
What is population viability
analysis? (PVA)



Population viability analysis is
a quantitative analysis of population dynamics

with the goal of assessing extinction risk
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•survival and fertility
throughout an
organism’s life cycle
•population size over
time
•birth and death rates

•matrix model
•time series analysis
•branching process
•stochastic birth-
death process
•reaction-diffusion
equation

•population growth
rate (λ)
•extinction
probability
•time to extinction
•future population
size or structure





Why do we do population “viability” analysis?

U. S. Endangered Species Act (1973)
codifies in law a national policy of avoiding the extinction of species

U. S. National Forest Management Act (1976)
“[f]ish and wildlife habitat shall be managed to maintain viable
populations of existing native and desired nonnative vertebrate species in
the planning area…In order to insure that viable populations will be
maintained, habitat must be provided to support at least a minimum
number of reproductive individuals and the habitat must be well
distributed so that those individuals can interact with others in the
planning area”

U. S. Marine Mammal Protection Act (1994 amendments)
stock assessment process



What do I mean by “population dynamics”?

populations are dynamic, not static

Grizzly
bears
in Yellowstone
National Park



populations are dynamic, not static

Sheep on the island of Tasmania



populations are dynamic, not static



populations are dynamic, not static

Whales in the Antarctic



Population sizes change over time

Why?
What causes change in population size?
What regulates population size?

If we can answer these questions, we might be 
able to make changes that increase populations
of declining (endangered) species



Many things affect population size

population 
size

competition
within a species
among species

other interactions
predation, herbivory,

pollination, etc.

population
structure

environmental
variation

good years, bad years
succession or
disturbance

habitat attributes
quantity, quality,
configuration, and
connectivity

chance events
demographic

genetic



• Exponential growth
density-independent, deterministic

In a closed
population (no
immigration or
emigration),
population
growth is a
function of
birth and death
rates

dN
 dt

= (b-d)N
Ring-necked pheasant

on Protection Island



exponential growth: an unrealistic model?

Humans on planet Earth



dN
 dt

= rN K-N
  K(    ) intraspecific competition

stabilizes population size
birth rates go down and/or death rates
go up with increasing population size

2. Logistic growth 
density-dependent, deterministic 

carrying
capacity (K)



Allee effect

Alternatively,
The population growth rate may increase with
population size (positive density-dependence)

minimum viable population size



Allee effect
How?

group defense against
     predators



Allee effect
How?
In animals:
group defense against
     predators
group attack of prey
mates difficult to find
critical number to stimulate 
     breeding behavior
In plants:
pollinator limitation
self-incompatibility
inbreeding depression



The two categories of models we have
considered thus far assume that

all individuals in a population have the
same birth and death rates
no genetic, developmental, or physiological differences
among individuals

under some circumstances, this might cause us to
inaccurately predict population size



This is the type of model most often used in
population viability analysis

What is meant by “structure”?
A population is unstructured if all individuals have the same
rates of survival and fertility.
A population is structured if differences among individuals in
age, developmental stage, or size cause them to have different
survival or fertility rates.

3. Structured population models
density-independent, deterministic 





Loggerhead turtles



3. Density-independent, deterministic,
    structured population growth

What can structured population models tell us?

1. Eigenvalues
The dominant eigenvalue (λ) will
eventually govern population
growth



3. Density-independent, deterministic,
    structured population growth

What else can structured population models tell us?

2. Sensitivity
The sensitivity of λ to each matrix element quantifies how
much λ will be affected by a change in that transition
probability



3. Density-independent, deterministic,
    structured population growth

What else can structured population models tell us?

2. Sensitivity
The sensitivity of λ to each matrix element describes how
much λ will be affected by a change in that transition
probability

Would it be better to focus conservation efforts on
improving the survival of hatchlings or large
juveniles or adults???



3. Density-independent, deterministic,
    structured population growth

What else can structured population models tell us?

3. Elasticity
Elasticities quantify the proportional change (1%) in the
asymptotic growth rate that can be expected given a
particular proportional change (1%) in each life history
transition.



Many things affect population size

population 
size

competition
within a species
among species

other interactions
predation, herbivory,

pollination, etc.

population
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Two possible predictions given a single
transition matrix:

exponential growth (λ>1)
extinction probability = 0

or
exponential decline (λ<1)
extinction probability = 1.0



Two possible predictions given a single
transition matrix:

exponential growth (λ>1)
extinction probability = 0

or
exponential decline (λ<1)
extinction probability = 1.0

Long-term average?



4. Stochastic models
A. Environmental stochasticity
The environment varies from one year to the next

initial population
size = 4,343



A. Disturbance and succession
The environment varies from one year to the next
in a cyclical or predictable manner

4. Stochastic models



B. Demographic stochasticity
4. Stochastic models

Tossing a coin
sex ratio
survival

Rolling a dice
clutch size



B. Demographic stochasticity
4. Stochastic models

Tossing a
coin
sex ratio
survival

Rolling a
dice
clutch size



Small populations tend
to lose genetic diversity
(heterozygosity, allelic
diversity) via
inbreeding, drift, or
combinations of the
two.  This may have
fitness consequences.

C. Genetic stochasticity
4. Stochastic models



Rule of thumb

genetic and demographic stochasticity
important in populations  < 50

environmental stochasticity still important
in populations  > 50



5. Landscape-scale or
metapopulation models

• amount of habitat
• quality of habitat
• distribution or configuration of

habitat
• connectivity of habitat



5. Landscape-scale or
metapopulation models

The Theory of Island Biogeography (MacArthur and Wilson 1967)
Metapopulation Theory (Levins 1969 and others)

Patch size matters
populations in smaller habitat patches (‘islands”) are more
likely to go extinct than populations in larger habitat patches

Patch isolation matters
the more isolated an unoccupied habitat patch is from
occupied habitat patches, the less likely that it will be
colonized



5. Landscape-scale or
metapopulation models

Which population is most/least likely to go extinct?



5. Landscape-scale or
metapopulation models

Patch quality matters
populations in habitat patches of higher quality are less
likely to go extinct than populations in patches of lower
quality

A “source” is an area where b>d.  Excess individuals may
emigrate from a “source” patch.

A “sink” is an area where d>b.  Populations in sink patches
are certain to go extinct.  Sink populations may be “rescued”
by immigration from source populations (the rescue effect).



Many things affect population size

population 
size

competition
within a species
among species

other interactions
predation, herbivory,

pollination, etc.
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PVA requires lots of data, which takes time, work, and money,
whereas managers want answers (predictions about extinction)
now.  Few species will get thorough PVA.  When should PVA
be used and what type of PVA (how complex)?

Predictions from PVA can only be as good as the data that go
into the analysis.  We can only have degrees of confidence in
the predictions from PVA.  Populations should not be managed
to their “minimum viable population” size.

One of the greatest strengths of PVA is the ability to play “what
if” games with the model.  That is, what if management were to
increase patch sizes or connectivity?  What if adult survival
were improved?

Last thoughts on PVA
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