
.d 
1Jllfl 5 

-t11111' ~ 1~1 u ou lu1~i u a~,. a~~~ i1tti1 t11 
cu 

(Higher Levels of Organization) 

1 ...: ........... A ~ .... Q# .r .. I ca.- ~. .. 0 ~ ..,j I 'I, 
Uff\111'1f1~'ln'1fu~ucu 11n17~~LmL"mtJEJ~1\I 'J 111U7:nEJunuevuL~El'YI1'V\'U1'YI£JtJ1\I L@ 

I ... ca.- " I ~ !"I VI .. I I I ca.- ... ...: ~ 'I I ...1 !"I ~ ...1 
EltJ1\I'V\'U\I n1 7~~111u"l": nEJU'ULu'U ~ uEltJ1\IL 'V\111:ff11LL~:'U1Elff~"l" 'ltJtJ\I'YI\1 L 'Uff1'U'YILu'U 'V\'U1'YI 

1'1£J~7" LL~: 1 cuti1u~~:~t1" 1tl'Yl1\11t.LU7:ff1"Unuti1cu~u 'J n17fl1\11uEJtl1\13jtJ7:i'Yiitn~ 
.r .. ca.- . ~ 1 I ...1 <It ·~ '""1 ~ VI 0 I ca.- ca.- .. ~ 

en El\IL 'Ut!LtJilLL~: El1 tJ1:'YI\I 'Uff1'U 'YIL tJcu 'V\'U1'YI 'ltJ~ 1 \ILL~:~EJ\1 ~ U'YI1\11t.L 1111 nuEJ1tJ1: El'U cu u 

rle;1l ~Ui~7:uu~cu111 fl1111«11\J'lmevEJ\17:uu~1" 'J ~:ii111 nitEJtJL ~tJ" 1~~ut~ijnufl1111 
ff11\J'lment~\IEJ1£J1:~1" 'J 1cu7:uu~u LL~:~1nn17U7:nEJunuevEJ\17:uu~1" 'J r'hl~di'lLtfu 
11\ln1£Jent~\li\13j~i~~u1111cu~ff~ 

'I 
.... ..,j.,. 1 I ~ ~~ ..,j ca.- .... .. ........... 

tl1~11'V\ ~1£Jfl'U 'Yifl~11 71\1 n1tJ1JEl\IL 11'U'ULu'U 'Yiff~8jjtl\J n1 "l"~'l'l:L UtJUb ~ tl n1711'1f'd~ 
'I . 

'V\1t~n17Luui\13j~1~ (organism) LL~lu'Ylfiu:ev£J\Il!n~1i'YitJ13jfl1111L~cu11 1cui\13j~i~u1\1'1fU~ 
~"ij n11f'11:L UtJUL ~Eln17~17 "~1~ 1 u 1:~u~~ \ln11~uEi n n17i'l7:Lu£Ju 1 cu 1:~uff "~ 

\1 'U 

11d,~LLnnTl7111nULU'Ui\lfl11 (Society) 'iiEl\li\13j~i~'V\~1tJ ') ,-U~ i\13j~i~U1\1'1fil~ L,fu 

~\1 'V\1EJLbllLb~11U'J!-Ut 71btl\l 11i«11111lli1:ji~EJrJ~cu'U1'U 1~~1tJ~1~\Ic;l1LEl\l ~1LU'U~~:~El\IEJrJ 
·; 'U - 'U 

1111 nunu~u LL~:,f1unu fl1\11'U 1 ~LL n'V\liflnL:~111'V\\t1~evEl\I~'U n17LLU\I'V\\t1~ n11 \11U~'U 
'U 'U 

El1~LU'U 1 tJEJtl1\IL~'Ui'~ L ,fu 1 cui\lfl11'11D\I~\171\I'V\rt\l ~:LLU\IL·U'U~\I\11'U ~\lir LL~:~\I'U1\I~nJ1 
'U Cll 

~\ILL~~:'1fil~~:ii~tJ11\Itrn'J!onL:LL~n~1\IElfln,tJLQ~1:c;l1 'V\1EJEJ1~,3JL~Ui'~fil~ L,j'U 11~'1!-tJ 
~: ,1i«'LL~n~1\lncu leu 7U11\1111nun 11i11uflfl~~cu~:t!tll 'UEl1~~'V\1EJ'V\\t1~1'1 ') n~111 

'U 'U 'I 'U-
1 ~ . 

LL3!111 cui "3j~i~'Yl\I'V\~1£J~:ii n17f~7: b UtJULUUElrl1\I~LLir1 n~111 LL~ fiij1~'V\111£Jfl1111 

11 i\1~1" 'J n1tJLu~cu~:'V\tJ~U"'V\1t~11iijn17Ltl~tJuLLt1~"1~ 'J Ein ~7\lncu"lY111~~El~L1~1'11El\l 
'I 

........... 1 .... ~ A ...: I I ,/f 
n1711'1f1~ 71\ln1tJ~:11n17ffnJ«~1tJ n17«71\1Lff711 n17L~11~'Utl£J~~El~b1~1 «1l1~L'V\~1cu 

'lJCII 'lJ 'lJ 
A ..,j I I ...: ........... a,.. ...: ~ ... .... ' 

L n'l"il1 nn17Lb~ nLU~tJ'Uff17~1\l ') "l":'V\11\Iff \111'1f1~nu« \ILL 1'l~El11'If\IL 71L "l"tJn'iJU1'Un17LL~n 

LU~tJ'UGf1"l"d~h b11~1Utl~Gf~ (metabolism) 
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~ cv J ....: """"~ ' 
5.1 ,,_.~'Vt'U~1ffJ~a'·UJ'If1fl (Species), 

,r nfln'1Y1~~ 'YltJ'Ylnflufl-l~fl~~u~ ~'" 'V\ 1 tlL~tJ 11:tJLauL n:tJ tl'Yl1tJUnt'V\13J1 u1.:~u~1 1~111 n 
'I . . u 

nuatJ UqJ'V\1L'V\~1,XuJn~tlun1'l'Yl1tl~fl"lJD~i..,"1Ja-.l .W"D 'V\1ai~1 ltnfl n'M1~.:~i.:~L n~ 1~-h 
~rl eJYl11tJi1Unt'V\1LL~1~~fltJ';J:~tJ1tJ13JflU~1~fl"lJ fl.J~1~fltJ 1~tJlb::3J1 ~bElli fl'M rn~ ~h.:~ 6) 

u 'U 

"lJfl-li -l~~UL~tJ~1J~fltiL~U3J1-LYltJtJLflti-3L ~ m~ntJ~1~EJU~~rn3Jn1'V\U~ 111 \.b L';) 1 ~3J1 n~~~ 
~~aua1';lai nn1:tJin~m:"lJeJ-li -l~Ltlufh~aULL~1 1~L~tJ.J 1 U';l\.b 1~~1~au~ n flqleJ-3 n1·1~au 
'U . 'U 

fl1fl13J1~nnqlEJ-l,X\.b~-l'V\3J1tlfl113J1~11 ~~auii~113J fL ~tJ1 nufl113JLL~ n~1-lL u~~"lJeJ.JLL~~:: 
'U 'U 'U 

-g\l~ in~m::fl11lJUfln911-l~iia~·L~~1::i1~ 'Y11l~'L11Lmni.JCii1.:~ 'J aanLtlu"DU~1~ 1u~.:~ii 
"""""' ~ I ... "" . ...: I ~ I I . ...: I ~ I r;:t 0 

"D1fi'UU L 11~1J113J "71'1111" "lJfl-3~ -lL 'V\~1\.bUDU.fltJ1\13J1n3J1tJ bL~::~ -lb'V't~1\.b'Ufl1\lfl~11111fl~11 \1 
'\1 

~n'JYm::"lJD\1 "71un" "lJeJ.JfiU 1~~tlfl~fl~,utl.J~n'V\~1u 1-uYti-l 
'U 'I 

L \.b 1-ln17flfl'JY1L ~tJ1 nu11~u1n1, 1~(1 a11 "DU~"lJa~i .Jii:nifi,X UL U\.b "1J1J1Un11 

11~u1n1,. ri-lL 1~1"1JeJ-l11~u1 fl1'lU1U3J1 n~u ~1u 1u "lJeJ-l"Dit~"lJa-li -lii:ni~n!il::ii:tJ1 n~u~~:u 
""' ... A .... ({. ...: ... .;. .... ~ ... .... A I 

11\t~'V\1 EJ1JU~~U~"1Jfl-la' -33J"lf1fl\.b U 'Yl1-l"D11'Yltl1 L 1 tlfl11 Species 

lt nifl1i'Yltl1"lf11Ltlfl'l~'Ut~fl Ernst Mayr 1~ 'iX~113J'V't3J1ti"1Jfl-3~111 Species 1111 

Yt3J1tJn-li "ii:n1fl~1n 1~ 'J ~-l';J:: 1ll~~3J~'"fnu~ ..,ii:n1fl~1 n~u~ii1 "li~1n"1Ja.Jflu LL3!11,:: 
... · I ..l ·L~ .... !:\'! '&I ... '&I I """ .... .. .... ~ • ... VJ ~ I ..l 
3J~'Yl1-3'Yl';l: bVWfl1'l~~:U~UI bfl ~L~:fl.JLL3J1T;J:3Jn11~~3J~UILfl~"lJ\.b';l\.b~13J1'lfl3J~fl b~ Lbfl~fl'Yl 

'\J 'I 'I . I '\J '\J 

1~,1nn1,.~~3J,XunhJ~13J1'ln~,:ii~nYt&nuffu~n~~a1u1Mn 
'U 'I 

I \'1 ..... Cloo' d I .:!1 A ca... ({ ...: AAA ~ VJ ·~ I .:!1 .:!1 ca... ({ 
fl1';)fl~11 b~flfl'Uitl'V\\.b-311 species 'V\1El"lf'Ufl~U1i"1Jfl-3~-33J"lf1~UU b~HLfl~"D'VI1fl~Cil1 

. 'I 

~iifl113J~13J1'l {lfttJ~u:fl ~~ fl'V\~1-u~iii fl'l!/' m::L 'V\lJfl\.b cWflLL3J1~ aJ1LL~:: ~1Cii1.:1 rlL tlui~it U 
d I Q.oO A .... Cloo' .-t ""' .: Q.oO ({ '1 I ~ ,:!1 ~ Cloo' 

species '11-39'11-lfl'U U'lflCilLL~1~fi1'Yl-l~fl\I"D\.b~\.b';l:~~3J~U~L~Yn: b'Ufl~3J3J1'V\1fl~1~1tlfl\.bLEJ-3 

1~Ltlu~naJ1Ytia~ngnftuCiianulJ1L'Yh,Xu tl11Lfl1~13J1~~3Jnu~1 LW11,:~~3Jnu 1~~nLtlui~1 
'U ~ ' 'U 

~LitJn11 na LL9ineJ'Ylfli1';):ii~.n1~LUU'V\3T'1!4 13..1~13J11{l~U~Wfl~~nna1~ vff)~.J13JuuLU\.b 
'I . 'I ~ 

!"I I """ ca... ({ I ~ '&I ,X ...,. VJ 1. '1 ca... ({ ca... 
species LuULLfiL~tl\l~n~~li~UI'Yl1-lL'Yl1\.bU fl11~~3J"1J13J species u 11n b3J~tJ b\.b~~13J1nun 

'U 'I 

LLflEJ1';J~u1~3J1n 1 wrl"lf 1fltJLQ~1::at.h-.lfl-l 'W1nn~1~1~~1-3 ~ ~1tJ~'V\~d 1u 1.Jn11 n~1tJ1~ 
' . 'I . 

~-lijn1'l~~3J,Y13J"lfUiil (tJ1-lfl.f-li1-lnu,Y13J~~~) di~Ltlu species LV\~ 6) ~U3J1 LL~:: species 

L 'V\~1,f'Url~13J1'l n«u~u{L nfl~ n~~1UfJfl ~'l.J1~ 

/ 
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5.2 tJ-,~,.lt11 (Population) 

1 ft I A ~ ~ 'WI~ !! " I 0 I " .. I " t " ~ ~ ... 
~n.Ju1 n~m~1 b 113J n"il:Lfltl L"tl'l-\~"l £)LfltJL 'V\'t..L11 fl111 u7:111fi1 't..L't..L L 11 L 't..LL 7EJ.:J'Yl 

L~u1,Ya" rl1J3Jlt'MrJL rh~'" u~1 wrn\I=D'11'Ylr.J1u.«1 fiT·h "tJ1:-n-1n1" ijfl11lJ'V\1J1U71lJlt!il-:J 
'I 

"'V\3-1" 'V\ 1 a n~3J "lleJ\1~ "~=D'i<ll-n-it~ 1~-n-il.fl'V\d.:~ ~ "~fi111JHlJ~'"f~an'" 1 1-tH\IfllJ'V\rt" 'J L ,Yu 
'IJ 'I 

tJ ~:-n-1 n1"lleJ\113Ji n 1 ltU1LL V:\I'V\d\1 'V\ 1 a tJ1:-n-1 n7"ll a\li\I'V\ 1~ 1 cu«cu"llJ'V\1 Du1:111 n7~EJ-:J 
u nt1 n"M11 ltlJ'V\1i'YltJ1 ~u 713Jtl1LL 'V\\1 d:Jcuti'cu 

tJ1ll1nt'V\ 1 a~1cu 11-t 'V\U 1 tl"ll£l-:JU1:111 n7'V\3JL~ n~13J f11"ilij n17LU~tl't..LLLU~.:J l~LRlJEJ 
'IJ 

' L ,J'" eJt-"il~~di~L ~3J~'t..L3J1'V\1eJ<il1tJ"il1 n 1tJ 'V\1eJeJ1"ilii nTl n7:"il1tJ 1t~n!J1tJL 1Y1aEJntJ1::-n-1n7 
'IJ 

1 A VJ .. I 1., 1 "" 1 A .. I ""' .3:" a...: ~ 1 .. I ..1 · 1 

'VI3J'V\lt-:J L u~ u 1:"111 n 1 EJ n'V\3J'V\lt\l* u7 n~LL~1"il~3J~ \ILL 1~ ~eJ3J'V\~1tleJti1\I'V\~1tlu7: n17'Yl';l:111tl 
'IJ 'IJ 'IJ 

nTVllt~El1nL 1L "lJCi.ILL~:fi11Jfi3J n1 1 n7::"il1tJ"lJEJ\IU1:-n'1 n1 b ,JcuLL3J~1 'V\1EJ'Yl::L~ LL~'Ufl'U 11L "lJ1 
'I ~ 

n~a1n1fl LUlt~lt 
'IJ 

0 A 1 .. 1 I A ~ "" f( """ .r """ 
"il1lt1't..L~3J1-n'fi ltu1:-n'1fi1'V\3J'V\'U\I ') 3Jn"il:1J"il~~1J~~tl"lJ£l\lfl1LeJ\I LL~::~~ti111~W;J::U-\I 

'IJ 'I 'I , 

fl\1El~fl111Jb ·rh~~ 111'V·HL 1~~EllJ~1\I ') tJ\1 1a.JLtJ~tJ'ULLU~\I LL~ti1i \ILL1~~f11JLU~tl't..LLLU~.:J liJL 't..L 

'Y11\1~13JL 'V\3J1::~3J L ,JltEJ1'V\1713JL ~u"~a 'V\ia~i<ll171Jn1lt3J1 n ~1't..L1,.~1J1~n"lleJ-:JU7::-n-1n1 

cv 
5.3 · a'~fUJ (Society) 

n1 1 f1~113J rllt "lleJ\IU 1:: dj]'1 n1"llEJ..:ti ..:~ij=A1<il «3J1~nLL~~:'V\U 1UeJ1"ilijfl11lJHlJ~cuf 
'IJ 

~L~::113J~'l1\IU1:: 1u-n-uLL n rlltbb~:: ncub ~Elfl111JEJ~1f)~ ft'1l1~n .. l7nLL-rlt.Ld L 7un11 "H\lfllJ" 

fl113JLU'U 1 tJrnu 1 ltH-\Ifl3J~'"a1"ilLucu 1tJ1'" ,-tln17rl1\11cu 113Jnt.Ll cu..:t1cuu.1J1JL~u1ncu L ,J'" 
'IJ . 

.,j A A 1 ~ A 1 ~ .J ~ o 1 .,J A ..}' !""J ~ 
~\ln1::'Yl\I'V\1eJ "ll~\l-n'1\l 'V\1EJE11"il"il:LL1J\I'V\'t..L1'Ylnlt'Y11b-n''t..L u~1n 'V\7£1~-:J Lu't..Lfl't..L 

1 1-t n1 1113J rl'ULU'UH \lfl3Jd LL~~:: ff\lfl3J"il::~El\l~i~ n1 7~eJR17L ~EJfl113JL 1J1 L "il71lJn"U 

11-tH\IfllJ ;"~lfiun11~EJ~11da1"ilLtluiruru~n"llni in1ru1m LWtJ\1 'V\1arn'l!-1R~LL'tiufln17 
Cll Cll "t$ Cll , 

n1'V\U,~ L ~f) 1lXL ,Y11 ';) 1 U,fl113J'V\3J1tl nu,n1u1 ui\lfl3J~U, ') 

') 'J/ tl ""' I .<!! 
*fll'lfl'l::::~lU WflUlU'\.10~ 'l'::::GJ11fl'l (Population dispersal) lJOU 3 U1J1Jfl0 

"' 'J/
0 

I ... I X " 
1. Emigration tih.Jfll'.iUlUoonhJvlflfl'llJl~lJ l'l1'U Yl~ lJ~ tlcnn ciJClciJ 

2. Jmigration tlJ'Ufll'l'Ulut.u'llJ11un~lJhmJ 1"1fu fl'l::::Yl~ "li'i~ £H'ni ciJClciJ 
~ u . 

:;:lj 'J} 'J} I I I I tl I I 
3. Migration lu'Ufll'l'UlUt'lll\TflCllJIICl::::OOfl~lflflCllJ~llJ(}~fllel IGJ1'U'Ufl lfll11~ 'UflUHIIOU UOUHU1tl ciJft"1 
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1 'UL ~fh'l/'lHJ.,'In11ti .,'1"1111L~tln''l1;tl~11L ~ tl.,'1111,r'U ~1eJth.,'!~LoM\4\~EJth-3i'fiL';l\4 l~ur\ 
ff.,'Jf1:U:U11~£J 1 'ULLCil~:'t1eJ.,'J ri.u ~~ eJLLCil~: tJ,-:;;L 'Ylfl Cil1" fiijrn~1LL~:1in1 1SEJR11LLftnfl1-3rl\4 

VI , I ~I d '11 'I ~ J'l '11 ~ 1 ~ 'I ..,. ..,. r _..,. .. • 
flfln LuLL~:LD'U'Ylb"lJ1 t';lnULUYn:'4f1f1~'Yl L~n1~1'U'U ') L'Yl1'U'U L'Uft'.,'JfUJ~El-3Rfl1nl.l11n1'' 

;tl~11L,fu,nu uni'Yl£.J1fl1~~l'f~11LtleJ13JUJ~El rnf.u Wfl'IJ W111rJ (Karl von Frisch) LL~-3l.l~1-
i'Yl£.J1~£.Ji:huf1 1~n~1~cuf111n"n,,.;a«1,"1Ja"~" 1flv1,.,~,L~EJ:ut fluilfl'Yl~-lLL~:.,:u:'Yl1~ 
q},., 'J nunu11"~" trleJ~"",'"i1~rt.,nu 1tJ~utt~~.,J,~11cu~L~111-l~£Jt 1 Lu~'1uuni'u'f-l 
L"ll111v,nu11~-l~1,rcu';l::ti-l"1111L~-l~1mu f>J 'Yl111J 1flvn11U1.41t.utlcu1-lntuJ 1 1EltJ u«11-l 

J' .dl ... 111" Jodi I ~ <j,l ~ t I 0 ... t I ... 

'ULL~fi.,'Jfl.,'J1:;£.J:'Yl1.,'1';11n1 .,'! L ufl.,'JLL ~~.,'I'U 1~11\'U fl1~-l'U'Un1:flnft'1'U~El-l~1fl1 40 fl1 -lfl£l\41'Yl 

'V\3J1£.Jf111:Un.,'111fl1'V\11flti1 n~t11:1nm 75 'V\~1 tl1n1:fln 8 flf-lfJEl'U1Yl ~l.I1£.Jf111l.lm11 
\1 \ 

1111 "" t 111 .. .. ~ ~I 111 " I . ... I J' I ... 

fl1~11fl~ L n~-;)1 n'Yl'U'U 3-7 L~~ _1:£.J:'Yl1.,'Jfl'" '} ntuu Lufl111«fiR~\4U R1U'Ylfl'Yl1-l"lJEl-lEJ'I'V\11 

bb~fl-l 1~£.JYlfT'Yl1.,'1 n11UU~fi~1'U 1.,'1 n~:u tl1!UU~flfl1 .,'1~'\.1, LLft'fl-l11El1'V\11Elij'Yl1-lilflLfltJ1 nu 

"1"a1n~6 t11u"~" ~., LL«fl~11 tl1'V\1., a~'Yl1-lrlflfl1 .,,j1:u nu~n-l.El1Ylflu n1u'".r"n1~1.1 

6o a-lfl1 1 tl'Yl1.,sn1v"lla"LLu 1~" LL«""';her1,~1 1atil cuLL" 1 6o El-lfl1'Yl1-l-N1£.J1JE1""1"El1nfl6 
\1 

nTl;flft'11dL1Jcu1tJ1~'Yln1u, . LL~u1u~ih:u'J.JUnf1~lJ'Yi'B-lYt1£Jti1.,'1'V\'U1LL~UJ.,'!dL~11:fl1 
'I 'I 

"lJfl.,'j~.,ij~n~m:~Lfl~ lun11tlU'V\1~lJ1"1JeJ.:JLLR "'~ . 

5.4 'in.J'lf'U (Community) 
'I 

n1tJ1:~1 n1"lJ£J-li -lii:n1f1Cil1.,'1 ') :U1El1fl£.JElti1111L uu1L 1nLL~U1nu ~.:~ijR111~"lJEl-l 
'U 

i-lt.L-:;Jfi~ElliL~iiBunu · 'Yl1.:J:a1i'Yl£.J1Li£.Jn'V\~"1Jfl.,'JU1:;~1n1J.,'V\:ufl,!u,11 "'IU'JJU" (Community) 

111£.11 u~:u~u 'V\rt" ') d i .,ij;_ai~'Yl n~Uf!';l:;_ijti'Yl1J1'YlLL~:fl11lJR11WUi'L ~tn,jEl.,'JfJEl nuBUfl~Elfl. 
'I 'I . 'U 

n~1 J.,luLLJ1~i'ut11:: 1v~11~1m~vt11:: 1v~iiurlnu "lJU1~"11B"~:u~uB1';ln1'1-lL~qjt~fl1~ .. " 

i:i'Ylni.,'Yln£Jti1.,'1L~£.J1J~7B:u1fltitll~B.:Ji4.,'1~1El1fl£.J'If111f'U~U (major community) ~1El£l1';lii~u1fl 
'I 'I 'I 

L~ n ~ --'~1 L tlu~ El.:Jt ~£.J1,j£J.:~i4.,'1~·1 fl1J~:U1JU 1 n~LflU.:J (minor community) fft~ LL~1111T;):L tlu 
'I ' 

~:u~u"llu1fl 1 'V\ru'V\1aL~nnfl111 ~\t1~LL~:in~m::fl1" 'J "lleJ~n,.,'Yi,.,,"n,vl'\.L1fl.l11'" -;1:;ij 'I ~ . . 'I 

LL1J1JLL~'ULU'\.L 1 UL 'U crl1'\.Lfl.,'!~L ~iiEJ'\.L ~ 1£Jf1~1!Jfl~.:J nu n1 1crl1-l1'U fl1111LUUEltifl~Elflii-lfl1111 
' ' . . . 'U 

" 1...1 ft I ...; ... '1 ~ ... I ... .. ~ A 0 111 .. 1'1 '11 

Lu~£.1'\.LLLu~.,'I'Ylll LU~111f'U'\.L'\.LL 1£.Jn11 "Community metabolism" 'D'.:Jli'Yl-ln11~~flLL~:n11'U1 Lu L11 
'I ' 

1flu ii ~'YiTvlih~~o~ii9l (producer) LLiili~v'Hilfl (consumer) l 'U 1:fiuth~ ') Lil-u~l.h: nfl1Jn1; 

Q.l -=- tl ' 
5.5 'lf1J'lfUfl'lU:J~U'l~UHJ1J (Community an• Environment) 

'I 

fl111~1~ n~11:U1LL~1';l!;L ~'U 1~11 113-JI"lf'U ';l::~EJ.:Jijfl1'11Jft1J~Ufflth.,'l L nwafl nui -lLL 1fl«fl1J 
'I 
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1fltJ~i ~LL1fl~tl3J';l:Yh L ~'Lfifl Community metabolism 'U'Yl'U1'YlR1'\.4 LV\ qjenD~~ ~LL1fl~tl3J~i:if1B 
1f3J1f'\.4,fU1~LLn nT~LU'U '\LV.~~" (~urce) L1tJ1flV.,tl«11~LU'Utl1V\11LLdi~ii~1flfh~ ') ~tl1fltJ , , 

•'I t ..1 ~I . ...J""' il .,:. "' .I t ..,. 
El~ L'U~3J1f'U'\.4'U 1r1~LL~:«11'YlLu'Utl1V\11f\lJEJ~ U«~LL1fl~DllenD~~3J1f'U~'U~ ') 'U'U 3Jn11V\~'U 

.... tJ ,.j tJ \1 tJ I d o A 1 "" tJ1 t; "" I 1 tJ .,'f L1f.J'UL ~tJ'ULL ~~ L 3J1tl~LR'3JE1 R'11111tl'Yl';l:U13J1E11r'U1tl fltl«~Len flfl~flD . 'U 
Ql Ql If 

5.5.1 1t)\lfl1'\JtH1il~fl111Hl'U (The Carbon Cycle) 
.. ~I 0 .... ' ..l ..1 ~I "tJ .... .... .. I ..,. ' !"I ..1 

fl11'UD'UL u'U1r1<11«1fltU1r1<11V\'U~'YlL u'UD~fl 1: nEJuen El~R'11 D'U 'Yl1tl LL V\~~'11 ~L u'U'Yl , .., , 
«:«3Jentl~fl1f'UDU 11t~Ltlu~1U 1'U3J1n 1~unri1'1rfl1fuDu 1flDDn 16Jl'<il ~~£je]£1L U'U11tl1n1fl . 'U 

LL~:~:~1tlt1UDUL uJ 1 ri1snU';l:t1n?l1JU13J1 L 1fLtlu1<11t1~'U L U"lJ'U1Un11i~Lfl11:~LL« ~ ~ ~ 1fltJ 
'U 'U ~ 

.X I' o VltJ !"I "tJ A .... I' I .X A .... ...... t; ,.j 
"lJ'U1Un11'Ufl11'UDU';l:tlnU 1 L Lu'UD~fl 1: nD'U"lJD~R'11DU'Yl1tlL 'V\~1'\.4 «11tl'\.4 'Yl1tl3JV.'\.41'Yl 

'U 

v.i'nDU«B~tJ1: n11fltl 1 utJ1: n11LL 1 nLUUtl~fltJ1: ntl'U"lJtl~ 1fl1 ~«i'1~"1Jtl~~ -lij;1<11 · LL~:';J::fl~ 
'U 

B£11 u«n1~tt'l.4';1U n-:i1~ ~ij;1<11ttu-;J:fl1tl ~-l-;J::LLt11« 111~ ni'u3J1Ltlun1snfnfuBu Lfle:JB n 1sn<il 
'U 

~ nflf~v.rt-l V.U1~t11:: n11~R'tl-l"lJtl-lau'Yl7unfiB -;J:: {) nu 1 L tJ1 iLUUL ~ElL ~~-l1 '""1JU1U n11 
' 'U 

v.1t1 t -;J ~~ent1~"1Ju1u n11d -;J:'Yl11 ,X ri1'1tfl1fuDu Lfle:JB n 16Jl'<il ni'ufiu«u11tl1 n1ffm nflf-lv.rt~ 
'U 

... r VI VI r ,.1..,.'1 .X VI "' · o 'I 
n1'1rfl11UBUL~BanL'lr~'Yl3JLUU11tJ1n1ffu uan-;J1n-;J::L~3J1-;J1nn11'Yl1-l1U111ULU 

~.-lij~1<11~~1~n~113J1LL~1 rJ-ltl1';1 L~3J1,';11 n n11L~1 L V.aJ"lJEl-l~ -l l3Jij;1<11~ n~1tlL "liuL nt1n1,1 

L~1L~ElL ~~~ 1 ULfl~a~tn,-n~~h-l ') LUu~u 

Plants 
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5.5.2 1g1ln'i'Ufl~l'U1'YI'H1l\..l (The Nitrogen Cycle) 

1l1~ L 'U 1 'Yl"lL';J'UbU'Ull1~~ijfl11lli1fTty11iuau1tJn111i1flfl1fu£Ju ~1r.JL~tt~LUUD·Ul 
'I ' 'I • ·; 

tl"l:nau~a" Ttl7Yiu LL~:~17D"U'Yl1v~'" 6J ~tl'V\a1u~.n~ LL3J11L'U1.J77mn1fl~:~ih•''-'1'Yl1L'tu 
LU"Ut~.Jf1'tl7: naua~tl"l:111m so 1.tlafLen"U~ LLflL da.:r;n nLij'U1i1~~'JJ1o"' 1L14n17n1tJDn;V1 

Lflij ~.Jl111 ~~1111iEJ1';JU13J1L ~~'Url'U.Yi 1.b'V\Ql.J~:~llll1~' '"1'Yl7L';l'U~~1JR1lJ11fl1l1 'tJLf¥m'tl 
'I 

~u, 1~Lbrlb n~a11U~ 1 UL~"l'Yl ~.Jyt11~1ll1"lt1~~1:'V\1~.J~~LEI1Elta.llal'U.Lfi1'Yl (Nitrate ion-N0-3) 
. ~ ·~~ 

';11nb n~EJLL 1~ija~l ui .JLL 1~~flli,XUL~EJU 1 L:tlttl~r.JitLU"Un7~£l:iH" (amino· acid) LL~:R1'7 
~ 

tl"l: naul u 1 'Yl"lL ';JU~l-b 6J LL~:ll1~ 1 u 1 'Yl"l~';Ju,-;J:Ltlua.Jf1tl.,-: nEl1.J11D"~-.a~u~un11~1ffl1r.J 
'I . . 

~1"Ui~1';1;: l~fu:rn~ 1 u 1 'Yl'lL';)U 1~unT~n"U~nL 'V\~1~u Lrlayt11'V\;aitrlfl1r.J~" 1i1fl'" 1fi1L1U 
'I . ' • 

~~:~3JEI~Lui1n-;J:tlnLtl~u\.l}tlt~LU'Ufi1~iLElli13JLUr.J (NH3) ~"flflll1fi1'lf~'U~:nnuuflflL;tJ 
~ ~ ., ' " 

A ..I .... 1 0 ~~ ~ A tl..l tl ... ... "" ' I ~... I tJ 
11'\..b~'Ylb "lr.Jfi11 nitrifying bacteria li1'Yl1 L'V\L n~n1"lb ~tll-bLL ,a" LL1Jfl'YlL 1r.J'Yln~11'WJ£l~ 2 1:L1l'Yl . 

tl"l:L1l'Yl'V\rt.J-;J:Ltl~tJULLUfl.JLLElll 1liL Utl 1 ~Lih-1.~1 7tl7:L1l'Yl 1 ul~1n (Nitrite compound) UR1,r1.J 

. ~1 "ldaa n111tii .JLL 1~~mJ ti1"Uantl1:L1l'Yl'V\it~ttu-;,:Ltl~tJ"R17th: nDul "lfl.,-,;'.le 'tJ\~LtJ"U 
~ . . 

~1"ltl"l: nau1 UL~'l'Yl (nitrate compound) LL~1~"-i1.JEJEJfl3.n.Yh l~~1fft'1ll17fl~~nauL-n'1 ltJl,Y 
. ~ 

tl"l: 1tJ11u1~f1altl 

ijbb ufiYiL 1tJEJ~1J1"11U~~ft1ll11 tl-;J:LU~r.J'ULLUL'l"ft11tl1: nDul 'U.Lfl'l'Yl L ~ft'fl1r.Jfl1LUU 
~ 

ihen1 u 1 'Y17L-;JU~EJtJniu~utiu71tJ1n1fl LL'UfllYlL 7u11Uflit 7£Jn11 denitrifying bacteria n11n1~u 
~ ' 

.... .... ... ~ 0 'l ~ .. I""' VI "tl I.,..~ ... ... ... ... .. I .. ...~ ... 
"lJEI.Jbb 1Jfl'Ylb "ltl11U~U'Y11 L 'V\1J"lll1tuft'1 1 L l-bLfi1'Yla~a.J .~· LLfiOr.J"lJU1.Jfl'YlL 'ltJEJnlJ'l::Lllfl\l\1-L"'Ylll 

fl113J ft'13J1 "ltlU 1Le:n ri1enl u 1 'Yl"lL -;J'U-;J1n'U71tll1 n1flli1LU~tl'ULU'Uft'171 ULfl7YlLU'Un171f~L -.ar.niu 
.... .... A ~ I ~... I . .~ ~ ... ..S ~ ~ ... A 

Lb1Jfl'Ylb"ltl11'U~~.Jn~11'Ub 7£Jn11 introgen fhcing bacteria uen-;,1nuuu"~~1f1f'Ufi1EJn1.J1"1f'-'fl 

~ijatJLl-b~u LLa:: lu~1 ~ijfl11liR1ll17tl';J:u1m1fi1'111u 1~·n-;,'"-;nnu17r.J1n1flli1Ltlauul~LtJu 
~ 

ft'1"ltl7:naul~ . 

I 1 ' tl" ~ I 'l ~ ~ VI 1 ~ ... ... ... "" ~ I.!' 
EJ"'l-;Jfi~11 ~tlft'1 L~11 LU1L)';ln7~El.J L'U 'Yl'lL';JUU';J:lJLL1.Jfl'YlL'ltJ111LntJ1ttiEl"EJ~t11tJ 

El~1.JUEltJ~tl7:L1l'YlflEI bblJflYiL 1tJ~.Yh L~L nfln11L 1.bLtJ£lu (decomposing bacteria), nitrifying 

bacteria, denitrifying bacteria LL~: nitrogen fixing bacteria ~"el1~LLR~.:!Ltn'l!fom:n11Yh"1'Ul~ 
~ I '~~~tJ~ 

~111bb~U~.J~El L 'U 
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Atmospheric 
lightning 

nitrogen 

/

Anim.al 
Plant protein~ "trogen ·fixing bacteria 
protein dect·e nd 

<1 and algae r ~~mC.U 
nilby 

nitrite ba 

L 

Ql Ql .e!l I 

5.5.3 1t)~f1l'\Jfl~lfHHlUl (Mineral Cycle) 

L n~EJLL'~~h" ') ~ "LU't.tti11"~l-L'Yl1~,r'" ';l:LUUU'l: ltJ'ifUflEli "ij:ni~ 1~ n~e)LriE)El~L'" 
\1 

1U"lJEI"ti11~:~1tJLL~1 «11~:~1tJL 'V\~1dE11~';l:UUEI~L u~u'V\7EIL uJ 1 13J11';l:LuuJ 1~~'V\1El 
\1 . \1 

J 1Lfl3J 1 Uli1 13J'i11fi~u11L '"1!]~ n1"1JEI"L n~md U1:: nElu~··.ltl'l!J~ n'l~Eltl ') tiEl"elUL ~ti1~\.L nu 

"'"' "'"' ... I :tl .J I'J A A ..t VI ~ I 

11l';ln1"LL 1nL 1"t1n11 Rock cycle LuU 1::tJ::'YlEltJ b U'V\ULL~:~\.LU';l::'V\~~E1Eln3J1 b~ b~tJn11~n1EJULLfln 
iiJ '\.1 ·~ ~ 

• ioi' 1,; I I 

rh~1tJ"lJEl"~\.LLL~:~UL 'V\~1'UU ';11 nn1 1 n7:fl1"1JEl"~ 1 ~3Jr:t1EJ1 n1fl~~El~';!Ui "ij:ni~DU ') 
.. il A I 1J' il .J o,..o,..o,....., .J -=1 I • 

L3JElLLtJ n'V\~~EIEI n3J1LL~1L n~ElLL 1L 'V\~1'1-t';l::L "1J13J1L ntJ1~U nU1!J';ln1'Yla'El-\l L 1tJn11 Organic 

1 A I t tJ tJ I'J ~ il A VltJ o..o .J I ....: -=1 -=lA 

cycle ~tJLn~EJLL1UU';l::~::~1tJ :: UElijbUU1U~16Jf3JLL'Yl1n L tJ-\I'Yl~1-\l ') LL~:~nti-\13.1111~ 

J"'V\~1tJU1 1tJ'l i';luLriEltl n"lJ~~ElEJ n3J1'V\1mriEl~ .jij:ni~L 'V\~1,rU~1tJ1tJ L n~mL 1 n';l:: niu3J1«:«3J 
\1 

1~11~1-tEI~LU~UBntrf-\I'V\d" 11-tLltJUL ~udL ~EltJ1tJ 
'U \1 
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u " .. ' ill'W 5·8 U«~H1{)tfl1,8~1fl08U1 

:l·. ' ' u ~ Alll.o:l.-
5.6 nT~8Q1lllfl'U,tl~a'~1J'Iflfl (Symbiosis) 

i~~~1~l3J-;h';J::tilu1f~flL~r.J1nu'V\1EI,h~1f~tlnunfi13J L~Ele:nt1vEir.J'1.'"1f3J1fuL~r.J1nu 
"' , 

. 1 .... ..1 "" I .., .., I .,I · "" I .., ""' tf ' !"'I 
· r.J£llJ3Jn1'lL nr.JT'l.IEl~~ElnULL~::nu (interaction) 8~Lft'3JEI fl113JLnV11JEl-3flEln-uLLa::nuu El1';1Lu\l 

lul wn,~twi3Jl.J1:: 1v1fiil~tL ri~1v'V\d~~1v Lft'V\1 El~~ft'~N~1r.J 'V\1£JLiJu lul un1~u ri-3LLti~~a 
111:: 1r.J1fii91El riu ri't., ~~[)1';JLL U-3~ n,;.m::-nEl~ tl11 £lij11ll nu£l£l nl~L UU'V\ft1tJLL1.J'UflEl 

Neutralism L tfu n11 a~11ll riu 1flr.Jl3Jii~1tJ Lfl l.1'tt11vu'V\ 1£lLREJLtJ1 r.J'ULL ri riutar.J 
I .,lj ..1 II ""'~.... I 

LLfla:: w1 tJ'Yl El tJ 1111 flU UL 1 un11 independent 
"' 

Competition LUUn11Elij'i11JnULL'lJ'lJ~U.fia:~1tttj-3L1un11 competitor 1:fl£l-3LLfl-3LLU-3 

LL'l1-3,Yu1.ui~~fl'£l~n11'i13Jnu Lc;u ~Elij £1111\11 LLR-3«11-3 Lilutl'u 
!"'I I I . ""' 1 ..1 .J .,II . A ... I A "' 

Mutualism Luun11El~113Jnu tlEJ'YlLL"a::w1tltJf~L1tJn11 symbiont 'V\18 partner flel-3 

enflr.JL~EJ~ariu ti1~~JJ1fl~1r.J'V\d-3~1r.JLflLLt\'1 ~1urtL'V\~Elfi"tlJa1tl11tl';Jtti11~:aifl£l~l~.,1r.Jtl1LEl-3 
Protocooperation LUUfl11ElU'i13Jri'" 1flr.Jfl11~LLfia::~1lJ:j-3L 1tJn11 cooperator fl1-3 

'U 

A .. I 1 .. "-~ I ... I~ .II 'I .II .. .!' .'1 ..1 • • ... . 0 ...... I \1 "" 
';J::LR13Ju1: tJ1JUL~LLnnu LLfl\I11J1flw1r.J Lflw1ti'V\'"-3LLei1 w1r.J'YlL'V\ftElnr.J~fl-3fl11-31f1fiEl~LEl~ Lfl 

!"'I I I ""' .jl.'l A A .. I \1.1'""' .I 1 ._. 
Commensalism LuUn11£lEJ113JnULL'lJ1.J't11w1r.J'V\U-3fJ1~L 1tJn11· commensal Ltl11.Ju1:: r.J«tf\4 

. 'U ' 

1 ..I.- .,II .. .. .... I \1 I... . . . .. . .. • I 1 .. 
flr.J'YlElnw1r.J'V\U~'l1~L 1r.Jn11 host UJ3Jfl113Jn~::nun1::L'YlflULUI-Utu1: r.J«tt.uLatJ 
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:'1 I I ... T ..1.,11 ... ... ... I \'ltJ Q,# t . 0 

Amensalism Lu1.LnTnltJ1111A\.UfttJn11flw1tJ'V\1.L~-Jf~L 1un11 inhibitor L uuu~n11r11~1-L 
'U 

( 

lljj t • ... all d d ... I I 
LLfl L11YI1~1tJ) anw1tJ'V\U~-Jf~L 1un11 amensal 

:."'J I I ... 1· .1 .. 11 d d ... . I _/ "" "~tJ 0 
Parasitism Lu1.Ln11Elij1.111n'U · fllJYlw1~'V\1.L~SJ1~L 1un11 ·~u711tffl" (parasite) L fl1~1tJ 

4 o tt _!-'!!! all A A ... • I 4111 tJ 1 fl' 
1'\1Elfl1 Ll'\EJnw1tJ'V\1.L~SJ1~L 1un11 host LRtJ~~ 1: tJ'7f'U 

f'l I I ... 1 ""'•'I d d ... I 0 4 ... ... 
Predation Lu1.Ln11EltJ111Jn'U fltJflw1tJ'V\1.L~SJ1-3L 1un11 predator fl1~1tJ'V\1ElR~'V\11EJn 

'U 

a11 A 4lll I .. f'l . 
w1tJ1'\'U"'L 1tJn11 prey L~ElLu\LEl11'\11 

Photosynthetic protisfl 

~· 

<D 
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