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~ 13 ~ Jf[l~ .::fl.~ (Schistosomiasis): 

-~ A~B'!J1§±-~~~~m 

Joel E. Cohen* 

13.1 51 

A~Ifrr~EH,jf'ig (Schistosomiasis Jt'&n SHIS-to-so-MY-uh-sis, 

~1!1 f§ IPJX..I39 biharzia) ±~~83 .:::w ~!!&~~ Schistosoma i¥1~ 
~PJT51JE~l'!'J-~~~o pX:~itewl'!'J~~PJ, t~$~w9X:llli~®~1![ 
¢,E5!Jltfuflf:i!w~nilll~~ (blood flukes)o 

Jordan ;fr:I Webbe (1969) ~T A~Ifili±§:~~~~~~, Malek 
(1961) !¥J~~~J&5~1m!T S:.~~xJ\L~o :0%1,@ 139 1~ ~>it~~ 
Warren fr:I Newill (1967) 5\iiE® 10,286 ~)(~, :0:®)(f;;\fu7K 

~l§-§t5fFn#~~1iilll'!'J~~X:•o 
t~3f;lt~ A~a9~P[fi]~ill, Ifil~~m~~S:.~~*fu%tq:~ 

~~139*~0 :0:w~~S:.~~®•S:.~.~~%~~~~A~i¥1 
~~&Eiz~~~m~®?~~®~~IZSI~%~~~~~~1!1~!¥1 
1~~~~·f:'El'!'J'? Ifil!!&:Ell:&~:fr,W,~4I~JlttJ<¥U:%.-f3::®? 

~l!&EH.~;&~€E'ZA~.7J<.~~ffi.§X,:J'!H¥::7X,A~mfr:IJt·flh 
m§X~~J!®®~~%~1¥1? ~~1¥1§~~-~,n*z.~~~ 
~:tmJlt,ilt.r (Warren, 1973)? A~Ifil~~;L['i3], ~~fl1E~4IIf: 
B~mtl:I®~~3<:X.&Eizlffi;t_ (Cohen, 1973a)? 

A®ft~fr:I~~~G~:&~~~~M~w~~~-®?A~ 
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~~~~#~m~~~~~~w~*~~*~~~~~? 
~~~~~~~~~~~~r*m~.~*~~-~ ~0 

~'ffi§liiE~~':f:~z {l.AD, !iX;ffili::!:il!:E;Jt..tAD l¥1=+7t:L-m 
S§o J!fql~fyg~-t!t3'f-~I¥J~~OO*~~jg~*~PJT!Iij,~Ji:G,'f3*4I 

:fr lW t!§f:i!f$~Fygi¥J m:t 3H~tl ~-lit.® A R. ~ rm o 

m~~~*~~~~~~~'t:::®*M*M~~~~~I¥1 ~ 
217 {i:itt, ~ gg l2L ~tm rr l'!'J::tr rtfF ~f:;JH4: ® rwt€i", itt~ -9-ffr ~m::¥ ~ 
~~t~re 20 16~5Gt' (Hoffman, 1975, ~ 26 :DDo X:~4Il'!'J~ 

!!X. -5 .~nT5~~~BJ<'i4:oot€i"~~~~Z.*®l~reo m.~,m:~f7tl 
10 ~:JGI2Loot€i"tttW-'t4:~~~~~Mi:ittm*, E~I*1:3~oom~liJf~ 
J1fl~g*~~- (muscular dystrophy) ~l'!'Jm:~f7tl 30 ~:JGl'!'Jt~rebt 
~.fo1:3~ili:Bt@#tT 20 {6~7CfFJ91r36~ffl;f§bt$Xo 

'.::::if$~~~~~§! JE\1~*l'!'Jjyg:Eg3t1t .~lltilitEffl~*!::E:17tl® 

A~¢,:0:~f~x·~~l'!'J;@~~~~illgij,~~-M*~~ 

~~%~~!&~~' (Jordon ;fiJ Webbe, 1969, -~ 1681J:Do tEJ! 
~~~~-=~~l'!'J~~4I•~~a®m~.:i!~~&~Ttm~ 
PI m ®'t~t~i~v!S!-®~go 

tE:J=fB~:ftl1fs!ikt:~a£;~!J&EH. (Schistosoma mansoni) ®S:.m.JefiJ 
{£~~!2L~,#~~~J&~~EH,fyg~:JJOO!'rJ~fB~-~o ~-9-

i£1~~ -~~~l'!'J·~-~~13ffili:~1E1iffi:ftl1fs!ikt~~®B~*'Im 
S:.m5t:'t~l£®;~~~.~~ili1~~:0:~®~~oE5!Jlt,:0:~~llgXi£ 

~~3f l'rJ 0 te:0: ® -~#J!J iEI*, ~if ~1§·19!~t~ ®£~ ( ;fi]fF~® i91f 
~)_5!;!_:fJJJm~o 

=w~~EH.m~A~:m~l'!'J•S:.~.~o®~~PJ~~•m~ 
00 13.1 (§j § Jordan ;fr:I Webbe, 1969, ~ 7 J):Y, r00139~~#EZJ& 

-&.:fR ~:i!®fF1!i) o S:.m m AA-§ m~·'r3:: ttttt;f!J x't~tttttl391f't~::s<: 
~0 1f't~tttttilitm~ A1m c9X:~®JJIJa~ ~~), x't~i:li:tt&:.\~m~ 
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~ Uzo:?r'£E£;rfnq&~ (S. mansoni) EL=$:lfrriJ&£±1 (S. japonicum)] 

ffii~3f A Wo :ittA7K$iB~~C{IJJiJ\L7~~-* ... itlzt~ .. 7JctfL;:&fFAic=~ 
_:;;:~~Bili:EB~JJ!<:t*;(frifu) ,!J£1!§:Jt7~Jt.#5~1tlli __.8_~-=ti'r~ s EE!ili tl}: 
EB~:l:W (miracidium)o 

T~EB~=~~~~m~~re.rtrr~J&~o 

~!!@:*:~"11±-x P1tt¥u~4#~ A~Lf::-1* q:r o ~tza~4 JER 
iJ:@.EBiiTlf~W, ~:l:Wgr@Jiw;j1'fJJ~Jtfl~~;lggi(;=fsg~!!@ (cerca­

ria)o ~/('-~%i];fr~Lf~~4-5mft2J,JP~3f~Lf,H~WfbJ<MXo ~ 

~!!@~ ~ nt± 4ta;f$ ® &:JJX!!1 , tzn*iEJ3:;f$:fi3~ r:f:i ~ H~K~, ~~ -i. TI 
ffJR s l JEgJ.RJJX)'(1if#%t:o 3A~lfrrJ;:st~®-1'-~!!:fJJJt!:A.Astr~ 

JJXf!1, 't~~nl{T !R%®5KW:~ <lfrri)&~' ('Schistosomule') 0 

i±Jl:t , ~ lfJ-%-PJ ~l§~ B %1 !B:& IX lfrr i!&.~Jt!: rr WiJ£ o lfrr !!&. EkJ£ 
~ ¥U JJ$ JlEt, ;g !11 s l JEg ~~ , ~ JP l:l:H~ :tE!ff n~ JM<~#E, :tEJl:tJts ¥tl 't:i 
mz~. #J£rr~~ao W:X>Jlfrri!&.Ek~J§Jf~¥U'J\wJPW*:E%:*:wEBifil 

'i§fi=f:ro 
J3:!!1~®nl{X>flfrri!&.~:*:~RW:~EB~~(a~~.-;f$tt 

JJ&r!R~Mto -w~)o Jilt~* 7-17 ~*· llFfM:t~ !BfflJitlii;J 
(gynecophoric canal)$ ,:fti~-f:S;: 6-13 ~*' *i±.%,f*%~'t:;{f1EB 

*~-Ifil'J§ft§€EYo {r!ittM!R:~xfi~r l00-300 Ei~o 

~®Ei~:illluifil~~, J£AlWI~o J3:®.lJ~IlJH:;~1lX7f~T-

1-~fflmlAAo M~~Jt!:AA®~JJX~--~~-ili~r:f:i®il", 
:*:~{J~;g 5-6 mf®I13J~o 

!±l~~sl JEgsg:*:~~W\itf(, N::*llifi~il:f:ll:ili®Ei~m 51 JEg ®o 
;g®g~mJ~1±rili:1:1t!EB4lBili:~li.~.Rr:f:i, S!JEg:fi3~®§!:!lf*fP®~~ 

t±~ it!J ~ 5¥ Hrtr ; ~ -® Ei~tiZ {l:j:l1i1 ¥UJff HEUIJ Jl$ JlEt, :tE:dt s I iffJ~M EB 1M 
~0 

m!,;g*Al*i=f:rlfrri!&.~J¥J~4ta,;g-W~fe:P&!Bi!Jfi;ffl,~~1±~­

~%l 1.ffi T:tF113JJ~ffl , Jti! ffl N::~fft® o IZSl Jl:t, J! ® *i!J%PJ H~:ffl ifu~ 
;gag@*~~.mN::'tfixt~:tt~~m~~P1®A~-~:tt•* 
I2S ~ DJ§ ® fW Jl::J1.}~~, lllUN::£~7iJ :1J !r~ o &P~ -tiif JE.~ agi2S:rJ A 
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fitm~~-~~~~®~~~#,£M~m~if.Alli~m~ 
8iVJ~ff::tE/fJB~, ~1':¥-~~!B~~~~t±.~J, .!\1~£ !=3tt~_t 
®Jk~if.Am:H:Jt~-:f§$Zif.~!M~IB'iw&'t£-t$®a ~-ffi:UE~ 
.ftt:£·tl!fE:®, 11B~X1~~t±~J:1*if.~®~~*;ffi"'twf'lf'F-·Eic~ 
®tml~, ~~tl!~lli-mAWC~~FeU!M ili3::®-fFA)®3::iP~ 
ffi®ftOOo . . 

*~~~~mm~®!J&~•m~~~~T~#~~~.~~ 
_m~-lM*'1Ar:l $8WJ~~Wt!Jl!.{£~~®?1-;ffi"'twf£, Rll1j@.*ffE 
wr AIF$~~®!Mfs.Jm~a · ~ 

. fi}E::ff -ffA, :H:;!k-t'fJJ~f:i!Mia.l(~~Jttlli3::!Mfs.J)£%~~ 
~®;fi}E~fFA~it:tE~!f!-Uz:lltia.J~~)J (f?rce of infec~on p~r 

unit time) £•tJ!;Q::®~#~ o '~#~~:1JPJ!j_Jij~$&!MiSJ®'fl 
:s&'~Mk*·~:fl:; # Jl~~m~~~#::ff~fr~M!k®'tlR~~~~~ 
~~· (Muench, 1959, ~ 16 Jn)o ~~:iJ a tE~m:f\!fflT~~_Sj 
A~M!RCft::H:J§7lHiJfifE:}g~~®)::ff:1C®--lW··~aJlt5t~,iE-ffiifE:~ 
~~re~-~A!X7f}g£~!M~~~~itri9iE~M*~~lif8a 

. 4?:N}gAfF:tffJJ~lM®~~~!J&, x(t) }gAfF'$:*~~~139 
71-!J&, y(t)}gjU t !MEB~~~~Jt!J&oflti§}E)( x(t)-+ y(t) = 1: 
fii~:-x(O) = 1, y(O) = 0, WZ. Nx(t) :§%J!:tE t !M$*~~~(EI 
1'·1:*~§ 0 ~®1-f*~~~-:tf~~:iJ a~ ,!2SlJlt,~$-&!Mia.JLtl 
.*l®~:tf~§ Nx(t) ®~1t~ . 

d[Nx(t)]/dt = -aNx(t), 

Wt~ ,~}EN~·t!IfE:®,m* N,!J!U 
dx/dt =-ax, x(O) = 1. (13.1) 
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tmt$,X1r~~~1~H0~§£ 

dy/dt =ax= a(l- y), y(O) = 0 

)j~ (i3.2) ®fMl~£f~!Wi!f!-IB 

(13.2) 

y(t) = 1- e-a•. (13.3) 

~~aw&~TADIB*~&~~~t~ffiliffi~~a~~ 

X1r~~~~~*~~~~B~~*~,~~%t¥~ffm¥m£ 
~ill: p.(t) ®, 1JBZ.%t:~ffltt~(:/f~~~ll!i!r¥U?t!J& y(t)(Cohen, 

1972)a }gT:FJ!!~~__..E,, jlt{f]~lliAr:i,~!J& N(t) ~fl}£·tl!~f8 

1§$Z)j~j;.\;: 

d[N(t)x(t)]/dt = -aN(t)x(t)- p.(t)N(t)x(t); (13.4) 

d[N(t)y(t)]/dt = aN(t)x(t)- ,u(t)N(t)y(t). (13.5) 

:tf~mtm*:Jf1 N(t) = N(O); expf- ~: p.(S)dS] tC..A,~{f]~:iE 
3Ef~~¥tlf1J2t?j-;ftllffm!J& (fractional population function) x(t) ~ 

y(t) agjj~j;.\; (13.1) ;fll (13.2)o 

&tmB~!B~#£N~®,#K~~li*~~agjj~~~lli 
ftH\."W~~lif8~~,1JBZ. (Hairston, 1956b) imfl~~Ar:l!fl~ 

· !fif~!M"raJ®~Wif.~ff,~~\51'~¥u-~~~~~~~?t~IBOO*, 
--~~~tf?t~~*iln~ (13.3) -#,£:¥-~!Bm~a 

m 13.2 ® e = o lf.x 5 ~if.~, ~1\liT 5 -~W.rrif8~~0 ~tw 

£ntt~ 1954 ~ 1962 :¥®)3{!*1A~m~J~~B~1-if-~ff!fl~~~ 

~ttm~s®Af8?t~aW~£1Wi!f!-!B,ill:tt~~L~®iA~~ 
~Tilf~ffil~1E (Kagan, 1968)a 

::JtJtX'J=f~if.fi£agif.~Jf,}:j~j;.\;(13.3).!:3~t@ld~f~!Efo X'f 
f~(®jif.~®){).l!~.!:3fft~:mrSJ®~#C~!i.liJ, Hairston (1965 b) f'F 
. T~*£~:FJ!!ss~*f: tttt@JiU®tt~, X1r8rri~~~tt, rmili 
**W~~rJ!ffH~~~rrr ,Wt~W~m!ltts®A,S{~-M~£~~ 

~ 13.2 mffl®~~m a= 0.12, ~£M~®~:tJ.gf8fli2.~!fltt 

~a~~~~~ttttw~Wtl!~®,:H:Fe¥1-AD!flmf'F®•~~~ 
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____ .. 
0 

Ill . ..---.. 0 
0 I) 

o/o & .e 0 0 0 0 0 0 

• 

1E 13.2 :fr~~~.l)8;t,)Jt~E3)Pi:Srr13:Jl>:Jflli!R~ s. ;apaniwm ttmi&:B:t\~ 
il'ii~, !E3l3UGJlBti:JRJ1Z!.:tV1JfF7.Jifrrfirjffi'i&i¥Jt~Ro ~.Si., 1954; ~.S., 1962; ~~ 

~J:i;;)J:§ (13.3) ~~~j~:lRC~t\i! Hairston, 1956p, 172 ll't,f'F~i&) 

ag:J&~, g~'@-~-1-:JJ%~J:\: (13.9) lffi{tittaso ~tA79~~:tEJ.fil!N 
'Ek1NS=ttffm~I=P .iR{l[i%B:~as-1-J.5tlJ[; t:~7G1Xfn, -1-~~ffi~ 
,.,. m ... · """~ :n:!J ( i=t' = s A'B a fiJI ,f7 ±;:I >!1: f-.h) fiie, ;:Er FF! +1j:l ;orr SJ& E."ir 1'¥&: m Et:J ~~:J~~~[R~ 1!3:±:1EJ!X:We::.l !W~~I:f~.l n~ tj m~~ur;jtp _Lie-..~ 

~~*~,#~~1%m~t::JJ~~*~**Et:l~*•~~~asm 
t\io 

~!XJ.filil&Ek (S. mansoni) Ilf!EEk,:tEJvfi;;:.pqS\Z:l:.\Jit# 3-4 ~, 

~'t:A {i;;:.J.filil&Ek fu:;k {i;;:. :tul!.tt (Hairston, 1965a, ~ 52 Iff; Jord:m 

%0 Webbe, 1969, $152 JJJ.)o 

~~Ilf!EEk~$~tasA~W~ffiEk~C~~ill~~~Ek~~ 
ffl~Ek*~~~,~~Et:JAfu~W~ffiEk~o ~fi~~~®*~ 
*~ )o flS!Jl:t', *®~§iJ~~Et:J1-~i:iJ~5lAfl!:ffiEk~~Et:J ,3tJt<::t:7 

13.4.1 .:;~i\t~l!W: (loss of infection) lf.J~W' 

9 y(t) c:;;sWl3$ 13.3 =p-;W.) 79A~I=P~:E.m:ttfl!:tB::h~5r:: 
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:fJliUrs~*~!:::t~J ,z(t) 79 ~WT•*rm:E.ffi4-/Kf±J.f!F!:B.~~~!'t:ll:::tff!J; ili 
-~~-;J$,~x0)~;\~pq{E~~t$}A*~*~®~~ofi 
5Ei~i'f5EL:%O:lftB ,1]~~ x(t) + y(t) + z(t) = 1. 

fi~A~~~~-1-m~®-~~a,#~~®IJ[:t£~•* 
iiE~®-t-i*,:E.m4-x.~£~tf:at9;;:•*l¥1 'RP£Z' m~ b~ jj~~:tt'tl[IE 
®5}{4~ x~y %0 z l¥Jl:::tf7tl~~ (Mueach, 1959) :JtU'ili 

dx/dt =-ax, x(O) = 1~ 

dy/dt = +ax~ by~- y(O) = 0, 
(13.6) 

(13.7) 
dz/dt =+by, z(O) = 0. (13.8) 

~$1-i**JJ:M:l~*w~•*o 11Sl7JA~i¥J::k;J\1SE~i&3t, Wf!J.~ 
Wt~%0~l.ll:!~m:~ o. 1J~~,:tm* a 'C .. b~ .mu 

y(t) = a(e-bt- e-at)/(a- b). (13.9) 

§ $$ 13.3 =tri=Pa9!RJ£, ~rm:tEA~Et:J~=tmJti=P, :fu!*=:7E 
t::ifolftl:\®~*ffi~~1m~!P.lff®:1J;r¥J:t cu.6) ~u (13.8) m~nX; 
1£.o 

~ r , 
r. ' 

1m 13.3 $~~.$8it.~~I25:~'1AfiflW<~S*Ifrr.llR£k (S. 
ictponimm) i:p~:5:)-11Ji¥J~iJil['i&ili'l(~~)TI:!J:i;;)J;r¥ (13.9) 

i¥Jl:!IH~:¥~:5:l-1ll CI>iE~). ~1Jll5 ~llii"PN-~ i¥J JW< ~ CS!I§I 
Hairston, 1965b, ~ 171 IJ'D 
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~ ;=: 1f§~~, !Elrltif:tZifi~?8~ pq t ~:k, y(t) ~:Jtiii J Oo & 
1f~"''' z(t) f'f~?8$f, fi@]§ij y(t) ~ill~~S'~;'~i£o ~Jlt, z(t) ~~';:; 

:!t1 Warren (1973) ;t;i55t1Jm~, ~~~x:fF-t-f*X1rl2l.J§fi~~ 

~~~~~.~*~~fi~~r~~®fi~~~~~~~~·~ 
-'=3 /Ei}~~tr~JJ\§.'ru!RY, {~ J, .!~.:13-J?Eo 

f§ 13.3 ~0 y(t) ®if{fu{f1~~~d,=r~;ff8 ;f;:lfrr!N£R (S. fa­

ponicum) §P~r'i¢JXi1l!IJtl::.ifJX1if-~Wf -~ !¥; ~o ~fl,j ;f;t ;JSl- ifX §II!! 

13.2 ~;;~WlJ-:Ww~A~ (Hairston, 1965b)0 ~Jt<;[)jjf!t!¥}(&P 

=at)l;:m~~,~~o --w~) r'r~'¥¥ b = 0.02, ~~Jltf!£R1-1*!B*5iE 

t:~, ~ ~ C 1~JEEifl:frA f*ffi.~R d,=r*tlti'~~)X1-=fi*ll: Ti'!~$§~~ 
A,it<=Pstif:$~£R~~:::Cf5tl7H-illB:J£~5iE!Bo 

+r;:r ~+- a ff-*' Pili fZ· ,__,_ N- _,_ JW; >'Th trn JW; m ~ ~w ( s;;r *!. -;+;;-r s t;tJ;T) 
Jf'JTil=!Jf-t- !b=..-:r::U!Y\;;;f:,~,;;.t:;:ffl,,~~*;fl] IVUL.X. J=e:;;.tj~J ,JI!Vl"7E;;tl~ 
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.04 

.oc. 

5 $ JJ 13 15 17 19 

~tf:i'f:lfilit"F~Uijj) 

~ 13.4 fi:JlySIJU.S (St.Lucia) ifj ~'t- (Biomplwlcrria g!a­

bratrr) $, ®;~rfrrS'Z.9.fl:I;l<i\!1~"f.m:5T1iJO:tl.~~~)o Mm- )j'i.f. 
~~~ftJ&foit,~H7fftf1:~~~~~•i8¥•~n~~= ~ 
~,tt!.~:JJ-1¥ (13.9) 1§.; Kb!E~,:'®*:D a, #:i<J®~l'f;$:!'8 

:5T~~*~~-; ~b!E~,~~~~b.#~:5T~~$~~-
(5l § Cohen, 1973b, 210 ll'O 

;m,;to(PJ~~)~)~fl}~~:jlJ!(i!l13.4 )o Sturrock ~0 Webbe (1971) 

re~~~~~tf-~~~~~~~~~~~*~.~~~&~4~ 
jcJ]\ff!Htitt~ 0 

13.4.2 ffi7-~~5li@[fg?:)-9EL$ (differential mor..ality) 

~~Ifn~N£RX1r Aifo~tf-~~~~~~~0 X1r A*ifil,:tff± 
w~~:AA<=P ~-r~~IfniN£Rrm~:JJo5tt:trer¥~'twi£, M*ffuPJ 
~~iJJ!UJEo 

Pan Er; ( 1965) 121. {~~~Er:Ifn!N$ (S. mansoni) !B~tf=-mfi 

~pqlJ;t~( ~ 13.5), ilEf!lj~~~l@~tf!B5iEt:¥, t!::.*~~®~tf 

~~ ~J£~~~ :JJo:Jtr, jj%PJ!2J. f:Jt~ m:EJi1~~m5 1 JE;!¥J7t5tt: 
¥ (Cohen, 1973b)o :tzo=* P. ~J.ill9*i'I~£R9fl (:t£A®~J3-) 1%* 

~ 4.7 

~ 
~ 4.5 
mr 
~ 
~ 43 

* ~ iJl:! 4.1 

W:: 
3.7 

3.7 

*J\i!;i:f-ui'f:J 
~..'!* ~~-~.007 

o~~._._~o~-o-o-o~ 

~~a~'\ 
u'•>urz '\.. 

. ~ 
3.5 -r--r--r--,-:. -,.....,, ..,..,. -,-,.....,_,---.-, -.---:>r---

5 7 9 II 13 15 17 19 

.bUiUli'f!~dl: Jfia'J Jl'il ~ 

~ 13.5 ~J!t'f~fJ;;rflJ.iiJZ!Ei't:J'$§.':j=.~.§. (X.?.i.) :fo*~~ili. 
( o ,?.i.)fr'J.F.fr.!i!J&i'f:J § ?!.iX>tw, !J&Wi& Pan(1965), #~ilia.][ 

~: §m-rni ,&P~tt:tJcM:foit,!IWJI!t.7fftf1: m1'~¥z:£fi5it 
71J,J¥(13.11)$i'f:JE.(51§ Cohen, 1973b, mzosvn 
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JE 

(1/N)d(Nx)/dt =-ax- ,ux, x(O) = 1, (13.10) 

(1/N)d(Ny)/dt =+ax- by- (p. + E)y, y(O) = 0, (13:11_; 

(1/N)d(Nz)/dt =by- ,uz, z(O) = 0, (13.12) 
.1li§?WJJE:Jj~J'\; (13.10) ~ti (13.12) ® y(t) ~~~m (explicit solution) 

ill Cohen (1973b, $200 PJJo ~ e = 0, ~ N(t) = N(O)e-~'', 
:!2i#g[1Jslill~IJ* 13.4.1 =TJss:JJ~:rt cu.6) ~u C13.8), *-'*~:JJ~¥ 
J:t ( 13.9)o 

t\a=*M:JJ~¥ (13.1o) ~u (13.12) m1~® y(t), t:t:JJ~C13.9) 

~~£!It:tm~i5: TIJil~ [ {ll~:JJW C 13.9) ®ffil~%J:t:;%:frf'a~% 6 111 
-""'·'""' 'f hhj''':/:EEErtT-"'f::.8-'-/6~hh ~~mlt§~aJ;sq], 1JBZ.2'~ a '1'0 b ~=~~ Jo1-T /o7;": Pj !jf::.7E'f3 >ffii?I::I=l:J o 

~ 13.4 rf!Im~:"X:.X®:FJ!Htffil~, *f!B~/E~${§~tBz a §X b ml!& 
L&®~=*o fl¥.®£Fliitffitffffil~:LiSJ®~JJIJ:;%:f~;J\®' s~:t£$­

~~~mrf!PJ~~~®~~:;%~~®o 

:tEB~~~Mi:Fiiitffitffffil~®~-~~~~rf!,~=*~aT 

~*5l~ss:7T'itt:¥, 1JBZ.$-~1t!ttm+ssPJ1ltsiffil&m~:frvJ\ss 

(Sturrock ~, 1975) 0 :fr Sturrock fr:~~£1~~£:!:=.#$$' !±!=f{titt 
7~~~*~~~~*®~¥~m~T~iiitffitff:7T~®M~,~ 
r!:t,JIRM~ ~~*51 ~®:5J"'itt:¥fffi1~~ti7 -,8,83~[;$;, @~~/f: 

R:::f~:*o 

:0: 1-~ f7!J * f!J3 7 -:f!F 3Z ij: ~ 5T tFf, it~ , :0: :frF 3Z ij:~5T tFf M * 
:t£~3-t::I~~H~.!¥®~~~?£$~~~~ o :JJ@ (13.10) ~ti (13.12) ss 
~?£, !iffl~R::H;:JJ~·(13.6) ~U (13.8) Ef~~?£~XJIJ[~, ~XJ't:B 
fflT~B~~ffi~®~~~•ssm~o m:tt~$~3-t:~,m~~ 
XJJi~-~~o i~Wla, :ttffl:JJ~ (13.6) .§U (13.8) ~3-t:s~~mlr:f:I, 
/f:3&=f5l ~i~:*®BJr~o ~JI:t,X17*iiffi&~g § s~ ,ft{f1PJ!2J.;f§1~:1i 

~¥ (13.6) 5¥0 (13.8) :;%JE~f*~~®; ffiJX175E!.~~!B§i'l~, ft{flili 
~ ~~~~1I!L'f':JI~,&P:JJ~ (13.10) ~U (13.12)o 
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~] 
\K 
----,, 

""" ~ 30 
~ 
E\-
'-' 

0.5 1.0 1.5 2.0 

F/NV (5?:7J<.IEJT/:i'l:3T/~i:f) 

~ 13.6 ~i:f (Biomphalaria glabrata) ~jf=-g~)Jf'FJ91lt~ 
F, ~tj::~:I;N'f!.l7..k$ :1: V ft:J U5i jtt (S] !3 Jobin and Miche­

lson, 1967, 659 vn 

_t '•·-t>.""'Oh:ILJ;? p-+- A.- "'n 7 6 --'-.:tl.Oh~-= ,p;(;Yf,.,}fll'l::JliJ.tJ,/,"F.f ,,) Ji'H • .lLJI r:J:J~.§.o 

§*~**~.~~~~.fi4~~~#~W*;~~~fi 
4, -fu~~~!PJA·t::fJl!.1'Wfi4®r~~1Jo tz;irlt, Jobin 5¥Cf :Ylichelson 
(1967)1~IE~7.K~~/~4@ul~ffi[~.XJ ':lffl*~' (crowding ~o­
ne)] ~ ,jJ~(13.13)~Xj Ni'fj_& 1-RJ§3t*-*-fu,ij%i~9:;:o 

:::JJi¥ (13.13) ~ v 1j\9X; v ~ * ~ tiHJl!. 1'8\lll mU~ :izff,; :::JJ ~ 
(13.13) J'8JE&t~{7!J'f*f§JJ¥1~~f~)j~~o h~ (13.13) .!&~ 
tllE~ff:79X1~H.%'t~0Sl~®~lH~{t, 9X;tJJ~1iTfW!a :12if'!lllif~~­

~.El. ~!ill~ m m::lt i§. ® m ffil z p1g ~;g ml'r~ o 

Jobin ;fO Michelson(1967)~~:::JJ~¥ (13.13) mff~mEi ,JEtt 
17tl711:i& k f'J=:79~;frr ... ~4:¥~ .. it~'§~ffl5¥Cf7J<.ilffi.J'80Sl~!d::@.o ® 
!E~t$1-R~r~~®f'Fm~~~~.F~n~~tn~•w• 
~sr~~:::JJ~~.~FPX1&~:::JJ~®m~m:rr7~~0 ~~til 
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]'8{r':ftt J~J1(J\?;i§IJ®lilf§'E::§"Xjfffl-f!~&Ifrr.!N.!R (S. haematabium) 

]'8-fql,7:f;§~srJZ~4 (Bulinus globosus) (t:j)(_ffi~~*o ~:l:El5(1j 

~4#m®RliiYlU,*~l:3~~~*f§_.:5& (§:113.7-)o :12it-fflJ'l:~ 
re~~~~~*mflm~s®~Ati~®~~c~~~M~~# 
~4,~J9&1'W::z1-f-#f'f:iJ:}?;ZfflJ'l:)o 

-, 
I 

l 
los 1-~mit:.lmiJitl;f111E&~wtr 

·r'\ r 
I ' I 

" ·E(;;jl05 

;;1;{ 
~ 
~ 
tr 
~ 104 

~ 13.7 l?§tj:: (Bulimts globostts) 1$~~mit:Jflli;];li] (~~'ffiil[~)~!!lf:7f-5\li1~ 
(JEB)it:Jl:t~ (5] !§! Jobin 'f!.l Michelsori, 1967, 661 :Ei:O 

ft~t-~~~.~~~m~~~~$~~®%~:12imt-h~. 

tf~ =*tiH~ fi~ 13.4 .2 ::Pmttti: ®1J5f'll 3Vfl:oc~ tJT, :itttilifitlf $1W 
m ®I ft:PJ l2.lmrr o 

~~®~~m~Tw~s~m~~A~pg9X;fr~4~~®­

*:. {Ei~~~f:mo X1r~t-~m~®~~. &P~~~{~fJl!.~(B,-fu 
~~~~~~w~sftA~~®iW~-maA~~-~~-~-
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l~f::rtt;ri# ~ J:§ 9~ lr:=f ~ tt "'?[) J!Ir'l~ t;r;;2:f;, J:§ §B ~c A~ 4: f* p'q i0 i:;E ¥, J:§ 
~-if: ~ ~ ~--C•ft.,f,r;J ,Lj-- '' '·jj' ,__ '' -ill q , 

JL.L/\.J6Jfr51:5k:iMTI'i9fii;~-'~'' I'El*~,,f\:~§~!3;*~!:j::~~ ~;{$ (1962, :5f!; 

39 vDa 
~~~~~m~•~**·~~*m~,fu~g~~~~~ 

tB::JJ!,¥ (13.14) i:f:l!B~fffZS!ro Hairston ~1.J[]:ff-3'6~t\§['B::JJ~1'f: 

tii!il~ C f7iJtzn, ief f=H!lt ~xi=f1~m-!Bv:tf.t0, ~k: [ f71Hzrr, ~!E~ A EtJ llh -
INEH.!J&Ai&lf'tJ-};ffj o $_ftl:t~PJ~g~~ T ftt=.L~Jj-;ffi' o Hairston, 
1965a, 5g 60 ])%) ] ;fiJ)ffinU (ingenuity) 0 

Hairston (1965a, ~ 60 ]):[) MT BJ!s:Jtrr!NEH.~J§~fpt£1(l9::JJ 
{¥A (13.14) :fi{ij!Ur'J91J&{.l[~ 0.6; ti:U~*§~&~IJl!.~f1J~;J'S9~ 
f@ A-fuftitt:di ~JtrrJNEH, (S. mansoni) A 1.9, ~&JtrrJNEH, (S. hae­

matobium) A 2.8o ffiHm Hairston ~~lli!;fl:n:_m~~.lE!~!Y:J,Qs:l!!:t{ti 

tt-fREY:3~1o{titt-fR~~~H1LtJ:§"l"y~ff~!iJtl,i2s:lE~BJ3~~1R 

ft:'""f, 5\ffi~J:§~~J!I{~JE:t!Jf!'f:S::(approximate correctness) ::;t!'§] lB -s&o 
~P~:t4orlt,:ilim~i~BJ3~~1R14-o 

§ j[; ,_E:U~M 1945 ¥U 1949 if-S9if-~t"ltrr7t;ffi" JLSJZ::f:st, fZS!Jtt 
~A~!BaB$fuPJm::f:st;~*~Qs:~~AA*,~ADff~~ 

~,W~Jtrr!NEH.~mfuEY:~~~~offi~Ao~**Pim~~~, 

-~~AN7t::;t~,~~JtrrJNEH.®~~•~l®PJm~,tt•• 
~PJ;lj'JH:S::;J\1~~0 

~~,m~~~m~~i:f:!S9fflm~**~Am~~m~~S9 
~~~:$:~1tS91ret$::;t*tR,i2s::$::!fit:§X~ff\f'FTi2s:*S911£5E,&P!Wj 

1fi•f!t:PJ~f'Ffgam:fl!BJtJ:rrXi::F:!a i2s:~am:fl·f:S:~::f::kPJ~I3~, 12§ 

Jl:t, Hairston (1962, 1965a) ~~J13Lt~§E{if{Qs:~11£Jl::,fu~.bM-fu 
S91J&f@f'FtBftitt ,-R;~;!'[-fr.f4~ ,#::f~~ffu®~!!:!:t0Ai:f:llliiJl!. 
S9~~~Jls:~$,fffi~Qs:®E5J-Tma 

~~,fZS!A•~~~-m~~~~~~~~~~fflm$~14 

rXi:IPJSJZ~t~e~, WJ!:t, ·~~~~-~~=~nt±i:f:l!Bf¥-~yiJ.tJ 
£,~llifi~-f~1--1®~1.Jorm~~:P;fn\liti:; 1~ m !B ~ :P rm ~1m' ; i2s: * 
(Hairston, 1965a,~ 46-47 J)D. 'f~m$:§Xff-5E!B?'Gffi!,~Jl:t?8 
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~~~~·~~~~~~M~~~~offl~~~~~-~~~~ 
3::~~3::ffi)J (Kennedy, 1975)~ J?£-A\~M?g%-]:t~,.ft~:;'':l-12\1 

~3:: !W:I~Ht rf:t% Jt<;~iml::P ;fd.t~~ ~ ~ -fSHH~tJl i!i!J ~:E=f :ti\1 

(Bradley, 1974), ~-'tfJ!JT~Jm;!trf:t:L-#o E8=f~#1H~iJLffiij 

~~5!?:, 3:ffi;{f]{~tt!Wr§';fm'X;U~5&5tHl1, E§;gglji§'n!l'X;IJJ&P~;%®iZSJ 

-Tm,ml2L:ffi;fl1~~~~~1JO'f:t~:rtl!Mffl Hairston ~M.1ff¥ (13.14) 

tt•I:B~I2Sirlilo 

13.7.2 ~ ~ m M 

~~-~~§~~rm~1:ffl~~~~tt~~~21:®* 

f!..; ~~-~:1JtE-R;~~®i}r§]=jjtJl\!i!J, iZSJI!t~aJi~~f=~'f~UEJo ~­

-1"~~~~ (Macdonald, 1965) ~Jll:imi?t~J:E~-T~~'f:1:JUJ~~ 

~af~x~armslA~!=~'t£~; *1f~~M.~lMr1E~~~ftrm;~t£~F 

~'f£~;f:fiE~o 

~~-~WfJ"E~;fd.t:f§;t;~~~~EiX:#HJli:ff:Jg~ ,ffu:tzoreACE%~ 

~~$~~)~~~~~-fi~:Jg=~B~~~~~~~~-$, 

~~;fd.t;gf~~ ,~~~!J~fol@~Af*~··~~#~~~~~,Wf 

%;!t~~§X;W[Jt[:ff;go Macdonald (1965) xt--'tj1ij1¥t~~mf'F:~ 

~m~tJT, ~l:f]~~~~_;_m{f--1"~~3 m{H{~r~--t~,ll\¥i~ 

~~~:fr::l>~JL'¥rf:tgt?~~; 3m m~r~ --t~ .~~gt5t~li:JUJ~ 
1* i1 ~t-@jj 'f£ 0 

~*~~~~~~~~~ ( § ffi Nasell fO Hirsch, 1973 ~ 

Nasell, *2~ a), :m~J:Eff ---t!Wi$/;~gtj lf::J~*j@~~tff:f!~t-@ 

1f't££!~:lill (endemic focus)o 3~t&;~ti:5'~*~~~~llt (Nasell, 

*2~ b), Ai¥J~~~~fj-m~l$JfJli§X;~~:ff}gg;{;7~ft£J.ViJ::f&~ 

CffitE 13.9)o !!:9:5tJ~{H~m~l@~7]<.~~lE~fO m = 0 :Lf~~ 
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"N. A. Croll: B~ffl}Ef81§:±~lHj1:8mi (idiots) rij-? 

J. C. Holmes; B~ffl}Ef81§:±~~Bmio :J'G:ft;j:§]R0 "(Canning 
and Wright, 1972, ~ 148-49 J}:t) 

13.8.1 A~tru:ffi:t:-~~~*~f.JiE~~ 

71T ~{;t, Jt>:..-asm2X1<1Elfrr(l&$.mo :Jt't::~m.tm Crosby 
(1972)-. .May (1958, 1961)._ Cockburn (1963)-. Van Oye (1964)-. 
Ford (1971)~mnHt®,iE~3!:!1fas,tm Burnet 5fri White (1972), 
tQAEI1~f'Ff8l*S93::~~®wth~o *m3::~~ (disease ecology) ~ 
Y:tkJ E2m!J as~~~d:t5fo ~ 1t~~fi!U as~~t:t, tr:m~:i!1*x-t *R1, Ifrr q& 

Ekmj)§'] ~ t~~m:Etz1~Btl ~gt~~ EZ i:Ju~tcas o 
~®f!:::?§-:tt~ffiA~stm:±-~3:::?§-~tJtfM ,1Lllre~~f~:!l 

Bti%*tlokJ%i\:f;;t;:~1tC~d/~U~ili:), rmx-t3::w¥-mmumua:~1~ 

5' (Bailey, 1957; ~ili:B ill~ )J&, 1975; Dietz, 1967; Crotton, 
1971a, 1971b)0 §-®f'p:?§"P'l'J!!§3::!j%~1Jlffi!J£~J:J!Jf8{E:~, BJts 
~IJJt!:ff-2!~Btl~~%:r-\:1*~1tf81¥!3i, illili7i~**AA (Bradley, 
1974)o ES!Jl:t,:J!®~iABtlt'i=~m~*~'iE~~f~*o 

~~~~*A~ssm:±-~3:::?§-~tJtssB~3::~$~~XE~ 

r1~~Ml®7K srz, ESIJJ:tM~ftll r3::ss0~JI3::JJooasu&m, ~*~ 
~~f'F77~~~ss~#rmmm*,EZf'F77~~~m~:llfBtl~*~ 

t~JJ i*JtJ: rr ;fi!¥t as ~tsz rm m m * o 

13.8.2 ~;flijf.J]l!j1Jffii 

Jt>:~as~~m~T~~as~~¥-o~~#~~f~moX1# 

~m,~T~~w-~$~~kJ*,XE~~•'t::ss~m$~tt~$ 
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{i~:Pi:I, Weisbrod ~ (1973) 1±:fiD~1t±2!J ?:,& ~lftj (St. Lucia), 

~§lZJ5C!RP~? {fu{fllZJITI, :fto*~*.lllM J 3iill:5T:ffi1~]r=t:Jfml$A 

~~~~~•x,~~~~~~~~~~~~M~lli~~~~t 
<E =·c' JL_,_r4h "~;~ cl':! rhP;f;~tl::~4-,--"""fthli¥ 6 -f<L>.r·r EEN-r-+l­~, ·--; I'ff _-sf:l:J PX~!J!, J»G.J\.E~n 1-YJ --'--!¥ ~ f:l~z;PJ~Jo u:.:t:Ec::~rf:l~ v:t 

~~*~,*~~~~~~~m~~BA~$~1±~~~~~~m 
qf'FJtltBI]\~~~~§JE (-@.~~~Lehman ~' 1970)o Jlt7L M 
~m~,m~~~*~,Ao~~m~~~B~~~~~~~~~ 

1t, **:r-m~1Ju7~®Jill~~m lfrr~~i'l~~tt-fflfi~E§iMtA.ssm 
<ft; o {i5tt Jfrr~ERm!B~l'fr~;fDA D §Jett:?:f. ~P~(JSft{fu~~liJfJi:, 
it Cohen (1974, 1975)-. Ansari ~ Junker (1969) (JS~f'f:~~JW 

M;1*~5lftlo 

l*l)9:E.ffi~Et3ffGFf ~-~;1';:!:-ill~*.lll T*:?:f.~{§.~f4!SJ Et:J Ji1. §f, 
m0~~-~1±~G~M~~#~~~m.~~~~~~~~~ 

~:?:f.~~m~~tt<ft::?:f.~~m*o *~~~--,~~~~~-
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