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Hni!IO.I::'/1 LVl\.IL!111.hlllVIf111l'lltl1~\-t1.J~'!I'Il~l-J\tl!ltl fl'll LL1.J'lii.Jl-JVI"l::l-J1'1liJ1'U.Jn1..1 WLl-J'Il~ 

n 11Vl ~~ iVlft'!l'll~fiW'IIWUVI L 1f 1 ~ Lil'll~ Luwtlr1 n!l n 1rni~YiU Lliw LWYJ ntlr::LVI PI 'W~ 1"l::Luw 

tl ..J v )! ... tJ ..J • v v ."I v "" L n I..J"" .. J! ~- 'L.J 1::LVIPIVIViWJ1..11 LLfl'lVl1'!1 1:: LVIPIVIn1ft~ViWJ1..11 u"''jU\.ILl-Jtl~ 1-t , 11VIl-JVift Ll-Jtl~l-tft1lln11.J.U-J 11 
~ 

Liltl~tlth~ t111Lnm il'lutlfr~ :nr~1tri' ft'llWI'ltlw 1vhuw Liltl~tlth~nt~LV1Vi'1 l-JilH1 "l1mf~h 

rl'lft1fll-J LUtlf n L "'TI\J L&iu Yllltlth~ T'll'l L 1<1 iwlhwtlr::'ll1 n r LLUW 'll1..1'111'l'II1.JlJVI~*VlU1 L ~h Liltl~ 
• 'v ... ,; ... i .. ..J.. "~-" .. ..J_, v .. 

LVi11::l-J1Vl1~11.JVI1 Lllllll~l-JrNI'l~~~~~ "ltli.J 1 Vll'l~~~~~fl1..1"11n'IIWlJVI1VlLli1Ll-Jtl~VII'I11'1f\Jfl'lll'l'l1l-J 
liwftll'll~ LTll wh. modernization LLft::LVII'I t 1..1 t ftUVI1~'iVIll'lPI1 ft 111f 

· ~LVlil'llwLiltl~"l::tl11n!J~WVlfl~"l1nmmWJw1mrml!llllr ~~~1LM'II1'lW1~-t0~1'1Wt.Jfllll 
'll11-t1TL~ll~flw'ttlil-J1nn~1Vl0~mtluflfl Vt'lliLVl"j0~~~1LM'll1'l'IIWlJVIVlfjlllWW"'1nmr::n11 
• I .. .:/ .Y r .J ."1 .:/ tJ .l! ..J.!< -
u~ nVi'll Lftmfllll'l LVitl Lu1..1tl1Vl11Lftll~ 1 nv1tl~ 'll1'l1..11'111'lft'l1..1VIn1..1"l1 nm r::n1Tt.Jft llltl1Vl11 

.. -" .. .-1 .. • i .. .1 .:: ..J -" " .. ~- 'i-" 
'NtlViliViLl!1Ll-Jtl~LVi'll\-t1~11.J'Il1..1 1 Vl1 WLl-Jtl~ Llllll'l1.JLLN~11.JVIL111l-J111.Jil-JtN U-J ~ll-J1"l1n'IIW 

UVI LYhJw LLN~11.J"l1 nPh~t.Jr:: LVI PI YllltJI1lVi1 ::t.Jr:: LVI PI~ 11ll iVf'll tl~U1::'111 n 1~ 1Vi 1 rli.J I 1f1 itJVl 1 

~1wvhiwHtlftLLtl~L"'Hflft il'lutlfl'l :nmtn Lrltl20-3o uritJwuwPi''ltlth~,..,n~ ~~nniiJw'Witli' 
lli1~"l1 n 11 N~1W"'1 nVil.h Uft ::u~flft1 LVI PI~ LL tlUl-J1~1~1wiwn t~ LVIVi'1 iwi1"l'jtJW'll1 ntlfmin 

~~'!ltl~'i"l'l'l1tl111l-J Lil~ Uft::tf11..1'!1tl~ Liltl~ tu 11 ru~iltl1~Vlft1ll~wUU~lJtl nrhl'lf~~O~ Liltl~ 
Ll'lliLW~Wtl n ft1~ n11M1 Pl1 ft1..11 "ftU:: <) WJW!i rm LL ft ::~1..1 tf n ft 1~ n1 run I'ITtl~ 1 1..1 ftlJ ll tu 11 0.1 
.. ... • v ..J., .:: " ... ~ -" • 

Ll-Jtl~l-J'!I1..11!11"11 nl'l LVi11::'1l1Vl1m.,~l-J11ftll~fl1..1 11.Jil-J'!l~lll~ LL1Jnl-t1l-J lll1l-J1111lll LLN~11.Jfl1..1 Lift:: 
~ 

fllll'l Liltl~ il-l ft1l-J1 rm&iu tiiiL1iW;illll'l'l1l-J ft1l-J1TO'il'!l~ n11'!11.Jrj~ LIUlJUW Liltl~ tun O.ILVlqj 1 

'llth~ t rl-Jil.i Lfl~ilVi ft Ljj'!l~ LiiWVl0~ft11..1fl1..1 Vlfl~"l1nmrtJB1iilfllllft1'lolnrTl-JiJ Lil'll~LVlqj~ 
tlr::'ll1 n ru ft 1mh w ii l'l~wuw 'hw 'lWl-J 1 n ~~ L 111'1~ilnm Vi n 1.1'111..1 n~tl1Vl1r u ft ::<1 11111 iiiu"'1 n 

~1..111u nVl 1l-JVl1'f! in m~uwH1 nl-J1 Luwrour1'1J n i;ulftl ro iw (1tl i;wA'1 LLH::L'ftJtlr::l-J~'llw1l'l 
iVloj 

1il tl~ LUW 111-1 li~ 'iltl~tl1Tll!irm ilVlu~ ~ tll-J.1 nl-J1liVlft1li~WVlft1liVlrlw !il-J~Vimuw1 
lJVIlJ1VI'!Itl~tl11ll!i11l-J iwLil~lli1~ 1 ulli Liltl~ fii:i~-tft1ll'lllh~~~~~N n1..11f1l-J rli.J '!l1Vi1 fill LifWI'fLii n 

1Mtl~ 1'1!1 Ll'h);VI~ ftfll-J l'lwtrr~'illl'itfrlll fiW"lWLW'Ql-J'IIWLltltll'l Lrltlilm1l-JL"'TI\J n1'lVlih iw 

.. ~ ... ,; ..J ' - "· 'v ~- 1 U ....J • I..J i· I ."1 Vl'l~lJ'l nu.J'Il~nl-J ... ~VIO'l~l'l'l1l-J 1"111\J 1WVI'l~ftlJI'I'llJ~nw IU 11 n!J n1 TO.IVI'IIWlJVI Lu ft uw u LuW 

Lil'fh4~ rffin'h urbanization jj t.J ftnT::VIU (impacts) rllJI'IW LL ft:: a~ LL 'll'l ft'!ll-J~~ L1.JV11~U'l nLLft:: 
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Vl1~flU n t~ LV1~'1 '\utl"''jUUnfl1fl Lth.uil'!l~~l\.l qji.J1 n jj n11L"'T(\J Wiu t~,r~ 1wil'll~ LLfl:::'II1U 

Lil'll~LU~T'!li.J 1 nu ullitlfU\.l11J'!l~nt~LVI~'1 ~I.J'lni.J'lfJUfl:::LIJIIi1~"11nil'lfl'!lf~I.J1m!n 

n11M nl:t1VI1~i!'J'iVJfl1 LLfl:::f:::UUUL'll'l'll'!l~ Li'J'!l~"':::'Ji'ltl11XL~h 1"1tf (\J\.l1 Ufl::: LLU'lVI1~ LLr'i'l'll 

tffU\.l1'll'll~ Li'J'!l~L!1f 

i-11 LL ') lilti' 'iUI LL 'itf::\J\J ij ~')PI 
~~ LL'l~A'!li.J LLfl:::T:::UUilL'li'ILUUI'i1~ LT1Li1ffiu1!1f Li:iunUL fli.J'Il1U~~t.Jr:::•hiu <i~'llfl1 n 

o k ~ ~ o .:t~ " ' .:r ' ..1 ' .. .ol .or .ol .. 
Vl1~'l1l.J L'll11"1flUfl'!l~fi'JU 1\.lU"'I.J·il~n'llUVI"':::nfl1'11NI1'1l~f1'1 Ufl:::u(\J~1'1lU 1 'll'!l~LI.J'Il~ 

LL fl :::'IIUUVI ~~ LL 'l~ ft'!li.J ?h'i ~~ 11 :;,X OUVI1~fl1l!t1 LL ft'liUUrh~fim11.J\.li.J1fl nih~ 1Uil1l!t1 

ti~n~l!t ~f~4'~1~h0LUU class word L~n:::11J1!1f\.li.J1fl~~a~'\tlia~\.ld~LWfl~'llEh~L~fl'l ulliiUU 

l'i1~\.li.J1fl~~1l'll~\.lfl1flil~\.lfl1fl'llEh~ {hVi"'1Tn.nrh~11.J concept environment ILA'l"'::: 

il~~~Lif1l.J11~fl'lii'll~1um11.J\.li.J1EJ'Il~ 3 '!l!.h~ fi'll (1 )~~;:j~~ (organisms) (2) t.lr1n!J 

mrrum~iiHim\ (physical phemomena) ~tfi.J~utinuil~il~l11'1lth~i:h!mhl'i'f\J ILfl::: (3) 

m11.Jtfi.J~Utir:::\.l~1~~~j:j~~ nut.ln n!J n1fnJVI1~want\'!l1"1 LUU ILUUtif11.JI111\.lT'Il UUUflflU 

iuo!i''!lu Ld'llVi"'11nA1 ~'l1l.J\.li.J1fl'll'll~~~ U'llllft'lll-ll111l.J~nfl1'li.J1tlU~'IlfltUL!1f~1 
1. ~~LL'll11ft'lli.JIUUI'i11'li.J\.lfl1fl~~\.lfl1fl'llEh~ (diass word) 

2. ~~LL'llllft'lli.JQnl'l'lUf'li.JLIIlfla~il~I11~~L1an~1 organism-directed (Mason and 

Langeneim, 1957) 

t'h~"11111A10ULULL~'ll'll~~~;:j~~ Uft'lfl11.J1ftliL~ ~~ LL'IIIl ft'!li.J1!1i'LUU 2 tlr:atlVI fi'll 

operational environment LLfl::: potential environment \.lfl'lllllVII11fl'!l~\.lT'Il petridish ~'tel . 
'll1~1t1'Uufl:::~1Un11'1l1L~'Il LLt~:::ti'~'4J1illL~flL~'Ilfl~Lt.JLia~1U\.lfl'!li11~T'Il1U"'1U if'laJ1~'11J 
i:la~il~'il11'1l~Lflfl LU~ Lilli uu~vh1alli'll~fl'l lX'Il~ LTflU~11Jilum1au'!l~lflfl l~fh04'111LUU 

.ol ..1 ' ' ' 
potential environment '!l~ill'i'nam~VI"'::: LUUft~ LL'II11ft'lli.J if 1ilft~~l111ii11t.l'll~'lun~u'li11A'!li.J 

" l'i'~nfl1'lll'U"':::nt~1mllu operational environment \i'uVi lli'~uu operational environment 

fi'll ~~ IL 'l ~ ft'!li.J~ila~I.J~'ll11'1l11'i'fl'llQ u fl :::il'JIU'lUn1rlli1~ 11:::}l~1~~~ ;:j~ 111 n uti "'-I EJVI1~ Wft ni 
ut~:::V11~U'li:li1111ilu1t.l'!lth~KI.J~Utiriu ~~LL'll11ft'!li.Jtl11fl~'lLUIUU operational environment 

1un ~I.J'll'!l~unilL 'll'l'iVIm Ld'!l~,ii~a~ LL 'll11n'!li.J:, :::llf'll~ila~il~"''ll11'i'a'!l~ l'i141 ,;,~'l1l.J'll'!l~ 
~~ LL'l~A'!li.J~~ULLfl:::'llli'l"'~'l1l.J~ii'll Sum of all external forces or influences that affect 

an organisms (Billings, 1970) 

r:::uuilL'll'l (ecosystem) Lllul'i'~mnl'i1mi~~'lillilunutl'!lEJ'tut~'!l~fl11.JYlf'l'lT~~1u 
I.J1 ri'llU~"'::: nfl1'1 ii~ T:::UUUI'II'I'IllJ1 n 'l1Xti11'1'l1l.J Lii1 L"' nuill'll'l'iVIm (ecology) Ul'll'l'iVIm 

dj~~VJvl1inu'lUI'Ii-.l\.lfl~'ll'll~l'l~'lr~ 19 Henry Thorean 'lfrl1fi'lu.,,\.li.J1tH'll11utl 1953 

LL11i'W001XI'i141rit11f'l'l11.J1~ Ernest Haeckel 'l1Xrh41rlllll'l'l'li.Jill'll'l'lVJm1~utl 1869 ~1 
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Lth.lm11-Jni-J~uti~~,I-JP1'll'tl~nl111"rru~ u'll1lfl'tli-J~~~n=t<il11 LLI'I~ 'bJi:l=D<i111 Ph41 n 111m 11-JOn·'h~ 
I-J1n"'ULLVIU"'::'bJi:J'tl::Lm"\tl'!!ilL'll'lqYitJ1 i:JI'I111111TVm~'lqVltJ1'tl~ 4 1'111111lfvh~tl'l1f'tl~rlU 

' . 
ilL'll'lqVltJ1'tlf.h~1nWiiP1 'ii~'lUi'LLri~U1jl'l11111lfqo)P~Ju1n1rii'MV1m Ul'l::~~iiimri-J iwL~ilmr 

i'-"1'1141nll11'l'l11-JilL'll'lqVlm'tl1"11-J'tl~Ltluuwutl'~'lUi'fll~p..J 1.1 

Ph41rl1111'l'l11-JilL'll'l:jVltl1~ Kupchella LLI'I:: Hyland (1986) 'l~o)fi~ n1ri'1n!!t1tl'lN 

t~rN ul'l~vtib~'ll'tl~r::uuilL'll'l ~~ri'luivtq)Ltlumri'1nl!t1tlBiiTm'lltH~~i:l=D<il1l~i:lnu~~n~:jl11 
Ul'l!JflU LLI'I::nua~ LL'JP1ft'tli-J~'bJi:J=t<i111 

...,..-~ ...1..1 .. F..'l'..l ............... .... 
't1 nL1'tl~VIU~Vll'l'll'V\11'1'l11-J L111 'I n'tlUVI"'::;:jP1 O~T::UUUL 'll'l 1'1'!1 T::P1U'JJ'tl~ n1T"1111T::UU 

LUtiTTI-J'Il1iii (levels of organization in nature) 
- .... ... -..!1 .. %, ... ..J.- ..t': V r I ..... 

T~UUUL'll'l l'l'tl fi'tli-JI-J'JUI11 (community) 'JJ'tl~~'l!UI'I::nl1l'lVII-JI'l'l11-Jni-J~Ulll1l'tlnU 

Ul'l ::i:JI'l'l11-J ni-J~UllrlU a~ 'l!Ji:J=t<i I'IT'tlU!li''Jl!UUi''l!J {f1W"l1 rn.n tm~ A f1~ LL I'I::VIU1~'lltH T::UU 

ilL'll'l"l::l'h i'-"L'ih L"lr::uuilL'li'II-J1 n~u ~~~ 'tl!litlfl' nl!tru::~ 11'1 ty'll'tl~ r::uuilL 'll'l Ltlwii'tl 'lvt qj 1 
• 

1Ui'fl1~11i'tl 'ltlil 

1. r::uuilL'll'l't11'1i11'l'l11-Jvti-J1tJn-11~vt·h Ltlu abstract tl1\:li'1~1Vl::LI'IV111!J 'V)nl'lUfi~ 

i'i 1111i~V1:: L !'lVI n !.l~'l'ltliu t 1'1 ndt111u lJ.J i'i111 L n~1:: L "l1::"l~~1 LLIUVI ::LI'IVI nu~'lvtu LLfli ihl:l 111~1 
Vl::LI'IVI11!J'l!1!11T1 Vl::LI'IVI11!.ltnu 'V)nl'luniln'tl'tln~1'tl~iutlr::LVII'ILP1LUVI'Jtl1111 tl1\:lll1~11.h 

L'lll11T't1Uniium11-lii~'V)ntlr::LVII'I~'tl~j'\uL'lllllT'ilU'll'tl~ ttl n~i:Jtl1 LLfli t'f1\:li'1~1U1 L'li1LVI qj L n ii"'::: 
Lo!h1"l1<1UVi~1LUUU1LUUT::LVII'I~'tl~LUL'lllll4 f~vtoJP1 fli'~tiur::uuilL'll'l't11"li:Jm11-JVII-J1!.lnol1~ 
LL t'l::i:JI'l'l11-JVII-J1!.J L fl~1::L "l1::"1~ LUl . . ' 

2. r::uuilL'll'llli'~ LLM'IIU1111 Lfi n 'ltl"luii~'liU1 111 ivt qj u ti~1.h 'lur'tl mVi'1m1uiili:lt~1vtr1u 

L '111'1 LPl !J'l LL 1'1 ::~ nii 't1 111 ii LUI..! T::UUilL 'll'l nq IJ'JJ'tl~l'l'tll-li1'lil~~fift1!.J rlUVIT'tl L~!.J'lii 'tl~ nu LUL '111'1 

'lvtqj 1 'll'tl~IJW1'111111lfll'ln~Ll-un~1 biome liLllur::uuilL'll'l 

3. r::uuilL'li'I'V)m::uwllur::uULUII1 (open system) ~Lllur::UULUII1L~r1::i1~~11i1~ 
' . 

1 dhmiur::uuilL'll'l (input) 'ii~L1i1iup..l'll'tl~U1 't11vt1r 1'111qiiiu 't11n11'1 'llll.l::LPitl'lnur::uu 
- ..... ..I ltl - .,j ... .J - ~..1'_,_., 
UL'll'lniJ'll'tl~Vl'il'tln "11nT::UUUL'll'l (output) 'II~LuU'll'tl~Yir::UUUL'li'IAn~'liU ti1LuUT::UU 
- ..&I ..J .... .oil ..J ... II.: .,J , ..., 
UL'li'I'JJ'tl~ LI-J'tl~'ll'tl~Vl'tl'tl n"l1 n LI-J'tl~l'l'tl'll'tl~Vl LIJ'tl~ A T'l~'IIU t1'1!.JL if input Vlfl~ Lif11-11 iur::UUl..!L 'll'l 

-·.Ju- - • t··'.,j ..... i.!<.J- • lll'l'tl!J1~L·nU 1nn1 P1UA'il l'l'tliJ~'lLI1l'tlT Vll'l'tllll n LfiT'tl~IJ'tlLI'lT'il~ 11VIWI'IIIl"l1niN~1W 

4. 'Vl nr::uuilL 'll'l"l ::i:l LL r!i111jVIJ1WL ~!.JU'tl~iw r::uu41w'lwvtd~!i111j~~11'1 cy lUi' LLri fi1f 

u'tlu lut!IITL"lW 'tl'tln'DL"'W W'tlAW'ili"A ttlulll!IL~!.li-J 1wtlllTL"lW !i111jLvtfh0LLI'I::!i111j~W 1 ~n 
tlr::I-J1ll.l~nun1 111 LUU!i111j~Vi'!l ut'l::nlll1"'111111'bJlUi' u1~fi111!a~n=t<iVJili'tl~mr1ut.Ii'I-J1ru~ii'tlu 

• 
I-J1n LLMtl1'11111lii"l::vh 1!Xi:i't11n1Tflllltlniiifli1~ 1 Liilll~W 
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x1.J 1.11'f1fi"l1TO.I11'11~111fVILfi!J'lffNfi'UilL'li'I~VltJ1'11th-31J1n 41'111\Pif l'i1•hri'l'lf!'l11-J 

'li'EhlilL'li'I~VltJ1 '!11"l LLI'Il'!-lcJ-31!1l11!11Jxl.Jn (Krebs, 1978) 
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Biosphere 

• Ecosystems 

* Communities 

• Populations 

Organisms 

Organ systems 

Organs 

Tissues 

Cells 

Oganelles 

Molecules 

Atom 

• I ~ ~ ~ - - - ..1 ~ n I ..1 .k ~ ..1 .. Xu 1.2 T::I11U'll'!l~011"1111T::UU LU!!1TI.l'l!1111 UL'lf'l'lVIU1n'lU L\-1, 11 LO!J'lll'!l~T::i11UVIIJ 

Ll'li'!l~\-IIJ1fJ * 



ELEMENTS ESSENTIAL TO THE PROCESSES OF LIFE 

%of 
SPONCH Atomic Atomic 

Element atoms in humans Symbol number mass Example of role in life 

Calcium ca 20 40.1 Bone; muscle contraction 

Carbon 10.50% c 6 12.0 COnstitUent (backbone) of organic molecules 

Chlorine Cl 17 35.5 HCJ In digestion and photosynthesis 

Cobalt Co 27 58.9 Part of vitamin 812 

Copper Cu 29 63.5 Part of oxygen-carrying pigment of mollusk blood 

Fluorine F 9 19.0 Necessary for normal tooth &name! development 

Hydr_ogen 50.90% H 1.0 Part of water and of all organic molecules 

Iodine 53 126.9 Part of thyroxin (a hormone) 

Iron Fe 26 55.8 Hemoglobin, (oxygen-canying pigment of many 
animals); cytochrornes (electron caniers) 

Magnesium Mg 12 24.3 Pen of chlorophyll, the photosynthetic pigment; 
essentiat to some enzyme action 

Manganese Mn 25 54.9 Essential to some enzyme action 

Motybdenum Mo 42 95.9 Essential to some enzyme action 

Nitrogen 2.47% N 7 14.0 Constituent of all proteins and nucleic acids 

Oxygen 25.60% 0 8 16.0 Molecular oxygen in respiration; constituent of 
water and nearty all organic molecules 

Phosphorus 0.16% p 15 31.0 Energy-rich bond of ATP' 

Potassium K 19 39.1 Generation of nerve impulses 

Selenium So 34 79.0 Essential to the woridngs of many enzymes 

Sllioon Si 14 28.1 Diatom shells; glass sPonge exoskeleton: 
anerfes 

Sodium Na 11 23.0 Salt balance; nerve conduction 

Sulfur 0.06% s 16 32.1 Constituent of most proteins 

Vanadium v 23 50.9 Oxygen transport in tunicates 

Zinc Zn 30 85.4 Essential to the workings of the alcohol oxidizing 
enzyme 

SPONCH shown in color 

li1'11'N 1.11i1"J~-i1LilU~'Il~~jjf.'illl (Wallace, et. al., 1986) 
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Tertiary 
consumers 

3. 
PrJmary consumers 

5. 
2. 

Producers 

1. 
The sun 

pJ 1.3 iJr::ijm::uuiklf'l vui~~1ULft!.J1tl'lup.J'il'!l~fl'l11J¥'!luLdtll·hut::lilul1h~ 1 
'lut::uuilL'lf'l (Kupchella and Hyland, 1989) 
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(a) PyrBmid of numbers (b) Py111mid of dry biomass 

(c) Pyramid of energy content 

• 
zU 1.4 iJr::iiPIT::UIJUI'll'l'lt.!zU'!lfH (a) ilT::iiPI'i1t.!'lt.l (b) iJr::iiPI'!J'!l·lll1 .... 1!n 

..,.1'!Jljj'll.l'lfl (c) i:lr::iiPIWfl-N1t.llllt.lllf'lfl'!ll (Kupchella and Hyland, 1 989) 
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5. a~~~l111ur~UUI'lf'ILII.J.lLuun~I-I1W\J 1 '!iii 3 n~l.l M'il n~I-I~I:Jftl11 (producer) 

n~~.~n'!ili uri~'ll~n~ Ll'lf1::MLLft~ LU~!JUVift~~1U Ll ft~ 111111111.11 LUUILIJ~ ~'!I Luua~~:ti!11~'tl~r.liu 
~nt'll'il1\-11t tt~ndn1'll1111~'lla~~~llltu 17'll-J~~fluii~~lll'tl~'W'lili Lwn::~'li~'Jiu'lun1t 
... ~ ... .. ' ."1 ..j ..1 v ..j ~. ~ ."1 ..j ~ ""' ~. t ..:0 
n~Lfl11::l-!Lift~'ll~ll'il'l1LuU'JIU'lUn11Vln1flqjVI~I11~U~IIn LuU11U'lUn1mfi1'!U"D'lllliU llllU 

~ '~v.Ji -..J ~.If~'~ •.• "!~"".!' ... ..J ,r, ·~- .1' 
LUJ Llll1U1l-JUL'll'il LVitNVI Ll'11"DnU'ilfJ IUll"'"!UUn 11111-11"11nVi'liVIIl11!JYIU lll.l'iliJ IUI11Ul-J1\-Ifl1!1 111U 

i:l n~l-l~t'l'il~M'il~urinfl (consumer) 1un~l-lfiu~uumlluw'ln~nu~'ll (herbivore) ~~o\111 
LU~u"Tinm::~ULLm (first consumer) LLII::W'ln~nunll11 (canivore) ~~o\t.'!Luu~u"Tinfltiu~u 
ft'il~ (second consumer) ft'lUfiU~~nu~~nlll1LLfl::~'llo\lllLUU omnivore n~l-J~t'l1l-JM'ilVi'ln 
!l'tltJt'lll1fl'D1n~'li'D1nnlll'fLLfl::'ll'il~LfltJLJh~ 1 (decomposer) w'lnd'liliuri 1f'iln LLUfliiiiru 

6. 1ur::UUUL 'l f'!LlJ~'ll'il~ Lflfl 'll'il~ Lftfl'll'il~a~~:tilll'l!UIIll-liiliiLuutl1l-111'li'il~a~~:ti Ill 
~ n'!lilUll-10~ a~~ 111 L ~U~1 LUU'lltl~ L ftfj it.'lfll tlVi1::'lltl~ Lftfl~ nll11iu tl1fl'iltl nl-J1 ii LUUti1\-111'JJ tl~ 
.li ... ... '!""... ... . " ..j .li ... ... • ~- ''!"" ... L'l!tl11 UUfiVIL1fl VI 'D~L11L1fln'l1 biodegradable 'll'il~LI'IflVIL'l!'il11 LLUfiVILUJfl'il!l ~ lllfl'il'lltl~ 

..J..- .J"_, -~ •. 1 ... tl " . ..:. .1'. 
Vlf1Un~Lfi11::\-I'JIU L11U Vifl1ftlllfl mi-l LLfl::ft17Lfll-JU1~ r::LflVI 'llti~Ln!JL\-Ifl1U"'::Illnrl1~'1lfJ 

1ut::UUUL'lf'ILUUL'lfl1U1U 

7. wfl"~~1u~u31Uft1J.Jt~!l1~~""11UL~tJU'il~1ur::uuilL'lf'1 M'll wfl"-l~1ULLl-i mfl n '!Wvh 
~ ~- ~ ..... I • ~ ..J.: ... ..j ..j ~ -

Viii~1Ufl'l1l-JroU LLII::WM~1ULfll-l (,.., 1.4) LlMII~Vifl~~1UVIn1rifUVI~IIlVIfi1'!U"1jn1::UUUL'lf'1 
~ 

1uill nUfl'llVifl~~1U"'1n LLft~t11~1llTJ 
..,-0 ...I..J l:'l.li ~ ~-- ... ... 
nViVI'Ilnfi1MU~VIfl'lTt .ULU'Il~lllU'lltl~n17nn1!11UL'lf'l'lVI!l1 fltl biosphere 'li~Ml-J1!1 

Ji~~'l! ftlll<f Llll::a~il:tilll~~Ml-JI111U'fllnn a~~L4J1l-J1L~tJ'l4J~riu biosphere fl'll ft'lU'll'll~'ffln 
~LUU'Il1n11'1 (atmoshpere) ft'lU'lltl~illn~LuuJ1 (hydrosphere) ut'l::ft'lU'll'll~i~~n~Llluiiu 
LUur.liu (lithosphere) ~~ft1l-Jft'lunul'tlt'll-Jriua~n~ll1~~ ... ~.~1111utt~n"'::LUU ecosphere 

- ... r.:\J \J 'IJ L ') Ill 'II '84 L :II 11-:1 
- - ... ."1 ..I ..J~.,~ ~ ~ ~ ... ~ 
UL'll'l'lVItl1'JI'!l~Ll-J'il~ (urban ecology) LuULT'il~VI WJ1Ufl'l1l-JftU 1'1nU1.11n 1Uu"''!UU . ~ 

fiUt'lT1~i'~~1U'lflfl'l1l-Jt'l::l11'lnfli1~ 1 ~Ul-J11flwjjt~~'llJ~1"1::LUUllUUMUVI1~ tllflUilf Pin 

Lfliti~Uru'il1n11'1 ilvJyf a~LMthfi1Mfl'l11.1t'l::l11'lnt'lU1flrlUflU~.nm.ntJ"'UfiUfil11~1t'l11.J1ttl 
tl~il11u'Wi!f~~~fitti.J'l!1M LLI1ifl'l1l-J"'T-l'llJ'liliLUUtiU1~Jun1~1'lUtl~t'll-JriU1uLjj'il~1ur::uu 
t'l11i17~Uiflf1~~1U'ltlfl'l11.1t'l::l11'ln"'UMII1flfiUnll1tJLUUfiULrlfl"'flhULU'f111tJLl-JXiK'l t::UU 

UL'll'l~fiUt'lT1~iu (antificial ecosystem) u~~n!JLnll.l'ri"fl'lUI'jl-J7::Uu'Wfli1~"11nt::uuilL'll'l 
ll11l.J 1i 7ti.J'll1 M t::uuil L 'll'l'll t~~ Lil 'll-lu~n fl" m:~ru::ri1f'l fU'll'il~ r ::uuil1 'l" ll11l.J~ n l'l1'l '1-1411~ r.liu 

BY 222 (BJ 203) 9 
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electromagnetic 
energy 

10 

--..... ElectromlJgnetic 
energy 

HelJt 
energy 

--- Cht~mical 
energy 

x1J 1.5 Yin~~1u~1,.nrJ1tm:uuill'lf'l (Kupchella and Hyland, 1989) 

BY 222 (81 203) 



' ,; J ' ~- I - J .. ,"f J - J' 'l - _. ..1 " ' 
I'Jn'!l!J1~ n~\'11'11~ UJ'nnT:::UUUL'lPI'!lU 11'1'11 uf\Jl-11\"'Lnl'l'llU UT:::UUUL'lPI'll'!l~LIJ'!l~n'lU 11-lf\j 

• 
Liil'l'l1nn1mr:::vi1'll'iNI'lw l'lw'bJ Lwu~ ulll"l:::tth~uf\J,.1 'lii1:::uuilL'lli'l'll'!l~ w'!l~ Lvhwu l'lw!T~ 

IIT1~Uf\Jl-11'llXr:::uuilL'lPI'llUU\'1 LLft:::ilL'li'I1!111J'll1iii~u 1 ~ntli''lu 
V ..J_J V ..I c:J I J/t - dl ....., 
ft nl!lru:::l'ln11'l f\J\'1 mWLI'JU·"I'J'll'!l~r:::uuu L 'lli'l'll'!l~ LIJ'Il~ l'l'!l 

- .. ."1 J .l' .¥. ~- !~.!' - - ~- !~.!<' 1. T:::UUUL'lPILIJ'!l~LuUT:::UU\"'Lftmvl'lL'Il~ 11-J IVIT:::UUUL'lPit.lftl'l'll11-111L'Il~ 11-J L'! 'll11-11T 

LLft:::<Jm~i\iuuh~ 1 ~L~!J4T:::UUUL'lPIIIh~rt~Lif11·J11Uxt.J'll'll4 input ~~LtlfiJ1'l1nr::;uuUL'lPiif1~ 
_, .. - J " 1 ~-I J .l' v ~- !~ .!' - "' .. ."1 J -
Ll'l!J~l-IT'!l1:::UUUL'lPI\"''Il~l-11~ nft'!l'lln UJ LIJ'IlLft!J~I'J'lL'!l~ 11-J WIT:::UUUL'li'ILIJ'!l~'l~LuUT:::UU\"'Lnl'l 

U f\Jl-11J1!J ft'll~Wnfl1~1'1'l11JiW'l1!J~Liii'J~UL0'il1Wvh;i"ULW!J~I'li~.ft''l liJ~ t'hl'lU'llU'll u:::t~1mll'f 
.. 0 ' 1 v .. J 1t.l.!: - .'1 

1-ltji'I~1U 'll1'lLIJ'!l~~:::\'11'!l!J1~ TnU'll!J::: 1-IT'iln1T\"'I'lU'llU'll!J:::L'il'l'll!J::: \"'~"lULnl'lufUU1 

J.:. v ., "Jt"' v.J ."1•J<!'\•• v 
LT'Il~nftU'll!J:::nU'Jl1'lU1U tUft:::LL'ln 1nnLI'l!J~ 111~\"'LI'l!JLuU'll'l'l\"'L"II!J~ 1-IIJ [11f'lU'llUf[lU1ri'Jn 

J ..1 v ~-• J .!< "' v v L • "' J~ - • • 
\"'n~t.lnt.lft 11-J Uft:::'!l11-11r'!lU 1 L1J1LIJ'!l~T'liJI'I'lnUII LVITI'l 'll1'lLIJ'!l~"l::L'Il1'1l11-11T\'1 Ll-IUnU ~'!ll'l1 

J ~ .I' " Jt 0 1. .. .. ~ .I' ... 1 \"'ll'l!J L'!ln1tl'llUT11'l1nUrl1~:::\'11 1-l'll1'l LIJ'Il~ L111'!l111l"!lUIJ1n'llULVi!J~ 1'1 

2. r:::uuilL'li'ILil'!l~Lllur:::uu~urlnl'l~~~~1UIJ1n um1m\J 1 '!l!h~nt~LI'IY-1~ '\if 

~~~~1UIJ1nn~1-i'~wi'111Lfin 1 \lft1!J4'~wi'm'liJrlU 'lu:timt.lr:::•hi'u'll'!l~'ll1'lLil'!l~~~LLIII~u 
'luLii1u'!luurlnl'l~~~~1umft'!li'IL'lft1 L~ulliu'llwLn'ln!T~urtnl'l~n~~1u wm'!lul'lfl'lunt~ 

J v .J~ ''\11 v ~- !"'.!;' w .J _, ~ •w - J t.Jv '\ 
L\"'W~ nl'lr'!lUI'lT'l\"'LIJ 1JWI1IftiJ u.JIJ'IIL!JU l'lU\"'~'!liJ11!J L111nW!J1!J11JI'I111LI'lT'!l~ 1U'!l1n11'l U 

thu ~_31U:::~Iiiii111LI'li'!l~t.lfumml'\ LLI'IUY)n!X'!l~'luthu wrnuuuf1J1nn~1 1 l'iu l'lUT'lu'lu 

Lil'!l~u1~1'lu~uiJ1 LLt.lNwuu~'lif LLt.lN1wvh Ll'li'!l~ tnu1-1u'J1111wrh 'll'!l 'li1ilnmv-~'ll1'l Lil'll~ 
~~ ulli ~U'lULif1U'!lU~1 '\-lfwft"~~ 1UIJ1 n Lrl!J~ 'li1l 

- .. ."1 .J... ' ~-! ' ."1 3. r:::UUUL'lPI LIJ'!l~ LuUT:::UU\"'IJIJftl11'l :::Y) n'!l !J1~ ~~ Ll-l'l1"l::; LuUIJftl11'l :::1'11~'!l1 n1P1 

m~J 1 m~ L~u~ 1'11~~ruwJQ ,;hJ LL~ ulliiJftm'l:::~IJ'!l~'bJ LMU'!l!.h~f~~ LLft::: LL!JL1-Ifin1wvh 

nmnn~1r:::uuilL'lPI~U 1 um'l1-1rjj 1 'll'!l~tJr:::LI'IPI~ri1~~Ww.IU1LUL'!lL~!Jft'lUUIIiWIJftfl1'l::: 
• • • 

~~li'~au nt~LI'IW~ 1Jilft1 ~1n1fdh n'lft1~1JLt.l'llf L111ftft wl'lrnft'l~!;i"~nl'l1'lilwuf\Jl-!11Jftm'l::: 
.J ."1 v ' '\ ... ~..... J 
\"'!J niJ 1 LuUI'J'l'll !J1~ un1 TL1!JUn1Tft'llU WI Ln'!lUY) nL 1'!l~ 

4. ~~~LMUI'l'lU~nunur:::uuilL'lPILil'!l~t111m'ilw1:::um'll-lrjJ 1 Pl'!l ~~~IJ 'luum'lm\J 

'll'!l~t.lr:::LI'IPI~w~mu1 LLn'l LLft:::ujuiJM1'fi1w1~m~ LPI11!1_3n"lnwft~IJ wt'I~IJ1uil'lu'!lfl'l :Um In 

ft'!lU111'1lU Ll'l L n !J'l t.lr::L \"'PIL\"'!J iiwt~~IJUJ1tli'U'!l !JUl~h UJ n~1 L~'!luthu'lu LL[]U L 'll L~!J'!l11'l LUU 

W~IJ'JlU LL'Il'ii' 111 ~IJ'JlU 'lrlfi'I::W1W'li11tlf L MULn'!lUVJ nYi l'i'll'!l~ n i~ LVI~~ ft~IJU~ LUU~IJ1'll'!l~U f\JU1 

~nmniJ1!J L'liu !J1LI\Wiii111 '!l1'llqhnmJ uft::mmwu 

BY 222 (81203) II 



12 

v .J .~ .:r. _. , ~ - ,. "' " ,. _. U r r 
5. ftnl!ttu!:VILI'Il.h 111tln'!lll1~1-l\.l~'ll'il-l1!:UUUL 'li'Hl-J'il~Pl'!l 1'1\.11\.ILl-J'!l~l-J L '!l1L 'll\.1111 n11 

Lilu t Tl'l:;l'll-11 mi~ 11'1u1u'JiuuVI ~~~~vitw+~ 1u~'!l~ m1l-11Wl11J nu ftUpY-l ulli LP\UVI1-l'n nLhu 

'h.hhnu ucyM11u~Vi~1u LI'ITI!t31i'lfl11tli''l LMti1d~'lULLIIivi11lX'll1'lL0'1l~Lrit!JI111'1ULUL0'!l~ 
~~LUULrl'l~l'lrlUl-11n 

- .. il -I :1 "''" " .. 6. t::UUUL'll'l u.J'il~ L Ut!:UI.JVI'll11111'1'l1l-J\-II'l1 nl-ll'l11J'll'!l-ln~l-Jll'll'l (diversity) 1ULl-J'!l-l 

i:i uvil'lubJ~1'1::1Xu'1tlVI1~ '11-~ui'i Lilu uvi l'lU n11'll11111'l'l1l-1Mfl~ nMfl11J'll'!l-l~~i:i~ 111Vi111X L0'!l-l 

'li1111UV'hrl'llf (buffer) 1'11l-lfi1Tl-1'1!1Pi Lrl'!!Liil11 hm::u1111 t tl'l'I::UV"4TLtl'!lth-lt'li11LT'l Lliim!n 

Lffiwiluwi 1111'\ULiiltJ'l i'ivi111X Llii nun LTIJUI'lU~ULUUWil'l rl\.1~-l\X'!l~ U1~1-l~lhui:it 11'11'11 Uln~ 
t::U1111~-ll'lULUUrlU~-ll-l~lhU 

!lf:.Jcr.,r_, t .. "" ..,. ""''I c:r ,.,.. 'l ... 
7. n~VI Ll-1\.lllln'!l n'!l!J1~1-IU~'IJ'il-lt::UUUL'l1'1Ll-J'il~ 1'1'!1 l'l'l1l-JL\-IULLnl'l'l'IJ'!l~l'l\.IIULl-J'!l-l 

~ 1111'l'l1l-J LUU'!lQ'll'!l-ll'lU1ULi:i'!l-ll'lfl'ili11'1Un1 m1~1U 'il1~V"4i:i LLui~~ Lft"n/llXI'lu1uLi:i'!l~ LMU Llfl 
v .l' • ·~ .. il -I ... ~- tl " .. .!i v 0 l'l'll-11n'll\.l m1l-IL!-1ULLnVI'l'll'!l~l'lULl-J'!l~L UVIl-11'1J'!l~uqjl-11TtJIJU I111UU.J'!l-l U'iln'l1nUIJ-lVI1 

1\X 1'11..1 Li:i 'il-l iJ L ~ '!lUU '!l!J rll'l!J 

-I ' -~ il v - .. ' .. ..... .J... .J Vlnfl1'll-J1 r~-ll-ll-1111 L Uflnl!ttu::V11-lflU'IJ'!l~t::UUUL'li'I'IJ'!l-l u.J'!l-l LL!Il Ll-J'!l-ll-1 n-lVII11-l1l-J'!lU 

1 ~ nMfl11J'!l th~ ~-l LiluA" nl!ttu::1uVI1-lU'l n'IJ'!l~ ~'Il-l t'h bJi:ifl'nl!ttu::'luV11-lU'l n LL~'l Li:i'!l-ll'l~ 
~- ,.. " " ~ :_ L .k .. v .l' .J v .!i ., 1 i] .k ~ _.. v 
~111-l~I111'111-11'1Ul-lfl-l 1-lfl Lli1Ll-J'!l-lnUl-J1n'IJULt'!l!J 1 flnl!ttu::VI1-lU'lnUV"4'!lft 1u L \.111'11 1111111-l 

• 
ui'll'ltlil 

1. ~'Il-l Lilw:~utfnfl1-l'lltl-l mr~ nl!i1 ft muun1t~ nl!t1~i:l~'!l Lfl!J-l~-l ullir::tli'utlr::nl-1 

ii-l'iJlnl-1~ nl!t1 ~'lu '11-1 qjt~1J1 u ~'Il-l ~~ Lilu ~ m"' Ill r-.~ fl "'o~~Vi 11 IX l'lu 'lu'iu L1uutli'!l-l L ;J1l-11 '!l !J'lu 

.. .J .!; U .'I " ,.J - J' " .. "· n I .. " ~ ~ ' :< .t-'1 u.Jtl-l Lt'!l~UL Uuqjl-1111-lqjVILni11'1JU 1Uu.Jtl-l11-I•11V)nu.J'!l-l1\.llfln Lu.J'l1t3U1fl"'::WIJ11J1l-J LLrll'll 

L1111JnT!:"'11J n1t~ nl!t1LU ~LOt!~ LU'l!UUVI LLvi i'ibJ'llir-.~fll-11 nun LV"4t1 ::LVII'\ t u t flU Llfl!: LLM n'lu 

L0tl-ltl~ Ui~ ~111 'I \X l'lUL\X L;J1 Li:itl-ltlQ Lftl-J'!l ~~'b.J'\'11 LLui 1'\ULU'i!J LmULl'hJu l'l\.IT::~u'loft' LLN-l1U 

cv, .k .. ~ o .!! ¥. v "!I ~~_...1 .. "'"~ 
n!J-ll.j-l Lll1 Ll-Jtl-l LV"4'!ll-11-l1\.IVI1 LLfl!:v1tH n1tnl-Jr-.lft LLft-ln LLfl!:LVII'll\.llfl!JVI u.J'!l-ll-1 1\-1 . ' 

2. ~'!l~LUUUI-1t<!~r-.~ijl'lflU~1LLfl!:l'l'l1l-lii1111MI.J 1 fl\.1~1'ijl'lft11-lnTtl-ILn'!lUVl-l\.1l-1111r-.lijl'l 
'11 mi:l'!l~ LI111JT::uuilL'll'lttlULiltH LLfl::t::uuilL 'll'l'liUUVI Lilu~lltlu'illl qPiu'l\X muuuf rn 1V'l . . . 
tVIrnl'lu l'l'lll-IVi'l Lllltlf"iYitj '1fl'1 au~1 LMrhil~'!l-lLilu~r-.~fllll ufl ::'lun1rr-.~ fllll au~1 LMrhiltli''!l-l 

n 1 1'1'1 'l1l-J ll'l 'l1l-J n 1l-J 11(1 LL fl !:1'1 'l1l-J L ~IJ'l'li1 qj'll tl-ll'lU.; 1U'lUl-J 1 m'lluLPl!J'l nu Lilt!~ ~-l LU\.1~ 
t'li.J'lltl-ll'lu~i:ll'l'l11.Jil'l'l1l-IL~IJ'l'li1fllpY-l uPIIl"nu"hm uvmtf ll"n~'li1 n11 fl~ '1tlii-l LL T-l-l1u~i:i 
l'l'l1l-li1U1qj L'liu U!:l-j Lm::V'lun '111-lLY'lvh '111-l'litli.JTtl '111-l~\.1 '111-l~I11Li'!li'IULUL0tl-l~-l'b.J 
LVl!J-l LLuii:lt '!l n1 rt LA'!! nflU~1Ui'Lfl1'1 'tlfi.J1 mJ1~1-Ifl11J'IiU111 Vi'l n L~1U-lft11.J1tll Lfttl nl'j tufl1V"4 

BY 222 (BI 203) 
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W' 

p.J 1.6 Lii'il-JLuu~uur'll.Jmr~nl!t1 l'lrnuumr~nl!t1VJm:::~u 

LLI'l :::~ L~U'l'll1 qjYJ n l'l1'll1 'i'll1t'hU1l-1 njtJ~1u Lii'il--1 

BY 222 (BI 203) 13 



.I .. ."1 .- ~ ~ ~ _. 
~u 1. 7 LI-J'!l-3LuUI':\Ut11'll-J'll'!l-l'lOO-IUfiTTI-J LLI'I::LYlflll.llfHJ 

14 BY 222 (81 203) 



• 
Llfl::11m'UiiPl1W'l'l1l-JUJ'!I>ln1nJ'il~PlUI'IN~n!li''ltJ u'!ln<~1nil'lwil'!l~ti'~i:lu1mrllh~ 1 'l1Xl-l1n 

... ...~." - ...l'l ~,_, ... .J ~ Ji ~ " ~ ..I... " ..I .. 1 "' l-J1tl '!11'il'l'lVIL\-1U1n11VI U'i!UUVI.wl-J lli'W VlUn~1'Wvitl'W1Ul-1U1r1U'!l1\-111VIl-Jl-1U1VItJnl-J'!I \-1' J 

~ mlh l~'!ll~tll~ ru llfl::'ll'illJ 'l n.uii:l UPlLUiilfl~ L\-1 t\i 1 I vhJu LUII~'llfi~UI 'll'l'iVItl1tl1~WIIh~ 
1 ~i:ll-J1nl-J1tl lll'llil~ 'l,X I~U~1'1!n'!I1~Vl (niche) i:ll'lUI'111-1l-Ji11U~Utl n 'l,X I~Uii~l'l'l1l-JI'lfllJoDUo!f 'ill.! 
'll'!l~r::uuill'll'l ~~ lllJ~1<~::ujur::uuill'll'l~t'lulr11'lh~~uni:lm1l-JI'lfiu-D~ir'!lu'luqin ld~-jl-J 
l-1dA~'WIIi1~'11nr::uuill'li'IPl1l-Jl!1Tl-J'il1~ 

3.1wij'!I~IUU~UUnfl1~'11'!1~-1No~Ul!1Tl-J 'hil~tJ~ufli-1N-~U!iTTl-JUT::41'll1iihvhJu~l11 
'l::l-1111Jl-1T'!IWUii1u'lulil'!l~ '1N-~Ul!11l-J'll'!l~'il1~~u 1 nl-1111JLUiil'!l~'l£1i~1tJn~1LU'i!UUVI t'!IIUT1 

11 t~ ::l'l'!IWi'HPl 'l~-1 qj,r n <~ ::4' lillll'l111~ 'lwilt~~ ll'll-J t1 t t1 n 11'l~'il1'l'iluuVI'I:: lrli'lll-JI'l'!I'WI ~ fPl'lltl~ 
" " ..~..... .,. ~ - ~ ~ " . ' .. 
r.fluUVIl-J'iltlll'ltl~T:;I1llJ'il1Pl Ufl::T::IillJ L fl nU'!Itl n'l1'il1'lll-J'!I~l-J1 n 

4. r::uun1rurn1n~hwi:l'!l~~rhf'1rut~~'lwil'!l~ 'll~l'lmrut~::l-11.l'ltJ~1u'll'!l~f,1u1t~i:l 
"" ... J 

~UtlL!-1{\j'!I~LUiil'!l~~~~u n1Tt'll-JU11'll-J l'l1!i1T~t..lttll'l1'll-J~~n1Tfm~nt'l'l1l-JUfl'!ll1ltltl IW'!I. 

~l-JI'lT'!I~UT::'il1'ilU'!I~LUiil'!l~ ldt~i:lll-111!ul'lUII-111Jhtll'lUnt~ IVIW'1 l'l1l-J11rJ\-11-jUtV11~Wvl 191 

"' ~.>' ~ ... . ...l'l ' ~ ~ ~ 'l ... ..I ..I ' 1 ~- ''" - ..I ll"l~ LIIIVIUVI 'Jitu::VI UP11~'1~\-1'li11 Lliltll1lW1:: 'WYI'!I~VIVI\-11~ nt~ u.!l-JT::UUIIfl::UTn11VII'l::IJl'l n 

T'lliliT'lmh~ 1wi1'!1~ 

lil'!l~~~nt~1tliUU~uunt~1~'1l'!l~mnt..l~uuut..lt~~'lun~t'll-Jlt..lti11tJU1tl1tJ ii'lt~LI:: ww!i 
.rltu'Vf ~uumr;h 1Lt~::n1Tfl~'l!u Plfl'!llil'IUII'lT'!I1htJIIi1~ 1 'lun1T~'!II'l11llfl::mrl'll-JU11'll-J 
fl'l'Willli'il~'lulilt~~~~~u n1Tllfl n LU~tJUI'l'l1l-Ji'ii11 ut~::o1tJI.lu!irrn'lulilt~~<~ ~ii'!1~11uu~~~ li~ 1 -ih 
l-J1LUli:l'!l~ (input) Ufl::'!l'!ln'l1nlil'!l~ (output) nlrli 

BY 222 (Bl 203) 15 
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., ."1 • .J rll..~ .J"" ii ., -~~ 
U.Jtl~ LuUr.:tJUUL'lf'1Y11J1il:ltlllr 1-niU 'II~IJIJftnf::l'IU ~'JI'"I'l U.Jtl~n;J 1UY1'"1~U'ln LLft::\'11~ 

nu (negative impacts& positive impacts) f=tJUUL'lf'I'IJtl'lLiltl~LUUf::UULi:llll~cliti~~~r::uu · 

ilL'lf'1ftluLilt~~l-1tor::uuilL'lf'1lnuLm 1uu~'llti~1'PIQ~U tl'"ll-111 wt\'~~1u un::tl"'.;'tJ1umrllhN 

~lll'lltl~'ll1'lLilt~~ ·~LOu input 'lltu::LPitl'lnuLilt~~iiiJnP~nu,lh l'l'l11J~IIl uH::I'l'l11JL"'1ty1u 

Jt ' .J 4 ' .''1 i~ - - .J .J ' .. 
v11UIIl1~ 1 'II~Otl'l1LuU output !.11::UUUL'lf'1'11UUY1 LLft::T::UUUI'll'ltlU 1 Yltlf,IU'IInLIJtl~ 

LL\.1ft~Wfl-N'"IU~thrlty'!Jtl~Liltl~ ;it) ll\'l.Jti1Villlfl fi'IILilUlli''l~iJUY1U1Yllhl'ity1Un17 
LU~tJU\'lfl~~1u LLII~t:nVil11tJ1~Luuwn~~1u~ L~~N'II1'l tn n uii<i11uLilt~~"'::ilrl'lli1t~tJ LLllil'li~ 
~1UPh~ 1 niJ1"11nrl'll 1'liJ~~J'"IIl'UL~tiL\'lft~~Lnlll"''lnfl'll~l1l1tlnUniJnUIJ1LUUfl1UU .. 

Lilt~~LiluPJu!lnn1~'11t~~r::uul1h~ 1 \1~1ulhuunm un::m'"IIJUftt~lllti'tJ Ll'lTtJ~'"ItJ 
. . 

'lJt~~n1rlml'liJU'"II'liJVjntlr::LI1Ylilf'JutJ11-1qjtlf[luLilt~~ f'liJ\i~"ntJ:: 1'IJI.IU1!111J n1r~nl!n 

LLft::~1U a~ L1-11'hilLuua.J~PI~P,JIII 1~1'1UtlWtJWLif'"IIJ1tl~1uLiltl~ n'"IT1JtJ'"ItJlli''l'lltl~.Lil'D~~~ LUU 
. .J • - ' ~ • ~ . ... ' .J,'( ~ .. eli ..... 

'lJU'lUn'"lfYllll1LUUI11tiiU IJftnf::YlU\1~ 1UY11~U'ln LLft::ftULuUft~Vl'\l'l1~1J~LIJtl~ tl~I'11U.JO~ 

L~tl urr!'lJL!ty!-11~1J1niJ'"IWhun'D~'lJ'D~Lilt~~~WiutPt~urhu 1 . 

BY 222 (BI 203) 



1. T:::UUUL'l~~'!l'!l:::iT r:::UUUL'l~1l'!I~LiltN\UJ1tJii~tJ:::h 

2. vh 'h.11:f tyVI111tl~ ~~ LL 'll/\ ft'!l~i'\ULiitJ~'i~l.J1 m.J1tl Luu1tl'lllltVIlJ~U tyVI1 LVIthd"' :::UtJtlfN 

3. tJ:::hiitJI'hL~~1tJLL~~ (hidden cost) 1l'!l~lJI'lf11'l:::L\JLiltJ~ tJfiU1tJWtnlJtJnul'lL'!Ifh~ 3 

fM'l'!lfh~ 

4. T:::UUUL'l~11tJ~Lil'!l~ilif'!I~LLH:::iftJLftu'!lth~1ru1~ 

5. 1un1rru LLI'l:::1umrvn.m tJ:::irii'il"'lllfJ'Illi~11'111lrn'!l~ LiitJ~ 

BY 222 (81203) 17 
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