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The Demographic Transition 

A regional human population can exist in one of two configu­
rations to maintain population stability: 

Zero population growth = High birth rates - High death rates 

or 

Zero population growth = Low birth rates - Low death rates 

The movement from the first toward the second state is called 
the demographic transition. FIGURE 52.21 illustrates the de­
mographic transition for Sweden and Mexico. In Sweden, the 
demographic transition took about 150 years, but in Mexico, 
these changes have been quicker. 

After 1950, mortality rates declined rapidly in most devel­
oping countries, but birth rates have declined in a more vari­
able manner. Birth rate decline has been most dramatic in 
China. In 1970, the birth rate in China predicted an average 
family size of 5.9 children; by 1999, the expected family size 
was 1.85 children. In India, birth rates have fallen more slowly 
and irregularly. In much ofAfrica, the transition to lower birth 
rates is just beginning. 

How do such variable birth rates affect the growth of the 
:world's population? Clearly, population dynamics are re­
gional. In the developed nations, populations are near equilib­
rium (growth rate about 0.1% per year), with reproductive 
rates near the replacement level (total fertility rate = 2.1 chil­
dren per female). In many developed countries, including 
Canada and the United Kingdom, total fertility rates are in fact 
below replacement. These populations will eventually decline 
if there is no immigration and if the birth rate does not 
change. About 80% of the world's people now live in the less 
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FIGURE 52.21 Demographic transition in Sweden and Mexico, 
1750-1997. When births exceed deaths, the population grows 
(shaded zones). The transition from high birth and high death rates to 
low birth and low death rates took 150 years in Sweden but has been 
compressed in Mexico to half that time. 
From Population Reference Bureau 2000. 

developed countries, and most of the current population 
growth (1.7% per year) is occurring in these nations. 

A unique feature ofhuman population growth is our ability 
to control it with voluntary contraception and family plan­
ning. Reduced family size is the key to the demographic transi­
tion. However, there is a great deal of disagreement among 
world leaders as to how much support should be provided for 
global family planning efforts. Social change and the rising ed­
ucational and career aspirations of women in many cultures 
encourage them to delay marriage and postpone reproduc­
tion. Delayed reproduction helps to decrease population 
growth rates and allows us to plan for zero population growth 
under conditions oflow birth rates and low death rates. 

Age Structure 

One important demographic factor in present and future 
growth trends is a country's age structure, the relative number 
of individuals of each age (FIGURE 52.22, p. 1170). The rela­
tively uniform age distribution in Italy, for instance, con­
tributes to that country's stable population size; individuals of 
reproductive age or younger are not disproportionately repre­
sented in the population. In contrast, Kenya has an age struc­
ture that is bottom-heavy, skewed toward young individuals 
who will grow up and sustain the explosive growth with their 
own reproduction. Notice in FIGURE 52.22 that the age struc­
ture for the United States is relatively even except for a bulge 
that corresponds to the "baby boom" that lasted for about two 
decades after the end of World War II. Even though couples 
born during those years have had an average of fewer than two 
children, the nation's overall birth rate still exceeds the death 
rate because there are still so many "boomers" and their off­
spring of reproductive age. 

Age-structure diagrams not only reveal a population's 
growth trends, but can also point to future social conditions. 
Based on the diagrams in FIGURE 52.22, we can predict, for in­
stance, that employment for an increasing number of 
working-age people will continue to be a significant problem 
for Kenya in the foreseeable future. In Italy and the United 
States, a decreasing proportion of working-age people­
mostly those ofcollege age today-will soon be supporting an 
increasing population of retired "boomers." In the United 
States, it is this demographic feature that has made the future 
of Social Security and Medicare such a major political issue. 
Understanding age structures can help us plan for the future. 

Estimating Earth's carrying capacity for 
hiunans is a complex problem 

The projected human population of Earth depends on as­
sumptions about future changes in birth and death rates. For 
2050, the United Nations projects a population that might 
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FIGURE 52.22 Age-structure pyramids for the human population of Kenya (growing 
at 2.1 % per year), the United States (growing at 0.6% per year), and Italy (zero 
growth) for 1995. 

range from 7.3 to 10.7 billion people. Even at the low end of 
this range, without some catastrophe, there will be at least 1.3 
billion people added to the population in the next 25 years be­
cause of the momentum of population growth. The question 
that arises from these projections is what size human popula­
tion the biosphere can support. Is the world already overpop­
ulated? Will it be overpopulated in 2050? 

Wide Range ofEstimates for Carrying Capacity 

What is the carrying capacity of Earth for humans? This 
question has been asked for more than 300 years by scientists 
interested in demography. The first known estimate for 
the carrying capacity of Earth was made by Anton van 
Leeuwenhoek in 1679. Since then, the estimates of carrying 
capacity have varied from less than 1 billion to over 1,000 bil­
lion (a trillion people). The average of the various estimates is 
around 10-15 billion. Why should these estimates of carrying 
capacity be so variable? 

Carrying capacity is difficult to estimate, and the scientists 
who produce these estimates use different methods to get their 
answers. Some researchers use curves like that produced by the 
logistic equation (see FIGURE 52.n) to predict the future maxi­
mum of the human population. Others generalize from exist­
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ing "maximum" population density and multiply this by the 
area of land that could be inhabited. Still other estimates are 
based on a single assumed population constraint such as food. 
Basing carrying capacity on food as the limiting factor is one 
promising approach. However, such estimates are limited by 
the assumptions required about the amount of available farm­
land, the average yield of crops, the prevalent diet (vegetarian\ 
or meat eating), and the number of calories to be provided to 
each person each day. 

Ecological Footprint 

A more promising approach to estimating the carrying capac­
ity of Earth is to recognize that we have multiple constraints: 
We need food, fuel, wood, and other amenities such as cloth­
ing and transportation. A recent advance in using multiple 
constraints to estimate human carrying capacity is summa­
rized in the concept of an ecological footprint. For each na­
tion, we can calculate the aggregate land and water area in 
various ecosystem categories that is appropriated by that na­
tion to produce all the resources it consumes and to absorb all 
the waste it generates. Six types of ecologically productive 
areas are distinguished in calculating the ecological footprint: 
arable land (land suitable for crops), pasture, forest, ocean, 
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FIGURE 52.23 Ecological footprint in relation to available 
ecological capacity. The ecological footprint expresses in hectares of 
land per person the current demand of global resources made by each 
country. The available ecological capacity measures in land area per 
person the resource base of each particular country. Countries in black 
(above the red diagonal) were in an ecological deficit in 1997 when 
the study was conducted. Countries in blue (below the diagonal) still 
have resource surpluses. 

built-up land, and fossil energy land. Fossil energy land is cal­
culated on the basis of the land required for vegetation to ab­
sorb the CO2 produced by burning fossil fuels. All measures 
are converted to land area (hectares per person). If we add up 
all the ecologically productive land on the planet, we find that 
there is about 2 ha per person (l ha = 2.47 acres). If we wish 
to reserve land for parks and conservation, we must reduce 
this to 1.7 ha per person. This is the benchmark for comparing 
the ecological footprints of nations. 

FIGURE 52.23 graphs the ecological footprints for 13 coun­
tries and for the whole world as they stood in 1997. Two infer­
ences are evident from the graph. First, the world in general 
was already in ecological deficit in 1997 when this study was 
conducted. Second, countries vary greatly in their individual 
footprint size and in their available ecological capacity (the ac­
tual resource base of each country). The United States has an 
ecological footprint of 8.4 ha per person but has only 6.2 ha 
per person of available ecological capacity. In other words, the 
United States has a bigger ecological footprint than its own 

"land and resources can support. By this measure, the U.S. pop­
ulation is already above carrying capacity. By contrast, New 
Zealand has a larger ecological footprint of 9.8 ha per person 
but an available capacity of 14.3 ha per person, so it is below its 
carrying capacity. The overall analysis of human impacts via 
ecological footprints suggests that the world is already at or 
slightly above its carrying capacity. 

We can only speculate about Earth's ultimate carrying ca­
pacity for the human population or about what factors will 
eventually limit our growth. Perhaps food will be the main 
factor. Malnutrition and famines are common in some coun­
tries, but they result mainly from unequal distribution, rather 
than inadequate production,offood. So far, technological im­
provements in agriculture have allowed food supplies to keep 
up with global population growth. However, we also know, 
based on principles of energy flow through ecosystems, that 
environments can support a larger number of herbivores than 
carnivores (see Chapter 54). If everyone ate as much meat as 
the wealthiest people in the world, less than half of the present 
world population could be fed on current food harvests. Nev­
ertheless, it seems unlikely that people in wealthier countries 
will abandon the consumption of meat. 

Perhaps we will eventually be limited by suitable space, like 
the gannets on ocean islands. Certainly, as our population 
grows, the conflict over how space will be utilized will inten­
sify, and agricultural land may be developed for housing. 
There seem to be few limits, however, on how closely humans 
can be crowded together. 

We could also run out of resources other than nutrients 
and space. Many people are concerned about supplies of 
nonrenewable resources, such as certain metals and fossil fu­
els. It is also possible that our population will eventually be 
limited by the capacity of the environment to absorb the 
wastes and other insults imposed by humans. For instance, 
heavy use of commercial fertilizers to produce large food 
crops already threatens the quality of groundwater in some 
agricultural areas. In cases such as this, current human occu­
pants could lower Earth's long-term carrying capacity for fu­
ture generations. 

Some technological optimists have suggested that Earth's 
carrying capacity can be continually increased-that in fact 
humans have no practical limits to population growth. Tech­
nology has undoubtedly increased Earth's carrying capacity 
for humans, but no population can continue to grow indefi­
nitely. Exactly what the world's human carrying capacity is 
and under what circumstances we will approach it are topics 
of great concern and debate. Ideally, human populations 
would reach carrying capacity smoothly and then level off 
Unlike other organisms, we can decide whether zero popula­
tion growth will be attained through social changes involving 
individual choice or government intervention or through in­
creased mortality due to resource limitation, plagues, war, and 
environmental degradation. 

For better or worse, we have the unique responsibility to 
decide the fate of our species and the rest of the biosphere. We 
will examine these issues in greater depth when we discuss the 
concept of sustainability in Chapter 55. 
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CHAPTER 52 REVIEW 
fits some populations well, but for many natural populations, there 
is no stable carrying capacity, and populations fluctuate regularly or 

Go to the Campbell Biology website (www.carnpbellbiology.com) 
to explore an interactive version of the Chapter Review. 

CHARACTERISTICS OF POPULATIONS 

•	 Two important characteristics of any population are density and 
the spacing of individuals (pp. 1152-1153, FIGURES 52.1, 52.2) 
Density is the number of individuals per unit area or volume, and 
dispersion is the spacing of individuals. Dispersion may range from 
clumped (most common) to uniform to random, as determined by 
various environmental and social factors. 

Web/CD Activity 52A: Techniques for Estimating Population
 
Density and Size
 

•	 Demography is the study of factors that affect the growth and decline 
of populations (pp. 1153-1156, TABLES 52.1, 52.2, FIGURE 52.3) Pop­
ulations increase from births and immigration and decrease from 
deaths and emigration. Life tables tabulate the age-specific mortality 
schedule for cohorts in populations. Survivorship curves plot the 
numbers in a cohort still alive at each age. A reproductive table gives 
the age-specific summary of the reproductive rates in a population. 

Web/CD Activity 52B: Investigating Survivorship Curves 

LIFE HISTORIES 

•	 Life histories are highly diverse, but they exhibit patterns in their 
variability (p. 1156, FIGURE 52.4) Big-bang, or semelparous, organ­
isms reproduce a single time and die. Repeat, or iteroparous, organ­
isms utilize several breeding seasons to reproduce. Life history traits 
represent trade-offs between conflicting demands for limited time, 
energy, and nutrients. 

•	 Limited resources mandate trade-offs between investments in 
reproduction and survival (pp. 1157-1158, FIGURES 52.5-52.7) 
Clutch size and age at first reproduction involve trade-offs between 
current and future fecundity, fecundity and adult survival, or fecun­
dity and survival of the offspring. 

POPULATION GROWTH 

•	 The exponential model of population growth describes an idealized 
population in an unlimited environment (pp. 1159-1160, FIGURE 

52.8) Ifwe can ignore immigration and emigration, a population's 
growth rate is determined by the birth rate minus the death rate. 
The exponential growth equation dN/ dt = rmnxN represents a pop­
ulation's potential growth in an unlimited environment, where rmnx 
is the maximum per capita rate of increase and N is the number of 
individuals in the population. This model predicts that the larger a 
population becomes, the faster it grows. 

•	 The logistic model of population growth incorporates the concept 
of carrying capacity (pp. 1160-1163, FIGURES 52.10-52.12, TABLE 

52.3) Exponential growth cannot be sustained for long in any popula­
tion. A more realistic population mod,eJ limits growth by incorporat­
ing carrying capacity (K), the maximum population size that can be 
sustained by available resources. The logistic equation dN/dt = rmaxN 
(K - N)/K describes an S-shaped curve in which population growth 
levels off as population size approaches carrying capacity. This model 
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irregularly around some long-term average density. Natural selection 
will favor traits that allow survival and reproduction with few 
resources in populations that live at densities near carrying capacity 
(K), and this density-dependent selection is called K-selection. 
Adaptations that promote rapid reproduction should be favored at " 
low densities, and this form of natural selection is called r-selection. 

POPULATION-LIMITING FACTORS 

•	 Negative feedback prevents unlimited population growth (pp. 1164­
1165, FIGURES 52.14-52.15) Density-dependent changes in birth and 
death rates act to curb population increase and can eventually stabi­
lize a population near its carrying capacity. Many density-dependent 
factors produce negative feedback, including intraspecific competi­
tion for limited food or space, increased predation, disease, stress 

-due to crowding, or buildup of toxins. 

•	 Population dynamics reflect a complex interaction of biotic and 
abiotic influences (pp. 1165-1167, FIGURES 52.16-52.18) Carrying 
capacities can vary in space, providing good and poor habitats for a 
species, or in time, producing population fluctuations. Most natural 
populations are characterized by instability. 

•	 Some populations have regular boom-and-bust cycles (pp. 1167­
1168, FIGURE 52.19) Snowshoe hares have lO-year cycles, and field 
experiments have shown that intensive predation coupled with 
food shortage in winter drives these cycles. Cyclic fluctuations of 
herbivores like snowshoe hares or lemmings cause corresponding 
fluctuations in their predators' populations. 

Biology Labs On-Line: PopulationEcologyLab 

HUMAN POPULATION GROWTH 

•	 The human population has been growing almost exponentially for 
three centuries but cannot do so indefinitely (pp. 1168-1169, 
FIGURES 52.20-52.22) Since the Industrial Revolution, human popu­
lation growth has been sustained by such factors as improved nutri­
tion, medical care, and sanitation, which have lowered death rates 
rapidly but birth rates more slowly. The age structure of a population 
has major impacts on societal needs, such as schools and hospitals. 

Web/CD Activity 52C: Human Population Growth
 
Web/CD Activity 52D: Analyzing Age-Structure Pyramids
 
Biology Labs On-Line: DemographyLab
 

•	 Estimating Earth's carrying capacity for humans is a complex prob­
lem (pp. 1169-1171, FIGURE 52.23) We can estimate the ecological 
footprints of nations as one measure of how close we are to the car­
rying capacity of Earth. 

1.	 A uniform dispersion pattern for a population may indicate that 

a. the population is spreading out and increasing its range. 
b. resources are heterogeneously distributed. 
c.	 individuals of the population are competing for some resource, 

such as water and minerals for plants or nesting sites for animals. 
d. there is an absence of strong attractions or repulsions among 

individuals. 
e. the density of the population is low. 


