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2. The Zone of Intolerance : When the 1ntens1ty of an en-
vironmmental factor is either too low or too high, organisms can-

not survive. This high or low intensity of an,envnonmental fac-

tor is called the zone of intolerance. ‘
The Salient Features of the Law of T ,Ierance

marine fishes are placed in freshwhter, they die. -

3. The same species varies i
ferent factors. For example, ¢
tolerate major changes in salinj
changes in temperature.

- 4. Organisms with wide/ranges of tolerance for many fac-

tors have universal distribution.

5. The tolerance of any organism of the environmental fac-
the form of a curve called tolerance M3

tor can be represented i
curve.

“b

6. When the spec' shas a narrow range of tolerance the -}~

prefix ‘steno’
Stenohaline.

is add¢d to the factor. Eg. Stenothermal and

. ined Concepts of Limiting Factors

Organisms
tors. Almost a,
some factors become limiting factors. These factors are char-

acterized by their 1. Minimum availability in the environmentand

2. The changes of i intensity of the factors i in the environment.

The sylccessful survival of the organism depends on is ad-

Jjustments/to these factors. For survival the organism must ob-
tain the factors which are present in minimum quantity in the
environment. Secondly, the organism must be tolerant of the
changéds/of intensity of the limiting factors. :

' WO

2. Spec1es vary in their 11m1ts f tolerance of the same
factor. For example, the salmon can/urvive well at high salini-
ties (seawater) and low salinities ( eshwater). But when otherj 2

its limits of tolerance of dif- .} .
ain freshwater fishes cannot*.:
y, but they can tolerate any hi-gh e

. pecies has a wide range of tolerance the prefix '_,.
teury?:is added to the factor. "Eg. Euiythermal and Euryhaline-— -}

- .Y . lation.
€ exposed to a variety of environmental fac-

1 the factors are essential for organisms. But *

AR DN
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- Population refers to ‘a group of organisms of the same
. species living in a particular-area ar a given time’. A popula-
- tion has the following salient features: '

: Anindividual

Fig9.1: A populatzon of fish.
-1. All the individuals of a population belong to one species.

2. The individuals are morphologically and anatomlcally
- similar. '

edndividuals are-genetically related=-"" - i
4 There is free gene flow between the individuals of a popu-

Fig.9.2: A population of teak trees.

5. The individuals are reproductively 1solated from other
species.

Populations are of two types. They are monospecific popu-

lation and polyspecific population. A monospecific population

is formed -of only one species. A polyspecific populatlon is
formed of many related spectes
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- Examples : All the Rana hexadactyla livingina pond con-
titute a frog population; ail the human being of India consti-
1te a human population.

Each population has the following characteristics :

I. Density _ 7. Population ﬂuctuatzons
2 Natality .~ 8 Biotic potential R
3. Mortality 9. Dispersal
4. Age dtstrzbutzon 10. Dispersion
5. Popu,latzon growth 11. Reguldtion of populatzon
" density
6. Populatzbn equzlzbrzumIZ Populatzon interaction
1. Density

Population density refers to the total number of individu-
Is in a unit area or unit volume at a given time. It may be
xpressed in various parameters. For example, the number of
acteria in a litre of water; the number of plants per acre of

and; the number of people per square kme and so on. The density _

f any population can be expressed by the following formula:
Where, D = Density

D= n/a : =Number of individuals
t ' t,,- Time .
a = Area

leasurement of Populatlon Density

Several methods. are followed to measure the population__

ensity. They are as follows:
. Total Count

In this method, all the individuals of a populatlon are

ounted one by one. It is the direct method and it g1ves the accu-

ate density. But it is practlcally possible only in the case of t

rees and human beings. It is not possible to count all animals
ecause they are not static. Again this method cannot be em-
nloyed in the case of smaller organisms.

. Sampling Method

In this method, suitable samples are selected; the organ-
sIms per sample are counted and then the density is calculated
y extrapolation.

- days, another set of animals are captured (say 80 animals}. 3
.} . batch contains tagged and untagged animals. From the procor-
| ‘tion of tagged and untagged animals the total number of i:ii-
- viduals in the population can be calculated as follows:
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In a terrestrial hab1tat the total area of the population is

. subdivided into samplmg units. The sampling units :ire in the
“ form of quadrates (squares) or fransects (rectangles} or cir
r-f-clets : -

eXtrapolatmg the data.
Ood| | H. M
ooo| |H Lk

Transects _
Fig.9.3 : Samplmg methods

00O
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[efelXe

Circleis

[ e

" Quadrates

g;-’3 Taggmg Method

This method is used in counting larger animals like fishes,

.‘birds squirrels, etc. Freim the population a definite number «+f

animals, say 100, are captured, marked and released. After g

Total number of tagged animals in the

population (say) ' = 100
- Total number of tagged and untagged
animals captured on the second day (say) = 86
Tagged animals captured (say) = 10

Total population size _
Number of marked animals
in the population

Total'caught in the sample

Number of marked animals
in-the sample

the orgamsm For example if the dens1ty of trees'in a mwsf s
- to be measured, then the quadrate (Samphng unit) must be abﬂul
- 50,square metre. If the density of grass is to be measured then
_the : quadrate must be about 5 square metre. Individuals in each
' samphng unit are counted and the total den51ty is calcu}ates; by
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x 80

100 . 10
' 80x 100

x = 10

“Total populatlon $ize = 800
4. Pellet Counting Method

In this method, the faecal pellets in an area are counted
The population size is calculated from this by knowmg the aver- -

age rate of defaecation. This method is used for mice, snow-_ |

shoe hares and rabbits.
2. Natallty or Birth Rate

Birth rate refers to the average number of new mdzvzdu-
als produced by a population in a given time. Natahty is due
- to birth, hatching, germination or fission. The size of popula—
tion increases because of natality. Natality is of two types, :
namely potential natality and realized nataltty

Natahty or b1rth rate = _Number of births per unit time
' - Average population :
1. Potential Natality or Maximum Natality : The maxi-
mum poss1b1e rate of reproductlon fora populatlon under opt1- ,

Salmon (ﬁsh) produces 2 80,00,000 eggs in a séason. So the
potential natality of Salmon is 2,80,00,000 eggs in a season.-
" But all the eggs do not hatch and reach adulthood because of
environmental resistance. Hence, potentlal natahty is not attamed
in nature.

2. Realized Natality or Ecological Natallty It refers to
the actual number of new individuals added to the population in
a given time. Realized natality is considerably lesser than the
potential natality.

Carrying Capacity

The total number of individuals that can be supported i in an

area at-a particular time is called carrying capacity.

bec
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- Environmental Resistance

The prevention-of populatlon increase by the environmen-
* tal factors is called environmental resistance. Eg. A hen hatches
_. about 10 chicks. But only a few chicks reach adulthood. Others
d1e due to preda 1on iseases, starvatlon, etc.. Thls -1s.due.to

P,

Density

Fig.9.4: En:vironmentd resistance.
3. Mortality or Death Rate

Mortallty refers t the number of individuals dymg in a

populatzon at a given time. The size of the popuiatlon -decreases
of mortahty

== There are two aspec*s of nlortallty They are potentzal mor-

talu‘y or minimum mortality and realized mortality or actual
death rate. |

Potential mortahty refers to the number of deaths due to
old age.

But realized mortality is the number of deaths that occur
at all ages from gametes to adults due to environmental fac-

tors like predation, diseases and other hazards. Realized mor-
tahty 1s higher than potential mortality.

B Number of deaths per unit time

Mor{ality or death rate

- Average population
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/ital Index
The ratio between birth rate and death rate is called vi-
al mdex It is represented by the formula:

Birth x 100
. Vltal index = Dea h

V1tal 1ndex helps to understand the rate of growth of a popu
ation. When birth rate is higher, the population grows progres

ively. When death rate is higher, the population declines. When

he birth rate equals-death rate, the population is stable and re
nains at equilibrium.

4. Age Dlstrlbutlon

A population is formed of individuals in different age
>roups. The individuals in a population can be classified into :

hree groups according to their ages. They are:

1. The pre-reproductzve group which 1ncludes 1mmature;-

nimals.

2. The reproductzvegroup comprlsmg sexually mature in
lividuals.

3. The post—reproducttve group compnsmg old animals

where the reproductive ability has been stopped.

The birth rate, death rate and the growth of a population are .
letermined by the age groups of the population. When a popula-’
ion is formed predormnantly of pre-reproductive age group, it.
s in a state of growth. In growmg populations, the birth rate is "} -
1igh. When a populatlon is formed predominantly of post-re--

broductive age group, it is said to be declining. When a popula-

ion contains predomlnantiy pre-reproductive and reproductlve &

Age groups, it is said to be in a stable condition.
Age Pyramids '

The different age groups of a population can be represented ‘,
in the form of a graph called age pyramid. In the age pyramid, -

the pre-reproductive age group is represented at the bottom, the
reproductive age group in the middle and the post-reproductive
age group at the top. The shape of the pyramid shows the growth
or decline or equilibrium of the populatlon For example, when
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" a population contains more of ‘pre-reproductive and reproduc-.
tive age groups, the pyramid is bell-shaped. The bell- shaped "
-pyramid shows that the population is stable. '
Salient Features of Age Pyramids

1. An age pyramid is a graph showmg the dlfferent age
groups ofa pOpulatIOIl ......... BRI TR

2. The pre- reproductlve age group is represented at the base
the post—reproductlve age group at the top and the reproductlve'

_ age group in the middle.

3. It indicates wheather the populatlon 1s growing or de—
chmng or stable.

Post-reproductlve

Bell-shaped

Urn-shaped

- Reproductive RSO

Fig.9:5: Age pyramids.
4. When the pyramid is triangular, the population is grow-

- ing; when urn-shaped the population is declmmg, when bell-.. - - ...
- shaped, it is stable.

5. An age pyramid represents the age dlStI‘lbUthl’l of a liv-
~ing population at a specific time. Hence, when the age distribu-
tion changes over a period of time, the shape of the pyramid

- also changes.

.5 Population Growth

The increase in size of population is called population

growth. A populatlon grows when the birth rate is high and the

'death rate is low. It is also aided by immigration i.e. migration
of animals into the populatlon from another similar populatlon

When the increase in the number of animals is plotted agamst\..___,
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-~ time factor, a curve is obtained called the growth curve. The /|

pattern of growth curve is different for different populations.
Mainly, two patterns of growth curves are significant. They are,
1. S-shaped growth curve or sigmoid curve and
2. J-shaped growth curve. |

1. S-shaped Growth Curve

When a few organismis are introduced into an unoccupied
-area, the population grows gradually. In the beginning, the growth
is slow and this stage of growth is-called posttlve acceleration
phase. :
Then, the growth is rapid and the population increases
steeply. This stage of growth is called logarithmic phase.
After reaching the maximum size, the growth rate slows
down due to environmental resistance. This stage is ca]led nega-
tive acceleration phase.
After this the populatlon reaches an equilibrium level in
which there is neither increase nor decrease.
This pattern of growth curve is exh1b1ted by the yeast and
bacteria grown in the laboratory

- Sigmoid curve

é \Negative accel- '
. E T eration phase
=N - N ' v
B - ﬁ‘é: § - 4 “'\ Logaril?hmlc phase T i
- |
3
Z

—— Positive acceleration phase

1 L I 4 " L n

Time —>
Fig.9.6: Growth curve. .
Carrying Capacnty The upper level beyond which no more
crease -can occur in a population is called carrymg capacity
-Or upper asymptote. Thus carrying capacity is defined as the
maximum number of individuals of a population that can be sup-
ported in a habitat at a given time. Once a population reaches the

carrying capacity, it fluctuates around it till it reaches the equl-
librium.
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2 J-sh Growth Curve

Incertdin populations the growth is very rapid and the num-
ber of organisms increases in compound interest fashion

J -shaped curve

I
!

Numbgrq_fmdiéidqals

ddenly. The-decline is caused by environmental factors. This
type of growth -pattern g Oives J- shaped curve and it is exhibited

\/ﬁopulation | Equilibrium

When a few animals are introduced into a new habltat they

-} increase in number and the population grows. At the beginning,
-the growth is slow and later it increases in geometric ratio. Af-

teereaching the:maximum number; the population remains at that

" level for a long period. This is called population equilibrium.

At the equilibrium level, there is no netchange in the size

--of the population and the death rate and birth rate are more or
. less equal. The population remains in the equilibrium as long as
- the biotic and abiotic factors are optimum. When there is slight
...change in the environment, the population adjusts itself by fluc-
;. tuating above or below the equilibrium. If the changes are great,
- the population declines resulting in the extinction.

. Population Fluctuations

The increase and decrease in the number of individuals
. in a population is called population fluctuation.
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When a population is exposed to favourable environmental

r_1dition, it grows and establishes an equilibrium. It remains in
> equilibrium level continuously if conditions are suitable.

ywever, from time to time the number of individuals increases
decreases. As a result, the curve moves up or down from the
uilibrium level. It is called populatzon ﬂuctuatzon

If these changes are
rve is said to be flat. If the changes are larger and regular the
rve is said to be cyclic. If the changes are irregular, the curve
said to be irruptive.

‘The fluctuations are caused by elther extrmszc factors or
frinsic Sfactors.

Extrinsic factors are the factors of the environment, such

temperature, light, rainfall, space, food, etc. Extnnsw fac-

S cause lrregular fluctuanons

Inubtive
—_—

Cyclic
Fl_at : PP
—

- Numberof individuals

Fig.9.8: Population fluctuations.

Intrinsic factors arise inside the populations, such as den- |

y, interaction and so on. They cause cyclic fluctuations.
8. Biotic Potential 7
‘Biotic potential’ refers to the inherent ability of a popu-
tion to increase -in number when the age ratio is stable and
[ environmental conditions are favourable.
It is the reproductive ability of a population.
The biotic potential is much greater than what is realized.

Mathematically, it may be defined as the slope of the popu-
tion growth curve during the logarithmic phase of growth.

all and negligible the populatlonj
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It is reduced when the environmental conditions are not

'opumal. The factors which prevent the population from repro-

ducing to its maximum are called environmental resistance.
The environmental resistance will be low when a popula-

tion is first introduced into a new territory. But as the popula—

tion-increases;-the environmental resistance also increases in

* the form of competition, predatlon parasmsm scarcity for food

and SO on._ : _
'\_g./Dispersal-

Di&persal is a phenomenon where the individuals (not all)

“ of a population move into or out of the population. There are

three kinds of population dispersal. They are
1. Migration
2. Emigration
3. Immigration.
1. Migration
It is the periodic movement of animals from one place to

,' another and back for breeding, feeding and shelter. Eg. Fishes,

“birds, mammals, locusts, certain crabs, etc.

- Among fishes eel (Anguilla) exhibit catadromous migra-
tlon They move from freshwater to sea thousands of miles away
to lay eggs. After spawning, the parents die and the young ones
after'three years of larval life in the sea travel to freshwater. - =

The Salmon exhibits anadromous migration. They move
_. from sea to freshwater for breeding. '

Leptocephalus

Fig. 9.9: Migration ofeel It migrates from the freshwazc

to the sea.
Birds are regularly migrating for breeding. They generally
breed in the coldest part of the World. They do northward mi-
gration during summer and southward migration during winter.
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In uniform distribution, the individuals are uniformly dis-
tributed throughout the popuiation. "
- In clumped distribution, the individuals are aggregated into
groups. ' _ ' '
o In random distribution, the individuals are irregularly placed.

* e o *e
g g
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2. Emigration » :
It is the outward migration, from a population. It is a one

- way migration and the migrants never return to the starting place.
Emigration is induced by many factors of which high density,
over population and scarcity of food are significant. After some
organisms move away from the population, in the remaining

population age distribution,-birth rate and death-rate-are’
affected. . , : ' .

In Scandinavia, lemming population (a small rodent) in-
creases tremendously at an.interval of four years. This leads to
scarcity of food and the lemmings are forced to migrate to-
wards the sea. Once on the move, the animals proceed readily
crossing any obstacle on the way. Nothing can stop their move-
ment, Females are found to carry young ones on their back. On
reaching the sea they jump into the tides and waves and commit
mass suicide. ' '

Uniform .
- F ig.9.11: Distribution of individuals in a population.
) \/11/ Regulation of Popuilation Density

_ The total number of individuals of a species living in an
area is called population density. o
The population grows by the reproduction of the individu-
“als. New individuals are added to the population by the birth of
- individuals. : o .
+. - The reproductive ability of animals is very very high. For
-} example, a Paramecium undergoes binary fission for every 16
“I' hours. If all the daughter Paramecia survive and reproduce at
1. this rate for five years, they will produce a cytoplasmic mass,
GO D T T e e 1 .. the-volume of which will be equal-to 10-thousand:tithes the Vol
Fig. 9.10: Emigration of lemmings. They migrate from the ume of the Earth. .
plains towards the sea and commit mass suicide. §
3. Immigration : _

It is inward migration. It is also a one-way migration. Im-
migration leads to a loss of individuals from one population and
the addition of individuals to another population. Hence mass
immigration may change the structure of a stable population.

| - these'eggs hatch out and if all the young ones reproduce for 5
‘| - generations, they will form a volume about 8 times the size of
- the Earth. - '

. A single neem tree produces thousands -of seeds in a sca-
‘t - son. If all the seeds grow into trees one Earth is not sufficient
10. Dispersion o | = for the neem tree alone.

Dispersion refers to the distribution of individuals within ” . Though {.'he reproductive ratg 1s hi.'gf_l, the population dein- '
apopulation. The individuals are distributed in the populationin ]~ Sity does not increase as expected. This is because the density
three different patterns, namely uniform, clumped and random. s o 18 regulated.

N Ny An Oyster lays about 50 million eggs in a season. If ail

‘
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is is divided into two groups. They are commensalism and
sutualism. In commensalism, only one partner is benefited. In
tualism, both partners are benefited. :

Table.13.1: Interspecific relationships (+ .= Beneficial
effects; — = Harmful effects; O = No effect).

o _ - .'IB.’pe o’f.ﬂ _Effects ”;;:““-"C_%ve':nell';cfl“feshlts 7
relationships { SpA | SpB|. _ S
Neutralism 0 0 | Neither sp affects the other
~Commensalism [ + { O |Favourable to A
. o . o . , Mutualism + + ‘| Favourable to both
Fj‘or any organism, l1y1ng aloneis 1mposs_1ble.0rgamsms are’ - | Antibiosis _ 0 |'Ais affected
ciated with one another. Successful survival depends on the - o -
.. .. Parasitism + - - | Favourable to A
nacy of associations. The associations may be between Predatio - B ble to A
ts and plants or between plants and animals or between . cdation i avourable to o
2als and animals. All associations are ‘broadly classified ~ | Competition ) - | Harmfulto one or the other

two groups, namely intraspecific relationship and inter-
ific relationship. When the members of the same species
nterrelated, the relationship is called intraspecific rela-
ship. When the members of different Species are related,
elationship is called interspecific relationship.
The interspecific relationship is broadly classified into
> groups. They are as follows: _ '
1. Neutralism . e :
2.” Symbiosis - Co mensalism and Mutualism _
3. Antagonism - Antibiosis, Parasitism, Predation and
' ' Competitions. :
2utralism (0, 0) (0 = No effect) _ .
It is an interspecific relationship. In this association, no
es is affected. Eg. Robin birds and squirrels living in the
> tree and same forest; a cow and a dog living in the same
e, etc. . :
/mbiosis (o, + or +, +) (+ = Beneficial effect) -
[t is an animal association where no partner is harmed.
or both the partners are benefited. On this basis, symbio-

\%Cﬁmme_nsalism (+, 0)

- It is a symbiotic interspecific relationship where one part-

wer is benefited and the other partner is not harmed. The part-

rs are called commensals. The term commensalism was

ined by -Van Beneden. 1t literally means eating at the same

ible as guest, messmates. . S

- Commensalism is classified into four groups.

ollows: " ws s T e L T
1. Temporary commensalism '

. 2. Permanent commensalism

3. Ectocommensals and

4. _Endoconimensals._ :

“1.Temporary Commensalism
Here the association is temporary. Sometimes the partners

‘may separate and go away. Eg. The crab living in the tube of
“haetopterus; sucker fish and shark. .

Permanent Commensalism

. . Here the association is permanent. The partners remain to-
ther permanently. Eg. Lichen.

They areas
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3. Ectocommensals

Ectocommensal lives on the outer surface of the -other part
ner. Eg. Sucker f sh and shark; Hermit crab and Sea anemon
etc. :

4. Endocommensals :
... Endocommensal lives inside the body of the other partne
'Eg ba lagellates living inside the body of the termites. =
The following are the examples for commensallsm o
1. Sucker fish and Shark : The sucker fish Echeneis has
sucker on the dorsal side. It is the modified first dorsal fin. It i
used for attachment. Commonly it is found attached to sharks;
The sucker fish gets two benefits. a. It is transported by shark,
It feeds on the left overs of the shark.

3. Pinnotheres and Mussels : The pea crab Pinnotheres
es in the mantle cavity of mussels. The crab obtains protec-
and food from the mussels.

_4. Echiuroid worm, Polynoe, Crab and Fish : The ech-
oid worm, Urechis caupo lives in a U- shaped tube. In this
be. three animals live as commensals. They are the scale worm

P 'lynoe, the Pea crab and the fish goby All the commensals

* Sucker (Modified Goby
Sucker - _ . ﬁrst dorsal fin) .
‘ l 7 ~ & ) Péa crab
NUNUMD A A C | : a
Dorsal region - Urechis caupo
enlarged

Fig.13.3. : Echiuroid worm and its commensals

5. Portuguese man-of-war and fish : Physalia, the Por- _
uese man-of-war is a deadly poisonous jelly fish. It can kill
imost all fishes with the help of the tentacles. But the small
fi_‘h Nomeus lives among the tentacles freely as a commensal
he fish gets shelter protectxon and-food- from thejelly:fish.:

Pneumatophore

posterior end of the tube of the polychaete worm Chaetopterus.
The crab gets three beneﬁts_‘r a. It is protected from enemies, b:
It gets food fromi the oufgomg water and €. It géts oxyg om
the water current.

Nomeus -

Chaetopterus.

Fig.13. 2: Commensalz sm;The crab Polyonx lives in the tubeﬁ
“of Chaetopterus. The crab gets shelter food and oxvgen::

Fig. 13.4. Physalia had deadly poisonous tentacles which

can «ill almost all fishes. But Nomeus lives peaceﬁdIy
“among these.tentacle. :
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o benefits. a. It is transported from place to place and b. It
iares the food captured by the crab.

Giant Clam and Zooxanthellae _ ' .-

The mantle of the giant clam Tridacna (lamellibranch) is
opulated by the brown-coloured. flagellates Zooxan-
ellae. "As the-shells of the molluscs are thick, they cannot be |
osed completely and this helps Zooxanthellae receive Sun .
ht. Again the mantle contains numerous lens-like structures
hich focus light into the deep-seated Zooxanthellae. Thus the
xanthellae obtain plenty of light for photosynthesis. The

by a mucous coat. The Sea-anemone does n

get any benefit. t the fish gets food and protectio
: N/Zﬁ:tualism (++)

Mutualism is an interspecific symbiotic relationship ufh.ere
both partners are benefited. This term literally means ‘lzyz__ng
together’ and was coined by De Bary (1877). .Thg followm
are the examples: _ ,

'bocytes of the giant clam and are digested as food. Yonge

) stated that the giant clam “farms’ Zooxanthellae and
es considerable portion of its nutrition. :
hizobium and ‘Leguminous Plants

- The bacterium Rhizobium produces nodules on the roots
guminous plants. The bacteria fix up atmospheric free N, in-
the nodules in the form of nitrates. The plants utilize these ni-

tes. The bacteria, in turn, obtain carbohydrate and other sub-
nces from the plants. '

1. Hermit Crab and Sea anemone

The hermit crab EupaguruS lives inside t.he erqpty gas’tror
pod shell. The outer surface of the shell is inhabited by Ses
anemone Adamsia. The hermit crab is protected-from enemie,

Legume root

\%_
S . 7 EF N, Fixing )
T.S of nodule Single cell bacteria

Fig.13.7. Mutualism; Leguminous plants and bacteria.
» Bacteria fix N, in the nodules of leguminous plants.
.Lichens | ’ | o

- Lichens are formed of algal cells and fungus. The fungus
ovides protection, moisture and minerals for the algal cells.

The algal cells prepare carbohydrate for both partners by photo-
ynthesis. : .

5
T )
Thoracicleg \ /)

Fig.13.6: Hermit crab and Sea anemone mainrtai_
mutualism where both parrners are benefited.




' .Fig.] 3.8: Lichen with algal and fungal cells. “
5. Termites and Flagellates

intestine of termites contain numerous flagellates like
'Ti‘ichonym_pha. These flagellates produce cellulase which d
gests cellulose. By this both partners are benefited.

Fig.13.11: Birds on a grazing animal,
the ticks and mites and also
. of the enemy.
Crocodile-bird and Crocodile
- The crocodile allows the crocod
mouth making them remove the leec
e huas the
“-tain food.

‘he birds remove
8ive early warning

tle-birds go deep into the
; hes found in between the
crocodile gets rid of leeches and the birds ob-

- Fig.1 3.9: Trichonympha, a flagellate protozoan, digests
oo cellulose for termites. . ... .. ... ...
‘and Aphids . -

‘The little brown ants Lassius orunneus rear aphids in their:§
colony. Everyday the aphids are transported to the roots of grow-:
ing corn where they are looked after just as a shepherd watches:
his sheep. The ants obtain honey from the honey-tubes present: .
in the abdomen of aphids. Hence it is said that ants ‘keep cows’- I :

- and milk them. ' ' Fig.13.12: Crocodile-bird and Crocodile. The birds
remove the leeches.
3. Antagonism

N It is an interspecific reiationshi
¥ ners are h It for
Fig.13.10: Aphid. Ants rear aphids in their nests as cows. | . € narmed. Itis of four types,

P where one or both part-
namely
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1. Antibiosis 3. Predation and
2. Parasitism 4. Competition
' A. Antibiosis (-,0) (- = Harmful effect) ,
Antibiosis is an interspeciﬁé rc-lationship where one part
ner inhibits or Kills t > other partner. The inhibition is brough

. 201
Host o _ _
2>~ The host is the animal which provides shelter and food for

e parasite. It isusually larger than the parasite. Certain para-

abotit by the secrétion of a-toxin called antibiotic:-Antibiotic-af: hen there are two hosts. fhav o o HPIEt ol ide cycle.

does not affect the organism which is secreting it. But it ki
other organisms. The following are the examples for antibiosis

1. Fungi produce harmful substances like penicillin, strep
tomycin, aureomycin, etc. They kill bacteria and virus. i
principle is used in medical field to treat bacterial and viral in
fections. ’ , : _ -

~ 2. The blue-green alga Microcystis produces a toxic sub.
stance called hydroxylamine. 1t kills the freshwater fishes an
the cattle which drink this water. _
| 3. The alga Chlorella vulgarus produces a toxin calle
chlorellin. 1t is toxic to other species of algae. '

4. Red Tide: The marine dinoflagellate Gymnodinium
appears in huge populations on certain seasons. This organisn
is bioluminescent and hence the water is glowing with red light
Hence this’is called red tide. These organisms produce a toxin:s
It causes the death of fishes and other marine animals. In 1946
47, this red tide caused the whole sale death of fish throughou
an area of several thousand square ‘miles ‘in the-west:coast o

rimary host, the parasite completes its sexual cycle. In the
econdary host, the asexual cycle of the parasite is completed.
rpes of Parasites . |
Parasites are of the following types:

: 1.-Temporary Parasites: When an animal spends'on'ly a
part of its cycle as parasite, it is called temporary parasite. Eg
lochidium larva of freshwater mussel. T

Florida. T .  Figid3.13 “Femporary parasite; Glochidium larva of
.\_)Zﬁrasitism (+, -) o p Sfreshwater mussel.

Parasitism is a one-sided relationship where one partner isif 'ﬁﬁre. lif:r:;a;:rl;;if;zrzrs:ii.l gge animals wlpch Sgend their
benefited at the expense of the other. The other partner i caris, Tacnia, ote. permanent parasites. Eg.
harmed. The partner which is benefited is called parasite. Th A '
other partner is called host. _ -
Parasite . _ _ -~

The parasite lives inside or on the body of the host. Hence
the parasite is usually smaller than the host. The parasite ex
ploits the resources of the host. But it does not kill the hos
The death of the host, if any, is due to the after effects of th
parasitism. o

_ Ascaris

o | Taenia
Fig.13.14: Permanent, intercellular endoparasites.

e

moen

T e I S #0814y L oot



. v 203

-9. Facultative Parasites: Some parasites are parasiticonly
hen there is opportunity for parasitic life. When there is no
ypportunity for parasitism, they lead an independent life. Such
arasites are called facultative parasites. Eg. Pinnotheres{crab).
. 10. Obligatory Parasites : Some parasites must lead a
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. 3. Ectoparasites: The parasites which are living on the oute
surface of the hosts are called ectoparasites. Eg. Ticks, mite
leeches, etc. ,

ari . 'LEgiﬂscaris'lunibricb.idéfy? S -
11. Hyperparasites : When a parasite lives in other para-

Fig.13.15 : Mite, an ectoparasite. o A(Elaptation is the ﬁtfless or a»(!justment of an organism to
4. Endoparasites: The parasites which live inside the body: -environment. Parasitic adaptation refers to the fitness of a

of hosts are called endoparasites. Eg. Ascaris, Taenia, etc.
5. Intracellular Parasites : The parasites which live in
side the cells of the hosts are called intracellular parasites:
Eg. Trypanosoma, Plasmodium, Monocystis, etc. ‘

1. Thick Cuticle: All parasites are covered by a thick cu-

fticle. It is formed of insoluble protein. This protein can resist’

digestive enzymes of the host. Thus the parasite is protected

om the enzymes of the host. ,

2. Antienzymes: Intestinal parasites secrete certain en-

zymes called antienzymes. These enzymes neutralize the di-
estive enzymes of the host. .

Withrorgans-of-attachment.“Fhese organsincliude hookKg,
Ickers, rostellum, claws, adhesive secretions, etc.
Oral sucker

Acetabilum

Monocystis

Fig.13.16 : Intracellular pargsites. _
6. Intercellular Parasites: The parasites which live in
“between the cells-of hosts are called intercellular parasites:
Eg. Ascaris. ' E
7. Phytoparasites : The parasites living in plants are called{
phytoparasites. Eg. Rhinoceros beetle on coconut.
8. Zooparsasites : The parasites living in animals are 'calleq_:; )
zooparasites. Eg. Ascaris.

Scolex 'o f Taenia Faseiola Hexacanth larva

- Fig.13.17 : Organs of attachment in parasites.

arasitic life. Otherwise they will die. These. are called obliga-

Organs of Attachment : Most of the parasites are pro- _
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Eg. Taenia solium, Fasciola - Suckers. Scol
1aenia, Hexacanth larva - Hooks Mature proglotuds co'ex
. . Neck

Lice and fleas - Claws

4. Loss of Sense Organs : Sense organs are helpful in u
derstandmg the environmental changes. The parasite lives in
""" side the host. In the host; the-environment 1s: umform-----Henc
the sense organs aré not necessary for the parasite. So the sen:
organs are lost in the parasites.
5.Loss of Locomotory Organs : Parasites need not-move
alonger distance. Hence the locomotory organs are reduced
degenerated '
6. Poor Nervous System : As the sense organs and loc
motory organs are reduced, the nervous system is also poorly
developed.
7. L.oss of Allmentary Canal : Parasites feed on the di

- gested food of the host. Hence the ahmentary canal is reduced
or absent completely. Eg. Taenia.
8. Loss of Digestive Glands: As parasites feed on the pre:
digested food, there is no need for digestion. Hence d1gest1
glands are completely absent from parasites.
9. Anaerobic Respiration: Parasites live in an enviro
ment which is free from oxygen. Hence. they have the ability

\n

:‘ Inimaﬂueproqrf

Fzg 13.18: Taenia solium showmg many progioitids

ose a large number of eggs.

ggs. Eg. Ascaris produces 20 ;000 eggs at a time.

ia has about 800 proglottids.
5. In some parasites the fe

males are permanently zitachec
the males. Eg Schzstosoma

respire without oxygen. This klnd of resplratlon is called anaer‘ SHE S / _~Zgr— Mouth
-=bic respiration. - o : R S T i A S Oral sucls:eL
10. Complicated Reproductlve System° There are man . 2 Male
risks and hurdles for a parasite to reach the adult stage. Henc et e B Acetabulum
parasites have tremendous adaptations for producing a larg Gynaecophoric cana] ———Female

number of eggs and young ones.

11. Prodigality of Production : Parasites produce a large
number of eggs and young ones. For this they possess the fo
lowing adaptations:

Fig.13.79 - Schistosoma, the Jemale is permanentls 'y
attached on the male.
12 Parthenogenesns :

1. Most of the parasites are hermaphrodites. f,ne81s for rapid multiplication. Eg. The germ cells of 44i::-

2. The parasites have more than one set of reproductivez}: Gdiugm larva develop into Redia by parthenogenesis.
system. Eg. In Taenia solium, there are about eight hundredifzizs13- Poly embryony : The production of many embryes from
proglottids. Each proglottid has a set of male and female repr Single germ-cell is CauedPOIyembtyony

Eg. Taenia. A singie
ductive systems. ticercus larva produces many Taenia. . &

Some parasites exhibit pa, theno-

3. In parasites, uterus is large and hlghly branched ic en-

¢ 4. Parasites have an inherent ablhty to produce thousands.

Each

[oglottlds of Taenia contains 30,000 to 50,000 €ggs and each . .

-:
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smaller in size. The other partner is called kost. 1tis larger ' During their interspecific relationship, the host evolves
s1ze. ‘ _ , jome way to avoid parasite. Then the parasite evolves a counter
Parasxtes are of following typeS' ' ~acting character. It allows the parasite to parasitise the host.

1. Ectoparasntes The parasites wh1ch are living on the oute When parasite changes, the host also changes. This pro- -

sis called co-evolutwn. Parasite is antagonistic one. Hence
volution:is-alse:called antagonistic co-evolutwn.

-This close evolutlonary relationship between two
1es(para51te and host) is called one-on-one co-evolutwn or
airwise co-evolution. . o
The two species, host and para51te evolve a better method
fattack and defence step by step. This retaliatory relatlonsth

called arms and races.

‘In their evolutlonary relatlonshlp, mternal parasﬁes(endo-

i

‘leeches etc.
Endoparasntes The parasxtes wh1ch are hvmg inside the

body of host are called endoparasztes Eg. Ascaris, Taeni

etc. : : - :

3. 'Temporary parasites: The parasites which spends oniy
a part of its life cycle in a host are called temporary parasite
Eg. Glochidium larva of freshwater mussel.

4. Permanent parasites: The parasites which spend their

entire life in a host are called permanent paras;tes. Eg. A asltes) evolve slowly because they inhabit a constant envi-
' caris, Taenia, etc. ‘External parasites (ectoparasites) evolve faster be-

Parasites evolve from free living forms. They form ani use they inhabit a changing external environment
terspecific relationship with other species. : ‘The existence of evolutionary relationship is evidenced. It
. During their relationship they inhabit a constant environ bserved in the closely related parasites and their respective
ment over a long period for food, shelter and protection. E osts. The a‘[ﬁnitles -between different hosts may be elucidated
lution proceeds in these organisms slowly under constant eng
ronment. They develop rew structure or adaptive trait to liv

comfortably. They develop protective covering, organs for pen
etration, antienzymes and cystogenous glands.

< =2 .. Theorganism provided with; favourable character succeed
in the struggle for existence. These organisms are the fittest fo
survival. The fitness is decided by the environment, the na
ture. So the environment acts as the selecting force. It selec
those organisms which are provided with favourable characters
This process of selection of organism with favourable vari
tions is called natural selectzon. They pass these favourabl
characters onto their offspring. :

The organisms use these adaptive traits to hve onorin oth
specxes They get their nutritional requirements from other s
cies. They lose locomotor, sense and digestive organs, essen=§== edators are of two types. They are herbivores and carnivores.
tial for living a free life. £l he predators which eatplants are called herbivores. Eg.Rabbit.

These morphological and physiological changes make frée ~The predators which kill and'eat animals are called carnivores.
{ivingorganism as parasite. 8. Fox, llon tiger, etc. ’

3. Predation (+,-)

Predatlon is an animal relationship where one animal kills
and devours other animals for food. The-animal which kills other
als is called a predator and the animal which is killed is

All am-mals and msectivorous plants are predatory. The
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~haracteristics of Predation N v
A successful predator has the following characteristics:
1. The predator has high hunting ability. '
2. Searching image of the predator must be high.
3. In the case of scarcity of the desired pre
ould choosé an diternative prey. -~ =
4. Predators hunt only when it is necessary for them to pro.
ure food. o - ’ =
S. Predators select food on the basis of size. » :
6. The predator-prey interaction causes a reduction in tha
opulationi. But the co-evolution of species has led to a dynami
alance between the populations in a community; ie, the size
f the populations of predator and prey species are inter-regu
ated by feedback mechanisms which effectively control th
yopulations of both. ' -

Evolution of Predator and
Prey Strategies

211

The term co-evolution is first introduced by Erlich and
Raven in 1964. Co-evolution occurs in a community. So it is

owing examples: _ »
Eg. 1. In a community, there are carnivores and herbivores.

e herbivore is a prey. The predator becomes miore effi-
in hunting prey. 1t hunts herbivores with a high speed
*hases . In response to.the high speed chase of predator, the prey
creases its running ability. Prey uses this kind of adaptive

t to escape. ‘ ’ '

Both predator and prey pass this adaptive traits to their bff—

ome extent. _

Eg.2.An animal eating plants is a herbivore. A herbivore is
#lso a predator. It eats plants. To avoid being eaten, the plant
oduces hard parts, toxin, etc. as protective mechanisms. In
sponse to these hard parts and toxin of plants, herbivores pro-
. e strong, grinding teeth and powerful jaws.

. ® Predator kills and devours other animals for food. The The predator and prey pass these adaptive traits to their off-
nimal, which is killed, is called a prey. This relationship of
redator and prey is called predation. S :

® All animals and insectivorous plants are predators. Man
s.also a-predator. The predators are of two types.. They are he;
ivores and carnivores. S '

® The predators which eat plants are called kerbivores. Eg
Rabbit. '

® The predators which kill and eat animals are called car:
ivores. Eg. Fox, lion, tiger, etc. .

® Predator and prey relationship is an interspecific rela
fonship. ' :

® The interspecific relationship is an evolutionary rela
lonship. 1t occurs over a long period. During this period preda:
or can change. When predator changes, the prey also changes
'his process is called co-evolution. The co-evolution of preda
or and prey is antagonistic co-evolution. :

'some extent.

. ® The evolutionary relationship-of predator and prey may
cur between two species. Such a close evolutionary rela-

- ® The evolutionary relationship of predator and prey may
occur between groups of species. It is called diffuse co-evolu-

n. '

The diffuse co-evolution has less specific evolutionary

elationship. P
Diffuse co-evolution can be explained under the following
examples: :
Eg. 1. Evolution of tolerance in predators.
In a community, most plant species are eaten by a variety of
herbivores. In response to the activity of these various herbi-
vores most plants produce a variety of protective mechanism
‘such as thorns, tough leaves, toxins and distasteful chemicals.

so known as comrmnunity evolution. 1t is explained under the

;pring. When one species evolves, the other species also evolve

ring. When one species evolves, the other species also eévolves '

lonship is.called pairwise or one-orione co-evolution.” —

Arfivore . -predator..- Predator kills:herbivores for-food. .
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The single predator has to evolve tolerance to a number of dif.
ferent food sources or different species of plants. cry, camouflage, etc. in order to escape from their predators.
Eg.2. Evolution of predator avoidance mechanism ==~ @ The organisms provided with Jfavourable characters can
In a community, different species of herbivores are eate; “WuSucceed in the struggle for existence. These organisms are
by different species of carnivores. In response to predators fittest for survival. ‘The fitness is deci ded by the environ-
most herbivores evolve predator avoidance mec_hamsm suc-:h : the nature. So the environment acts as the selecting force.
' speed and camouflage. These behavioural adaptive mechanisms

, 1 elects-those orgdanisms which are provided with-favourable
are corresponding to speed and behavioural traits of their preda; acters. , .
tors. . o ' '

- . _ , ® The predators and prey pass on these favourable charac-
® Both predator and prey, provided with favourable char . _

to_their offspring.
acters, succeed in the struggle for existence. : 3 ‘® During predator and prey interaction, they exert selec-
~The predator has high running ability and searching im on pressure on each other. When one species evolves particu-
age‘ for food. This predation pressure has favoured the evolu

characteristics or adaptive traits, the other species also
tion in prey. In résponse to predation pressure, preys increas Ives in response to this. :
their running ability. ' '

- _ ® The first species then evolves in response to the Fesponse
Eg. A tiger chases a deer. The deer runs faster. S .
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Certain animals are provided with warning colouration, mim-

€ second and so -on. ,
® The predator - prey relationship causes a reduction in
< 1he prey population. But co-evolution of species has led to a
~dynamic balance between the populations in the commuiiity, i.e,
izes of the population of predator and prey species are in-
gulated by feedback mechanismes.
Forexample, Gambusia fishes eat mosqu,ito_larvae in res-
, < : . oirs. But when the population of Jarvae is reduced in a sig-
The predators i.e, carnivores hunt the herblv,o res by per icant level, the Gambusia fishes turn to-other foods. Thus
e e osponse (o predator's high speed Sl ey allow. the mosquite population ts reean (0> THUS
- chiases, the herbivores-develop riew adaptive traits migrder te@g; g e e > PY UOT
escape from their predators. They increase their running abl{
ity. They become fast runners. Several .cl.langes occur in the
legs in order to improve their running ability. They are,
' 1. Limbs become larger and thinner.
2. The bones of toes become shortened.
3. Outside toes are lost. '
4. Length of metatarsals increase.
Many of these changes are identical to prey and predato
populations. : :
® The plants produce hard parts, thorns, toxins, etc. to;
avoid being eaten by the herbivores, the predatprs .

lF ig.13.22: Tiger.c'hecks the deer. : :

- 4. Competition (-, )
--Competition is the rivalry between two-animals foracom-.
mon resource. It is an animal interaction.

It is an animal relationship. _ _

Here two individuals are involved. They are called part-
7. € two partners may be harmed oronly one partner will
* harmed as a result-of competition. :

i+ The idea of competition was proposed by Darwin in the
orm of struggle for existence. -

Eg.1. A deer competes with a tiger. A tiger needs food. It
S a deer. The deer wants tolive. It runs away. Itisacom-
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nterspecific competltlon

The competition between members of dzﬁ‘erent species is
lled interspecific competition.

Eg. 1. A tiger and a deer compete with each other. The tiger
ases the dee The deer trles to escape.

Fig. ] 3.23: Tiger checks the deer
- 2. Man stores food grains. Rats steal them. Thus there is
competition between man and rats. ’
3. A hen guard its chicks. But a crow chases the chicks 2

There is competition between hen and crow.
The competition is of two types, namely , _
1. Intraspecific competition I cape.
2. Interspecific competition -

1. Intraspecific competition

The 'co;hpetition between members of the same species i
called intraspecific competition. The members of the sami
' species are similar in all respects. They have the same type o
requirements such as food, shelter, mate, etc. Eg. 1. Many mal
- dogs compete among themselves to mate with a female dog.
2.Lichens compete with each other for space on a dry ledge:
3. Barnacles (. Balanus ) a crustacean compete for space O
‘a submergedrock.” " - s
4. Many sperms compete among themselves to fertlhze an

2 A snake captures and swallows a rat The rat tries to

& :‘ [,

i

13.26: Interspecific competition for food. Snake chases rat.
3. A snake and fish have competition.
. 4. There is comp: *ition between man and mosqulto A
niosquito bites a man. Man kills. the mosquito. .. il ol
57A very goc "'example for competition is Parameczum
caudatum and P. aurelia can be cultured independently in
eparate cultures for any number of days by supplymg bacteria
s food.
‘ But, when the two species are cultured in the same culture,
. -Bcaudatum is eliminated from the culture due to competltlon
This is because P.aurelia has faster growth rate.

Competitive Exclusion Principle
(Gause’s Principle)

cge.

ompetitive exclusion principle states that two species

th/identical requirements cannot co-exist together. Of the
twd species, one will be eliminated.




