PGR

Table 1 @S

1-What term is used to describe the
number of individuals moving into a
population?

A. emigration
B. imitation

@ immigration

D. migration




Countries that will add more people to the world population

Qu e st N [ECIuTE——
2 1 2 3 developing countries
e i y B. industrially developed countries.

C. large sized countries

Table 1 D. Small sized countries

Population growth trends are often similar in countries that have
similar.............

@ economies Laidy!
B. area

C. position
D. ethnicity Gue
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Remember... /
Study your textbook First!

With my best wishes
Biology Teacher\ May Hossam

§ School Principal
Salama Khalfan Al Mazrouei




