
• ... - unn s 
i'l'U 1 'U hn.i 1'1111-J M1.:~ 1 M11 

~~~no Lnu~ riw~I-J'!l 'twii'!lU'J m~ mrfi'!lf'lUltJ'tt.~l.i riuf'lUltJLri1 uh~~1u uh~u oiitJ 
• 

~ iftJ Lfttl~UI-J1 ~11!tl1tl ~11-J 1'1'111-Jfifll LiiUfJIUitN Ufl'l LLfli'i1~U'Il~ll1tJL\.IU LIUU'!JUf'lULLri n'i1 

fJIUL'!J~~ o'i1 'tu LL~'JJ'!J~tlr:::~u n11NILfl:::f'l'l11-J'l11U1 ru f'lUltJ'tt.~l.i ii'i1f'lU uri LUULI/l t u I ~1fLfli1 
.I! ""' .1 ::. ~- ! v ·" ~ • ::. ..I~ tl...l ~tl .I! .. 0 ,; ...1 ... ...1 .... 
n1Uu f/l'!JTU U.J1Un~f'l'l11-Jf'lf/ll\.lUVI~YlLftnl fltJU 1 I-J10 lln'l UJLt.II-J'!lU'l1n~VIfllVIfllll1'1'!Jr.I~I-J 

r.1 ~1Uf'lU tw ri1u fl :::f'lu tu't t.~l.itfll u Hif'!l~ ILfdtJ lfttl~'!l~~~~'!l~~1u LLnL'JJU ryt-~1 L~tJW'~u1 
thU~'!l~ f'l~'1:::~1~1Utfllu'tif~1tlLfll~1fJL~tJ'lUJL!li n1TftUWU{Lifl:::n17~1ULUU~I-J1'JJ'!l~~~ 
ilfi~tu 'tt-~l.i mrnuwu{LLuuUJtJ1,u L\'lf'lt!ll13 o~ilwuqo 111-J lt.~il'llwtitJ ul.it-~1-J fll ulllf'lwiifll 

1-11'11 On11flUWU{ UUU'!l1,tl LWI'I~~ilf'l'l11.JUt1l O!ll1~VI1~WUqnTTI-J'11 Ovi'll LLI.i llfl:::r.lfl LU ~'!J~ 
.: 0 1 ,..J... . ..t I I I ... - ,.: ' 

UVI1 't~!lif'lU ti.JLI-li-JVII-J f'l'l11-J~11-J11tl Ufl:::n Ol!ttu:::CII n'l1tUW'!l LuJ LI-J'!lW'l11lU1 LU LL~UI'I'l11-J 

L '1 'Try n 1 'l\.IU1'J 0 !111 UI-J 1 'l1 0 1'1 u tu 'tt.~l.i llfl::: t fl 0'1::: I "lf[\j n1'l\.lU1111 'il1tl l'rl11::: f'lU tu 'tt.~l-1~ 1-J 1 

fi1Uflfi~~1Ufli'!l ttl ~~f'lu'tt.~l.i"l:::n1'l L~hi-J11LVIU~I'1UltJirl1fJi'!lLU ~'!ltl 11'1UlUlifllLU'l:::Lif1 

I-J1 LLVIU~I'lUltJ 'tt.~l.i LLfl:::ltJOfllLUnl if11-J1~ n 1uVI1~~'l'iiVIU1~~ijfi~ IL!Ilfl:::'l!ilCIIdf'!l~i:l LLr.IUfl11 

nuwu{~tlr:::fiUf'l'l11-JthLT"l ii'll:::JULLfl'l~~il~fJI'l!UCIIJU"l:::~rywu{ uo'iiVItl11'11flfJiru1~. 
tJ 

~ 0 o . ,0 _,,.., . ..I _, l ~ .!I v iltJ J! ...lv .. 
f'lU T:::LI-JU'l11-J1nn'l1 90% 'JJ'!l~n~I-J"D'llllVILI'ltli-JI-J1 U1flnU~[\jWU1j ILn'l W'lOVIU~L\.lfl'!l 

'!l~ LUUW'l n~'t~~ nt-~fl1U~fi11-J1Ttl'!l~ Ttl Cll t!ll~ n'i1 'tuuVIOL 11'l:::I-J1;1 Ol!t1 LLr.1un1rnuwu(~ 
tJ 1:::1\u 1'1'111-J ri1 Lr'l'JJ'!l~ ~~ijfi~ LUU"l,UU tflltJ L'llW1:::1'lU ILfl :::tJ 7:::'1!1 nTf'lU LUU"l,UU 

~ !I ... ~ f!'t'l 111111'11 Plfn1f11\JYiU 'I 
!JVI1!1'11flfllfmrnuwu(t-~1'!l ur.~un1rnuwu( (reproductive strategies) LUULt.~i1'!lu 

LLr.IUn1~~~ijfi~LLfJifl:::'l!ilCIILUn11fiTJ~~nL~'!JVIflliLVIUW'ln~~1tJLU ,numw'lumrnuwu{ 

'JJ'!l~~~ilfi~ri'lUI-J10~~ u~ufliV'I'ln~L11fifll-i1il-5~no11flilWUq'Vlih~flfll Charles Darwin 

tlr:::liiu'tli~1if1~~t.~ii~fi11-J11tl 't~~ ot.~fl1u1ilin~ 19 fl1U~'l 'tuL'lfl1 750 il LLflif'l'l11-J'lT~~ 
• • ..I 

<41u'luif1~UJ1!1ii-J10'JJU1fllll'u'tur:::u:::l'lfl1Lvhl!wwn:::if1~t-~fl1UIIi''lUJnuwu( ri'luW'lOVI 

tlr:::fiUI'\'11 ri1 L1"1 'tumrnuwu( ~~ LL 'l [I) fl'!li-J LUU~'lflfll Lih OV'I'l o~il n Ol!tlU:::~ LLfl :::L\.11-J 1 ::fii-J 

L~'!l~T'!lCII Llfl:::flUWU{fJi'!lLUL!li n ~rfL~tJ~~ O!li'ltJUI-J fl'lUI-J1 n flUWU{ih Ufl:::if11-J1 0 L0'!l LVltJU 

rlU011flUWUll'JJ'!l~ LLl-Jfl~ LLl-Jfl~'i'u 120 ~'lLUt.~ii~ilfi11-J1TtlftUWU1i'l!litJr:::I-J1lU 7 ~ "110 
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120 11h'lutu~ 7 'l::i:im.Jfhl1'1..1!.J1nii~ 5,598.720,ooo,ooo IIT'l ullilll1l.JI'l'l1l.J'IT~LUh1'11~1 . ' 
~~l-ll.Ji11'1::'il~l''!l111 '!l:: ll'LUI..IfiT'l ri11-11..1111'1i' 11111 n1l'flUrl'Ulj'!J'!l-lfl-li.Jfrilll vh 'li.J LLl.J I'N'll..ll-lf'!l{ 1~ 
~- ,... !!. ~ ."1 .. - v ..1 • ,.~11 ~ ·" "" ~ u.Jl.Jl.J1 n'II..ILvJl.J I fln '!l1'1 Lui..IL l''il-l'!J'!l-lfi1l'l.J'll1111 LLI'l::WIN-l11..1VIVI1 vrll1-llll~fl '!l-lu fl ::1-1 1'11 Ul'l N 

Mc/1 'W i:IV11-J~ mJ1h-J'I::I-!1'!l11-11l' 11/i LV!u-lW'il~"l ::wft 11113 n 1tlil.J1 nl.J1U 'I::Liilll'il:: l~uri'u\1 n 

f 1-l~ Lii111LI-!l-i LLI'l::!T-l'li'lU fiT'l L '!l-lLlJLPi Ld'il'!l11-11l' UJ L VlU-lW'!l 

n 1rnu rl'uljLuua-l~ i"utJ r:: n 1..1~1rl'uq n mJ '11 n tu1-10-1 Q n ci 1 u VI 'il111Ltlfi-l11 ntuud-1 

ILWI..In1l' Ll..ln1l'cl1UVI'!l111WI..Iqnrrl.J~-l LUI..I~'il-l ri11'i flJ 'lu t fl n~~-l LL 'li11fl'!li.JLU~UI..IILU I'l-l a-J j:j 

~'i 11icli''il-li-!1VI1-Jtlfui1T 'l Mttl'i1'~u1 m rn1nlfuiiT'l'!J'!l-J\j n L~'!l'!l~l''!l111Ltl'lu~uwuljlll'illtJ1tli 
~ pJ LL fl 'l!Juclf 'il-l\-11 V11-J futJ r:: rl l..ll'l'l1l.JI-I 1'11 ni-l 1'11 U V11-JWI..Iq n l'l'l.J'!J 'Il-l \1 n 

~VIfil'l1~111fn1rflUrl'l..llj'IJ'!l-la-Ji.Jfrilll LLU-llilfLUI..I2 LLWI..In1l'LMCjJ 1 
1.'ll\'f3n41W'll..ll.J1n (large number of offsprings) a-Ji:ifrillll-lfl1U'llili11'll\'f3n41u'lu 

• • 
l.J1 n LLI'l::W'il LLlJUJlilfLftU-l IIJ\jnl-lft-J"l1 nL ii111 1-!f'il LftU-liiJW'ilUl.J1n ftlll1'li.Ji.Jnr::11Jnftl..ll-lfl-Jn'll..l 

... ... .-I .. " 
1uqJi:i~VIfii'l1 ~~~~ fmr~uwuljLLuui1 W'l ni1'l1" 1~ LUI..II-Il.JI..IW'!l-J M'ilUU1~111U1-l'llil111'l1-J hil'lf-l 

fl:: 3 fl11..1W'!l-l nllli~LUI..IW1l'1L'll~riL'IiuL~U'lnu 1\\'\jn411..1'll..ll.J1n L,:jui'lll'il~ LLfl'l~1~cli''!l-l 
• ' ~ ~ ..1 ·" ..1 ... ~.! v -~ Jl ... ' 
Vl1'ilU1-li..II..ILWl'1::L'Iln1~VI\jn .. u"l::L"l'il host VILI-!l.J1::~l.Jl.J u.Jl.J1nun '!l::ul..lu1\jnLWU-l 2-3% 

i:it 'il m ~'il~l''il1111JU"l ~~1l.J1rn ~url'wf'!l'!l n \1 nl-lfl11..illi'!lltJM1! n tJ 1'111-!jj nfi m;IIT'l L~U'l'l1-l 1~ 
• • Ji' 

l'lT-lfl::l-lfl1UWI..I iiT'lLi:iu"l::LihiiJ ILI'll~l'l'ilUvil..ltl1'11nL'liW'ill..l (siphon) UJ1\\'~1MT1UMT'ilL'll'!l 

T1l.J14'u1~ L~'il Ml\'hl1111u ri'iluVI n LLl-itlfl1Mi4 nfi m:iiuwLl-i~'llVif'l~ l.J LVI 'I\\' nu n1111J ufll~t~~~u 
ll'uiiJ u flL~'il~Mfl1ULC;i'ilu t111u'W1Piiiu'il:: irLI'lU Uft-l"l1 n 1~w n LuuiiT'l\1 ntlfl1Mi4 n!T m:i'"l::IIJ LLI'l 

IIT'l L'il" ll'uLUI..I'il11-11l'ii'll-lftlllil-lfl1 nl-lfl1U'llil1111uVI ::Lfl l'l'l1l.JI-!1'~'!J'il-l ul.ltJ 1'111-!jj niT m:i:B-11111U 

Lwn::'illll'll11-11l'l-!fl'-l"l1nl~VIn~'il 01f3nll'utl~l''!l1111111ULtl1Pi"lutiiiLWU-l2-311T'l L~'ilnuwuljlli'll 
. . . 

1tJ IJuliiii1UIII11-!ftU LLfl'l LLl.Jfl-lUI..IUn ri'li..ILI-!CjJi:i LLwumrnuwulf LLuui1 ri'lu'l1-1CjJri'il LLl-iUl.Jfl-l 

1111UI-Ift~"l1 nmffiuwulf LU.Jfl-l tu1"l.l~wn"l1 n i'lil-lfl1UWI..IW'il-lLI..IL'lfl12-3 lftllll1~cli''il-ll-!1 L~ u-l 

IIT'l L'!l-l 01 mrL 'ITflJ LUiu t111 Luuuuu Ll.JVIIII1l.J'ilfl v-J;J~ftl.J!Jrnl'ricli''!l-l 'If L 'l 1'111..111..1 n~1"l ::LUiu t111 
~tJ ."1 v ,..I~ v !'J.l'• .. ~- ,..1...: ' - - ~ v ."1 .. 
1 Lul..llll'l LLnVInuwuq WJnLI-Ifl'ilu.JnvJ'l lllfl'illllT::u::L'lfl1n1rL"ll'f\JLII!U Lllil.JI..IIII nLui..ILI-IU'il'!J'il~l..ln 

U~ LL fl:: LLl.J fl,jtJ r:: UlVIill'll UIIII..IPl'lU rli..ILUI..I411..1'll..ll.J1 n 

2. vi'll ul.l L~U-l\jn (parental care) ~VIfif'l11'llllfmrnurl'u{uuudw'il LLl.l'll\'\1n41u'lu 
• ' , , .:f J ."1 _ J v el-. ' ¥. r .:f Jl ..1 

l..l'ilU LLII!W'il LLl.JLfltl-liiJ\j nLW'ilLul..in1Iul'::nUI'l'l1l.J'il '!I' tli11'1J'!l>!\j n nlll'l LflU-l \1 nvJ'lUI..Il.J un" 'll..l 

'lu 'lJ LLI'l::ftllliL t'!lUflfl11..1U1-l'llil111 Litl-liiJ\jn'IJ.'n~1·dl n nfl1'1J1 ui!-l'll'l!JIIT'l L '!l~ vr Y111!li'l1tl 

W'il LL!.l"l ::L~!J,j\j n LUI..IU\-IT'ill.J1 n n~1~-~n-~munl'!iL iu~ \1 nPi'l!li..II.J'IJI..I1111 'lMCjJ n111'1T1~fll''!lU 
fl f'l"l:: L1i111~u~~"l ::tl r::n'ilUPl'ltJ LLlJ LLI'l::\jn!.-lfl1!ll'l'l ~~\1 n!Jni:itn~lli1~ nu vi 'il'!l1"l"l::'ll~l-l t'il 
il.l'!l ~iun ~l.J ti'il u fl f~~Ufl1 !ll'll''ilUfl f'l'il1"ll''ll.J nuLUI..Ift-l fll.JL\.1 qJv'h '1\\'i:il'l'l~ LLI'l::IIT'l Li:i u 
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VIH1U~'l7'li-J~~I3n~i1m!j~h~r'fu 1umn1~TLI-JVI (primate) U'!ln'~1nl'lu n~wLn~"'1nVIH1!J 
l'lr'!lUI'If'l1'li-J rlU 

L'lln.fLLa::mfi'LI~UB • 
L'llniuH::m7~u~u~··b.J'blll'll~L~!J'lr'fu n17~u~u{tl1"1Ln~~u1rJft~u11-ii1L'llni LLH:: 

~ - J' '1.¥1' 11. !_. !f ,..... r 1 ~ r ..,. t.r t.r ..J ... J 
L'lln'll'!l1"1LnmiU LVI L~U u..JI-Jn1111UV'lU~ n'!lUUL'lln'l!LUULVII-J'!lU1J'!l~lll'!l~V111-J I'IUVIVI!JUtJnL1'!l~ 

d~UI-J1~~1J'n~nl1i'll~1~1VI::~-l fl'tJ~u Lii1r1LL~VIIf1l'll~!j L 1U LLH::'!l LI-Jl'n1LUI'IIIl'l111!1~ LLfl'lU'!l n 

~1~1.-lt\j~11-iuUPlUUT1UrlU Ll'!l-l L'lln'lf ~1.-11\j~~c:Jn itl LltJ~diitl~1LUUI'IULH'l Lii1n LL~YIUI'l!J'u 
dutlnL-1i~L"'U~1~1.-It\j-t~UJiJL'lln'lfLUUI'IUII11UrJi1U (frigid) 

l 'll'n'lfiJUVIU1VII-J1 ni-J1U iu'ti Ill L'll,niLUU~U31U1Jtl~'tl111-J nJ'!iU L'll n'lfiJ~YiiiV'lH rlU 

tjUiltl'u l'lLIIlfln11LLI1i~~'l LLII::~~iiinnwl1i1~ 1 iu'ti!11W1::411'U ~VIii~fl1Jtl-l L'llni'hJ1rJfi:Jr'fu 
oJ ' 1! '::. v ... ' oJ .. .lr .. oJ ~ ~" ::. 

I'IUVIL71 Llii1~~1UVI'l!JLV11UU U~I-JtJHI'l'!l1ClVILr1Lfltln'lltl ~TTI'In1TLI-J'!l~VILT1 Ll.-l'llll Ll.-1 U1~1'1N 
... v oJ v ... 1! ' ~ ~· ...~... v oJ ,... :"1 .lr 
I-JtJHnUI'I1t'IU1YILr1UUCltlv!'l!J '!l!J1~ LTnii111-J1JVIU1YIYI1111'1[\JVI~~1Jtl~L'lln'lll'l'!lLuU~U31U1Jtl-J 

f'l'l11-Jfn LLH::I'I'l11-J t;1 n~u~~t111u ~ n111'1 ~'NI'lT'!lUrlf'l L 'll nii1rhuiu n1 71'1 1<1~ 1'1 '111-J tl'w~ui 
~ u u u u wu 'lul'l rtlu 1'1 f'l 13 n~ L ii ~~wuut.Jfl1l'!l~ n11~u~u{~ ~wlliu"'1 nl'l'l11-J fn. LL H:: L 'll ni 
u11iL'llni'b.J41LUUtli'!l~"'UH~rJf'l!Jn11~U~U{LI'II-JtlLU 1'11iJ!ltTU1~tl~rlU"'ULflU-lu~u~u~1tJ 
LL ft 'l !T-.1 iJI'I'J11-J ~11 tl U L 'll n'll1rJf 

iunrru~L'lln'lfLn~~ur::J..~~1~mi'III1Nii1~:JLTUn~1 heterosexual {hLUUI'I'l11-Jt;jn~u 
Yl1~ L'll ni'l1,JL~I'I LPlU'lnw1un~1 homosexual ~~i1L'lln'll1rJftlu~~t'l'!l~ L~l'lfru n~1 bisexual 

ri1J..~ful'lu~'b.JI'Iu1"1L'lln'lfii111-JUniiim.h'~l'll.L~'l1uii'!l~1LUU pervert L'lln'll1unnudLrun~1 
perversion ~4'~tl~LU~'lndtrJruri Peeping Toms, Sadists. Fetishists UH:: masochists 

a~~l.-IH1!JI'JULUU>h' 'luii'~I'II-J Lniiifl'll ::ir iiifl L'll n'lf~ ~ n LLH::Ll.-II-J1::t'II-J t~u L tl~1:: LUI'lU 

1.-1~1-Jt'11'l n1rUQtMV11~L~I'I (sexual practices) 11i1~1u"l1nt'IIJ'uriflu 1'PHU!lrTI-J111::1'u111n~ 
LL~dhi-J1LUp.hLUUI1i1~ 1 n17'3UU1nLUULltl,t.lniii'\u-1"-!U!l1ri-JII1::1'ullln LLI1i!T~LUU~fl-.l~ 
n n Liiu~ r'fuiuthwn LL~~1m~uuii11VIu 1uu"'-,uu'l::i1uVJd LLYIUVJ n f4'1l~ m 7UQuliim-J L V'll'l 

LLI'l nllh~ nu LU11111-J-1'PHU!l711-J LLI1ia~~ Ln'!lUVJ n-1"--U1i111-Ji1flfl1U nu iii'll 

1. Ll'l1~t'IT1~1'lrtlUI'If'lLii~"'1nl'l'l11-Jt;jn~UV11~L'llni 
o1 ? .,o,J • ,.. v Jl! "' ~" o v v ¥. , a ..I ~ """" 

2. I-Jn1TH-.l LYll!lt;jVIL'tl1 Lu1UUVI1~L~I'InULvln 1.-11'!1 L'lln1H'U'r1U~L1J[\JL~'!l LU Lv11'111-J 

l'l'l11-Jllf'll, n111J'!I' lllUL tl-.1 
.J.J( 0 ..C .. I ..:. ..... - .J- !'!! 11..!' I 

Vlvl'll~fl1U~Cl~'!IU1~!J~I'l'!lt.IHII1~11111-JYI Ln~"'1nL'lln'll·n' LVI un 

? ..1 - ... ,..j " v i ·" .!I .. 1, L11'lVILn~"'1nn111-JL'lln'liYI!Il'!1~7::'l~I-J1n Ut'li-J!JUI'l'!l AIDS 
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a. ., J.!t ..J 
2. n1r!IT-.lf'lrrn111ltiW!IT-.1 'l"l LT'INWLuuu llJl-11 ft-lf'li.J'lur::u::m'l t'hfif3 n LllltJY11111..1LtN 

'liJ rlf 'il-l mr r.J fiY11-l ;I flfll'l'I.J ;i'!l m r(h LL ~~ 1'1 
\Jr.:'ll1nt 

mrnuwufiLU1..1~-l~U1Lt.l~n1TL"iilllt.ll'::'l!1n7 n1ril!nl!nn1TLt.l~uuut.lM!1'1l-l-i11..1'l1..1 
t.lr::-n1 miitJ nrh population dynamics n17LU~!JULLt.l fl-l'll'!l-.1411..1'l1..1t.lt::'l!1 n ~1..1'!1~riu'li'm1 
mnn111 LLfl::mrl111tJ LllltJi'l1t.lmri'illl'li'11171n1tL"iilll Ufl::'li'l1171n1TI111Ui'illl L!lluH<i11..1'l1..1~ L"iilll 

~-lMI.JIIl'luuM1rrli''lu-i11..1'l1..1t.lT::'l!1nmfl1-lU Mr'll411..1'l1..1~1111tJ~~l-II.JIIlL1..1UM1Trli''lu411..1'l1..1 · 
t.Jr::'l!1nTnfl1-lU ~-lll'nLLI'IIIl~L,j1..1LU'!IfL'li1..1Pl if1 L'!l1r.lfl\11~1rlf'Jnl 1 00 "1::1rlf'li'I11T1n11L"iilll 

• 
1-IT'!I'Ii'l11nn171111!l'll'1l-1Ul!WL,juLt.l'!lfL'II1..1Pl 

n1TL"'TC\jLPiULI11'll'1l-lU7::'ll1nt (population growth) ;i'!lr.Jflllh~'ll'!l~tll1111n1TL"iilllLLfl:: 

tl11111n1TI111!J '\unrN'll~l'l1..1n'iTL"'TllJLPiULI11'll'!l~t.Jr::-n1nTLU1..1LLUlJ exponential growth Mffi 

Luuuuutll'!lmfluYlurlfu if1fif'l1..1L~I.JUfl:: 20 1'11..1 n~1"1::L~I.JO-l 1000 1'11..1 rlf'!l-l'li'L'lfl1 50 u 

LLtliif1 L~I.J LLUUtll'!l mfl !JY1Urlf1..1 tli11T1 n17L~I.J'li'!I-1UT::'l!1 nru 2% t.Jr::'l!1n T"'::L~I.J LU1..11'1'1l~ LYh 

L1..1L'lfl1 35 u 

fl'nN::'ll'!l~U7::-Jl1nTLit.l~1rlfLU1..1 3 p.J LllJU Lrl'!IW"l17N1411..1'l1..1Llfl::n1TL~I.J Llfl::n17 

flill'll'1l~UT::'ll1nT 

t.l 
.J ~ ~r t.J .:t • . 

1. r::'l!1n7f'l~Yl (stable population) n1TL"'TllJLI11U 111'll'!l~ r::'l!1n7LLUU1..1 "111..1'l1..1 

t.lr::-n1n1"1::~1..11 fl-.1 1 Ltllu~411..1'l1..1~L~I.J~1..1LLfl::411..1'l1..1~flillfl-l'WI.J1nll"n ntl1'lLrli'~1L~I.J 
MT'!I fl "'LtlluLl.J i:il!mh'l cum~ 1'1 ii Pi fi11l1411..1'l1..1t.lr::'ll1 n 11.11 L~uunr1W f'l 'l11.J tA'~~l..lfl-.1 
'lltl-.ln11W"'::MUn~LMi:ltl1..1rt1..1L~tl!J 

t.l .J ..: ·"' . ) ~- "" I .:tt.J ..: 2. t::'ll1ntYlLVII.JLLfl::fltlllu1..1'l-.l"ll' (cyclic popiJiatlon 11..1, ... uuuu r::'l!1nT"'::LVII.J 

~1..1tl!.h-.II.J1n Ufl::fllll!Ntl!.h-.!I.J1L,j1..1'l-.l"'~'il1"1L,j1..1L'lfi1Mfi1!JU LrltlL~!J1..1L,j1..1n11W 1t\'1..1n11W 

"l::vj~~u'!l!.l1-.!Mtll 11-l LLfl::l11nfl~'1ltl1-.JMI'I L T'l Llllufi'li'l-.1 L 'lfl1~~u LLfl::fl-.ll'i'lluii'1-.!1'1~1 LI'II.Jtl 'll'l-.1 . . 
L'lfi1U'll1"1LU1..13-4 u 1-lffitl1"11..111..10~ 10 u LL~'llltli'l!illll'lltl~ftlll'l 

3. t.lr::'!l1 nT~ L ~ 1.1~1..111 tl1-1 f'lill L T'l LLfl::fl Ill fl-l!:l'lU!I1U'Iltl1-.!T'llll LT'l (irruptive 

population 1-11-tl outbreak-crash population) n1TI~I.J LLI'I::n1rl'llll UJ LLU1..11l1..1 LLn::Yi11..11tJ'W 

1rl\' Llll ui'l1t.l m TL~I.J'll'il-.J411..1'l1..1t.lr::-n1 nrL"iilll"'1 nl'lmVI L~'JI'It\''lli.J~Pl'll1M1 r LLI'I ::1Jiitl1 ml'l 
..J"''O .~... , ... II~ o I 

Yllll IIT'l'ilU1-.1YltllL1..1nTNUf'l'!l '111..1'l1..1n'l1-.IL1..1 Kaibab National Forest L1..1L'IJI11 Grand Canyon 

'luf3 Arizona L1..1Yll'l'l1TI:I 20 'll'!l-.11'1111'lf~ 20 ~411..1'l1..1n'l1-.IL~I.J~1..1'11n 6,000 !IT'l'luu 

1905 1uu 1 oo.ooo !IT'l'luu 1924 ul'l::41u'1u~nllltN'Iltl1-.Jt'llllL1'l'luL'll'l1 2 il ""'"-.~ii-.~ ao% 

LLfl::l'i'!ltJ 1 fllllfi-.J1t.J"'1..11Mft'll<i11..1'l1..11n'llULVhL~I.JL1..13-4 utrl'II.J1 1'11LMIIJ~n'l1-.IL~I.J'!IU1-.IT'llll 
L1'J;i~'!l1\11f'ltlli.JI'II.JI.ITnJ ~111zt'111.lflm.J'l!1~Qnri1( Ill Llfl!:l'l1 LM"J~ l'ltll;i'll'!llll1ltl1 n 'UJ fitJ1M1l' 
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r 

p.J 8.1 n1TL~TtyLiiiUti11LLUU outbreak crash 1ltNUI-JfNI-I~ (Ehrlich, et. al., 1976) 

Number of 
bacteria 

Hours 

pJ 8.2 n11L"lTtyLiiiuti11LLUU outbreak crash 1lfNUUI'lYlLT!l (Enger, et. al., 1988) 
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~I • • ~ • ·' ·' ..J ...: ·"' 'u 8.3 n1fL"'fq)LIIIWIII'IItNn7::1111tJLJ1 LLfl:: LLl-J'lLJ'lYlLWl-JLLfl::fiiiiLlJU'N"'f (Owen, 1975) 

4 

3 

~-1--======.6;'ollia..{~_-.--::1~~· . .__· ~·~· ~· 
3000 B.C. 2000 1000. 0 1000 A.D. 2000 

Time 

atJ 8.4 n1TL"'TI'Jiiiiutlll'llfl~Lh::'D'lnnn11lt!f (Enger. et. al., 1988) 
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nu fl'nl!tnJ::'li~.JUl'::'ll1nrLLIJIN\.1fl1U'IIUlll1'liJ~"LLIJIN'i'WLfl::LLIJIN\.1~LUWLUU0 (lU 8.1) 

• I '" ~ ·~ •.• I • I ,.., ' ..,J ' ur::'ll1n11Jl.jl!tUn"ll1l~IJ IJ..IuT::LfWl outbreak-crash ur::IJ1CU 8000 un~u LIJ~IJl.jl!t!J 
' ' . 

ii-IJvh mTLn~:tutr 'flutnmrut1!J'11~"ur::'ll1nrihlfll11 'flutnmrLnl1l!T"fl"~"~~ u~ n"l1 nil 

nJ~ • I o • .I < ..,J~.!I ~ ~ _. ..,J ~ nJ~ • I ~ ,... X n• 
n1 ruut.Jn1m1n1TIJVI ~11LVlfi~U~fl!Jn1m1"LfiT~""~nrnfl n1 ruut"~u~~'JILLfl::nut'l \.1 

• 
~ fl ~ ftut~" n1 r 'l-Dlju ~ fl::!J1 rh4' 11l~utl"i'll T'liJ~"fl'l11J L 'l'i-C!J rlhun1r LL~Vltf ~fl ::fl1!l1 rcu~'ll 

tl1W"l11CU1Li'im (curve) n11L"lT{\JWiUll1l'1/'!HUT::'ll1nrLLA'l (XU 8.~) "l::L~U~1flfl1!JriUfli" 
• I ~ . 

LLm'li~.J Li'imur::'ll1n1 LLIJU outbreak -crash u r::'ll1 nTIJl.jl!t!JLrli LWIJiU'!I!.h"r'll11 Lt'l fl"tli'!l" 

7'!111J nul11'!11u~1U 1::'111 n11Jl.jl!ttl"l ::ut nfl"'!lih" l''ll11 Lt'l\.1T'!I UJ 
n 1 'fl utn n1r1n 111 1vh riu'flutnmrut1!J n1uL'lfl1U1U ~nli;i~ mn"'TCIJ Liiiu Y111'11'!1" 

Ur::'ll1nnvhriu~utf (zero population growth =ZPG) fl1\.1fu1Jl.jmJtl1Vl"l11nJ111l11JVI~l!t~ 

~\.1fij.JV!0.Jflui:l~n L111!JLil~!J 2.1 flU ii~~1'flutnn1TL"lTCIJ'11~.Jur::'JI1nm'hnu~utf Pi'.JJu~ 
1;1111~1i:J~n 2 flU "l::LUU'JI1!Jii1Vf 1-1fij"/i~ 'l"Qntlf~"L\.11J1::fliJLU~~'1/~"n1Tfnl!t1oi1U'lU 
ur::'ll1 nTLifi'Ny\ ~nfl'fl.JfiU"l::LUUUl'::'JI1n~$UIJ1Vll11 LLVIUW'!l ~l.i 2 fiU~"l:: ~ri LLfl::l1l1!J1u 

mri'il1l'!l!.h"011i'l11nrrun1r'!l~!J~Lih ~fl::'!l'!ln~.JUJ 0'!1~1LUU'fi'utn n1m111 LLYIU~~'!I~ 
UCIJV11~'iutnr'fuiJ1Ur::IJ1nJ 30 u~u«'l ;i'!IUCIJI-11U7::'111nTIJ1mnu1u (over 

population) oi 1U'lUfiU LLfl:: n"l n 711J~ fiUVh LUU L \.1f1l 'lii'fl'l11Jfl11J 1 f0'1/'!N~~u~~1'!W:n'iut 
• • • 

IJ1.jl!ttlfll11 fl.J "11 nfl'l11J"l i'"ii'!lUO'!l~1UT::'ll1 nr LflniJ1 mnu1u LLA'l 1Jfl111'l::~"Vl1"1.h LLfl:: 
.,;JI..Jo nJ,t ... ..1."1-!; ~o 

Vl1"'!11n1f'l n17~{\JinU~UVIV11n1TLnl!tl1lf n1 UIU'!IU'11'!l"fl11LfiiJ'VlluU'I'fl!l 'Vl"\.11JI11UVI1 

'lii'r::uu~~1'!U:n'iut 1 n ~~~IJ t VlTIJfl" 

fl'n~:tcu:: 3 ~!.l1.J~Lriiuil11'11~"ur::'ll1nm1nLnu'W'lunrri1'll~-lifut1'fi~m11J~I11~!J1n 
'flut n mrut1u'lu'i' m~ n~" LLfl::fl'l11J ~~~IJ L'VITIJ'11~"~" u 'll1lfl'!IIJ ~"t'I11Jfl' n~:tcu::OLL!u"' "1" riu 
• I < ,. ~-! ~ ."1 ..,J ..,J _. ~ ' ' ,..,_. Jt 
u7::'111nTIJ1.jl!tU\.11~ u.J!J"LuULT'!I"Vlnmnmnu'!IIJ LLutfl::uiJfiU 15-20 n1UfiUIJI1!JL~T1::'111111 

~ 1\.11 r 1Lfl::'!li11'!1!J1 n tiLLiuu {\J\.11'1/'!I"ur::'ll1nTIJ1nLnu1u \.1T~ LUUU{\J\.11'1/'!l-l'!l1\.1111Lfl:: 

Vlrnm n ~ nr::"l 1 u'b.J Lvi 1 riu Lift:: 'b.Ji'l ii" 'lui fl n0\.1r'!l 

tl1W"l1rcu 1 riu 'lu LL~'ll'!l" n 11 'l-lf~ fl'""1u LLfl ::~ fl n r::Vlu~i:111i'flr::uuii L 'lf'l ~ fl W'!l" fl 1-1 f3 

1-10" flU A T1-l ~ fl n r::VIU LUV11"flu 'lu r::uuiiL 'll'l 1Yi1 riuwmi:j'!l"'ll'!l"~uL~U 25 flU u r::'ll1 m 
fll-1f3'lf'Vlrnu1nTLLT!l111j'11'!l"LflniJ1nii" 33% ur::'ll1n~ L\.1ft'fl LULfln'luur::mf'li111" 1 ~n 
ur::IJ1n.l4,700 fl1UfiU't-DVlrn!J1nrLLT!l1f1lT'liJrlUILft'lUT:::IJ1nJ 70% 

..,J ' - ,. • I - ~- I ."1 ..,J o ' _. "' • I ' • I 
VIU1fll1lfl~ul'::'ll1 nTIJ1n LnU LU LuUI~"'11'!l""'1U'lU'!l!J1"LI1l!J'l\.1T'!l Lufl1 u r::'ll1 n TIJ1 n 

Lnu1u Lllui!-tJ~'11 -tNI'hiiuiJI'hulli''l IJ111lr31U'II'!I" "'"fiiJ ufl ::A1utfl1'iutVI 'l!J 
~ • I - ' .'f ~ ..,J .> ~ ..,J .'f ~ ..,J o ~ - - ~ • I 
LUur::'ll'lf'l1fliJIT u"'"l!JVln1fiCIJVl~l11 3 u"l"'UVl"'1nllln11L"'TCIJII1lU ~11l'1/'!l.Jur:::'JI1n1 

fl'!lfl"fl niJ fl'l11J'!IIII'!l!J1 n LLfl:: Lrflnu1ii L.;u fl" m11Ji:l~n riuur::'ll1 nr LIIIUut Nfi'!llJuv.J1fiU 
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,6 
Years B.C. 

5 

Years A.D. 

Black Death 
(the plague, 

8000 7000 6000 5000 4000 3000 2000 1000 0 1000 2000 

Year 

pj 8.5 t.lr::'ll1nTLflnL~IJ~UT'li1lLT'l~l1n'\u 100 i:l~~~'l nnvi"I::LUUXUfli'lL"l 

'l.l1'1llli'lL'fl~ (Kupchella and Hyland, 1989) 

14 

2 

1960 2000 2060 
Year 

c 

8 

10.7 

A 

8.6 

2100 2150 

pJ 8.6 c'h41u'lu~"'~-l~Lnl1lufl::LOiutl1lii~1'm'llrywuflu'li'l~il2ooo-2oo5 t.1r::'ll1nrttm 

"l::L~IJii~ 8.5 ~')U(A) t'f11'liL'Il11JWU(IJ111'nUI't1..1lulli'J'\uu 2020 UT::'ll1nTLM"l::L~IJii~ 
10.7 W\.1~1\.I(B) i111J1UVIU~'lutl 2050 t.IT::'JI1nTLM'I::L~IJii-113.5 ww\'1u(C) 

(Kupchella and Hyland, 1989) 
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Year 

~~ll-~1..11 (Kupchella and Hyland, 1989) · 

Estimated Size of 
Population Population at Change 

Country in 1988 Stabilization from 1988 
(million) (million) (percent) 

Slow Growth Countries 
China 1,087 1,571 + 45 
Soviet Union 286 377 + 32 
United States 246 289 + 17 
Japan 123 128 + 4 
United Kingdom 57 59 + 4 
West Gerrriany 1 61 52 - 15 

Rapid Growth Countries 
Kenya 23 1 1 1 +382 
Nigeria 112 532 +375 
Ethiopia 48 204 +325 
Iran 52 166 +219 
Pakistan 108 330 +205 
Bangladesh 110 310 +181 

Egypt 53 126 +138 
Mexico 84 199 +137 
Indonesia 177 368 +108 
India 817 !,700 +108 
Turkey 53 109 +106 
Brazil 144 298 +107 

1 West Germany has a negative birth rate, 

111111~ 8.1 !.ltl111~11..1'l1..1UT::'ll1m'vlt.IT:a01..1~1"l::f'l~vl'luu1~Lir::ml'l (Kupchella and 

Hyland, 1989) 
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~~iuvm8tu.JtW1 niJvh iMLnlll tlmY-~~vh 'lM Lnlllm11Jtllll'!lm n LLfl:: tm 'till tl"l ,uuMf'1T11J 

f'1'l11J'iWI'!l!J1 n LLfl:: hl'1 fi~vh iMr fl n T'!l\JT::fl LLI'l::ilt.Jfl nu41\.l'l\JUT::'JI1 nT'!l~ 

th'll!h~ 1ttlr.:'ll1n ,=;~ "'::"~~ 
ii1i' n A1'l ii~t.l r::'l!1 n 1 LLUUf'1~~it.l ~n'l 'lulll'!lu!Xu'JJ'!l~UYIU ~'ll!J1 nJ1 'lMdh i"l~ n~tl 

.I .J~ .• ~~ . ' .I ,J.J v .I ' . ' 
uT::'ll1nTI'1~YI~~~IJ11JI'1'l11J'l1'1J\J1111'1Jtl~uT::'ll1nrH~IIItl~YIT::IIIU~\J~. ~~~~~IJ11JI'1'l11J'l1 

t.l 7::'!11 n TLU ~IJ\.1 LLUI'l~~\.1 fl~ '!l ~iuw fl!J~vi1\.111J 'till t.l T::'JI1 n T 'W'Uii 1'1111 fl~ ~ 11J1 n~ ffi L vliJ L nu 
_. o v .• "1 .J.J.I.,J .I .,J_, ' . . ,!,-j L v 
'JJIII"nnlll w\.lf'l'l11JI'1~YIYILufi!J\.ILLufi~YILT!Jn'l1 dynam1c stability "D~j.jnfl nl'1'lUf'liJ'!liiiT1n1T 

Lnlll LLI'l::'li'lllnn1TIII11J nfl inUn1Jrl'ulfnum11J~u1 LLUU'1Jtl~t.lr::'ll1nT (population density} 

t'l'!l~ n t1 in~iluYIU1YI 'tun 1TI'1'lUf'liJ 1'1'l11J~\.11 LLU\.I'JJ'!l~t.l T::'ll1 nr ~'!l n t1 in~~ u '!l~ ti)J 1'1'l11J~\.11 
~U\.I'!I'Il~t.!T::'ll'\nT (density dependent mechanism} LLI'l ::nt~'tn~'W~utl~ tlUI'1'l11J~\.11 LLU\.1 

'JJ'!l~UT::'JI1nT 

i .JJ' ov - o .I ."1 't.Jo ~ '."! v..J./1 
n l'l nYI'JJ\J'!lf,lnUI'1'l11J~\.11 LLW'JJ'!l~uT::'JI1 nT Lu\.lnfl nYIYI1~1\.IIl'ltlt.J1\Ju"l"l!JYI Lfi!J~ 

t.Jr::'l!1nT ~~'till~rl '!l1~1T ~'!l~'!l1~1J LLfi::U"l,IJ~41LU\.IL\.In1TI'i1Nt-il'l L'Jl\.1 J1 '!l1n11'1 ul'!l 

411.1 'l\.IU r::'l!1 n TL vl1J~ u 1'1 'l11J n 1'1 fliu~ L ii 111 "11 n m T'!l11'1 LLI'1 fiUU .,,IJ"':: Luufli'l41 ti 111 'W'lM 

t.l r::'l!1 nn vliJ~\.1 tl1~1 ~U'!l!J~i:lt.J fl ~tlt1'1lf11t'l~~ i1 t.Jfl ~tltllll 11m rilurl'ulf 41 \.l'l ut.l r::'ll1 n T 

~~l'll'll'l~ Lrltl'il1~1TIJ1n~uti'IIIT1mrilurl'ulj"l::~~~u ~~Yi1'lMtJr::'ll1nTn~UIJ1L"lTqJLiiiULIII .. 
'!ln 

n t1 in~'Witli1u tl ~ num11J~u1 LL U\.I'JJ'!l~iJ r::'l!1 nr Llll!J~'l it! 'I ::LU\.11'1'l11J ut.l ruT'l\.1 

Lt.l~uuut.lt~~'!l'll~~~ Ll'llllntliJ J1vi'l1J 'tw't~~ mml'lrtlu(lll ~ffi~~.m(lll1JL'll1iwr::Lul'l ~~ 
, ./1 o ~ ~- ,; v , • 1 ."! v , ./1 o 'l·"'· 1 .J1 ol 

L~l'l1\JY11~1\.IIl'IIJ IJ.I'lll.inUI'1'l11J~\.11 LL\J\.I'!I'!l~u 7::'111 nT u"'"'IJ L~fi1\.IY11 111uT::'ll1 nTvl'll~tl._ 

~1nri1~1'1lL~U'Ilnri1Wfl!Jf'1'l11JYI\.IYI1\J (tolerance range) ~~LUI.IL~IIJLMnlll-i"~i-'llY1'liJu111111J 
'llth~ hn11111J nfl in& n"'::Yi 1~1\.IT'liJ nun l'l 'tn~~u'!l~ num11J~u1 LL uu'JJ'!l~t.l 1::'!11 nr t.l r:: 

'111nrnr::~11J"'::YI~'Ilm11J~1'l LUU'll'!l~mmi'I'Uii~ffi ~u'!l~nuri1l!uilt~1~1r LLfl:: r Vl N'il~ 
· '111 ~ m wu~Vltl~ 'Ttl il-l '!11~1 r LL fl ::~'il~'il1 ~muuu"'fu~~u'!l~ rrum11J~u1 LL uu u~ nilt.JB 

fliJrl'\.lll nu flll.I~IJil 

u'!ln"'1nnt~'tn~thf'i'cy 2 nt~'tnULLn'l u~iltl"'(u~41ri'lll41u'lutli::'!l1n~~jj"'lu'lu 
mrmUf'JIJUT::'ll1m'lMI'1~~ D"'(uUmJ~LuumjiJ'l~qJ 1 'till 2 n~IJ ;i'!lti'I(IJ41rilll~tl~'lu 
fli'l'!l'!l~~~jjt-illlJu (intrinsic limiting factors) Lll'l::U"'{IJ41nl'l~tl~U'Ilnfli'l~~jjt-ill1 (extrinsic 

limiting factors) 

tl-,.;'u41nl'l~'ll~~'l~~ili"'lPILilufl'm:tru~ilfl~'lufli'l'JJ'Il~Y1'11 LLfl::n1111"Ju1~~ilt.Jfl 
~'il m 7L -,'Tcy Liiiu Llll LLfl::mrnr::'l1!1fli''l'Jltl~tlr::'l!1 nr lJ'uLuuift~41 nlllm~pH1~ 1m~ 1111~ 
.. ~ ~ ~:!! i "" .>< • .. ~ .r. ~- '·"' v ' .:;.. v !ITT:: Vl ~lllnfTIJ LLfi::'JJU'l\.ln1fLIJIII11Ufl"DIJ \.lv1'l_nlll'l LLfi::Vl'll 11'11Jn'l wu"''IIJL~fi1\.IIJt.JI'lnU 
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mr~uri'w{ vh 'l~~11-.11mi:l ~ n 1~1-l 1t~i:lVI LLillmu rl'llw LL1J~i1~ mu'!itlw LL tl'll1~ 'W ~11-11 rn 
"' t.o I ... 

lli'~mrn'Uif !-lret'hlll~mrn'Uifrim"' LLrnr11-l1'!lrtl'l'llllln'llwrhMwl'l ~~'!l1~vh 'liNf~ LLJ.i 111'1:::~ ntli''!l~ 

Lau:ti111 Yl~iiinrr1-.1~ LLJ.i~~~n ri{l'ltl~'lwll"'.;'umj~-.~d 
ll"'fu~41nl1lmuw'!lmuwlli''l utlm1U1..1'1ln~~~uwm'l utlrvn~~~ LL'll'lli''lll-1 LLI'I:::IIi''l LLI.h 

.J ."1 ,; _.,., ,J_. ' ~ ~ ~ ~ .. .. -" r!: 
VI LUWI'l~l-111 'l tJIVII-J t-1 l'lllltl n1TL ~ ff'lj LllltJ ~tJI LLI'I:::n1 Tnf:::"'1UtJI'l'li'II~WliMf'llrltJI'lUW 11l1"J'!l11-l1 1 
... ·' ~ ~ ""r.J' .. ."1 _., ~ .J ''l '.!1 .J~.! 
uT!-.111\.iwW Ul'l:::n1r~nnw~i1ltll'llll'lVI1'11LMU'II (predation) LuWu"'~tJVI'!lf,l wn~I-.IW VI ~mr 

I-J'Il~ih~-.~1tlfii'!ln1rll'li~iwnwr:::M~1~a~i:lfilll'llili'ILPimnwul'l:::a~i:lfillli111~'llill1lnw 
n1fn~"'1~i~~-~~~'ll1nf 

.oi..J,"' ..1 .I.J ~tl... ""tl tl 
L1'!l~VIW1nnl!I1L1'!l~MW~LntJ'lntJ 1:::'111n71'l'lln17nf:::"'1UV~'l'll'll~ f:::'ll1nT r:::'ll1nT 

'll'll~a~i:l~~lll LLilll'l :::'llill1lilfim:tru:::mrnr:::"'1UIIi''l LuwpJ LLUU'lltl~lli''l L'll~ Lnfl'lxtl uuun1r 

nT::"'1UIIi''l'll'!l~tlr:::'ll1nfLVfLUW 3 ztlLLUU 

1. mrnr:::"'1UIIi''luuu~J1L~I-.Itl (uniform distribution) mrnr:::~1ulli''l LLuudi:lu'!lu 

'I ~ ~ • 'I 'l ~ ,.J ' ' .1' ' .J ::! Wllffi-J'll1111 1-.inWU LMW W~'lW W ~TVIT::U:::M1~f:::M'l1~~~WLLI'I:::f:::M'l1~ LLil'liNVI 'll~tJI11-J 

ll111-.i'll1iiiXULLuuibrnLiil1lw'ltA111luL'ilW1:::'lw~~mrLL'li~iwtwLLN W'lltJ1~'llillll~r1~~1l"Yh:t~ 
U'!l~ nw 'W'IM'r1 nw'll~'ll ~'In ii Lfiiu~ L'lh!-.1 1 'Inn U1~'l1Ulll ri ~ T1~~1mi:IYlnwLJJ'lM' LI-Jfli1l'll'!l~Y1'l n 

LPimnwl-.l1~tln'lnfi 1 L'llw creosote bush LW111'llll:::1'wlllm;lu~'ltli''lltl~~Mf3 
.., ... .. .J .a': I Q' 

2. mmr:::~1UtJI'JLLI.JtJ UNI1ll-.l (random distribution) Y1'liVI'!l1ntJI'II-.I LLYlrnr:::~1tJLI-.II'II1l 

lJni:l pJ uuu mrnr:::~1UIIi''l LLuuO Ll11Ut\''l1Uztl uuumrnr:::"'1UIIi''l uuudlJnwu 'lu~~ LL 'll'lfl'!l!-.1 

~fi'llwih~~J1L~I-.ItJ ~~ Luwa~ U'll1lft'III-.I~M1Vimn'lwnr~-.~'ll1iii n1rnr:::"11ulli''l 'lwpJ LLuud .. 
~~wumn 

• • 
3. n1rnr:::"11Utif'l LLUU'!l~Luwn~l-.ll-l1'1lLilwnr:::,n (clump distribution) xtJ LLuui1wu 

• ' .J ~ :_ ~.I · -'<' ,!1 ."1 ~ '"' A • .J 
LMWU'!ltJVI~l11 ~l11UVI'l ~un1TnT:::"11tlvi'lUUUWLu1..1t-11'1~1nTI'II-Jn1fLLW>n7:::"11tJ'li'II~LI-JI'II'IVI 

nr:::~1u1tlf'W1nl'l MTtlLUWt.JI'I"'1n~~ LL'll1lft'lli-.I~WI'IJ1LI'II-.Itll'l'l11-.1 LLIIlni111~'ll'll~~~ LL'll1lft'lll-l'lw 

~w~tl'!IU 1 (microenvironment) '!11"1~1'lM'mu1~"llill11LiiitJLtJJ~n~1'llill1ltw 1 

'lwmru'Jitl~l'lW pJ LLUU n1rnT:::~1UIIi''lLUWLLUU'Il11 t'hfi"111rU1~'11~'!l1~tJ Ul'l~v'h 
ljfii"'n1Tfl1 Uft'l XU LLUUn1fnT:::~1UIIi''l'lltl~l'l1..1LUWLLUU clump distribution lJ~fu'll'l~vi1 
'IM'ztl LLUUmrnr:::~1UIIi''l'lJ'!l~I'IWLUWLLI.JuJW LLUu'IIWL~'Il'll1iii 1'111'11..11 'liWUilffi-J L i1ui-JU T:::LW ru 

~->'."1 ••• -r ~ .J. 'I" ¥. .!t. ~-· ..... "1 .J ' ... 
LLI'I:::T1U WILuuu~~tJVIVI1 MI'IWnt:::~1tlvl'lUUU1..1 Vl1 ~Ltl1'l11'lii'I1LY1~ "'~LuWVI'Ilf,j'll'll~l'lW~W 

vi111-JW11.lfl1l'i~LUW~tl~'ll'!l~'ll1'l~WL~U vhLI-J~ft'I-.I~~LUW~tl~'ll'll~l'lW~W vi111-JU1~1-l~U1W~~ 
'\tlrBtl~1LUWM~U1WLI'I11:131'1WL'll1M'II~ri'n!-lT'!ltl1W1fvlLI-JWvl'll~i:Jnu'!llir:::Piu'll'll'i1mi-.ILI-ll'h 
II _,J ..J "" II 

i1L111'1~11l'!ltJL~ Vl1..hfil1lfii'!ll'lWI'I11-.11rmtJI'ItJWI'Itl1W::: fl1UUI-.I fi'IUU!-.1~ LLi11~~1A~l1li1fl'lW 

ulll L~tl'l L U~ rltJ 311..1::: LLI'I:::nu~ Ln'!lU~~aw YhWL ~tlL!-li-J~1riWLT1 Ll'l1 TY1UU ii'!l nw£if'ltJrl'l11-.1 
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(a) Random (b) Uniform 
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(c) Clumped 

pJ 8.8 zULLUUn1Tn1::"11fltll'l11'!l~!..lr::'l!1nT (Kupchella and Hyland. 1989) 

t 

Declining 

D Postreproductive age 

1: "'-'':1 Reproductive age 

c:!J Prereproductive age 

Slable Growing 

pJ 8.1 o mrm::"11fltll'l!..lr::'ll1n111111.J'!l1~ uft::~nflm~n'11L"'lryL~u'lll111'!l~!..lr::'ll1m 

(Kupchella and Hyland, 1989) 
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pj 8.10 mnJr.:~I-J')'D1n1T'iY1U1~1~111fLLII::LVlfl Lt..!lllfJ IL'\,.,\.i,:n . .h::IYl~LVlUI'lf'l~ 22 16-18 

tl)!11fll-l 2539 ~fl'il'UI'l\.!i\.!1l'!lftl'll\.!Ylf!IV'Ift1'lh. T~JilT.L'v'U,j!IU IJTI'lYlU fln.IU~flt"U:: 
')Vlm~1~11lf 1-1Vl1')Vlmft'un~-Jfi1 LIVl~ tuutJr::tnur'lwi'u r~. m .Yl ruY\V'Itf iu'l'll!f1 

BY 222 (Bl 203) 127 



t - ~ ..J ~ ~ ..J J. ~ .... ' ' ."l -t rl'I11JI'l11J11'Cl LLft::'IPlL'IYl~~ LULftnYlrll..ln'll..IL\.IqjPlf'jtlJrl1Mrl1'JJ'!l~V)nrlU'Iltl1~LlJUL~l..l 

LLft::o1'PJQ rlU~i:i'lji'IIJn1rcill:IIJ1n~'lltlLWtl~~ '!Ji111Jn11'N'll'll~rlULUUa~~LU~tlULLUft~'Vi'ti-!IJ 
'll::lnl1 'lMr~uttl~uU'flllliJ n 1rru q111t'11tJ~'Il 1 11'1 :::~'11~ miJfh n11J L1-1n1dnu'W~ nu1u1vh 1r 

n1fi'I11Jf111'Lir.:•1nf 

td'll r1 'l 'iiJ 1 'ITqJ Liiiu Y~n'JJ '!l~t.l r::'ll1 nTLUU&Jftllh~r::1-1~1~ti~nr1 mrti'illl Uft::tilllT"l mr 

PJ1tl tl1'1:: 'l~mTL'Ilcy Liiiu Ylll'll'!l~t.lr::'l!"lnffilllft-lli l'l11J1rllVi111JillltJ ftlllti~nn mTL1i 111 1-11-D L~IJ 
ti Pl1'1 n 1 TP11 tl~~ LU Y ft n ~ L 'I Tqj LL ft'l UJil'tf1 1~ lllfl 'ILJ PjiJU 1':::'1!1 n Tli'ltl n11L~IJtiPJM n11'11l1tl 

"'ft 1 !J f'lUf'l~ ~Ill n~ n1 ff'j IJ rh L illll 'l 'II n1 ffjiJ rh L illll LUU\.IU Yl1~1-!0-l'JJ'Il-l n., frl'ILJ fliJU 1::'111 n 1 

m Tf'liJ rh Lillll tllua-l~ n miiu~ nUIJ1 n jj~~l-l1u~ n~t.ulf.'lu LLft::ll1u~'b.i n:luli'lu l-l1t1 

ihw.r n-H1-l;j ftliTTIJ 'b.i~1'1:: til Lii!J~ nu'!lth~1r L T1f'l~lll'!lLJI'i1 t111J~~1411lluli'll~jj n1Tf'liJ 

ri'{ LillllL\.IIJ 'Ill Lil'llLJ LUl..!Lftrn ~tl'l nu ri., 1'fliJ ri 1 L illll~il!J IJ 'l if nu~ '11 mrnu UJ'lM l'l LU f!Jjjt '11 n'11'l 

&JI'l1Jnu11i (contraception) ~~jj'llt.Jnrru~1ifl-lft1!J'Illh~Pl'~ uP! Q~!J1~'111..111l'!J (condom) Llll 

'111 urJrn (diaphragm) !l'!lftiJu~~Jl'niJ1LUxU'll'll~tl1Liilllf'jiJri1Lillll1'1l~t,~ (intrauterine device 

. '= IUD) n1'WI'l11J11'Clnu'lM1'llnul'lLUfiJ&JI'l1JrlULii i)fi~'lifoiiiiJ1~'1ln11Vi1 ut'\~1'1 (abortion) 
"" ·"' ..J ..J - .t ... ~ ;; ~ Jt -~- ·~.to ..J .I v .. • 
'!!~ LuUL 1'1l~Yl\.I!JLJtln'lJUIJ1tln LCltl~nUIJ1n'IU\.Ifl1tlrl7~n\.1111'!lljlll ~WI Yl n1f'lqjrl'lln11Yl1 

LLli'~l'i"Llluti1..1Pl11tl nu~Pi"~f'l11rl ~~rl 1TrlLLri LYh L\.1 71i~~tiUPJT1tlLYhtiu U'll n'l1 ndu~i:iu qj\.11 

J '" '"" LT'iNVJftliTTIJIIl11JIJ1'1ln 

• v ( ' ' ·"' ... _... "" ..J~JI'I tl ·" v n11'Yl1\.IIJU stenlizat1on) LuU'!ln'llii-IU~YlLlJ LUn1Tfl'llJfliJ r::'111nr u'l'llJl..l 
~ ~ "" '1< " .t • v • •• 1 v .t ~- !~.J ..,j , -

LYlflLULft!JYl1~ 01TLLWY!tlr 11'11-IU'iiJ"l O'lJU'IUn11Yl1\.IIJUl.lft'!li1111tliJ1 n'JJU Lift::: ~ Ill LT'Il~U1'1Pl n 

~n Lllltl L1lW1::n1TVi11-11l'u'l11tl (vasectomy) ~~LllumriJ111illl~t.lft'!lllllltl LLft::1''1111L1'1~qlll 
n1 rn11-lll'1..1'1!1tlYh Llll!J lli'IIIYl'!lYl1~ Liiil..l'JJ'Il~ l'l LUfiJ (vasdefereus) ft'll..ln1TVi11-lll'UI-I cO~ (tubal 

ligation) vhYilltJ!Ii'IIIYl'llYl1~LiiiU'll'!l~L11 (fallopain tube) mrVi1'Hil'U'1!1tlLUU~iltJIJnmnn1u 
r:::u::;'-'A-.3 

u'!ln'l1nn1TfliJri1LUI'ILIIltJilfiul1~ 111i~nri1'11Lft'l n1Trl'ILJfliJt.lr::'ll1nT'!l1'1vhWIII!J 

n1\'LLP!~~11..1ih ~~1un~l'liJU'I'IUULI'ItlL1lW1::iulil'll~n1TUP1~~11..1YI'ItJti''l'ltJif1'1l~ Llft'l LW11:: 

L'HIIJ &J ftm~ iii' 1Uf'l'l11JW rniJYl1-l Ll"111:13i'i 'I'll tN 1'1 T'!lLJrl f'l n1r 'bJ LLill~~1u II LOu~ n ilfi'HO~~ mu 

I')IJU 1':::'111 nr 1Jii' n"lTL~ LUJ Lit!~~ I) Jli''ltll..liJ 1Ll-JU11..1 1 riVi1 'l~n1T;~I'lTTrlli''!l~Pl'llLUif11N LU 

ili''l!J 
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' ... ' 
iil~i:l~llltu'l,u.ln1~ilw.J1 LL'VlUtl.mh Y~tJmr~u~w{ ~~ i:l'!l~ !I'll~ LLtJWfl'llLiif3 n ~11..1')1..1 

... ... 

l.nn LLiliW'!l LWUJLfttl~ll,}'~olft~<;1n Li'i111 LLH::LiffJnU'Iltl LLiliW'Il LLI.iLfltl~"J Lth1AI-I1tl'll'!l>ll'l'!l~ ~tJwli.J 

Ill 1~ nwfl'!lm 111 ~ 1-; ::iJ13 n'llth~ 1'!l111 L~tlftUtl1tJ~wflli'!l1t.l Luwn1rur::nwn1rf,l l'\J~Wi 1 'II n'lf 
" v , ... _, ..J ..J F. v ' ' v ..J ... ,.,_'. !'I ... Jt 

LLI'I ::n 1TnUWW ~1-J l'i')l.J'Vl Lnm11'!l~ nW ~llllll1~ nW'VlU'VlU1'Vl n1TI-J L'li n'll LJ.J ';1 Lu l.Jlll'!l~';UI'I~vl ')tJ 
" v r ..J..:1 v ...., .... ,J' " v ..J • ~t.Jol n1 fnUWW~ UVIU1'VlVI1'i1fll'\J'll'!l~ L'll n'lll'ltl LuuWW311.J'1Jtl~f1'l11-1In ~1'1 ::FI'l11-lt;J nWW'Vll.J 1 L ·~ 

n1 rl'l hli'!T'!lUfl f') a~~m rr::1'~ fl'!ltJflPi~lll11-J'lltl~ L'li n'II1~-;::J.J1LWzU'll'!l~ t ffl n1r~~flrf tl 
Y111tJ UJ~~ 'l-; Lift:: t 'Vli~IVI1~ n!J1AI-!1tl l.J'!l n'l1ndu~iJ L'li n'II'Yli:i~t.l n Pi~~fl ~ n Lilwt.ld tl'liUrlU tli~ 
L'!l~ mrib~wfvh 'liiLi'i1111'11'!lUflf~ LLn::tl1Lt.l~ n1r11 r1~t.lr::'l11 nr mrL<;Tl'lJ LPiuill!'lJ'!l~ 

t.l r::'ll1 n r;'i 111"11 n tJ ftlli1~'1J'!l~ti'llln n1rLi'ii11 un::n1Tlll1tJ 'lwn rru'lltl-.!1'1Wn1TL "'Tl'\J 1Piu Ylll Luw 

LLUU111'!lnL0tJt1U~W ~~nn~<i11.J')l.JU1::'111nrLUWLLUUL~I-J~l.J'!lfh~f')111LTrl LLili"'::"'Ufl~'!l!.h~ 
~ ' !: ..J i] .... _, v -1 ... ... ..J 
Lflf1 L'Vl11.Jl.JVI"':: L Wt;J n 11Al.J111 l'i~l.JH nl:ti'U;;.u1::'111 n1'1l nl'l'!l~ LLUUI'l'll LLUUI'l-.!Vl LLI'I:: LLUU')~<; f 

.. v ... • v ... • ... .It t.l 'l"' ..J .. t.l -- ~ LWtl-.!"11n'VlmtJ1nTI-!"11n111"1-.!"11Lul.Jvl'!l-.!1'1')Uf'll-l r::'ll1nT 1AI'1-.!Vl '11-.1 nli!J.Jnft Lnmu 
- ' Jt .. ~ ..JJ' ' v . ' t.l ~ ..J~. ,.t ' l'ji-Jlii11-11!111-J'll1lll'!lf.J ~l'i~ l'l'!lnl'l LnVI'lJW'!lf.JnUm11-J1Al.J1 Lll.Jl.J'll'!l~ r::'ll1nfLLI'I::nfl LnVI LJ.J'lJW'!lf.J 

... ' ' 
num1J.J1AW1 m..iw w'!l n"'1ni1!T~iJu"'4'tJmtJ'lwi'')fl~iJ~lllu fl ::u"'4'tJmtJw'!l ntli~ fl~iJ~lll Luw 

IIT')'lh tJ 1'1 ')U f'li-IU 7::'111 n rill~tJ II nJ:tru::ti n'!l!h~1A0~'1Jtl~t.lr::'ll1 n rfi '!l mrn r::"'1 tJ'lltNt.l r::'ll1 n r 

~-.1iJ 3 LLUU fl'!lLLUUI'IJ1LI'II-J'!l LLUU~Nilfi-J LLI'I::LLUULUWn~J.J fl')l.JL1Aqja-.~iJ~lll<;::nT::"11tl 
'!l~ nw LUWn ~ 1-J L d'!l~"'1 n fl')11-JUJI'IJ1 LI'II-J'!l'lltl~a~ ~ ')111 fl'!li-J 'lwnnil'll'll~l'll.Jn LUW LLuud~-.~iJ 
u<;(tJl.lfl1tl'llth~LUWL1Ai1) L'llw 1'111'11..11 Lf'll'li1Pi T1tJLJil n1rmUfji-!Uf::'li1nTI-I~I!I!JLuWa~~ 
tl n L iitJ~ rll.JI-!1 n 'lw U~'lJ'!l~~ fl !iTfi-J LLili'l:::'llfh~ hnlii11-J nt.JB Ll'lfin1 Tfl')Ufji-JUJLJil 'ifim fl'l')U 

... ... .. 
1')1-JrJtJi.l LLili n1ru'!l~ nw'il.J'lif 1'1 Ltlfi-J tJ 1'11-J nu11JiU'IWii~ n1m1 LL ~~,.) l.Jtl n"'1 nuu~i:J'ifimr'!ll.J 1 
tin'll~tJ'lwn1rmufjJ.Jt.lr:::'ll1nrLuw~w~1 n11LLl'i~~1w{1 n1r'liiw1-113n n1m11A!Jw 

BY 222 (81 203) 129 



• 
. 1. vh~'WU1fi'luiff'li'1U~-l'l'NL1il'lf-ll'l!:1MntJ ~l'luv1'1H 

J._, J~."' '1'l .... '1nJ .. J ... 2. Vl'l1uT!:'JI1nTI't-lVIUULuU'flfJ1-l T UnTIU'JJ'fl~1'1U"l!:VI1'DU1-l T!:'JI1nTn~"l::l'l-lVI n1Tl-J 
• 

~n 2 1'1U 'll1u/i1!1f t.~qj~/i~hrud~u'flth-lMWL~'li'D~41U'lUUT!:'ll1nT 

3. L'JI n'lf LLI'l !:n1TflUrl'1.,11f LLQl nui1~ rlU'flth-l1r'\UUVIU1VI LLI'l ::t.~lh~ I'll nof~ljUitJ n ~i:i'fl:: LW 1~ 
""JI . v 1 J .t: ~ 
l-l11'fll'l'lTT!:'l~'D:: TLnU'lr~UL'IIn'll 

4. n1TL"'T'IJL~ULlll'll'fl~UT!:'l!1nrii'll'D::'h n1TL"'T'IJL~ULlllLVi1ri'u~wtfLUU'Dth-lLT 

5. 'DfiU1 U n1 TnT!:"l1U'll'fl~UT!:'ll1 nr U l'l::n l'lLn 'lu n1 Tl'l'lUI'jl-ll'l'l1l-JI-IU1 LLlJW'll'fl~U 1::'111 nr 
'lunrru'li'D>~I'lumm r::"l1U LUu'DtJ 1-1 h 

• 
6. t.lr::'JI1 m t l'l nlff~ LL11ii:ll-!J11:ttlL iiU~l-11 'lw t l'l n "luii~tf"l'!UWW'Dth>~ h LL l'l::'lu'DU11'1lll "l!:"'U!H 

'fltl1~1r 
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