Chapter 5
Demography

Figure 5.1 Great Blue Heron, with nestlings.

INTRODUCTION

Simple models for calculating population growth assume that all individuals in a group contribute equally
to survival and reproduction of the population. Is this a reasonable assumption? Let’s consider the
exponential growth equation, first introduced in Chapter 4, and apply it to a rookery (or colonial nesting
area) of Great Blue Herons (Figure 5.1).

The exponential growth equation states that the number of herons next year (N,,) will equal the current
population size (N,), plus the new recruits to the population, calculated as N, (r). This last term contains a ques-
tionable assumption, because new recruits are
calculated by multiplying the intrinsic rate of

increase (r) by every individual in the Exponential Growth Equation (Discrete Form)
population, regardless of age, sex, or breeding
condition. If heron populations always had Ni: = N,+ N, ()

the same composition, this would be a
reasonable approach, because r is calibrated to
reflect the reproductive potential of the
average individual. However, it is easy to
imagine that the composition of a heron

N,,;= population size at the next time interval
N, = population size at the current time
r = intrinsic rate of population increase

population could change from year to year or
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Figure 5.3 Three types of survivorship curves. Type I species, such as humans, have low mortality until
the end of the life span. Type II species have constant mortality rates throughout the life span. Type III
species have very high juvenile mortality, but high survival after establishment as adults. (Terminology
from Deevey, 1947.)

Fecundity

To forecast the future of our heron rookery, we need to know more than the survivorship schedule.
Reproductive rates, also influenced by age, are equally important. In Great Blue Herons, we know that
breeding begins at age two, and continues throughout the birds’ lives. Adults returning to the rookery
choose a new mate each year, and breeding pairs cooperate in the feeding of young. Nests are built of
sticks and vegetation high in the tops of trees to avoid mammalian predators. The number of nestlings
produced by each breeding pair varies from three to seven, depending on available resources, with four
being typical during favorable conditions (Butler, 1992).

In demography studies, the number of offspring produced by a parent, called fecundity, is measured as a
function of age. We will let b, stand for the mean number of offspring produced by a parent of age x. In
making this calculation, it is important to remember that two parents are involved in each nest, so
numbers of fledglings in a nest reared by a pair of herons would have to be divided by 2 to calculate the

number of offspring per parent.

For our hypothetical heron population, we will let b, = 0 for age 0 and age 1, since herons do not begin
nesting until they are two years of age. We will further assume young breeding adults are somewhat less
successful than older birds, so b, = 1.5 for ages 2 and 3. This would reflect a pair of young herons
successfully rearing three nestlings in those years. After age 3, we will assume more experienced birds
rear an average of four fledglings per nest, so b, = 2.0 for herons age 4 and above. We will terminate the
table at age 17, which is the maximum life span of the bird. From these assumptions, we construct a

fecundity schedule as follows:
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We can think of this fraction as the portion of the total life span that a typical heron lives in year x. If we
extrapolate from our cohort of 1000 herons to the whole population, this same fraction approximates the
proportion of the population expected to be x years old. Of course, a population might start out with a
different age distribution, but if the survivorship and fecundity schedules remain constant as written in
the life table, the population will achieve a stable age distribution within a few generations. Interestingly,
a stable age distribution is achieved whether the population is growing or not; stable population size and
stable age distribution are distinct properties of the population.

To demonstrate from our example, the Ly/Z Ly value for three-year-old herons is 0.070, which means that
7% of the heron population will be members of the three-year-old age class. We can use all the entries in
this column to generate proportional representation for the whole array of age classes. The Ly /X Ly column
always sums to 1.000, since its column total represents 100% of the age classes.

Demographic Patterns

A population’s history of survival and reproduction is reflected in its age structure. Trees provide good
examples for demographic analysis, since individuals can be aged by the rings of xylem laid down in the
wood with each year’s growth (Figure 5.5). It is not necessary to cut down the tree to see the rings. A core
sample taken from the trunk can be used to determine age without harming the tree (Figure 5.6). If you
used core samples to age trees in a stand of pines, and found all the trees were 32 years old, you could
guess the area had been logged 32 years ago. Recruitment of new seedlings after logging resulted in a
population dominated by a single cohort. From the logger’s perspective, this age structure has advantages.
All the trees in this forest will mature at the same time, so the trees can be clear-cut again at some point in
the future. From the resource management perspective, this is not generally accepted as good forestry
practice, since even-aged stands of trees provide a less diverse habitat for forest species, and clear-cutting
leaves the soil exposed to erosion and nutrient loss. A more balanced use of woodlands for wildlife
management, soil conservation, watershed protection, and forestry can be achieved by selectively cutting
mature trees from mixed-aged stands. Even this practice removes the hyper-mature trees needed by some
woodland species. For example, the red-cockaded woodpecker nests only in the hollow cavities of old
pines, and became endangered as mature trees were cut out of forests throughout the Southeastern U.S. A
tree population protected from logging typically develops a broad range of age classes, reflecting constant
recruitment of seedlings over time, and providing habitat for a diverse forest community (Figure 5.7).

Check your progress:

After the population reaches a stable age distribution, what percentage of this heron rookery will be
composed of one-year-old birds?

Answer: 14.1%
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Figure 5.6 Ecologist removing a core sample
to analyze tree ring data.

Figure 5.5 Growth rings in a tree trunk’s cross
section indicate age of the tree.

In many plant species, the size of the organism is a better predictor of survival and fecundity than the
individual’s age. Demographers working with these species use size classes or life stages rather than age
in their models. Stage-specific survivorship and fecundity can be analyzed to make population
projections, just as we have done with ages in this chapter.

Demographic analysis has proven quite useful in understanding human populations. Figure 5.8 illustrates
demographic patterns for the United States population, based on year 2000 census data. In this kind of
graph, each horizontal bar represents an age class, with males shown on the left side and females on the
right. Age classes are arrayed from babies (age 04) at the bottom to the oldest members of the population
(age 85+) at the top. Notice that the U.S. population graph is roughly rectangular, with some tapering at
the top due to age-related mortality. The asymmetry at the top of the graph is caused by a longer life
expectancy for females than for males. You will notice a bulge in the middle of the graph, caused by the
“baby boom” post-WWII generation, who were primarily between age 35 and 49 during the 2000 census.
The demographic “echo” of the baby boomers’ children, ages 5-19, is not quite as large as the baby boom
cohort, but still creates a significant “bulge” in the age structure. Although it has some cohorts larger than
others, the general shape of the U.S. age distribution is called “rectangular.” This shape is characteristic of
stable populations maintaining a fairly constant population size from one generation to the next.
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Now examine the age distribution for India (Figure 5.9).
For many years, family size in India has been large, so
each generation has more people than the last. This
creates a pyramid-shaped age distribution dominated
by a very large base of young people at the bottom.
Note that Indian society has taken some steps to curb
populationgrowth prior to the 2000 census, so the rate
of expansion in the 04 age class is beginning to show
signs of slower growth. Because of the demographic
structure, however, the population of India is projected
to continue growing as the large number of children in
that country mature into their childbearing years.

Compare the structure of India with the age
structure of Italy, which has a contracting
population. The bottom of the age structure is
smaller than the middle, because family size
averages fewer than two children per couple. If this
trend continues, Italian society will be dominated by
older people, with fewer demands on schools but
greater demand for health care and retirement
benefits as the population ages. Clearly, a view of the
age structure of a population, whether herons, trees,
or humans, tells us a lot about a population’s past,
and helps us predict its future as well.

Figure 5.7 A maple forest exhibits a broad range
of tree ages.
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Figure 5.8 Demographic profile of U.S. population, from the 2000 census.
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India: 2000
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Figure 5.9 Comparison of rapidly growing population (India) with contracting population (Italy).
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4. How accurate is your estimate of r? To find out, use the exponential growth equation, solved for r. To
ensure that the population has reached a stable age structure and is growing in a smooth exponential

curve, let’s look at the final 10 years of population growth. Using Ny as a starting point, and measuring
population growth over the 10 years to Njj, we can use:

N3D = N20 e’ (10)

Taking the log, of both sides and rearranging, we get:
r=(In N3 —InNy) /10

Plug in values from your simulation to calculate the rate of increase, using natural logs of the

population sizes at Ny and Ny, to calculate marmunk population growth over the final decade of
your simulation. Now you have calculated r in two ways. The first is a theoretical value estimated
from the life table, and the second is an empirical determination from the simulation results. How

do the two r values compare? Comment on reasons for any discrepancies in your two calculations
of r.

Compare the final age distribution of marmunks in year 30 with the stable age distribution
projected from the Ly/E Ly column in your marmunk life table. How do the two compare? Did it

take 30 years for the population to reach a stable age distribution? Check frequencies across the
row in earlier years to find out.
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METHOD B: DEVELOPING A LIFE TABLE FROM

THE ALUMNI NEWSLETTER
[Laboratory activity]

Research Question
What are the demographic characteristics of the alumni population of your school?

Preparation

Because alumni are not a population in the biological sense, this exercise should be viewed as a
demonstration of demographic principles. Alumni newsletters vary significantly in the amount and kinds
of information they present. The best source for this study would list obituaries and birth announcements
for a representative sample of alums—not just the more successful or famous ones. This exercise also
works best if your institution is over 70 years old, to ensure that alumni from all portions of the life span
are represented. Obituaries that list age at death and all surviving children are best, but ages can be
estimated from the graduating class year if necessary. This entails several assumptions which introduce
error, such as age at matriculation during the historical period included in your study. Since many alumni
magazines are available in an on-line format, students may find it easier to search back issues posted on
web sites rather than paper copies. If your alumni magazine does not carry birth and death
announcements, a city newspaper might provide an alternative source of data.

Materials (per laboratory team)
Access to back issues of the alumni newsletter, with at least 50 birth announcements and
50 obituaries available to each laboratory team

Background

This exercise demonstrates how to build a life table from information supplied by your alumni newsletter.
Because access to this information may be limited to alums and students at your school, be sure to respect
the confidentiality of the families involved, and do not identify individual names in any reports you
produce.

Be aware that an alumni newsletter reports data from a biased sample of the human population as a
whole. Since one must be a college student before becoming an alum, deaths occurring before the age of 18
will not be represented in your data set. If your university or college has many nontraditional students, a
significant number of children born before their parents matriculate will be excluded from the sample.
Finally, college-educated persons typically exhibit different demographic characteristics from the
population at large.

The purpose of the exercise is not to estimate demographic parameters for the population as a whole, but to
demonstrate in general how birth and death records can be used to construct a life table for a particular group of
interest.

Procedure
1. From obituary notices, complete the longevity and fecundity tables on the calculation pages for

Method B. Assign each obituary that you read a unique record number to preserve the anonymity
of the people included in the study. Longevity can be estimated in any of three ways: first, the year
of birth may be listed in the notice. If so, subtract the year of birth from the year of death to
determine longevity. Second, the class year may be listed. If so, you can subtract 22 from the
graduation class year as an estimate of the date of birth, assuming a typical college student is 22
years old at the time of graduation. Then subtract estimated year of birth from the year of death.
Third, if the age at death is reported, skip the year of birth and year of death columns, and enter
age at death under the “Longevity” heading.
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Enter the gender of the deceased under the column titled “sex.” Finally, under the heading “No.
Offspring,” enter the number of children listed as survivors. This number may not include all
children, but provides a reasonable estimate of family size in most cases. Sample records are
illustrated in the following abbreviated table:

Record Year of Number of
Number Year of Birth Death Longevity Sex Offspring
100 1943 2004 61 F 3
101 1930 2005 75 M 2

For the next step, go down the table you have just created line by line, reading only the records for
female alums. In the table titled “Grouped Longevity Data for Females,” place tally marks in the
appropriate boxes to count the number of females who died in each of the 10-year age classes: 0-9,
10-19, 20-29, etc. Sample entries are shown in the abbreviated table below. If you like, you can
pool data from the entire class at this step for a larger sample size and greater accuracy. After you
have gone through all the obituary records, add up the tally marks and enter a total number of
females who died in each age class as shown. Then sum the column of numbers to find the grand
total of females of all ages in your obituary sample.

PROPORTION AGE-
FEMALE LONGEVITY DYING IN SPECIFIC
THIS AGE SURVIVOR-
AGE Tally marks for females CLASS SHIP
CLASS | dying within this age class.  Total d, ) 559

0-9 0 0 1.000
10-19 / 1 .020 1.000
20-29 /// 3 .060 980
30-39 ik 4 .080 .920

Next, compute d, values by dividing the number who died in each age class by the total number of
females in the sample. (Note that we are expressing d, as a proportion and not as a whole number
here.) For example, if our sample had a total of 50 females, the three women who died between the
ages of 20 and 29 would comprise 3/50 = 0.060 of the total population. Finally, calculate L, values
by subtracting d, from the L, value in one line to get the L,,; value for the next line, as shown in the
table. For example, in the line representing age class 20-29, the subtraction gives us 0.980 — 0.060 =
0.920, which is the L, value for the next age class. Complete these calculations all the way through
the table. If calculated correctly, entries in the L, column should decline toward 0 in the 100+ age
class.

Repeat step 2 for the records on males in your obituary data. Complete the table titled “Grouped
Longevity Data for Males” in the calculation pages.

Calculate net reproductive rate R, by summing all the numbers of surviving children in the
“Number of Offspring” column in the obituary data, and dividing by 2 times the total number of
people in your obituary sample. The 2 in the denominator accounts for two parents in each family,
s0 the result represents the number of offspring per parent. Enter these calculations in the small
table entitled “Estimating Net Reproductive Rate.”
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Data From Birth Announcements (Page 2)
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Data from Tree Demography Study (Page 2)

Circumference
mr at cht:sc;:;eight Diameter
(cm) Observations
=6 +314=
27 +3.14 =
28 +3.14 =
29 +3.14 =
30 +3.14 =
31 +3.14 =
32 +3.14 =
33 +3.14=
34 +3.14 =
35 +3.14 =
36 +3.14=
37 +3.14 =
38 +3.14 =
39 +3.14 =
40 +3.14 =
41 +3.14 =
49 +3.14 =
43 +3.14 =
44 +3.14=
45 +3.14=
46 +3.14 =
47 +3.14 =
48 +3.14 =
29 +3.14 =
50 +3.14 =




Tree species sampled:

Grouped Tree Demography Data
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SIZE CLASS

(cm)

NUMBER OF TREES

Tally marks for trees with diameters
falling within this size class.

Totals

FREQUENCY

(number)
(sample size)

0-9

10-19

20-29

30-39

4049

50-59

60-69

70-79

80-89

90-99

100+

Total Sample Size =

SIZE
CLASS
(cm)

SPECIES

SIZE CLASS DIAGRAM FOR CAMPUS TREES

DATE

100+

90-99

80-89

70-79

6069

50-59

4049

30-39

20-29

10-19
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Quest
i

ions (Method C)

Ero yo:x think you have measured any trees near the end of their life span in this study? Do the
gest trees show any signs of decay, peeling bark, or dead limbs?

From the shape of the size-class distribution, what can i i
. 5 you guess about the history of tree plantin
on your campus? Does the size-class distribution show that trees have been contirx{uously p?lanted,g

or are there large cohorts indicating periods of intense tree planting, foll
additions to the population? pe planting, followed by years of no new

From thg shape of the size-class distribution, what can you guess about the future of the shade tree
population on your campus? When existing large trees finally die, are there younger trees growing
into the larger size classes so that the campus will keep some shade?

In our study of size classes, we assume all trees grow at a similar rate so that a larger diameter
indicates an older tree. However, growth rates in trees depend on soil quality, access to water,
shading, severe pruning, and many other factors. Do you think differences in growth rate could
compromise the accuracy of your study? If so, how could you document the actual ages of these
trees?

Since forest trees compete for light, moisture, and nutrients, juvenile mortality is quite Mgh ina
natural environment. How would you expect a size-class distribution for a forest population to
differ from the size-class distribution you documented on campus?
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FOR FURTHER INVESTIGATION

Ik

Rerun the simulation in Method A by typing different initial numbers into the “Year 0" row at the
top of your spreadsheet. Does the population get a faster start if you introduce adults as well as
newborn marmunks to begin the simulation? Does the initial age structure have any effect on the
ultimate stable age distribution?

Try different combinations of survivorship and age-specific fecundity schedules to achieve a stable
population size in the marmunk simulation (Method A). As you change the formulae for survival
or for calculating births, remember to copy and paste them in the appropriate areas of the
spi'eadsfheet. Compare the relative importance of survivorship and fecundity in determinin g the
value of r.

Look up the Euler method for calculating the intrinsic rate of increase from life table data. (See
Ebert, T. A. 1999, p. 15.) Use this approach to develop a more accurate calculation of r, and check it
against your simulation results. Does this method yield a significantly improved estimate?

On the web site for the U.S. Census Bureau (http:/ /www.census.gov), look up demographic
parameters such as intrinsic rate of increase, longevity, and family size for the population at large.
Develop a life table for the U.S. population, and compare it with the life table you developed in
this exercise. In what ways are alumni atypical of the population at large?

If you have records that go back far enough, try compiling a life table based on only one graduating
class, using Method B calculations. You should choose a graduating class from about 60 years ago to
ensure that you have data through the entire life span. This amounts to a cohort study, and provides
more accurate demographic data than assessments based on a mixture of cohorts. Do you see any
significant changes when you compare newer or older cohorts?

Compare demographic information found in alumni newsletters published on-line from other
universities across the country and around the world. Does a demographic analysis yield
meaningful information about the history and mission of a university?

Look at memorial plaques, old photographs, or university records to find out when some of the
trees in your sample were planted. Then you can divide the diameter of the tree by its age in years
to determine the growth rate, expressed in cm per year. If you can age more than one tree of the
same species, calculate an average growth rate for the species in this environment. Then divide
each tree diameter by the mean growth rate to convert all sizes in your data set to'equxvalent ages.
Use the converted numbers to construct an age-structure diagram for the population.

Consult with your physical facilities director, landscaping committees, and ecology or botany‘
faculty to find out if there is a long-range plan for planting trees on your campus. If not, confnbute
ideas for tree planting and get involved in making lands_capmg improvements as a class-pm]ect_. A
collection of tree species, called an arboretum, is a significant asset for a campus. If possible, .thmk
about adding species native to your region. They tend to require less maintenance, and provide a
valuable and convenient resource for botany instruction.
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