Population Dynamics
3637 Lab 3 2000

Laboratory Session 3

Population Dynamics

Objectives:
In place of the laboratory session in week 3, each student is required to undertake an assignment that investigates some of the characteristics of a population.  This involves:

•
collection of actuarial data on a sample from a population represented in a cemetery in the greater Adelaide area.

•
construction of a life table from the data collected.

•
analysis of these data to gain an understanding of population dynamics.

From this exercise students will: -

•
gain experience in data collection. 

•
gain experience in data manipulation via construction of a life table.

•
discover some of the difficulties that arise in the interpretation of data.

•
gain an understanding of how populations are shaped.

•
gain an understanding of how data from past populations can be used to influence the actions of present (and future) populations.

Requirements:

A calculator is useful for the mathematical analysis of data.

For those students submitting this assignment as their Laboratory/Tutorial Assignment for assessment, the deadline for submission is 4.00pm, Friday 31st March 2000 (Week 5 of Semester I).  Submissions should be lodged in the assignment box located in the corridor outside of Laboratory N114, level 1, Medical School North.  The assignment should be written in the format of a scientific report (brief abstract, introduction, aims, methods, results, discussion) and must include: -

· details relating to data collection (eg. cemetery location, time period sampled, methods of sampling used, sample size, etc.) 

· a completed life table for the population sampled.

· a character profile of the population sampled, ie. a description of the age and sex composition of the population as suggested from analysis of the data presented in the life table.

· discussion of the possible factors influencing the population composition (this will require library research of the environmental and social factors in operation during the lifespan of the sampled population).

· discussion of the accuracy and limitations of the results obtained.

· a reference list of all sources cited in the text.

Raw data should be attached to the report as an appendix.

Please obtain, complete and attach a Cover Sheet to the front of the assignment.  Copies are available on the shelf outside of Laboratory N114.

Part A : Introduction

A population is a group of interbreeding individuals that inhabits a particular place. The study of populations is known as demography meaning in Greek "description of the people".

Populations vary in both space and time.  In order to understand the dynamics of a population, it must be known how many males and females and of what age it consists of and how fast its numbers are increasing or decreasing.  Fluctuations in the size of a population are related to differences in its birth and mortality rates (natural movement), and the rate of migration into or out of the population (migratory movement).  These properties of a population are measured in a statistical way by calculating a number of biometric functions, the simplest of them being crude rates of births, deaths, and of natural increase.

Describing the Dynamics of a Population

The four simplest measures of changes in the size of a population are:

1.
the crude birth rate, calculated as the number of births during a year divided by the total population size.

2.
the crude death rate (the number of deaths occurring during a year as a proportion of the total population size).

3.
the rate of emigration from the population (number of persons leaving during a year as a proportion of the total population size).
4.
the rate of immigration into the population (number of people arriving  as a proportion of the total population size).

These simple measures do not take into account the age or sex composition of a population, hence the name "crude rates".  Many biological phenomena vary in a more or less orderly fashion with age.  For example, the probability of living from one instant to the next is a function of an organism's age, as well as the conditions encountered in its environment.  Although individuals become fecund (capable of child-bearing) at puberty, they reach their full child-bearing potential only at around 20 years of age.  An age-specific approach, then, is essential to understanding the dynamics of a population.

Age-specific rates are more precise measures of population dynamics as they relate births, deaths etc. not to the total population size, but to the number of individuals of a given age.  For example, the age specific fertility rate of women aged 20-24 years is the number of children born to mothers aged 20-24 years divided by the total number of women aged 20-24 years in the population.  The age specific mortality rate is commonly expressed as the probability of dying during a year at a given age.  For example, the probability of dying at age 43 is the number of persons aged 43 who died during a year, divided by the total number of 43 year olds in a population.

If the age-specific rates of fertility, mortality, emigration and immigration for a population are known, it is possible to predict the characteristics of the population in the future, assuming that the rates will remain constant, i.e. that environmental conditions will not change.  Of course, the characteristics of the population at the present time are the result of occurrences in the population in the past.

Life Tables

A life table is a convenient format for describing the pattern of mortality in a population in a formal, mathematical way.  The first life table was calculated by the British astronomer Halley during the 17th century for the City of Wroclaw (now in Poland).  Life tables were developed and are commonly used by demographers working for life insurance companies, who have a vested interest in knowing how long people can be expected to live.  An example of a life table is presented as Fig. 1.  Formulae for calculating age-specific biometric functions of the life table are included with these notes. The meaning of these functions has been explained previously, during one of the lectures.

Figure 1:  Life Table: Australian Population, 1960's.

	age x 

(yrs)
	dx
	lx
	qx
	Lx
	Tx
	ex

	    0
	0.0294
	1.0000
	0.029
	9.853
	68.028
	68.03

	  10
	0.0084
	0.9706
	0.009
	9.664
	58.175
	59.94

	  20
	0.0149
	0.9622
	0.015
	9.547
	48.512
	50.42

	  30
	0.0187
	0.9473
	0.020
	9.379
	38.964
	41.13

	  40
	0.0439
	0.9286
	0.047
	9.067
	29.585
	31.86

	  50
	0.1102
	0.8847
	0.125
	8.297
	20.519
	23.19

	  60
	0.2251
	0.7746
	0.291
	6.620
	12.222
	15.78

	  70
	0.3028
	0.5494
	0.551
	3.981
	 5.602
	10.20

	  80
	0.2087
	0.2467
	0.846
	1.424
	 1.621
	 6.57

	  90
	0.0372
	0.0380
	0.979
	0.194
	 0.198
	 5.21

	100
	0.0008
	0.0008
	1.000
	0.004
	 0.004
	 5.00

	110
	0.0000
	0.0000
	1.000
	0.000
	 0.000
	 0.00


Part B : Investigation of a Population

One method of investigating the characteristics of a population is to sample a "captive" group, such as that found buried in a cemetery.  Most tombstones provide information about the dates of birth and death of individuals and their age at the time of death, and analysis of these data then provides a snapshot of the population's characteristics. Hence by collecting data from local cemeteries, information can be gleaned about the population of Homo sapiens  that inhabited Adelaide over the last 150 years.

In place of a formal laboratory session, each student is required to visit a cemetery, collect data from tombstones, and then use these data to construct a life table for the population sampled.  In order to determine whether population characteristics have changed over time, various students will sample populations alive at different times.  For the purposes of this assignment, a number of population groups have been arbitrarily defined as follows:

· Group 1: individuals whose date of death is pre 1860.

· Group 2: individuals who died between 1860 and 1879.

· Group 3: individuals who died between 1880 and 1899.

· Group 4: individuals who died between 1900 and 1914.

· Group 5: individuals who died between 1915 and 1919.

· Group 6: individuals who died between 1920 and 1939.

· Group 7: individuals who died between 1940 and 1949.

· Group 8: individuals who died between 1950 and 1969.

· Group 9: individuals who died between 1970 and 1985.

· Group 10: individuals whose date of death is 1986 or later.

Each student should choose one population group to investigate.

From where should I collect my data?
Suitable cemeteries from which to collect data include: -
· West Terrace Cemetery

· Hindmarsh Cemetery

· Luhr's Road Cemetery, Payneham.

· Mitcham Cemetery

· Cheltenham Cemetery

· Enfield Cemetery

· Centennial Park Cemetery

· any other cemetery from which a large enough data set can be collected.  Please check with the subject coordinator that your choice is suitable before collecting your data.

How should I collect my data, and how much data is required?

The success or otherwise of this activity depends in part upon an efficient system of data collection.  The aim is to systematically collect data from EACH RELEVANT TOMBSTONE in the cemetery or section of the cemetery.  Do not collect data just from those tombstones that are "nicer looking" or more readable, as this will bias your sample.  Likewise, do not sample a tombstone more than once.  Each student should aim to collect data for at least 1000 individuals in their population group.  In order to minimise the work involved in data collection, students collecting data for the same population group may like to organise themselves into teams of three or four, with individuals collecting data from tombstones in different sections of the cemetery and then pooling their data into one data set.  In this way a larger data set can be obtained for less individual effort.

Data on the age of individuals at the time of their death should be collected.  In most cases, an age will be displayed on the tombstone.  In others you may have to calculate an age from the dates of birth and death given.  Age at time of death need only be estimated to the nearest year for our purposes.  Please record data for females and males separately.  Separate data sheets for females and males have been provided with these notes.
How should I analyse my data?
Each student should:

· express the results of their data collection in the form of a frequency distribution graph of age at time of death for each sex (if working as part of a team, collate the data collected by all team members before doing this).

· calculate the percentage of the total population of each sex represented in the cemetery that died at a particular age.

· calculate all biometric functions of the life table for males and for females separately.  These functions are explained on page 36 of these notes.

· discuss the results obtained, paying particular attention to the following exercise questions.

Some Questions to Consider when Writing your Report
Q1
Are there any differences in the pattern of mortality between men and women?  If so, what are these differences?

Q2
What is the average age at which death occurs in men and women?

Q3
Do all of the individuals in the cemetery represent a single cohort?  In what ways will this affect your interpretation of the data?

Q4
Are there any peaks in the mortality schedules?  How do you interpret these?

Q5
Did you find any evidence of migration into or out of the population?  What form might such evidence take?

Q6
How does natural increase influence the data?

Q7
What differences might you expect in the appearance of a frequency histogram for a population with a high infant mortality, as compared to one for an ageing population?

Raw Data Collection Sheet - Females

Cemetery: .......................................................
Population Group: .........................................
	Age  at death
	Number of deaths in age group during time period sampled
	Total deaths

	  0-4
	
	

	  5-9
	
	

	10-14
	
	

	15-19
	
	

	20-24
	
	

	25-29
	
	

	30-34
	
	

	35-39
	
	

	40-44
	
	

	45-49
	
	

	50-54​
	
	

	55-59
	
	

	60-64
	
	

	65-69
	
	

	70-74
	
	

	75-79
	
	

	80-84
	
	

	85-89
	
	

	>90
	
	


Raw Data Collection Sheet - Males

Cemetery: .......................................................
Population Group: ...........................................

	Age  at death
	Number of deaths in age group during time period sampled
	Total deaths

	  0-4
	
	

	  5-9
	
	

	10-14
	
	

	15-19
	
	

	20-24
	
	

	25-29
	
	

	30-34
	
	

	35-39
	
	

	40-44
	
	

	45-49
	
	

	50-54​
	
	

	55-59
	
	

	60-64
	
	

	65-69
	
	

	70-74
	
	

	75-79
	
	

	80-84
	
	

	85-89
	
	

	>90
	
	


Life Tables: Calculation of Age-specific Biometric Functions




Life Table

Females
Cemetery: ...........................................
Population Group: ...............................
	age (x)
	D(x)
	d(x) [%]
	l(x)
	q(x)
	L(x)
	T(x)
	e(x)

	  0-4
	
	
	
	
	
	
	

	  5-9
	
	
	
	
	
	
	

	10-14
	
	
	
	
	
	
	

	15-19
	
	
	
	
	
	
	

	20-24
	
	
	
	
	
	
	

	25-29
	
	
	
	
	
	
	

	30-34
	
	
	
	
	
	
	

	35-39
	
	
	
	
	
	
	

	40-44
	
	
	
	
	
	
	

	45-49
	
	
	
	
	
	
	

	50-54​
	
	
	
	
	
	
	

	55-59
	
	
	
	
	
	
	

	60-64
	
	
	
	
	
	
	

	65-69
	
	
	
	
	
	
	

	70-74
	
	
	
	
	
	
	

	75-79
	
	
	
	
	
	
	

	80-84
	
	
	
	
	
	
	

	85-89
	
	
	
	
	
	
	

	>90
	
	
	
	
	
	
	


Life Table

Males
Cemetery: ...........................................
Population Group: ...............................
	age (x)
	D(x)
	d(x) [%]
	l(x)
	q(x)
	L(x)
	T(x)
	e(x)

	  0-4
	
	
	
	
	
	
	

	  5-9
	
	
	
	
	
	
	

	10-14
	
	
	
	
	
	
	

	15-19
	
	
	
	
	
	
	

	20-24
	
	
	
	
	
	
	

	25-29
	
	
	
	
	
	
	

	30-34
	
	
	
	
	
	
	

	35-39
	
	
	
	
	
	
	

	40-44
	
	
	
	
	
	
	

	45-49
	
	
	
	
	
	
	

	50-54​
	
	
	
	
	
	
	

	55-59
	
	
	
	
	
	
	

	60-64
	
	
	
	
	
	
	

	65-69
	
	
	
	
	
	
	

	70-74
	
	
	
	
	
	
	

	75-79
	
	
	
	
	
	
	

	80-84
	
	
	
	
	
	
	

	85-89
	
	
	
	
	
	
	

	>90
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