
13 Organisms and 
Populations

Ecology is a subject which studies the interactions among 
organisms and between the organism and its physical 
(abiotic) environment.

Major Abiotic Factors
Temperature: 

 � Temperature is the most ecologically relevant environmental 
factor. Decreases progressively from the equator towards 
the poles and from plains to the mountain tops.

 � A few organisms can tolerate and thrive in a wide range of 
temperatures (they are called Eurythermal)

 � A vast majority of them are restricted to a narrow range of 
temperatures (such organisms are called Stenothermal).

Water:

 � Next to temperature, water is the most important factor 
influencing the life of organisms. 

 � The salt concentration (measured as salinity in parts per 
thousand), is less than 5 per cent in inland waters, 30-35 
per cent in the sea and > 100 per cent in some hypersaline 
lagoons.

 � Some organisms are tolerant of a wide range of salinities 
(euryhaline) but others are restricted to a narrow range 
(stenohaline).

Light: 

 � Many plants are also dependent on sunlight to meet their 
photoperiodic requirement for flowering. Deep (>500m) 
in the oceans, the environment is perpetually dark and its 
inhabitants are not aware of the existence of a celestial 
source of energy called Sun. 

 � Not all the colour components of the visible spectrum are 
available for marine plants living at different depths of the 
ocean.

Soil:

 � Various characteristics such as soil composition, grain 
size and aggregation determine the percolation and water 
holding capacity of the soils. 

 � In the aquatic environment, the sediment-characteristics 
often determine the type of benthic animals that can thrive 
there.

Responses To Abiotic Factors
Regulate: 

 � All birds and mammals, and a very few lower vertebrate 
and invertebrate species are capable of thermoregulate 

and osmoregulate. Evolutionary biologists believe that 
the ‘success’ of mammals is largely due to their ability to 
maintain a constant body temperature and thrive whether 
they live in Antarctica or in the Sahara desert. In summer, 
we sweat. 

 � Evaporative cooling brings down the temperature. Similarly 
in winter we shiver. 

 � Plants, on the other hand, do not have such mechanisms to 
maintain internal temperatures. 

Conform: 
 � 99 per cent of animals and nearly all plants cannot maintain 
a constant internal environment.

 �  In aquatic animals, the osmotic concentration of the body 
fluids changes with that of the ambient water osmotic 
concentration. 

 � Some species have evolved the ability to regulate, but only 
over a limited range of environmental conditions, beyond 
which they simply conform.

Migrate:
 � The organism can move away temporarily from the stressful 
habitat to a more hospitable area and return when stressful 
period is over.

 � Every winter the famous Keolado National Park 
(Bharatpur) in Rajasthan host thousands of migratory birds 
coming from Siberia and other extremely cold northern 
regions. 

Suspend: 
 � In bacteria, fungi and lower plants, various kinds of thick-
walled spores are formed which help them to survive 
unfavorable conditions. 

 � In higher plants, seeds and some other vegetative 
reproductive structures serve as means to tide over periods of 
stress besides helping in dispersal, reducing their metabolic 
activity and going into the state of dormancy.

Examples:
 ▪ Hibernation: Metabolically inactive during 

winters, e.g, bears.

 ▪ Aestivation: Metabolically inactive during 
summers, e.g, snails and fishes during summer.

 ▪ Diapause: A stage of suspended development of 
many zooplanktons in lakes & ponds.



Adaptations
Adaptation is any attribute of the organism (morphological, 
physiological, behavioral) that enables the organism to survive 
and reproduce in its habitat. 

 � Many adaptations have evolved over a long evolutionary 
time and are genetically fixed.

 � In the absence of an external source of water, the kangaroo 
rat in North American deserts is capable of meeting all its 
water requirements through its internal fat oxidation (in 
which water is a byproduct). 

 � It also has the ability to concentrate its urine so that minimal 
volume of water is used to remove excretory products. 

 � Many desert plants have a thick cuticle on their leaf surfaces 
and have their stomata arranged in deep pits to minimize 
water loss through transpiration. 

 � They also have a special photosynthetic pathway (CAM) 
that enables their stomata to remain closed during day time. 
Some desert plants like Opuntia have no leaves – they are 
reduced to spines–and the photosynthetic function is taken 
over by the flattened stems.

Allen’s Rule
 � Mammals from colder climates generally have shorter ears 
and limbs to minimize heat loss. 

 � In the polar seas aquatic mammals like seals have a thick 
layer of fat (blubber) below their skin that acts as an insulator 
and reduces loss of body heat.

Altitude sickness

 � In altitude sickness, due to low atmospheric pressure, in 
high altitudes, the body does not get enough oxygen.

 � The body compensates low oxygen availability by increasing 
red blood cell production, decreasing the binding capacity 
of hemoglobin and by increasing breathing rate.

Behavioral responses to cope with variations in 
their environment
 ▪ Desert lizards lack the physiological ability that 

mammals have to deal with the high temperatures 
of their habitat, but manage to keep their body 
temperature fairly constant by behavioral means. 

 � They bask in the sun and absorb heat when their body 
temperature drops below the comfort zone, but move into 
shade when the ambient temperature starts increasing.

Population Attributes:

 � Birth rates: Refers to per capita births.

 � Death rates: Refers to per capita deaths. 

 � Sex ratio: Ratio of number of males and females in a 
population.

Population Growth

 � Natality: Number of births during a given period.

 � Mortality: Number of deaths in the population during a 
given period.

 � Immigration: Number of individuals of the same species 
that have come into the habitat from elsewhere during the 
time period under consideration.

 � Emigration: Number of individuals of the population who 
left the habitat and gone elsewhere during the time period 
under consideration.

The shape of the pyramids reflects the growth status of 
the population- whether it is (a) growing (b) stable or (c) 
declining.

Growth Model

Exponential growth
 � Resources (food and space) in the habitat are unlimited.

 � Each species shows its full innate potential to grow in 
number.

 � If in a population of size N, the birth rates (per capita births) 
are represented as ‘b’ and death rates (per capita deaths) 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
Integral form of the exponential growth equation is:
Nt = Noe

rt

where
Nt = Population density after time t
No = Population density at time zero
r = Intrinsic rare of natural increase
e = the base of natural logarithms (2.71828)



Logistic growth
 � Resources (food and space) in the habitat are limited.
 � This leads to competition between individuals for limited 
resources. The ‘fittest’ individuals survive and reproduce.

 � This type of population growth is called Verhulst-Pearl 
Logistic Growth  and is described by the following equation:

K NdN / dt rN
K
− =  

 
where 

N = Population density at time t

r = Intrinsic rate of natural increase

K = Carrying capacity

Population growth curves:
a. Indicates exponential growth (J-shaped curve)
b. Indicates logistic growth (Sigmoid curve).

Life History Variation
Populations evolve to maximize their reproductive fitness, also 
called Darwinian fitness (high r value). Some organisms breed 
only once in their lifetime, for example: Pacific salmon fish, 
bamboo. 

Population Interactions
Species A Species B Name of Interaction

+ + Mutualism
- - Competition
+ - Predation

+ - Parasitism
+ 0 Commensalism
- 0 Amensalism

Examples of Parasitism
 � Cuscuta growing on hedge plants

 � Lice on humans

 � Ascaris, Taenia, Plasmodium causing diseases in humans

Examples of Brood parasitism
 � Koel laying its eggs in crow’s nest.

Examples of Commensalism
 � Clown fish living among tentacles of sea anemone

 � Pilot fish (Remora) accompanies sharks

 � Orchid growing on mango tree

 � Sea anemone on the shell of hermit crab

 � Barnacles on back of whales

 � Egret and grazing cattle

Examples of Mutualism

 � Mycorrhiza living in roots of higher plants

 � Rhizobium in root nodules of legumes

 � Algae and fungi in lichens

 � Orchid Ophyrs and bee for pollination

Example of Amensalism
 � Penicillium whose toxin kills many bacteria is neither 
benefitted nor harmed

Examples of Predation
 � Biological control methods to control pests

 � Carnivorous animals like tiger eating deers, snake eating 
frog

 � Insectivorous plants like Nepenthes, Drosera, Utricularia


