
~~ ~ ~1"4'1Jt 
Ecosystem and Ecology 

~,q 
Ecosyst=e.::.:m,:__ __ ~i..-11iJ..:..::.:::....~~,~~~:___--~-----~---';..-, 

• ,:r~~ (Difinition) 

~ ~~ ~ ~ ~~tc, •PM1>t<filffi ~~ lfr~ ~ ~~ ~ ~~ -e~ ~ ~~ 
~ ~ ~~~ ~'if ~ ~~ ~ <1>t<1l>tffiNi ~ <fl1\btij (ecosystem ~) I 

~ ~-~-~(A. G. Tansley, 1935) <111~til ~ ~'trn ~ ~ ~~ Ecosystem <'IS~ tf~ 

~~I ~~C~l<fi <111~Cti!~ ~ ~~1M ~-
I 1£1.1%f. ~(A.G. Tansley, 1935): <111~ti! ~ ~<l>f(;@{l1~iil<I> ~ ~ ffl~ 91ffiC<lC"Rf ~~ 
~ ~<l, ~ ~~1M ~ ~ '8~ '@m~IQ;@{l1 ~ (a particular category of physical 
system consisting of organism and inorganic components in a relatively stable equilibrium, open 

and of various size and kinds) I 

1 i5ITTl. MC<e~lil (Raymond Lindeman, 1942): <111~til ~ ~<P ~ ~~ ~~ '>i~ ~, 
~ ~<l, ~1>!1{JH<fi ~ (ecosystem is a interdependent and dynamic condition of biological, 

physical and chemical matter) I 

I ~- f9\. '<3'5"11f (E. P. Odum, 1963) : ~ ~<l>fu ~'!8~ ~~ ~<11'1 tl1'fNi<P 91ffiC<lC"Bf ~ 
n-~fG@m~ 1ff~ ~ ~ 'iflW ~ ~q, ~ ~ ~ 1ff~ ~ ~MffiN> ~ -en ~ 
~ 19 ~ ~~ lfr~ 9flffi:~ ~ ~ ~ <111~ti! <fC'1" (any unit that includes all of the 
organisms in a given area interacting with the physical environment so that a flow of energy leads 
to clearly defined trophic structure, biotic diversity and material cycles within the ecosystem is an 

ecological system of ecosystem) I 

I ~ (Clark, 1945) : 9lrnc<1c"t ~ '8 ~ ~~~ lfrS:tJ ~~ ~ ~ •Pl<11)1~N5 '>fN. 'SU~ 
~~I 

• ~~ (Components) 

<ll~~Cti!~ ~9Wifi~ -rfu ~'if '1:Si'if <Pm <Tm I 

<f~-(i) ~ ~ (Abiotic) ~q, (ii) ~ ~ (Biotic) ~9Wifi I 

(i) ~ ~~ (Abiotic Components) : <ITT!., ~. ~~C'11<fi, ~ ~'t, ~~~t>t, ~ 9fffi\!iJ~ ~ 
~ fflGT abiotic ~9Wifi • ~ I ~-oof lfrS:tJ <mI_, ~ '8 ~41C'11<1>C<I> ~ ~~ ~ I ~. ~. 
~ ~'fe<P ~ ~9Wifi ~q, ~~1>1 '8 ~ ~ ~,11ft<P ~ ~~ <lc'fl" ~ I 
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?ltQt~ ~ (~'i!'P't) 

c'f!M (1iWM) 



- ..., "1l)?'ll~ ~ >tln,l~•ul - a • " 

~-tllMI (Prhnnry Co1u1u111ur) 11,11 )1'1 ,.11 ~, 1, -.111,1.1111 lj,,11 ,1~l)lh1 ~' ,11,fj ~ltf M/111 UJ1ttll~ 1 
.,,~, 

Ill: dt~ ~C~ ~H.l-h1 tll 11lfi1,11 "11~1·11 ·11/11 I ,. ,1 •1•1 t..il"lt{ff ,, grtl'4' ,~1r,,1 ,:Jlfll , 9•11,,111» tll~I, '11•111 f1,f,a~'lf 

{C ~I 
~,4'1~ ~t~ (Soc:ondory Con1u1r1ar) 1 ,. ,1 r,1111!•111 •11~1,1, •11111111,1, ,11~, ~,.,~ •11'11 f 1, ,1111' tt'l'1 111,1, "l'iHf MR~ 

~
1
!~ ~~ 1 ~11IQJl'I- C~lr.'OI ll/111, .-,11~, fO'JlftJf,11, •p~•fl, ll1'~1"1 o t1Jlf~ I 

1 "'1'411-t -ttlf~ (Tottlury Con1umor) 1 1,;1 'l' l'!I •II~ ,11a11 .. ,,~, 1, r ~H•I ~1111 ft/,11,1 r,,tt,11 +JW,f1f'$ 1'" ' ,,,t)(~ 

1111) ~I, f ' I I 

~ffl~ t/1~ ~~ I Ctl11•~- IJIYI, ,,~r;, •J• llfl , DllGf1, 111~7tllf•I ,J1~11,~fl --~--=_,,_~~--~~ 
11111,~u~n tll~11111•1 

Gt'!~ ~•fllfl •l 

~, "":qill 
1· 

t11~1r.r~ 'lllf11 

• ~ (Characteristics) 

,_re= 
.. I 

-

.,, ,,,~ ,.,,~,,, 
.~.-;:-~I 

~,.J,11 jff 

It~""' '~··, 

;ififf ~ <f~~ ~~I f~cvi-e f4~1JI~ fl., f-,~1!'i1 ~f~I f ... ,, '6~1,/ ,~. Ji, Odum, 10!/ J) i,,-n ?f"rAr1'J 

11"4\9'A~1t.5, '51~ 1f(.\5 iil<f'ft f.~ ~1tr,1 '1l'f'l'lili ,1;1~ lti/l\1/~Wi11t"il~ ~l'li'111~l tJ ~~ ,.-1foi'l"I f,'fl,JI '>ffo !1 ,1,1-,p 

w,i ~~ ~<f '<i ~rCV'l'I ~~111-f j;f'ij~m ~ttJ f~Clr f.1f lf'e ,.,iti~.,,q, '6 ~T1 ~ "<Jl.rllflf•f'l1 "'1~1cfl(~ ~lt'l"t•l '4(,1) ~ ,,.~ 

wr ~C'lllfJ!c>t.J <11 <11~ (ocosystom) I ~11iliCCIJil ~c~~IClll'ilJ t -,P,~l'JJf&il qqf-

1. <A ~ ~,c-r CcJ ~•le-rt ,i;~cir~ <11\?~)~ ~I ,11/iqj ~lf<t~ 1(1 if-0 u1ti1 '<J oJ,]·9 1-1fol/'T(,"I~ C11l'>Pf9' I 

2. ~ ~~, ~~ ~<fl~ ~"lf'lll FfCll 'II~~, ~,11frc, 4'!lf ,·,11f.1q; t(;/<V'H•I ~~h, I .tm '!J/ ,,qy (,WJ(,l)f ,,,. ~, 

;i~?lqi~ ~ 9IIC::<"f, ~ 9.(fC"iril <l~rA, 'lih'IC'lf~ <tl~llir4 ~I '1JfZl~I~ .-11,1ftl11 ~I~ w4 I 

3. ~~ ~rrt~~r~ ~~ t,,,,l"ft,r w~fo 11<111 •lfir'l'I ~,,,11~1,r, ,rln~ <01.-11~1,r 1<J 1<.1'1M ~,,,,,~M , 111 ~u, 
l!lm ~ l!l<T>~ Fl~ f.nrD( "<fc'D llf<1~ <tl\f;I.OCr,i ~,~,,,,u <l"rm ill~! I 

4. ~ ~I 'il~iltl, <t~r,f ~11¥ '{j ~~r<t 1·1111-fl•l"JWf~ ;~c'1J ~f•l"h1~ 111ra 1:6,1 ~uJJ w1C JPJ,,V tll'l?l<t!IOgf 

'I1' ~ I ~ <Tt1~ '1f4'11 'ilfw11~r <IJIC-cf'/ 1 

5, <111'-'Cr.4 ~ '<3 ,~i).q ~ 9111-f!C.ril ~,~itl'I 9!Rl-<t~I •4b~1<i >li/UI~ 111c•1IC'JJf 'ifilti 1111li~ ~.(i/',11@11t10 "'"''" I 

\!l~ <ll1'5Cr.il~ 'if~:figr ";fP~I (Dynamic Equilibrium) ~C'Vl l or C1tli•II .;;f;•,,~ <ll{P.l!lf.6 ,,~.fJJqy iil~fJ11,·,m1 

ffll15i° ffl I 

6. l!l<fift <111~ el"~ ~;)~ ~ ,~fl<T ~~11~1•1 ,.,~,,,1,'f'I C'Til(}II llf1if'O iB~ll'11i,HJ f'l~Jni 'tfDt,"I 'fll'j !d,(MI 

~~~I 

1lltl 'O ~-10 



~· '1$13 ~ ~i. 
7. ~ <11<J!lotll! <s'1;C1!1! of1! "'<11 (l!ji, el<!rl!ili1! '!\"ill "'l<'lfil .. ~ ""1:<i', <ll<J!IOCIJI ~ ~ ~ ~ 
~ . ~f'::j!'3C~ <t~C?I~ 9m ~ ~ ~IS/1NH1 ~ ~~~ ~91~<1fz;\!> I ~ ~ 
8. ~f'::j!'5Ctlj~ ~ ~~9f1"t--l~a,\!51 ~ . ~ ~~ ffltt'BT '69m ~ I ~~~ ~~~IIC~~~~~~I ~~ 
~~x:,Cti1~ ~~ 
Classification of Ecosystem 

~~'1'5lc~ <t1'::j!'5tllC<fS 1_~1C'i'f ~'it ff l;fW 1 ~Qft-~PfN><fl (nat ural) '6 ~ (artificial) ~ I 
A. ~,.~.., 'sl1"'lll (Natural Ecosystem) : ~llblf.l<P ""'11-flili<P i;;"'1C1! ~ <ll<J!'OOll:'1' ~ ~ I 
~~ ~ C~ '111-i_C~?I" ~ ~ ~ I ~~ <11~ \!531 ~ ll,-~ ~- ~I 
(a)~ 'sl11ollJ (Terrestrial Ecosystem) : ~ ~,t ~ <ql'!!IOIJI ~ ~ ~ 

1 '<ltfil,;Jft; (habitat) '!11-J:~l!fl "Im "hi; 1!<PC>i1!, C'l1r-!- (I) """i'111! "l<J!IO IJI (forest ecosystem), (ii) '!' 111 I 
°<l l'::j!\5~ (grassland ecosystem), (iii) 11~ ~?1 <th~\!531 (desert ecosystem), (iv)~ <111\!5~ (tundr~ J 
sy

st
em) 'G (v) ~1'61--lt <tf1'3~ (savana ecosystem) I __,__..,...,,...,.....,..,... ..,.,1=rr.:,., co. l'i 

(b) ~ ql1'631 (Aquatic Ecosystem) : IS/i;i\51C'l1 ~ <tl1\!>QIC<P ~ <111\!>QI <ftaf I~~~ 
'51-i_~tm ~m ~ ~tC?l?I" ~-(i) ~1':i_lStCi;i?I <111\!>QI '6 (ii) ~~<fl <111\!>QI I '$f. ~ <111'6~ ~ ~ 
(lot,c) 'G ca,--if&<fS (lentic) <tl1'3CQI ~ I tl<l~~f--1 iSf"'1 ~~ ~ <ft ~'Bl <1l1'3til ~ ~'I 
9@fb'5 I ~~ ~ ~. f<tc,- <ft~~~ <111'6~C<fl Cc1--lffl<t> <111'6~ ~ I 
~l~<fS <1l1\5C~-st ~ lffl" ~'it ?!me~ 1 ~~-(i) '\!ll"~ )!~Ca?! <111\!>~ (shallow marine ecosystem) '<3 
(ii) ~ .>i~Ca?I <111'3~ (deep marine ecosystem) I ~-=-i"""' .,t;;n,-,,._ 1 
B. ~ ql1'631 (Artificial Ecosystem) : 9l~<t>f$1'6 <ft '5l"91ffi<t>f$1\!>"5IC<I ~ ~ ~ <111'5~~ ~ ·1 
<111\5~ ~I~~ <111'-!lC~?I ~~~~I ~--1)(JC'tf>CJ!?I <111'6~, "1~C?l?I <111\!>~, ~tC<t>Hilrn{l~ 
<111'5~ ~\5Jffq I 

I 
2l ..... l-$~f?5...o.......<fS (Natural) 

I 
I 
~ 

(Terrestrial) 
I 

I 
cq;i~~ ~~ 

• (Forest) (Grassland) 

~l!l.bCtj\~ el41~C'S'f (Classification of Ecosystem) 

I I 
~ (Artificial) 

I 
~ 

(Aquatic) 

~ 
I 

)ff\Sf.it 
(Desert) (Tundra) (Savana) 

----------1-----, 
'$f_ ~ (Drinking Water) 

I 
I 

I 
Ca-t--lt&<ti Ca-tt1u4 
(Lentic) (Lotic) (Shallow) 

'l 

I 
·i 



111•11 _.,r,,:r P,, - t 
,. <113!\0~ "' 'll:fi4~!1 

~ -----~ : _ ___,.__. ------------------------~~-~~-
"~ (Definition) 

!----
69 ,m"f ~ ~<l~IMI~ ~ (Ernst Haeckel) !IQJll tJ.C111l11Jfifif •l~fO 11flf/Jlff 7J»(,l!,r I fi(,p itf'1f qQPl"f 

t8kos)-Jl~ 15tc( ~ ~ '<ll ~ ul<l~ Ccil1C'l11"i (loaos) -l!li'f ~of f'116Jl•I 1 '{jrei(r• (,tJf/Vlfiffl ~~ 'Zr,,prurfo, Dlif 

~~ .w,~ ~~ ~ ~ 1>f~~C1'1~ ~l0!1ff.\fqf f <t~l•f (tho study of the ralatlOn$hlp "' 

nisms with their environment) I 
orga 
~ ~451¢1~ ~ ~ ~ (holistic view) ~~ l(tl I t11~ 1.ti1r,ei( '11~,r('''lr.r tJQJ/J ~f<it~ ~'>Jf.~1 

~~91~ ~ ~-st '11fffic<1c-rn ~ ~ 'N~ ~~ ~ 1•11 211-pfui'fl i.~~.rr,,r!I 1rq;r~4ft;.r.f ~r,"IGf 

91
'1'Sm ~ 1 1900 ~ ~ c~ ~~~, 1111~~1.f, 'J_ttiar,1,r f-,~1,r ti~~ \~rrrn;afr,,rn "'fflJff M~< 
~ ~ I19so ~ ~ ~ c~ ~~~ '{1J.W ~'l't)f 0 f.1<t"' o.rJrr.~ 11:.rr'Jf;r~ 71r(i.;rt?,n•r 

~ -si~ ~ 151I~~ ~ (Interdisciplinary science) I <Tt,pf~fl•fC"1' f1~1,r ~r,r ~Rf'f ~ 

~ ~~ ~ ~'Sf C\SlG~IMM, ~<l~IMl-i ~~~ ~t~mlW11 ffl~ ,ru.ir4i 1TClffJb' I 

~ ~ ll.lt~cqc\SC"i?l (Macfeden)-ui~ 1lt"5 ~C<l>t61~ ~ ~' ttttit ll!"T~ 9/for.-,c•t~ ~rr.'fJ ;rr,.-r-11 

~fqa~ '8~ (E. P. Odum, 1971) 1lt"5 <ll~GCQl?l ~~ ~ ~ ~r~~ (ecology Is the stud I 

of ecosystem) I '8'\'511J ~ ~ ~ ~~ 18 ~~ ~~ ~C'flnl.•T (the ,tudy of the 

structure and function of nature) I 

~ ali<IC>i~ (C. J. Krebs, 1972) ~, ~~ ~ 18 ~~lC?Bf ~:fhrn ~rf;rTJ ~r~r&•lTC~ 

~ <lilci~ ~ (the scientific study of the interactions that determine the distribution and abundance 

of organisms) I 

• ~1'JM501~ ~'tt (Concept of Ecology) 

~ ~ ~ ~ (Ernst Haeckel) 1866 ~ ~~ ~C<ISl61~ (Ecology) •~ ~.r~ ~~;r I 

'Ecology' I!!~ ~~c~~ ~ tffe ~ ~ ' Oikos' I!!~ ' Logos' I!!~ >i~fclC~., ' Olkos'-~ ~of ""qf ~~rr-T 

~ 'Logos'-ul~ "51"(~ ~I~ 1lt"5, <11~M'1.11 ~ 9if'~ <l>i<IP1<1>lffi ~<l!C61i'1 ~ ~~~,r-ti 1.3 

91ffic<1c-ffl ~ ~~ ~ 18ir ~ ~ ~ I i.!l~ <ll~~qjf~ ~ ~IC6il6) ~ ~ <r~J I ~r,-4 

41i!M'fml ~~'>il~A~ ~ ~ ~ m~ ~1ca,t6.:it c:ism ~ 1 
"' 

~~~ 

(Population) 

W~'1I~ 

(Community) 

<lltG:J 

(Ecosystem) 

'2ftC1n1r 
(Blomes) 

~$11 

(Biosphere) 

~- ·<nltfif~ (E. Warming) 1895 ~ <11"~M'1.lrn 11'~\fflll' <IC'1Cli-t-"The study of organisms In relation to 

their environment." ~ Qft~ ~ 18 ~ ~ frtrn '5llc.6ll6-il ~~~~I 1;5m:~ffr<PR ~r1Rq CU'\Sf117P 

@Cll-U)f (Fredrick Clements, 1916-ul~ 1lt"5, '<IT1MqJI ~ ~ ~f.T (The Science of Community) 

~ ~(Charles Elton)-1.!1~ ~. ~1 ~ ul~ ~1rl~<t> ~Ii>~ ~M~P1 (Ecology Is a scientific 



' 

◄ i• . '!lh~ . 

natu ra I :,to ry) I 195 7 >!1CII 'IJ1'15C"-Sn ,i (a\ rt\sh eco loglst Ma cf a dye n) ~ '!I !Illini '111:,t ..i: ~ 
~~ ~~ ~~ ~m I c-qs, <Jll'S~~ (K. Fredrlchs, 1958)·1!1~ ~. ~U ~~ ~ ~ 
~ ~9ftl11t-\.>fi(C~~ ~ ~ ~~~ (Ecology ls the science of living beings as members of th 
whole of nature) I~-~. '6~ (E.P. Odum 1963)-1!1~ ~. ~'1 '6 ~ 9frnr.<rr.-rn ~~=~ ~ 
~ ~~ (Ecology Is the science of lnlerrelatlonshlps between organisms and environment) 

1 ~ 1971 ~ '6~11l ~~ '1~~ ,qC~C~i1, <t~~l ~. ~ ~ ~~ '>I~ '6 ~~ ~'Ulro{ 
(Ecology ls the study of the structure ond function of ecosystems or nature) I 

~~c"ic~ ~ '-?lltcei1o-tt c~ ~~ lint ell~~~ ~w ~ -qt 1S1l<1,s,~ -a ~1/df ~9f~'iffem 1fr.~ 
~~ ~ ~~m ~ ~ ~~ ~ ~~ 'ifC\V ~ 1!1<1~ "5f~~r~~ 1(3 ~f%<1J~ ~ 
~~ftf.mlmN, ~ ~ ~~ 91~rn~•'il ~91 ~~ 'i~ -e~ <Tl1\!i~ \!>~~~

1 

~,,~'tit~ ~ ~~>i\~ 
Basic Ecological Principles 

Ecology ~ ~ Oleos ~ c~ ~ l.!l<I~ l.!l~ ~( ~ l.!l<I~ Logos-I.!!~ ~~ ~. 15l~~ ~ 
~~~~~I~ .>t~ICISf-i:1 ~ell~ '6 ~ -sf'>t~ ~. ~ 'ltl'lf 1Tf.l<ft'>lttt ~ 
~<l.:i~ti.!ltC<15 ~'Pf ~ HC~C~ ~ ~ qt Environment ~ ~ I · 

~ ~ ~ l.!l~ ~~~~"CG,~~~ l.!lt<1S ~~ ".>t'C1'>t l.!l<l'~ 1(3~ ~ ~.ig~ ~ ~ 
~ ~ 91MC<lC"'rn ~'if ~~qt~~ (interaction)~~.~ <111~til <Tl Ecosystem 
<ID1 I ~IMt~ '6~ {Odum, 1966) ~~~ ~ '6~ ~ ~ <W~\bt3\C<151fu ~~ ~'>1 <liC-i:IC~ I 
(a) 1C'6f~ ~~ (autotrophic components) '6 (b) 91-i:itl.5~ ~~ (heterotrophic components) I 
~ MIMl~t'1-i:1 ~ <111\bUj\ Pl~~~ ~N>.>\il_Q. M'1J1ltrl-

1. ~ ~'i'f~ l.!l<l'~ ~-sf~~~ l.!l~ ~~~I ~"f1!l9f ~<Im,~~~ 
>i_($1N ~ ~'i'f~"C<l) ~~ ~'t ~ I ~ <111\bCtj\-i:1 ~~ ~ -sf~ ~ ~~ ~~ 
~~-1C'6t~ l.!l<l', 91=i:!C'6t~ 1 l.!l~ ~~~ ~ ~ 1(3~ H\S-i:i~ I 
2. ~ ~~ ~c( <1trntRr~rn (biosphere) 1.!1<1$ <111\!itil ~ ~ 11.!lDRf ~ ~ ~ ~ ffi, 
~ "3fC163P (hydrological cycle), M~H<15 ~ (chemical cycle) ~ I ~'>iJ 8T ~ ~~ ~~ 
1£1~ ~~ H ~ ~, l.!l~ ~ 63P.>\il_Q. l.!l<I~ ~ ~ ~ ~~ w'ittft~ 
~~ --®, \Sfc'f '6 -i:11.>trnPl<iS 9f'1t~ ·~:~11~ffi\!) '6 '->l~m ~ 1 

3. <1t1\b ti\ ~ fflffl 1 ~ ~~ ~ ffl~ ~ cQft<15 ~ m c~ ~-sf~~ ffl't ~ ~ 
~I 

4. MIM1~ ~MllJr-1' (Hallman)-1.!l'=i:I" ~ <111\bCti\ ~~ ~~ ~ ~ I ~ ~-(i) <111_\§C~ 
~ ?fln( ~ ~ .:it, '1~ 11_9lt~M\b ~ I (ii) ~ ~ ~ '8 ~11~ I (iii) ~ ~ ~ 
~~f${lt=i:I ~ <l~llt.:i <111 \!5ct11=i:I ~qt~~, 1.SM~Jc\!l l.!l~ <1t1\bt11 ~ 9frn<1f% '6 91rn~,~ ~ 
s. <1t1\!ittil '5ftl9t<1 l.!l<l', ~-sf~~~ wm-'dfQi@m ~91ffi<1'6~~ ~ ~ '.>tmT l.!l'=i:I" ~ ~-cajit ~ 
6. ~11Ni<I> M"9f<ffi ~'if~ 'G'Qft 1111C~=i:I ~ 'ffiN><151-i:1<15 I ~ '<lrU'f ~ ~ ~'1 ~ 'Ji~~~ ~~~ 
l.!l'=i:I" ~ ~ ~ ~ <lffil 
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.,,,. 
, ,1 , iltt)l\031 ~ "11i1n1111 ;;;; ""'1,, 

)!::::i:ru11 ~ l~lfl I, 11,.,1.~n •11.111 ,,111 ••~••11 "'l'I 1, ,,fl ,11,.,1 ,,1 ,rr, •rDiff ?!'"1'V a,,,,,.~ 1 ti?, ?t'lif-1 'lfiW 
1, ill 

1 
'f\l•lllfl'll ~~•1\ f,1,ir,,1•111 01,vi •llr,il 1 

iir<i• ~"fl ,,vu •If ~~11• 'Dl•I f1<11l1,,1fl ~fll f,1111,,1fl ~lfll •lffl~lf'I ~ 'Jfi I (I) 1fo,nln Y •4"4,(1,n '11'11 
411 

I ~,~,"l r. ( 
8, t~'!llll ,,ia,111 11111.«t' I (II) r.11•11,.-1 r.•W,•11 'l'l'r >I' "'llf~, I) IJfl ,; .. It( ,,,,~~ ,.,r,, 1,,z,11,1111 (If I 

~~~:~t~fl ,11,111 C'I "/ 'i)oM fl l>llflf •l•P VIP •r•l~I •M ~lfl ~lfll 'I' "1•( t111 •,,1• ti &If ~b '
1

111 11 'f ~,, ~~ 
,, ~lli [.111~r.<l'fl <l"ifl f,r-un•ll'1 11•11 (I) tlrWlf•tfl •lfn~l•I ,111,•ll•r1l",fl','I~ 11,m ,/Ill .,fo~J'f w(,1 
''911~·,~r.AI .

11
1 (Ill ~ft~i;io c,'n11"lf tvc'T1 c11ie1<,'1 i11,11•1f•1tv •If ,,w1 ,,ztll ~f~ !J 'llflif ~hf YJip(q1f;,, m if,~, ?titJII 

,pii,I VI ,·r 

~1cc11 ,rt I t ,,., im :ifl 't ,,, f/ 
PFr.rA (.II r,~1~,-,,,.,11 ,,~Ill fl/lr.1 'Cil(/l' i.'rlC•II 11to(,M nlf fl •I~ ,P~/,~ 'Ill/Al ilf I ,f (//AJ~ •H'.I ~ , 7 ~ 

1 

IO, ~It,,; ~ f fl# •I ~, I 1?1 IO t ~ Iii I > 11>1 f ll <fl <I I fl I,~ 1 IVf!' tr,\ f •••I (I/J""/1 •l,;,t, I 1 if ill 111 ,;1,'I I (,II tJR,~ Jll '-IJ~I I/~ 
~ ~ •111.1111>lr..q1 '>p1f,<4f~ t1fa-1il' 11 'I lornontutle Sy1tot<1' 11,,i I f,w11,11nl <!I 1"'11A f!P/fO 10"1~'1'~ 
fili11l''" 11) •llijJ >11"/IC:I~ •,iii!\¾ 'If "I r.•11,<1<1 11\'l(llil, fl! f >'111il1>''11 1t.tlll •llr,'11, 'Plff~ ,1f 01,n~ l/lllf 11 ~I ~ 
c4'11 'lli"r.~ 111:1•1 'Pffc>J{! Jr 11'i!llitr,ffl f.w,, ,,ii Oll •ii I (11) •11~1•111111~ ~~~•J• 11"'1 l,+!IPI "lrlr?Ml'/1~ 
;iro11 111¥C1, >J~~I\ f~~l'-i'l'llil '1'illll •ll11t1 I (Ill) 1.'Pll,•11 tlo!lf'll VII/I(; 1/;W•II tll~ otPl!i ~JJbl/4ff 
p<i(i, "'1 ~'!'!ii 10!1 TI ~IC .qi I 'P WI ~ 1111'" Cfl! "i'•I • I "T q;'!J I •I fit <li!lti1 r,,r 1 (~~ff -lfu 1,'P tlfbl,lll~ 'P!lt 6 +1 lll.f I 

11
. -,fw•1f,11 ,11/!f IYIG"•l{l ~a~I ~,,111<.11 1fl'ff r.1111,qf '1l\1'!iGQI ~1fo1JJJ,r ~11.,11,-t1 ,,11,,?r I 

12
, w(~ "'11'l'o.c;1ff ,,r.11,, t1or1\qm ll-•rf1,1111,>1n ,,,m t111f..-.q1 f,r41wrn f.111,r '>11'1 '111,ff 11t,111..r t111il 1 ~ 

~11r.~ ~rr-r1' Zjl6(1Jt!l' tnr11 ~)Gl'f cYll'1I '1 11(,VI '.11 f'l~tA~lll I 

13
. ~1f'1"1~1 Cl!!'Ofo •1, 1o1~~"1ll ""'l '''11,.•rl~•il ,;r.n 1r.<11 • .-,r c,r, ~:,f1-.11,'la ,1:m t1"11W!I W/IJ •JflMiiffJ 

/1'1!1 11~ 1r,111 'ltr(l,'r ~lb 1J'4'<T1 ~ill~~ -;1c111 ,r~f;1dlG'I~ ,,r,qJ ,ff•f tflillNi~ 11f'& c,Jf 1 

14, '11'~\!l[.r,\ ~~~l•JC~~ ,rctiJ ttrf,fO v~~~l'll~'I <11 l!Jolatlon till~ I !,ffJ(rt ,n,.~11 «lf'P l'f~fO Z,~;1ff!I 4(~ 11n1D 
111 ~f.1r.1r.•I 11'1 'PC ff I ClPl•I ~I WI c>lff tm~ >il<el•il "'f•'lf,of 1 •111-1 -.~,. • flll,ff •ii I •J1fi'ir;1,11, ~ !i .~q•~ 
,~~111'1 (,f!'11II 111111 ~Pl•f, f.r~4lll llil11C'IJ 41•(~, f'l"1llf~, lill!il ~"If~ ~1~11 'Ill(,"' ~1,1 iJ,f,11 In 1 '11'1, f ,1''f/8f 
1r~I ~ltn~I 'illf.~ 11,1 <T1Clf ifl I ill~ ~r,fJ <ll~~CrA ~M ijl,,IC'O~ 1t1~11I liJ4tl~t'li~'f "11~1~ vf•ff ,fo(,»1 ,rr-r,',f ti ~,f,f 

(cross breeding) ~lVJ '111 C"fl ifl, iil<f1,fllif 'il(?Ff'll'illciia ttil .,fltf<f I 
15, <l~Wffl '11 Ecology-~11 \{j<ll'fO ,~, Q~ (JJ, ~M ~,,,11;'!1~ ~~l•l.,l•!f,U<f ,IG'1J 4/flr1b t-ll•J1'~11, 

1

11r,i,;£(.tl1' 

~ll'fl 151ICVi, (prfnclplcs of succession) I ~;r,1 'b!P(~,rf~ ~C"I c,1 J'i)t1ilfl~I• f~~, ,,ll~f,n 1Jr,11 \tll11 !il(,•f1' 1iffo1£~1 

·~me~ 1 ~<1M~I~ f:t,.u1•t ti~ ts~~l'iriit~~ 1rct1J "1'< &ucco~~lon '!.flMij.Bf 1'U1•1 r tt~ w.~ ~f~~w,r~;a 
<11lure11f.r~ '>!fo~r-r Siu (fiWf ~r!Gv( I 11'41-

(1) ~I~ ~,(/1 (phase of nudatlon), (II) ,,r~ctl"t-1 ~M (phaso of rrtlgrotlon), (111) -11 J"ft,.•,w1n 1rr~ (pha'to 
of ecosls), (Iv) ttRfWJ114l(/T <r1M (phaso of reaction), (v) ~41fir\!i1'Wl (ph,1to c,t ,tobfl11;t1t1vn, 

16. ~l'it~ Cl! <f1l~~~r<Tf 9'Kl'fbC7m ttr~I llillC~ i,i?l tfl~l lf1/•I V~•I ~,1;<,Jllf C'1«~rn .til(,1' ~ ~I '1 ~J ~If !I "'~' 

~ I ~~ '1,r~t~ \!Jf<1~1cq; ~rt ~r ~1,;rfltq;criM I Clement& ~ "'lf~·1<1ic,r~ 111~1,,<P 111& ltilt/>I ~,,,, ,.~r.1r;~., • 
(I) ell~~~ ~~11 (primary succession) '<$ (II) dTl'I ~r.Jd'i1r (1oconcfary ~uccuulon) 1 

11. -1~ ~ijm~~ \51if~ ~~1<i ~,~ ~<Pro ?JCll<fl llif•f<.f•r 01,11 111il 1,w,!, 11;1~ -111,o,,u~ ,,,111 "'~ro 
~'Pf(fi tmrt \5irDJ I ~ ~~<fll~ (Whltakar) \JT(;<li 4fG t8tC11 ~r,,, ,r,,:1,1,1 I 

(I)~~• '<3 t°<l~~ ~I, 



(ii) ~~ '6 \S~~ '>'fffi<1<tcr1~ ~. 
(iii) ~<111-ll ~~ ~ . 

(iv) ~tf <ll1~Ctll'!'l ~ ~ I 

lS. ~ ~11N5<t1 91~ C<lt"i'!l '698f ~9f ~ cn1\!lttll 9fffi<l<$rl ~ I ~~~9f ~ ~­
(i) °ltl-IC~'!'l' ~~ ~ (~ ~~ ~t~Yirl), 
(iii) <lN~~c~ ~ $stfN5~ ~. 

(iii) ~ 91~t<lt-1 ~ '6 ~)!~,~~ ~t.:it~R\!l<ll~'f I 

I ~f\f f.hut11 Aet,t 
Division of Ecology 

<lhfM'i.JIC<tl lj_TT, ~~ M\Sft'>t ~ "<!Im ~. <:r~-~C<t11ai~ ~~ Pl1_~C<tll61~ I 
A. Gf&~C♦lc-t~ (Autecology} : c.<:r <ll1M'1.II~ ~~ ~ ~'if 91ffit<lt"rn' ~ 15llt6\I~ ~ ~ 
'®~c<11taif¾ ~ 1 ~~ <ll1M'1.lt~ '61tcaitl>J ~ ~ ~~ ~ 1 <l11M'1.lrn ~~ ~ist ~<lS<l> ~ tJtc1'1~ 
~ • .;wl<l--ll>3P, C'51t"i11f¢!<15 ~ ~ ~ 15lltai1f8\!5 ~ I 
B. Pi-(_~C♦lcii~ (Synecology} : c.<:r <l11M'1.lrn ~~ fi~ ~ ~ ~'if Yfffi t<IC"l~ ~ 
'511tci1lf6\!5 ~ ~ Pi1_~t<P161~ ~I~~ <l11M'1.lrn fi~ (community)~ '61ltaitl>J ~ I -,a~~. 
~. ~'lt ~~ i::fttR><11 c~ ~ ~ ~~~ ~ ~ ~~ ~~ ~ ~<1.:i~Mrn ~ ~ ~ 1 f>t-<_~t<11tai~ H~f¢1~ ~~ ~ ~ <:r~-
1. --1'1.:Cc'l"t-i l:c♦ta,~ (Population Ecology} : <l11M'1.IH1 c.<:r ~ ~~ ~\Sf1N5~~ ~~ ~. 
'51l<fN>, ~ $ ~"<I", '>'lffi t<lt"1"1l ~'if ~ ~ '611t611f8\!5 ~ ™ 9f~ ~t<l516\~ ~ I 
2. C~ l:c♦ta,~ (Community Ecology} : <l11M'1.II~ c.<:r ~ ~ ~ '51~, ~ '6 ~~ ~• 
~ e<:r c~ ~ ~. ~ c~ ~ey ~ ~ ~<l<ft61~ ~ey ~ ~ ~~ c~ ~ 
~~ ~ '6 '>'lf¾c:qc•rn ~'>1 ~ ~ '611taitl>r11 ~ ~ ™ c~ ~t<1116\~ ~ 1 

3. <1lrnt~ l:c♦lcii~ (Biome Ecology} : <l11M'1.II~ c.<:r ~ ~~ ~ ~~ ~~ 9fffit<lt-1 <l>i<H>ictittl 
~ r:i11~t<P ~~ Rc>1c:q ~ '611tii11l>r1I "<!Im ~ ™ ~ ~t<tlt6\~ <fCc; I 
4. Rsfill:c♦lc-t~ (Dimiecology} : ,q11M'1.II~ c.<:r ~ ~~ 9f'1_tai•ttr1~ 91ffit<l"lrn ~ '61lt61lf8\!l ~ ~ 
N:i~C<Ptaif¾ <l"taf I 

I !:11'fN>• ~1'f"ti1 
Natural Ecosystem 

~ '511'-IIID ~11R><11 :qf1\!5t'il ~ : 

• ~~ ;qN!<.!>tJI (Terrestrial Ecosystem) 
9Jf~ <!11\bt'il~ ~ ~~ ~'51 ~'if "<!Im~ ~-(i) ~l<fN><tl <111\!5:'il -a (ii)~ <111\!li I~ 
<!11\btlll<P ~ ~~ ~ ~'if ~'if "<Pm~ <:T~-(i) ~~ <l11\!5tll '6 (ii) \Sfai\S1C"i'Rf <111<!1 I 



.JI-:. -<11:s!"':!f 13 ~ • .:t. 
~ ~, ~, ~~ ~irn 9f1~1~ mll ~1%mrr~ lll~ ~ir.t ~ ~ <'rf(J\!/f,tJ\~ ~ 
~I~ ~tfA ~~ <111\!iti!'ij_~ ~-

~'tfo ~~llm 1111,~fmt wmr -;rr.s-r.tr 
~ <fl~~ <11~\5'~ <'Tr~'Sri\ 1r~\!I~ 

(forest (Grassland (Desert (Turidra (Savana 

Ecosystem) ..,...,,,.,=--a- Ecosystem) Ecpsystem) Ecosy,tern) Ecosystem) 

JI~~~ ~ ~ <111\!itil'>lFf ~~ ~"9'1° ~ ~ ~ ~ <110Ttlf (blome) <Mt~ I ~ <ltC~~~ 

~~I~~ >1~11&-i:11ci4 151Qft~ ""1r~ ~'1Ff l!l~ ~~im M,NHI 1J1:ey ~I~ 

~ ~ ~~ ~. ~ ~ l!l~ ~~ 9lffia,f11,0 ~ I ~ ~"9-cuf <11C{lllil~ ~Jill~~ 

~ 1$tt)e1RsM<1>, ~,xjf?sM<l> .rn-1 ~~ <1110ct11-i:I <I~ ~ ~~ ~ w1.1 ~ ~ 

~I 

~ ~ ~"9'1°'1Ff ~ (Plant Region due to Latitude) 

~~ (Latitude) ~ ~ (Plant Region) 

0°-20° ~ 
20°-40° ~'l'j~j@{l 

40°-60° rirN>iflc01~ 

60°-80° \OU 1 <filu <1> ~ 1-U 1 ~fG<l>I 

• '1<fl~~ <tN~~tji (Pond Ecosystem) 

~ ~1~\!itt:ij-i:l 1JC~ ~ <111"til ~ W9i'1 <11'~0tll 1 ~ <1110c31 <1110tll ~ '6~ ~ ~ 

~911'1R M-i:!11Sf~lrf, <i~- ....---e-__________ ---~ --------------, 

A.~ ~~ (Abiotic Compo- I ~~~ I ~ ~ ~ 
nents) : ~~ ~~ ~ / · 

~9fl.fR~ ~ \Sfaf, ~ a~~0 
1511~, ~9f (sediments), ~ 1'~ 
91'1t~ (c~. VJW, <1>t.f~~c~'G), ' ~ 

~ ~ 
~'i% ~~ (<ttt~, c'iftct 
~~. ~Cci4!<1>) l!l<I", ISfajC'~10) I ~·•::; 

B. ffi ~~ (Biotic Compo­

nents):~ tit~ '<3 ~ ~ 

~ ~9ftqfi I ~ ~~ N>ril.5I C'>'f 

~~~~~~~~ .... :~-,,. 

~: 

••• ~- •••••• , •• • • '.\ ..... .t,:,.":· 

-~·::~:-9Ll<if ~~&!C{\~ C'll1! 

1. ~'-~ (Producers} : ~ ~ <11flb£ 

, 

~:::,7 , . 
. ,.~~ 
-~>--

~ ~ ~ ~ 'Wt~~~ ~ ~tfA @~~ ~~ I l!lm CSS1C~lfilsai ~ ~ ~WT 

~ltii!l<fS~~ ~~ ~ ~~~ ~ I 



r 

i- ~ ~ ~4~C'116f ~~ -~~-, ' ---------------------2 · ~ (Consumers) : ~'iC<st~C"f~ 1f'C~ w9' irrt~ ti~ I ~ irrt~ ~ tt~ ~ 
~ ~'iC\51~ ~ ~ iot~'1f~('~ ~$ct ~ I OOtu1 ~ '6 ~ lolC~Bl'f~ W9' ~ ~ 
~~ ~ ~ ~ <ISC~C~I >IC-11!b ~~~~~I 
3. ~C\lllSf<IS (Decomposers) : ~ <lN~~Ctll <lll<lSt'ufihtl, ~ '6 ~ 161C~\'t~ W9' ~C{l1'6iC~ ~ 4

1 

~ ~I ~m ~ ~~ IOl<lC'il>C~ 1f'C~ ~ ~I MC{l llai<lS'>jfaf ~ 9Mt~~ct ~ ~ 91tft( ~ 
>J:lf <ffirl ~ ~ ~ is~<>lm' ('!if<l ~~~I ~ 

• ~~ :qt"!\!>3! (Forest Ecosystem) ~l 

<M~~ ~ 'Ol~C'ffil <ll1~tll ~ ~ <l11\!5Ctll~ 1.!t<t$ ~ ~ct I 9!fm $T 40% ~ ~ ~ IA
1 

<l~~~ I ~~ '<111\!5::il ~';-!~~ "<l\1~~~ ~~ mm • I ~~-: 
o l. ~ ~~ (Abiotic 

co2 \

2 $ Component) : <l~'i_firn ~ '<3 

\ 

91ffiC<lC"1 M'1Jll1~ ~ -e ~ 

< , :-, H:;i! .:-is:: ; 

--- ~,-,- . . 
f4c~I . / 

'• :r_ 

·· _:~ ct~ -
1rt~·~t~t)-- ---- (W'IC'SI~) 

~~ ~<f>" ~ ~~ ~ 
~ilra-f ONt <l11l, <ltt<IS ~ 
(liter) ~ I ~1~'¥1 ~ " 
~ ~~M~IC>i~ ~'i 

)J,~<15:'{:S MKSil\!51 Mom I r,·; 

2 . .,,1::,11,q ~~ (Biotic Com-

ponent) : ~~ <l~'i_~C~ ll( 
~~~~~ 
~. ~~~'-f.tt~ ~m ~ 

I 
~I 

~ct ... ,~-- ;;;;;py. ;;:,rbtn - 11 rd ....__ ____________________ ____, A. ~'-~ (Producer) : <f11i , 
~~ -cf/'?j0tiJ ~ ~ ~ ~ 

~l'-=>I~ ~I\S"l ~-u-:-1 ,~ 
~~~ I ~~ '8 ~~ \!5l~\!5C~ fB~~~ 'Pf~~ ~ >tll1C<l"1 0Nt <lrn 1 ~'it}~ ~ 
~ Ruarcus, Acre, Juniper, Rhododendron, Pia, Pinus I ~ fB~~~. -xrtaf, ~~. IStHl~ai. ~ , 
~\!>)~ I -;i 

8. ~ (Consumer) : ~ ~ ~ ~<llS!'} I ~ ~ Primary ~ f9r~, ~~. $it~, 111<15'¥,II, ' 
~ ~9C\51~, ~. ~ct. ~~. "<lSl~C<1\!i,I~ ~JIM I Secondary-~~ ~~ (rn, ~. ~. ~ ~I 
~)~ I Tertiary-~~ ~~ <tf'it, ~~~. ~ ~JIM I .,.........,..,~ \1 

c. f<I c~I\Stcfi (Decomposer) : ~ ~ '-51'~ ~J!IC<15~ ~~ Aspergillus, Coprinus, Polyporus, • 
Gc)nderma; <lJ1<.TStUffi?.lt Bacillus, Clostridium ~JIM I lff=-p--,r-2't i 
■ <M~fi!Cl6 '51Riet;qt~ (Energy flow in forest) : ~ ~ ~ ~ ~~ @~Yft'iC~~t ~ C~ \ljj'ai', ~ 
<1Hl~?.1 9iffit<l"1 C~ CO2 ~,~ <fl@ Jt~Ca-\1C<l5~ @~ ~ ~ ~ ~ <fi@ I AAlf ~ 1 



~ .t • ~"' <sliS<i!totl'T Q!li 

(bl ~ (Consumers> : ~~ "l11ff ~"' -'l_fil >11lm,,!, 151'1 ~ "'llr.'f""1 ~I ~ 
{I) ~~ .. ~ (Primary Consumers) : ~ ~ ~~l'Sf C1Pr-l ~9frn ~ ~w ~I '°"ff ~ ~ ~. ~~~ l'-~ ~ ~ ~ ~ I ~ ~' C'ilft ~'iM, 1f~, ~. ~'I ~ ~m '6 ~ ~ ~ ~ ~'!t ~ ~9f4 ~ I 
(ii) ~ ~ (Secondary Consumers) : 'lt'Pf, ~~, ~~It, W~ ~ ~1C1Bl'f~ ttl~ -o 911:5~ ~ ~ grasshopper '<l c~~ ~1'U ~~ ~ct ffl I ~ <f~, f11~~. 11J~, WTf ~. ~ ~ ~ ~, -.i~, cmt ~cft\1~ ~J kct tl~'I ~ 1 

(iii) ~ ~ (Tertiary Consumers) : ~~911~, fG-'1, .. r<fl, ~ ~ 1Tt~rt 9fl~I ~~ ~ 
~' ~, ~~, c~, ~~c~-::1 ~'f ~ W:91 ~~ ffl 1 =~ -~........ ' 
(c) ~Ullfl (Decomposers) : ~tCiSltcUt<qJt<11u~, Sit>1luf~rnt11, t.Scilt.S<Jl, "Pf~t~~mt'J'f ~~ ~ ~ ~ ~•WtC~ ~ ~ ~ ~ ~'ife<li ~ ~ ~'if '6 ~ 9\rn~ ~ ~ ~ 
C'rn I~~ '5! ~~l)j '6 ~~~'if ~9f ~\!l '6 ~ ~ <ll ~~~ ~N5:Z:Pq'f ~ ~'I ~ '8 )jJC'11<-11>i,~ ~tm'll ~ ~ -e ~9f ~~ <1irn I I!)~ W't~fil~ ~ '<i ~ ~~ ~ ~mm ~ m l!l~ <1>1<11>i~N> <lt ~ ~1\!ltil ~ ~ I 

• 1-if~,qt•Ht ~~ ~l'f"bfil (Mangrove Ecosystem of Sundarban) 
~ '8 ~~ ~~~ ~ ~91~'1<1~ ~ ~ ~ ~ 91ffiC<1C"1 '1_"2l '6 ~ ~ <1l~\!>Cti\~ ~~. I!)~~ <ql1\!ltil <fC""f I I!)~ <q11\!5Ctij~ ~'1_~'1'-T'fr{@M~C~ ~~~~ ~ I ~~ 'if~'i'fl-~~ ffl ~91 >j_-+i~<l.:t (9630 <l"'if ~) ~ '51.:0\!5~ ~ ~ ~ ~ ~'tr I~ ~ (Heritiera fomes)-1!1~ ~ >j_-+i~<l.:t ~"I~~ 1fc;f <l5m ~ I ffi W'iTIT 'i<l~ ~ ~ ~M~t~ ~ffi~l'1~.:t 91ffiC<1C"l' ~rnrnt.Stut, ~9ft\!l -e >11~~ ~ ~ ~ ~ ~9f~l.is,,c~~ ~ 'J'f~ ~ ~ ~~ \;~~ ~ '1'-T'fr{ ~ ~. ~ ~ ~ ~ ~91.'f m'll>i~'1Bl l!l<f, MCMst<fl "<It ~'!~ ~ ~ ~ <Ul<fltUffi{.11 '6 ~IC<fl~ ~~ Ylffiaim ~ ~ <11~\!5C~~ l:1t~t<i1~<fl\!5tc<.15 ~ ~ I 

1. \·'hMC-i~ ~ ~'fl\! (Flora of Sundarban) : l!l~ '51'-'B'CG'f ~ (Aricennia), ~ (Ceriops), C'lf-<3 
(Excoecaria), C'i'fla1~ (Nipa) ~ ~~ ~ ~ ~ ~ ~ '1'-T~ ~ro~rn "1>i.:t<fl1C(~ 'atiU 
"11>il{'4; ~ ~ 111fflc\!) ~ ~ ~ ~ -e iSl~t\lSt '5t'~'if1f 9lffic1N\!l ~ 1 
2. 1_°'T~.i:1Cii~ ettcft ~rn (Fauna of Sundarban) : 9lffic<ic~ ~'if ~~~'1_1 ~~ ~~ ~ ~ ~91Wt, m ~~'ifaf ~'ifm (Panthera Tigris), ~ ~'1 (Cerus Axis), <1.:tC<1\\jt61 ~ I ~ ~?f-~ (Crocodylus porosus), ~91 (Lepids chelysolivacea), ~-~ <U'I~ (Funa, Bufo, 
Rachophorus), )tJFill~l'<51~ ~ I ~-~ (Latis ca/carifer), '5t~~ (Liza tada), ~ (Hi/so hllsa) ~I~ ~~-~~C<fll~~c1I (Oecophlla) ~ l?)Qti=\Jtfirifqp•f~:~'ift, 10~1firiM>l >j_"'ftffi~~, MS@C'111 <fffu'ift-aJf, l!l~ C.:tNHll'1 ~ I >j_-'t~<lC-i~ <111GCti\ 106 ~ ~~~, 998 ~ '51C~~~ ~~ ~ 
481 ~~~~~~I 
3. Ptc4ili9f4 ~ (Decomposers) : >j_-~M.:t <111\!>Cti\ \;~~ '6 ~ ~ ~9l1 Mrnli9l<15 ~.qc~ 
<1F~GC~~ '51~>lll.lJ ~m~ ~~ W9i,1~ ~<lirn ~I l!l~ MC{.tliSf<!S ~~~ 



I.I 

e, ~ 'iUl4c'Ufihn IQ ~ I dffll lf;t; tft~ a t1tftn, W"l ~1fQ$ ~anf Gn ~~ r,.rq,: (?'itr;~ 

;ftl I di~ ,r,fMC•h1 'Ql~\!iCti)tl ~ 'O ~~TU t9fl'f1C-P.t Wf~ WJml ~~"1-f if~ ~ ~ 

• (Marine Ecosystem 

~ -,rm 1s% ~~ >l•ltH~ ~ ~~ ~ 1 !fTlf 361 f.ifii11.i ~1'f f4co11f-mH1 ~~ 13so f.lM½l-i 
.... ~ ~ >11~ra1J I - 'Pt •11(~15C~~ r.5nl 'IP~fin 11 t!l~ ~'-~ ~~ ~.:rto-r I ~~ 
~ ~'Ml ~"rtJ ~ ~ -mrr.ct F,n1m1..:i U - 'il•Jf.EMI JR~ (ocean salinity), ~ (tides) ~ 

:i... (ebbs) I 

• ~ ◄lttztf&• !i~ 1';111\>i{( (Zonatlon of sea) : 'il-Ifii4 2111w~ ~~ ~ >t\t.a~ ~ 
~11 ~~f6J!.l-t11 ~1olf~ l!.Tft'il ~ ~, 11T ~ ,ptir;t1l'T1 !fTI(rn ~ ~ ~ ~ I 1m $1~02'!1 

~~~ ~ '<3 ~ ·,1:.;'i~:.:ir o 'fl!]fit4 7111¥,l.!lt.~i'I ~ ~ ~ I ~ .Jl~ ~ 1iif ~91t\ilC-i'!1 ,e~ 

% ~ >!){BC~ !I~~ ~IT,'11 Sl"il ~I ,rm I ~ ~11-,Jfif ~ ~'flM t~11 ~ ~ ~~ 
WP.I ~ :illtdflbr/1 "P.11 'Q:fl -



)¼1~'11~'8 

<Sf-5)9151 ~ ~~ 
>{afltftl41 !11Rrn ~ 
~~l!ll"U"l 

~~<1t~~ 
(Neritlc Zone) ~~,,~'Wf~ 

9t( CISiHl1C:!1~ ~ ~ 
~~,~,~,~ 

~~Sll~lih1 ~1'1 
(Oceanic Zone) 

~~ 
(Euphotlc Zone) 
~ @9i~ 'irn 
100 c~ 200 ~ 

~ ~ ~ra=rn C-tlf 
~"1~~~ 
~xt CQ[C<lf ~ ~ ~ to, l<flll{l 15MJQ'f 

,pfttiT~ ~11'1 
(Aphotlc Zone) 

200-1000 ~ ~ 
t;5MJc1f ~ t6i l<IS~./ 
i,s~q~., '5f"B~ 

~~200 ~ 
ffi \!S{~Q'f ~ ~ ~ 
'5fJBQ'f I 

~~ \!S{~c; ~ I 
200_-300 ~ 1 

,-1 _ ____::__..:::.....--1..,-1 ------,1 
~~'511!'1 ~ ~ \51"Uc1f 'dj~ ~ 
(Bathyal Zone) 

200-2000 ~ 

'>'!~~\!JI~~~ 
~ '5f'l&Q'fl 

(Abyssal Zone) (Hadal Zone) 

2000-5000 fir. 5000 N'G1c~~ ~ 
'ii~~N>I~ World ~ ~ '51-l&Q'f 
Largest Ecologi-
cal Unit 

~ CiSITTlR ~ 
(Supratidal Zone) 

~ ~ CiStl{l1t~ 

m ~ ~ ffl 
~~~~ 

~~~-TTI 

~=~~"1 
(Intertidal Zone or 

Litoral Zone) 

C<I fb JU ll {I I!!' '5f llDraf 
~ ~ IG~ ~ 
~I 

ffi ~ ~"1 
(Subtldal Zone) 

~ . tiStl{llffi '51-l&~ 

~ '5f'l&'1° ~ ~=­
~ '5f'l&~ ~~ 
ffl~I 

~:tlBflflHt ~ 
(lnfraneretic Zone) 

~-\!S{J&~ CICflf ~ 

~~'11 

>1ara\tlc1<1I~ ~ ~ 
(Benthlc Zone) 

~, tfl'frnt Sl~Ca~ ~ ~ 
'5f~ \!Jc1C'it"1 ~ ~. 
~~~~~ 
-TT <ISl<IICSI~ i9MJ '5ft-!1C~~ 
~I 

ffl~ '51\SJWH ~ 
~~~~c; 

~~~~~ 
~'1° (Pelalglc Zone) 

l!lut ~ ~~ 1:SISI ~1-l 

~-e en~~ 

~tlR~~ 
'5f'18"1 ( N ecto n ic 

Biotic Zone) 

~ ~ C<l<.¥1t-ll ~ ~ C<l\!ftlt-lt -e ~ "{"4 ~ 
(Plantonic Biotic Zon~) '5f~'1° (Nectoplanktonic zone) 

~~Cvtrot<IS ~ 
(Epipelagic Zone) 

~~'if c~ 200 fir. 
'>'!~~\!JI~ >{~CG1l<l5ll~ 15f~'1° 

~Ci1~c!i ~ 
(Mesopelagic Zone) 

200-500 fir. '>'1~~~1{1 '5ftOO 

l!Sft~~'i\JQ'f 

~tilftlcp ~ 
(Bathypelaglc Zone) 

500-2000 ~ ~ 
'51ttait<fi~-l 15f"c1f 



~ ~~ (Biotic Components) 1 ;--, __ ,,, , 'i 1 :: ,r z;e&++ 
!------
~ ~ ~~:1>f!~ ~ IQ~ ~tml9t<15~~ ~ ~~ I 

II "'~ (Prducer) : ~ •PMt>i<Mm ~~ ~ • (Phytoplankton) ~ ~ ~ 1oo-

200 ~ ~ '8 )l1Ca-tl<Pl~ ~ ~ ~ ~ C'cl16ffro ~ $ 20-30 flwrn ~~~Gm ~ 

~~ ~ I l!l~ ~ ~ c.srnro~. '5~C.:it~tCl9tt'Gff;)l, C<PIC<:151MC:41C~lPT. fils?ic.UIC:.Jlrl!'IS, l ~~ ~ 

..QJ~ ~ ~~~ ~ ~~ ~ 9fM;f ~ I ~ f9lti;ijR!t<15 ~ C<T "51~ ~ "36ft'ic-rn ~ 

eit ,nm (turbulence) ~ ~ ~~c'G~~~ tiOH19t~hl ~ ~~ ~-rt~Uilcfa"'l, 

~. ~ ~ C~ '8~ m ~ l!l<I', @f@cq~ )l~1<15)l,~ 91C~1'1f>'6te<f 91.fl ~ ~ ~ I 

d ~ (Consumer) : )11~<15 :c:i11~c31 ~ ~ ~ ~ 1 ~-

Ii) ~ ~ (Primary Consumer) : ~~ ~'ll (Micro-zooplanctons) ~ 

~-Crustaceans, Molluses, Radiolarion, Foraminifora, Globigerina, ~ 151C~t~'6l, ~ ~ 

~~ ,nm ~ ~ cxt<l'fc,, ~ ~ ~'t ~'t ~ ~ ~'t ~ I 

(ii)~~ ~ (Secondary Consumer) : Macro '6 Mega Zooplancton ~-Ctenophore, Ptero­

pods, m,r-~, ~ ~. Amphipod, Copepod, $,~, ~ ~ Micro-zooplancton ~ 

~ ~ ~'t ~ '6 <111\!iC31 ~ ~ I <.(I~ ~,, 101<tS1c~a, ~ ~ ~ '6 secondary consumer I 

(iii) ~ ~ )!Ccfib6 ~ ~ (Terti,ary Consumer) :~~~; ~tfapqff;, ~. ~ ~~~ ~' 

lU1<1llt~'1, ~ . f~ ~ <ICQ;,1~1~ '6 ~. ~' ~~.~'~I~~~~ 

~~ ~'t~I 

IJ Pmlll6f4 {Decomposers) : )11~<15 <1t1\!it31~ ~~ ~ - l!l<I', *1~tUtffl~, ~ ~~. 

oowr -a 1cQ;,1~1~ ~ ~ )11~<15 -u1<15t'Gffim, ~ ~ ~~c1,:,t~ ~ Mcmf¾\!) ~ ~ ~ ~'rf 

~ ~'if ~91 ~<fN>C\!i 00 ~ 1:ll 9frnW '61N5ti<l•1 ~ - ~'t ~ I 

• ~ ~~ (Abiotic Conponents) 

~ <11't\!5Ct)I~ ~ ~~ ~ ~. ci<f~, )j_~Ca-Jl<t>, )l)J_.!:tC'Ci~ l!l<I'~ ~ ~ ~ ~~ 

''1C~l'4>'81C<I Cl9tm ~~~ ~ ~ '6 )ll~<P 411GC~~ ~~~Im~~~ ~~~9f 

Gl1L6ilb-i1 ~ ~ I 

I 111~~ ~ {Oceanic Temperature) : ~1~<15 ~ ~ 91ffit<IC-Hf CDC1l' ~ czjif ~ I 

~ ~~ ~ 91 ~ ~ 9Mfe~ CDrn ~I~~~~~~ -2°C ~ 32°C ~ I 



J:• '11$\'3~ ~ 
" 1~ iS~%1 ~ Yfij •lt-i o.2•c co/t"<I! o.3°C ~ ~ 1 ~ iii<>1tot•~ "'lf"lli:ot '01 -o. 2,~ ~~~~~~I~~~~ f.h:t'4'C'SI~ C~ ~~~~I~~ -~ 3oc

I ~ 2°C-8°C ~ 350_450 '5l'il'l~ffi 1TC~ ~I~~~~ ffl ~~I 'J=fl~~ ~ ~tG)'SIQ)1~ 3°C ~ ~ I >1twaq5 ~ >11waq5 ~ ~ ~ ~ ~'tt '{3 ~ ~ l.s 
~vft~Qs~ml ~, 'Sll>!Hlf°4~ ~ss~t'SI $, ~. ~1'1J1'5Jl>i ~~ >11waq5 qtrnfGt'SI ~. ~ ~' 
~l~<!i ~ 10°c '3 ~ ~ ~ ~ ~~ t,tt '5lC'1l ~ <fifro I ~l'5IM<15 ~ ~ ~ ct ~I c~ ~l~<!i ~q)c1;-s1 C~l,q~qS ~ 10% ffi ~ 9fm I ~ C11Mt11i ~ m~ ~c ~ ~ ~~\!>l'!'t ~~~I ~-~\!5<15IC"1 ~ ~ 'q5lJ ~' OR~~ ~~I ~ 
■ ~'~" 'i'R~ (Oceanic Salinity) : >11~<15 ~~ >il){fa<fi ~~ ~ ~ ~ ~"" ~rn ajfa,~;:i ~flAISiw~ffel ~ C<lfit ~~ ~ ~ 9fro:t' ~ c>Uc.:it~M~.:i m'ttm '1.<l ~ ~~~1-n.r1 ~ I ~ ~~'5t.:i'SI ~ ~ffi~M~.:i ~~ ~ ~~ ~ ~ ~ ~ ~ '<3 ~ 
~'~" ~ R>1tc;q ~'t ~ 1 >11~<1> ~~ >1)£ca-s1 \!5cit'1t"f ~ ~ '3m ~~ ~ ~ 
9f§;q~~4la,'61 ~ ffi ~ -;:it I '3~, ~' <ttQfJ<fiJlat~ ~ ~~ t5if~ 9fl~ ~ ~ ~ ~ ~ ~ <lirf ~ ~ ~11~<1> ~ ~ ~ '3 >il~<fi ~'1'6'f ~ OOJ ~ ~ '31 ·~ '1Ttt1 
9ltGl "<it I ~(a,~;:i ~ ffl ~ ~ ~"1Ml':81'SI ~ ~ ~ ~~ ~ ~ ~){C!:t~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .:itncG~ 00 ~ I '511U'1lf-t<r ~ ~ '3 ~ ~'5f@ ~-~ 2 c~~ ~ ~ ~ ffl ~ ~~ ~ C~ 10 ~~~~~~I~ '<3 

3 
~I~~ ~~ ~ ~'t ~'t ~~~I >i){Ut'SI 'i% ~'1'6'f 35 W1f ~~I ~ 
■ 1,41tail" (Sunlight) : ){4lt'11<P~ >11~<1> tsf@ci-,~ M'i.lfCJf ~~ ~ ~'t ~ I >i){Ut~ plotic ~iir ~~ 200 ~ ~ ~ >tl~<I> '5f~c; ){~Cati-ti 9fm ~~ ~ tsf@c't~ >i1C'1l<15>imle~ ~ ~ ~ 
~ ~ ~ ~ ~~ ~~-a, Producing zone ~ ~ I ~ ~~ Producing zonef6 ~~ ~­~ A~~'!> ~ I ~-){ef~Rrn ~ C<flt't, wavelength CX1m~ ~ $ ~~ "!,~ ~ ~ ~ 
C'll~C'To ~ ~~I~~ ~ w~~~ ~ 1 >ilt'1l<ti>i\{.~C~~ $ ~ ~ '51IC'11'SI 'lfl~C~~ ~~I~ ~ ~ 
40 ~ ffi ~ ~ ~~-xr >1-cicbc~ ~ ~ ~~~ ~ ~ ~~ ~~~ tsf@'t'Sll ~ ~<ltatn 
C6'rn ~ "Xffff ~~~I >i){C.!:t~ ~~~1'1-i~ ~ ~~ ~~Xf ~ ~ I ~ ~~ ~ 
~ m 2% ~ ~~ ~ i llumineted band ~ ~~ ~ >tl~q, ~ HIS~~ 1 

■ ciTIM" ~~ (Nutrients) : Sl1~<P ~<ll'-t~ ~~~'fl~ fflt °'OIC-i<l>l,V'I ~'4~4'a, I .:i~c'Gltlfil, 
~Jlaf PBl111, ~>t¾''Slt>t, 91U1P'Hll~, PIM<ti'i, >itc:1q,rn, C>!INHH~, ~,~. m, <fS'Pfrn C<Pl<l("'ti ~~, 1511Ciitlq;if­
~~ <fS"ll'>ffe{ C<tSIC-Bf ~ '[C<li ~'if ~ ~ <Tl" ~C'5l~~1 CiSi<f 9f'fl( ~~~ ~ <IM~'SI ~ I ~ ~ 
~C<l'SI ~~ ~-xr ~ ~ ~ ~~ ~ ~ ~ ~ ~l>tl~H<P ~~ ~me~ ~ 1lfflt'f 
l91l~ffi\!5 ~ I ~~ ~ <f>'tl .:i~t~Wst.:i .:i~t'® (NO3) q,Jiq~t>i q>1cqu (PO4

3) tc9f ~ffi ~~91Aif ~ 
~ ~c~tlSt~~ 9tffic~c1 1 ~~ ~ ~ ~9[t ~ ~ ~ m ~ C1lC"f '3 ~ 8ii'if ~ ~ 1 Ml 
~ ~ '3 ~ ooc=;~ cxmf't ~ >i1C'1l<tS>t,M ~ ~. ~ '8 * ~~9flr a, 
~ ~ ~ft<l ~~ ~~ ~'t ~ I 'i~t~IC\St-i '8 ~)lq,~t>i ~C'5l~C'1'SI t5iftff ~~~ '6 t1-.if.irii 
~~~I 

■ ~ ~ (Ocean Currents) : ~ ~ ~~ ~ ~ ~~Xf C~ ~ ~~ ~ ~­~ ~ I H'SI~~ '5f~Qf ~ ~ '3 ~ ~~"f ~ C'~IC\6~ ~ OOl I H'Sl'if1~ ~ ~ ~ ~ ~ 



~~ 13 Sl9!I\J,111 BJ'I.I t 
~ ~ ~ f,l;i,~1, ~lljf f,11'1,1 r~tr. Ji ?l~lf!i !I "'HII ~ ,,,m /1J ir,,r f,,f'f ,, u,,., 11rf1,~t~J{J f;t,P.,,. (1 r;ffi 
~ 1tt ~'°'rn ~ '<3 t!1~"'l.ft.!il 1f1\1 •llT.,1 I 

Jl~ ~ ~~. )11~1, ~•i~fl)(p '<t ~fl•~ 1'WI U~lt,"f'' "ft1Jf1t1' 11 f~U~ff "(1flb11 fY"fl~1'f t 

~•tll t1~~a, ')"ff~Jt«,:>((11 
~mlc Equilibrium In Ecosystem 

~ ~ 1G ~ ~~ \5f~ 91fil~., ~fr,r.l'J-<s 11f~ , 1,m ,11,,,,,c,,, ,r,rt1 ~,wu" ?A~~tff-tb (1rfA 
~ ~ ~1\!>Cal~ ~ )IJ~Ji<I~ ~Cl'f I 

~ ~ ~ ~, ~ ~ ~ ~ 'ii~1it5'f 'll•Hl<P'1II ~~1'7 <PC~, ~,~>.Jf~c;q, ~9JJ 11m f71 rA1tl 

~ ~llli<I~ ~ ~ m, 111~~ ~1l '<II-~~ fi1f~ ~~?JWf 'l:11f"r1121 ~l<JP-

l, ~ 9Rf ~ <li116Ctll~ ~ ~~ ~~<f~ <iJl~i 

2. ~ ~ ~ ~~ ~ ~9~ ~'4ll ~; 

3, ~ 9Rf ~ ~ ~ ~ ~~~ ~,,.,tf?t-<f~ <4fe<r, I 

~ "<111\!iCal~ ~ ~'<I'~ ~ ~ ~~Cl!?! -o•,~ ~ ~C'ff I 

g ~~11Jt ~ ~~ C1ft~ mt1l telMl1'SIJ : ~ ~~~ ~~•Of~ ✓r~m~ (growth ffjduc1ng) 
i.Q<l, i9Wl,~ cm~ (growth reducing) islfrn ~~ -o-..m C<iilOII ~ff} ~l~CfA~ ~~lif fJrkfl 
~ I l!ll ~ ff R~~' l!l<J~ lfll ~~t ~m ~~ mir~ ,,(Jlr ~t-SJf~ Vo m~ ~~~<lf.t~ 
~I~~,~~~ 91~ ~ ~ 91'tf~ (po&ltlva food back moch~nl&ut) 41f4~ 

~,~ cm~ ~ ~~ ~ ~~ (negative food back mechtmlsm) ,r~f ~ I 

~~~ 
91HirAt-RI 11fi◄ec-1 'dlfsc~1iat-1 
'flfl~ 
~ ◄111~ ~ err tf'51fct 
'flfl~ 
~l!SITI~ 

~9fo{~~ 

~~,mJllffl-..im 
~ ~ 't1il◄111". 

M~ r.~, 7't'1n ~ 
~tc,r1f t11~'1 

'flfM~r-1 
11f4f~l~fJ ~l'f"tfl~Tf 1(("5llf 

~ ~M,1c1rr 
~r.,r~ ~f,1 

$1f}lmf.r4 '1ffiC~l.tf~ '1fo(f'£.1 



~ mm '!$ \'l ~ c,ir., ~ 
D 't'll◄""11 fift1 ~ 'lfllt4! (Power of Reslllence) : "1'1111l ~<mlll 111R>i\~n <1f..,.,,~ ~ ~ "'irnq-tcoi<!l ~ ~flt ~ ~ ~ ~ IJ)cf~ (Jfro ~ ~•rrn 'ilt'f} ~~ ~ 
~ t\SIM~ ~ oo ~ C5'1 ~ . ~fit.q~~ ~tcW'1 ~~ 9l(~~lll ~ ~!"fl >fllfc~ "­
~1l~ti\'!l ~ ~ ~ I ul~ qt-t~Cti~ ~ ~ ~ 'l11t~ ~ ~f-1 ~. 1(3, ~ ~~~~, 

1,•11· 

11 $ti~~ ~ (Species Diversity) : ~ qt~~Col~ ~ ~ ~ Gti11BI '<39Rj ~ 
~tii!~t't4 ~f6wu'!l ~ ~ ~ m ~ ~ ~ ~ m 1 ~ct~~~ ~ ttrw let, 
~ ~. ~ ~ ~ )i4'~, ~ ~~91 <lt¥!5Col ~ ~91l"Cll ~ ~ ~ ~ ~ 
Th~•~stai ~ ~ I t:51l)iti;i ~~ qt~~Col ~~ ~ ~1'1.l'SiljQ\<tSt (food webs) QJtC<fi <ID;, ~ ~ 
~ ~ '8~ .ql~ C't4'1l '89Rl ~ ~ ~~I 

~t1'6t1 >6 ;qt'fM'tlt~ 9tt(♦J 
Difference Between Ecosystem and Ecology 

◄l'fll (Ecosystem) 

1.~~~<n~~~~~C.'6'C'i11M<ll 
9ffficAC"l <l>l<ll>l<fi@ ~ >I~ ~ .!f ~ ~ 
~911'11-l'ilF,'!1 ~ ~~ ~ ~ ~~ 
~ 'ilW ™~~I ~<lMeJ1~ A. G. Tansley 
(1935) ~~~~~~I 
2. <l1'f!>C~'!1 ~ ~ ~ . ~ '6 ~ ~ 
lolMl:>1"·""1<f • ~ ~ ~ I 
3. ~ ~~~ ~ ~. <rQ!t, (a) ?ll<pN><ll ~ 
(natural ecosystem) (b) ,m ~ (artificial ecosys­
tem) ~ tl1<pN>41 <ll1'5t.iltql 2 ~ \St'>t ~ ~. <rQ!t 
~ '6 ~ (terrestrial and aquatic ecosystem) I 
4. <ll'f!>C~~ ~~~~~~~\St'>t~~. 
~ . ~ '6 ffl ~~ I ~ ~ ~~ 
~~~ ~ ~ ~'>t ~ ~ . <rQ!t, ~ 9Mt( ~ 
~'6 ~ ~I ~~~~~\St'>t~ 
<Im, ~. "llt.'51~ qt ~~~. ~ ~ ~ ~ 
Mtm'9j.;; 1 ~ ~ ~ ~ ~'>t ~ ~. <rQ!t, 
~ ~. c:m'f ~ ~ ~'f ~I 
5. <ll'f!>C~~ '51lt'1lb-il~ ~ ~ \51~ ~~I 
6. <ll'~l.!lCOI~ ~ \51~, <l1~COI~ ~ ~ '8 

\51~<l18! ~~ ~ ~ ~ I 

1. ~ ~'e11C-i~ ClT ~ ~ 'O ~ ~ 1l'f 
~ 1511~:>t""P!<fi '511tai1$\!i ~ '\5lCqS ~ ~ 
Ecology ~ I ~<lM'e11~ Ernst Haeckel (1860) ~ 
<11'l~'1JI ~ ~ ~ I 

2. <l11~'1JI~ ~ ~ '>t~~. ~ ~ 'a ~ 
C<ISM '>t~ ~ ~ 9fl'Om ~ I 
3. <l11~'1JHI 1.(1~ ~ ~~'It~~ ll1ll '111 
~ <ll1~'1JI ~ ~ ~ ~. 1:1~, \1;~~11Jl, 
?It~, <15filM'iJl ~ I 

4, <111~\.\JHt ~ ~~~<ft ~ 1'l'lli <liffl 1ll111 
C>t~ ~ (a) ~ ~. <rQ!t, ~. ~~. 
~ . (b) ~ ~. <rQlt ~. '<l~, ~~ 
~I 

5. <ll1M'ill~ '511t61lb-il~ ~ ~'- '5111'fcU1~ ~ I 
6. ~ '9fC':q> <111M'1J1~ ~ <l1~ Cti~ ~ ~ q 
<m"'f <l11M'1JI c~ ~ ~ -e ~ ~~ 11:' -m 1 


