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Grizzlies in Yellowstone The Logistic Model and Real Populations

Some populations 
fluctuate greatly 
around K.

Carrying capacity can vary over time
K is the population size supportable by 
available resources and conditions

Not necessarily the ideal conditions!
Births = Deaths

Usually set by the limiting resource or 
condition

Liebig’s law

www.laredo.edu/science/rviswanath/SSI%202005/lecture39.pp

Reindeer of St. Matthew Island
Eat lichens 
(slow growing)
No predators
Ate so much 
lichen that it 
couldn’t 
regenerate
“overshoot” K

Klein 1968. Iournal of Wildlife 
Management, Vol. 32, No. 2, 
April 1968

http://www.druidry.org/obod/lore/animal/stag/reindeer_mig.jpg

Density-Dependent vs.  Density-Independent?
Book oversimplifies this
Density Dependent:

Growth rate is higher at 
low density 
Growth rate is less at 
high density
Often biotic factors

Resource limitation (within or 
between species 
competition)
Predation
Behavior (movement away 
or towards)

Also some biotic factors
Hiding places….

Density Independent :
Growth rate does not vary 
predictably with density
Often abiotic factors

Drought
Freeze
Hurricane
Floods….

Also some biotic factors
Diseases that kill all, 
regardless of density
Variation in food supply due to 
variation in weather 
Variation in habitat or nesting 
sites due to storms

Elephant 
Populations in 
Zimbabwe

Simon Chamaillé-Jammes, Hervé Fritz, Marion Valeix, Felix Murindagomo, 
Jean. Clobert (2008) Resource variability, aggregation and direct density 
dependence in an open context: the local regulation of an African elephant 
population  Journal of Animal Ecology 77 (1) , 135–144 

http://imagecache2.allposters.com/images/pic/PTGPOD/547446~Wild-Elephant-Zimbabwe-Posters.jpg
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Elephants

Upper panel - simple test for 
density dependence
Lower panel – allowed for 
carrying capacity to be 
affected by rainfall

Chamaillé-Jammes et al. 2008.   Journal 
of Animal Ecology 77 (1) , 135–144 

Variable carrying capacity

Fluctuating 
Carrying 
Capacity –
determined by 
rainfall

How does the environment limit population 
growth by changing birth and death rates? 

Births and Deaths 
balance each other 
at “K”
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Daphnia The many meanings of ‘r’

Terms related to per capita population growth rate
r = Intrinsic rate of increase  = per capita rate of increase = per capita rate of 
population growth
rmax = maximum r in the absence of constraints
r realized = realized r = r actually occurring now = dN/Ndt = 1/N*dN/dt
Ro = Net Reproductive rate= number of offspring per individual
λ = finite  rate or increase = geometric rate of increase = population 
multiplication factor
∆N = change in population size = rate of population growth
dN/dt = Rate of population growth (vs. r above; note that dN/dt = rN)

They are all at least partly distinctive and different
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Human Population Growth

General
Why has r for humans declined recently? 
What is K for humans?

See next presentation

Human Population Growth

How long can this rate of growth be sustained?

Doubling times across the globe

57 yr0.012Oceania
1025 yr0.001Europe
41 yr0.017Asia
98 yr0.007North America

35 yr0.020South America/Caribbean

24 yr0.029Africa

Doubling timer
Continent From Figure 11.28
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How can human populations        be 
limited?

How can human populations        be 
limited?

Ultimate causes:
Increase deaths
Reduce births
(we’ll ignore immigration and emmigration for now 
– focus on global human population)

Proximate causes- How can birth and death 
rates be changed?

Global Human Population

www.unifr.ch/biol/ecology/ teaching/CourseEcology/1_Populations.ppt

AIDS as a factor reducing population

AIDS in Sub-Saharan Africa

24.5 million people here are 
living with HIV (64% of all 
people living with the disease)

60% or more of those are women
90% of the worlds children living 
with HIV (~2 million) live here

http://data.unaids.org/pub/GlobalReport/2006/200605-fs_subsaharanafrica_en.pdf http://en.wikipedia.org/wiki/Sub-Saharan_Africa

http://data.unaids.org/pub/GlobalReport/2006/2006_GR_CH02_en.pdf

Sub-
Saharan 
Africa

http://www.un.org/esa/population/publications/AIDSimpact/AIDSWebAnnounce.htm
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Countries with 
AIDS prevalence 
of 20% or more

http://www.un.org/esa/population/publications/AIDSimpact/AIDSWebAnnounce.htm

~24% of the 
population is infected
By 2025, >half of 
potential population 
35-59 would be lost 
to AIDS
Impact stronger on 
adult females (higher 
HIV prevalence)

Unshaded bars: 
in the absence  
of AIDS. 

Shaded bars: 
with AIDS  

http://www.un.org/esa/population/publications/AIDSimpact/AIDSWebAnnounce.htm

Botswana

http://en.wikipedia.org/wiki/Botswana

Reduce births? Trends in Fertility Reduction
Average number of children per woman
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Source: United Nations, World Population Prospects: The 2004 Revision, 2005.

What actions help control human 
populations by affecting              birth and 
death rates ?

Education
Health Care
Wealth
Empower women
Family planning


