
d 
1Jtltl 12 

• ~ QJ ~ A:S~ 

11~1-&1fl11'\Jtl~ft~JJ'lf1~ 

(Organic Evolution) 

- . ~·-\ 

-:-------

n1Unfln~1~e:t'lfi';JTHU11~n11R'U.fl'l1'Yl1'1~11'YUJ1R3J~L'V\li';lt~'U11 n11fln~1 
... A 'I ftGr, ... ~ I ~ 'AI !"'I 'AI I A A ~ I A ..1 
~11'Yltl1 LUu';J';J'l.JUUULL'U'Ie:te:tn L~Lu'U.REl'ILLU1'Yl1'1n11''1 ') n~11f1El LL'U.1'Yl1'l'V\U'IUU3J'Ifln~1Lntl1 

'I 'I 

T1uiin11i~1:djt1'U (organization) Lultn~tutLb~t1t~'U~1'1 ') "lJe:t'li'l~~lil U'Ui'ILL~1t~'U 
1 tX ... ... ~ I ... 1 ... I A """ 3JL~n~ '1JU3J1';1Ufl'l1t~'U~ '1'1Jun~lltl1t~1n7LL~:a- 'lfi3J ~tJ3J';J~3J'I'V\3J1tJL ~eJ';JtLL~~'~ L 'V\ 

'I 'U 'I 'I 'I 
al ""' II" I ""' ..a ~ 0 'I 'A/A I ..1 o ~'A/ 
u1t';Jn~11 ~~'1JeJ'In17';1~1:L'Uti'U'U.'U'Yl1 L'V\Ln~1t'U'Un11 (system) it1'1 ') 'Yl~13J11fi'Yl1'11'U. L~ 

e:t~1'1iitl1t i'Yl~ T\1~ ff1'U.D nLL u 1'Yl1"'V\d'l,f'U.3J'Ifln~1 ii"fi113Jff1JL de:t'lb th~111it~e:t~ n'l n11 
'I ' 

L tl~uuLL1.1~'1'1Je:t'l~ 111~~iiti'ILL~1:~u n11 ti1u'Yle:t~~ n~m:'Yl1'1Yi'cu.1i n 1111 1 tl';Juii'l n11ii 
'I 

i1fi.lu1n17 

fh·-h "ii<n~u1n11" iifi113J'V\3J1tle:t~1\ln11'1 ') 11 LtlunTntl~_tJu';J1n~111~'V\d'l 
1tltiE1nH111~'V\d'l 'l u~n~m:~fie:tuLtlufie:tu1tlit13J~1~'U,Yu t~tJEl1fltJL 1~1u1u L ~e:t'I111'1Je:t'l 

'U 

i1fllu1n11d~L~tl1~e:t'le:t~'lu'V\~1ti~1"1J'li~1 L1iu'Yl1'1~111fl1~itf e:t1';Jn~11ii'li1<n~u1n11 
'U - ' 

'1Je:t'l1t uu~iu: i1<n~u 1 n11'Yl1 '11i1 iili'YltJ1'V\3J1tJ ii'l n11L tl~uuLL tl~'l"lJ e:t'lalu ~uLL~: ~ 111~11ij 
'I 'U 

U1tb 'Ylfl 'V\1e:ti1<n~u 1 n11fi1'1Lfl~ 'V\li1Un'lfi113Jfl~f}~1tJL fiu1 nun11fl'U.fl11 ~11L~ihtlu91cu. 
i1<n~u1n11~1'U.~1'1 ') il13J~n~11~nd Ltlui1<n~u1n11L~tl1rl1Ji'llliii~i!il L1un11 inorganic 

. - ~ 

evolution ti1u i1fllu1 n11L U'Yl1'1~1i'YltJ1UU ~fi11:U'V\3J1tJLllu'V\irn 1 tln'l"ll'U1Un11i1fllu1 n11 
~ ......... ... I A ... ""' ... ... ~ A I ~ ...... A ... ~ 

"lJe:t'l~ '13J~1!ilb 1t1n11 organic evolution 'lf'l!il13J'Ylfl~D'Yltle:t3J1"'Un'U.l4'U. L ~e:t11 ~'13J~1!il'Yln~u~ucu. 
. 'I 

«uL de:t'I3J1';11 n'U11~'U1~113J nu 'V\1 nLL~~fi113J~~LL~nLLU1~'U.';J1 nnu 1 UL ~11tfi113JLU~ti'U. . 
'I 'I 

LLU~'I'Yl1'1Yiu1l n113JLL~: n11tlfutl1 '~~ 111~ L~L 'V\3J1t~3J n'U1111tLL 1~~e:t11 
'I ' 'I 

..1 I ~ 

~1t1L 'V\lil'YlunifltJ1fl1~1ilf~1'1ntJe:t11fu11 ii~u1 n11'1Je:t'IR 'l~~i!i!it'\4~';17 'I ~'~ij~ 
' 'I 'U 

... ..~ ... ..1 Q; A AQ; ,;r ... I Q; ~ I ...... 

~tJ1tJ13JL~UEl'Ylfl ~ Dfi';Jt El1l u1 tJL ntJ1 nuL 1 e:t'I111'1Je:t"11fli'U 1 n11u~~!i!El nu3J.1il'ILL~fl1 R~ 

fl!i!111~~ 11 'Ylfl~DL~~ii'V\~n !1U lli~11L 'V\~~~ nlliL11u~tle:t11f'ULL~:~ntJnL~n 1tllu~~~ 

BI 103 211 



WTV\itJ 1 u~d ';I ::l-i1111 n ~11LLfiLtt v·n::'Ylrp;. ~~a~1cufl1111R''U 1 ';JLLt'l::~~-'YliYit'lflEI n17flrn;.1 
..,.,... """. """ A 

11fti'U1fi11LYil.J-3 3 'Ylt"j'JYl) fltl 

1. 'Ylt"j'JY~"1Jtl-3t'1111Tffl (Lamarck's Theory) i-31"u'tl'n~11'Yll..l1'7J11~f-3Lfl«~El ·Jean 

Baptiste de Lamarck ~Yili'Wt'1-3L'U'VIU-3;.tl Philospphie Zoologigue Lrla fl.fl. 1809 ~-3LU'U~itti3J 
LLt'l::L~aiieH1cu111nn-;h 10 tJ fl111fl(j1Y~U t'111rrffl1~L~·'Utlfl1111fl"L~tJ1ntJn17~i'1-3«11LLt'l:: 
ci-1l..l'YleJ~i n'JYm::~d)" L'V12JB'UL deJ-3111';11n~'Ylio/it'1"1JeJ-3i -3LL 1"·~El11 (inheritance of acquired 

characteristics) .;-3ii'VIinn17L"tJ«'lUEI~ 4 ,T,. fltl 
, 'U 

( 1) «1l'iYi"lJeJ-3i -3LL 1"~tlli~~'YliYit'l"inu1 L~-3ii~1flL n"fl113J~1LU'U 1 un17LU~ti'ULLUt'l-3 
Lfl1-3«i'1-3 

( 2) . i -3ii~1fliif11111~1Ltlu ';J::~El-3fl~Eltlfl1111l1111'7f1f1 
( ) 

..,: """"""'"" A .. I "" "" ~ "" 0 'I ~ "" "" .. 1"' ., I VI., I 3 ff -3~'7J1fl';J-3u'ltJfl1L "lJ1'VI1ft'1l1YiLL1"t'ltl11 'Yl1 L 'VI ~fl'l -3ff71-3LLt'l:t'ln"JYtU:Lut'lti'ULLut'l-3 L u 

( 4) n1 7Ltl~tJULLtJ~-3ll.Yh 1 ~L·n"n11 «::«11'Yl1-3'Yi1.4~n,..,11 LL~::ft'1111 7tni1t~'Yl~" t tlrT-3 

1'"~n'V\~1ut~ , 'U 

~1eJ~1-3~Lith:: neJtJ'Ylt"j'JYQd t~LLriL 1eJ-3~U71WiifleJt111 t'1111Tfflt~itJ1tll1 L~11rl 
u,- 7YitJ'l'JY"lJt~-3ui'Tr-liifleJ iuLLfiiifi113J~1L tlu~a-3 nuua" tm u tJY:A ~atll u ,-::~u« -3 ~-39le-3 ,, . 'U 'U 

A • w A t • A I ..t • _j .:.. A o '} "" !'I 
Wl..l1tl111l..l"flm ~tiL nunueJ1'VI17'ijU L3JEJYiqfln7 73JL "lfUUL n""lJ'Uflt'l£J""lf1eJ1~ . ';J-3'Yl1 L 'VI nt'11tJLuu 

i n~m:'Yl1-3vi'Ull n 1111:A -3 «1111,. r1 th tJ'YleJ" t'l-33-n rT-3-lut'l n'V\ t'11U t.; 
' , , 'U 

. LLJJ11'Yltj'l~} ~ll ';I:: 12-J ft'3JL 'V\~~afl13J'VI ~ n n1 7'Yl1-3vi'U~fl1 ffflfLLfifil. tift' 1 -3ntJfl113JL ~El 
tl;oL';J"lJeJ-3fl'U L"l.J'*1 ttl~ -3rJ-3L ~Eil1~'YliYH~"lJeJ"i -3LL 1"~El11Yl1 '~L n"fl1111Ltlauuut1t'l-3fl1-3' ~ ' 
t~ L ,Jun17~13J'VIID-3iifl77nfuti7::'Yl1'Un~1l..IY.~" LYi71::L n7 -3l1~::L n."t'lnLL~"i)" nULU'\.4fl'U 

~ . 'U 

2. 'Ylt"j'JY~"lJeJ-3"·1f1u (Dar\Yin's Theory) ~-3L"l..l Charles Darwin irnlf773J"lf1f1i'Ylt11 

'7J11eJ-3n"l'JY t.;n~~1n-3'Yl"l'It~11.,u1n171 rlu~ll'-3RB~El Tt}e Origin of Species by Natural 

8election :A -3fl~3J~Lrlau fl. fl. 1859 'V\an11_,~,n~1fl111'Ylq1Y ~,eJ-3fl1 f1u iil ';Jfl113JW1ti'tya~ 
· 4. ,J,-.::nT~ fleJ 

( 1) L'Ufi~3J"lJEJ-3i-3£i:aifl1JiifiLtltJ1n'U n1'~hn1m1in~m:LiJ\471tJti1 1tJ'i::YitJ11ii 
' ~ 

fl1111LLflnfi1-3lthnnn"unJa L,j-uitl1e111:La4efi'V\1eflft1ll1n1laun11nuLiJ'"~" ~n~m: 
I .: C.- .. I tl .. · . . . 

t"lf'U'l-4fl171'UL 7tJn11fl11lJLL 1~\4 (Variation) 
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(2) i'l1ili1flth..:J CJ ,jnii~nlllR114lJ1ndh~1tJ ,u1lli:i£J1'V\11V.iEJ1~1unTni'u-3~'1i 
.. .- "' ..... t 

L~ll-3~£lUnfl11lJflEJ..:Jn11~£l..:J~nv.~114nn~1flUU 
\1 'I 

{ 3) ~1liL 'V\fl~iJ£l1'V\11£lU11nf1ufi~~EJ..:Jn11El1'V\11£i2J1n~..:JYh L ~L n~n11LLrl..:JLLU..:J 
'I \1 . \1 

u,J-3,j14 LY1£ll~flUL£l..:J1~ftJEJ1'V\113.J1nfl1ll~El..:Jn17 (compete for existence) 

(4) ~1liL 'V\flLL 'V\..:Jn1 1LL ,j-3,j"flaft'nui ..:JLL 1~~El2JEltJLR2JEl ~~~ElULLEl 11iL 'V\2J1:R1l nu 
'I \1 \1 \1 

"' t ~.1 A I I ... .a ..,I I t • 
ftll1~U1fl~Elll\4\l';l:;fl1ll Lu L'V\~EIElliLLfl~nL'V\lJ1:R2J'YlR~ (best fitted will survive) L'Yl1'14\4 

\1 \1 , 

--' . ... "' .: ... .. ... ... ....~... I • I ~. I ~ .. ... 
NYIL 'V\lJ1:ftll n1.JI'111~LL 1~~El1l\42J fl';1:1lfln4~ n~ m:YiLfl~'Yl~L~'W.Lu~n L u-;11 n~El\4 L2JElll~ n'V\~1\4 
\1 ' . , . \1 \1 

n1:thlln£lfl'V\iEJI'EJULfn~m:;~\4 C) WUflElrl\4 1tJ (inheritance of favorable characteristics) Lnfl 
!"I .,. !:"! ~.1.-,t 

L u\4 ~'"' L 'V\llnfl~\42J1 

L dEJ..:J~1lln1, '~~i:i Lfn~m:;L 'V\111:R2JDU1 El~ 1~dL n~-;11 nR111Yifl112JbU\4 1tJ~EJ..:Ji" 
\1 \1 . • 

"' ..... A .. .,... ,:, . A A 1 a 
u 1fl~Elll fl171\4';1..:Jb 7lln11fn17\411 natural selection 'V\7EJn17L~EJnR77 ~lllf772J111fl 

nfJ~~~El..:Jfl1f1u 1til~fl1£litJ~liL~tl1rl1.JL ~El..:J11CMJU1n171~n11'Ylt]~anu ') -vt..:JU-3 

L'V\3.11:1'llnUfl112J'V\2J1li~El..:J11f11U1n17EIU1..:Jfl..:J tdEJ..:J';11nLU~~U1\4n17~Ln~n17LU~li\4UtJ~'I1 
Yi~:L~nfiR:rUEJliL iL 1~1\41\42.11 n tJ1: nEJunui:iv.Lfn t1"Ufl12Jlf712J111fl2J1«'1Xuwu ut11eiurll . , 
1~LU\4ElU1..:J~ ~..:Jvl1L ~ii~t.tllL~EliiEl'Ylt]~~dnuJJ1n2J1';1"UU';1';1UUd 

\1 - , 

.. .... t 1 ... .. 
3. 'YifJM-~~El-3 L~El ~7« (De Vries' Theory) fl-3 ~ll Hugo De Vries UnYif!n~fl1Rfl71111 

DEJLf\4fl1 th1n~EJ~luv.'IX..:JWEI~El Die Mutation theories L~El fl.fl. 1909 iiL';1fl113Jef1flq}RlU 

~ "' I ...: .. ..... ... ... !."1 I~ "' "' I ""' .. ""' 'l .. ... • I ...I .. I .t 'l 
L 111 {( ..:JlJ~1fl£l1';1L nflYi'Ulf L 'V\2J~'U L~Elli1..:J'YlWYl'Yl'U L~ L UEl-3';11 nL n~ n1 1Lu~liULLu~-31J\4111ll L" , . 

.. A ... .. • I.J • I .: I I ~ "' .. car: ""' I .. 

L'Jf~~RU~\4, LL~:;f'I112JLu~liULLu~..:J\4R12J11flfl1li'YlEl~\1~ n'V\~1\4 L~ ~';1~1J\4L 11Yi1J11'YlfJ13'£) 

dEJ1';1L iJu 1 tJ1~~ll n1 ,,~ ~ EJ..:J'Yl1..:J1'Ylll1fl1 w fl f 

u ..d u ... u .0::: ........... 
'HDflll'UifttllftUllRI'Ulfl11'Utl~a'~1J'IflPI (Evidences for organic evolution) 

.,_ t I ..... ~ "' .. ..,I ""' A ""' ""' .. A t I fll 

uufl..:JLLflfl171'14 L~L«UEl'YlfJ~ ~L nt.11 nu11CMJu1 n17EJEJ nlJ1 '"n-n11'Ylli1'Yl..:J'V\~1tJfl1..:Jn 

.. ... • ""' "' I ...1 ~I "' ... .. .J ... .. 
fl\4fl1 LR1:LLR1..:J'V\1LL~:;L n'U11'U11lJ'V\~n t1U~EllJ~fl1-3 '). 'YlLuU~EIYift';lUL nll1ntJL 'lEl-3711 

• \1 . \1 

11~'141n1'l~El-3i..:J£i=n1fl ~..:JLrlmtt.JntJ'l:L11'Yl~El..:J'V\Lfnt1\4~EllJ~L'V\~1~\4LL~1 YiU11 LbtJ..:JEJElnLU'U 
• \1 

.I A -... .J"' ~ A ..,: ..... .,. .J ~~ .,. A .I 
REJ..:Ju'l:L11'Yl f'IEJ v.~ nt1U'Yl L~ L~llfl'l ..:J-;11 nn11fln~16J51nlljJEJ..:JR ..:JlJ111fl'Jf..:Jn~1liLuuv.u 'V\'lEl'Yl • 
L;vn11 fossil nuv.Lfnt1\4~'~';11nn11fln~1LU1lluLYiFJuin~m:;CijJE)..:Ji..:Jii;1flLUFJflU';)~_ U\4 . ' , ; 

1. \4LL~~EJ..:J7tl11..:J 1fl1 ..:JRi'1..:J n11vi'CM~u1n11 LL~:in~ru.:; n1 1'Yi1..:J1UC1jJEl..:JEl1FJ1: 1. "i ..:Jii~1fl 
\1 
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en~n~11,tlan1t'u'V\U\J1Tv\int1u~lt~1nnT1flnlY11uL~El\J11EJ\Ji191lu1n111JEJ\Ji\Jii:aifl"Lfu 
"" 

,~111 6 'Yl1\J . ~El 

1. 'V\ifi,!1U';l1nfi11HfilY1'Yl1\JtJ11Y-f;iui'Ylll1 

2. V\~ n ,!1U';l1 nfi1 1flfilY1LtJ1uuL filllJ'Yl1\J fi1lli111f'ILL~:t1Y-tni'Ylll1 
..., . ... ... 

3. 'V\~ fi,!1U'iil1nn11flfi1Y1'Yl1\J·El'1 n7~11i'1U 

4. 'V\~ n !1U'iil1 fi fi1 1 fl fi1Y1L tJi lltJL fili'U'Yl1\Jtl1 1i'Ylli1LL~:~1Lflii 
..., ... ... ... "" 

5. 'V\ ~ fi 11u 'iil1 fi fi1 1fl nl!-1'Yl1\J113Jfl1 ~q)1"lr1111Y-t 
"" 'U ..., ... ..., ... 

6. V\~n~1U';)1fin11flfil!-1n1\JY-tU1i'fl1~q),. 
"" 'I 

v 4 q""" """' 
12.2 'Htlfl91\Hllflfll"U1fl'Ml't11~1J11'W'lfl'U1'rltll (Paleontology evidence) 

""""" """ . !"I ""' ..1,. ..1 ..., ~ ~ ..., r 
1.11 1Y-t"lr1U 1'Ylll1 (Paleontology) buUT'1J1'Ylfl fi1!-1b fill1 fitJ6Jf1 fib 'V\~El11El\JY-!01JLL~: ~q)1 

~\JLflllii~iq)EJtJLu~irll~fi~nu,-,-.W Lrlflq)1tJ1tJ'iil:i'fifi1:rn1~u11u1ufi11'Yl1\J1i'113JOZJ1~'iilu6Jf1fi~u 
'U ~j 

fi~1li~111Y-!LUW~U 6Jf1nLV\~El1JEl\Ji\Jii~iq)~1~LUnEJ@lfi~UU 5 U1:L11'Yl ~El 
1. &Jf1fiLV\~El~ii,-tJ11\Jff3JtJ1nL (entire body fossil) LiJusninL'V\~El~rlfi~11i'fil!-1~111Y-t 

'U 'U 'U 

El1'U~3J1 i'J\1~1 .Yh 1 ~«111Y-t1JEJ\J11\Jn1liV\1EJ~1ctlU L3JL~fufi113JL~liV\1ll L s.rlu ~1LL3J~\J~~~er.1 
'I 'U 

1 ULL rl\Jli1\J~U V\1EJSU1 fian1\J 1 tJ11nb~';)3Jflr.11cti~u~1LLii\J~\JY-!tJ 1 ULLfli'UL&JfUL 1ll LUUctlU 
'U 

~ ..1 !"'I I ~ I VI il I ~ I ..1 !"'I 
2. &Jf1fitV\~El'YlLuU~1ULL1J\J1Jf:1\J11\Jfi1ll (hard parts fossil) L~LLfi&Jf1nLV\~El1JEl\J~1U'YlbuU 

r11:~n ~u LU~Elfi V\7EJi\J~fi\J'Ylufien11"~fi1Qu tJ1n~LL~1Lrltli\Jii~iq)q)1li~\J «1u~eieuu3.1 
'U 'I . . 'I 

'iil:: nfi.Yh~1liL ~L U1L~Elll1 tlEJr.11\J11~L i1 L 'V\~EJL~fi«1l-t~Lilu1Jtl\ti.L ;j" ti1ti1u~LiJU1JEJ\JLL ii\Jdn fi 'U . . 'U 

Lfi~EltJ~3J~1rJq):fiEJU 1fi~U'Yl1"1li~1\J ') nEJ1'iilfl~~111~£lrJL~U1U LrleL~f'ULb 1 \Jfi~iuEJrJU1U ') 
'I . ~ 'U 

n'iil:fi~1ll~111v-!LUU~uLtl 

3. &Jf1fib'V\~El~LUULL'UtJ'V\~ElLL~:1"ElliYi3J~ (mold and imprints fossil) LUU&Jf1fibV\~EJ~di~ 
I ~ d ~ il I t . VI .. I I .I ~ il I "" ..., !"I il ~ 

'iil1 fi~1ULL 1J~&Jf \J(l fibfi~EltJVr3JElliU U~fltff111Y-! L ltl fl'1U'YlLfi~El1J'V\3JElli';J:3J~ fi1Ynt:Lu'}.U 'U1V\1"El cu 'I cu cu"tl .· 'I 'U 

LL'U'U'V\~EJ· (mold) 'U1\Jfifl1'iiliitl1.1,~:~1li~U;a3JL "111 L tJ"li\JEl~'1. ULU1~ULL~:fi~1ll« 111v-!Ltlu~tJV\~El 
(cast) 11El\J«1ULL ii\J~U ') L tJ 1~ll~rJ\Jii11ti~~LDllft1J£J\J lfl-l \JH1'1\J~U ') EJr.11\Jfl1 uti1U'Ylfi 

'I 

tJ7:fi11 
I .... ... t ~ ~ d .... ~ . 4 ..., ... ~ ..., VI il il 

ff1U 1£Jtlv-!3JY-! (imprint) tt Uflfl'lf1 fib 'V\~f)SJf \Jbfift'iil1nv-!0Zf~1Elff~1'Yl\J1 EltJU1:'Yl'U L 1 LL~1 

1flliL'V\~1dnfi 1fi~UV\1El11El\JLV\~1~UL'V\~fi~1J lfl~~rJ\JLli~ULRliR111Y-t LL~:Lrlm1~1U1U3J1fiL"l11 
'U ' ' 

n'iil: fi~1t1LUU~U 1tJ1 U~ff~ 
'I 
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"'.4 • .. ~ .I !"'I A ..1 .... 
4. •tnnL'V\~El·lh1Lnfl-;nnnT1'1JW11L'1J1LL'Yll4'Yl (petrifaction fossil) Lul46J11nL'V\~El'YlLnfi';J1n 

LL71r1fl((11Lflij~IJL -N1 1 tJLL ,'"~'1Je.:~L dElLnEln~~liEltJ SJ ';J\4fl'l'Ufl11Jtfn1Ym~Li11J-n£l.:~i "ij~1mt'" , . 

~ntJ1~n11 an1nL'V\~El-aufld ,~11iiiLdeuaElLil11-nEl.:~i.:~ij~1"~"'""'~ElEJijL~tJ i1EJcl1-:~L-i'"'Ylm.~1~ 
..1 !"'I A !"'I " 'Yl n~1tJLu'" 'V\'"L u\4fl\4 

"' ..1 !"'I A A ..1 !"'1 '"" 
5. 6J11 nL 'V\~El'YlL u'" n1 n£11\1\11 (coprolite) flElLfl1Y'V\ 1El n1 n'1JEl.:IEl1'V\11'Yln~1tJLu\4'V\'" 

L \4vl1'"El.:IL~tJ1 n'U petrifaction 

an1nL "'~n-.nUfl'il1.:~ 6J L "'~1d ~~tJ11 n£JEl~fl11J,r'"~'""'1Eli1'1.4~1J,.~nElun'"LiJ'-'N1 
1 " I .... " ~ .... ~ .... ..1 I I ... ... I ~ ""' I ... ~ ll ... ...1 
~ n u1 nflLL~1..U'-' "''" ..U'"fl'" 'YlEltJW1'-'~ n";J~IJ El1tJ1J1 nn11-.n'" 'YlEltJL "''"£1'11'"111 LLfl '-''U1.:1 n 'lnL en: 

~ , ~ 

Liifln11LU~tJ'-'LLtJ~.:~-nEl-:~~11~n El1';J.Yh l ~~'"t1'"'il1.:~ SJ ntru.f'"n'" 1~ E1cl1.:~1 7nfl11J LrlElL£11 

fl11~i'cn1.:~1r'lm1cntJ1L -N1111U1~n£lun11fln1Y1 W11111fiW'ltJ1~-;h an1nL "'~El'1JEl.:~i .:~ij~1fl t l4t1fl 
~ , , 

LL 1n 6J ijlfl'l .:~wi'1-:~slusNEl'"liEltJn'h t '"tJfl'V\i-:~~~1LL~~fl.:~ t n~tJflU';J';JUl4111 nL~tJ.:~ Lfln';J~'Yl1fl111J 
'I , 'I 

ei'UeU£1'"111 n~'"LU'"~1~'U ~.:IL tJ'",jEl~'"tJ'" 1~11 i .:~ij~1fl~'"ij11~'"1 n1 'l Elcl1.:1LL U '"El'-' 

11~'"1 n~'l'iJEl-3~ .:~ij~1fli.:ILL'iltJflLL 'l nL ~1J3J1';J'"ti.:IU';J';JU\4Lrl£lu 11 UR1J..,r'"lfntJfl11117 
'I 'I ~ 

'Yl1.:11r'l fit1cntJ1 El1'iiJW'lU1~fl111fl111\lc;iEl 1 tJU 
'I 

/ 
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fll1l~llDl 

Era Period Epoch 1:rJ:IlD1 na1ile~1t1 

(a'l~th e1nif'e,u~ ·, 

<ln:iih , 
5 Cenozoic , Quaternary U';I,U\4 0.011 0.011' 

-- .. ,: Pleistocene (~fl"llel-3Rfi1L~th'l 1 1 

~n~1vJ11.4ll) ' 

\1 ' 

Tertiary Pleiocene' 12 13 

Miocene 13 25 

. 
Oligocene . 11 36 t 

Eocene • 22 58 

I 

'Paleocene 5 63 
• . • .: ... u..~ u ... 

(LrtDnL"ll'l1Dflmn~nTn ~ti\4L~ ~" IJI'1m~~a~n 

4 Mesozoic Cretaceous 72 135 
... .. .: 

(~fl"llfl\1Rfi1L~fltl 

fl~1\4} 

l 

Jurassic 46 181 

I 

Triassic 49 230 

I 

(LnOnL'IJ1LLDU1.h~1LitJ\4L·Ofln1·nuiu-uuuft..1 
I I ' I 

..,. ... I til I "· .. ,. .. ,., .. I 
*11i61'U ht61'U111MI6'UftH\If»~~'Ul 220-221 \I'UlJ1llUlfl'U\J'U\16~~'U1 218-219 Ylft::fJ 
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....... 
fi1~11Wlfltn 

...... 
i:r.fllftfiHii1W1fUJ1 

. , , 
i·lUHl«1l1Wtlfl\bLL-ii.:l , , 

El1fi1fHlU~U~'I.L ii«1l1WLUU , 
~ ~ ~ "" t 

U1LL"11.:16Jl'1fi'I.L 4 fl'l .:1 

Ln~LYiEJm"111'Yl1-:~fl:1ufln 

Lau.:~L~UEJ"llEJ.:~m11~n1 iith1n!J­

n17mm"ll11vh::Lu.-r ,. 
- .. ... LnY'IL'YlElnL"111L'IftJ71 fl1«Lflfl 

m "111 1 ~1 UL "llflfl:: 1Ufl matJ.:ILWUEl ,. 
'l::LUYI El1n1f'lLUU~.:I 

LL~'I.L~WYl1Yl.i1 EJ1n1fli'EJ'I.l. 

Q,oo ~ ~~ ...... .r 
111~t1 7Elfln L711n£Jfl1Ln.-r"llu 

'Yl::L~ 1uLL~U~'I.LL ~11LTIY'I L ~11ii 
U1".111tJU.:I L ~11L n.-r~u~'I.LLL~::~u 
"lf'I.L1'1.L 

~wn1tJ«.:~~u ,;'£1-:~'Yl:L~LLnu ,. 
r.J 17tJ LL~::m117n1fl::1uflnL~11 , 
~ .. 
fiUL"lJU · 

L ~liL n.-rf11ULL~::LL~'I.L~U 'Yl::L~ 
... .~ 

'Yl71ll11111nLL~.J"ll'I.L 

BI103 

1 

" ..: ~ A t 'I I 

~11~nLWll"ll'I.L W"JJ'«1'1.LL~ty~ty-

... .. 
W'I.L~ 

1h11i~Y~ft.J ~"~~1Ln.-r111n 
X "'• • 'I ,: 
"lJU 3J~"lfY!Eln LL~::W"lf LUL~tJ-:1-

...l ... X 
LY'Itl1 L~1ty3J1n"1JU 

.. ·'' X ..l •-
Ln.-ru1"11U111n'Yl~Yl W"lf.-rEln 

LL~::vh 1 UL~tl.JL~tl1L ~ 11L n~~'I.L 

U1Yi"lf11liiL llEl~11L3J~~~~ , 
uEJu~.:~ Yi"lf1uL~li.:~L~tl1 1afl 

.. ... X 
L111Ln~"ll'I.L 

wutJ7-:~LL~::«u 1~urt1 1tJ V'4"lf 

1uL~li.J~ 'Yl1i1U1'1.LJJ1n~u ,. 

Yi"lf11lihllEl~11L11~~ii111n ,, 
LL~1L ~11~Yl~'ll LVHu~iiLll~~L ~11-

L U'I.L«Jr.J "lJ El.:lll"'ti'tl"lf1 ii 
... .. )I " :: 
«fl1L~tJ.:Ift n~1r.J'I.L 1'1.L11«tlJ-

I ,. i ,. 
~ .. A .. .. ~ 

WU1i L 71111«-:lfl111l'I.Lti'tl , 

.... .. .. -~ " ... 
W'I.Ll~"'ti'tl~Ufl"ll'I.L "111.:1 111 

f):f ii1u'i1-:~fl~1tl"lf~~u~~u'I.L ,..; _,. .. , 
... .. :s " • - ... 
«fl1LOO.J~~1li'I.L1'1-W1111M-1.1-,. 

.: .... ~- ..I .,; 
n11 ~ .:I~Yl L 11111W'I.Llft.:I'Ylfl~1ll .. 
ll"'ti'tl (a~ , 

.., .. .. " 0 -

«fl1L~tJ.Jft n~1tl'I.L 1U11"lf'I.L~ ,. 
h.i71m«n,,q-u1f L~11Ln.-rifl1 

,. "ij , , 

... .. .... .... "' 
fl ~1tlll"' ti-r.JLL~:: « fl1 Lfttl-:1 ~ fi~1tl 

~1u11"lf~~u-~,u-u 
... .... ,..a.. .... ..... .... .. 
11«fl1'Yl111n «fl1nu «fl1 

... .r - ~ 
nUL'I.LEl Lfifl"ll'I.L 

...... )I " :: -
«fl1UW.J~fiY11li'I.L1'1.L11"lf'I.Lfl 

1 .... .. ~ 
U71nlo"llll1tJW'I.L~3J1fi"lJ'I.L 

1fl1'1.Luni'ii111n~«flLL~::L ~11 , 
~tl!,q-"{ 'I.Lnii~"L~11~tlJ~"{ 
WfllL~r.J-:1~ n~1r.J~ 1'1-LJJiim],i-1 1 tJ ,. . ,. 
L~11Lflfl~"{"n"lfuflU~,u-" 

iiifl'l.fl'I.LLLJJ~-:1 LL~::'I.Lnii~'I.L 

[)~rt11u 1fl1'1.LL«1i'ii"lfn~t~qJ 
LL~:iitJ~111nl111 n 

L~11Lflfl1YJ1'1.LLLnf L'YlEl h-
.. .... .. )I ... :: ~ 

L«17 LL~:: «fl1 Lftll-:1~ Ofl1tl'I.L f'I.L11'Yl ,. 
ElEJn~miJ'I.L1"li ifl1fl~.Junfl~.JJ1 ,. 
1u71m«n,viwl ,. "ij , 

, 
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.. ,,, .. ., . ., 
Era P.tod Epoda 

. ·'J:a:n1n nanle,,tJ 

<llu11) tln1ft~ 
uf,,1J) 

Permi~ 50 280 

Pennsylvanian 40 320 

Missisippian 25 345 

3 Paleozoic 

( ~"'e~i ~iiiitt 
·. lu11m) Devonian eo 405 

Silurian 20 425 

Ordovician 75 .500 

Car;nbrian 100 &00 
I 

(LAttfl11Ltliu,.~ti&Hf\f~\~'"14~1e~) 

2 Proterozoic 1,000 . 1,600 

'.(~n"m,LiJiu~"'tl'~"f.,t~'fl~*'n) 

1. Archeozoic 2,000. 3,600 

' 
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..... 
YI1~11Wltlt11 

.... 
Gll1YtfiHI1'Wlt1Ul 

I .. ..: X 
LL~'Ufll4L'lllt;'~"ll'U El1n1fl , 

... .K ... .... "' 
fl£l'ULL'ln'leJ'U"D'U LLa1fleJ'U~a~Lf.J'U 

a~ 

X " " ~~"ll'U eJ1n1flLL~~LLft~ 

\i1LL;j~ 

difi'Yl:La l wn1tJ 
X ~I ..: ... 

"ll'U 'YlftliL 'lliLL~~ , 

Lnflu~'U~U~ll e11n1fl~'U 

L;lJLnfi~'U 

L nfl n17'Yl1Jtlll"lJ£l~~'ULLt"i::~'U 

llL"ll1 1 vh::LUfl ur.J\4~'UtiSliLLa:: , 
A -~ !Ill I t 

Ufi::L nfl1J_L "1J1'U1LL 11~1J£lf.Jfl'l ~ 

1JL"ll11~7::Lijfl ~'U~'Un1Jtlll 

LU'U,f'U LLr.J'U~'UtiSll 

Bl.l03 

... .K ... !Ill 
liL 'UeJ~lJLllftfl , 

iiV'i"ll'l i'Lll;flvnn Lycopsid~ 
~ .S \'1 I 

LLa:: Sphenopsida ll1n'Yl'tfl ~"11' Lll 
.,. .. " .K .,. • X 
liLllftfl~liL'UeJ'Yl1';11'U1'U"lJ'U 

L~ll£ith £iV'iogun LLft::L~ll 
- .. ~\'1 .... .K ... "' 

L nfi~"D'Yl LllliL 'UeJ~liLllafl , 

ii""inJ1U"hiiV'i"Dum illtnfl 

iiLLeJa~ll1n 

... ... ~ 
liLLeJft';I'Yl::LftlJ1n'Yl'tfl LLft:: 

-.,., A I ... A 

"""M'.J1U11ll~"l!'un 

Liifl~oui'luJ1"Dilfl1u.,1m , 
£iLLeJ ft~LLft ::~~ 1 ';IL nfi~'U 

ifi11U71tll.fl1r.Jft~ll1n ifl1 

X ~ " ...... ~ 
LfteJr.Jflft1'U 'Ylflft1r.Jt;<fi1LatJ~an 

~ ' , 
~ 0 A A 

fl1f.J'U1'Ull LLllft~ L 'lliLnfl 
.,. .... .-X ... 
llfffi1LaeJufla1u"DoufiLL 1n 

ifl1fl~ ~unfl~ ~J1'l'u lu11tu. , 
~1-u 1'Ull1 n LLll a~ii...t8JI'1 tJ 

....... .. .. 
llt;'f11~1n Sea lily ll1nLLa::ll 

tJa1Qa1li1Ul1tli.LL~'i""a1u 

.... .. .. ..- ~ ..... 
t;'f11fl'l ~Unfl'l ~'U 1L 'lliL nfl 

iitJa1~l1itJeJfl LLa::tJa1Qft1llll1 n 

L~liLnflulla~13JiitJn ~a1 
LLa::ii arachnida L'UYI::LftLU'U~1'U1'U 

111n 

L~liLnfltJa1J1~fl tJ::nTf~ 
LLft::~eJU"Dit~th~ ') 

...... .. . ~ 
llt;'f11Ynn arthropoda ll1n'Yl«fl 

' , 

1 Lnflit~113-liin'l::~niou""i~ 

L'U'Yl::u~ ~1n 1tJ71flei1L'UYI::La 



u 4 -~ <Ill Q. u Q 

12.2 'HDt1911J'\lltltl11fttlVliU1tllJIJIUtJ1ll~tlUJ11l1flUD: fl'rfll'lfiUl 

(Comparative anatomy and embryology evidence) 

Ltn~m:fi113Jfl~1tlfl~"n'"~eJ" 1fl1.·Hf71""1JeJ\I"i1"n1tJ"lJeJ\Ii~r1~u11Ltlu'V\Ltn!1'-'. 
«irutn~u11119llu1m1il;J1" FJ'J1a.JF1~1~Fl~\ld'EJ1~~~11nl11~~1nerJf11::1~1\1ftltJeJ\1a(;J1~a:ln1::rtJn 1 

iu'V\Lt""lfil~f11\l 'J Liu t11"fl11 "'" un nu u~1 ~"LrleJ~"il11m1l~u...t1 'J lu"il:L~u11fl~1tJ 'J 
.... 1 .... .... .... . I .... l"' I t .... ...~ ........ 
nu LL~nfl1\ln'ULVitJ\171tJ~:LeJtJ~t\trn:eJtJ1'1lf113J~n~m:nTl "lf\11'ULfl1'U'U eJ1tJ1:fl3J~n'l!'m: 

n1Lil~ 1fl'l \1«11" LL~:~~n1L il~ L 'ULL1J1JL~£J1rl'U LL~11~n~m:'V\cU1~"il:LLflnfl1\lrl'UeJeJnl'J.J 
'-' I 

.... 1 ........ I A tl...... ,.,. .. I 

El1tJ1:L "lf'U'UL 1tJn11 Homologous organ ·';)1nn17fln'l!-1L 'ltJ1JLfltJ1Jfl1\ln1tJ1111fltl1«fl'l 'V41J11 

.... I .: .... tl'"" 'J.J l ~ A .... .. ~tl .... 41} I .... 
El1.tJ1:L'V\~1'U3JnTlL ~ti'ULL ~\1 'U1:tJ:LL 'lnL 13JL'V\3JeJ'Un'U "il:3J1~~LL~n L "il1nn'UL'U"lf1\l'l:tJ:'V\~\I 

"1JeJ\In17L "il1tyL911J 1flL ·rh~'U ~1~L 'V\~d1\ILUU~EliUil1!-!1'U 1~11 i ~ij~1f1L'V\~1diju17Yi~11!-
113J nu1J1l ueJ ~~ 

Ba.t Ma.n Bird Frog Fish 

lllvt 12-1 mr~H homologous orga·n 
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1 ""' .J..a ""' o A 0 A I ""' ~I I 0 ~ .J ~ ... «1U€11t.l1:'YnJ ~n1.;-m: n1L u~LL~:'iilfln1L u~<Jn-\1 nu LLll11<il€1111'iil:111'Yl1~U1'Ylfi~1£.Jfl~-\l , 
nou.n<il111 a1£.J1:L,Ju,!ou.L1£.Jnl1 A-nalogous organ <Jl1€ltJ1-\IL,Jou. Un'ii€1-\I"U.n LL~:Un'ii€1-\ILLll~-\1 
~-\1111~ 12-2 

.fll'Vi 12-2. mTVH analogous organ -

ua n'iil1nd 'iil1nn11ffn'J.;o1€11£.J1: 1 uic;r1u1-\l"lfU~ ~u11a1r.n:,!ou.L 'ciJ1 GJL~u 1<ilLL~:'Yl1 
u1: l£.J"lfUl<il~1.ui<il1"1fu~~rt'~LL~n~u1 fu1: l£.J"11ULL~:L~€111~n1~1ui<il1an"lfu~'V\d'~ a1£.J1: 

L,JudL1£.Jn11 vestigial organ L,Jou.n1:~n'ii1'V\~-\I'il€l-\l-\l 1tr~-\ILUfiU LULn~~'il€1-\l~"lf a1tn: 
'U 'U 

~ ~ 

L ~~TitdJu~inqnuflu£.Jua~1-\l~l1 i1CUJU1 n11it'u~'ciJ1'1 ... 
'V\~n~1uflu£.Ju~nth:n11~rt'~ 1<il'ciJ1nn11ffn'M1Lu1£.JuLri£.J~~n'Mm:rn1L'ciJ1ru'ileJ~ ... ~ 

<ifleJ€11-t ( fl'~n: - embryo) "1J€l'li<il1~n1:~niu'V\~\l"lfU~~1,-\I 6) ~1Jl1LU<ilHULL 1nttui<il1L'ciJ1GJ 
VI 1 .4 ..a""' ~I " ~ ..,. "" "" l ft l.d ft 1 VI ft I ..a""' 111'ciJ1 n ~61f n<il61f -\I:U~ n'Mm:: Lu't-U!iGUH5113-1~1 LL~1'ciJ-\Ib 'ciJ1 t!JL<il1J <ilL u~tJULbu~--1 b ua.J ~ n'M ru.:: 

LU~1:"1JeJ-\ILL~~:"lfu~~u1un1u~~__, 'ciJ1nn11ffnH1d'Yl11~unfl'~ni'Yl£.J1 ~o Lfl. il. v-!au LLuf 
t o:;' 6" ... I 

(K. E. von Baer) <il-\ILUUn!JLnmsn L 1£.Jn11 Biogenic Law 
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and Haeckel) Ltl~tJ'-LLLtl~-lLL~::tJ'futll-l~\4l'V\li L1tJn11 Principle of Rec~pitulation iJL';lfl113J 

1~tJft1t111 n17L';l1qJLiiu 1fl-nel-li-lii;~hnr'I.4"::~El\urn~m.:n1'n';l1fll11el-3u,,.~~l~~~ 
11~'-L1n1,-ll11~tJ~1,}1J (ontogeny is an abbriviated recapitulation of phylogeny) 

Chick Pig Man 
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IV .o:S -. 
12.3 1U\flG1'U1llflfl11fffl)Jlfi1~8'Ufl11J11=J'U (Taxonomic evidence) .,. .. 

n1'lfln~1'Yl1~aun'l3Ji!f1U (Taxonomy) LUUnT~fln~1Li4aifiLLtJnl'\1J1fll'\li,EJ~ . ~ . ~ 

i~ii~191 tf-;r'iluun1'lfln~1'VI3J1fi'VI1lana~~cuLL~::i911li'l::uu~Vi1l17tunil~fl111JR1J..;-ufvn~ 
~ ~ 

!113J"1J19lana~i ~ii~191LL~ ~::vn n-;hiifi111Jft3J~uf~a ncu.3J1 n\4auL ~tJ.:I Lfl ~~ l U'Yl1.:1lfl7 ~wi'1~ . 

n11L"il1tyL9lu 191 trn~m::'Yl1~~1LfliiLL~::w~,-1'Yl~1 ti1i~ii=n1"~n" lfliifl111JilJ~-ufn-uJJ1nn 
iL 13.11113.11 1l U'VI3J1tl'VI3JL~£.J1TlU "il1fi~~anEJ-3fi11ffi'VI3J1fi'VI3JLL'U'l.Jd';l::L ~'U. '~';h i -3i:ii1fl-rf-3'VIfi1tJ 

~ ~ -
~ g., ........... ... ..... 

UUfl11"il::fl8~3J11~'U.1fi113J1"il1fi'U11~'U1~Lfltl1fi'U. 
~ ~ 

IV .o:S _ • .o:S .o:S <lOS .o:S <lOt "" 
12.4 1Ulfl91'U fll"Jfffl)J 1A1J1 fJtJAflfJtJfll~'lflAft1JUa~tT11lfl r.ll 

(Comparative biochemistry and physiology 'evidence) 

A A .. ..1 :tl .. tJ I ..: .. ...... 1 
"il1 nn1'lfln~1'Yl1~ n11LLtl n1Lfi11::'VIW1 'l'YlLuua~fl 1::nauana~11~n1t1R -33JCU1fl tltJ 

A ~ I ~ I 

"il::3J'U'l'l~U'l~113JnU3J1nau 
~ ~ 

IV .o:S "" Jt:f. 
12.5 'Hafl91'Ufl11ftfl)Jlfll~fJ1Jftl.tl\111'lf1ftl'rt (Biogeography evidence) 

"il1fifi1'lflfi~1trn~m::ana~f1"1JLL~::iflfl Uflii1l1fl~1~ 6) 1l::L~'U. l~-J1 f1CULLfi::Rfl1~ 
~ 

n'l::"il1£.Ja~Cil13JH1U~1~ 6J J~~rr~ii~i'ilt~VLL~::wru~ufltJLL~1 Lilcu.tJ1::fn,;~u1ul~L~tJ1nu 
~ ~ ~ ... ~ 

fi113JL ~EJ~1111~'"1n11~uii"il1 ~ ~ ~~~1Cilu1~"1JU~n'l::"il1tJltJa1fl'tmr.Jl -u~fi1~ 6J l~ath~ 
~ 

g., I ... ..: 10 ..... 'l X ..1 ~I g., ..lA . ..1 'I g., 

n11~an11~ LLCillJ1~"1JU~fi8tl"il1fi~ LULQ~1::~U'Yl tL~11WTl1~LL1~fi83J'Yltl'U."il::L'VIlJ1::R3J~El'Yl1l:: L'VI 
~ 

a1ff't~ar.J1~d:Juar.J1~~ ufln"il1n~u~ ~~~1Cil~~~trn~m::~~1tJfl~~nu · LL~nn1::1l1tJ,tJt~r.Jlu~ . ~ ~ 

d VJ ..... I ... <;t.o:l tJ..I tJ VJtJ A l g., ..... g., 
Slf~ Lfi~fiU3J1fi LL~::LLCil~::"lJU~fi3Jfi11L ~tJULL ~~ b L~El 'VIL'VI3J1::W1Jn'URTl1~LL1~~eUJan8~fl'U 

L '!fuL 11 «11111 fl~ U L ~ UEl ~ 1 ~ U 'Yll tJ L ElL~ tJ LL~:: 'Yll ULLEl~ 1 n1 LL~~ U fi13J1 l ~LQ ~1:: L wn1 tJ 
~"' 

8L3J1 n11~· LL~Lrl8fflJ~U'¥UJU11~U1~ana~ftCillL 'V1~1d ~U11L'U.R~tl lu11mttuar.Jn1::ffl 
~ ~ . ~ 

VJtJl ...1 I ... :tl I VI g., I ..... .. I ~ A ~ I ..... g., ... 
n1::"il1tl L WYl'Yl fiLL 'VI~ "il~LuUL 'V\Cil~~n~11 b~11WCi11L 'VI~1ULtllJ3JU71~, 11~113JnU3J1 LL~11J 

~ ~ -; 

n11LLtJ,-«u 1 tJ'il111trn~ m:niitJ1::L 'Ylfl ~~wa~fl~a~ 1 tJ nu'Ylt]~~11~cu.1n17~L ~anari-u 
' ~ 

IV .o:S IV J 
12.6 11afl91'U1llflfll1fffl)J11llfl'rt'U~ftltl\111 (Genetic evidence) 

"il1nn11'Yl~~a~Hn~1'Yl1~~u~ff1«Cilf ~u111 un11~«3J~uf~u fin~l~a11liian~m:: 
' 't 't ~ 
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~n.h~ue:wn1thnnvJeJLuJ1~.,v~ijn17U~nLtJ~v<u~uR 'V\ie:J Lfl7L3JLin'liLn"m7LtJ;vuLLtJ~~ 
e:J[h~n:'Ylu~u (mutation) fl113J~.,·tJ.7n~hm~ 1fl713J 1'1f3Jcvt.J 1u~1uin~nt:LL~:~1·U1Ufl1L'V\1~ 
i~ij:a1~,vruflV\1l~u ~.,D,~iia1"'-;h11~u1n17Ln"~'"'~"vijL'D~.,.,1L'V\~1dLuuanu·;rivV\d~ 

Lrle:JtJ7:111~LeJ1'V\i n !1uL 'V\~1ifll1lU1: fie:J'U nu fl1L ~L n"LUUL 'V\~N~tnt'u«~Ufl113JL ~S 
~-h11~U1fi17,fU ii~u1~scl1~LLUUSU • 

. t 
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