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Population Ecology

POPULATION GROWTH is a hot button. Some

people are alarmed at the rate of the

world’s population growth, which recently hit 7

billion. Others say there is nothing to be con-

cerned about, as technology will provide

answers needed to provide for additional peo-

ple. What do you think? Can the human popula-

tion continue to grow forever?

Objective:

� Explain population ecology and human population trends.

Key Terms:

�

Population

A population is a group of individuals of the same species sharing the same geographic

area. A population may be of animals, plants, or microorganisms.

POPULATION ECOLOGY

Population ecology is the study of a group of organisms, how many there are, and why

numbers rise or fall. Population density, population distribution, and population fluctuation

are important factors of population ecology.

Population Density

An important aspect of population ecology is population density. Population density is

the number individuals of a particular species found in a unit of habitat at a given time. The
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size of the habitat being studied is significant. For instance, a situation of 200 elk in 10 square

miles is much different from a situation of 200 elk in 100 square miles. Of course, different

habitat can support different population levels. Also, the habitat may be more supportive dur-

ing different seasons of the year and in different years.

Population Distribution

The distribution of an organism in a geographic area is called range. Some organisms have

a wide range of distribution, while others have a narrow range. The distribution of the individ-

uals within a population creates patterns of dispersion. Dispersion patterns may be uniform,

random, or clumped.

Uniform dispersion is a pat-

tern in which individuals of a spe-

cies are evenly spaced. This can be

observed with some bird popula-

tions.

Random dispersion is a pat-

tern in which individuals are

spaced irregularly. This pattern is

not very common.

Clumped dispersion is a

pattern in which individuals are

grouped in different parts of a

habitat. This may be the most

common dispersion pattern.

Clusters of tree species growing

in a habitat are an example of

clumped dispersion.

Population Fluctuation

Populations grow, decline, or

stay the same. Birth rates and

death rates are the most important

factors that cause populations to fluctuate. If birth rates exceed death rates, the population

increases. If death rates surpass birth rates, the population decreases. If birth rates and death

rates are equal, the population remains stable.

The capacity of a population to increase under ideal conditions is called biotic potential.

Different species have different biotic potential. For instance, rhinoceros have low biotic

potential as opposed to bacteria. It may take many years for a rhinoceros population to grow

significantly. On the other hand, some bacteria can divide every 20 to 30 minutes, and within

15 hours a single bacterium can become 1 billion bacteria. Some factors determining biotic

potential are the age at which an organism reaches sexual maturity, the life span of the organ-

ism, and the number of offspring produced.
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FIGURE 1. This seabird colony demonstrates uniform dispersion.

RandomUniform Clumped

FIGURE 2. Dispersion patterns.
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Population growth over time can be plotted on a graph. A J-shaped curve represents expo-

nential growth. Exponential growth, or unrestricted growth, is a type of growth whereby

the larger a population gets, the faster it grows. Exponential growth occurs with all organisms

regardless of their biotic potential. The difference is the amount of time it takes for the organ-

isms to reach a certain point.

In nature, exponential growth

is halted because of environmen-

tal resistance. Food sources, dis-

ease, and habitat are a few things

that can restrict growth. Over

time the populations of every spe-

cies will level off because of envi-

ronmental resistance. The largest

population that can be supported

in a geographic area is called car-

rying capacity.

A population over a long

period exhibits an S-shaped

growth curve. This is a logistic

model of population growth.

Logistic growth, or restricted

growth, is population growth in which there is a gradual increase at first, more rapid growth in

the middle, and slower growth at the end, with a distinctive leveling off of the population. At

some point during the process, the carrying capacity is approached, causing the growth to slow

and level off. Occasionally a population will continue to grow instead of leveling off. However,

when a resource such as food is used

up, the population plummets in

what is called a population crash.

Population growth stops when

the environment can no longer sup-

port the population. Two types of

factors that limit population growth

are density-dependent factors and

density-independent factors. Den-

sity-dependent factors are envi-

ronmental factors whose effect on

population growth varies with the

density of the population. Density-

dependent factors involve things

such as food, disease, predation, par-

asitism, and migration. As a popula-

tion grows, food becomes scarcer,

infectious diseases spread more eas-
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ily, and individuals migrate. Density-independent factors are environmental factors that

influence the size of a population regardless of the density of the population. Severe weather,

forest fires, and pesticides are examples of density-independent factors. For example, a forest

fire can sweep through a forest and kill a variety of wildlife populations.

HUMAN POPULATION TRENDS

The population growth of humans follows the same limits as that of other living organisms.

Human Population Growth

Modern humans have been on Earth for about 200,000 years. For many years, population

growth was very slow. Then, after the Stone Age, about 10,000 years ago, human population

growth became exponential. It took until around 1800 for the human population to reach 1
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FURTHER EXPLORATION…
ONLINE CONNECTION: The Rule of 70

An understanding of exponential growth is essential when discussing population growth. An

important concept of exponential growth is that the growth will occur in proportion to what is

already present. For example, if a grizzly bear population of 100 grows at an annual rate of 7

percent, after 10 years the population will have doubled to 200. In another 10 years, the popu-

lation will have doubled again to 400.

The Rule of 70 is used to determine the doubling time of a quantity growing at a given annual

percentage rate. Doubling rates can be calculated by dividing the percentage of growth into 70

to obtain the approximate number of years required for the population to double. For example, if

the grizzly bear population is growing at an annual rate of 3.5 percent, divide 70 by 3.5. The

answer is that it will take 20 years for the population to double. If the annual rate is 14 percent,

the doubling time will be five years.

Read more about the Rule of 70 at http://www.ecofuture.org/pop/facts/exponential70.html.

TABLE 1. Some Doubling Times for the Rule of 70

Growth Rate

(% per Year)

Doubling Time

in Years

Growth Rate

(% per Year)

Doubling Time

in Years

0.1 700 4 18

0.5 140 5 14

1 70 6 12

2 35 7 10

3 23 10 7
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billion. In roughly another 130 years, or by 1930, the world’s population hit 2 billion. By 1960,

only 33 years later, it reached 3 billion. It took 14 more years (until 1974) to reach 4 billion. In

another 13 years, or by 1987, the population hit 5 billion. By 1999, or 12 years later, there were

6 billion people. By 2011, there were 7 billion people on Earth.

Continued human population growth is attributed to longer life spans or a decreased rate of

death. While birth rates have also dropped, births still exceed deaths. Some of the reasons for a

decreased death rate are improved sanitation, better medical care, and sufficient food.

Human Population Limits

In the eighteenth century, British economist Thomas Malthus theorized that human popu-

lation growth was not sustainable. He believed that the human population would outpace the

food supply and, as a consequence, war, famine, and disease decimate the population.

The human population cannot continue to grow exponentially any more than the popula-

tion of any other organism can maintain exponential growth. The earth simply does not have

the resources to support constant growth.

Population experts associated with the United Nations Department of Economic and Social

Affairs / Population Division predict that human population growth will slow and reach a

point of zero population growth. They expect that the world population will not vary greatly

after reaching 8.92 billion in 2050. By 2075, it is projected to peak at 9.22 billion.

Developed and developing countries have different population growth rates. In general,

developed countries, such as European nations and the United States, are predicted to grow
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FIGURE 5. Total world population: past, present, and future.
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slightly until 2300. Developing countries, such as those in Africa, Latin America, and Asia, are

predicted to see rapid population growth until about 2050 and then level off.

Summary:

� A population is a group of individuals of the same species sharing the same geo-
graphic area. Population ecology is the study of a group of organisms, how many
there are, and why numbers rise or fall. Population density, population distribution,
and population fluctuation are important factors of population ecology.

Populations grow, decline, or stay the same. Exponential growth and logistic growth
are two types of population growth. Population growth stops when the environ-
ment can no longer support the population.
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Since the Stone Age, human population growth has been exponential. Population
experts expect that the world population will not vary greatly after reaching 8.92 bil-
lion in 2050. By 2075, it is projected to peak at 9.22 billion. Developed countries are
predicted to grow slightly until 2300. Developing countries will see rapid popula-
tion growth until about 2050 and then level off.

Checking Your Knowledge:

� 1. What is population ecology?

2. What do population density and population distribution mean?

3. How do exponential and logistic growth rates compare?

4. What is the general history of the human population?

5. What are the predicted human population trends?

Expanding Your Knowledge:

� Identify a plant or animal species that interests you. Conduct research on the popu-
lation of the species. Answer these questions and others: Is the population stable,
declining, or growing? What has been the history of the population? What environ-
mental resistance has an impact on the species?

Web Links:

� Population Ecology

http://www.youtube.com/watch?v=JyFIeijDJWA

Population Ecology Basic Concepts

http://www.biology-questions-and-answers.com/population-ecology.html

Population Growth over Human History

http://www.globalchange.umich.edu/globalchange2/current/lectures/
human_pop/human_pop.html

Agricultural Career Profiles

http://www.mycaert.com/career-profiles
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