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Evolutionary Biology is the study of histg

. . Y of life forn,
on earth. What exactly is evolution? T :saﬂws_a sw
changes in flora and fauna that have occurreg Overmyy, g
of years on earth, we must have an c:aoqubaEm OEHM
- context of origin of life, i.e., evolution of e

arth, of Stars apg
indeed of the universe itself. What follows isthe longeg; .
all the construed and conjectured stories. Thjg isthe stoy
of origin of life and evolution of life forms or go&éﬁ& o
planet earth in the context of evolution of earth

and againg
the background of evolution of universe itself
7.1 OriGIN oF LiFE

When we look at stars on a clear ni

ght sky we are, ina
way, looking back in gm@:ﬁ distances are measured
i light years.

t we see today is an object whose emifted
light started its journey millions of year back and from

{ i reaching our eyes now. "
©U o Ludueing arniog pher Jrillions of kilometres away and g Y
heosues o or._.o_.o. -

However, when we see objects in our immediate
surroundings we see them instantly and hence in the

Present time. Therefore, when we see stars we m%ﬁ:%

carth itself jg
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ool universe. The universe is vast. Relatively spealin
the

almost only a speck. The universe isvery

. Huge o_%ﬁmqmo alaxie

al terms. The universe eXpanded an

e down _ m.kanommn and Helium fo
re CAME 0

densed under gravitation and’ form
mno=

iverse. In the solar system of the
R have been formed about[a.5

d hence, the
Tmed sometime later.
ed the galaxies of the
milky way gala . earth
billion years back JThere
X methane, carbondioxide #
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&d the surface) The Uy rays @ Theo wy O CORELOpPhis
3 prokeup water into Hydrogen an
S sun

°n and Oxygen and the lighter H, S84 cuvienm.
from en combined with ammonia and methane to for, water, 3 %&MJFM%»MWMMU,M
A aped- ﬁwbxwa The ozone layer was formed. As it cooleqd the water van OLh caranuity -
.»v:a - to fill all the depressio: d form oceang _ Life ap peared 500
n,
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r the formation of earth, i.e., almos {four billion }rears back. Oat CHU—> cCa tHao

terspace? Some scientists belieye th - tuing o amoce
k thinkers thought units of life call smonL Nnon- tiving de.

ifferent planets including earth |'p taLonk decaying nuarent
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the theory of[Spontaneous peneratio Louis Pasteur by careful 4 t2QA PP ILOved by touwus.
fhis Was mm_%%moaonm:mﬁoa that life come&only from re-existing |if POl te st »
XD .naﬁw that in pre-sterilised flasks, life did not come from killed yeds
amwﬂambo ther flask open to air, new living organisms ar
7h

oF Biogenetic
ose from ‘killed h_ “.o.”uo.% M..ID ¥ LJV
t. Spontaneous generation theory was dismissed once and forall, S RCEHALK OF
M ee.sa this did not answer how the first life form came

on m,&.a ‘
irs v e Hne
| [Oparin of Russia gnd[Haldane of England|proposed that the first mo:ud\&ch Qav
oflife could have come from pre-existing g“ ),

o :
ganicolecules  wpuerr, ¢ Y .
.g- RNA, protein, etc.) and that formation of life was preceded by chemical tant ¢ Swupron
poluton. L., lommation of diverse organic. molecules from inorgante: ARG es Nq asn
onstituents. The conditions on earth were - high te

perature <m_omEo.
forms, reducing atmosphere containing CH,, NH,, etc. In[1953 AT, Miller 5 rid o ¢
n American scientist created similar condition
ig

re .\.:.ao. created electric discharge in a

ExP- proved /
Tand arey
S in a laboratory scale

closed flask containing TA*
e o LIUNE

L NHg ' W)
: ! (@
mm_ z:m and water vapour a{ 800°C} He observed formation of amino =15, 0 G@ 404.0 Qe
ids. In similar experiments others observed, formation of su, ;
irogen bases, pigment and fats

I . . Analysis of meteorite content
vealed similar comp

Alanine, quycine @

s y " aipamatic £ S

el ounds indicating Ewﬁ.mﬁimﬁ e denine , Quanine: |
WTing elsewhere in space. With this limited evidence, the first part of

I conjectured mﬁoQ. )l

e orn:m.oﬁ eyolution was morg or less accepted.
out how the first self re
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_uo_v‘mmon:mn%m‘ etc.). ,:ﬁmm capsules reproduced their Molecye,
The[first cellular|form of life did not possibly originate mgq .
‘million years ago. These were probably single-cells, All life as__.ﬁ -
water environment only. This version of a biogenesis, ie, Eamz., |

forces from non-Jjy; ok
>y

accepted by majqrity. However, once formed, how the first celly, B
of life could have evolved into the complex biodiversity of togg
fascinating story that will be discussed below,” A

7.2 EvoLutioN oF LIFE ForMs — A THEORY

mozé::o:a religious literature tells us about the

7
creation. This theory ha % obnoﬁno:m@n. that
(species or types) that we see today were created as su,

theory of

Sbm_,.‘ p
Two, (4

also)Three, that earth is about{4000 yeéa
strongly challenged during the ninetee
made dugjng a seg vo age in a sail ship

nmcmu H.M.S.
world, iCharles Darwin |concluded that existing Living fom

similarities to varying degrees not only among themselve Qul &
life forms that existed millions of vears ago. Many such life for 4
exist any more, There had been extinctions of different life o
Years gone by just as new forms of life arose at different periodsdiff

of earth, There has been gradual evolution of life forms. Any po:

7 omganic evoidtion means p,
ofF Tace coith vagiaripn.
m(OFQ.—_OZ

) would outbreed others that are less-endowed to . . .
_n_mu:_.:.m._ conditions. Another word used _Eﬁ,\_ﬂmﬂmww_ww %
opulation{The fitness, according to Darwin, refers _

reproductive fitness. Hence, those who are better fit in an environment
ave more progeny than others. These, therefore, will survive more Ea.
hence are selected by nature. He called it natura| selection and Implied it
as a mechanism of evolution. Let us also remember tha
naturalist who worked in Malay Archipelago had also co
conclusions around the same
types of organisms are recognisable. All
similarities and share common ancestors,

the existing life forms share

iy
However, these ancestors were

{ A common permissible

€ conclusion is that earth {s very
old, not thousand of years as was thought earlier but billions of years olde—"
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@Qo:nm that evolution of life @m.:.m has indeed taken place on earth has efgp g
come from many quarters. [Fossils are remains of hard parts of a
life-forms found in rocks. Rocks form sediments and a cross-section of ®

e
earth's crust indicates the arrangement of sediments one over the other

during the long history of earth, Different-aged rock sediments contain =? EAi 2%

mowm:m of different life-forms who probably died during the formation of P ano totoQ cal
the particular sediment. Some of them -appear similar to modern o

organisms (Figure 7.2). They represent extinct organisms e.g., Dinosaurg)) % ( FosstiS) |

A study of fossils in different anEﬁbﬁQ layers'indicates the geological pFeocite Qe sou ncl

period in which they existed. The study showed tha{life-forms varied " cagtinrenNrary o
over time and certain
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of radioactive-dating and the principles behind the procedure? ~Q Hhool. -

JEmbryolo on was also proposed by Ems] _s g 4O otogical
HeCRe)|based upon the observation of certain features during embryohic - !
- Euidin (L |
stage common to all vertebrates that are absent in adult. For e le, cooe B
the embryos of all vertebrates including human develop a row of ves * oaided
gill slit just behind the head but.it is a functional organ only in fisH and
not found in any other adult vertebrates. However, {h proposgl was

life forms are restricted to ce

- B
disapproved on careful study perfofméd b gﬁ . Hé noted o
that emb ever pass through the adult stages of ottier an @ . Re€prican dhi- |
Comparative anatomy and morphology shows similgfities and usEEQud ik body

differences among organisms of today and those that exist£d years ago.
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Ry 7.2 A family tree of dinosaurs and thelr living modern day counterpart organisms like
87 T ocodiles and birds
* vECTICAL ORG L

g unuigored apptn Such similarities can be interpreted to understand whether common

@ Awuttes o PINNG ancestors were shared or not, For example mrmmm. Umam. Cheetah and*
Y Aumeuy ou) ‘human (all mammals) share similarities in the pattern of bories of forelimbs
I | E @\PRoPCDP. U (Fgure 7.3b). Though these forelimbs perform different functions inhese
ol puotar = oS00 pimals, they have E:E. anatomical structur¢ — all of them have
@is on booly  humerus, radius, ulna, carpals, metacarpals and phalanges in their
ooy kY forelimbs. Hence, in these animals, the same structure anﬁﬂoﬁn along
different directions due to mumvﬁc@j‘%’aﬁoﬂmsw needs. Eﬂm divergent
nanSoumal these structures are homologous. Homology indicates

Y # common ancestry. Other examples are(vertcbrafe h

& .

AdttMb OF python
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c. pULSCle Of ext . cal BPPeN oy 22&.._0:9/\

+ &coup. Lo Body Haloy ceacyu /

he [thom and_tendrils of S-TBILdOM +oew,

ea and Cucurbita represent \, \m L«\

(Figure 7.3a). Homology is =y

—-nt evolutior] whereas

s to a situation exactly -, ‘ Bl | .

ings of butterfly and of birds \ &/ %, Tendril

¢ ‘w They are not anatomically Thorn
JiKE- Lo ey

(ructures though they perform A _ | o
F n, 3 8
.Ean:osm, Hence. analogous
sl re a result of convergent
e different structures evolving

ame function and hence having
rthes Other examples of analogy are
= octopus and of mamimalj
s and Dolphins-
the similar habitat

= HOMO0 QU

poet ¥ CO* plvesgent c,o_.ca
COMUADN FUNCHs CeoiM - ,

~pisms but toward the same function: E
oL ~otatd(rgot modification) and |}

% (stem anEnmmom is another ro.w._a zanning
D .
1p e for m_bm._omu\. . o

AdvONt-
QEAH: the same line of argument,
similarities in proteins and genes.
lmm_.\:.%\.m..m given function among diverse
wwmwamaw give clues tolcommon ancestry)
These biochemical similarities point to the
«ame shared ancestry as structural
omilarities among diverse organisms.

Man has bred selected plants and
animals for, mmmoEE_.m. horticulture, sport
or security. Man has domesticated many
wild animals and crops. This intensive
breeding programme has created breeds
that differ from other breeds
still are of the same group. It is argued that
ifwithin hundreds of years, man could create new breeds, could not nature
have done the same over millions of years?

Another interesting observation supporting evolution b E
E.an from England. In a collection of moths made in 1850s,
i.e., before industrialisation set in, it was observed that there were more )
white-winged moths on trees than dark-winged or melanised moths.—> Evidence

However, in the collection carried out from the same area, but after
industrialisation, i.e., in_1920, there were more dark-winged moths in
the same area, i.e., the proportio S reve @
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Figure 7.3 Example of homologous organs in
(a) Plants and (b) Animals
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7.6 Variety of beaks of finches that Darwin found i Galapagos 1g]
S Island

in the same island. All the varieties, he conjectured, 7 CheN «oo ke nio ™
d itself. From thq original seed-eatingJeatures many Adaprive 2 aq- o " 4 red
f

(a) "
" moth and dark - winged moth (mejq,, =1 i
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_ 7.4 Figure $ a) In_unp 7.5).| This proc — N8 T
Figure 7- tree trunk enic oot s (Figure /.9). )21 mun\m,&‘wm@mcc: of differen
g T

A pnthtopOS
tion put forth for this observation was that .Eaaﬁo—d

st a contrasting background', U—Z ]
1. the tree trunks became dark due Ew Pogy.

mﬁmﬁEnE area starting from a point ang literally ~

\\%@ (habitats) is called adaptive radiationyi
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resent one of the best examples of this Phenomenon, 310q é0graph

fralian marsupials JA number of marsupials, each

g o6 -
at
Sl M

ALl @ NigThe expland
again

rerant Sdustrialisation perio . ion the white-wi 8
in d soots. Under this condition €-winged Eoi (Figure 7.6) W%ﬂx& from an ancestral stock, but all |
continen en more than one adaptive radiation i\

A+ibloHC o8t gmoke ant Z— _winged or melanised moth s
o wadi€t Iy e o predators, darkwing “VIved, Begy,,

b A di survive ; wth of almost white-
bree . , thick gro o €e-col )
x\\nmﬂi B Ea:mc._m:mmco: set in Oureq _§§ ;

T = hite wi
ot DOG genié— covered the trees - in that background the white winged motp Surviyeq

d In an isolated geographical area (representing
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Anthropre g 33& moth were picked out by predators, Do You kng,,
pvotut ©at lichens can be used as industrial_pollufion_indicators? @8 o g SOPRE
_ as due .\o.Po MBH grow In areas that are polluted. Hence, moths that were able {, gL P, L Adotaptive Lodiom 1
p ; 4 - ey,
in o EX camouflage themselves, i.c., hide in ::w mmﬂmao:sa. Survive] T~ > commuon ancettor
f pouuton bd (Figure 7.4){ This understanding is supporte -the fact that i areas | \D M& (DrTiger cat Ly augftsatio auen
; Humans - where Ea:ma.m:mmc.o: did not occur e.g., {n rural areas, the count of - g L=y o
- = . - S - !
.E\ nasur gu melanic moths was low. This showed that in a mixed vovimg w .w&.&}'ﬁ/« Samt grauta.
: MMW M. om ImMD {hat can better-adapt, survive and increase in population size. Remember TR .zri_(,&./.,w,. - Ditl:  awrarony i %
e PR tanaron. 'L

€qQ'- Damewo'n ginche
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| _ thal ariant is completely wiped out @

w % Similarly [excess use of herbicides cmmnaiowﬁo: has only resulted in

j 1 anthropogen’ ¢ selection of resistant varieties in a much lesser @a scale. This is also true for
evolu HoOomn microbes against which we employ antibiotics or drugs against etikaryotic

organisms/cell. Hence, resistant organisms/cells are appearing in a time
(Fsom »EBE:%\

mm&o of months or vears and not centurieg. These are examples of evolution
ﬁ byJanthropogenic actionThis also tells us that evolution i

a directed

process in the sense ol determinism. mmm al rocess based on

chance events in nature and chance mutation in the organisms.
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7.4 WHaT 1s ADAPTIVE RADIATION?

During his journey Darwin went i@»ﬂmwmwom Islands. JThere he obse! E
an amazing diversity of creatures. Of particular interest E”ﬂﬂ?. irds

§ A later called Darwin's Finches amazed him. He realised that there-were many

N ,@Sm._.w:m—m— rat

Figure 7.6 Adaptive radiation of marsupials of Australia
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Tasmanian wolf
that fitness of B is better than EWE
Picture sho the new nouEEo:.m. Nature selects fyr
of Australian Marsup'a Oné must remember that the so-calla}

Hence, there must be a genetic basis for getting selected and o
Another way of saying the same thing ié thaf some organismsu
adapted to survive in an otherwise w_.omEm .w:&SHE._mz | Ew ijve s
inherited. It has a genetic basis. Fitness is the end result of thed
adapt and get selected by nature. -
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| What is the origin of this variation apd’how does speciation occur? Even
though Mendel had talked of inlye

o¢ +he 3 ccrentict
N (Y00 O prove m
mutarron
influencing phenotype,

either ignored these oh&ervatioqy or kept silence. In the first decade

%;ﬁ& on his work on

dea of mutations
apopulation. He believed that it is mutation

- Random
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volution for Darwin was mﬂmg:m._. while}deVries believed
aused speciation and hence called i saltatio:

fland natural selection jre the twollergle %
 mutation c

Even before Darwin, a Fren aturalis g had ¢
evolution of life forms had occurred but driven by use and &8

large mutation). Studies in population genetics, later, brought out

Some clarity.
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Figure 7.9 A sketch of the evolution of plant forms through geological periods
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Figure 7.10 Representative evolutionary history of vertebrates through geological periods
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