
12/8/2010

1

Unit 4

A Crowded World

Essential Questions

• How is population change calculated?

• What is carrying capacity? How does it relate to the 
population of a species?

• How does the reproductive age of the individuals and 
in a population affect the rate of growth?

• What is the difference between exponential, 
arithmetic, and logistic growth? 

• How does overshoot relate to the Malthusian Theory 
of population collapse and the theory of evolution?

• What are the four ways in which a population density 
will change over time?

• What are r-selected and K-selected species? What 
particular traits do these individuals possess?

Essential Questions
• What are the advantages and disadvantages of sexual 

reproduction? 

• During which two periods of human history has the human 
population changed drastically? What were the causes of 
these drastic changes?

• What is the current human population? What four factors 
affect the population change of a country? Why has the 
advent of modern medicine drastically affected the rate of 
human population growth?

• What are the three most populous countries?

• What is total fertility rate? Replacement fertility?

• What was the baby boom? How has it affected the US 
population?

• What affects whether a woman will be able to reproduce?

Essential Questions

• What do age structure diagrams tell you about the change 
in population of a given country?

• What effects does an increasing or decreasing population 
have on the infrastructure of a country?

• What is demographic transition?

• What are some strategies in reducing the human 
population increase? 

• What is the IPAT model?

• What implications does the increasing human population 
have on the quality of life?

• How does the situation in Rwanda demonstrate the 
Malthusian dilemma?

POPULATION DYNAMICS AND 

CARRYING CAPACITY

• Most populations live in clumps although other 

patterns occur based on resource distribution.

Changes in Population Size: 

Entrances and Exits

• Populations increase through births and 

immigration

• Populations decrease through deaths and 

emigration
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Age Structure: Young Populations 

Can Grow Fast

• How fast a population grows or declines depends 

on its age structure.

– Prereproductive age: not mature enough to 

reproduce.

– Reproductive age: those capable of reproduction.

– Postreproductive age: those too old to reproduce.

Limits on Population Growth: 

Biotic Potential vs. Environmental 

Resistance

• No population can increase its size indefinitely.

– The intrinsic rate of increase (r) is the rate at which a 

population would grow if it had unlimited resources.

– Carrying capacity (K): the maximum population of a 

given species that a particular habitat can sustain 

indefinitely without degrading the habitat.

Principles of Population Ecology

Maximum Population Growth

• under ideal conditions = intrinsic rate of 

increase

J-shaped curve 

(exponential growth)

Principles of Population Ecology

Environmental Resistance

• Exponential growth cannot occur forever.

• What factors prevent it from doing so?

S-shaped curve (logistic growth)

Exponential and Logistic Population 

Growth: J-Curves and S-Curves

• Populations grow 

rapidly with 

ample resources, 

but as resources 

become limited, 

its growth rate 

slows and levels 

off.

Exponential and Logistic Population 

Growth: J-Curves and S-Curves

• As a population 

levels off, it often 

fluctuates slightly 

above and below 

the carrying 

capacity.
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Exceeding Carrying Capacity: Move, 

Switch Habits, or Decline in Size

• Over time species may increase their carrying 

capacity by developing adaptations.

• Some species maintain their carrying capacity by 

migrating to other areas.

• So far, technological, social, and other cultural 

changes have extended the earth’s carrying 

capacity for humans.

Population Density and Population 

Change: Effects of Crowding

• Population density: the number of individuals in 

a population found in a particular area or 

volume.

– A population’s density can affect how rapidly it can 

grow or decline (density-dependent factors)

• e.g. biotic factors like disease

– Some population control factors are not affected by 

population density (density-independent factors)

• e.g. abiotic factors like weather

Principles of Population Ecology

• Population Density:

• Not enough to know just how many.

• Need to know per unit area.

20 / 100 m2
20 / 25 m2

Types of Population Change 

Curves in Nature

• Population sizes may stay the same, increase, 
decrease, vary in regular cycles, or change 
erratically.

– Stable: fluctuates slightly above and below carrying 
capacity.

– Irruptive: populations explode and then crash to a more 
stable level.

– Cyclic: populations fluctuate and regular cyclic or boom-
and-bust cycles.

– Irregular: erratic changes possibly due to chaos or 
drastic change. 

Types of Population Change 

Curves in Nature

• Population sizes often vary in regular cycles when 

the predator and prey populations are controlled 

by the scarcity of resources.

Case Study: Exploding White-Tailed Deer 

Populations in the United States

• Since the 1930s the white-tailed deer population 

has exploded in the United States.

– Nearly extinct prior to their protection in 1920’s.

• Today 25-30 million white-tailed deer in U.S. pose 

human interaction problems.

– Deer-vehicle collisions (1.5 million per year).

– Transmit disease (Lyme disease in deer ticks).
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REPRODUCTIVE PATTERNS

• Some species reproduce without having sex 
(asexual).

– Offspring are exact genetic copies (clones).

• Others reproduce by having sex (sexual).

– Genetic material is mixture of two individuals.

– Disadvantages: males do not give birth, increase 
chance of genetic errors and defects, courtship and 
mating rituals can be costly.

– Major advantages: genetic diversity, offspring 
protection.

Sexual Reproduction: Courtship

• Courtship rituals 

consume time and 

energy, can transmit 

disease, and can inflict 

injury on males of 

some species as they 

compete for sexual 

partners.

Reproductive Patterns:

Biotic Potential

• Large number of smaller 
offspring with little 
parental care (r-selected 
species).

• Fewer, larger offspring 
with higher invested 
parental care (K-selected 
species).
– The interaction between 

an organism’s biotic 
potential and the 
environmental resistance 
to its population growth 
helps determine the fate 
of its population.

Reproductive Patterns

• r-selected species tend to be opportunists while K-
selected species tend to be competitors.

Survivorship Curves: 

Short to Long Lives

• The way to represent the age structure of a 

population is with a survivorship curve.

– Late loss population live to an old age.

– Constant loss population die at all ages.

– Most members of early loss population, die at 

young ages.
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Survivorship Curves: 

Short to Long Lives

• The populations of 

different species 

vary in how long 

individual 

members typically 

live.

HUMAN POPULATION GROWTH:

A BRIEF HISTORY

• The human population has grown rapidly 

because of the expansion of agriculture and 

industrial production and lower death rates from 

improvements in hygiene and medicine.

– In 2006, the population of developed countries grew 

exponentially at 0.1% per year. 

– Developing countries grew (15 times faster at 1.5% 

per year.

Where Are We Headed?

• We do not know how long we can continue 
increasing the earth’s carrying capacity for 
humans.

– There are likely to be between 7.2-10.6 billion people 
on earth by 2050.

– 97% of growth in developing countries living in acute 
poverty.

– What is the optimum sustainable population of the 
earth based on the cultural carrying capacity?

Where Are We Headed?

• U.N. world population 

projection based on 

women having an 

average of 2.5 (high), 

2.0 (medium), or 1.5 

(low) children.

FACTORS AFFECTING HUMAN 

POPULATION SIZE

• Population increases because of births and 
immigration and decreases through deaths and 
emigration.

• Instead of using raw numbers, crude birth rates 
and crude death rates are used (based on total 
number of births or deaths per 1,000 people in a 
population).

FACTORS AFFECTING HUMAN 

POPULATION SIZE

• Average crude and 

birth rates for various 

groupings of 

countries in 2006.
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FACTORS AFFECTING HUMAN 

POPULATION SIZE

• The world’s 10 most 

populous countries in 

2006 with projections 

in 2025.

The Human Population

• Current Population Numbers

• Rapid growth primarily due to drop in 

death rates

Declining Fertility Rates: 

Fewer Babies per Women

• The average number of children that a woman 
bears has dropped sharply.

• This decline is not low enough to stabilize the 
world’s population in the near future.

– Replacement-level fertility: the number of children a 
couple must bear to replace themselves.

– Total fertility rate (TFR): the average number of 
children a woman has during her reproductive years.

Declining Fertility Rates: 

Fewer Babies per Women

• The replacement level to sustain a population is 

2.0 children.

• In 2006, the average global Total Fertility Rate 

was 2.7 children per woman.

– 1.6 in developed countries (down from 2.5 in 1950).

– 3.0 in developing countries (down from 6.5 in 1950).

Case Study: Fertility and Birth Rates 

in the United States

• Nearly 2.9 million people were added to the U.S. 

in 2006:

– 59% occurred because of births outnumbering 

deaths.

– 41% came from illegal and legal immigration.

Case Study: Fertility and Birth Rates 

in the United States

• In 2006, the total fertility rate in the United 

States was slightly > 2.0
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Case Study: Fertility and Birth Rates 

in the United States

• The baby bust that followed the baby boom was 

largely due to delayed marriage, contraception, 

and abortion.

47 years

Homicides per

100,000 people

Hourly manufacturing job 

wage (adjusted for 

inflation)

Living in

suburbs

Homes with

electricity

Homes with

flush toilets

High school

graduates

Married women working

outside the home

Life expectancy

1.2
5.8

$15
$3

52%
10%

99%
2%

98%

10%

83%

15%

81%

2000

1900

8%

77 years

Factors Affecting Birth Rates and 

Fertility Rates

• The number of children women have is affected 

by:

– The cost of raising and educating them.

– Availability of pensions.

– Urbanization.

– Education and employment opportunities.

– Infant deaths.

– Marriage age.

– Availability of contraception and abortion.

Factors Affecting Death Rates
• Death rates have declined because of:

– Increased food supplies, better nutrition.

– Advances in medicine.

– Improved sanitation and personal hygiene.

– Safer water supplies.

• U.S. infant mortality is higher than it could be 

(ranked 46th world-wide) due to:

– Inadequate pre- and post-natal care for poor.

– Drug addiction.

– High teenage birth rate.

Case Study: U.S. Immigration

• Since 1820, the 

U.S. has admitted 

almost twice as 

many immigrants 

and refugees as all 

other countries 

combined.

Demographics of Countries

• Most Populous Countries
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Demographics of Countries

• Developed vs. Developing Countries 

Demographics

Demographics of Countries

• Developed vs. Developing Countries 

Demographics

POPULATION AGE STRUCTURE

• The number of people in young, middle, and 

older age groups determines how fast 

populations grow or decline.

• The number of people younger than age 15 is the 

major factor determining a country’s population 

growth.

• Changes in the distribution of a country’s age 

groups have long-lasting economic and social 

impacts.

POPULATION AGE STRUCTURE

• Populations with a large proportion of its people 
in the preproductive ages 1-14 have a large 
potential for rapid population growth.

POPULATION AGE STRUCTURE

• 32% of the people in 

developing countries were 

under 15 years old in 2006 

versus only 17% in developed 

countries.

POPULATION AGE STRUCTURE

• Today, baby boomers make up nearly half of all 
adult Americans and dominate the populations 
demand for goods and services.
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POPULATION AGE STRUCTURE

• About 14% of the world’s population live in 

countries with stabilizing or declining 

populations.

• Rapid population decline can lead to long-lasting 

economic and social problems.

• Death from AIDS can disrupt a country’s social 

and economic structure by removing significant 

numbers of young adults.

• Global again may help promote peace.

POPULATION AGE STRUCTURE

• Age structure 

predictions based on a 

medium fertility 

projection.

• The cost of an aging 

population will strain 

the global economy.

POPULATION AGE STRUCTURE

• Some problems with 

rapid population 

decline.

• Which of these 

problems do you 

believe are the most 

important?

SOLUTIONS: INFLUENCING 

POPULATION SIZE

• Demographic Transition: As countries become 

economically developed, their birth and death 

rates tend to decline.

– Preindustrial stage: little population growth due to 

high infant mortality.

– Transitional stage: industrialization begins, death 

rates drops and birth rates remain high.

– Industrial stage: birth rate drops and approaches 

death rate.

SOLUTIONS: INFLUENCING 

POPULATION SIZE

• Generalized model of demographic transition.

– Some developing countries may have difficulty 

making the demographic transition.

SOLUTIONS: INFLUENCING 

POPULATION SIZE

• Family planning has been a major factor in 

reducing the number of births and abortions 

throughout most of the world.

• Women tend to have fewer children if they are:

– Educated.

– Hold a paying job outside the home.

– Do not have their human right suppressed.
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SOLUTIONS: INFLUENCING 

POPULATION SIZE

• The best way to slow population growth is a 

combination of:

– Investing in family planning.

– Reducing poverty.

– Elevating the status of women.

SLOWING POPULATION GROWTH IN 

INDIA AND CHINA

• For more than five decades, India has tried to 

control its population growth with only modest 

success.

• Since 1970, China has used a government-

enforced program to cut its birth rate in half and 

sharply reduce its fertility rate.

Total fertility rate

Percentage

of world

population

Population

Population (2050)

(estimated)

Illiteracy (% of adults)

Population under age 15 (%)

Population growth rate (%)

17%
20%

1.1 billion
1.3 billion

1.6 billion

India
China

GDP PPP per capita

Percentage living

below $2 per day

Life expectancy

47%
17%

36%
20%

1.6%
0.6%

1.4 billion

$5,890
$3,120

47
80

70 years
62 years

27
58

1.6 children per women (down from 5.7 in 1972)

Infant mortality rate

2.9 children per women (down from 5.3 in 1970)

IPAT Model

• The extent to which population increase can 

be considered a problem involves more than 

just numbers of people. 

• I = P x A x T

– I: impact

– P: population

– A: affluence

– T: technology

Population and Quality of Life

• Environmental degradation

• Hunger

• Persistent poverty

• Economic stagnation

• Urban deterioration

• Health issues

Primary problems with overpopulation:

“Demographic Trap”

• Some feel that developing countries may never 

progress through all four stages of the DT because

– Their populations are growing too rapidly

– Many natural resources have already been exploited

– The countries are deeply in debt

– The large population has caused environmental 

degradation to such an extent that K has been significantly 

lowered

• And therefore the resources are simply not available 

to progress through the DT
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Population and Quality of Life

• Population and World Hunger

Population and Quality of Life

• Different proposed strategies for reducing 

hunger:

1) Strictly control population growth

2) Stimulate economic development

3) Provide better equitability of resources

Population and Quality of Life

Economic Effects of Continued

Population Growth

Competing hypotheses:

Hyp 1:  Rapid population growth � ↑economic 

development + ↑technological innovaPon.

Why would they think this?

Hyp 2: Rapid population growth does the 

opposite.

Population and Quality of Life
Economic Effects of    

Continued Population Growth

Debt in Developing Countries

Reducing the Total Fertility Rate

Why is Total Fertility Typically High in developing 

countries?

• Gender defined roles

• High fertility to compensate for high mortality

• Work expectations of children

• Religious beliefs

Reducing the Total Fertility Rate

The Social and Economic Status of Women

• Gender inequity is common worldwide

Percent illiteracy of 

men and women in 

select developing 

countries, 2002
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Reducing the Total Fertility Rate

The Social and Economic Status of Women

• Gender inequity is common worldwide

• Younger age of marriage � ↑ fertility rates

Reducing the Total Fertility Rate

The Social and Economic Status of Women

• Gender inequity is common worldwide

• Younger age of marriage � ↑ fertility rates

• Higher level of education � ↓ fertility rates

Reducing the Total Fertility Rate

• Family Planning Services

Blue = % using 

contraceptives

Red = TFR

Reducing the Total Fertility Rate

Family Planning Services

Selected Birth Control Methods

• Oral contraceptives 

• Implants

• IUD

• Spermicides

• Condom, male

• Rhythm

Government Policies and Fertility
China’s Controversial Family Planning Policy

One child per family

Main problems with policy:

Eroded personal freedom

Disproportionate number of males born 

Government Policies and Fertility

India’s Severe Population Pressure

• Early efforts centered on compulsory 

sterilization (which was a complete failure)

• Currently attempting to integrate economic 

development and family planning (total 

fertility rates have dropped)
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Government Policies and Fertility

Mexico’s Young Age Structure

• Strong positive population growth momentum

due to high % young.

• Government measures (e.g., education 

reform) have reduced the fertility rate.

Government Policies and Fertility

The Population Challenge in Nigeria

• Most populous African country with high a 

fertility rate.

• Birth control use very low (8%).

• Government attempting to improve health 

care and encourage marrying later.

Government Policies and Fertility

Population Concerns in Europe:

• Opposite of most areas — fertility rate very 

low.

• Pronatalists predict overwhelmed pension 

programs and loss of economic growth.

• Opponents predict technological innovations 

will spur economic growth and the elderly will 

be asset to society.

Government Policies and Fertility

Case-in-Point: The Global Summit on Population 
and Development

Focused on:

• Reproductive rights:  easy and affordable 
availability of family planning resources

• Empowerment of women:  education, 
business (micro-loans), independence

• Reproductive health:  good prenatal and 
postnatal care for other and child

Achieving Population Stabilization

Discuss some of the ethical issues associated 

with overpopulation: 

• Is it ethical to have more than 2 children? 

• Is it ethical to consume too much in the way 

of material possessions? (as we do in the 

USA)

• Is it ethical to try to influence a couple’s     

decision about family size?

Where is the Rwandan Society?
Landlocked between Tanzania, Burundi, Uganda 

and the Democratic Republic of the Congo.
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Population Growth

• Very densely populated in the early 19th

century because of the countries altitude.

– Too high for tsetse flies and other carriers of 
diseases, specifically Malaria. 

• Moderate rainfall supported agriculture.

• The population has been growing at a 
consistent 3% per year. 

• The population doubles approximately every 
18 to 19 years. 

Malthusian Theory

• Thomas Malthus proposed in 1798 that a societies 
resources will be replenished arithmetically while humans 
reproduce exponentially, thus causing an inevitable 
agricultural shortage. 

0
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Population

Resources

Population Density
• Along with Burundi, Rwanda is one of the most densely 

populated countries in Africa.

• Nigeria is the third most densely populated country in 
Africa, but only ¼ the concentration of Rwanda

• 1990 – Even after mass killings and exiling, there was an 
estimated 760 people per square mile.
– In comparison, the density of the United Kingdom is 610 

people/mile squared and Holland is 950 people/mile squared

The Hutu
•Make up 85% of the population in Rwanda

•The leader of the Hutu government was 
Habyarimana

•Considered to have less power than the Tutsi 
during the European colonialism period

•Shared the same language and culture as the 
Tutsi

•Major population loss during the genocide in 
Rwanda

•Main economic role was being a farmer

•Carried identity cards saying they were Hutu

The Tutsi

• Superior to the Hutu during the 

European colonization period

• Referred to as “Cockroaches” by 

the Hutu

• 800,000 Tutsi people had been 

killed within a span of 6 weeks

• Make-up 15% of the total 

population in Rwanda

Violence
•The Hutu were supplied with weapons from 
businessmen close to Habyarimana

•They trained their militias, imported weapons, 
and prepared to attack the Tutsi

•President Habyarimana’s plane was shot down 
on April 6,1994; in the plane also was the Hutu 
president from Burundi

•Major massacres took place when the Hutu 
organized to kill the Tutsi.

•The Hutu extremist government organized the 
killings while the Hutu civilians carried out the 
orders
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Relations with Neighboring Countries

• Had a close relationship with Burundi, 
shared same Hutu and Tutsi culture

• Both became independent around 
1950’s

• Refugees escaped from Rwanda to 
Burundi

• President of Rwanda Hutu 
Habyarimana and Burundi’s Hutu 
president were both murdered.

• Burundi and Rwanda suffered Ethnic 
violence

French/U.S. involvement

• The U.S./French governments and the U.N. did not get involved with the 

violence that was going on in Rwanda

• The U.S., French, and the U.N. all referred to the situation as “chaos”, “a 

confusing situation”, and “Tribal Conflict”

Fights over land- Family fights

• There was a lot of tension between poorer families 
because land was scarce.

• Families were getting into confrontation within 
themselves. 

• One of the main problems was that the big land 
owners had money while the small land owners were 
desperate for money.

• The rich bought land from the poor and kept 
expanding and the poor kept selling and got smaller. 

5 Point Analysis

• Environmental Damage

– Lack of farm land lead to farming on hillsides, 

which in turn created a substantial soil erosion 

problem.

– Rwandan farmers do not find it uncommon to 

have entire farms washed away overnight.

-Deforestation led to the drying up of streams and 

irregular rainfall.

• Hostile Neighbors

– Rwanda’s issues were mostly because of a civil war, not 

because of neighboring countries. However, the genocide 

spread into other countries as well (Burundi).

• Lack of support

– The US, French and U.N. all avoided the genocide 

situation.

– The Congo and Tanzania accepted refugees during the 

conflict, but did not intervene in the fighting.

• Climate change

– Reduced rain fall, drought and global warming.

• Societies reaction

– It is evident that the “genocide” was not merely a 

racial or tribal conflict.

– In many communities, there were very few Tutsi 

and mass killings still took place.

– The death toll was around 11% of the population, 

Tutsi only comprised around 5% of the population.

– This illustrates that Rwanda's reaction to their 

collapse was chaotic unorganized.


