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POPULATIONS AND GROWTH

MODELS




HOW POPULATIONS GROW

®* CHARACTERISTICS OF POPULATIONS

® THREE IMPORTANT
CHARACTERISTICS OF A
POPULATION

1. GEOGRAPHIC DISTRIBUTION

2. DENSITY

3.




GEOGRAPHIC DISTRIBUTION

- A POPULATION’S s o | Atlantic

Ocean

RANGE CAN VARY
ENORMOUSLY IN SIZE,
DEPENDING ON THE

SPEC'ES Gulf of Mexico

* BACTERIA IN PUMPKIN e
VS COD SWIMMING Through Florida Wettersheds
FROM GREENLAND- T lod0s e 1090;

NORTH CAROLINA Leioh




2- POPULATION DENSITY

® POPULATION DENSITY IS THE NUMBER OF INDIVIDUALS PER UNIT
AREA.

® THE POPULATION OF DUCKS IN A POND MAY HAVE A LOW DENSITY,
WHILE FISH IN THE SAME POND HAVE A HIGHER DENSITY




DENSITY AND DISTRIBUTION

. AN EXAMPLE OF A POPULATION THAT SHOWS RANDOM DISTRIBUTION IS THE
PURPLE LUPINE.
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DENSITY AND DISTRIBUTION

AN EXAMPLE OF A POPULATION THAT SHOWS UNIFORM DISTRIBUTION IS THE KING

PENGUIN.




DENSITY AND DISTRIBUTION

* AN EXAMPLE OF A POPULATION THAT SHOWS CLUMPED
DISTRIBUTION IS BACTERIA.




Basic Characteristics of Populations

The suitability of habitats influences the geographic distribution of
a species.

Insights can be gained by studying the spatial distributions of
populations within habitats.

Clumped Spaced Random

Minnows Hawks Dandelions




® THREE FACTORS CAN AFFECT POPULATION SIZE:
® NUMBER OF BIRTHS
® THE NUMBER OF DEATHS

® THE NUMBER OF INDIVIDUALS THAT ENTER OR LEAVE THE
POPULATION.

* SIMPLY PUT, A POPULATION WILL INCREASE OR DECREASE IN SIZE
DEPENDING ON HOW MANY INDIVIDUALS ARE ADDED TO IT OR
REMOVED FROM IT



A POPULATION CAN GROW
WHEN ITS BIRTHRATE IS HIGHER
THAN ITS DEATH RATE.

|IF THE BIRTHRATE EQUALS THE
DEATH RATE, THE POPULATION
MAY STAY THE SAME SIZE.

IF THE DEATH RATE IS
GREATER THAN THE BIRTHRATE,
THE POPULATION IS LIKELY TO
SHRINK.




¢* IMMIGRATION

® THE MOVEMENT OF INDIVIDUALS INTO AN AREA, IS ANOTHER FACTOR THAT CAN
CAUSE A POPULATION TO GROW.

¢ EMIGRATION

® THE MOVEMENT OF INDIVIDUALS OUT OF AN AREA, CAN CAUSE A POPULATION TO
DECREASE IN SIZE.



* EXPONENTIAL GROWTH

® IF A POPULATION HAS ABUNDANT SPACE AND FOOD,
AND IS PROTECTED FROM PREDATORS AND DISEASE,
THEN ORGANISMS IN THAT POPULATION WILL
MULTIPLY AND THE POPULATION SIZE WILL INCREASE.



Exponential Growth

‘ 1 cell

2 cells
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‘ 4 cells
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CHECKPOINT

WHICH OF THE FOLLOWING IS NOT A CONDITION FOR A POPULATION TO REACH
EXPONENTIAL GROWTH?

A.) PRESENCE OF UNLIMITED RESOURCES
B.) ABSENCE OF PREDATION AND DISEASE

C.) MOVEMENT OF INDIVIDUALS OUT OF THE
POPULATION




® LOGISTIC GROWTH OCCURS WHEN A
POPULATION'S GROWTH SLOWS OR STOPS
FOLLOWING A PERIOD OF EXPONENTIAL
GROWTH.

® AS RESOURCES BECOME LESS AVAILABLE,
THE GROWTH OF A POPULATION SLOWS
OR STOPS. THE GENERAL, S-SHAPED CURVE
OF THIS GROWTH PATTERN, CALLED
LOGISTIC GROWTH




PHASE 1: EXPONENTIAL GROWTH

Logistic Growth

I Carrying capacity




PHASE 2: GROWTH SLOWS DOWN.

Logistic Growth
I Carrying capacity //J'




PHASE 3: GROWTH STOPS.

Logistic Growth
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I Carrying capacity




TYPES OF POPULATION GROWTH CURVES

There are mainly two types of population growth curves-

1. Exponential growth curve( J-shaped)

&

2. Sigmoid growth curve(S-shaped)




EXPONENTIAL GROWTH CURVE

* In this type of growth form, the population grows
exponentially, and after attaining the peak value the

population may abruptly crash.

* This increase in population is continued till large amount

of food materials exist in the habitat.

* After sometime, due to increase in population size the food

supply in the habitat becomes limited which ultimately

results in decrease in population size.




Continue....

* For example, many insect populations show explosive increase in
numbers during the rainy season, followed by their disappearance at
the end of the season.

» The following equation exhibits J-shaped growth:
dN/dt =rN

where,

dN/dt represents rate of change in

population.
r=biotic potential
N= population size




Continue.......
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SIGMOID GROWTH CURVE

* The sigmoid growth curve is also known as Logistics growth

curve which is S-shaped.

* When a few organisms are introduced in an area, the population
increase is very slow in the beginning i,e., the positive

acceleration phase or lag phase.

* In the middle phase the population increase becomes very rapid

which is known as logarithmic phase.

* Finally in the last phase the population increase is slowed down

i,e. negative acceleration phase.




Continue....

* The level beyond which no major increase can occur is

referred to as saturation level or carrying capacity

which is denoted by K.

* In the last phase the new organisms are almost equal

to the number of dying individuals and thus there is

no more increase in the population size.




Continue....

* The J-shaped (sigmoid) growth form is represented by
the following equation:

dN/dt = rN(K-N/K)
=rN(1-N/K)
Elere;
dN/dt is the rate of change in population size.
r= biotic potential
N= population size

(K-N/K) is for environmental resistance.




N
O
—

=

=

o

L=

—
-
-
@

L
&
-

-_—

Growth rate
dgecreasing

Growth rate
INCTeasing

Time

S-shaped growth curve




CARRYING CAPACITY?

* The carrying capacity of a biological species in an environment is
the maximum population size of the species that the
environment can sustain indefinitely , given the food , habitat
water and other necessities available in the environment.

In population ecology, the carrying capacity is defined as the
environment’s maximal load.

» Carrying capacity was originally used to determine the number
of animals that could graze on a segment of land without
destroying it. Later the idea has been expanded to more complex
populations.




CARRYING CAPACITY

® THE NUM

BER OR TE

5 LARGEST NUM|

OF INDIVIDUALS THAT A GIVEN

ENVIRONMENT CAN SUPPORT.
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WE DEFINE A CHANGE IN POPULATION SIZE BASED ON THE FOLLOWING VERBAL EQUATION.

CHANGE IN POPULATION =  BIRTHS DURING —  DEATHS
DURING

SIZE DURING TIME INTERVAL TIME INTERVAL TIME INTERVAL



USING MATHEMATICAL NOTATION WE CAN EXPRESS THIS RELATIONSHIP AS FOLLOWS:

F N REPRESENTS POPULATION SIZE, AND T
REPRESENTS TIME, THEN AN IS THE CHANGE IS
POPULATION SIZE AND AT REPRESENTS THE
CHANGE IN TIME, THEN:

AN/AT = B-D

WHERE B IS THE NUMBER OF BIRTHS AND D IS
THE NUMBER OF DEATHS




WE CAN SIMPLIFY THE EQUATION AND USE R TO
REPRESENT THE DIFFERENCE IN PER CAPITA BIRTH AND
DEATH RATES.

AN/AT =RN OR DN/DT=RN

IF B = D THEN THERE IS ZERO POPULATION GROWTH
(ZPG).

UNDER IDEAL CONDITIONS, A POPULATION GROWS
RAPIDLY.

EXPONENTIAL POPULATION GROWTH IS SAID TO BE HAPPENING

UNDER THESE CONDITIONS, WE MAY ASSUME THE MAXIMUM GROWTH RATE FOR THE POPULATION (RMAX)
TO GIVE US THE FOLLOWING EXPONENTIAL GROWTH

DN/DT = Ry axN
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TYPICALLY, UNLIMITED RESOURCES ARE RARE.

POPULATION GROWTH IS THEREFORE REGULATED BY CARRYING CAPACITY (K), WHICH IS THE
MAXIMUM STABLE POPULATION SIZE A PARTICULAR ENVIRONMENT CAN SUPPORT.



THE LOGISTIC GROWTH EQUATION

WE CAN MODIFY OUR MODEL OF POPULATION
GROWTH TO INCORPORATE CHANGES IN

GROW]

CARRY

'H RATE AS POPULATION SIZE REACHES A

NG CAPACITY.

THE LOGISTIC POPULATION GROWTH MODEL
INCORPORATES THE EFFECT OF POPULATION
DENSITY ON THE RATE OF INCREASE.



MATHEMATICALLY, WE START WITH THE EQUATION
FOR EXPONENTIAL GROWTH, CREATING AN
EXPRESSION THAT REDUCES THE RATE OF
INCREASE AS N INCREASES
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Table 52.3 A Hypothetical Example of Logistic
Population Growth, Where K = 1,000
and r,,x = 0.05 per Individual per Year

Rate of

Intrinsic Population
Population Rate of K — N) Increase
Size (N)  Increase (r,,,,) K (dN/dt)

20 0.05 0.98 0.049
100 0.05 0.90 0.045
250 0.05 0.75 0.038
500 0.05 0.50 0.025
750 0.05 {125 0.013

1,000 0.05 0.00 0.000

*AN 1s rounded to the nearest whole number.

Table 52.3




DN/DT = Ry axN{{K-N}/K)

THE GRAPH OF THIS EQUATION SHOWS AN S-SHAPED
CURVE.
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HOW WELL DOES THE LOGISTIC MODEL FIT THE GROWTH OF REAL POPULATIONS?

THE GROWTH OF LABORATORY POPULATIONS OF
SOME ANIMALS FITS THE S-SHAPED CURVES FAIRLY

WELL.
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SOME OF THE ASSUMPTIONS BUILT INTO THE LOGISTIC
MODEL DO NOT APPLY TO ALL POPULATIONS.

IT IS A MODEL WHICH PROVIDES A BASIS FROM
WHICH WE CAN COMPARE REAL POPULATIONS.
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THE LOGISTIC POPULATION GROWTH MODEL AND LIFE HISTORIES.

THIS MODEL PREDICTS DIFFERENT GROWTH RATES FOR DIFFERENT POPULATIONS, RELATIVE TO
CARRYING CAPACITY.

RESOURCE AVAILABILITY DEPENDS ON THE SITUATION.

THE LIFE HISTORY TRAITS THAT NATURAL SELECTION FAVORS
MAY VARY WITH POPULATION DENSITY AND
ENVIRONMENTAL CONDITIONS.

IN K-SELECTION, ORGANISMS LIVE AND REPRODUCE
AROUND K, AND ARE SENSITIVE TO POPULATION DENSITY.

IN R-SELECTION, ORGANISMS EXHIBIT HIGH RATES OF
REPRODUCTION AND OCCUR IN VARIABLE ENVIRONMENTS
IN WHICH POPULATION DENSITIES FLUCTUATE WELL BELOW
K.



Density-Independent Population Growth

= Simple models describe how idealized
populations would grow in an infinite
environment.

Continuous model

= In these models, populations increase to
infinity or decrease to zero.
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= Continuous Model

= Reproduction occurs in the Discretemodel
population at all times.

s Discrete Model

= Populations reproduce only at
certain times.

Population size (N)

Time




Density-Dependent Population Growth

= In density dependent population
growth, the per capita growth rate
decreases as the population
approaches a carrying capacity.

Continuous model
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= When there is a delay such that
population growth depends on past
population sizes, the population may
cycle or have chaotic dynamics.
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Density-Dependent and Density-Independent
Effects on Populations

= In many habitats, the forces that limit population sizes
are independent of population density. For example,
extreme weather events may decrease populations.

= For most species, density-dependent factors limit birth
rates or increase death rates at least some of the time.
This type of population determination often is referred
to as “regulation.”

= Disease outbreaks and starvation are two factors that
may increase with population density.




Dynamics of Lagged Logistic Growth Models

As growth rate increases, populations
overshoot carrying capacity (K).




Human Population Growth

= Human population growth does not currently show
density effects that typically characterize natural
populations.

= In natural populations, per capita population growth
rate decreases with population size, whereas global
human population growth rate has a positive
relationship.

= Human population growth rate has been growing more
than exponentially.

= Limited resources eventually will cause human
population growth to slow, but global human carrying
capacity is not known.



I
r-selected Reproductive Strategy

r-selected Species:

 have high
reproductive rates
tend to occur in
unpredictable
environments

 typically have type
I1I survivorship
curves
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K-selected Reproductive Strategy

K-selected Species:
occur near carrying
capacity
experience effects of
population density

have low
reproductive rates,
high parental care
have type I
survivorship curves.
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