Population Ecology

* 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.

Characteristics of Populations

» Populations can be studied in terms of...
— Abundance (size)
« Density
« Distribution
— Demographics
— Rates of Growth
— Limits on growth - e
— Changes in distribution and density due to dipersal,
emigration, immigration and migration

How to measure density?

Direct Counts
Quadrates

Mark and recapture
Additional sampling methods
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Mark and Recapture

Population size =N Animals captured (visit 2) = C
Animals that were captured 2x = R

Animals marked (visit 1) = M

‘Mark
recapture
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Survey 2:
N=MC
R | ¢=captured

v Sampling considerations

Dispersion of Individuals on
Small Scale
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Clumped Dispersal of Population

(a) Clumped. For many animals, such as these wolves, living
in groups increases the effectiveness of hunting, spreads
the work of protecting and caring for young, and helps
exclude other individuals from their territory.




(b) Uniform. Birds nesting on small islands, such as these
king penguins on South Georgia Island in the South
Atlantic Ocean, often exhibit uniform spacing, maintained
by aggressive interactions between neighbors.
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Uniform Dispersal of Population

(¢) Random. Dandelions grow from windblown seeds that
land at random and later germinate.
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Demographics PO . T

The vital statistics of a population

- Birth rates

- Death rates

- Sex ratios

- Reproductive age

These affect the density
and distribution (abundance)

Demographics: Life Tables
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Demographics: Age Structures

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

N Mus  Femss date Femals

o O} Uinited Suutes i) Bunden

Age pyramids for three human populations in 1989.




» Techniques used for aging animal
populations

— Mark young individuals and follow their
survival

— Study a representative sample
— Tooth wear
— Plumage changes

— Growth rings in teeth, horns, ear bones, and
so forth

Some plant ages can be
determined too
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Survivorship Curves

A plot of the proportion or # of individuals in a population surviving through time

Surviving is not everything...birth rate is important too!
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Reproductive Tables
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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.
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Population Growth Equations

N = Population size
t="Time

B = Births (& Immigration)
D = Deaths (& Emigration)

Population Growth Equations

-_' 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)




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 r,,,,,)

r=b-d
d=/\
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- Replace (b - d) with r o 50 100 150
- Replace A with d Time {min)

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

Logistic Growth

Carrying
capacity:
ﬂ:um.)gm Population Growih Growth stops;
maximum wrows rapidly. slows. population size
W. ulation stabilizes at
carrying capacity, K.
a T

Number of individual

*Population growth rate is highest at %2 K
*Growth rate slows as N approaches K

Time

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
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J-curves versus S-curves

(a)Exponential (un- (b)Logistic (restricted)
restricted) growth growth
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{8) A Paramecium population  (b) A Daphnia population in laboratory (c) A fur seal {Callorhinus
cullure

in laboratory culture ursinus) population on
5t. Paul Island, Alaska
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K- selected vs. r- selected species

The r-K Scale of Reproductive Strategy: Balancing Egg Output versus Parental Care
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Oysters are an example of a very r-sirategy. They produce 500 millon fertiized eggs a year and provide
no parental care. The greal apes are an example of a very K-strategy. They produce one infant every
five or six years and provide extensive parental care.




Life History: K- Selected Species

K = carrying capacity r-Selected {Dpportunistic) and
K-Selected (Equilibrial) Populations
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Life History: r- Selected Species

r = per capita rate of increase

Number of animals
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Density-Dependent Factors
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{a) Plantain. The number of seeds (b) Song sparrow. Clutch size in the song sparrow
produced by plantain (Plantago major) on Mandarte Island, British Columbia, decreases
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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
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Dynamics of a population
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Dispersal Influences Abundance

Passive: Seeds carried by wind or animals

Active: Emigration, Immigration & Migration
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Nine-banded Armadillo
(Dasypus novemcinctus)

D. Nevemcinctus Distribution, United States

W Potesnal range
[l Current range (1995)
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Migration: A
Round Trip

Migratory pathways of
Ring-necked ducks and
gray whale.

Chinese Mitten Crab

(Eriocheir sinensis)
« Damage fishing nets
- Eat Salmon eggs

« Damage aquatic plants

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




Invasive (Introduced) Species

English & Algerian lvy

(Hedera spp.)

Human population
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Human population
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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




