Population Growth Forms (Models) 
Populations have characteristic patterns of increase which are called population growth forms. The two models of population growth used to describe the rate of change in the size of a population over time are: 
1. Exponential growth form (J-shaped growth form): 
In this form, population density increases rapidly in exponential or geometric fashion and then stops abruptly as environmental resistance or any other limit becomes effective more or less suddenly.
If in a population of size N, the birth rate is represented as ‘b’ and death rate as‘d’, then the increase or decrease in N during a unit time period  t  (dN/dt) will be 
dN/dt = (b – d) × N
Let (b–d) = r, then
dN/dt = rN
The ‘r’ in this equation is called the ‘intrinsic rate of natural increase’ and is a very important parameter chosen for assessing impacts of any biotic or abiotic factor on population growth.
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Fig: Population growth curve 
a - when responses are not limiting the growth, plot is exponential, 
b - when responses are limiting the growth, plot is logistic, 
K - carrying capacity
The above equation describes the exponential or geometric growth pattern of a population and results in a J-shaped curve when we plot N in relation to time. The integral form of the exponential growth equation can be derived as:
Nt = N0 ert
Where,
Nt = Population density after time t 
N0 = Population density at time zero 
r = intrinsic rate of natural increase 
e = the base of natural logarithms (2.71828)

*(In J-shaped growth form there may be no equilibrium level, but the limit on N represents the upper limit imposed by the environment)
2. Logistic growth form (S-shaped or Sigmoid growth form):
In this form, the population increases slowly at first (positive acceleration phase), then more rapidly (logarithmic phase), but it soon slows down gradually as the environmental resistance increases percentage-wise (negative acceleration phase) until a more or less equilibrium level is reached and maintained. A plot of N in relation to time (t) results in a sigmoid curve. This type of population growth is called Verhulst-Pearl Logistic Growth and is represented by the following equation:
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Where, 
N = Population density at time t 
r = Intrinsic rate of natural increase 
K = Carrying capacity
The upper limit beyond which no major increase can occur is the upper asymptote of the sigmoid curve and is represented by the constant ‘K’ (Carrying capacity).
*Since resources for growth for most animal populations are finite and become limiting sooner or later, the logistic growth model is considered a more realistic one.
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pattern of a population (Figure 13.5) and results in a J-shaped curve
when we plot N in relation to time. If you are familiar with basic
calculus, you can derive the integral form of the
exponential growth equation as
N, =N,e"
where
N, = Population density after time t
N, = Population density at time zero
r = intrinsic rate of natural increase
e = the base of natural logarithms (2.71828)
Any species growing exponentially under unlimited
resource conditions can reach enormous population
densities in a short time. Darwin showed how even
Figure 13.5 Population growth curve a slow growing animal like elephant could reach
a when responses are not  enormous numbers in the absence of checks. The
limiting Fhe growth, plot is following is an anecdote popularly narrated to
exponential, .
b when responses are limiting demonstrate dramatically how fast a huge

the growth, plot is logistic, population could build up when growing
K is ('arrvim:r canacitv exnonentially
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A population growing in a habitat with limited resources show
initially a lag phase, followed by phases of acceleration and
deceleration and finally an asymptote, when the population density
reaches the carrying capacity. A plot of N in relation to time (t)
results in a sigmoid curve. This type of population growth is called
Verhulst-Pearl Logistic Growth (Figure 13.5) and is described by
the following equation:
K-N

dN/dt = rN (T]
Where N = Population density at time t

r = Intrinsic rate of natural increase

K = Carrying capacity

Since resources for growth for most animal populations are finite
and become limiting sooner or later, the logistic growth model is
considered a more realistic one.

Gather from Government Census data the population figures
for India for the last 100 years, plot them and check which growth
pattern is evident.
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€ Answer 5:
A population can be defined as a group of individuals of the same species residing in a
particular geographical area at a particular time and functioning as a unit. For example, all
human beings living at a particular place at a particular time constitute the population of
humans.
The main attributes or characteristics of a population residing in a given area are:
> Birth rate (Natality): It is the ratio of live births in an area to the population of an area. It is
expressed as the number of individuals added to the population with respect to the
members of the population.
Death rate (Mortality): It is the ratio of deaths in an area to the population of an area. It is
expressed as the loss of individuals with respect to the members of the population.
Sex ratio: It is the number of males or females per thousand individuals.
Age Distribution: It is the percentage of individuals of different ages in a given population.
At any given time, the population is composed of individuals that are present in various
age groups. The age distribution pattern is commonly represented through age pyramids.
» Population density: It is defined as the number of individuals of a population present per
unit area at a given time.

Question 6:

If a population growing exponentially double in size in 3 years, what is the intrinsic rate of
increase (r) of the population?

€. Answer 6:

A population grows exponentially if sufficient amounts of food resources are available to the
individual. Its exponential growth can be calculated by the following integral form of the
exponential growth equation:

Nt = No ert
Where,
N: = Population density after time ¢t
No = Population density at time zero
r = Intrinsic rate of natural increase
e = Base of natural logarithms (2.71828)
From the above equation, we can calculate the intrinsic rate of increase (r) of a population.
Now, as per the question,
Present population density = x
Then,
Population density after two years =2 x
t=3 years
Substituting these values in the formula, we have
= 2x=xe3
=>2=ed
Applying log on both sides
log 2 0.3010
51 =
3loge 3x0.434
Hence, the intrinsic rate of increase for the above illustrated population is 0.2311.

=log2=3rloge =r= =0.2311
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Question 16:

With the help of suitable diagram describe the logistic population growth curve.
€. Answer 16:

The logistic population growth curve is commonly observed in yeast cells that are grown under
laboratory conditions. It includes five phases: the lag phase, positive acceleration phase,
exponential phase, negative acceleration phase, and stationary phase.

> Lag phase: Initially, the population of the yeast cell is very small. This is because of the

limited resource present in the habitat.
> Positive acceleration phase: During this phase, the yeast cell adapts to the new
environment and starts increasing its population. However, at the beginning of this phase, the

growth of the cell is very limited.

> Exponential phase: During this phase, the population of the yeast cell increases suddenly

due to rapid growth. The population grows exponentially due to the availability of sufficient
food resources, constant environment, and the absence of any interspecific competition. As a

result, the curve rises steeply upwards.
> Negative acceleration phase: During this phase, the environmental resistance increases
and the growth rate of the population decreases. This occurs due to an increased competition

among the yeast cells for food and shelter.

> Stationary phase: During this phase, the population becomes stable. The number of cells
produced in a population equals the number of cells that die. Also, the population of the species
is said to have reached nature’s carrying-capacity in its habitat.
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A Verhulst - pearl logistic curve is also known as an S-shaped growth curve.

Question 17:

Select the statement which explains best parasitism.
(a) One organism is benefited.

(b) Both the organisms are benefited.

(c) One organism is benefited, other is not affected.
(d) One organism is benefited, other is affected.
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