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Population EcologyPopulation Ecology
•• What is a Population?What is a Population?
• groups of interacting conspecifics (i.e., 

inter-mating individuals)

• Population ecology explores how 
environmental factors influence 
the characteristics of a population.

•• Populations can be studied in terms ofPopulations can be studied in terms of……
–– Abundance (size)Abundance (size)

•• DensityDensity
•• DistributionDistribution

–– DemographicsDemographics
–– Rates of GrowthRates of Growth
–– Limits on growthLimits on growth
–– Changes in distribution and density due to dispersal, Changes in distribution and density due to dispersal, 

emigration, immigration and migrationemigration, immigration and migration

Characteristics of PopulationsCharacteristics of Populations

How to measure density?How to measure density?

•• Direct CountsDirect Counts
•• QuadratesQuadrates
•• Mark and recaptureMark and recapture
•• Additional sampling methodsAdditional sampling methods
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Mark and RecaptureMark and Recapture
Population size =NPopulation size =N
Animals marked (visit 1) = MAnimals marked (visit 1) = M

Animals captured (visit 2) = CAnimals captured (visit 2) = C
Animals that were captured 2x = RAnimals that were captured 2x = R

Dispersion of Individuals on Dispersion of Individuals on 
Small ScalesSmall Scales

Clumped Dispersal of Population
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Uniform Dispersal of Population

Uniform Dispersal of Population

Random Dispersal of Population
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Demographics

The vital statistics of a population

- Birth rates
- Death rates
- Sex ratios
- Reproductive age

These affect the density 
and distribution (abundance)

Demographics: Life Tables

Demographics: Age StructuresDemographics: Age Structures
Age structure: the number or proportion of individuals in different age 
groups

Age pyramids for three human populations in 1989.
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•• Techniques used for aging animal Techniques used for aging animal 
populationspopulations
–– Mark young individuals and follow their Mark young individuals and follow their 

survivalsurvival
–– Study a representative sampleStudy a representative sample
–– Tooth wearTooth wear
–– Plumage changesPlumage changes
–– Growth rings in teeth, horns, ear bones, and Growth rings in teeth, horns, ear bones, and 

so forthso forth

Some plant ages can be Some plant ages can be 
determined too determined too 

Mark, DBH, ring

A plot of the proportion or # of individuals in a population surviving through time
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Surviving is not everything…birth rate is important too!

Survivorship Curves
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Reproductive Tables

Factors relevant to birth 
rates:

• Age of sexual maturity
• Clutch size
• Investment in individual progeny
• Survival vs. Reproduction
• Semelparity vs. Iteroparity

Life History Strategies

Energy is limited. 
• Allocation to one function (such as growth) will reduce 
the amount of energy an organism can devote to 
another function (such as reproduction). 

• An organisms life history strategy involves trade-offs.

Semelparity
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Iteroparity

Population Growth Equations

N = Population size

t = Time

B = Births (& Immigration)

D = Deaths (& Emigration)

N
t

= B - D

Population Growth Equations

More predictive
Use average (per capita) birth and death rates:
(ignores immigration/emigration)

b = per capita birth rate (e.g. 78/1000)

d = per capital death rate (e.g. 32/1000)

N
t

= bN - dN
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Exponential Growth
More interesting
- Use the difference (r) between per capita birth and death rates

- Use differential calculus format to express population growth
- Assume ideal conditions (r really equals rmax )

r = b – d 

d = dN
dt

= rmaxN

- Replace (b – d) with r

- Replace       with d

Exponential growth cannot be sustained in nature for very long!!

N
t

= bN - dN

Logistic Growth

•Population growth rate is highest at ½ K
•Growth rate slows as N approaches K

Carrying Capacity
What’s going on at K?

Density-dependent interactions
(b and/or d are affected by density)

– Competition
– Territoriality
– Disease
– Predation
– Intrinsic factors
– Toxic wastes

TimeTime
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J-curves versus S-curves

S - Curves in Nature

K- selected vs. r- selected species
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Life History: K- Selected Species

K  = carrying capacity

Life History: r- Selected Species
r  = per capita rate of increase

Density-Dependent Factors
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Dynamics of a population
Sometimes population dynamics are not tied to the 
population’s density

Density-independent interactions

• Natural disasters
• Weather (drought, flood, etc.)
• Some biotic interactions

Density-Independent Factors

Good 
Times!
(in Australia)

Impact of Environment/Predators

Logistic 
growth
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Dynamics of a population

Passive: Seeds carried by wind or animalsPassive: Seeds carried by wind or animals

Active: Emigration, Immigration & MigrationActive: Emigration, Immigration & Migration

Dispersal Influences Abundance

Tiger Tiger 
Beetle of Beetle of 

Cold Cold 
ClimatesClimates
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Nine-banded Armadillo 
(Dasypus novemcinctus)

Migratory pathways of 
Ring-necked ducks and 
gray whale.

Migration: A 
Round Trip

Invasive (Introduced) SpeciesInvasive (Introduced) Species

Chinese Mitten Crab

(Eriocheir sinensis) 

http://www.iisgcp.org/exoticsp/chinese_mitten_crab.htm

• Damage fishing nets

• Eat Salmon eggs

• Damage aquatic plants
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Invasive (Introduced) SpeciesInvasive (Introduced) Species
English & Algerian Ivy

(Hedera spp.)

Human population

Human population

Is the dispersion uniform, clumped or random?
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Human population

What kind of growth is this?

Human population

What kind of growth is this?

Are we approaching K?

What do these age structures 
tell us about human population 
growth?

Human Population
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Human population

What does it all mean?

Summary

• Populations are described by their 
distribution, size, density, and dispersion

• Population dynamics include: survivorship, 
fertility schedules, growth 

• Two dominant life history strategies (r and 
K) represent evolutionary trade-offs

• The human population is clumped, 
growing (unevenly), and the growth can 
likely not be sustained 


