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I Population DemographyI Population DemographyI.  Population DemographyI.  Population Demography

Population - a set of organisms belonging to 
the same species and occupying a particular 
place at the same time (capable of place at the same time (capable of 
interbreeding).



Populations have traits that are uniquePopulations have traits that are uniquePopulations have traits that are uniquePopulations have traits that are unique

birth ratesbirth ratesbirth ratesbirth rates
death rates death rates 

 ti tisex ratiossex ratios
age structureage structure

All characteristics have important consequencesAll characteristics have important consequencesAll characteristics have important consequences All characteristics have important consequences 
for populations to growfor populations to grow





A.A. Inputs and OutputsInputs and Outputs



basic processes that affect population sizebasic processes that affect population size

• immigration

• births





basic processes that affect population sizebasic processes that affect population size

• immigration

• births

• death

• emigrationemigration



Demography statistical study of the size andDemography  - statistical study of the size and 
structure of populations and changes within 
themthem

Nt+1 = Nt + B – D + I – E 

Task of demographer to account and estimateTask of demographer to account and estimate 
these values



B Describing a populationB Describing a populationB.  Describing a populationB.  Describing a population

Biological phenomena vary with ageBiological phenomena vary with ageBiological phenomena vary with ageBiological phenomena vary with age

R d ti  b i  t b tR d ti  b i  t b tReproduction begins at pubertyReproduction begins at puberty
Probability of survival dependent on Probability of survival dependent on 
ageage

Characteristics not fixed but subject to Characteristics not fixed but subject to 
Natural selectionNatural selectionNatural selectionNatural selection



Must take age specific approachg p pp

How can we summarize mortality rates 
ithi l ti ?within population?



1. Life Tables

Allow for characterization of populations inAllow for characterization of populations in 
terms of age-specific mortality or fecundity 

Fecundity - potential ability of organism to 
produce eggs or young; rate of production 



Life Table Columns

x = age

nx = # alive at age x

l ti f i i i flx = proportion of organisms surviving from 
the start of the life table to age x

dx = number dying during the age interval x 
to x + 1

qx = per capita rate of mortality during the 
i t l t + 1age interval x to x + 1



T t f Lif T bla.  Two types of Life Tables

i. Cohort approachpp

consists of all individuals born during 
ti l ti i t l tilsome particular time interval until no 

survivors remain



most reliable method for determining agemost reliable method for determining age 
specific mortality

trace history of entire cohorty



Could tabulate # surviving each age interval

This would give you survivorship directly!!This would give you survivorship directly!!

Very few data are available for human 
populations

Why???



Pl t id l f thi tPlants ideal for this type

sessile, can be tagged or mapped, gg pp



Life table of the grass Poa annua (direct observations).

Age 
(x)*

Nu
mb
er 
Ali

Surviv
orship 
(l )

Mortal
ity 
Rate 

Survi
val 
Rate 

Expect
ation 
of life (x) Ali

ve
(l x) (q x) (s x) (ex)

0 843 1.000 0.143 0.857 2.114
1 722 0 857 0 271 0 729 1 4671 722 0.857 0.271 0.729 1.467
2 527 0.625 0.400 0.600 1.011
3 316 0.375 0.544 0.456 0.685
4 144 0.171 0.626 0.374 0.503
5 54 0.064 0.722 0.278 0.344
6 15 0.018 0.800 0.200 0.222
7 3 0.004 1.000 0.000 0.000
8 0 0.000
*Number of 3-month periods: in other words 3 = 9Number of 3-month periods: in other words, 3 = 9 
months



ii Segment (static) approachii. Segment (static) approach

snap-shot of organisms alive during a certain 
segment of time  

Not possible to monitor dynamics of populationsNot possible to monitor dynamics of populations 
by constructing a cohort table – rarely possible 
for animalsfor animals



Examine whole population at a particularExamine whole population at a particular 
point in time

Get distribution of age classes during a single 
time period (cross section of the population)



HunterHunter 
harvest data



AssumptionsAssumptionsAssumptionsAssumptions

individuals must be random sample ofindividuals must be random sample ofindividuals must be random sample of individuals must be random sample of 
population you are studyingpopulation you are studying
population must be stablepopulation must be stablepopulation must be stablepopulation must be stable
ageage--specific mortality and fecundity must be specific mortality and fecundity must be 
constantconstant



Life Tables 

1 ll t di tt f bi th d1. allow to discover patterns of birth and 
mortality

2. uncover common properties shared by 
populations understanding of population p p g p p
dynamics
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b. Calculations

Given any one column you can calculate theGiven any one column you can calculate the 
rest

Relationship

n +1 = nx – dxnx+1  nx dx 

qx = dx/nx

lx = nx/no



c Data used for ecological life tablesc. Data used for ecological life tables

1. Survivorship directly observed (lx)

generates cohort life table directly and does 
not involve assumption that population isnot involve assumption that population is 
stable



2 Age at death observed – data may be used to2. Age at death observed data may be used to 
estimate static life table

3. Age structure observed – can be used to 
estimate static life table, must assume 
constant age distribution 



2 Survivorship curves2. Survivorship curves

plot nx (lx) against x get survivorship curve

can detect changes in survivorship by period of 
lifelife

a.  3 generalized types





Type I – characterized by low mortality up toType I characterized by low mortality up to 
physiological life span 

• humans

• animals in captivityanimals in captivity

• some invertebrates 



Spruce SawflySpruce Sawfly



Type II – Constant mortality environmentType II Constant mortality, environment 
important here

• birds after nest-leaving





Type III high juvenile mortality then lowType III – high juvenile mortality then low 
mortality to physiological life span

• insects 

• plants• plants

• fish







b Plotting datab. Plotting data

Most survivorship curves are plotted on a 
logarithmic scale

Consider 2 populations both reduced by ½ overConsider 2 populations both reduced by ½ over 
1 unit of time

100 50

10 510 5



100 50 ---- slope = -50p
10 5 ---- slope = -5

Both cases population reduced by ½ but 
when plotted slopes will be much 
different

If you use the log scale slope will be 
identical in each case.



c Difficulty with generalizationsc. Difficulty with generalizations

As a cohort ages it may follow more than one 
survivorship curve.

log lxlog lx

x



Generalizations regarding age-specific birth rates g g g p
more straightforward

Basic distinction between speciesp

semelparous – reproduction 1 in life



Iteroparous reproduction many times duringIteroparous – reproduction many times during 
life



TypicallyTypically

Pre-reproductive period

Reproductive period

Post-reproductive period



3 Net Reproductive Value & Intrinsic Capacity3.  Net Reproductive Value & Intrinsic Capacity 
for Increase 

How can we determine net population p p
change?



Alf d L tk th d t biAlfred Lotka – method to combine 
reproduction and mortality for population

intrinsic capacity for increase

k bi ti t ti l ( l f l tiaka – biotic potential (slope of population 
growth curve) = = rmax

r = per capita rate of increase per unit time



Darwin calculatedDarwin calculated 

2 elephants 

19 mil in just 150 years



r – depends onrmax depends on 

• fertility of species

• longevity

• speed of development



To determine rate of growth (or decline)

d t k h bi th d d th tneed to know how birth and death rates vary 
with age

- Natality or Fertility Life Table



bx - # female offspring produced per unit time, 
per female age xper female age x

xx lxlx bxbx

99 0.9890.989 00

1414 0.9880.988 0.0020.002

1919 0 9860 986 0 1230 1231919 0.9860.986 0.1230.123

2424 0.9830.983 0.2640.264

2929 0.9800.980 0.2770.277

3434 0.9770.977 0.1810.181

3939 0.9710.971 0.0650.065

4444 0 9640 964 0 0130 0134444 0.9640.964 0.0130.013

4949 0.9530.953 0.00050.0005

US Women 1989



Not many live to realize full potential for 
reproduction …

Need to estimate # offspring produced that 
suffers average mortalitysuffers average mortality –

Net Reproductive Rate

R0 = ∑ lx*bx



Net reproductive rate (R0) – avg # age class 0 
f l ff i d d bfemale offspring produced by an average 
female during lifetime

R0 multiplication rate per generation, temper 
bi h b f i f d ibirth rate by fraction of expected survivors



xx lxlx bxbx

99 0.9890.989 00

1414 0.9880.988 0.0020.002

1919 0 9860 986 0 1230 123

R0 = 

0 907 1919 0.9860.986 0.1230.123

2424 0.9830.983 0.2640.264

2929 0.9800.980 0.2770.277

0.907

3434 0.9770.977 0.1810.181

3939 0.9710.971 0.0650.065

4444 0 9640 964 0 0130 0134444 0.9640.964 0.0130.013

4949 0.9530.953 0.00050.0005



lx*lx*
bb

bxbxlxlxxxSagebrush Lizards –
Tinkle 1973 Copeia

00000 2300 23011

00001.01.000

bxbxTinkle 1973. Copeia 
1973:284

3.93.90.0760.07633

2.92.90.1430.14322

0.2960.296

0.4150.415

00000.2300.23011

4.44.40.0130.01355

4.44.40.0340.03444

0.0570.057

0.1500.150What kind of 
survivorship 

4 44 40 0020 00288

4.44.40.0030.00377

4.44.40.0070.00766

0 0090 009

0.0130.013

0.0310.031
p

curve would you 
expect?

GRR = GRR = 

4.44.40.0010.00199

4.44.40.0020.00288

Ro = Ro = 

0.0040.004

0.0090.009p

33.233.2 0.9750.975



If survival were 100%, R0 = ∑ bx (Gross 
reproductive rate)

R0 = 0.975 

for every female in population there are 0 975for every female in population there are 0.975 
female offspring



If R 1 0 l ti t th d iIf R0 = 1.0 population stays the same and is 
replacing itself 

If R0 <1.0 population declining

If R > 1 0 l ti i iIf R0 > 1.0 population increasing
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M d l O iModel Organism

• Parthenogenic g

• Lives 3 yrs. then dies

• 2 young at 1 yr.

1 t 2• 1 young at 2 yr.

• 0 young at 3 yr.y g y

R0 = ?



xx lxlx bxbx lxbxlxbx

00 11 00 00

11 11 22 2211 11 22 22

22 11 11 11

33 11 00 00

44 00 RR00 = 3= 3



Generation TimeGeneration Time

Timing of reproduction varies -

• begin immediately after birth

• delayed until late in life



Ti f fi t d ti ΑTime of first reproduction = Α

Time of last reproduction = Ωp



Generation time – mean period elapsing 
between birth of parents and birth of 
offspring.



Semelparous organismsSemelparous organisms –

generation time = Α



Species with overlapping generations – moreSpecies with overlapping generations more 
difficult to define.

parental population continues to contribute 
individuals while older offspring do as well

Aphid – 4.7 days 
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Mathematically we can define generationMathematically we can define generation 
time for a population with overlapping 
generations as -generations as 

G = E lx*bx*x

RR0



Calculate generation time for this organism

lxbxxlxbxxlxbxlxbxbxbxlxlxxx

g g

0000001100

lxbxxlxbxxlxbxlxbxbxbxlxlxxx

2222221111

0000001133

2211111122

RR00 = 3= 30044

G = 4/3 = 1.33 



Average time between birth of parents and birthAverage time between birth of parents and birth 
of offspring = 1.33 age categories



Intrinsic Rate of Natural Increase

If R0 >  1 we know?? 

The population is growing but at what rate??



I t i i t f t l i fIntrinsic rate of natural increase – measure of 
instantaneous rate of change of a population 

# it ti i di id l# per unit time per individual 



r difficult to calculate

only determined through iteration using 

Euler’s Implicit Equation

Ee –rx lx*bx = 1Ee lx bx  1

e = 2.718

r = intrinsic rate of natural increase

lx, bx



r can be estimated

r = loge (R0) / Gr  loge (R0) / G

G = generation time

loge = log base e, natural log



f d l ifor model organism

R0 = 3.00

G = 1.33

r = loge (3.0) / 1.33

0 826 i di id l dd d i di id lr = 0.826 individuals added per individual per 
unit time



For overlapping generationsFor overlapping generations 

G is approximation & r is approximation

r > 0 growing population

r < 0 declining populationr < 0 declining population

r = 0 stable population



r = loge (R0) / Gg ( 0)

r inversely proportional to G

What does this mean???

higher the G ---- lower r



r = loge (R0) / G

r is positive when R0 is greater than 1

(ln 1 = 0)



r = loge (R ) / Gr = loge (R0) / G

When R0 is as high as possible the maximal rate 
of r is realized (r )of r is realized (rmax)



Calculate r for this squirrel population.

xx lxlx bxbx
00 1.01.0 0000 1.01.0 00
11 0.30.3 22
22 0 150 15 3322 0.150.15 33
33 0.090.09 33
44 0 040 04 2244 0.040.04 22
55 0.010.01 00



R0 = E lx*bx

l (R ) / G

0

r = loge (R0) / G

G = E lx*bx*x

RR0



lxbxlxbxbxbxlxlxxx

0.60.6220.30.311
00001.01.000

0.270.27330.090.0933
0.450.45330.150.1522

00000.010.0155
0.080.08220.040.0444

1.41.4EE
00000.010.0155

R0 = 1.4 R0 = E lx*bx



xlxbxxlxbxlxbxlxbxbxbxlxlxxx

0.60.60.60.6220.30.311
0000001.01.000

0.810.810.270.27330.090.0933
0.90.90.450.45330.150.1522

0000000.010.0155
0.320.320.080.08220.040.0444

2.632.631.41.4EE
0000000.010.0155

R0 = 1.4

G = 2 63/1 40 = 1 88
G = E lx*bx*x

G = 2.63/1.40 = 1.88 R0



xx lxlx bxbx lxbxlxbx xlxbxxlxbx
00 1.01.0 00 00 00
11 0.30.3 22 0.60.6 0.60.6
22 0.150.15 33 0.450.45 0.90.9
33 0.090.09 33 0.270.27 0.810.81
44 0.040.04 22 0.080.08 0.320.32
55 0.010.01 00 00 0055 0.010.01 00 00 00
EE 1.41.4 2.632.63

R0 = 1.4

G = 1 88

r = loge (R0) / G

/G = 1.88 r = 0.336 / 1.88 = 0.179



What can we conclude about this population?What can we conclude about this population?

r = 0.179 

thus the population is increasing by 0.179 
individuals added/individual/unit time



D h l l l t th l tDemographers can also calculate the replacement 
rate for a population –

the rate of reproduction that will result in 0 
population growth. p p g





4 Stable Age Distribution4.Stable Age Distribution

Age distribution (age structure) determines (in 
part) population reproductive rates, death rates, 
and survival.







Theoretically… all continuously breeding 
populations tend toward a stable age 
distribution.



St bl di t ib ti ti f h iStable age distribution – ratio of each group in a 
growing population remains the same.

IF ifi bi th t d ifiIF – age-specific birth rate and age-specific 
death rate do not change.



Lotka proved that any pair of unchanging lx and p y p g g
bx schedules eventually give rise to a stable age 
distribution

Each age class grows at a constant rate - λ



th t f l ti h λ th fi itthe rate of population change – λ, the finite 
multiplication rate

λ = er

2 718e = 2.718

λ = 1.2



Nt = N0λtNt  N0λ

used to project but not predict populationused to project but not predict population 
size



If this occurs then we get exponentialIf this occurs then we get exponential 
population growth



Nt = N λtNt = N0λt

This equation can be rewritten as 

Nt = N0 ert

oror

dN/dt = rN



A population will grow and growA population will grow and grow 
exponentially as long as r is positive and 
constant!constant!



C.  Summaryy

The rate of increase (Nt = N0 ert) is ultimately 

a function of age specific mortality and natality 



Wh t l i k i ?What value is knowing r ?

• used to compare between different p
species

d t t l i t h t• used to compare actual against what 
species is capable of



How does modifying life history characteristicsHow does modifying life history characteristics 
affect r?

1. change # of offspring produced

(change bx column affects R )(change bx column – affects R0)

2. change longevity

(change lx column – affects R0)



3 change age at first reproduction3.change age at first reproduction 

(change bx, and G)



GRR = 3 but difference in age at 1st reproduction

xx lxlx bxbx lx*lx*
bxbx

lxlx bxbx lx*lx*
bxbxbxbx bxbx

00 11 00 00 11 11 11

11 0.50.5 11 0.50.5 0.50.5 11 .5.5

22 0 20 2 11 0 20 2 0 20 2 11 2222 0.20.2 11 0.20.2 0.20.2 11 .2.2

33 0.10.1 11 0.10.1 0.10.1 00 0033 0.10.1 11 0.10.1 0.10.1 00 00

RR00 RR00
= = 

0.80.8
= = 

1.71.7



Population 1 r = -0 149Population 1,  r  0.149

Population 2, r = 1.001

so, age at first reproduction can have big affect 
on ron r



Characteristics of species with high and lowCharacteristics of species with high and low 
r values 

High values – occupy temporary harsh 
environments, unpredictable

selection has put premium on high r before 
environment turns badenvironment turns bad

high r species good colonizers



Low values – live in stable predictableLow values live in stable predictable 
environments, little need for rapid population 
growthgrowth 

environment is saturated

selection puts premium on competitive ability 
rather than reproductionrather than reproduction.



II. Population Growth and Regulationp g

Central process of ecology – population growth

No population grows forever, so must be some p p g ,
regulation.



Demographic variables useful becauseDemographic variables useful because 
permits prediction of future changes.

1 apply demographic parameters to1. apply demographic parameters to 
description of growth and regulation

2. examine difficulties in analyzing and 
predicting growth



A. Exponential Growthp

Continuous growth in unlimited environment 

modeled by 

dN/dt NdN/dt = rN

Assumes r is constant



Does exponential ever really occur in nature?p y

YES!

Under certain circumstances

h t i d f ti• short period of time

• unlimited resources

Case Studies
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1 E ti l th i t1.  Exponential growth in trees

Pleistocene – N HemispherePleistocene N. Hemisphere 
pines followed retreating 
glaciers northwardglaciers northward



E i di t i l k d ID llExamine sediments in lakes and ID pollen

Estimated population sizes by counting pollen

#/cm2

Wh t i ti ?What is assumption?

K. Bennett 1983. Nature 303:164



R t f ll d iti i ti l t #Rate of pollen deposition is proportional to # 
of trees 

T f d t t ti l tTrees found to grow at exponential rate.



la
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0 250 5000 250 500



T b l iTwo subpopulations
Western – severly decimated (10-100s)
E d (22 000)Eastern – recovered (22,000)



Whaling along CA coast began 1845Whaling along CA coast began 1845Whaling along CA coast began 1845Whaling along CA coast began 1845
Average take Average take –– 370/yr370/yr
B  1874 l ti   l  t B  1874 l ti   l  t By 1874 population so low not By 1874 population so low not 
profitable to huntprofitable to hunt
1946 International Agreement1946 International Agreement



Migration Routeg



1971 estimated pop trends by 1971 estimated pop trends by 1971 estimated pop trends by 1971 estimated pop trends by 
construction of Life Tableconstruction of Life Table
r= 0 041r= 0 041r= 0.041r= 0.041
rmax is low, gestation 13mo, rmax is low, gestation 13mo, 
l t ti  7  3l t ti  7  3 4   d  4   d  lactation 7 mo, 3lactation 7 mo, 3--4 mo no reprod, 4 mo no reprod, 
age at first reproduction = 8, age at first reproduction = 8, 



1983 annual counts estimated r= 1983 annual counts estimated r= 1983 annual counts estimated r= 1983 annual counts estimated r= 
0.0370.037
1991 est 21 0001991 est 21 0001991 est 21,0001991 est 21,000



As different as these organisms are  As different as these organisms are  As different as these organisms are, As different as these organisms are, 
circumstances for exponential growth circumstances for exponential growth 
share several things share several things share several things share several things 

Wh t  th ?Wh t  th ?What are they?What are they?




