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COIlPOIrlIGU are aua 1 bectl,.. f'ftII of 1 .  OIIdNl .... 1iI1. 

--.. Ht. iIIti.t41a18 iD a � by 

.. cap .ttecta __ t.na1i_. a hi clepee ot re'" 

.. latl lDti .. hi bftit&btU'l7 aa4 .... =e alao hiab addiU_ wri 
GhJ�Md OGIIIPQIHIIU of pbnotJ'plc a:ri8Dae - vi D 

11 • 

ha'I __ t..uiea - be -� ... to .. eau .. ] ....ue .. 1'1"" abcmt • 

... esaQ1. • hilt t.ail7 b7 datiDlUola • 

era 1 to bnediras 'ftlu. of the t.. their c ia 

tu ftri ... ot • of all ballalb t-..111 •• a:a4 theNfon «l the 

.riance .t be.lt ft1 or all ill; thia iD tun ectuale a 

tU addi.i.,. ftriauoe .. popolaU 
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Dl'tlduc:te tUlt ..... kiDI18 o� btu. ,cuN41D 
a.tai1 � Bicker.. (1959). � .... be _.-tIt 1iI:\I'OIII8JliDd 
arUflola1 

2 
-

-op 

YJI -

• 

"L • 

"p • 

Iba .. U-te t. 

'"-

of 

tnlc ...n.uao. 

j_t to hi .. al_ boa 

Dlolutl' .. eaplabul 

_ftIIa.. d 

.. 

1 ti 
... 41nc� ..... nal effect. 

1..-... 
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.In ... . 4ltt .......... ...... 
an aaal7M4 Aa __ ataon" !be 

(1943) 1. ,.nap. 

- f'-

• la1uucbial -tiaa qatea iD *lo 

balhlb f1l11al 

"plicatt d proaeat... �"enore. pariuH pi." ....... e are uaaal1T 

able � ..... an alIIoat l1a1" • mlllber t "t11 ... troa piu" aaI 

tbHeb7 ...... emiromMDta1 etfeet. pnoue17 lDI MD7 14."leal _--

�.. AId_I bne4en t uaua11,. attorcl hi. npllc.U of JKOI!Pi 

... "teal t.tu aft ;t _tl,. Uentttt.4. !be t..,to,. fd low oon 

aIao eaabl .. plaDt trtal. to be latd dovD iD HftI'al ..... at ODee tbenb7 

Yari Di!lOW lcten4 to be 01 MJOI' �. iD .. .. u.aUoa 

et MriW,lUV ( Baa ... . 196') . On 'Ule whole plant brM4en ha.... able 

ablll •• I. _pie ... t I, 11 aa4 III or eo.tock aa4 Bob1DeoD (1948) 

aa4 iD particular ihe diall.1 Oft • (&pr.p. u4 t'atal, 1942). tilt. laiter 

.... 1 .. lJnoel ..... all •• 1 1. -t.ba . .... . ..  t ot pM'ftW oh 

tn. the .. pa1.Uoa. !be 1l'Hul Una prOPla)' (lDelwUDC ... ftOlprocal 

aonee ud ott.o the par .. w .. _11) an then II'OWIl aDd ...-...4 la na-

a ded weld iDOl .. . ....-.1 7eaft of _tt • 11 .pplied to 1lDiM1e 

which ha .... . long .... UOD lDterfal u4 oDly. t. pro8eo:r MOh oyole,. 



Itv ( ) 

- 1.-

UAf'II_ ... tt.o biDe Dill ( 

IS'MWftl. ana fa 
CIaft ... (1963) ta1N1&tea 

ai 

-

)01 
� 

_-..roa.a. etho'U .. .-lUpl. al1.l tIbat ia U .... 
• ael.u Z'WIl'IMlo1I'" tiplcpl4 oar ." _i_u . 

.17lDc cte.ipa to bne41q 

_t.ria1 t. biCb1J' _e0t.4 _ ibe ...-lw eaaDn 

wi4ft JOPQlaU la otber ..... �_ an 

�Uac tio � wltb ..,.:l pnohlO11. 

GUi_ (1961) ti� .. _ of 

""' ... m OCA 1IqUU'e seA __ 1Iq .... 'to .... 8'-.. ODe .... pno1ae -
" tu _,to of ..u.. • IleritUtltv ttAU -::r 

IIN ..... 

8elt-twU11M1 pI _ alao be ..... ..a tOW' bvitabillV •• 

41e11el ...... "�Z' (1963) ibat tIWI UIt1Iall7 lInolwe t.be 

ftliou 1JII'OCU7 ..-rat! ftnlt.i fJrOII .. eft ... be ...... two pare liDea u4 

i. baa to be t.h&' theft t. DO ...... 1 ...... � aDd :'ba' 

• t __ l 

allel •• 

ftaal17 . .. cc. 11''61al pla1:a' a,.l ...... ,01»1014. ID IIltaUa. 

appanGu,o ___ "ploU, .... I'al ten an .un teberiW iD • cllploS4 

•• alr lid tbla properly 1. o�· to � tor ... atwa obanc" . 

.... pu-. ....... ....i.U 1 "0 � app1teabl. to Vue 

pol7Plo14 MJaaYlOlll' la ftIq 1_. vbl u.pt .. iD- � i' hu .. et .... It'.I. 



- . ,  -

• t,_u.. la utuatun. • • (1"2) 

.a....t_oln la Ja!!It4l1.u.o - CI..tri 

.... \1,. ... .. hi t.uu. • 

alllO cU .. 41ft � ..._ .... 

41ft " • the the • Ya7 c1MplT. 

f16 • 

...... of parUU 

• 

• U. viII 

!be three • of YIri 

wo to JU'titi 

thee. Vri&b' (1920) al 

• ... .. tu 

_laJ" U ... 

t ot  tbia 1 • 

brl.n,. 
"... fir .. �fl 

�JlUb.- (1954) ... -..1a4 the _�Uoal .DIIIr�ID 

trutiou -

i...,. ... ..,.12' of a11.1 •• at. ..oh 1 

• 

t. lllpo 

ia 1918 

, 

tee 

(19") 

__ Uo 

., 

e. .., 

bMo ott ..... (Ifaleoot. 1948, �,19") but. flY haft DOt pIIft'alq P"ONd 

populal' • 

.n by Yriabt. (1921b) 

popalat,l. � "lID 
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.01 uUti.lal .. leeU • at.a "10ft. a 

ft_ d 1DCI ...... 111 ft 

la ft---.t 

(.) et la __ 

t tfuoed _dY,.. la tile popdati· 

.. with 

-- hUO of (betuOQI0t.)2 / ( u • 

"'lOIO�1� .. ) • 

.. 1 t (1955), 

t .. iD -'ilia. en. (1",), 

a 

01 • tlMlOna, to oa'hr f &" coa ... of natual 11 .... la tlae. t. ftZ'iable 

f 1. �1mPt. " he eoul4 "follow .1 

t lor -.11 ___ 

'D&r"'� •• 

of 1001 aDIl allel .. . a1 tu DOI ....... l_ .. '1 • .,.teu. n.n' a eq tiOll 

t 11 MUUriIta e ehaap 01 71e1. _ .nlfleial __ .. 1.'1 18 

i_ • elten 01 all laproriIaa �. 
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aaa. 

of all •• to..DM 

l.DYolfta ft ju\ .  

..... • a1b'8lM1Cnw t.ton la. tlrdq .. . ftee of 110 ... . 

... taw .. it 1Il'101... tlea 1J ... .... • ltt;U. 

\11 �17. hlri .... (1944) p.ropoM4 • .,. ..... of �. t 

cl oOllPle.17 duoribe tH 1takace nl."lODa aD arbl tnry ad 0' 

1 1. qataa far e1 .. haw • liecl • � 

(1956) tor • �!aU la 1ae-npal- U. eqrdllbri tba� 

U.nkace aft ... oaly tIM epi .... u. ftZ'iaac. (iDer_uae It b7 aD that 

the iMtloa ) ... then'" bl .... .. cO't'Wi • of 

1tal1ai Sf balfatb.. couain., " ao\ .. of peftlDt.-ottaprq. • 

Cockwbu ooul4 DOt elm.. • aillple _ ot...al Una Ml7 parUoular blas • 

. _t.h04.. .tea '17 bJ' U (1963) it be-

001 .. -IIPAU .... wbeD .... tbaa 'Ulne loel .... ....... the, be 

&qUe- that parilUOIIlq .f ftriaDH ia -.. I earrted to 1� 

ID pnotiee ...,...,. 

iD U .... equiUbri bu' .' 

theoretical ..a � lltud.i .. 0 llDbp an coacm.a wt ells­
eqaiU.hri .. popa1&tlou (MIlu..r. 1949b-J Coutook aDd biDaoD. 19S2, Oat.. 

.!! Al... 1960) auch .. tU pna..,. ot • .... Wo pareD'U. 
8 tIN la pt_it breetiDc work ua4 b th. tbe 
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.... ibe ....... .ul pro 1y DOt aft .. to wait 

utna equ111bft_. 

111* ... en ... " 

•••• 1'&1 ..... ti ·  of 

(1MO) 

1IGI",_MlA � • 01 la &DIII'OIMIh la OOJaalIClel!'e4 

. ... u'tUG. 't fA t 1ft la • 

KoJia (1960) 

� U .... 1a 1. 1lI't ..... , 

UIIM1re 'Wol.... It • 1 t. ,tab" 

then _� ... ptJ ..... lt lbt"- 41 .. ' ��,Uarl-' 

vi ... n coap1.. la ( , 1966) 

Sail ... naul te an U"iet 

i" clear '\ba' 

u aft ,  

UDIor uty ..... 1 • •  :una... nl lreOlpe tor uriDa thl • •  fteot 

aDd 1t appeua that lum ... at pNMDt be ban41 eo 1 utl7 0Dl.y wh.eD • 

n.POI .... iD 

10 

ace bl .. in vaya. ODe 4trwt­

( ....... e drift). 
It 0Ill.7 . t.. . ta an •• 1ee,," ..oh .. :ne4i aalOD 

CaD H t.c1 to with aD7 obanotft nl"tea to li • - an4 tilt. . 

..... alIIoat all ehancten �rtent in 8OdeI'D .�al brH4i '. !he 

.aN c10 .. 1y nlate4 to fl ... _ the pw.t.u .,Ul probably be 1ta 4epnuion 

eptataaia 1_ .. lectA 1. operati • 

Unear if DO 

lIoIaeriiacm (19',.) 

apl hcIv eonftZ' .. l), « •• f __ &1 __ aIl4 of � cJall ... ta:ioa 

.... uauaU,. ft17 .It. t iD cbarac'Hn .. J!!l!!!E� briril ........ . 

wJaiob et ... Ut .. 1111_17 iapon-t to the It •• .urriftl 1 
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-. 

11 . ..  laeti 

... 01 too I. JIU'eD1� t.l�."'''. 1 

.... ). "I02l1llll� 1.0 • 01 Cr.ow (19") • 

_ pal_tloa 01 _tiDa _1lO4I •• l ell 1 148. • 

• 01 drift ill fftq q (Y, ) equal. 

• [I - F' -+ ( , + F') Vk J 
� 

• - _tal. "1Nl' 01 ttap!l"iac 

, . -

.. _C�_ o� • _lbe� of -.. ........ 

DIII"IZO taU •• 

• ape» • to •• 1M" • 

(1961), la the •• lee" proe ... 1 tNll � PellbMt,. .tlecU .... popolatiOD 

It • • .. itab!11 � 01 .. leet1 hanoter ia turly hi 

iD4h1.d a choaG to b4t pareDts will be eoft clo •• ly ... latecl (that 1., 0 .. 
hall '. tuiq) tban vill :taD4 _ __  1". of the populatl J h ne. the 

aiM vill 

DUlmer 01 pare u. 

ftaa11,y of Ooar8 • it oaly • -.11 popalatloa 1.... eel each 1leDeJ'& 

01 .electlOD re. aN. 

!he iJ'd lactor which II6Y b1u a .. leetl0 ft8pODQ ia le, 

41fterent; type. ot . le My be earrlec1 .. 

• f •• ta tor aJ.'f¥ of 

thi. 



ia 

.... 1 ta 111 • c latieD hat __ 

- -

lDC'l ...... ........ _1 

a ... _ ..... � 

41fter. Ual u4 uleeti ""lIOI'" 
.. 1eri' 

the __ t 01 _�l�' e r_nhlioa IMn n.wr..itJte''' •• it 'a 10 cal 

!h. wn wmally app11 for t.b1a powtb Male .ft"" in 
emlYen the k _ loprit.-.. AD app:roat.ate ctOD'f'eni � nala ., .... 

Aar eoal. .ttect 

le ai- .,. lfri (1952) 

(It )( ) • 1� X -l 1 .. (1.c2) 

.... x. aft 

ia 

C. 0..,1101 ... 01 �.UOD. 

• 

t ia, the disappearance ot ...,.,.'t0r7 

clepn •• loa ( CODft � 1961). 

Pourtb17 CODaid ... the ettect ot Datlu'al .. lee1.ioD OD a popalatiOD .... POU •• 

!his loft. open. __ apiDa't the I"UpODM iD the .... that the II01'e utnIDe 
iD4l'ri4ua1a iD • "" 01 PU-Rta procJDca I_er _t .. pro� tbaD 40 •• 1 ... 



.... 1OS,l,... 1D41ri 
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• a4cllU.e 0 1 .. 1 ti a tda 

th ... � _1ftC.1�. .. .. t. "  di Ili.f .1�bCllIl 

(1956) aDd t.t I' (1960). la 1. ".. 8lUND tbat t.b. 1.. ea 

.. leeU. N. • _ .  e. 

• 01' lDMnaecliate lIItAmoQJ;.a8. 

.eleoU 101' iD ...... 

!be .uay lar . ben 0 ea wl 

.. orib .... iD tuna all iho .. Ion whioh Id .. all .. a Ml_�i ... _. 

It .... po .. 1. to be pn41ote4 bel0rebu4 ( iD •• t reial .taUo • 

it 1. Rft17 iIIporlIaDt to .u tha •• pncUoUOD8 befoft 

.1&1 pnJeota) the .fl .. �. of th ... toro •• .n a180 be prttdict beton-

• ai. la .1bl. to 40 lIOn tbaD q ltaU.e17. tor re ... 

... 1 u.lt a1 Mr. • •• to 

acl41�i.e ftriaDcte .t aa4 1ta rate of 11 be pn410tea 0Dl7 ¥be 

the tnquenci •• and .. lu •• ot all ......... lmowa (hi, 1963) . S�rict.l7 aped-

iItc therefor., a pred1c�i ot" Id. ia _I1.d tor cme ... UOD ODl.7, IN" 

torluDawly i � uually a..- to hold 1004 tor quite a I .. ,..ratiou (thie 

10.Dp1" " .... ie appanD�ly betOft the .aatti.- .... iaaee has liDecl. 0.-

tOI'CU _ .. natQral •• lee�i D b1l1lt , W a c1ep'ft ibat. "1'1 aly 

alW1'8 • n. ot ft. ) . • ...... 1 ••• ib. _thocla ot --'t..at1ltc beri.t- "\ 

.. lift -

opea to a.nOWt biaa OftI"' eonn pnerat10D, tor they .. that Dataral 

•• leet1 D, .... le, aDd 1DbrH41 ctepr ... ion.to .... DOt operatiDa. tbi. biaa 

1. ot .ttecti ... it the pn41atioa appll •• to .. lee i re8pCmM ........ 0'ftI' . 

oppoai. tinction., but IIO.� ial pro3 ta lIl"rol'ft 1IDi41l"eGti 

.. leetl only. ID tal... • an .." •• "rioal rnpoaae ia DOt oa� tor. 

the pn4iatioD .,n-, apari fI"oa .. actual ot prerioua .. lect-

i_. whioh cloee laiII to cater tor ..,...t17 "ON ot 1Il'I'ol .. � ... .. "t.ate. 
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.t all. J la pd � ....- "' .  (1961) i .• call ... "I". .... 

abilt •• UIa.- .. ........ 1 .. -l4MJti.Ila Dl'ClIatNI.�I_ . ,... • 

pHI.... pilaU teniId .. t.b Q 10 

-..1 •• !be.. .-J!lftttm ea1 

cti 1 " .neda (cU.�"Mllt of • Rn 

lean -.qa'. f4 

tna all-elMa • of • 

1D4iYl4a&l ftl trc. a1l-

pro� __ ) lMtea4 f,... ftI'1 enlMwa. the ...... 

�to ftl_ ot Pl'MPMU.,. pareDU are b7 vi. .M f4 

the ....s Abplaalp eapJat ...., la • .,.,_ t. aapei. ... 
It, DOt ... ,.. ( .. ftri • ual7A. 40.) tb.. • "IN •• t.01l of 

OD oVPe 1. a .......... U aDiIl Me Y it ... 1&te. ...... 010 •• 1,. 

actual .. lecttoa prooeclaft. It la .1 .... 1,. a ..,. " j aUti.. ....t, la 

.... tb .. la. 

a,. .... w..r 8)Pate. 1he beritabiUt,7 i. pn4ided la .  populat101l, ,ta 

•• ,la_ � be ...tUpli .. b7 the ftl or .. leoU aut. tia1 to _ .... 
the precU W rH • n-ate17 4UteeatW UGa1l7 be ......... 

4' U7 boil.. palaU It aJ.reaq __ upla1 " alUloUll 

to ... r.apoue theoretically t. ftltc1 le oal7 OM ..... U 1" 1 • 

... • .........a na,.... tor. t • 

ft been .... to nfl_ 

\be pn4icU ot. rea .. 1 ...... _ .. MlecU • la 1960 Grittl • 

• tuclle4 0 ... of VuaAUcm .. leotioD lMaaec1 • 1D41rlclaa1 �. 
r .,... " of .. l.U .... calculatecl to be (tor two 

1001) 



"'U.. �io. 

tbie .pi .... Ue &M�[IiII'Uoa 

an all • 

all.l •• , 

Grim 

iD ..... • .a � _bW 0' 

aMiU ... ....nane. itMlt. it 41 ........ the paet40 4J1.tt ' ocoar 

ill tlD1te popataUou. III (196") 1Dta.at t tile I'MpoDM itI tMnb.r 
area'Uy nueatu. , tbla cU.aoHpaDey 1aonaaiDc .. tile pretia'" 
I�. 

le pwo by IoberUoD (1960). ealeulatea ,_ ... 0' iD41.t 

Mleoti that tIl. � It_t. of zoeapo eft • about 2. b � Ne. � /br 
iD oiber vcml8 about 2 B. tt.M the ZONpODM at the "n',. nU (wheH 
• • effect.i.,. populaU ) . tId... tiOll eater. oal7 to., 844i ti • • 

..... ana ...... tbat· . .... poue Ualt. la naohecl 0Dl7 wMD a4tit.ift 

u4 11...... 1oMrt.acm a4IIi ta 'lb ... 4.,loh_1 .. of Id . ... 1 but t.,u •• 

that. t'" Yalv.e 11 .. ill the .... ot baDdl1Da it. lla1l!i· .. --t.icall�. 1Ie ..... _ 

tbat. nob �t«r . ..  IlDkap aa4 epi ... l. OaD be haD4lec1 ,,1 th eoDfl4.nee 

only vhen 11 C paWl' 1. pa1labl •• 

t .Ma7 .uU . ... cri .. 
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poj.at uaoU,. ... oppo.iw appJ!lD&Ch la ... w, that i., cl'" • pwlioular 

rupoDM ..... , bow clod the bftecl_ oWn1- _loh ot th ... ......,. tOl'O. 

ea th. "pe ot the 0III'ft' Ibi. aDalyai. ahInIlcl be ."t.pW 

.b·.tl,.. it then ba4 ben ."-pu to pncUet the 

le Jmcntl .... OIl· pM actioa which, 1:b 

e breeau, � be ot Yalue to � ..-"1e1at.. 

!be tire' require •• at iD anal,.! . . .. l"'iOl1 rHpODII. i. UDIilou})te4ly 

io Nparate the .... Ue uacl errril' ___ tal eau ... ot chaQp in popalatiOll • 

!hi. oalla tor a rellabl. CoDt"l ill tile project". Proa on. poi •• of Yi_ •• 

Cont."l ehou14 be 1IDebaqiDc iD .... t)'Pic ane.y hom pneratioD to ,.D.2'&tlO8 

ennI'OlDeD'. Such. paetically c .. �" OoDtnl requir •• that there .,. DO 

prenure fro. natural H1eetioll, that .. t1 ... proceclure be kept. .trietly 1'1IDCl_ 

• the •• 

Wo popula'iOllS Main ao to 41tter ill .. ootype then la 00 pal'aQMe that th.y 

rill " aftedecl aillUarly by chaDpa iD the ..m.� (BI'a7.!! Al-, 1962). 

!'he obrioua w.y to a�icl auch biae trOIII pnot�" UaWnctioa would 

'be to take a I"8D4oIII -.pI. troa tbe .. l.c'ion liD. each ...-ration anct allow it 

to ..... ly _ ....... tor a genen.tiOD. But. a Control ot thia Datura at111 
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.. t . ell to Ht" i� iD oppulte 

.. ... �- of at _" _ i"' !be at • t _ .. twt1I ....... 

tbi. CA'lllt .. 6'1 &DI ..u .. 1 U liDe ....... �1'17 aceun.w17 ........ 

twio HtlplMue UVII�� U .... bat. it 1.- t U · OIl the biaa 

ca ..... .,. tunl .. 1 ... 1 • . al., 4tIWi ..... aW tl tona. it· 

oucel. se eff._ iutea4 of an:rill& tMa. . ... • it __ 

pp.lbl. t.o ..... all ... . ttteeb MpUateq � U ... ... VPe 

of CoIlUol could be 

.. Coatrol. 

1'or ....,1. Goco4vf.a, Dickenoa ...a LuIon_ (1960) outliDe • npeat .at ... 

.ache. t ... poUt..,. die _UUI'U....nr... tal chaDpa tr. 1Dtu-pa1' oa.par-

.tic. CDIt.a.1te·a 

tr i.� cOlapU'l-.a of pro...." CJ'OUJMI ,... two or _-re nn •• al" 

"M .. ti _, aDd ... --..ur .. � 1a _temal effecta .. eociat.ea wi 

aceiDI of .. 4aa. thte..... ie ., ..... cml7 b7 aapliac error of tU 

ftrioua Pl'oaeD1". 

Deap1t. t.b.eir ......... U.W abOft, Ccmtrol. 110ft uauallT cN41Wcl with 

oYiDa aaoh ot 'tU �ta1 tluctaa"loa fNII • JIleaoVPic ftapDDM, 

thowab --.t. ..... t.bi • ..alt la buecl OIl pNCOIlC4tiwd i .. to ".. ahape 

the .. .tic napoue 801114 be. Thi. 1. part.icnaiar17 so _ ... the napoDlJe 

audao. (atter ac1jU1l'tlleDt tor the CODVol) Vac.. aayaptoUc CUZ'W, t. 

nch • CUI'ft la to be upecte4 ....... the adtitift, OIIlDaDCe epiatatic 

IIlOC1el. of .... action, aleo ..m.a .. tun.! .. leetlO11 begine to ... rt iDerea.1OC 

pr.our. OD the cbanaiaa .. aa, &Dd fi_11,. a1 .. abap1,. UDder" effect of • 

a."eriorattaa euYiroa.eDt. 

It auc aB �t1c 0\D'ft ia ob't.aiDe4 it t. poa.ible to aoalylle 107 

... ot th. _Vauoua .tt.ta, .t 1 ..... qualitatift17. Por ... pl. it .. 
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t 

(41ecuaaloa la Pal _, 1961 • _.- �) .. 

aDII __ of e1 eplaiaaia 

leoU_ la 

�- ett .... Hq ina anhl 

01 epta 1a 

Aaal.7ala of . ..  lecrlioD na-- 8boa14 iDol 

8ft.u ot 

populatl ai .. then an to ........... a"ftdlable to _u.ate �lr eJtpeete4 

• tferia, bd euch tu.dD Ga1llDGrt of 01II"84t ahGw it tbe8e fUll efteeta an 

ac IT peratiDc uor the dlncUoa Id 'theu blu. It ta thentoft cUttloul t 

iD a p ... 

oatl • 

to pJ'Oft that. •• v.m4la or Ilac U 

be el ..... 

-

of • napoue earn 

there la aD aperiMlltal probl. 
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aibl. .... 

1. aD aM17Ueal 
vn ..... 1 d 

- I 
"'''''''7-" 

aolaU ... � ... PInl'a&:II_ la Dl'lUW ap)� __ 

fd e.DQt .. ,. 

eU7 • •• 
eari.,.a 02' 1. alnaq 

a 0IIpIter pr.. I 1. wi t.sa' .. .,. ... tan tor each �rV ot the 
palati .. al.. tiw t;ne ane..y. 

1· ftlaUOIUIIlU.I_ 

01 

vi which 

If 

f, , ID 

00IIIpt.It.u' • 

.... iDOl 

• • 

tm'(,.. ... _. al 

caM of pn41 tiOD _t1l a 

f 

ot 

... of ualyala til the .-.atea 

t. pratiou. a 

ftl'iaae. iD ihe ac'kJal popal.t1 tb the pntiotio will ---17 tail. I� 

i. lika17 a1 that tie 

onrat.pllflad. aut .. tlda aldll at a.naiac 1I04a1. 1Dorauea, aDd al .. ta.. 

kill ot ---ulna ,....,tft. iD eotual popa1&Uou, 1" la ..ay to foretell Ul 
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� tile th.ala. do • iIwol ... U7 1»ta pr1Dclpt •• of ..... tl0 Hr7. 

t'boae uta 1IiIao .. pol.v of .... 10 theory that bee .. ftlnaat will be 

cUacune4 iD the ap pria'le c tat 1 ..... 
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• ...la 1. 

• tor ualyabw • ael .. Uoa -a'ftftft 

ot 'the lim ,.n, 
& HQOI_. 0' 

till. rT Hq in- al&bonte e&periMDtal .. e .. tDi .. III ftpt!oat! • 

",,"1 tHq t ..-tl0 ftrl � •• nil la 00Dtnl. , 

• � lenl liDH. are 1 __ 1.. t at lal 
lJre.... t aft"0I'd. ... tulabl)- ao. It iMnton .... ta J.Uon,-

to.,. ....... to pro'ride • ut.atl iD '\ball' .,..... 1ft It la 0Dl.7 tro. 

actual aper1aeaw tUt .-.Uo ill.." be ftlUly t.8tecl. 

AD. ad W aper1aeat la .... ton 'Ule lim nqui • w_t. ibe 

aM nqui t, and i� 1. �uall,. 1aponaat, ia t Haul". " be 

aaal..yae4 tul17 .,.11411'. 1bere 1. DO 40ubt that the tDllmlftebla .. 1_,"011 

_per tII nporW4 OftI' a year. are 0 i Heel to lift rat rl to 

ihe OUl'l"ent .. leotl< tbeoZ7. It, 1. __ iD .. 1 of till. next pert. ot the 

•• 1a to taIIe • bri.t look at ... et ihe .. _peJr'l .. �. .h... .  '\0 ... how 

.. 11 ...,. t111 ftllc11t7 nquinMnu ,1'n1l above. ftere 1. DO a"-P" 
..a to allberetel,. pick 1 .. iD ..... uperi __ u DOl' t.o .1.oWl. onq 'tho •• 

ot tb._ wb10b are olearly ... 11 18, :l tH4 .... 1,. to point t • r.w. 

h'oa tood upert."y to Md ou. . Pollowina thi. litera l'ft'lew will be 

repol''W ihe th .. i. upttl'iMDt" wbloll .. a..tpe4 to Oft"OIM __ ot the 

obft veakJM .... in put axpel'i..nu • 

• .. pan"- upecta of au&ly.l88 . .. lect1011 .... pou. 1Iho1lld be 

01.81"17 neopiHd. !be first .. � i s  a pncUca1 M J  U. OODe.l'Il8 • 
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iDcerpontl of ct.ri.o.. .. Contnl aD4 rep11eatl into th. actual pJ'Oj .. t • 

.,. . upeot, &Dd it olearly la U.a1te4 by. ih. tirat, OODe __ the ualyaia 

et ... rn. • .un .. l_tloa It... tn. ftrie cleric.a. ()I)rioueq 
• 118ft _iQ1. ia eaptriMDt lIOn 11111 te4 18 1 ua1.,-.ia. In ita 

_iIIp1 .. � fOl'll . .. leot! pro�_. 414 . lInol.,. el . er NpUoati .. C trol 

( 1., 1938) but hJ..t.orioally it was quite earl7 to Co trol_ irl • tua 

et ""reed .. lee i (ChaplU. 1946) er leeti .. 11 •• bee 

pI'Oce4un. Repllcati in the HDM et 41ftenDt populatlona bal aubJectecl 

to .t.lltaneoua aDd id tieal .. leotion pH.RH vaa lllustl'atecl by P.V.  

RobeneoD (1 9'5) but true .. plloatieD In the nu et coap1aWy taaepenct_t 

!i.D" cln fl"OII pOpulatlen 1. perhaps be.t. 8hown by Clayton !!. Al. , (1951) . 

Perba� the tiDal -' step ID 80 inloatleD to note la a U�tiOD 0.1 DOll-

and raed aeleet1 liDea at interrala dUl'-iDa .e1ec.,1011 or the 

eroa.i. et .epua liDe. (Ma .. aD4 Bani , 1 949, aD4 � ... , 

1 952 ) .  

'lb. MCe .. pect et a .. l tion naponae - ualy.l. of clate. - has alae 

4..,.10pe4 in aopbi.tica"tiOll. Pfloba,. i.Jw ai.pl •• t fOftl ot analysi. ia to 

_rely paph the aucce .. l.,. .. DefttIOD IIHIUI aDd interpret. tbeir patt.YIl, but 

Iw rep-easi 11 .... or _1'8 lu CUI'ft. are al.G tit to .uch paphtt. 

Al8O , wh.n the uperieent peJ'tR1ta it. panMtera 8UC .. the ftl'lanc. b.w..n 

replicaticma be &Dal.7H4 &re 0.1 conaiden.ble 'ftlue. ther aDd 

Ha.rriaoD (1 9049) .. 1 t.a ter a hlp.r low.r ""er et abdoaLiD&l chaetae 

i p!pephi!a palatic • !her. wu oD17 0._ replication in h 4irectiOD 
but sUbsidiary li • vere ntracted at ftriou times. !he aath1)rs explalM4 

IIUCh of the _iD line re.poase iD tums ot these auba1diary liDe perto� 

b t 1t .. �te t th.n .. ft!'y 11ttl. tabulation of respoll" 

data. It ill DO' cleDtecl t their 1 aDd careful discua.1ona are Yft'7 
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ftl1abl. to the ........ ,_ 1. la apl •• D..... ntatl_ ftQ01IM • 

... i.blll�. � i� i. • ibat tbl_ 1'.. , ...... eaul 

pJ'ObeblT .... wi ,.....taU D ol 80" aata la tabl... ID 

... n_ _ JIIQU 01 ..... .... IobertaoD (1M3) illat.... ... polat _ 

_ ...... 1tuw1_ •• __ tea itiuF 1lDe. I. HJ.u.4 ......... 

.. l_UoD 4arlDa tbe aper� aDd t.be7 .180 a44.a .... tor iabn.u.., atteeu. 

tor pnae • t latbal ..... ...a f, Mo.t cla_ 

m. tot.. 'a --..1..a la tab1 .. , whlob � 0D1,. MIte. tor quickft' 

ret ... DC. but. .180 " .,.. tile rH4er • better 1ID4eretaDdiaC of au ore '  

_tb • of aaalyala u4 .... 0Di · .. • 

t1ae. aD au .' . _thoc1a 01 analya'" data an perteet17 cl .... bu't 

f.1r17 alaple. 1'01' ...,.. I'7le Cba ( 1953) _rely reeori .. leetl 

naponae .. the total .. UOIl .... poDM tiYi4e4 by the • 01 . .... '1 

01 .. 1""1_. • 1r parpoaea thle MaD ..apcmae OftI' .. perioc1 ... 

Rftiol t aaaorlptlOD for they et.aind oal,. to c.,.. suoh obMrftcl nn1 t 

vi tb • pn4i n8pOJUla oyu '\he __ period. .... ... pre41etlou 

to 10 .. ....,. it would be uetu1 aDd 8IOh ....ur to learn 1Ih7 they etla eo, If 

there ... ..... data pnnntecl OD flQCtuat.iou aDd tnDd.8 01 fttl)JOllM vi tbiD 

tH pen04.. JlalcODH ( 1953 )  .... able to u.a auch in'teria c1ata in Id . .. leeU 

uperiaeDt for large and .-11 ai •• iD Ill... PrOII the error ftl'i ... 01 � 

__ ft.poaae h. eubtno'W the tnctioll to both upwud &Del dOWlmU'Cl 

linea. \bat 'a the COYU'1 

he aubtracte4 �. tract, 

., nault1DC tna .ariro .... tal flueiaaUon. ut. 

ct to -.pu.na .rror. !be .... 1 ... (which la hia 

ea •• waa alIIoet DOlW) could tiutn be .ttribut.d to •• nette dril�. !hi. ftI'i • 

aaal.pla by 1'alCODW did not make 118. 01 data tl'Oll all poeratiou .... llabla "' 

it. la .......thel ••• ".1'7 eDliaht.eDiDa anct iDdicatea that. conal4erable tbouallt vu 

ai"Nll to ual78ia ot clata by bia. Anoth .. exaapla of tbia thoupt ia hia 
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i.1 to ...... __ re b;r llDea'r ......... 10 ra ..  1"1:.-

tb.e uaual to ...... to_I rellpODH 41fta.a b7 ""'"  ot • Bi • 

...... t. aDd I ... -..1141. viii be 4180 ..a 1 .... bu at 1 .... the 8Oph.lati-

U.OIl .... a le .tep toftU'dJl. !he .aiD ... ot P&l • a work ... 

.,...1 tal .14. - it OOllWDeI 7 OH npllo.'tloa ia MO 41notioa. 

• ual7al. of .. l_U napoue ani,", t by !boc1ay (1961 ) 

1. t.1rly eta i ... .... pM'U. ir aper R£o!oPlh 1. 

aubtl t,1 " aeri",1 cd Rea ." but this 4Hcri la tea .. a 

1 41.oU8i unll ... &Dd UMDlipwnecl &'IJI7 tabl .. at all oODCftIliDl 

the aotual nspoue to •• 1 tl • !he l' ot thia �lcal .pproach 

1. Down by • of th.lr oooclul0 • !hey ....... t tbne particular 

11 .. "ahowel �ly .1I111ar pattel"U of napou.- (pace 175) but they 

aupport this clala cml¥ with a ara OD whleh the tbrM rea .urrac.a an 

.u lIIpo • .a. IIoNOTel' the thr.. 11.... 40 DOt ft ai.tlar hiatorl.. . that 

la they are not :npUcatlou of 0 • another. 01' 40 'th ... . 11111ar patterna 

ot ft8pODH ...... ref.r to aillilar .. neratlou 0-1 .. l.tl 

c:J.aytoD .!! Mo' a etad.r ( 1957) of chaeta l' in 1!J;oaopbl1a .... ..eh MM 

d.tailed. It iDYo1ft4 .... rat .. l.tion lntenelti •• aDd _tlD1 qateru , &Dd 

it a rep1ic te4 up to flft tillea. But Cla.Y'oD too vu -.1Dl7 coacerne4 to 

teat precl1Ct.iOD theo17 &Dd eo M apparently dic1 not. bother to aaa1)'8. the ob-

aern4 r.aponse beycm4 t.bia si8pl. n.eel , 

fn. all pn .... Uou aDd nplioatiou. 

he ... ly ayeragecl the reaponaee 

!be ... 1. DO aata aly. 'ftori.tloa 

ot .. apo • between replicatlou 8'ftn thOQlh it ".. ac1m1 ttea to be 1 .... .  

oveYft' , the au ora 414 "17 to ....... the Yariou. ton •• conceali the t.rue 

•• netio re •• 'ftda .7 d14 b7 estracUag aoa-•• leoti01l sub.idiary Un .. 

aDd by oro.aiDg p1ateaued linea, and 1IOet of tb.a. mu1ts are pre •• n'Mcl in 

tabl .. of data. 

ODe experiMllt whioh Wall both conatructed &Dd analy.eel in 1101'. clet&i1 tbaR 
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aon i. re rte4 � De hi_ ua YoucbHrr,y (1961 ) . the .. � oani .. Old 

.. l"�ioa tor Dro!OJbil boclJ- ".14'd .t iatenei"l •• , lD t.wo 4lnctioaa. ana 

with te "plio .i... A1 .on np11oaU.. ad �tely diM out 

• 0 ... "1 10 the 0011_ nttiola' -. calnlate the 

ooaft4llDee iDtenal. of .... ne p_ .a.latea or iD� 

repllcaUOD aDIl la ...... p1io.U ftl'iaDc. u. qat. abOt_ 

tba. er. was pea. 'ftI'la.i ot napon be ___ rep1i tio.... lbia .. Dot 

.urpriaiac beoaua. eaoh rep1i .loa .. funai taai1,. aDC1 .... '10 c1r1ft 14 

.,. .... ita _xt.. .. .. tlDa ay...... lIow ... r, the .u ra Mel 

repori that • aiII11_ a..,.... ot ftriAtioa er 1_ ....... inH .. C.", haa be .. 

obaerncl by Mari. (1958) ,  al-. with "pUcati . the -.iD ftl· ot the 

De hi.a !'� paper than is perhaps tbat th.y ahov wry c�ear� how 

reapoDH aac1 iDw the popal.t! �_r ot ftl'iaDae. Kot OD1,. does thia 

Moond p&raIIeter .aka it ... iar to interpr.t the ttrn, to'r ...,1. la _twra 

ot acal. . but it la aleo able to lead w intonation t.po •• lbl. fNat the tlrat, 

tor aaapl. the tUatonina eltect ioh a.1ection ay lift to the 41aV1butloa 

cum ot t.yplo wJ. s. It thia cum bee too tar diatorie4 trOll .. 

nOS'8&l diatri 1.1 it bee ... le MtmiaaJfUl to aortbe tU pIleDotypic 

ftri.bUlty iD teru ot 'l'&riance or riudard error. 

thia abort li tantun reriev show • nua. of thuoaatmea. in carry1na out 

ana aaalyaing .. laction ezper1l18Dta. � uperiaenu are aoo4 iD some 

reapeets but poor in others. tor euapl. an author may haft enaund adequate 

"pU,a •• io ancl Control but a1ftS'1 just. a auperficial analyaia ot the reaalta. 

But perhapa the _at. strlk.1Da wan... 1D prerioua exper1aenta i. that the 

yaia was u8U&ll,. conoemea. only with the meaD reaponae per pnentioal 

... apparently ftry 11 ttle iDtereat iD llea8Ul'iDa the treDCla aDd tt ...... 

tiona htRen p.narat.iona which are hi e iD tbl. meaD .  DCW ot at� 
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... .... t.t mt .. 'loa 18 ihenb7 10ft vhieh 00814 ba .... 1.a .... a ol..nr 

lIDilltr.t&nA .... Of tIM tON" iaftl..a la . ..  1_"1011 N. • 

ta. flion � ....u1M4 la W. ,... .... t 1bula aiM to OOftM" 

.... . 
• Ita .Wwttual .... 1. la'MllUcl to all_ • c1et&lle4 

ual,..s.. napoDM, a4 t.hl. a.tdl .. �1. 1. 1Nb • .,.ueaU� .t.�. 
Bd the espwi .. tr\ la Merib .. howftv, � ..tb04 • ..a _'Mrial. u..a ill 
till. theai. will be esp1.a1necl. 



t960) . 
c1b1ate. 

I 

- J6 -,  

bedl.e) .. 
pet of au1 __ I. aDi1 appuon 1.7 

la -.1e • (tribolt 

D!!!!l,l!t I! b dapl. to zoat.. to pron" 111 

la co tu t'\ i. title (1' ... pe!" f_l. 

a lit. eyel. of 1... � • It .. 

peternd Oftr .... He .. of _1. u.t. eycl.. r\ utoalft 

• of 4S.!!!:!Ws. "" tU 11Diwra1V 41_10'" DO .. rlo_ 

taulU t r  nl ti .t.udie.. ha aiD ar. appuoently 

0UDlb&l1_ 

they ... DO 

41 ..... but ... eau larply 

1 .. iD the 1D' •••• D' .. la. 

iD tbls theat. i . .. lpt ot the !ttboll 

PIJIa. It. Woa cho.en beoauae l:t, .. to r.apoD4 .. 11 to s.lecUon &Dd 

becau.e it. vas -..y • It. ... also aha.. becau.. "'1Pt. i. a 

8e roW- ebU'ac'\v iD the • na. t lMIat. 1al hrnclt.., proj t.a are 

00 ene4 . ... -taae iD _leettl for hi .... plaata or animal_, bectauae aueb 

hi.... lDdiYictual_ y1e14 of th. cte.1nd t. IIowwer. tMa 40._ not. 

illply �t 'the "aut ts !rlboU. bo47 .. 1lbt. ftII a�ttctal17 be 

appH to tbe bocJy vel. t. .. 1_t.loo prc,. .. mea ot planta aDd higher ani Is, 

• claDprs iJrtool...a 1 INch .V.polatlOD will be diMU • .a at the end ot 

the .a1a. 

!be !tibotl. nooks ua .... boa Ruakura Ap1.cul tur&l Reaearch c.ntre 

a' 1 J aD4 oriaiMlly boa �e laatt � of AlWDal enet.ie. a Bc1l1lburah 

Vn1"rait.7. !be etoc hacl DO special ..-ke .. PD •• 'but tbeil' ...... ly .. l_toton 
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............ I -.le, tal.., .. liDkate • 

... tU7 appaNllt17 10 .. t . eaperi-

r\ ... . .rli • �uaa ettMtta a I'1q e 

. aaalyala , " • 

....... " iD w. ......... aD4 DiM! 

• -.11 CU'OIICII8OI . ..  ..,.� la ly 

uu4 tor COIIIMJ�ial bne4i.J iD wIli 

... au1w troa J!Dt!!ll!l!U6 " "-,ola- "17 1y (IAl'Dft, 1958). 

beCHW· •• the lack of ... 1 ...... " labo 

tIWa d rip,\lOll wUl be lWJl iD deWI 

or 01 ..,..J." 'aclliti •• nquire4 t 

the .. bid of , ... r.aur-.l8Dt ha4 W be 17 .mol ... 

!'his iDeritebl7 onaW a tall" UlCMID" 01 -�"ftilU¥. which in tuna 1. often 

coul4en4 a to 'ft1J.cli V • 

.... � I the appua� .... borron4 tI'OII the 

of D.S.I .R. aoa lD4M4 the lirat t .. ...... ftl00a 01 .. lacftioa ... re OUTi_ iD 

1 tor. at t.bat Din.loa. Subs tl tly the laboratory vaa •• tabli on 

the Musey UDiftnlty c apaa aDd the D.S . I .Jl. apparatua .... traDal.rna then 

n-oalibrate4. 

It 1. IlO't i teD4 that • aeaorip'iOD at .... below should aern .. a 

.1 tft ao,y ral !ribol!: ... ...-ch. t� 'thf. . .... DOt iD ill. author' .  

IIlnd d all w.o laboratory .... up- It ... inat.ead aat ap to do j t 

the partioular job - ..able the .. l_ftlO8 proan- of thi. th al. to be 

carri on. 

(a) AER!Ptul !be _part.eDt .... houaec1 in a Qaaltex incubator (Model 324) 

_ieh .... vater-jacke1.ed., unl1ght.e4. and of int.enaal at .. 30" by 24- . It wall 

'it'het vi a t,beftlO.tat but whi1. the uperi '" .. Z"QIIlDUltg at D.S.I .a. 
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DOU ... all 

--

Ma It. of appua 

(1JIl1_ ,..1 

.. leoti • 

e Mal. was 

ID 

• n �  

• aeale 

4 ".1 M 0.1 Idlltcn-

ba1 ... .. 

then' coul DOt attorc1 tlM tor tbi. 1'1 

thta 

ebaneN iD. Mal. na41aca. A l&rp ea.zoeo.rcl _p of the 

aloapl •• the balaIaee and ... each JI'IP6 ".. cInppec1 on the 

all 32 pupu .0 be . ..  1p.a the thor -"17 ba4 to 

tU p&Il, aa4 80 0011ect tU bean ••• (or 
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nada.l7 .-plea aDd aesed Ul the quo of 32 f..ala. u4 32 .al.a vu 

eel. Toward8 the .  of �. pro�"" 80M nplioattou bee_. too weak 

alnad,y vet "" kept &PU' tl' one aDO I' iD nale, e1 ther ul_tea 

01' Idllea when the full quota ... reached. P1,,&117. Ion velab' .. 

they _tun, then tore Hither "'1'7 TO pu� ( tter tbaD nonal ) 01' 

.... 717 _�ure pupae (browner than nonal ) were aaapled for vetahina. 

(b) !f11 .. !!a 1 ... 14. the tnoubaton & cU_te la 0011814 __ to be op"tlMa 

Vhen It allcnre tl"lboU. to haft the aborteat lit. eyele oouiateat vi th & 

ah aurri.u rate. thia opttmua ia reporte4 to be about 320 Centlan4e 

&D4 7OJ' Rel&t1 .... IIua1dlty (Bowe , 1(56) . tha d.aired w.p.rature vu aa' by 

.lectrical heatt.. ot th. incubator ".ter-�acke' and _intaloed vi th a tbanIo­

atat. !'b. hmddi ty vu cot aDd intainec1 by placina a bit t.n.y ot eaturat.ed 

n1t ( ee l )  solutloo OD tha iocubator'a botto. ehelf (Sol • 1 951 ) .  !hia 

.... an R.B. 'talue ot about T1'Ie. Checks with a �thumocra� occasionally 

duriaa the pro�ect lIbowad that thla elill&te ftried by ODly a aall amount, 

a' peatly when the incubator door ... opened. ID euch & o11_te the lit. 

O701a ia approaiaatelyz aa tor three days , 1arft tor titteen days, pupa tor 

four � , aDd '-tun adult tor tOUl' daya. In a teat d •• cribed below, 

adul ta could produce enough e.a iD thia clt..ate to proria. aenral pupae per 

t .. 1a �r 4a,y. 

( c) Riet. the atan4arcl di.t tor TriboUu. 10 .. l8Otloo .xperim.nta ia a 

ratio ot aitted vbol-.al tl01ll' to dried br_re yeas, at 95 15. !hia ia also 

clo •• to the opt! .. di.t tor taat u....loplleot aocJ. high 8UJ"riftl ('frlbol1u. 

Intozuati Bulletin. 1960) . ROYe'nr. c�lal brevera yeast ia� el!lpen.i .... 
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au .. 

U 01 too4 ia al tabl), .'�lIIaIruce 0'·"'-' __ 

ot 11 ibft bl ....... 

• 81 ... 01 60 .. • pH' iDoh� aWl-1U. 

!hi. tooc1 "... alva,.. pNJR iD -.11 q 

papaw. thMlOeforib 

of tbne .,.,.. 01 ,...at -

la !able 1 eacb ftlue ri ia the of pupae to .. all et. bt. beak .... ia that. 

!M!! 11 
IIa7 aIiu _t.1ap 

'f-n !OI!I?I!!!D! 
DIe ·U .... • 

__ .nial ........ 

ho.I .... ....... 

Dl.et trial (11a1 U I  IlW 

22Dd � �4th 125. IZ6th 27th 

2' 28 63 64 92 1 38  

t , 1 1  30 47 10 

.3 5'7 82 92 78 1 )4  

pG' taT) 

28th 29th 30th t'ow 

1 38 66 " 653 
S1 64 ,.. 34' 

1 1 2 84 " TJT 
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te .. 0 .. ,....u, .. well .. bei ebeaper. Moft iIBporiaDt. the 

auperioriV t . ... t ....ua iA the eul7 ........ 1Ibi __ .. .  npll .. "i_ 

will procl it. quota of eoui4eftb17 ia tbe 0 .r 41 ••• 

a. a4waa-.. 4d bei ab1. to 110 abori«a the ISf. 0701. _tU1dDe4 that tbla 

Ina • •  4. ,..at. ..ata be .... ., .  pN"" thMl ... 

!h .... ... en c. tr.. tile lltentun • MIIIllbali_ ... . -.1- ..... 
.-;,;:,;�;,,;;;;:;� aD4 .... It. ... pea"17 iD0naM4 '7 a ort.p of food. If all 

............. .. re DO" .i .... _pte too4 theD ilho •• that pI'Ocluoe4 the h .. ri .... 

pIlI'M b)P .. 1_tlO11 would be peaali..a tOl' tb.7 would ba ... 1 ••• food aftilabl. 

per UDit. ot J)od,Jwtpt. c-lbali_ would thenton be ........ 1' iD noh tnat-

...... aDd .. a ..,  factor ot aa'\un.l .. leoUoa would be psoeaut., bl .. l.., the 

ftsulu. It. we ibaa 4ecide4 illat all aDJ.l Hooka be aiftD tood ia ...... 

of tlaat ... a.a by the bi_ ... of .... !bat ia, all replicati_ would be . 

atftll the ... t (an uo ... ) reprcUe •• ot vbeth ... ihq oODtalae4 heav 

.tooka 01' Itch" 0.... t to � ju" how .aeh food .... .aple tor ...... 

hean. t .toob .. difficult aD4 tIMt litfta� ( •••• Riob, 1956) .. "PT 

11 ttl. .lp beoallH 1 t uaually cleal t vi tb ODly one ...... of the 11'. 0101 •• 

!b. reaolntl tiDa1ly edopte4 111 thi. tb •• l. atteJo ...... for wiet .... of 

oaaaiball_ (suoh .. baIt ....... corpse.) ana tuts for tiacolo1D'atiOD of the 

foo4 ... that tbe .i"'''-.,..nt _"- ot Bxpui ... t ODe be ,iwo 10 ...... of 

foocl, aad th. pe.tr..eatl .... of lIxperlaeDt !wo be gi'ftll 20 Ift*J ... pt for iboa. 

of the COIltrol t which wen .1� I ••• 

(4) Di ...... , '!be Pl'"entloD of ti .... e ... baud OD hot-wat.er riuill .. tloa 

01 .1 ......... aD4 iDa ..... ts an. baDclU. .. each nplicat.iOD. !be labofttory 

floor aDCl bi, i'Mas of apparatua ".... 4ialntecte4 about IIODtIl17. ....., jan 
of food wer. plaee4 thnuP th. 1acubato .. and laborator".. The conUauect 
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appal'eDt abMDo. of 41 ...... 01' .Uq .... "1 •• iD th_ .... that. the p"-

cautl ... aboq vue acleq w. 0 1IOUl4 vu obqft'e4 OD the too4 at. aD7 .... 

ot the pro"". 

Laat17. the Itan of all cal" .. ... checU4 Win WMkl�. fte �_ 

ot thi. pnot.ice ".. _iDly to .  .t.1 tat.. the I" ...... .."1.... fo ... aD;! cui ..... 

t.ba" had di • !'hi. ocou:rre4 oaly with � paiJMllat.i_ of Bape:rlMDt. two, 

u4 0D1� iDfnqWID� 1 the ... 

!'hi. the i. a bri.f aeMrip"ion of the Mu MY  trlboli !abont.or,y. 

It. has been ilUlpeotecl by hof ... O'J' A.B. Bell who head. the !ribo1t ... ... eHU'Ch 

poar- at. Parc1ue UniftZ'.lty, and .... 4eo1an4 by hill to be ... 114 aDd 

acleq_te, thoucb wry UIl8ophiriioat.ed. 

P!CJG!MI!II Vh11.-t. the Tribo!l • •  '$ock .... held a .. Jt:uakul'a a auaple ot 1t. 

vu aubj ect.ecl to .. lect.ioa of ftate iawnaity tor bipr aD4 10ftI' papa 

.. lpt.. ... prop"e •• vu 11&4. iD both 4inct.ione ewer eiabt. .enent.iona. 

reaultlDa iD "JIea� ud "Lip"- nb-populat1oua. I't ia the .. B_"'7 ana 

Llaht stocks t. vere uaed .. base popalatlou In the pnaent the.i. experi-

.. t,  aD4 they .. re uHd iD the toll..n.oa wayl 



H a a vy 
pop.  

L i g h t  

op.  

o 

- -
9 aflW'at lo n s  6 

(all r ap t  i catad s ix ti mas) 

hl.t! ot �lMN ..... iD�i V ... . ��l1no4I"" tor .. ri .. PlJlIU iD the 
-- la L1 t po)lQlati • It ".. 

ot ais .. ratloDa 

nUou 1 6, 7 to 12,  

D4M:aw.. the perioc1a COft'N 

1I14cUe. aQd law ..... "epeet! .... l,. t .  1 

.,.. I. 
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, .. 1M'W 10. It..1t. 

..... coul4 be 

lite tan 

• a eena1bl. bal • 

ibe die-

&Dd illat the lit. cycle could be ahort.eDe4. !be � ot ... ... '17 

4ec14ed OD tor thia ... .,. theaia ... .. �"1ec1 alter • abort Vial. (I� 

aubnquent17 proNd to be nth.r too me work at, t,�) . 
!ben i. &!lother Ya7 al80 01 4etendDha how 

OD the tonula h'otI C� aDd. Cos ( 1 950. ,... 20) I 

when I' • D8ber ot ul_1 .. required per tntatmwlt 

CO • tone pvcentap clitl.ftDH that it, la 4 •• ind 
to .. 

er • tn. .  eftOI' 1M1 
(expn....t aB peneo'" ot the .... ) 
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"
, 

- dpltl ot " iD iobe ..... t alpltiout 
tiff' ......... ..... MD ta (2-t&l1 ) 

le OG1"I'M 

1fhfte P la the . '-'--

It pa'O'Iial 

la -.4. to co.puoe a 

pnria. 1 ( I' -1) dMrJM!IlS 01 D't ... tor • u..te of ft'J'Ol'. I,y auam 

...,.... ot t....a- ...... .... at c::CJ 

tOI' PII'PO- ot VWJ� Wat ., aD4 � .... .... at 2.51' 

will 

lal_ baa 

thi. atIa'bad i. - that '" 41ttennca be"' __ Uea.t.eDU 

• '" .ipltlcaac. ten. the tiDal pan.-

lect.e4 BuIIillDI .. ...... populatlOD. I tIlt • .amy (which ba4 other U8 . ..  

well ) 516 !'&Dd.- PDlkJM of HCh ea wen welabed aD4 the Nftlw .... .. tollovaa 

_laM (jJ- ) 
n. .. mt a.riatlon (.) 

- 1 .99 __ 
• - - .236 

ooeftlel t of w.rlaUoa (t;./f-) • 1 1 .'" 

• el'l'u of .... ( s /rn ) • ! .0098 

1 .89 .... 
+ - .245 
1 2.'" 

+ 
- .0102 

the coetticl. t of ft.I'1.t.10ll •• tak.n to be 1 2,c, whicb at". d .  12 

for the eq tloft • 

. UHt! tutio for all t.raII iD the equation ca" the aolu'Uoo r • 205.3 • 

.,.....r. a new probl_ bad now ari .. n . !be mean ni,bt.. of t..-.le and 
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-.1 • ..,.. ... • uatDc the ........ ..-ltea iD _latloa a - 1  .. ' 

(ft.,. bipq .lptfteaa�) .  lIde •• ana .. " tbtt , .. 1. pa,.. an tiaUDo"17 

1 .... .. aaUl tUu fta • ..u be .. 1 .. "ft' al .. 

� 'ftls. 01 . 1w.4 ..... • __ to .. ..  a' • '"-, 

NCOpiai fd COQl'M to 8VCh ftl_ .. In..... cm.t,. • aula. to tile 

U1Y1Oa', d 17 .. .. 1. .. ·U.. • 

ftaal�. it ".. labl. 

papae fd a.. !hie _eer wW.4 allow 

ot t.J'Plct 4labi-"IDn. t .. DJ' .... li t., . � to aaeui&1a it 

.. lectiOll ... diatortt the 41atrt U auftieintly tar In. aonal to 

Wft"aDt a eeal. tnDat __ tiOll. 

Coaala .. t10D 0' all ihe aIMmt t.tore ..-tually lea to the l.l1ori .. 

ftpuiMntal a.alp. SeleoUOD tn -.oh poJUlaUo 1f01l14 iJwol� ab. lDaepeD&­
.... ",11ea"1008, ... vi 1_ ow ConWoI, aDc1 each np11oattOll (&114 Con,,"! )  
woula be -..pI .. fo� )2 t.&l. uIII 12 aaJ.. � per ........ 

"'la ., nplieatioaa vu hi ... to elaht iD tb.e IJ..� popalaUon to. 

t .. that aarel.t1Da .. l .... lon CD 8UOh ...u ." .... 1. may ....nua1ly cauae .... 

"pUeat! ... to ti. out. tbie tid iDClM4 bappaD� .. dnoJ'ibec1 later, aad Oft 

MCh occaaioa ODe ot the extra npli tlo .. "pl.o" '\h. OH tbat h&cl 4i .. Od. 

'IIm. t.bere were &1..,. ala ftplica" .. (1Nt. HftI' .. re) ualyae4 iD each 

perlocl. 

SILIC'rlO P!OCBl!JMI 8b ftD4_ ....,1 •• , eaeh of 32 t-.l. &Dd 32 mal. pupae, 

.... 4nva fro. both .... popalaUOIl8 (Li ...... .. 8eP7). !h. ata ... ".iab" 
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Ltcht popalaUOD .t.-ftGaDt 41ft • •• iD bo • 

'smI J! !!. ' m!  1- .02(sQJ) 
" 'D'  ppa1tMop ... 1.-1 . .... 

-.pIt U .. 5 0.09t 1 .n 2.26('.1 1 )  -

1 O.05J 

- -.1. 

lepJ.icatieu 5 0.126 2.14 2.26('.11 ) 

- 1 0.059 

., t� • .. 

Iepl1oati. ., 0.266 4.� 2 .05(2.73) .. 

leala-l 248 0.()5i 

- al. tat. 

"plicati .. 7 0.230 '.54 2.05(2.73) .. 

lulclaa1 248 0.065 

dpltleaat 41ft ...... _ .. tile .lpt 

.. BeplicaUoua 1 to I. 

I... the7 ..... antore 1 ... 11 

ID 

tour t� •• toar al •• ot 

••• .. tea . .. then 1 • •  � DO tnoel tor pnt .... tlal .. t1DC iD !£!!POll 
pGpM ..... .. labed aa4 the �Yi.n (01" U.Pteat) f UI' pai" of theM iD theiZ' 

tuna .. r. _ ..... teet to 0 tilNa tile .. leotl �. 
b tile Control 1ft eac repllcatiOD reaehe4 Ita .ixth le.ration, it ".. 

clOMCl. A .... CcnrtI'4Pl watt ... uw.eteCl tro. tbe -.la .. leet1_ U- of the 

.... .-plicatl • 
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tIal. exp«ri.-nt vu a.al"", to eaabl . ..  tull eaalyata o, .. leeUoa 

na�. A.t r Y:7 ., 1 ta special t tare. tor tlda __ ia ... toll ... -

(a) hip replt tioa, ri .Il tail ... beiDa nplooecl, 

(b) ahort-tera CODt.rol.. of .. ..  1 .. U . ...... . 

.... , the tluctaatiOlUl,. .aa 

(4) a.ptaaata OD tM 'ftriati 

...... vi tbf.a ti. peri04 • 

...... "pl! a iOlUl, 

(.) iMeatip.tlOD into 1.'eND" W3It of Maauri the ftaponae • 

....... 1". ter aalyala la t att� la thia theala. !'he ftUOD 

la alAp17 " it ...... couid.red i.beft would be ill81d'tlcl.nt tt.e a_iiable to 

40 ea adeq te iob. 
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In MOOzodanoe with the piu. _erib14 aboft. the tun e&periaft ot ibia 

iMeia ... .... Gp oawrie4 011.. It 1aat.4 aboa\ ...... tU c1.tari.aI 
th1. ttw oat,. Wo -.11 hi .. Gft.U'I'e4, tuaU7 a '  noa." bI'Oke .. ia 

the -.iD 1nc tor aDd. all 11 .. .... kin .. _ tiJtc. ...... -.UDp 
... re to "Mart �riaeDt .u.o. tcnotlaDately the eect t 00CtIft' 

� 
iD the tint ,01117 "- '"  Ion .. ... re.ult . ... _11. 8"oa4l7 

't beoaae. arpM at. about. o. il_ , to abln all" .took. hca UMt -D • •  1 ." 
t tor. � ... .,. u4 there .... not eDOUCh ts.. to �ly cra1ibft'k tM 

new incubators at ...... q before the .tocka 'tl'ft'e ehl,.... 1ato . .... • fft 

aubRqUftt daya after .�ift1DC lDcubator '-Pent .. ... n qui_ 

.... ecUy thi. u14 pzoo ly haw aft_tee! tu pupa1 ".lpW of tba • 

........ ioa. both of the Cont.J!ola aDil of th. ..1 ..... 11... ( • 1956) • 

.. the Gpft'illent JD'01ftn.4 tbo .. Und iD the L1aht popul.tioD that "re 

bei. ..lected tor .. en -.11.1' pupae bepD to he .liahtly behind UHt a"'7 

1iDeS. !hi • •  1 ... ioa &I"OM beo&wte the -.11 ut.U . ...... a�Dt.ly unable 

to produce � quite .. t ..... .. the 1-.- 0 coul. eo it WGk 

longer for the quota 01 32 t�. and 32 aal. P:l'OP1l7 to .'ftilable for 

01 _turity • ...tlabl. at aJJ.7 0 .. tiIM In .. nplioatiOll. which _ant that the 

replica:Uon 'bad to be s led ...... . ,.., daye later. !bi. -.de 1t dlfficult 

to ..... ndne euot.17 the erat! iD'M1'ftl in each pal_t!o t pe.rlieu1arly 

..... 

of WU'k occui � rulft that • repl1oatiOD .. samp1e4 "ea the author ".. 

reacly ntMr thaa when the replication 1"1f .... Ma.q. • ........ . it i. 

iD"'.sti .. to tnc. e'ftJl ,..t-teru of ohaDp ia ..,.raU iatenal , 

for purpos.. of iIlo table gift. below the pa.eratioa interral 'S caleula .. 



- 52 -

the ...... ot claya hall the tln' pupM are AP- ia a 

np11eaU tl1 the til'U PI1� 01 •• ..n .... '100 .... _1 ... 

� e1aple betOft .. JaIl -- .,�.� .. fa. ball the of __ 

awn 

pwi • 

tor 

1A • .  le. 

�e a-
- ....... -_ .  

O to  t 

1 to  2 

2 to  , 
, ... • 

4 to  S 
5 to  6 

6 1 

1 to  a 

8 to  9 
-

9 10 

10 to 1 1  

1 1  to 1 2  

1 2  to 1 )  

1 3  to ,. 

t. to "  
., to 1 6  

1 6  to 17  

11 to 18 

_I 

_1 !b1a croft"'l 

��_ -.p1 ea" 

aWftle ell ..... ulU-

4CNIIMUC .. l�l llDee. 

� all .1& replicati !he CoDtro18 .... DOt 

- tlOll Iatufti (iD c1aJ'It) 
� • Llaht pop. 

" 31 

n 28 

28 " 
31 35 

31 32 

14 39 

29 35 

28 30 

29 31 

28 )2 

28 )2 

27 " 
28 29 

2 30 

28 " 
28 )t 

28 35 H 38 
29 32 
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... ftU7 ,........ ...� tile firs. ODe It took 10Dce to pro4uoe the 

",ulna 01 IOIa7 1 . .. Lip' popalaU . ..... iD • • 

!b . ....... f. 1. 1. 17 �.n aD .iU'- ' "la Mt.l. to Iq ... at 

a t .. tu raM a ._Uoa of .. Nl ... l.,. 1 .... 18 

ot la I'q ... Lt. .... popal&Uoaa. la ul I' JOpalaUoa ..,.. 

� .... '61 .. 1atenal .. ....,..., ibi. wa:t/ __ pa'\tern of .. 

•• 1ect! .... , aD4 thi. la 8U'p1"l.iaa tor It vu ftlIMtei t. the _leet-

lOll oban.otoft let be aft_tea b7 either _tunl .. IMtioa aplDn 1U abua­

lDc ..., o. Ia7 � a.pnul_. ODe of the L1ah. npliaatioD. 41 .. cna. 

a' ...... tiOD 12 ucl uother ... too __ to UH tor a 41&11.1 aro •• a' 

18,  aiaa. I D  oelther .... vu then UJ7 ..nel ..... 'that aoclcleDu or 

ell ..... aauHCl ibe fall .... It ___ llkeq that the prd� tI'OII 

uUtlalal natunl. .. leetloa .... partly rea 1b1 •• 

(A) PRESErft'ATICII or BASIC p!fta 

aD4 d ... DOt. l1lY01 ... diftiedt deal.iou , the J!!'!!!p'tat1 . ... !D!lx!i. of 

this data �uire. couiel.nble tbouah.. fhl. point ari ••• becau •• 'then 

..... . .....t atMmatt'" ..,.. to preaeat aa4 ualyM th. 4ata of aD experiae:Dt 

anA the choie. of aQ,Y OH way woulcl wnaal1y depeDCl OD the ezperiIMDtal alii. 

ID the aarrent cue the author att..p •• to uraace, preent aD4 aaaly .. the 

data iD .. � ways .. po •• ibl. , parily .0 that the dift ..... t .,..te.a II&y be 

aOlapaN4 tor ... lu. aD4 partly beaauae the dlftereat ayrieas .., at... lDd.pea4e t 

npport to • h7P0tbeaia. ID the lir" pari. ot thl. "aulta aeetioa of ihe 
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pari it rill . _178_ ._t,t.�loally la _" 4.t.11 . 

..... 

pn •• a" t. 

!'abl. ' e .... 

ID . er.lnlal 

1 ft  ...... aa4 "pl1ca�i_ :la JPip:N 1 ( .... ae}lU'&te) ..... 

iMd) . u4 iD each _. th. MaD wlCht .� Oftr all 

npl1oaUoaa 1. &1 Ii • 

&DCl aD7 __ 1 i •• iD ... ... of th ... .... 11 •• ahould b. tiaoua.a .fon 

re.ponae at o..ftatlOD 0 ill tbe lIeMy populatloa, whlob colDclc1ec1 with the 0. .... 

heetiDa accicleDt that Idll. all llaia lin.a. th. cOll8equenee ot tbi. &Ocl4 .. t 

that ftMrft _tillp ba4 to be uM4 lDatMd, aDd that thea. rdU'ft. vue 

ll"t.- iD ... l t aDd pnw14ecl a aaller .. 18Otlon tittereatial. probabl7 helpa 

to _plaiD the laok ot a poalU ... reapoDM. Siailar17 the RrOQC1,. c1owDva.zd 

re_po ... at a...rattoa , ill both •• leotloa 11 .. aD4 CoDt.rol ot tIut U-v popu-

1&ttoo C01DCla with t.be baDaf.r of atocU boa D.8.I .a. to lluM7. aDd It i. 

boa that the iDCubator elUate was abDonIal tor • fft dlQ'S. I� la neorcl" 

b7 lion ( 1 956) that aucJl • elUate cbaup woul4 aft_t papM ... igbta , though 
ODe. apia tile Lipt populatloa appeua to haw ben 1 ••• aft.tea. ..1 th ... 

of ill... &coi4enU aftects t.be ftUti V of reaul tII coataiDec1 iD the uperiaeDt 

for " Con'bola wen of a _tur. able to oope viih such accidentll. SlIIll&l"l7 

the data &re not ...... t17 wakeDed by � a ... ot Beplioatlcm , atter 0 en­

"Oil 1 1  la the Lipt popu1�tloD, tor a lRIba14iU7 r.plio.tion (Wo.8) ,.. 

t...at.tal,. added to the aaalyala. the ftIIOftl of 110. '  fI"OII ill. anal,..l • •• 
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1 3  
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10  

1 1  

1 2  

1 3  

14  

1 5 

1 6  
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t'abl. 31 "pl ication .. ipt. ( ) 

!lEAn POPULA'l'IOJf 
ipnrcl •• 1.ctioD 

1 2 3  .. 

2 .38 2.30 2.14 2.16  

2.35 2.31 2.52 2.25 

2 .51 2.35 2.34 2.40 

2.31 1 2•34 

2 .43 2 .42 

2.68 2.57 2.79 2.59 2 .37 2.49 2 . 58 

2.61 2.35 2.59 2 .61 2.51 2 .40 2.53 

2.65 2 .74 2.77 3.09 2.68 2.63 2.76 

3.02 2.66 2.65 2.93 2 .75 2 .70 2.78 

3.03 2.63 3.03 3.06 2 .70 2 . 59 2.84 

2.85 2.48 2.96 2.99 2.97 2.79 2.84 

3.10 2.18 3.10 3.12 2.95 2 .80 2.98 

3.1 3 2.84 3.28 3.21 2.99 2.88 3.06 

3.21 2.92 3.33 3.35 3.07 2.85 3 . 1 3  

3.34 2 . 90  3.40 3.34 3.16  3.02 3.19 

3.32 3.04 3.47 3.45 3.12  2.94 3.22 

3.27 2.96 3.45 3.49 3.04 2.94 3.19 

3.41 3.04 3.46 3.49 3.03 3.17 3.27 

3.40 3.05 3.47 3.63 3.05 3.10 3.28 

3.32 3.00 3.30 3 .60 2.99 3.1 5  3.23 

3 . 1 9  3 .06 2 .71 3.51 2 .75 2.58 2.98 

LJlJB'f POPULlft c10wmrard .election 

1 2 4 

1 .64 1 .60 1 .51 1 .55 1 .51 1 .55 1 .56 

1 .67 1 .65 1 .62 1 .51 1 .41 1 .51 1 . 56 

1 .65 1 .59 1 .51 1 .4) t .38 1 .54 1 .52 

1 .60 1 .55 1 .27 1 .46 1 .41 1 .55 1 .47 

t .64 1 .54 1 .50 1 .40 1 .34 1 .79 1 .53 

1 .77 1 .58 t .48 1 .44 1 .35 1 .57 1 .53 

1 .74 1 .41 1 .49 1 .46 1 .32 1 .66 1 . 52 

t .56 1 .65 ' ,.43 1 .33 1 .29 1 .68 1 .49 

1 .4' 1 . 59 1 .51 1 .23 1 .08 1 .53 1 .40 

1 .42 1 .50 1 .«> 1 .1 9  1 .1 0  1 . 52 1 . 36 

1 .46 1 .33 1 .46 1 .25 1 .03 1 .52 1 .34 

1 .38 1 .29 1 .41 1 .26 t .1 2  1 .45 1 .32 

1 .41 1 .25 1 .41 1 .34 t .54 1 1 .40 !!P S , 
1 .40 1 .1 5  1 .39 1 .29 1 . 1 5  1 .48 1 . 31 

1 .32 1 .20 1 . 39 1 .38 1 .1 2  1 .45 1 .31 

1 .31 1 .20 1 .49 1 .29 1 .20 1 .44 1 .32 

1 .34 1 .25 1 .43 1 .44 1 .1 1  1 . 50 1 .35 

1 .28 1 .26 1 .37 1 .39 1 .1 1  1 .43 1 .32 

1 .28 1 . 11 1 .41 1 .22 1 .21 1 .40 1 .28 

1 

2 

3 

.. 

5 

6 

1 

2 

3 

.. 

5 

6 

1 

2 

3 

4 

5 

6 

1 

2 

3 

.. 

, 
6 

1 

2 

) 

4 

, 

6 

t 

2 

3 

4 

5 

6 

40ft'D1'd CGatrol 

1 2 3 4 

2 .21 2.33 2� 2.09 2.1a 2.11  2 .20 

2.36 2.19 2.12 2.10 2.03 2.22 2.17 

2.11 2.36 2 .23 2 .09 1 .96 2.11 2.1 

2 . 1 9  2.1 8  2 .'1 1 .90 1 .,92 2.03 2.06 

2 .03 2.17 2.37 2 .20 2.00 2 .09 2.1. 

2.10 2.06 2.21 1 .92 2 .04 2.04 2.06 

2.90 2.55 2 .79 2 .87 2.56 2.55 2 .70 

2.74 2.)3 2.68 2.81 2.72 2.51 2." 

2.68 2.49 2 .73 2.75 2.59 2.)8 2.60 

2.62 2.51 2.74 2 . 58 2 .61 2.45 2 . 59 

2.5) 2.36 2.65 2 .61 2.49 2 .40 2.51 

2.54 2.36 2.58 2.50 2.39 2.33 2.45 

3.27 2 .93 3 • .a l. 3.02 2.89 1 3.16 

3.30 2.79 3.35 3.23 2. 

3.30 2.94 3.32 3.14 

2.'4 3.10 

3.01 3 . 1 2  

2.92 3.08 3.08 3.21 2.93 3.28 3. 

).30 2.13 3.21 2.91 2.95 2.93 1 l.O' 
).05 2 .72 2 .95 2 .  .62 2.59 1 2.17 

CODwe! 
1 2 4 

1 .12 1 .76 1 .72 1 .61 1 .58 1 .53 1 1 .66 

1 .12 1 .13 1 .77 1 .89 1 .  1 .61 1 1 .72 

1 .16 1 .14 2 . 1 1  2.1 1 1 .66 1 .72 1 .85 

1 .79 1 .97 1 .87 2.21 1 .84 1 .88 1 .93 

1 .91 2.08 2.21 2.39 1 .81 1 .92 2.06 

1- 2.02 1 .96 2.1 1 2.27 2.02 1 .93 2.05 

I 1 .61 1 .62 1 .51 

I 1 .  

1 .6' 

1 .83 t:'" 

1 .93 1 .51 

1 .13 2. 1 1  1 .  

1 ..... 1 .22 2 .09 1 . 58 

1 .39 1 .39 2.03 1 .65 

1 .33 1 .39 2 .26 1 .69 

1 .37 1 .44 2 .41 1 1 .17 

1 .81 2.1 5 1 .60 1 .35 1 .  2.36 1 1 .19 

1 .86 2.49 1 .65 1 .44 1 .43 2.66 / 1 .92 !2..!. -" 
1 .50 1 .29 1 .46 1 .31 1 .26 1 .43 1 .37 

l 1 .60 1 .38 1 .44 1 .34 1 .27 1 .44 1 .41 

1 .63 1 .43 1 .59 1 .29 1 .32 1 .60 1 .  

I 1 .62 1 •. 38 1 .53 1 .)1 1 .35 1 .61 1 .48 

1 .61 1 .48 1 .56 1 .44 1 .28 1 .. 58 1 ..... 

1 .49 1 .  1 .51 1 .27 1 .27 1 .58 1 1 .44 
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the 4tftuece be. __ tha ... \be 1..n � tbo .. Pail..,le. bu' tu" 

tIlat their MaD wiahta ..... RIU slJ U,. 

iw GftNll ...... tor 

po 
f 

!he Ilen;y popu1.tt ,aft . stnDa aa4 ooul.tent N8pOU. both la the ..s.a 

s.l"'l lines aa4 la 'tile Control li es unt,il ahou O .... Uon 1 2 .  aa4 .. 
weak NSpoaae 'til.natWr. .. Lipt JOpulat,loD tollow4 .. s1ll11 ... pat.t.em 

ao.pt. t.la&t. dOVllVld'Cl pro ..... s .... Hftr u tu" ... iD I toe ..,.a.r4 Control . thOQlh 

it. vu unal17 jut. .. reaular. 

patterns would probab17 be .... aino. selection .... poue ..... eo 1llU'k.e4 duri.., 

pnet.ic ..... 1&t10D still pre .. n" in both 

by Oen.ration 1 2  'Ulis aenetic �atioD appeal's to ba •• been tly UMc1. UP • 

. ereby 1»l'IIi ttiaa only a 'YU'Y slight subaequent respoo.. iD .un selection 

line aDd iD Control . !bua it ia endent tha .. .. paph a" .. W1can 1 ea 

proYide a lot of intoNation. .apeciall,. 1t the patWlrIUI an .. olRl" .. tho .. 

obta .. oM bere, aad that aueh 110ft Intonation OIl the pulonaaoe 01 iil4iri4ual 

also d.pict. pbe .... Da vi thout bel. able to •• plain tha and 1D the pr.MD' 

c .. e th. lIOa' DOtie...,le ot th ... plum.... is UDIIoubt.eclly th. u:r-eby of 

nspoaae be .... MiD .. 1.0 .... 1 11 s aad CoDtroia. BnD vi �ut resort!. 

to anal,.s1a it la clear that in both popula'Uou tbere ia grater ftapona. 

,eun.tie periods. '!'bere ... .... nt posatble eau ... tor thia �1.'r7. 

a. diacuaaed earllu, but aucta p-apbs .. 'the one. gl .. n h.r . .... ... bl. to 



tirilllpiah _t .... m ""-­

.t27 .. . to cU-PPMW' 

n .  to lari". i to. 

aepantel,. I 

of ti. tUl • .w: ... 
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.. Udl1�1... the oIwI....... t tbia ...,... 

ilia Udl'Cl ptriod ...... to • la_ 

ODe 8CKD"8. of ..,... 

ftl • of l!IMtDOi;Jpi. ftriaDoe .... p.,.. 

_1leI'ati_. ea ia !'Ule 4. A 1Nl 'Q 

.. i. a 1-.. I"Mp of ftl 

a -...re of thf.. ftrlabl11 V will be .t.� la .. 

iD the aoal7aia of " u1 te. 8o .... t. 1. We ftriabl1i V :\ ... all 

8l& npl1catl_ an a� witblD a ....... t4.oa. . ...t108 ...... th __ 

•• � ... a ahow DO 01... .... ..... MU _ • •  ix ..... of aD7 perioa. ..teapta 
to flad • a patten ..... theref .. .... .. .... furibe by c entntiaa 

OD the � ••• 1 ... "DU'atl0D8 ot th. maia upwarct aDd 40WDWU'd .. l_t.-

1_ liDe., by at. the .... tWe pooliaa the ftl'ianc. w.luu for both .... .  

!Id. pool! . .... .1 tified beoat ... the two .... abow4 Yft7 pan,11.1 pat.teru 

"f ...nuee ..... thoqh 'the 1-.1. n.1uea _re uually 11" __ 1' tbaD tho.. ot 

. ..  1 •. ( fIli. 1.t_r WeD4 1. like17 to be • aoal. etteet cauaecl by th 

welabt tace of f.-l. 0'ftZ' 11&1.) .  the reaul tiDa  pat"'rn ot phenotyptc 

all replicaUou i. probably 

not atriot.ly 'f'al.icl ID the .... that c�t ftI'i .. .... not ......... 

fo .. h� tty, but they .hou1cl Deft .. '.hel... iDelicate qui_ reliably if theft 

1. all)" tr of cbute iD ftrlauc. 0"ntI' nine_ .. .... ntio. . !h. re.l tiDa 

pat. ... rn ia '\Untore P"AD iD l'11Uft 2. 

'lb. IIeIn:Y popalatioa iD Pi� 2 .bon a I'i •• of w.riaDe. UDtil o.n.r.­

t.l_ 1 1  thn ahon a tall.  but the Liaht popal.tlOll .howa a fairly CODal.tent. 

tall thl'oqhOld. th pat_rna ar. bluatecl by at.rona fiuctuatiollll bat they 
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fable 4 1  Pbenotypic Yarianae_ .) remale data 

HBAYI PONLU'I<II 
'UJ.lIR1'd .. leetioD 

1 2 3 4  

.05) .024 .0)3 .03) 

.050 .061 .046 .052 .066 .040 .053 

.0)1 .026 .035 .f114 .J)26 .042 .040 

.071 .061 .0)9 .066 .037 .070 .051 

.043 .055 .064 .058 .056 .043 •. 053 

. . 042 .051 .0)8 .050 .071 .060 .052 

.032 .055 .OTT .064 .(6) .063 .059 

.082 .101 .088 .0)8 .,042 .058 .069 

.061 .071 .02) .0)6 .050 .083 .054 

.068 .070 .063 .035 .047 .an .060 

.05) .077 .038 .flT6 .059 .118 .070 

.031 .086 .038 .087 .059 . 1 36  .f113 

.018 .064 .020 .f11O .0:)1 .014 .046 

.054 

, 
.049 

I .052 

I .
047 

. 000 

.066 .018 .081 .028 .096 .051 

.090 .066 .043 .041 .m .063 

.051 .029 .061 .. 01 8 .058 .045 

.051 .035 .038 .061 .088 .054 

.046 .079 .041 .0)6 .030 .046 

.067 .061 .064 .040 .053 .044 I .055 

t 

2 

) 

.. 

5 

6 

1 

2 

3 

4 

5 

6 

1 

2 

) 

.. 

5 

6 

clowIwu4 ecm1:ro1 

t 2 4 

.053 .043 .<113 .OU .042 .060 I .052 

.044 .O)l .044 .0'15 .064 .. 0» I .04-9 

.065 .061 .038 .026 .031 .078 .051 

.041 .065 .061 .026 .044 .03' .046 

.045 .037 .050 .036 .023 .046 .039 

.086 .059 .028 .041 .070 .094 .(6) 

.068 

t .O-t) 

I .067 

.041 
I .072 

I .089 

I 
.038 I .057 

I 
.03) 

I .051 

.046 

.051 .047 .016 .043 .015 .062 

.049 .046 .())4 .084 .059 .053 

.08) .050 .081 .102 .057 .073 

.025 .043 . 1 18  .058 .053 .058 

.C111 .Oft9 .1 11 .083 .034 .on 
.,.., 

.079 .062 .074 .088 .055 I .074 

.074 .030 .03) 

.074 .04' .OM 

.049 .. 070 .105 

.023 .092 • 

.063 .065 .049 

.040 .091 .051 

.028 .. 1 2' .062 

.040 .028 .054 

.036 .042 .055 

.� .022 .04J 

.m .046 .059 .054 .013 .fY17 1 .064  
LlGR! POPOUUOII 

dOWllWU'd .. lee" 

2 3 4  6 1 __ 

.042 .031 .041 .054 .065 .050 .041 

.032 .027 .032 .040 .048 .0Z'1 .034 

.043 .032 .037 .042 .041 .032 .038 

.029 .035 .061 .034 .033 .. 071 .044 

.040 .. 029 .026 .026 .032 .035 .0)1 

.038 .042 .0)4 .OU .037 .. 024 .033 

.042 .032 .0)4 .040 .037 .011 .tJ37 

• 048 .• 035 .017 .037 .024 .040 .o:M 

.029 .061 .03) .036 .016 .041 .037 

.026 .039 .028 .ou .022 .031 .028 

.ort .026 .018 .041 .018 .041 .029 

.• 03l .032 400rr .0)2 .019 .05l .0» 

.025 .044 .. 022 .0)9 - .040 .034 L! �  
• 0)7 .025 .047 .056 .023 .062 .042 

.028 .022 .018 .043 .032 .037 .Oll 

.017 .031 .OU .041 .<M1 .CfIO .038 

.016 .021 .0)2 .027 .030 .0)7 .021 

• 018 .018 .020 .034 .058 .039 .031 

.021 .021 .035 .023 .022 .030 .. 025 

1 

2 

3 
" 
, 6 
1 

2 

3 

4 

, 

6 

t 

2 

3 

.. 

, 
6 

1IVDd Conbol 

1 2 

.028 .040 .025 .035 .043 .043 .036 

.036 .06' .042 .044 .056 .0)8 .047 

.043 .048 .035 .051 .048 .040 .044 

.048 .026 .0)9 .032 .054 .029 

.052 .. 03' .027 .0)0 .0t6 .04) 

.046 .044 .041 .026 .049 .048 

.023 .0lO .023 .038 .025 .. 

.038 

.040 

.042 

.0) 

.018 .054 .046 .050 .012 .078 .043 

.031 .066 .033 .051 .07( .074 .048 

.020 .065 .028 .025 .033 .071 .040 

.022 .083 .01 5 ,.016 .014 .084 .039 

.041 .066 .039 .031 .031 .0)6 .042 .., 8  • 

.035 .018 .0)2 .054 .028 .041 .035 

.031 .<M5 .04<4 .0t8 .029 .049 .041 

.036 .049 .046 .0)2 .02" .049 .039 

.032 .022 .067 .038 .011 .035 .035 
.. 027 .048 .,022 .022 .039 .0)) .032 

.050 .026 .031 .018 .041 .056 .038 



table ", (contiDMd) b) Mal. aata 

IlEAft PpPULA�IgN 
upard .. leo�1OD 

I 
c1owDwu4 CoaVol 

1 2 3 .. 5 6 _ 11  1 2 , • 

Oea 0 I .053 .0)8 .046 .0Z1 .049 .041 .042 

JWp 

1 1 .099 •044 •020 .051 .0S4 .000 .on 1 1 .051 .045 .075 .042 
2 I .033 .061 .035 .063 .00 .045 .,(M6 2 J .05O .0)6 .OM .on .045 .074 I • 

, 1 .080 .054 .060 .085 .036 .060 .062 ) I .055 .055 .038 .02a .038 .m • 

• I .033 .098 .051 .082 .035 .()IM .057 .. .026 .062 .036 •. 038 .on .032 .038 
5 .039 .060 .041 .058 .039 .096 .056 5 1 .046 .053 .CM4 .GM .037 .C'112 .049 

6 1 .060 ..058 .051 .040 .078 .. 059 .059 6 1 .042  .0)4 .036 .. 0]6 .053 .056 .04' 
I I 

1 I .081 . 1 1 9  .072 .067 .042 .055 .m 1 
I 

. 1 29 .096 .1 1 1 .054 .063 .0,.. .081 

8 .061 .034 .038 .056 .056 .056 .050 2 .040 .046 .040 .061 .096 .06' .0 
9 I . t02 .082 .073 .067 .052 .092 .078 3 I .059 .an .054 .107 .092 .067 .075 

10 1 .05O .086 .art .061 .034 .089 .067 .. I .050 .051 .1 1 0 .052 .102 .054 .• 010 

1 1  I .102 .116 .(6) .1 12 .063 .10 .093 5 I .067 .086 .055 .058 .068 .052 .064 
12 1 .060 .059 .086 .1 )<) .039 .064 .075 6 1 .086 .078 .100 

13 1 .089 .066 .098 .093 .052 .088 .081 1 1 .042 .064 .041 .12:3 

14 I .117 .100 .023 .056 .033 .109 .013 2 1 .064 .061 .059 .<M-9 .062 

1 5  1 .042 .068 .017 .108 .042 .0)1 .052 ) I .103 .031 .049 . 1 36  .046 .on .074 

1 6  I .045 .062 .046 .093 .063 .106 .o&J 4 I .041 .061 .101 .068 .f1'16 .088 .073 

1 7  1 .066 .022 .052 .045 .042 .038 .044 , I .045 .036 .039 .0'15 .036 .024 .043 

18 .058 .023 .045 .056 .038 .063 .047 6 .101 .049 .039 .043 .048 .040 .053 

HGS'f POlULATIg! 

c10nwar4 .. lection opwua COD..,l 

1 2 3 .. 5 6 - 1 2 3 • 5 6 � 

0.. 0 .041 .032 .038 .040 .040 .036 .0)8 I 
1 .030 .051 .021 .042 .035 .042 .038 1 I .025 .0)2 .OJ-t .027 .028 .art .029 

2 .033 .035 .035 .034 .044 .030 .035 2 1 .042 .046 .043 .071 .030 .032 .044 

3 .045 .041 .053 .m .0)0 .0)5 .040 3 .033 .02' .031 .065 .0)3 .0,.. .0)'7 
.. .033 .038 .022 .030 .028 .038 • enl .. 1 .030 .0)1 .037 .049 .034 .039 .038 

5 .028 .0«> .023 .039 .029 .033 .032 5 I .051 .030 .036 .023 .048 .on .031 
6 .029 .020 .029 .032 .035 .C1T2 .036 6 I .041 .046 .032 .048 .059 .043 .00 

7 .fYZT .035 .ot7 .026 .01 9 .037 .027 1 I .036 .034 .019 .026 .019 .073 .034 
8 .028 .0)8 .0)3 .018 .017 .03) .028 2 I .031 .f1ZT .034 .028 .012 .060 .032 
9 .022 .045 .019 .023 .020 .053 .030 3 I .033 . 1 fT .02. .020 .01. .045 .042 

10 .026 .028 .033 .034 .01 3 .046 .030 4 I .029 .029 .015 .01 7 .021 . 1 03 .036 
1 1  .02<t .019 .031 .035 .. 027 .039 .029 , 1 .025  .045 .0)3 .01 8 .016 . 1 1 2  .042 

12 .02 • • 01 5 .01 8 .046 - .0)8 .028 6 .029 .095 .CYZt .035 .024 .058 .04' 

I !!P 8 , I ., 8 � 
1 3  I .044 .01 ' .01 4 .025 .01 5 .051 .027 t I .028 .020 .016 .034 .018 .025 .02. 

,. I .037 .020 .031 .032 .024 .042 .031 2 I .039 .017 .023 .033 .018 .022 .025 
15 

I .
029 .01 5 .035 .042 .049 .052 .on 3 I .022 .033 .025 .01 " .021 .053 .028 

16 I .01 3 .023 .02.2 .0)2 .012 .041 .024 .. I .02. .018 .017 .020 .01 7  .034 .022 

IT .033 .012 .044 .045 .038 .031 , .024 .021 .030 .039 .035 .031 

I 

1 8  
I .012 

I .020 .01 6 .01 1 . 019 .025 .038 .021 6 I 
.033 

1 .
026 .017 .033 .O'ZI .039 .049 .032 I 



- 51 -

for .... weigbt pftD ia figure 1 .  tIlia s1ldlari V ia ftry iIIpo.riaDit tne 

tu riwpoiDt of ualyaiag reaul u tor it 1D41cate. that the 'two pualletera, 

otber factor 

0 ... it 

rio • 

.. acale . If 8UCh .... the 

pbeno'Q'pic ftl'ianc . ..  

t i. DMdecl thent .. la 

are of ftl'labili ty that 1. fI'.. ,... the Mal. elt. __ which 

appeara to bi .. the vel t ftorianc. N.Rlta. Such a po .. lbl. 

at"-matt .. -..MlJIre i. oa.lle4 the eOtttticient of .....nation aDd. thi. alternati.,. 

ia now 4i.acu .... 

population MaD weight. It ia band on th. coaceptlon that a giftD lnel of 

w.ri.bUi ty about a light population meaD .. iF� ia biolo«ically lION a1pif-

abaolllw 1 .... 1 of w.riabUi t7 about a h....,- population 

--.n. !he ataUatical a.,ini tiOD of coetfloieu1. of ...... i&tlon i. ayllboliae4 

•• a/?- aDd Ita .at. in the preHllt. context ta in beiDl able to c eel aoal. 

effeota t are clue to the 1 pritbllic tun of ptCJVtb .  ia , it the 

uot7Pic 'ftrl • of • po latlO1l was SMD to ri .. durina .. lection and la 

ri .. vu in fact a acale .tf� cauM4 by the lop,ri tbalc growth proc ... 18 

aaaooiation with a ri.tna MeD weight. t.haD cODftI'aiOll of the .. to co-

eftl lent of ftrlatlM voul4 poriray the .... 1 .. 111 ty aB belna coutnt iD 

ftlue. Because ther. ia .aqua ... reason to beU. .... Ulat scale .ffecta would 

be pr.SeDt aDd 1ndeed are pr ••• nt, th. current data OD phenoi.ypic 9fariabUiV 

bu therefoN bMD COllYerted to coefficiet of 'ftI"lation &D4 ia pres .... in 

'fable 5.  



o 

1 

2 

3 

4 

, 

6 

1 

8 

9 

1 0  

1 1  

12 

13 

14 

1 5  

1 6  

1 7  

1 

o 

1 

2 

3 

4 

, 

�ab1. 51 Coefficienu of �i.tlOD c_) .) ... 1. data 

no POPULATI 
upward .election 401ranrd ConUol 

1 2 3 .. 1 2 .. 

I 9.3 6.1 8.3 8.1 1 0.4 . 9.2 

8.4 9.a 1 1 . 1 8.4 

1.8 1 1 .2 6.5 8.1 

6.8 9.6 7.9 1 0.2 

9.4 8.8 9.1 8.5 

6.9 7.0 9.8 9.4 

8.7 

9.6 

8.0 

8.9 

8.9 

8 .. 1 

8.5 

I 
I 
I 
I 
I 
I 

9.2 1 0.8 

7.5 6.8 

9.5 

7.8 

7.3 

5.8 

9.3 
9.7 

8.0 

a. 

9.1 1 2 .1 
8.' 10.5 

8.2 9.4 

1.2 9.5 
5.1  9.5 

3.8 8.6 

6.7 

.5 

6.5 

.2 

6.1 

7.9 

8.1 

9.9 

7.1 

7.2 

7.1 

1.9 

t o.3 8.6 9.0 9.0 

9.5 6.2 1.5 9.2 

5.1 6.3 1.4 1 0.2 

1.9 5.8 1.1 9.5 

5.1 8.1 8.0 1 1 .5 

5 .7 1.3 7.8 1 2 .4 
4.1 7.4 5 .3 8.7 

3.8 

7.4 

4.8 

5.3 

8.4 

8.9 

8.0 

5.8 

, .. 8 

5.2 

5.5 

5 . 5  

5 .2 

7.2 

4.4 

8 .. 2 

6.2 

. 2  

10.0 

9.3 

7.5 
9.2 

5 .4 

8.t 

4uwavaId aelectinn 

1 2 ) .. 

8.9 

8.0 

8.0 

.3 

.1 

6.3 

7.0 

7.7 

6.2 

7 

.9 

.4 

1 1 .9 1 0.9 1 2.9 14.6 1 5.8 1 3.7 1 3.3 

10.5 9.9 1 0.8 1 2.8 " .2 10.6 1 1 .6 

12.1  10.8 1 2.5 1 3.7 14.3 1 1 .4 1 2.5 

10.2 1 2.0 1 8.0 1 2.' 1 2.3 1 6.5 1 ).6 

1 1 .7 10.8 10.6 1 1 .3 1 2.8 10.1 1 1 .2 

10.6 1 2 .4 1 2.0 10.1 1 4.0 9.8 1 1 .5 

1 1 .2 1 1 .7 1 2.0 1 3.1 1 4.2 1 1 .4 1 1 2.3 

1 

2 

3 
4 

5 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

1 

2 

3 

4 

, 

6 

1 0.1 

8.9 

1 1 .2 

9.7 

1 0.2 

1 3 .7 

8 .8 1 1 .4 

8.1 9.-
1 0.4 8.6 

1 1 . 5 10. 

,.6 .3 

1 1 .9 • 

9.9 8.9 1 , .4 1 '0., 

1 2.5 1 2.3 a.2 10.0 

1.5 , 9.4 1 2.2 7. 

te<' t o.7 9.0 '0.0 

4 7.3 10.2 9.0 

1 0.5 1 2.3 14.6 1 1 .8 

8.6 8.1 7.6 9.3 7.9 1 1 .2 1.9 

7.4 9.3 7.1 6.3 10.3 9.6 8.4 

9.2 1 1 . 3 a.o 1 0.1 1 1 .9 9.a 10.1 

8.0 6.1 7.3 1 2 .7 .2 I 8.1 

1 0.4 1 1 . 1 9.a 1 2.5 10.9 1. 5 1 '0.4 

1 1 .2 1 1 .7 9.1 10.5 1 1 .7 9.9 10.1 

5.8 

1.0 
5.2 

6.1 

6.3 

8. 

8.9 

9.3 

7.3 

5.1 ,  

9.0 

1.7 

2 

5,.0 5.0 

6.3 6.3 

7.8 1 0.0 

9.1  

8.0 

1 

9.3 

7.6 

'. 

•• 10.0 

5.' 3.1 

.6 5.3 

6.3 6.4 

5.3 5 .0 

1 0.0 1 0.5 

uwv4 Control 

6.8 

6.3 

7.0 

7.1 

6.9 

8.9 

I 9.6 1 1 .2 8.7 1 0.1 12. 1 3.0 1 1 1 .0 

I 
I 
I 
I 

10.2 1 4.0 " .1 10.6 14.6 1 1 .8 1 ' 2.0 

1 1 . 5 11 .9 8.4 10.3 12.7 1 1 . 1 1 1 .0 

1 1 .9 

1 1 .7 

8.0 1 0.3 

9." 

10.0 10.1 

7.3 

9.3 

7. 

1 . 1  

1 2. 1  

10. 

.7 

1 0.4 

1.0 10.4 1 1 . 1 

9.' 

9.5 

9.1 

7 1 3� 10.8 9.0 1 3.9 1 1 .5 1 1 .7 / 1 1 .7 

8 I 1 1 .0 1 5 .5 1 1 .8 14.5 1 1 .4 1 2.3 1 2 .8 

1 

2 

l 
4 

5 

6 

I 
I 
I 

9.2 10.2 9.8 1 3. 1  1 2 .6 14.1 1 1 1 . ' 

1.8 1 2 .3 1 3 .2 1 5 .6 1.7 1 3.3 1 1 . 

9 I 
1 0  I 
1 1  I 1 2  

I 
13 r 
14 I 
1 5  I 16 

1 1  I 
1 8  I 

1 1 .0 1 2 .6 1 1 .8 12.6 1 3.0 1 1 .3 1 1 2.0 

1 1 .0 1 1 .5 9.0 1 5.6 1 2.3 12.5  1 2.0 

12.1 1 3 .6 1 1 .2 1 3.7 1 2.1 1 5 .4 13.1  

10.1 1 5.9 1 0.2 14.0 - 1 2 .6 1 2.6 

:e..! � 
1 3.3 1 3.5 14.8 1 7.6 1 2 .6 1 6.2 14.7 

1 2.2 1 1 .5 1 3.4 14.3 1 5 .3 1 3. 1  1 3.3 

10.0 14.4 1 0.2 1 5.5 16.7 1 1 .8 1 4. 1  

9.0 10.9 1 1 .8 1 1 .0 1 5 . 1  1 2 . 1 1 1 .6 

1 0.2 1 0.2 10.1 1 3.0 1 9.5 1 3 .2 1 2.1 
1 0.8 1 2 .0 1 2.8 1 2.0 1 2.1 1 1 .  1 1 .9 

1 

2 

3 

4 

5 

6 

I 
I 
I 
I 
I 
I 

·.7 1 2 .8 1 2 .0 1 6.7 1 1 .6 1 1 .6 1 2.4 

7.9 1 1 .4 1 0.6 1 1 .4 12.2 10.8 10.7 

.0 1 2 .1 7.4 9.2 7.7 1 1 .T 9.5 

1 1 . 5 1 0.0 1 1 .8 1 2.0 10.3 6.8 1 10.4 

-5 8 , 

1 2.2 10.1 1 2.0 17.6 12.9 1 3 .3 1 , 3.0 

1 0.7 14.4 1 4.0 1 5.8 1 3.0 14.9 1 3.8 

1 1 .0 14.6 1 1.0 1 3.4 1 1 .5 1 l.3 1 2.8 

10.T 1 0.4 1 6.3 1 3.4 9.6 1 1 .4 1 2 .0 

9.8 1 4.3 9.0 9.8 14.9 1 1 .1 1 1 . 5 

1 4.3 10.6 1 1 .0 10.2 1 6.0 14.9 I 12. 
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lfabl. 4, PheDotypic YarianHa a) • data 

JlEAYr POPUL4TI 
upward .. 1"�10D 

1 2 3  .. 

.053 .024 .033 .033 

.050 .067 .046 .. 052 .066 .040 .053 

.017 .026 .035 .074 .026 .042 .040 

.071 .061 .039 .066 .037 .C110 .057 

.043 .055 .064 .058 .056 .043 .053 

.042 .051 .038 .050 .071 .060 .052 

.032 .055 .OTT .064 .063 .063 .059 

.082 .1OT .088 .038 .042 .058 .069 

.061 .071 .023 .036 .050 .083 .054 

.068 .0'10 .063 .035 .047 .art .060 

.053 .C117 .038 .C116 .059 . 1 1 8  .C110 

.031 .086 .038 .087 .059 . 1 )6  .073 

.01 8 .064 .020 .(1'(0 .031 .074 .046 

.054 .066 .01 8 .081 .028 .096 .057 

.049 .090 .066 .043 .041 .fY19 .063 

.052 .051 .029 .061 .01 8 .058 .045 

.047 .051 .035 .038 .067 .088 .054 

.00 .\)46 .079 .041 .\ll6 .030 .046 

.067 .061 .064 .040 .053 .044 .055 

t 

2 

) 

4 

5 

6 

1 

2 

3 

4 

5 

6 

a� COD1;ro1 

1 2 .. 

.053 .043 .C113 .044 .042 .060 .052 

.044 .033 .044 .075 .064 .035 .049 

.065 .061 .038 .026 .037 .078 .05t 

.047 .065 .061 .026 .044 .035 .046 

.045 .037 .050 .036 .023 .046 .039 

.086 .059 .028 .041 .070 .094 .063 

.068 

I .O·t) 

.051 .047 .076 .04) .085 1 .062 

.049 .046 .034 .084 .059 .053 

.067 .083 .050 .081 • t02 .051 .073 

.049 .02' .043 . 1 1 8  .058 .053 .058 

.072 .f117 .069 . 1 1 1  .083 .034 .075 

.089 .079 .062 .074 .088 :055 .014 

1 .038 .074 .030 .033 .,040 .091 .051 

2 .057 .014 .04' .044 .028 .12' .062 

, .(3) .049 .0'T0 .105 .040 .028 .054 

4 .051 .(2) .092 .089 .036 .042 .055 

5 .046 .063 .065 .049 .025 .022 .04'5 

6 .arl .046 .059 .054 .0T3 .f117 I .' 

LIGHt POfULA.'fIOlI 

dOWlDlU'd .. lecti 

• aD 

.042 .031 .041 .054 .065 .050 .041 

.032 .027 .032 .040 .048 .0Z1 .034 

.043 .032 .031 .042 .041 .032 .038 

.029 .035 .061 .034 .033 .071 .044 

.040 .029 .026 .026 .032 .035 .031 

.0)8 .042 .034 .024 .037 .024 .033 

.042 .0)2 .034 .040 .0)1 .037 .031 

.048 .0)5 .017 .031 .024 .. 040 .034 

.029 .061 .033 .036 .01 6  .041 .037 

.026 .039 .028 .024 .022 .031 .028 

.OZ'( .026 .01 8 .041 .018 .041 .029 

.033 .0)2 .0%1 .0)2 .01 9 .053 .on 

•. 025 .044 .022 .039 - .040 .034 

L! �  
.031 .025 .041 .056 .023 .062 .042 

.028 .022 .038 .041 .032 .037 .0)3 

.011 .031 .024 .041 .047 .aro .038 

.01 6 .021 .032 .0'Z1 .030 .031 .027 

• ot 8 .01 8 .020 .034 .058 .0)9 .0)1 

.021 .021 .035 .023 .022 .030 .025 

1 

2 

3 

4 

5 

6 

1 

2 

3 

• 
5 

6 

1 

2 

3 

.. 

, 

6 

IIPDft c:cmuol 

2 .. 

.028 .040 .025 .03' .043 .043 .036 

.036 .06' .042 .044 .056 .0)8 .047 

.043 .048 .035 .051 .048 .040 .044 

. ()t8 .026 .0)9 .032 .054 .029 .038 

.052 .039 .027 .0)0 .046 .043 .040 

.046 .044 .041 .026 .049 .048 .042 

.023 .030 .023 • .025 .. .03' 
• 01 8  .054 .046 .050 .01 2 .0'78 .043 

.031 .066 .033 .0,., .ort .C11. .0.t8 

.020 .065 .028 .02' .033 .071 .040 

.022 .083 .01 5 .01 6 .014 .084 .039 

.047 .066 .039 .031 .031 .0)6 .042 

:=r x --. 
.0)5 .01 8 .032 .054 .028 .CMl .03' 

.031 .045 .044 .048 .029 .049 .. 041 

.036 .049 .046 .032 .024 .049 .039 

.0)2 .022 .067 .038 .017 .035 .035 

.027 .048 .022 . 022 .039 .033 .032 

.050 .026 .031 .018 .041 • .056, .038 



In 

table .. (continued) b) Male _ta 

BEAn POPULA'l'I 

upard. .. lecti01l I � CoDVo.l 

1 a 3 • , 6 .... 11 1 2 , 4 I o .053 .0)8 .046 .O'ZI .049 .041 .042 
1 1 .099 •044 •020 .051 .054 .Ott .052 1 1 .051 .04' .075 .042 .061 .039 1 .053 
2 I .03' .061 .035 .063 .041 .045 .0C6 2 1 .050 .036 .OM .031 .04' .074 .041 

, 1 .080 •054 •060 .085 .036 .060 .062 l I .055 .05' .038 .028 .Ol8 .cm • .  

4 I .033 .098 .051 .082 .035 .044 .051 4 .026 .062 .036 .038 .031 .032 .0. 
S .039 .060 .04"1 .058 .039 .096 .056 5 1 .046 .05l .0C4 .044 .037 .fI12 .M 
6 1 .060 ..058 .057 .040 .078 .059 .059 6 1 .0CI2 .034 .036 .036 .053 .056 .(4) 

I I 
7 / .081 .1 19 .072 .067 .042 .055 .073 1 I . 129 .096 .u t .054 .063 .034 .081 
8 I .061 .034 .0)8 .056 .056 .,056 .050 2 .040 .046 .040 .061 .096 .. 06' .0 
9 • t02 .082 .073 .067 .052 .092 .078 3 I .059 .0'71 .054 .107 .092 .067 .0'15 

10 1 .05O .086 .art .061 .034 .089 .067 .. 1 .050 .051 .1 10 .052 .102 .054 .010 

1 1  I .102 . 1 1 6  .063 . 1 1 2  .063 . 1 0) .093 5 I .067 .086 .055 .058 .068 .052 .064 

12 1 .060 .059 .086 .1 39 .039 .064 .075 6 1 .086 .078 .100 � 

13 1 .089 .066 .098 .093 .052 .088 .081 1 1 .042 .064 .041 .123 .08) .. 
1 4  1 . 1 1 7  .100 .023 .056 .033 .109 .0'13 2 1 .064 .067 .059 .049 .062 

1 5  1 .042 .068 .017 .108 .042 .037 .052 ) I .103 .037 .049 .136 .046 .0'13 .014 
16 I .045 .062 .046 .093 .063 .106 .069 .. I .047 .061 .101 .068 •. en6 .088 . .073 

17 1 .066 .022 .052 .045 .042 .038 .044 5 I .045 .036 .039 .075 .036 .024 .043 
1 8  . .058 .023 .045 .056 .038 .063 .047 6 .101 .049 .009 .043 .048 .. 040 .053 

LIGlrl lOPULATIO! 
clcnrawal'd .. lenion upwaN ConWol 

.. 2 3 .. S 6 -- 1 2 3 • , 
• 

6 -.a 

Ga 0 I .041 .ol2 .0)8 .040 .040 .036 .038 I 
1 I .030 .051 .021 .042 .. 035 .042 .038 1 1 .025 .0)2 .034 .027 .028 .027 .029 

2 I .033 .035 .0)5 .034 .044 .030 .035 2 I .042 .046 .. 043 .071 .0l0 .032 .044 

) I .045 .041 .053 .037 .030 .035 .040 3 .033 .025 .031 .065 .033 .034 .0'7 
.. I .033 .038 .022 .030 .028 .038 .031 • 1 .030 .037 .037 .049 .034 .039 .038 
5 I .028 .040 .023 .0)9 .029 •. 0)) .0)2 5 I .051 .030 .036 .023 .041 .037 .038 
6 I .029 .020 .029 .032 .035 .012 .036 6 I .041 .046 .012 .041 .059 .043 .045 

7 I .0'1:1 .035 .017 .026 .019 .031 .021 1 1 .036 .034 .019 .026 .019 .013 .034 
8 I .028 .038 . 033 .01 8 .017 .033 .028 2 I .031 .IYZT .034 .028 .01 2 .060 .0)2 
9 

I 
.022 .045 .019 .023 .020 .053 .0)0 3 I .033 .111 .024 .020 .014 .04' .042 

1 0  I .026 .028 .033 .034 .01 3 .046 .030 4 I .029 .029 .015 .017 .021 . 1 03 .0)6 
1 1  .024 .019 .031 .035 .027 .Ol9 .029 , 1 ..025 .045 .013 .01 8  .01 6 . 1 1 2  .042 
12 I .024 .01 5 .01 8 .046 - .038 .028 6 .029 .095 .0'Zt .035 .024 .058 .045 

I R!p 8 ,,"+ I 'D 8 , 

1 3 I .044 .01 ' .014 .025 .01 5 .051 .027 , I .028 .020 .016 .034 .01 8 .025 .024 
,. I .037 .020 .031 .032 .024 .042 .031 2. I .039 .017 .023 .033 .01 8 .022 .025 

1 5  I .029 .01 5 .035 .042 .049 .052 .037 3 I .022 .033 .025 .01 4  .021 .053 .028 

1 6 I .013 .023 .022 .032 .01 2 .041 • 024 .. I .02 • .018 .011 .020 .011 .034 .022 
17 I .01 2  .033 .01 2  .044 .045 .038 .031 , I .033 .024 .0Z1 .030 .039 .0)5 .031 
1 8  I .020 .01 6 .01 1 .01 9  .025 .038 .021 6 

I 
.026 .017 .033 .fYZ1 .039 .049 .0)2 

-----.-� -----------



0 1 1 

2 1 
3 1 
4 1 
5 

6 1 
7 1 

8 1  ' I  
10  1 
1 1 1 
1 2  I 
1 3  I 
1 4  I 1 5  

1 6  I 
17 I 
1 8  I 

Yabl. 5t (Ccmti.aue4) b) Male ta 

n POPULl1'I 

apvud .. lecti.o 
1 2 

10.0 8.1 1 0.3 .0 10.6 10.3 

1 3 .1 8.9 5.8 10.3 10.6 9.1 

9.6 

9.7 

9.1  

9.9 

9.5 

8.T 

8.9 

7.4 10.8 8.2 10.6 

1 1 .0 9.3 9.1 1 1 .6 

8.4 9.1 

8.2 1 0.2 

7.0 1 3.1 9.0 1 1 .1 1.5 8.9 

1.8 9.2 1.9 8.1 1.5 1 1 .7 

8.3 9.2 9.2 6.8 to.4 9.3 

9.1 1 3.5 

8.8 7.6 

10.6 1 0.5  

7.4 10.7 

10.3 1 2.3 

7.7 8.5 

9.4 8.8 

1 1 .0 1 1 .0 

6.1 8..9 

6.3 8.4 

8.0 5.0 

7.8 5.1  

9.2 8.1 

6.8 7.9 

8.9 8.6 

8.8 8.6 

1.7 10.5 

8.9 12.1  

4.6 9.1 

4.5 6.9 

3.9 9.8 

6.3 8.8 

7.0 6.0 

7.9 6.9 

7.7 9.2 9.7 

8..0 8.6 8.0 

8.0 1 1 .3 9.6 

6.3 10.7 8.8 

8.3 1 1 .8 t o.l 

6.4 8.7 8.7 

7.5 1 0.7 8.3 

6.0 1 1 . 5 8.5 

6.8 6.2 7.0 

8.4 10.9 8.2 

7.0 6.4 6.6 

1.2 9.7 7.4 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

2 

3 

.. 

5 

6 

4 

1 1 .1 9.3 12.6 1 0  .. 0 1 1 .8 9.5  1 0.1 

9.5 8.9 9.9 9.5 �O.6 1 2.6 1 0.2 

1 1 .3 1 0.0 8.9 8.2 10.5 1 3.6 10.4 

7.5 1 1 .6 9.2 1 0.6 to.2 9.1 9.7 

1 1 .0 1 0.8 .9 9.8 10.0 1 2.9 10.6 

9.9 8.9 8.6 10.0 1 2 .0 1 2 .0 10.2 

1 2.9 1 2 .4 1 2.3  8.3 to.O 7.4 1 0.5 

7.5 9.3 7.7 8.8 n .9 to.2 9.2 

9.5 1 1 .0 8.7 1 2 .2 1 2 .1 1 1 .1 1 0.8 

9.0 9.4 1 2.7 9.2 1 2 .7 9.8 1 0.5 

10.5 1 3 .2 9.0 9. T 1 1 .2 9. 10.6 

1 2.2 1 2 .0 12.9 9.3 1 2 .8 1 2.0 1 1 .9 

6.4 9.1 6.0 10.8 9.8 10.2 8.1 

8.0 9.7 7.3 1.0 8.1 1 1 .6 8.7 

10.2 6.1 

7.1 8.1 

6.6 1.1 

10.8 8.3 

6.8 1 2.2 

9.1 

6.2 9.5 

6.9 7. 

7.3 9.5 

9. 1 0.1 

6.6 5.3 

8.6 7.8 

8. 

9.0 

6.9 

.4 

LlGBT POPm.4TIO 

dO'WJlVU"d .. 180.108 

1 2 4 2 

QpIIaI'Ct Con . I 

4 5 6  

o 1 3.0 1 1 .2 1 3 .4 1 3.2 14.1 12.9 1 3.0 

1 

2 

3 

" 

5 

6 

7 

8 

9 

10 

1 1  

1 2  

1 3  

14 

' 5  

16  

17  

1 8  

10.5 ' •• 1 9.2 14.0 1 3 .7 1 3.8 1 2.7 

1 1 . 5  1 2.4 1 2.8 1 3  .• 5 1 5 .9 1 1 .5 1 2.9 

14.0 1 3.2  1 9.4 1 3.3  1 2.9 1 2 . 5  1 4. 2  

1 1 .6 1 2.8 9.9 1 2. 8  1 3.1  1 1 .2 1 1 .9 

9.8 1 3.2 1 0.5 14.4 1 3 .0 1 1 .7 1 2. 1  

10.3 9.9 1 1 .8 1 2.8 14.5 1 6.5  1 2.6 

1 0.9 1 2.0 9.5 1 2.6 1 1 .0 1 1 .1 1 1 .3 

1 2.2 1 2 .9 1 2.3 1 1 .4 1 2.4 1 2.7 1 2.3 

1 0.6 14.8 1 0.0 1 3.0 1 3 .3 1 5.6 1 2.9  

1 1 .4 1 3.4 1 2.1 1 5. 1  1 1 .7 1 5 .3 1 3. 3  

f l .8 1 t .l  1 2.8 f 5.4 1 5 .0 1 4 . 1  1 3.4 

1 1 .2 1 0.2 9.7 17.2 - 1 3. 1  1 2.3 !!J? !  � 
1 5.4 1 1 .0 9.1  1 2 .7 1 1 .4 1 5.8 1 2. 6  

1 5.3 1 2.7 1 3.4 1 3 .6 1 4.4 1 4.2 1 3.9 

1 3.0 1 0.2 1 2.9  1 5.9 20.2 1 6.4 1 4.8 

8.6 1 2.5  10.9 1 3. 1  1 0.4 1 4.4 1 1 .6 

8.9 1 4.9 8.3 1 5 .6 19.1 14.2 1 3.5  

1 1 .4 1 1 .2 1.8  1 1 .5 1 3. 5  1 4.6 1 1 .7 

1 

2 

3 

4 

5 

6 

1 

2 

3 

.. 

5 

6 

1 

2 

) 

.. 

5 

6 

9.5 10.3 1 1 .4 1 0.2 10.9 1 1 .1 1 0.6 

1 2.7 1 3.2 1 2. 1  1 4.·9 U .2 1 1 .5 1 2 .6 

10.7 9.8 8.8 1 2.6 1 1 .4 1 t .3 'O.S 

10.0 10.1 to.6 10.2 10..6 1 1 .0 10.4 

1 2.1 8.4 8.8 6.5 12.5  10.5 9.8 

10.6 1 1 .6 8.8 9. 1 2.7 n..o 1 0.1 

1 2.2 1 1 .9 9.3 1 1 .5 

1 0.7 9.3 1 2.4 12.6 

1 1 .5  1 8w1 1 0.2 1 1 .4 

101t2 8.6 7.8 9.1 

9.0 10.5 1 1 .7 10.1 

1 1 .1 1 3.5 1 1 .1 

8... 12.5  to.9 

8.8 9..8 1 1 .1 

1 0  .. 3 1 3.8 10.1 

8. 14.9 10. 

9.3 1 2. 8  10.1 " .2 1 2.8 9.4 1 1 .3  

8!p .  
1 1 .4 1 1 .3 9.0 1 4.2 1 1 .2 1 1 .5 1 1 .4 

1 2 .8 1 0.1 1 1 .0 14.1 1 0.9 1 0.5 1 1 .6 

9.5  1 3.6 10.5 9.6 1 1 .0 1 4.8 1 1 .5 

10.0 10.0 9.0 1 1 .0 9.a 1 1 .7 1 0.2 

1 1 .8 1 1 .0 10.9 12.9 16.t 1 2.2 1 2.5  

1 1 .5 8.9  1 1 .7 1 3.1  1 6.6 14.2  1 2.1 



- 58 -

replicatiOll. vithlD a ...... t1oo and be.... cr ••• i.,.. pnenUou withia a 

replieation, eo toner ha... .... aftrap4 to at... n clui. t pa"iem. 

Vhea thi. i. doae it i. notle.b1. that ibe ...... 1 MU coefticl is of 

yariaUoa tor f .. 1 .. are .17 1 ••• iIlaD tbo .. tor al .  alao that la 

the � laUoa � pnerati ...... tor upwu4 l_tl_ an DArl,. 

al1fa)"a 1 ••• tbaD thoae tor the downn.r4 Cootro! . .u .t .. bequo'U,. iD • 

Light popalaUoa .... the upvarc1 Control ...... 1 ••• than ibo •• ot tb. 40WDWUCl 

l iae. '!ha .UW. poiDt about all thr .. c.-pa:riaona i. that ia each oae 

the ..... 1' wi tal er.tar ..... niaht ablo.t a1W&78 baa th . ... 11ar eoeftici t 

o� �i.ti_t tor Gallpl. femal •• ue beariar tbaa Mt •• but illeil' coefficient 

ot ....nation ia 1.... !hue there ia apparently aD 1anra. cornlation betweeD 

...... weiabt and coefficieDt of ftriat.ioD, whlch aug,..ta t. coDyer_ioo of the 

data to tIl. la""-r panae"-r has Oftr-oOllpeuate4 tor th. scale etteot. !he 

pat.tem tor co.fficient ot Yal'iatloD a.,..raged OYeZ' all np11catiou &Del both 

.... 1. ginn la Pi .... 2 tor the -.iD upvud ad dowmrard .. 1"tloo 1iDe • •  

ID th. IleMy populaUoD tb.r. i.  a clear tendency tor eoetliei .. t ot ftriatioD 

to fall in auce ••• i.,.. ... ratioaa .. the II8&D vei t 1'1.... 'l'be Lipt 

population 4oe. DOt show .uch a clear teadancy to 1'1 e as the weight tall. , 

exc.pt �r the IIl1ddle Ben.rationa. Ita aubaaquent tall la later pneratloaa 

.ay be due to th. ftIlOftl ot Replication 5 .  oontaiDiDa tIw _11e.t &1118&1., 

fI'OII all ual7Se. beyoDd h.eratioD 12.  otvi tbriandiq this particular 

pat.tel'll, the ontrall et._ .uae.t. ibat .cal. ettect. are not nftlcientl,. 

8i.1'01I8 to warraDt MUUl'ina the phenowic ftriabi1i ty in taraa ot ea.ttioient 

of w.riatioa. It i. Det .. naible to .!*,ulata too a •• pl,. OD why this should b. 

so t 'to po •• ibl. reaeon. staDcl out. �intl7 the scali... .ffect eau .... by 

lopritbatc pow prooe ••• actine on • liYell amount of puetic ftl'iability 

viii be reduced. if tile .enetic ...... iability it .. 1t i. recluced, aDd this lati._ 
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1. tbeontioal17 _peetecl � happea -.aft' OODU...a .. 1_'108. s.ooo4l7 

the .rt_", of .801. OD pbeaotndo w.r1ab1l1 ty ..,. be coat01lD4e4 wl th ibe 

.tteet fd _ 0 

ese.n ...... (.) 01 ..... 

or eoettlci� .t 

ftl'i.ttOD, aft trn of • rel.Uouhip with MaD .. labt iD the pree .. . .xper1-
MDt. ID the aba • ot better .l .. natl ..... i .. abo ..... libly tbat. thi. 

rel.tionahip 1. 

_leh i. clat.ec1 .. be1Dc alIIoa. UDattectecl _ .1 \ha Mal. or _tUJ.Oal .. leet­

i (PaloOMr, 1961 )  ie eatl.a realiaec1 b ritabiliV aD4 It i. cllacll8HC1 below 
" 

!eliae4 .ri tablll"., !Id. pahIIe-ter i. caloul.Wet tI"OII the f .... l. 

h
2 

_ .. lectlOD n.ponae/ .. IH lOll ditt.nutial . th. reuon It 18 nc�ecl 

scal. or natural .. lectlon whleb aftHt. u. . .. l_tloD 4itter.ntlal i. likely 

panIM"ter., aDC1 eo the .ppropriate elate .,.. 81 .... iD tt.bl. 6. 

It 1. "17 ditticul t to ... &IV' pa'Heraa UlODC th. aata ot t'abl. 6 .... 

the replicatiou ... .,..n.ge4 iD each ..... ratioD. It ie not cliaoOUDtect 

that .... patteme -.y iadeecl be preMDt but OYer UV' ot • •  �raUOll 
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1 1  
12 
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14 
1 5  
1 
11 
t 

1 
2 
3 
.. 
5 
6 

1 
9 

10  
t 1  
12  

13  
'4 
1 5  

16 
11 
18  
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-.26 
.62 

.n 

-•• 9 
. 3,  
• 

.21 

-.11 
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. 16  

.62 
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.23 

.03 

.79 

-.10 

1 .00 
-.29 
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-.36 
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.36 
.33 -.30 

-.10 • 

-.19 -.36 
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-.04 -.1 t  
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-.48 .31 

lectioa 

t .1 5 

-.60 
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-.5' 

. 38  
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.34 

• 

. 19  
1 .2< 

-.35 -.69 

1 .02 .5' 
-.21 

.65 
1 .00 
-,.04 
.3t 

-.64 

.93 

.57 

.36 

.20 

.41 -.18 

.67 .03 

.20 .27 

--- .' 
... 61 -.22 

-1 .21 -.44 

clowwU'd aelectiOD 

heri tabili tu .) 

• 

.35 

-.17 
.53 

.29 

6 

1 .00 
.41 
.22 

-.39 
.40 

.29 .39 

-.17 -.' 
.w 

.10 

.00 

.23 

.'5 

.63 

.24 

. 1 5  

-.(1'( 
.33 

.51 

.19 
• 61 
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.19 
-.05 

.55 

.37 
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.24 

-.30 -.14 .,06 
-.52 -.22 -.10 

.03 .57 .27 

.30 -.06 .08 

-.16  .09 -.21 
-1 .12 -2 .� 1 -. 
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1 I .76 
2 1 -.21 
3 I .25 
4 .10 

I .38 \ -.12  

t I . 19  

2 

-.04 
.zr 

-.38 

.37 

-.02 

.64 

.31 

2 1 .84 • 

3 I .03 -.53 

4 .10 -.17 
5 1 .50 .43 

6 1 -_28 .21 

1 1 .61 
2 -.19 
3 1 -.09 

4
1 

.36 

, -.ar 

I .61 

-.2' 

..33 

-.24 
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.71 

• 
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• 
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.05 
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.41 
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.00 -.. 

-.20 -.1 3  .12 
.35 -.n -.1 2  
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. 1 1 -.45 .00 
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I 
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.16 .16 .25 
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3 
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the r�iaecl heritability "t'aluea ..... a.,....a for bo� .... aDIl � 

ern.- &11 D1IMtHD, "HaUOU ia ft,.. 2, ill. _tn .. leoUoa It.De. _17 

"i. al..... the naulUDa papbll ao. a .lllht the atroaa fall iD tile 

BeaV popalatl but .. a�� Vtm4 at. all ill the. Li.t po atleG. 

the .. ..... t.o titteren" J.l&t.� of UritabiUt.7 napoaae ttO they require 

�tt .. at interpnt ... Uou of .... Uo beba-riour ID the Wo popalaUou. � 

the fint population then i • • teD4eDcty re hut tab!ll ty to clefJl1De aDd t.Id. 

:t then t. a cJAcline in the aaount of ad4i .. iw .. _tie ftl'iaac. 

pr ... at. In the .eooDd populatioa there i. DO such tend..,. aDd thi • 

..... u that the poetic w.rlabUity lteelf 1. DOt bel .. ncbIoe4 Dotio .... ly. 

ID bo_ et ... then ta at 1 ..... a quaUtatift ..,. •••• nt be __ • the tDterpn-

taUODa of ..... tio behanoar tn. th. hert tabUl ty 4at. aDd boil the earlier 

data __ weight, at. 1 ..... _ell the Conhol 1iDea are lponc1. ..t. the 

abl11t.y to ....... for a _re quaatttat.ift &p'MIHut ia apoiled by the ftW'J 

lare- tluct.uationa 'that. are pre .... t aDd alnc. auch tluctuaticma are un40ubteclly 

due partly to oh.an8ea la enri�t., it 18 olear 'that th .. e Control liM. 

ahould ot be so iporecl. 

It appeara fairly aimple t.o ... QP th. contribution that cnpha CaD 

-.ke towards 'the analysl. of a .election reapoDM . UDaoubtedly they are the 

be.t va.y to ahow if there are any tread. pr •• ent iD the response ancl if .1IOh 

trett411 are at.roq enough it ia po •• tbl. that the a_ef.l0 behariour dur!na 

•• lecUon caD be iDi.wpretecl quite aately troa grapha alone . But where 

.uch V ... are .lipt or an llUkect b7 tluotuatiolUl the IftpU ..... Wlually 

hIe to alft _re thaa a quali t&U .. ......... t of 'the ,enetlo bebanoa, 
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u4 ibi. 1 . .. ... la • pNMD� uperl.lleDt. .... ft_ the ftlu. d all 

eh nplleatloDa .... .... " � the nnltlq poapba tor 

puaet.n ,. 4IDOtJple w.rlaace. coefficient d 'nI'latt . ...U.... . 

hRitabiliV '1 Wc1 too .... U7 ID .. �U · Con 1 UJ • 

Row .., cUatiae't beDI. 1111. aituatioa eat" ro� • •  atatlatical 

analyeie � the ta. parUy ia hope iMt llfti.albl. the ep .. 
be a.� atat.iaUea ,.tly M ........ the ftl"luiliV zoepll-

oatl (whieh .... pool.a tor t.he papIIa) .  !he wq iD vbi thi. analyela 

... approaohe4 iD ibe pnsent �t. ""11 DOV t.e c1 ... I'1be4. 
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OP 

I� cl .... wi .. to �ao. tbl. amlftala.aa. iato ,...,..1.1 ... t_.41a-17. 

tIM .,.n- ftla" to "  aperl t .... 

appl,. la all cl.taU. to _,...iaeDt.II wi • ell" 

t t aDal7alDc ..--....-

u wU a8 -.. ftllPOI .... 1a -� C lcl_ 

1 -.11 u floe. doiDa ihla viii pro 1,. epn4 

10 .. all u:peri-. _. 

actual .1_ 

of f1 .... 1.10118 aDd uncla iD a gi .. D experi_t la the �.ent .... th ... 

f1uctuatt an hie .DO to 'WU'I'aIlt .... ur ... t Mparat.e17. 1IeDc. the 

&'Qal7Ucal • proac 11_ In the pnaent uperlMrlt 1. to V t each .ix ........... 

1.1 period "pantel;, aD4 1 ..., pen to IIeUUN the ..... reaponn. the 

flue "Iou uct the tonDllla 0ft:I' all .ix 1.1 ... 

A!JF!I! 2'ate of n.P!D!!1 Pubapal the demarct .. tb04 01 ...... iq the 

....... P ........ ot . reapo_ CUI'ft 1a by fitt .... a ranp ot ImcND _tba&tiuJ. 

conea to It. AD4 so detuldDi. which 01 the __ 1. beat tita the ob......, 

cnarft. ay .. itenU .. pronN the _tb ... Ueal IIOdela CaD be inoreaai ..... 

17 retlDec1. ti 1 the clmatioa o� aoWal papb point. tn. the theor.tical 

polnta of iobe aode1 talla below aD .. ce� 1eT.1 1 aipificance. !he thaD­

.tteal IOl"llllla behtll4 this eoretical C'U'ft which be.t 11 ta � actual _ta -.,y 

then be UMd th to 1D�rpret ill. tic behariour ot the popalaUoa u4 110 

.... ure Ita .e1ectiOD rea 

data of DobsbaDa1c7 by a c ... j:"17 1IIprcrrina the 11 t of hia ... th ... t.lcal lIOcl.l 

110 the data u1 all 1te2'&ti.,. .. th04 of ..... 1 .. likelihood. th . .... poc ••• 

bu be carrie4 out la lION 4eiail aa4 vi ... lIOn MaDi.Da r"_tly by " ... . 

(1965) . ao.. .. lectlon re8pODM. l'eport.ecl by four ..r1ler au or . .... N-

ual;yH4 by 3 .... uct in eaob caN he teated th. ata f'Or poc1Dea .... ,-ft 1. 
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eta - a'bat � li •• , la. 

JJalnMllOla ..... • tezo tt 

1 .  'T alplfl aD � be -..1 

• t.� fit la • 

• vu talli U][)OIIMrft·tlal ate. 
t e "Ul prGri4. • .... ot thi. ra" 

U ltHH. " • •  tnt t 11 .. 0 

_!lC. ot 

t fit 

the 

.. 1 -

• 

.. ..  ll .. the o 1' . .... t .. 1 U r.a t be eonata.r.4 

-..-ton ..... "'�U'd PJ'CN:.Il1II' .. of MllUlUlriDa 

.. 

.. 11 u ,  

re •• b7 11 ear ar ••• l aan t .  ne vi�"''''' .. riou t tir.t. 

(!he fur _ tac" t all thrM of the cuma .ppll th. ... diel t Ii ... 
• � 01 11 t cl.a no'" 1 • •• the _ri t of W • •  ppro • Iu aa 1. 

iD • labour tnYo1"" beeau .. . 010 .. tit woulel 1,. rewlt oDly after the 

au., ancl 1DDcl1f.yi of -.ay coaples ...,.-'141 ala ri out the aiel 01 • 

e_puwl' labour la I'arel,y wortbvla1le) .  tbia .. rioua th t. .ppeua to 

ft been pwo 'b.Y �OODel' (195') . who ... . pparently Oil. of early ora 

to ...... _an re8pOll 1I'0Il • coetllcl t 01 llnear repe •• i • Untortu-

'tal)" hi • •  pproac a • to ha a.cJoptec1 vi t tbouabt b)-
1.ter all n til DOV It la apparently rep.rd 

(Plg. 5 ot Koju. aD4 Kell 1', 196').  JPalCODfl' ar that • •• U_tl0D of 

..all rea .rro. linear recre •• 101l la a _thoct beoauae 1 t aiD1ala.. th. 

1Nl ea cl4rri.tioaa of indlY1cbaal nerat.i fI'oa .  ","a.t liu. 

I thla l� . .. ..  it prcrridea • better lit to the ta .. 

"tlona. 
1' ..... ' to •• u.ate 

• tzul,. liD .. re8 • 

ti be aucc."!", 

aiaply diYiel1Dg the to1;al response by th. 

two ... tl are t.pl1clt to sucb ua. 01 linear 

re I fir t,  t re be reaaon to .xpect 

t t .re be no I' ex et . one1&-

..ana. "leoner vu GOt. prepared to accept. 
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table Z. I!IHD NSpOue tro. ........ 10 �i. 

(CIeu 0 to , in -97 poJGlat.iOD) 

a) eleoUon upwuc1a 

Rep ,. 2 3 4 , 6 lfotal.(G) 

8. 0 2.38 2.30 2.14 2.16 2.12  2.04 1 J.1. 

1 2.'5 2.37 2.52 2.25 2.27 2.31 14.07 

2 2.51 2.'5 2.34 2.40 2.45 2.43 1 4.48 

, 2.61 2.51 2.79 2.5' 2.37 2.4' 1 5.49 

4 2.61 2.'5 2.5' 2.61 2.51 2.40 15. 1'  

5 2.65 2.1. 2.Tt 3 .09 2.68 2.63 1 6.56 

6 '.02 2.66 2.65 2.9' 2.75 2.10 16.11 

lfotal (a) 18.20 17.34 11.80 18.09 11.2t 11.00 105.64(lf) 
-- (r ) 2.60 2 •• 2.'" 2 .58 2 .46 2.43 

rep. ooett. (b) .094 .065 .081 .151 .101 .092 

b) .. leot,'_ ctcnrmru4a (CoatHI ) 

"p I 2 3 .. 5 6 'roial {G) 

0 2.'8 2.30 2.14 2.16 2.12  2.04 1 '. 14 

1 2.21 2.3' 2.21 2.09 2.18 2.11  1 3.19  

2 2.36 2.19 2.12  2.10 2 .03 2.22 1 3.02 

, 2.11 2.36 2.23 2.09 1 .96 2.11 12.98 

4 2.19 2.18 2.11 1 .. 90 1 .92 2.03 1 2. 39  

, 2.03 2.11 2.31 2.20 2.00 2.09 1 2.86 

, 2.10 2.06 2.21 1 .92 2 .04 2.04 1 2.31 

lfotal (8) 1 5  ..... 1 5. 5' '5.51 14.46 1 4.25 14.10 89.95('!) 

..... 2.21 2.23 2.22 2.C11 2 .04 2.10 

zoep. eMIt. -.049 -.031 .016 -.025 -.025 -.00II 

, 
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efficient. are <a1pl11 Uy cUtt ... thII .U'O � iD the pr_ut coatat '" 

,. 110ft tapo� 'to ten It thq .",.Ylz 4eRn the nlldioD _ 

... 11b. AD4 ...... t1 ...,.. iD the MnH �t wrlabUtty fd the tONe� t. 

tllc! t • t. ruolftCl by • ftriaDoe aDaly.l. iD wMch 

.... OYi the IJ'actiOD due to the 1' ...... 1 810.,. ot rea • i • •  till a 

tb'.t tabl. aboft ae a 

!!bl! h: Dnt.tioaa tn. IlDev nana.tOD 

.) .. leot1ola lIpwaNa 
Soa:rce ot Yan ... at ,. • P 

1lep11catlOlUl , 0.034 

...... 1_ 1 " .600 1 1 .43 .. 001 
Deviation trca ....... 5 0.018 1 .29 .. 20 

... lch:1al 30 0.014 

-roW 41 

b) .. I"ti08 � (CoDt.rol) 

80uree of Variuce 4t ., P P 

"plloatt 5 0.050 

........ 1_ 1 0.080 9 .• 60 .01 

Dniatl_ tr.. ReII'. S 0.008 0.96 -
a..14aal )0 0.0083 

ToW 41 
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1 .. 'UUw. 'a • h� .ipiU "," .. toa 

rep .. at_ It ..... 
le la .... .. aipltt.oa1:d ..taU 01 ..t .. rn. 

!Id • ..-ult !JI4toa" .. t cte.pi te the apJIIU'e0U7 lup 
11110 tl of 1 'rihal "pI''''' I 

tile __ ".1181... . ,... ... eoaolulou ., 01 eourae t be ob .. t .... It tht • 

.... ual,..l. we curte4 

ca .... ia Piaure 1 ... that 'the MM nau1 ta would iDIlMcl he obtaiMCl 

aeept tor Pvioc1 3 of :'JIIY population, .... ia thi. lat.ter 0 ... allY .1p1t-
lOaDt DOD-llneari ty 4 uacloaf)'te4!y ntnIl t '"- the eDri ..... i&l ti.�. 
la CleDu&U01l 1 8. All en 

line UI4 Ccmtrol an quite If.laeez> (Pipn 3) . 

aD4 ..,.,111 ( 1 96)} poiut oat, the ... 1 tor linear rqr ... iOll IIaY be written ... 

91 a: ,£ + �x.l. + e.l. 

.... xi. an kncND ftriabl .. 

!:f 1. are •• aaun.bl • ...nabl •• 



Fig 3 :  DIVERGENCE OF R E SPO NSE 
dlvcrgcmc� In 
maan weight (mgms) 
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L ight po pulat i on 
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• et. .... t.Dnea4 COftela vi OM anotbft thm thi. 
n. apt-. of .. tillaUua ...tftelAmt • 

Uollal l ..... 

.. 1 U ..-po . .. 1. ll1ftl.i in the.. e 1 .... .. u.atea 

tao. the aboft __ .. cbrria Iou of 1D41-ri4aal ...... 1 __ r.oc. 

nareut 11 .. .. 
�'I- d..u.tloa 'ftl 

...... - la obrioal.7 a -17 lup __ r t ftP la wbiah 

o 

oOJ'NlaU 414 lDde .. 

a1a� It vaa .at. 11_17 to • 
v�.a&IIl17 .. _a" nctuln4 ... 'to .. .... --.at ot the aerial 

oonel.U ha'l ..... 1ft am.uou taIam at .. ti_. · that la the coJ."NlaU 

2 3 . 80 • 

date tor tlds oalculatlOll 1. eoDteiDed ia kbl. 1. 

re. Ittnc •• t. of cleYiatl 

2.  

ta to 

cleriaU la obteiDed 

!he requina cornlati coeft'icleta �D a4jacent pai ... of cle'f'i tlona 

..... calculated froIa 
• 

'( = 
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..,1. al Conoelatioaa ""'ea clrriaUou 

• ) .. lMtl .. 11..---

.. 1 2 , • , 

0 • 06 .01 -.. 16 .04 -.04 -.n 
1 -.06 .02 .1. -.03 .01 .06 

2 .00 -.f11 -. 1 2  -.03 .09 .09 

3 .08 .09 .2' .01 -•. 09 .06 

.. -.08 -.19 -.03 -.06 .01 -.12  

S -.1. .1 3 .ar .21 .02 .02 

6 .14 -.01 -. 1 3  -.1 1  -.01 -.01 

con. coett( .. ) -.443 -.761 -.rn -.675 -.... , -.161 

.) .. lHU 40W111ft1'da (CoDtrol ) 
Ga O .02 -.04 -.0' .02 .00 -.01 

1 -.to .03 .08 -.03 .09 -.01 

2 .10 -.08 -.01 .01 -.04 . 1 1  

, -.04 .13  .01 .02 -.08 .ar 

.. .03 -.01 -.01 -.1 5 -.09 -.06 

, -.08 .01 . 1 2  .18 .01 .01 

6 .04 -.06 -.06 -.08 .08 -.04 

oon. coett. -.799 -.601 -.75' -.755 +.234 +.0'11 

. 
viae... 1 - � ot �lOD CODOeI'M4 

-::x:.. A - .... 4eriatloll of hunt! all 0 to , lDe1uai .. 

x.lI - ..... clfti .. �loll ot G ..... �lao. 1 to 6 1Dc111alft 

Xi. - iadi'ridual denati .. . 

the c.ne1.toi_ cMtticiellt. estlatec1 by .. ab ... toraula are 0 taiDe4 
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twel.. �.. 0 tlloieDta are ai8Di�­

aerial ool'ft1ati tabl .. of ADClftllOD 

41ao alO11 _ tIaia pob" 1 GnPill- .  book ( 1 961 )  

It 

eaay .,.., of .at.u-tiDe the .. _t of 

iu that thla oonelaUon eau... the, _thocl by vb.1oh tIl. cOlT8lation ... 

caleulate4. iaIlell two at a ttM , 

at ODe aenerat.iOD tada _ be follovec1 or pr ..... by " nepU .. or --.11 

po.tt1 .. 4.natiea. It. la woribvhl1e �UDl OD bow thi8 comlatrioa 

could arl... SI .. DO Rid ... of ...... 1s.n.aa- r .. ponae ... ob ........ ID the 

tile t:ru .. lMtion ft� of th. popalatioD, aa4 that clftiationa hoe la 
wholl,. 

line " a ate a po .. tble .. l.tlO1l. 
t.keII wb1ch vaa atnical17 hearier tbaD the popalatioD it wa. MUt to l'epre­

.. to_ Ua4el' t e nol'Ml .. ..,"10Da ot .. lectlOD theory • ..-ly .... t a44it.lft 

.... tic ftriaaee i. eftDl7 .FHd t.brouab the population, the p&HDU .. lee� 

1I'0Il thi • •  t.»ioa1 ... ple abould pro4uce exaett,. tIM .... erite.bUiV ot 

.... pou. as would tm.Y otAer idin _1. UHCl •• pal' w. Ihlchr thia theont-
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l.a l ODe ....... U 

ao as to • 

Boww •• r. it thia iRate all 1DcU.-

Yi4ua1. la . palaU to • __ lmINNJj(ua Yal • 

aatble. � iD aD UDI_ra MleoU 

ot a .  1. tbe 1 .al 

• .toea. it aD a nlca1l: � aupl. i. Ya.[_ 

fJooIa the pal.ti ... . �ypically i'q iDaiYidual. are choMn to be pan ta. 

the eri tabill V ot ... �n .. e .. pueut.a will be atypically • 

tbl. pT •• aaeUy the _pti.,. eornlation etlect . • !be ori lDal 

enor voul ha.,. 184 to • lu r-tbaD-espec r .. pODa iD e firn 

iutuee but e lonred heritabtlit.y ot the OMD p&rant.s autoatieally would 

ha .. 1 to a ..tl...... &ptO nlfPODM iD tbe eecl1. I U •• 

Condor alae the caae ia vbich • aa.ple COIlWU atypically -.11 ani .. la . 

It the .. ....ul ",,1_1. ha .... hip_ bne4ina .-aloe. the aT.rap Y&lue tor 

the pulatiOD pannta oh hGII tlda pie viii SiTe a l� 

upeotecl .... po1UI4t to .. leoti ,. fte ul it tbia tt.e 1. 01 aD cte4l7 

8Mll ftapo ... toll by aD es:pecte4ly b1a ODe - acai gtTina the t1.,. 

cornlatiOll actually obtaiae4. thia uplaDatiOD of 'Ule obaern4 nsw. ta ia 

t C01II'88 pun �atiOll uattl i it c M by theoq CQ' � expen-nt 

t brncU.q .... 1_ ot • populatiOD cl 'fU'Y iD 'th • .:mor ngutN, 

lean la a clirecttion of .election. '-rbapa the wel1-eccepte4 

fact that hart tabili � clec ........ fn. pDe ... 'i to �rat1 aa .1�iOD ta 

coat1mlacl iD a gtT8D clinetio , la sufficient 1IIplioatioD �t heri tabili'­

vou14 cleoHUe iD the a_ d1nct! w1 ihiIl ..,. pnvati , and tor the 

• 

• _1D8 of &cljacent 
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.eMfttiOlUl ( 1 t ,.. tar 1 ... ..... iD a _tallu 17111a 01 • Lt ... " 

popalaU ) u4 .... t .1 . the ......... " et ..... ftllpoJi:aM .". 
llDev n,na_l · 1. avlctly .,..k1., i.In'all . !be el.terDa .. t.... •• 01 
... �ru .. .. l ti. .... poue ia to ti'rib total .... pon .. 0ftJ" tile rloct 

b7 the of ti iD ihe per! .. • a;rat.m popQlaU 

.. U ot oaq hDerati 0 6 are this ot eour _ • the 

.nu._ hoe. 01 IID7 bi .. eau'" by correlat! betwe_ 

It � how".r riptly be el&iMcl that th1 • .,..steca CODftr ely .... En DO 

.,.}aabl. 1D1Otwatt prcrricte4 b7 tbeH 1 tetwedlate pIlft t1 a .  

of 

tlte 4iseuaal abcmt outli.... the ..tn theont1cal diff.renc. be "UIe 

Wo aetboda of IDO&8UriDa a ..... .. lecUcm respoDH but It would be 'ftluabl. 

to learn how 8I'eatly thia 41ft.NIle. 1. MDiI •• te4 ill t actual !at&. .01' 

'tibi. %'8&80 t.h an r.apoue per ...... tiOD bu beeD aeuurecI b7 both _thoU 

and .. reaul t8 are ah .. n in Tabl. 9. the difference iD n.l1lO Htwe8D MOh 

..... r 01 a pair of .... ulte la ,1'ftD, and alao _prea..a ID tel'lU of a per­

con1ap ot the .. e Dd _thod •• tiM.te aD4 this percen .... i. a180 oontaiaM 

in • tabl.. JIootNql',. such PftO-taae . .... 111.1.&41°1 UDl ... conala.red in 

relation to the JDeaD8 t.t..ael ... aa4 this ia moat .aaily do by pr8M1lu.... 

the IIaIIe 4&_ diaaruamat.ically as ".U (Figure .. ) . PiDally it .hould be ...... 

oalled that tor both u\b • the MaD reepona. haa be4tD loul.ted for each 

r pUcation .. parately (sae. pool ) aDd then 'the re 1ta troe all .ix repli­

cationa ha .... be D .. 'together aDil a.erag84. It the original data troll all 

ab repl 10ati01l8 had been pooled b'o!,! reans.lon vas appUeel the result 

vould have b en diff.rent trora 

81 0 aucb a p was indeed present tor • .-ration when Replic tion 5 

died in the Light po}NlatiOD this pooUnc 41d not take place . 

• 



lRD !!!ip:!l 

npeaat 

io'*al J'H /6 

41ft. 

cUff ./2Dd .. t te 

C Hp"UAi 
total reapo /6 

41tfe:neoe 

41tfeHf1C./2a4 •• tiBlate 

UPVj!D fCON'mOLl 
","auOD _t.bod 

total ft ponae/6 

lttereac. 
d11'.rane./2nd •• ��te 

'DOWNVAtm SRI .BOtIO! 

NCNaaiOD .. 

total Hsponae/6 

differenc. 
titter ./ .. tint.. 
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t 6 T 12 " to 1 8  

!!I!!L.!:!t!2!!I!!. <.-" .... lnUOll) 

.) ... ..,. popal.aU 

� � i � * � 
.0898 .0920 .0936 .0622 -.0394 -!'.0234 

.091. .1Ot1 .os12 .0555 -.041' - -.0252 

-.ocrr ..... 0091 .0124 .0067 .. 0081 .0018 

... -- ,'" ,. 1ne 'n& 

... � 41ft..-.nce • + .OO20/.0417 - -

.0269 .02.8 .0409 .0548 .0162 .052' 

.0251 .0168 .048' .06]0 .081 '  , .. 0602 

.001 .0050 -.0076 ·-.0082 -.0053 -.0079 
.,.,. lo,C -1� -1� -",c -1 . 

b) Light popolatiOD 

� <f � g � � 
.0883 .0854 .0546 .06)4 .0117 .0160 

.0849 ..0'186 .0611 .0611 .0095 .0162 

.003. .0068 -.01 '" -.00.'7 .00S2 -.0002 
.. • -2q& -1" 86!C -1" 

..... :r .... 4itterwe • •  0/.()5.42 - OJ' 

.001 . .GOl? .036' .0353 .003' .001 5 

.00"15 .0045 .0283 .0301 .01 T' .01 1 1  

-.0061 -.0008 .0082 .0052 -.01 37 -.0096 
-81" -1. 29',C 1� -� --

a ...... 4ift.:re1lOe ::a -.. 0028/.016, ----... - -11" 



Fig 4: M E T H ODS O F  MEAS U RI NG AV ERAGE RES PO NS E  
r�spo ns� (rngms/gan) 

.08 

.04 

.00 

uowcu:d setection 

1)8 Heavy population 

� r�res sion 
ntote'/6 

Light population 

.c. 

.00 

.04 

'" dcMIrward s-eJec.tlo h 



OD ... 10u tu titt,-.. ... - be .... 

_. at l' 18 o' 0 .. t17 peraoaal .. to II'IY.CluI1l' lOJ' la OOIUIUena 

1.0 be • w.a • -.11 41ft' ...... ,. 

U'e ril:1 q t.e 8111l1v to OM all41l1't11�'� 1. 

ntH 

peMDt 

hiab _�toz.. 

�.unl"'" cUtt_encJM 

.1tbel' of .... OD iIae t .. 

ftDal17. ib.ue ia DO obrioua �ttel'D la the cUnoUoa or ai .. � cUffer-

..... r,  

tor IIOZ'. tban 

-.n has '"17 11"'1. natiatioal -.alae UIll.... th1. tlact-

fiUft'ima:U be ...... .. IH_tiO J eitber l' caD be caloulat.e4 h'aIa 4eorlatloD8 

.. 1lUp11.Da eZ'l'Or. It tU realDOl'" ,... co.pl.-te17 11Dear the there ¥Oul4 be 
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It the oth.r fluctu&U 

or atypical aaapli , t i. ,8n. ic tluc 

te4 iD the r.plicatlou , t.he.Y rill • Ma81lH4 1mequal17 by the wo ayatema . 

But 11 tuaUoua vhicb •• not eo fix thereafter iD e repli tlon will 

once iD the calculatlolUt b7 r are.alon analy.i. .  thi .  1 • ..t4e t troB the 

fo�la ea i th. calculation, 17 

vbere " . ......... of .. ration. 

�l • IMaD of Qen.ratio i 

.:x:. 1 • .... ..,.: .. of Q • •  ration 1 

Each ,.ne .. atlon ..... ( � ) 1. u.ea only Dce f r calculatl.,. .uu of aquare. 

and .  • of producU. Bov".r, -th. calculation of stan4arc1 clniation ot 

"'.ROllH us.s .ach g.D.ratio .. an wice ,  tllua 

ana ao on. 

vbere 11 - er of ,.n.ration .. . 1Ut.. - n - 1 

s. ce aD7 .rro ... ot vel hiDa 1n.ol. in e.ti_tin � ,  �2' ete ha .. twlc. 

the etfect on .taDda .. 4 d..tatlon that th.y ha.. on 1'00t error .... ianc.. Thi. 

would th ... efore t to aift the torae .. a larp .. nlae than the latt ... , and 

the est.nt to which this actually ha.ppene i • •  hown iD table 10 ana Figure 5.  

It 1. pointed out 'Ulat to .implifY th e  COllputat.i01l. to .. this table the data 

t� all .ix ... plicationa "1'. pooled in each ,.n.ration betore .1 ther the 

......... loD 0 .. .... pon .. �iance. we ... calculate4. 
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!Ml. 16, '.ho _thoda ot ..... urina re_pon •• tluetuatlou 

Ge ntio 1 to 6 I 1 to 1 2  I 1 3  to 18  El _ •. foie ( .) 

a) ...,. papal.i.i 

UPWARD SBLI!CUOK � g '* � � � 
aq.rt. of error 'W'ariaMe .• 0658 .0493 .0482 .0161 . 1 050 .1022 

etan4vd cleri .. tioa .1204 .0894 .0689 .021 5 . 1 266 .Hot 
dift.reDO. -.0546 -.0401 -.02fYt -.0048 -.0216 1-.0019 
differ. Cfl/2D4 .. tt.aw ... ", ... ", -� -.2� -1'" -7ft 

.... ftItJ tifferencs • -.0249/.0895 .. -2_ 

OOWWABD I COJrf8OLl 
eq. rt. ot er:ror Yariance .038' ... 0380 .0278 .01 58 .0189 .OTT" 

etana.ra 4ewtatiOD .C1127 .0639 .0391 .0218 .OS,., .0970 

41ft ___ -.0)42 -.0259 -.01 1 3  -.0060 -.0068 -.0196 

dittere .. /2D4 •• tS-te -47" -41" -29J' -2. ... -2OJ' 
• ftftP 4lff4tftDCe sa -.. 01 13/.0634 - -2?1-

b) Liaht populatio 

UlVAlm �00ftR0L! � g. -i � � � 
eq • .-t. ot .J'1'Or ftl"iau. .0318 .0393 .0'" .0491 .0418 .0219 
.-"'ard c1eriatloD .0507 .0607 .0401 .0640 .0538 .02&1 

tittennce -.0189 -.0214 -.0050 -.0149 � .. O1 20 -.0002 

4ittftuc./2D4 ent.ate -l'n& -3. -1� -� � -1" 

....... difteHllCe sa -.0121/.0496 - -2� 

DOVIVARD SBLBC'fI0JI 
lIq.ri. ot enol" ftl'iaac. .0282 • 0362 .045 • .0411 .0109 .0226 

etaaclard deYi.ticm . 0309 .0498 .0543 .04" .0431 . • 0287 

41ftere ce -.0021 -.01 36 -.0085 -.0034 -.01 22 -.0061 

difference/2nd •• tillate -- -2"r/; -1. ... -2. -21" 

a .. race d1ft.renc_ .. -.OOTI / .0420 • -1 • 



Fig 5 :  MET HODS OF MEASU R I NG 
RESPONSE' FLUCTUAT IO N S  

f luctuQtions ( i n  m9ms) 

.04 

.00 

.04 

.08 

upward s�ection 
t 

4-d::lwnward (Control ) 

[1sq. rt. of arror Vq\"IGncc 'n stanf:lard &V. of mean 

Heavy populot ion 
« 9' � 9 

.00 

. 04 

Light population 

upllf ord (Control) 
l' 
.... downwor; selection 
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Per tIll. �  ..... 01 ftl"labll1V the •• tta .... ,... ........ lOD � • 

..... lDftrlebq .-1lft tbaa tho .. o tal'" b,- tha 0'" _ tift __ 

• • I"IUIP. traa 1" to .."c � the ..... .. u.a...... 'Ihen 1 • •  � 

• paclal17 la the iY7 papala"! to .... 'tId. Pft'MDtace 41ft ......... to ...... 

tJ.>oa th. t ..... t period to ln pul04 � the dp111 • ot tId. Veal 

i. DOt kIaowa. Jfor 1. there _ o'brioua ..... U I' ••• OD lu b a patten 

oeCUJ.> . 1ft _i 1hu t.be ........ tera DOS' the ntor. abow a pa1.tel'll 01 aD7 

...... t. ""tena a.sr- 01 titt ___ 

. ......... &IV" pal .... 01 .. t�te. 1. .'ly .. ia w ... 0, ... 

the ClaN 10 .... noh cs ... t. to .... uti .. tile the.l. by' WIlaa 0Dl7 .. 

.. o� MUUriaa �illV � aD4 tbe cboloe � 1Ib10h aye"- to 

adopt will be ..u after 4iacuaalDc tile ........ t 01 napoua ..... la the 

ux" ... tlOD. 

Jna4! of ".po!!!l !he Wo preftoua aeotiou ..... c1iacuaae4 c11llana' 

... thocb ol .....n the IM&Il napoDM &lid ftrlabill ty about tbi. �. It 

would be .... r;y untul to leuon how _cb 01 tht. _riabill ty betwe_ ..-8tlo_ 

.... ult. tro. v. ... _ iD 'the Hue tbat th. napcmae i. era4uaUy apH4iq up or 

l&lliq ott, aDd bow .ach i_ to Iluctuationa uM4 by ..-Ucs blIt, 

"elahiDa .ft'OH aDd annroDMJltal 0"",.. It 1. &IJ8l.IM4 that aR7 ne:b tnDa. 

woulc1 be oauMc1 by paetl0 chaDp. lDducec1 by artilicial aDd D&t.ual Aleet1 • 

aDd DOt by puoall.l treDda 01 lap",,,-" OJ.> c1 .... rionticm iD the eD'riro-.at. 

ftere .. DO e-ridaoc. 10 .... . uc:b eD'riroDMDtal tnaclII iD the I'aDdoII .. tl .. 'type 

01 CODVol ill BKperi_llt !wo. • •• &I'�U... 01 thia bow .... so, It ... coadclerecl 

that .iDOe the fiuetuaUou o .. taiDe4 ill th. prwioua HCUOIl were .. .. 1. cs __ 

pe.r.a vi tb .ir ..... , they YOuld probably -..k aucb tNDIa io tema ot 

.tatiatiea1 _ip1ticuce. It would be lar bet ....... to na.. the .. fiueiuatlo 

belon attalptiq to c1.etel'lliae the alpdticanc. ot &IV' trea4a. Aceol'diDaly It 
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".. 4_i .a DOt to ••• nn 'Ulea. ton ... wt'Uaout. t1n" poel .... tU 4&_ ot • 

_lectioo liDe .... i U CoDVol iD · .... npU.oati • !h • •  thet ot iDeOzopoDtiaa 

tbie CootJool ie to caaee1 all •• laoton wIdU ...... approx1_tel� ectal .... 
OppH'''' YUia'U iD .. iMU. line ... CoDtrol . aua tao .... .. euft tal 

ehaapa, .. le. .... Wn1 .. 1 .. UOD. 11 .. __ tiOD wu tnt .. 'a 

eau." b,y ariitieial .. t.tiOD, ...,at aa4 "'ahilla ....... . &Dd .. other 

torca . 1ddeh 40 DOt aft .... .. l tiOD UDe &Dd: CoDVol equall,. .... oppo.iW7. 

tbiJI nMiDSq n.tuat'OD � be ..u1 eacnaab to allow ... . ipitieaDt. treD48 

to ... r ... 

there doe. DOt. appear to be IID7 ..... t choice ot .'thoct iD ..... ba tile .. 

tor...... Of • tNo _thob PftD aboYe tor ...auriDC __ aDCl t1uctu&Uona 

oDlF the ODe _thod which ilmtl ... a .... ft .. ioa napo!!!!! ea pI'O'dde & _ ... 

ot u,y t.nDP. ftle al tunat!.,. _th04 wbich iIwo1 ftd. the ti '''iac of & N-

an •• iOD line to g .... fttlOD !!W &ppaHIltly .i. do • .., DOr eaD the ti ttiDe 

ot & re .... 101l 1i_ to acc1a11ate4 diftraeru:. 01 .... poue. But • tint 

_ib04, iD which the N8p01lN ot -.cb gaeration ie .eparated. tra. tb. othe .. 

reapon ••• and iD which the geIlenttOD ...... tbaa.l.,.a .... not clil"Mtly Wlea, 

prorid.. such a JMaaUr . ..  rely by 11 tU.., a ncn .. iOD liDe tbrouah tIl • •  ix 

•• parate reapoD". ot each r.plication. It the re.ultioa regr ••• iOD eo­
.ttleleat 1. poaiti ... iD .ip then �s indicate. tha't the •• 1",,10D ftapoDS. 

haa inc......a dui .. the .ill pDeJ'atiOll8, and It It ia _ptl .. then the 

re.pona. i. &ppanntly t&11iD, ott. Ibe .ipltioauoe of th... tzoencla will 

be ....aure4 by th. eignttlcanee ot the ......... 108 coetfici.nt 1 t •• lt. 

!h1e now 0-..18. the diaeuaioll OD the tbree IIalJa pil'UeteQ ot •• 18O"icm 

reapoueJ �, fluet tiona, uul Uea4a. It &180 cc.p1._. the 4iacuaaf.on OD 

wbieb .. thoda .... ...... lab1. to ...... ih.se paraM .... . aDd three _iD polata 
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. .  m. ...... "'1_ .... .. .... 1. ioo , • • . '  t 

le la 

of iId.. _ 

pnm.... It 1. for w.. nuoa 

, . 

pt_.-

...... . 07 .. pli_ti_ •••• ftX .... poU •• iD a .-rlocl an .....,.a io 

at" -- n.,..... tbeb' .ta ....... 4..-1a-ti011 &bou-t thU .... atwa a ...... 

of • nuotaati __ .. ... t.be ....,....iOD 11 .. fit .... io the .tx of .... ai..a a 

...... of the be •• PiDa11y it i. polDtecl eui. t. iu all .... the ah 

"p ... lon coetficlat ia eal�t.4 for each GD8J bu-t. ritbiu each replicat.ion 

the t.-le aa4 -.l. uta an poolecl before auoll oalculaticma ..... ..... !be 

ft'eftll Tal_ of ..... . staMer4 a.nat.101l 01' rep>e •• iOD coefflciat tor � 

.tx nplicet.iou. !be .ariatioe MtwMD replicati.. iD the •• ftlu. rill be 

cllacanecl eithe7 a-t the u.. or later. 
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(C) 

tta. .  riocl .... at.... iD !'abl. 1 1  • . 

nplloaU 'a ttHlf 

i .reel to 11. 

of t.b1a .. 

,... the ftJ'i&b111V f nplioaU tb ... 

a of acljaoent. ,..� ana M'-.... tbo_ of .. iD 

wa'M4 t • •• 'Ua'Uoal .lpitio 

• • �- t=b 
• 

where r- .  perl 

82 • ftrianoe aIIOIIC npUea .. loo ...... 

. -

the Idp1fioaDCe of 4 la ...aunct fI'oIt S� ... Iaft"' • •  " 

.f tneaom an aeteraiDecl holD !ail.,. ( 1 959) 

r 
4.f • •  LL'1. + ( 1 - u..t 

h - l n - \  l '1. 

�7 -
Ch 

S"2. + S l.  , � -
where Lt -

" \  Y"'\ 'l.  

pel'i04. 

• 
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Ul. 

pa1� of ...... 

!tbl. 1 1 , .... re pen04 ( ... 1ft • �i .. ) 

--... (C.Uol) 

a.pnr4 (CoDbol) 

( ) . _tint }lI'Obablll :y .... 
• ltbv .ide an .. atplft 

1 to 6 T to 1 2  Rev popala"l 
.0993 t .0299( _" .0685 ! .020f(.02) 

( .1 )  ( . • 1) 
.021 1 t .02%0( .3) .cm8 t .. 01 61 ( .6) 

LiIh" J!OR!la 1 

• +
) .0811 - .0203( .1) .0693 - .. 0209( .05 

( .02) ( .2 ) 

.0063 ! AI '7( .4) .0281 :! .01 �( .5) 

1 3  ,. 

+ 
-.0364 - . • 0269 

(.02) 
+ 

.0111 - .0200 

.0129 ! .0116 

( .9) 
+ .0142 - .01 1 2  

ID ..... ......, pe: 1&\IOD the upward reapon_ c1eonaMa wl1h u.. u4 the 

clCMlWUCl (CoIlVol) ftapo •• inenaaea. ft1. patum OO1Ilcl be aplaiDe4 .., 

I. voulcl P'PO" artificial •• lecti. ID 'the upward liDe aDil ... i.� It iD the 

4owavuc1 Co bol , tb ... .  ftecrU of _tun). .. lee .. t iDOnaaina tbroQah the 

aecODcl eD4 third perlo4a of .. lactloll .. the popula .. ion MaD -lab" i taelf ri •••• 

...... r .  th. explanatton i.  unlikely to be as .laple .. We for Wo naaon., 
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ab aO � .. ., 11U7 nqatna a _puat. IvIotMaia. 

JwllDtll'laaia f .. tun! .. 1 tl NqulNa . ... 1,. tba 

.. leeti .ly "«1- to operate 0Dl,. _t • 'ftI7 Id. ...1 
abne that ot the O1'latMl ... populaU • 

tint 

the orlai-.l 
.. tual 

, .... 11 

aip1tio tly 'ri tiMe fter. ia an iIIcnue4 NapOaae 1 t ia  

i tbft replar 11ft' atpitleaat. !hla Oftftll ,.tiuD ODH ... be _-

pta! puo\1,. ..,. tbe acU ot :tural .. leetio apl_t e&"q pupae it i" 1. 

_1 • O"fWall .. 1.-ti.oD Ha .. la pdaal1y HiDe - bT 
• 10 •• ot _ 10 ftriaUoa. !lde aplaaatiOD howftr • •  till 1 ne the 

h1 .. ot -..,-trloal ".poDee, tor .. .,Uh the a...;y popalaU then i. 

o_i .ul,. ..... ter pro ... a la Q)lIVUd dinetlq 4owawa.rda u1Itc 

the lint two pe1'l048. � ..,...\17 phacI_IDOD la tr .. t.ect iD d_id1 b7 

1Palcoaer ( 1 961 )  u4 Clutle.!! .!l. . (1961 ) aD4 toMy ..... t .... ra1 Uaeontioal 

••• 01 it. ID th. pre_.t experi .. t the ooo.lateatl7 ........ ".-pG • 

upwuoda ...... tba'\ Hal • •  tlHta � be par\l,. i!W01'" 8DI H .ItorU wen 

....t.e aCt r4.iDa17 to .. .-.. thie eft .. t� tM 4ata. 

I'ale (1961 )  _plaiu that U7 .. ,....,. ot tu napou_ tbat ia 

eau ... b7 eltpoDeOUal povth a • .theta ., M JPe.ofti by loa the 

uta to loprlu... 1!lb would N aD nv...17 labortoua taaJr. it MOh ....... 

MIlt to N oODftri4Ml a pantel,. bat Paleo!lW aupplie. a COIPNr.i to�a 

that .... 0Dly aen-rati ...... aDd yet ia .u11 quite acourate, till. toz.al& 

la 

loa x - loa ;  - I 1., (1 + fiI') 

.e ... ')( .  ,opula"'_ 8MB .. {pt c .  ., .. ttioleat t ftriatt 



. M -

.h1. 1.2 1  MJ-Wy of •• 18»0'" 

UlMIU'd .. 1 '1 
bet .... .. leetio 
-.rJRalr04 (C 1)  

.-ar4 (CoD 1) 
tore .. leeUoa .,.... 

4GI.-.mt •• 1 U 

1IpWU'd •• 1 .... 1oa 
beto" .. l U ......... 
40wawud (CoDUol) 

.,... (CcmVol) 
before M1Nt! bepD 
dontsard .. lecU 

1 to 6 I T 12 I 
.) -- wiPta ( __ > 

2.63 2.51 2.� 2 . t 3  2 . 1 '  2.01 
1 .9' 1 1 .81 
1 .62 1 .50 
1 .57 1 .... 

8.7 
8.7 

10.1 

10. 5 
1 3 .3 
1 2. ' 

.) 

1 ,·3 9.6 
10.' 

1 '0. 1 3 .0 
1 2.7 

2.91 2 .73 2.50 , .79 1 1 .67 1 t .51 1 .47 
1 .44 1 .33 

1 7.9 1 9.1 1 8.5 8.9 
9.' 10.6 

Li"" popaltUO!! 1 1 1 .0 1 1' 1 .0 1 12.3 12.6 12.4 1 2.6 

13 18 

, .50 1 1 .47 
1 .37 

1 .40 
1 .34 
1 .27 

7.0 
6.3 
7.2 

I.T 
8.4 1 7.1 

1 2.' 1 1 1 •6 1 2 .6 12.3  
1 3.1 1 '.0 

C) __ .t loprita.i nipt (1""0) 

apnrd •• 1_t1_ 
beton .. 1 .. tloa MalIIl 
4OWJ1IIIa3� (ConWo1) 

..,..... (Ccmtaool )  
bet ... .. lectioD bep.o 
_,..� •• 1eotlOD 

a..v poplati • 
e419 1 . " ,  
. " 8 

• 398 1 .490 1 .326 .4'2 . 316 .425 

.462 1 .43' 

.396 

.288 .2" 

.206 .172 

.193 . 167 

YJi ht 

.250 .220 

. 1 9' .164 

. 1 55 .120 

.5" 1 .492 _ 520 .48' 

.494 .468 

.173 .143 

.164 .124 

. 1 33 .100 
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the cl .... to wbloh tbt. eOD'ftHlon tor.ala n4oe .. the ae,....., of 

.. apou. 'a illurin ... In '!able 12 bcnJe' . !be tabl. la 41ria.a thrH 

... Uou. the fira' ODe GOD lDiIII tM J'aW of -.s VIIi .... bet " COD-

"t'era101l. _0lIl4 et :taini.., the appnpdat. -..lau t eMftteieDt fd 

ftriatiGD, .... � .. tl CODWm.e a� eta at 0 

.... 1 • ot .. tbrft .. tiODll 1 'belf oont.1Da thNe rove of 

the acldle "" nfuriDc the ' a'loa Ya1 t tU ...nAra 

• pulod ot .. 1",,1 ft, the appe. "" NI"""" '\10 the popalatioll _lue ....... 
OftI' the aubaequent. .is aeoeratlou ot Qpwud •• lee loa, aDd -a. 1 ..... row 

re'.1'I'1 � e popalation .,.1 a.,...... 0Yn' the aabMqueDi. ab tiou 

ot dowmrard aelect.ioa. OD f/IfI'U'7 octo .. iOD the �l ... ,1 ..... iD the tirs' 'Wo 

.ect.tOGa ot tM tab1 . .... ob-'i necl " b7 aTeraCi th. niP'" u4 eo-

.«id.nU at wriai.loa fI'oII all replioaUcma aD4. 1.. 1. ... &ftftP _luea 

li"t'e1l iD ..,1. ¥hieh ar. . .'1 .. iD hlCODel" . tcm.lla. 

!be teature to look tor ia !'able 1 2  ia ..,....,. of tIli. o01Werie4 

loaaritblde cia_ iD .. t,.IOD (ch t I., ao.. the clift ..... brivHD at.utiDl 

ftlu u4 upwv4 ftlue eD" that between narii. aDd ftlu' tu47 

ot tile table abowa that n.ch ..,..'tr.Y ia lDdH4 present. la botal poptalatlO1U1 iD 

Pft'iocl 1 aD4 in all but the -V population _1. aata ot Period 2. ID Pvi04 

J the .. ,...try 1. ID tb. oppoait.e du.otiOD. It th ••• "1Nl"_ are !lOW cc.­

panel with tha .. of '1 (A) ,  which i1W01" the unaoa ......... -- -i&b"' 
..... l' aD '"  seen that the patt.ema ot a.,...tJ7 an uarily the .... iD be 

tabl... wbera the u.pnrd nsponae vaa pea ... iD OH t.hle i t. eon�a to be 

gnawr in the other. tId. reaul." IIMIUt that "nmato tion ot the Aa_ t.o 

lopritaa hae qua1itatlwl;y aohi"" nothill,,, then ia DO raonl ot 

acale ethct &lid so it oarmot be cla18ec1 that Hal. ett_t i. _ iIIpo� 

0 .... ot the ..,...'k7. ID . , tlta"'tl.... . • there .q ha .... bND .... 

" ...... ot ndaetiOD la thi. � but 1t le 'ft'q difficult '&0 decide OD 
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,.." .. ,. INCh ti_ oould be .uuna. .. oDly Ob'riOM ..... vou14 

to ........ tbe �.,. iD -.c ... iD tau t .. atlo, 1IJNUCl J'UPOUe 

to 4cnfavar4 n.,...., ..a _ea to ob .... 'the obup 01 ratio " tM .... 

vu tnaato� to lopri.... .....,.. ... it we DO.- .. lft.Io w tJae tba. 

tbi • .-tea ., ....urtJtc 1Ia ..-.,. .. 1D4..a ....t1tlfUl .... .. 

it . ... DOt .....s. �lMl1)-, pedlapa it the 0 .. 111.i ...... 01 .... i.�iOll ba4 bHD 

CGD8i.......,� 1 ..... W. tnDatcml&ti loprJ. ..... wuld haft lION 

.fteet (Pale r, 1961 ) . 

!be MClOnd _tb04 anU .t ouoella, .. Mal • •  .".. .. ta by CCIII'f ..... lac 

the Haponae cIa_ to the panaet.u JmowD .. nallH4 h.rt "-bill io7. ti. 

panaeter 1. oaloula't4J4 •• • fnotioa ...a 1ta 1IeI'i" iD the pH ... t ooa� 

... U .•• OD � ...-..,ptloD that ... acet • •  ft ... whleh ..,. 41......, the 7& ..... 

( .. 1."'08 1'UpOIlM) of �. tnetlOll " al .. M.ton tU 4eaaat ... to. ( •• 1 ...... 

ioa dltr�lal ) ,  aD4 by .. proporUoaal __ t iD ihe ... 41notl • 

!abl. 1 3  CODt.aiU th. reaUM4 1t •• ttabillV data tor each period aDd. ... 

ap1a the w.lue p .... tor a perlod 1. the ..... ftlue 01 72 .. parate hu1.tabil-

lU •• (2 ..... X 6 ..... tlO118 X , "p1S.oat.t u) . IDach "pli tioD 

her! tabili t.,. 1. tbereton · obtaiMd b7 ...... IlDI 1 2  lteu aDd the CeDWal LiId. .. 

!heone la ued to ..... that. t.he 6 npUoaUOD ..... "..ld tlaereton 11. OB 

.. aolW&l cl1.trlbv:\ioD 0..... !bi . ... ..-ptioa allovs the author to oalcul.&te 

.taDdal"d uror. bah4 '\h . .. labiltty &IIOD8 replicatiOD .... , aad the .. 

!be •• ti.t10&1 probabl1it7 tbat 

41tt...... b.tween ,. .. '048 or be ..... .. lH'\icm l1aea and th.ir Coat.rol. are 

DOt. .tpllicant. 1. reoorde4 in bnekria be-'- e&eh pair ot adjaceat .... . 

tth. probabil1 t7 ti .... -.y b. uaed to ...... it the �..,. 1I' ... tI7 HCluo •• 

__ tlM aoa1. .Itee" 1. NItO'ftcl. tor la the ..... nt that 1 t doe. ao thia prob-

ablU t7 ttgun vou14 ..... 17 be 1 ...... iD Tal_ than the eornapoDdiDg ttaun 

calculated tor 1abe .... po_ .... t. iD 'fabl. 1 1 . 
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le 13" �I'" berlta ill la pm 

"1_ t to 6 I 1 12 I " to 1 

!Z 1l!E!1a�! 
apwII.N .. l.tl .282 ! .092( .6) _.21 3 ! .059(.02) - -.," ! .088 • 

( .1 ) ( .4) ( .02) 

(CODt 1 )  .060 t .072( .4) 
+ 

." , - .042( .4) 
+ 

.191 - .05� 

We! 1!1!1a i 

1IJNUCl (C.trol) .2,a ! .cm( .7) .209 t .059( .1 ) 
+ .04' - .046 

( .05) ( .2)  ( .9) 

40wIlwucl .. leeUOIl 
+ .016 - .053( .4' .088 ! .060( .1) 

+ .047 - .052 

-- .. • talDe4 for lIeU n8pOllM iD 'labl. 1 1 . d the probab1l1-ty of 

• ipin.ant 41ff.nac .. beWeeD per104a i. al_ 'ftr7 .... tU .... !b ... 

probabi 11 ty fi8Uft8 betweeD a .. lee"iOD l1De aDd ita CoIltro! do not show 

expected lDor .... of ftlue aDd tn4ee4 two ot the ditt.nne .. actu 11y • ov � 

oppoai te ...... It .. " theretore be ooncluUd that .. hel'i ta tU. ty etata 

..... t tha" a arked loprithaic acal. eftect 1. DOt »resent. It would DOt 

be di.pu'tecl that .... Hale ettect i. pr •• tmt iD the expel'iaeDt, for 

.f 

..... tbat 80M 0 .... up1 tloa .ust be .oucht tOl' the atroq �U7 18 

both Ile&-.y aDd Lip", popolatioaa 4uri the f11'8t period of a.1 .. t1.... th. ­

.... type ot u,-t1'7 ."ill penl.M iD the ."0Dd period of .. 1"ti08 b1R 1 .. 

i. DOt a. 1IU'ke4, &D4 It baa 4iaappearecl o� reftl'8e4 iD the third period. 

Whil. 1 t 1. true ibat clitfeftDC •• between QJJRI'4 aDd c1nI:nrazoa peri .... 
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.. 14011 ..... . _ atuaU'4 a1pillcaDO. 1.".1 ot .05 ibi_ ia npzdea as bei., 

au. to ID .. �_te replication aibu 'u.&a p:I'CJd that 8UCIl ttQu of aa,-v,y 
iD4e .. � &1at. ft • •  WiuQ aAopte4 by the pn .. " auUaor to u.. 

.-,-'tq la "lbat It la iD4H4 a na1 aDd. !lot . obance l'N\ilt . .. � 1t -.r 

be 411. to GOD-loprithalc Mal • •  ,teeW. .. It .ut M aa.1t 

....... 01 deoiaiw .... 

!J7pot.bHl • •  ..,.... abl . ..  

A.larenlona .... "17 apeculaU an4 DO alap1 • 

... .. Ior both popalatiOJl8 all ..... pert ... of 

•• I"tlOD. WaWral .. leeU. -.y be ill'lOlwcl to .... _telA but � i. 

I1ttl. teDc1eDe,. 1A 'labl. 2 tor ...... t1OD 1� to iDCHaa. ta 'the Lt ..... 

pula .. l or the Bea-.y populatlOD. Al .. 'the lact. 'that 00IrIU'81oll 01 the _ta 

to naliaed heritability baa not. raaoYed the �Vy. aloapi4e the ..... t 

that t.t outet � IIdt .1 8a7 auch ..-,-tr" caued '-7 tunl .. leet.l08. 

__ that tunl aeleeti 1. aot • lup tutor ill the ..,_.�. hl-cODft' 

(,.,.. 212-')  MHUII ... other pos.lbl. cauaes 01 �try auob .. -.UrMttonal 

481l\1ilW,<iCle-: � 1ft t..b. UHllC. ot COIICH'M teBU thi. disouaiou will DOt be 

n.peat.e4 hen.. !b. queatioa ot what ia a.nai te17 eaualq tbta '-'-UF .at 

be left opeD. 

!he tiaa1 potu" of iaterea .. about. .. � eDCOWItenet iD the .... ut ... 01 

the pHa.ut _pRiMat t. it. at.eacl7 dec%.... troll pui04 to peri • .,.. 

.tct to ioh W. 4eonue .... ly nfleet. that the .--nic ariatioa la 

itself '�1.bc ean be ..uured. rouply 'b7 pool", the uta of a .. 1 .. t1_ U.u 

with that of ita Control.. ID thia ., �o Iluctuatioaa clH to ennro_Dt aM 

the treD4a 01 .-,-t..,. are .atl,. eaaoel1e4 ou"" lea.tDa behind a IMlOh _re 

reliAble •• 'tt...... ot the "ne __ "10 1'MfODH. stace auch r.apeD" ta theo­

re"ically nlatecl to the .... t ., ..... Uet ..natl0 ••• etah .. iD '\be population, 

• coapu1.aoa of tb... ....pouea i tbe thr.. periocla 01 .. leotioa will iDc1ieat.e 

11 the patio wria1;loa 01 the population ia beina nduo b.r .. leetloa.. !he 

fira . ... "10n of !able 1 4  aiaiu the ... aul_ of this proo ... of calculatioa. 



ID .... ftpli 

�i .... 

1 ... 

Mle l1t 

.) 

c)  nanui 

t1 

ia 

- -
.. tal • (or ao..wua) napcna.e cmtr ab ...... 

with � ot 1 CoIt..,l. ... ab np1i ti_ 

....,.a • 11' ftriabili 

te4 .. . .  ....... _ .. ta ta t4I4 

• 6 npli_U diff • 

RMpoDH vi ill CaD 1 be per ....... ttoa) 

1 to 6 I 7 1 2  I 1 3  to 18  

"'U I!JlUl.H 
+ .0601 _ .. .oon ( .9) .0620! �: �OO)8 (.01 )  + .0112 - .0119 

.0438 ! .oon ( .8) .0494 ! .01 66  ( .1 )  + 
.01 36 - .00» 

BeaD: I!wlaUm 
.063' I .0415 I .0550 

Lt .... "PIIl •• l!! 

.0732 I .m65 I .0409 

IM!7 popglaU, 

... 
efficient ....0025' ( .7) +.00162 ( .:S) -.00621 

Lisb� population 

-.00800 ( .7) -.00377 ( .8) -.00636 

on abIoIIt DO CIIai.... trc. PertH 1 to Period 2 bd 

tha. u tea ha. .4cU:\i .... pDetlc theor,y. It tile .. le .1 napoDH ha4 

beeD clue nUntly to the baa.eulDa � d .  a with ..... hi..... it'in 



Fig 6 :  REPLICATION D IFFERE N C ES 
(a) PER IO D  PARAMET E RS 
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_lllM, aad il .... ..leoUoJl 

b...... tIleu __ ., iIIaMa . .. ula �w.t iD ftr.' I." ... __ 

�t • !Id. ftte 01 !JIG...... 14 ......a-t17 taU oft la laW!' ..... Uou. 

Sbc. the popul.', ftltae tbeoNUea117 ,...... _ IRq 01 theM 

..... the ..... fta 8boal Itbwl .. be pea_M iD .. flnt »Rlol f 

.. lea't pa4ual17 taU ott 1Jl late pert •• .. Iao" tba, 't • DO' 

apJl*I:r to c10 80 ....... t acti la DOt tift17 ".... then 

wu14 be 'fIfIZ7 It " I. cloabt iba, t.ba probl_ ot lDtupNtaI ibi. pat ... • , 

ra8pO ie •• 1.-. to pztObl_ ot aplalDioa ihe ...-t&7 "M1I� .... d 

.. U._. aaetly the .... :la ,. 1DYoI ... ia __ .... u4 at.o.t 
.... U7 ..... __ ....... t. 0'1 W. .... Llb the .. , It0J7 .\1 it ..an 

be I.,.. la1r17 ,.a .t 1_ .tate. 

Ste4Hf 4!!!tU., lor eacb period 
i. pftD ia Pi.pft 6 MO" ' of -.rabl. 14. the _ uea to b'taia 

tIlte a ,late baa 4iacna.uecl .... lier but rill be oaplaiaM �. ID each 

... plioaUon iIM t ... 1. aa4 .. 1. eta "... poole4. th ..... ftspoa. ... ot a 

.. lact! lu. aQ4 ot ita C Dtrol ftP • •  ftnCe4 for MOh , ...... tin lA iaD, to 

at ... aD .. u.ta 01 the ,..Uo n.po ... tor that ..... " • � the ........ 

tlOll napouee ........ 1 ... wn ......... ami their ftrlablUV about We • .,.... 

!he tiDal .tep vu to .... .,.. the 

a1& ..... 1'4 d..tattou . ODe troll .ach replication ,  alId i � ia tIlta 'ftolue which 

appears iD tbe _bl •• 

!be ftatll tine .... nctA1'4 dft'1at1oae &re aIO.tl,. aaoh b1..... tbaD tUir 

eun� ... ..... reapouea high.r lA the table, aDd thie i11uatra .. bow btc 

.... the tluetaatione in _ incU:ri4ua1 raplieatioa. � all it ......... that 

the ... 1.tS ... 1y IIIIOOtb ft8pODlNla obta!Md by pooliDa all np1ica'Uoaa iD ftp" 1 
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MllMtllllll tor \het .. -.. ......... OD blab "pt!.""ioa. then an pIObU17 .... 1 

faoton OJera"t to ..... ..... fl_i.ua�l oal,. " 

ha.. :al .H ... OD a Al .. " 11_ u4 tu C.�1. oibwft .. ill. et ..... 

would be oanoel1_ .... OIl thu .... 1a .. 1 U_. lIIbale, 

u4 eariHIIII.w ehaqe wubl �  ..,. little the .u ot 

• clft'1attoa aboft, aD4 the ...tD OCIDtribati , 'to .. ..  1 .. PlO . 1,-
�. In. It .. aa4 .. i8biaa errft" . .... tlo c1rifl. aaa ...,...trioal .tteov 

0' •• 1"U_. 

It 1. DO" olear if \he .. 1_ of riII"..ri clm.atlOD 8bea14 be ftPMte4 to 

iDonaae or ....... ayat.&tica117 ,... .,"" per-loa ibroaIh tM thin. 

ea the ... baD4 tM tact ot . 4eonaaiaa U. ftriabUi'tJ' lIiabt at ... ftUOD 

to apeo" -.llel" tluetuatiou tJ'OlD pUtic drit. aDd 8aIIPl1De un,,1 OD \he 

otbft' han4 it la naaonable to u.peot that, the lDbne41D8 1 ... 1 I'i_ .. tbia 

pnetie 9'U'tabtllty cl........ A highly iuncl popalatlOD t. popularly ocm-

ridencl to '- poorly buttuecl &pinat ennl'OllMlltal ebaDp aDd • eftNt wul4 

be -.utea"'" iD bie flariuaUoaa ot l'8apoue. !he net elteet of th ... ... 

cODtoUDdI .. facto" i. bard to pnclin. ao4 perbapll • 87B __ �ic pattern of 

lDOI''''' or 4euetuHt .h0'Gl4 DOt be upeet.4. 

iB obiaiDec1 iD the Ue.v populat-iou ao:rvaY. 

As it tuna out DO RCb pat.tera 

la t.be MaIlt populatiOll how .... . 

the ftlue of atanCI"1'4 el ...... Uoa cl_HaM. b_ OM period to the Ded .. thia 

.. Dd 0lIIbi. fro be &DalyM4 tOl' aipilieauee. !be tirat etap in nch a wa .. 01 

alpiticaace i. to .... rtata . t vi tbta U¥ ODe pel"104 t.be ab ... .,., .... cleria­

t.iOM (OH � -.eh "plleatioD) ..... 1'8 eODab17 hoIIopDeoua. It 'they are no" 

.. , ttuna there i. litt.le MUd. to the __ wJ.ue of the.e Bix .taDclan cbrri .. 

ti._ aDd there ia ...... 1 ... poiDt to oOlapal"iaa the mean 'ftlue ot OM pertoc1 

vi th the of the n-' pel'104. 1lOftftr ,  it the al& atan4arc1 elm.tio.. of 

... ne Pft'i04 are aild.lar iD ".1118 they .q be .� to et .... aD aUquate 

clHoripUoa ot ftriabili ty tow tbat period. !be teat &riual17 applted to each 
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the 'ollovtDa �i . ... ealeula .. ,... v..ae us. YaI'iuc ... 

en C • O.�,., [\ + ;(k-q\� �\ - t}J 
k • -'-r o� nplio Uou • , 

" . ''\ - , 
t • �i\ 
,2 . ��i S� /f 
� • orariaace of lth nplioattiOD. 

fte top apn.sion iJt cUatributecl &ppl'OX.iaately llJre � 2 with (Jr,-t ) 

....... 01 tneae.. 8&11.,. (1959) claiM that Mill taul1. of thls te.t ia 

that 1 to a.pucla OD the 41.tributiou iD � .is ftl'ianc.. all belna 1lOSal. .. 

II04erate 4epartlD'e. traa 1lO1'II&l1 � may oaDH the •• tt w be aislRCliDa. ID 

pn .. nt cas-. each ftl'iabH i. 00IIlpUt.M hoaa only six 1�, which la too t. to 

prori4. a nliable 'te.t of DOrMllty. ......,., -tM fj to that each itea i. 

1 .... 1t the ...... ot 64 Napo •• tairly anur .. ..... DOnall'ty (CeDtnl. Lielt 

theor.) . 

ibefttore fairly MalWtcl ... to 

a M 

118. Itt la 
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hbl. '5, " .... fu " lV f ftri • 

(a . 'ftlue fd �t .. ,...,,2 - � '1 10C,o'If } 
• proMbil1t7 t • 1. DO' .lpltl ,,) 

a..uaUou 1 to 6 T to 12 1 3  to ,. 

Rea!! 1!1!1atlo! 
• • • p • • 

8.45 .1 2.87 .8 6.22 .3 

Lie! R!J!!lati, 
20.57 . • 01 12.93 .05 3.16 .7 

... t for 4ecicl1 1t the ap:pue.Dt 'tread fo., ataoc1ard 4eriat10D to deen... iD 

�1 ... boa Period 1 thro 
ID ita. IIeIwy populatl0 then la mob llOre � neity uaonc the -nrluo •• 

aDd It 1. thentore "uta to pool th_ vt.t.htJa aeeh period. !'he COllpU'1.0D 01 

4qne. of tn .... 

abofth 

1 

1 

1 3  

to 6 

to 12  

to ,. 

2 2 !b. "ratio. are 8,� 2 
2/S2 
2 3 

2 
1 

• 

82 
2 • 

S2 
3 • 

• 

• 

2 boa 8 11l ibe upn •• loD 

.. 004586 

.002375 

.003373 

1 .93 

1 .42 
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popdati 

puiod • 

I repli atloa 

) of .. pttri04 &:n plo� 

.. " ....... 100 1i_ i. tit It the l'egnaai . coeftioi t. 

o� DO .ignifieaat 

tl .... or u.,.uw it illpli .. 

a.. •• ..a iD later ....... :1.1 

t. the ft8pOllM baa .. peoti .... ly lDenaHcl or 

thi. ill tun ia .. pia . .. to wMtbu the 

..a.cny. 
!be ",".aioa ._It.clent' la ahowD -�tel7 tor ueb "pUcation iD 

P1pn 6 to allow �8OIl ot "pH "1 

.Iticl ..... tor .. period aDd . �_l .... 

� .. iV of regna.ioa. It vu carried -' tor ...ch period in tura lu boib 

populatlou • 

• ftici i 'or aD7 ODe perioc1 .ay __ .. tOft be oalculat.cl tl'aIl the pooled 4a_ 

aa4 l. 'ftl -.y IlOV ... � .,.twNll perioc1a. !he ....... ieon 1. 
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Mle tt. t-en tor ........ 1_ 0( ......... 1011 U._ 
- 8· LI7 of 1'-iu_ 

Dwia�101U1 INa 
ia4iY . ..... _10 

Drriatiou � .. � 

repeaalo tti thia 
pcnapII 

Dilt . .. ....... 
......... 1 .. 

De'f'la�lou tr. 
iJldiY. r.,rN8iona 

tJ.ri.aUODII f2'Ca &'f'. 
ftp ••• lODe vi thiD 

croapa 

� "-ten (at 29 4.1 . )  

1 " to 6 

,. .. 

5 .00309 0.61 

24 .00506 

29 . •  00472 

5 .0033' 0.31 

24 .00187 

29 .00792 

I T tc» t2 1 !ftv 1!!J!!ltMn 
'lIB . ., 

13  to 18 

le .. 

• oootl _0.06 �OO30' 0.89 

.00392 

.003T1 

.00311 

.00340 

1 .00 .�41 0.83 

.00177 

.001 12 

1a4ioatecl bT thts YaIue ot cl 1 • •  1.,. 1. bnckeW be1.veeD each pair 01 period 

..... iD MC�i (C) .t \'able 14. 'lb. ••• p.!'Obabl1i�1 •• eto not approach aiaDit­

icaDCe 0 U7 ocoaaioll ud _ 1 t .at ... cODC1� that DO eipilican" 4iller-

Per_pe the lIOat 1Iaportant haul. t in thia aaalyala 1. th. ohMratio tNII 

Pigure 6 that .on ot the rep ••• 1OA ooefttei t. td illiUriauaJ. "plicat!ou an 
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.... Uft 1a -.al_. �h of the .. ftI .... i. DOt aipificaatly ..... tift ill lUelf 

bat .. le coulataey of ..... tiYity la tiN m.c1eaee that vithia -.eh 

puiocl tu PJMtie reapo ... ,n4ualq tall. ott fnIt .. "Deration to the neat. 

the --l.7al. 414 DOt noceed la HoriDc that such re.poaae fall. ott fadeat 

clur101 the fir" period of .. l.o.lon ....s .Iowat 41I:riDa the thiN periocl - .. 

YOIIld be _pec'te4 to be the cue UDder ih theory of a44iU .. ... aotiOll. 

JP1M11,. i. tIhoulc1 H obH"*, that the ..ala.. ot repoe.aioa coett1cienta 

ill hbl. '4 are '"17 aall coaparec1 vi th tb4t eorre.ponc1iDg staM." cln-iatloaa 
ia the .... table. !M. i.-pU •• that any yP4! ot re.ponae are oaty a ftI'7 

aioor eau •• of the total fluctuation between .ueratlolUl. 
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( )  .,_ .., .. !BPLIpA!I. 
.. IJllla f . ..  1ecU .. e woal4 be mao.ple" it . •  �t.pt. .. 

.... to ...... the iIIporteDoe of 4ltte be npU :Uou. If _ nob 

_��ed U .... 4 be � 11 tle .... t.. Ilft&tUoe 01 

� the of "pIt ticma ta • pelod. ta to OM 

period MD wl 80 •• periocl • ID .... 11er U of .i 

theai. 1Pep1ioaU ftriulli .. t.no &OeOaII'\ periOd .... ".. 

MtDa �, tor iIw fd aianc1U'4 a.riaU .. ..  · .ai .... 

eftiet i the repltoati · ... to be �a betuopMCnd . aQlM.1;S-

...... � w. � COIIpIIri brineD c1ittnet putoa. 

could DOt be iUft ftI'y tar 11)" a atatlat.ioal M1bo48. 

al�U .. ..  tbod of ctna1.bJ.Jta ihe ftrtabillt.1' brivMD .. pU .. " __ 

ill ....,. ODe period. of co.pe.rtaa We 'ftriabilt. beiIIIMD diftered 

perioda, ia preMn-te4 below 1D t'ahl. 11. It can be applied to ..cb ot the 

ibrM panlMtera . aean rMpeaM ,  • 4eria�i , HP .. aiaD e""iel�J 

but tJae re lu -" alwaye be lDterpnWd wi th oaut.iOD. !be ..  oc1 COIUtiate 

.lIIpq of ealeulaUq the deriatiOll of ..ab "p1le :U.OD � tbe periocl MU 

'Yalue of all aix. aDCl tl'OII thia . the atanaar4 ClftiaUoD � .. .... 01 the t.hrM I 

pa.I'IIM1.ua 111 • It. .1 perhaps be confuataa to euri. ..... . atMduocl 

dW'liatiOD of 81x .tandari dfti.tlou but. iit is conaiOncl that .iDee all 

pa.I'IIM1.ua are tiret-o dft'iftt1 ..... 01 the data. ih the CeuVal Lial. 

tbeoftm at .... .. ,nSa, to ihe a1andard 4w1aUona 01 all three. !'able 11 al .. 

taiJl8 the ftlu .. of o�ticieDt of ftl'1 ticm, calculated fl'oII the .. ............ 

dfti.U ... and their respect.i .. period - ap1a tor all three paJ'UMtten 

ia tun. 

tta. ooelt!ci t of -.ariati betwen rep11c.Uona baa a t&1.1T 1 ..... _1_ 

for: all three pal'UeWrs but it. ia particularly larp for 1.he .... of ........ 1 

ooettioi • J. � of the table ab .. that this 1 .... .... 1. DO" bee 
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Jt!t1. III u. 41ft 1) ,... .. .,....... 

u_ t2 ,. 
' .D. C ••• at ... C ••• 

a) _ ... . 
.oeot .01" .Q093 1'" .0112 .0292 110JI 

.Of qC .tM94 .0401 '" . •  01 36  .0082 *" 
b) 

.06" .02J7 .- .0C15 .ona "" .� .0205 '"'" 

.cmz .0549 .,. .*' .0291 "" .0409 .0106 -' 
.) nanNi 

ooetti.l .... .00253 .01»1 .00162 .00)22 .,. .00621 

.00I00 .01,., · t .006l6 .01091 1 

• per104 .... ..... 

1leJ[\, .1 

l7M j1Iri the _la .. ltoil. 

u..a hoa hDen�lOD 0 to o.o.n�l_ 18, ih1. 11lftll!lB' perioct allon .. n ahaac. 

'or 

toll ... .. p1t loa, an 
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a1 • 

tu .• "'-.-Nil- .. pit U ia to be .aJft.tltM4 
I1 it la av ...... .. ... lat ' I  '¥aJI�A"" DO 81.1 __ _ 

,. 1iCtal. �t __ .. 

thH -.1. � .. IIIIGItID 

r all , tb1e WIt 

la 011 

popalaU.J It 4 equaU,. nU tDdioa 11 

a1pltlOtlllt .. Mlea • �1'Il of ftri 

bel_. 

of 
....... J'epl1 ti. 

VlthiD npU.oatu. 

-
� 

• 

.. � 
5 � Cl 

186 8/1..-
!be ..... tio (C/. )  .. ealoul& aepan.tely for 

lIa Pi 7. 

-�.-. to j ftU7 

41ft bee .. 
. 

aualJau ta an , 

Vi C 

� + 3:l.b� 
t;;w 

pU01dl , 
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...... � ftplloati. 

probab17 
M4lMfJIlU t • ..  4np i ......... 1 .t abl:1IR uea.enU . 12 ill Lt 

,.. 

her .... In po u. .. ..  leotl 

rep11 '1 • 1. aon 

theft.toH .n.tJill 

81am.ttant. It.- -..n.tto hu • '" 
. ("c, a.plft·08rDA=e _I of 2.3 (,.2) 1ft , 1 Up ... of n..ac. 

to l' .. ...,� tide 'ftlue boil 8DO'IR 

or Wo repUcatl iD • 1ection per . ta of 

IDulaa1q �ablliV be .... n,U,cat! MiD eaa_ .. 

WOtI14 ..... bee at leaet a ,.. gellrii.e aitl , ........ m tbeII 

ey weN origlaa1� • ..,tea h'OII tb buo popalatl __ -.0" 
• wr. to lJI'OND to be ai.plft 

u1n b7 the ftDC1o. acUGD 01 tNdIati.·o drift aa4 80 the npli Uooa wul4 MaiD 
et, ... of 

eaui.Da -nabil1f;y betneb npll U.. ' it. , be atHued tba1. eueb 

ea-u..tea .... :q 1'0" ..,. eau.pU . • !be _'\boct  uud 

hue la to i_late ou' of 

COIrlMDMlt ( 62.) .. 
acU 01 aeaetlo drift le 



!be I' Sot. 
atid:but114 

(1961 ). 

'6'-8 

• 

62 
=-

• 

-

- '00 -

h .  ,,-, 1. 

.l. F b� 
�1 � 

...uUft iD 

"... � ,. 1I4cl1 U.,. ftriaDee -

1-.1. _. 
"6 2  • .0056' 

.... . tat 2· .0CM1 ] b • 

ft la fiheftllrr 
..... awpllca\J. • 

pdaU 
populatf. . 

ma la 

IM\Y &1110 be qui_ 

... �t IMIIID-

to ...al_ ... the wri .... I'UUlU f1roIa ueti.e tlrift. bu� vith tint appnet.­

ti_ of 1 t&lliblllity • 

... of 1Dbned.iDC � OD the mabft of panD' 
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Pft"� �  ;1 _  .... la _  

... . D' 1_1.&,a-. _ .... �IIA e1aM _-.1� C! � _ 

nu" 
___ � hIM1_  

mI!-.1� wal4 &hIIIII.fmol.bute , 
-

hnDUal .U .. la mlt!!!I! 
ftno ..... .,. acnD'!C� of arr.MP .!dieD 

qui_ -n. 

...... 117 tba" 

'thftl_ pe.,wo.lU �� woul4 be 

_ -.pi. of 

u .... 

_a. • . 8Otiaa1 of 

• .. l..,u 

oue fd  

poportiOD t . ..  I ..... to be pareD_. 

• 1 .59 ( ... n.... 

• 1 .2 (Pbh 

proporti of ul_1 . ..  l_tea 

'! , t963t 1. 20) 

and Yate-. 1 963 .  Tab1 9U » 
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a�l • 

iD tbe tcn.tla ..... .. 

aUGD1 .� • •  1 .-

.-. .  - 8/1 ." • 4.1 • 
Ltcbt putati.oDt ./fI • • 1 .25 

. . . • • ./1 .2' • 6.4 
• 

abOft). 
!be �1... ....... t 1DbI' •• s1tUC (1/211

.
) uaed &re tbRel .. -

� po: .UODt A I' • .106 

L� populaUoa. a JI • .0'18 
!be lIIbnetiaa 1 .... 1 at. � ........ t.1_ • la theD oalcu1aW .. 

(Neon_. 1 961 )  -

p • • h,p .. (t .. l1 P)l't--! 
..a the tlna1 atep ill Ht.1a&ttna ftl'iaaoe clue to pante 4ri.tt. 18 ,.. .. 

I� -
J: � OD - � f 1:;add 

YUl. 18 CODta1 both of t.he. x-r-.... .. the iDIInecllna 1.-1 .t 

euh ...... t.lon aa4 tU •• uated ftl'1aac. due to artt"'. t. aa. 

!U 'WU'iuee uta of thia table are PreHntecl aplD .. . anJb iD ptgun 8. 

ftt . .... 1 .. '\h .. to be ..,..... vi. the aeiual obae .... ftl •• 01' the between-

luelon 
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.106 
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........... .... _ "I! • ...-1 .... ....... np ,eati .... l.-le -.1e 
-- -- aa • 
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.00836 .oo6t4 .632 .. 00703 .00516 

.. .00631 .• 651 .00T36 .oostO 

.00896 .00658 .678 .00'166 .00563 

.00921 .00676 .T03 .00794 .0058' 

.. ()()9iM •. 00693 . • 126 .. 00820 .00603 

.00963 .o<m:rt .147 ..oos.u .006i20 
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cb1ft , • •  ftl7 ldIiIIW ttaUI .. 
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a pn  __ 01_ ..... ... 

1a1�_PDa .. .... JpCM .. 

a.a01lll ( 1 • 1 l .  ..., MO·m141d _11 wl 

tr a44tttw .-.uc ory part ,... 
Bd • � 40 here 1y allow 

.on aavt_. the Conaoola 

ap1al 

f, auperfioi c 

en into the 

fo1low4 ad41 tlYe theory ry cl 1)" ... vere na 

.. parat q they .bowed o0ll814erab1e fluctuatl It IV iD ..... vet u. 

!M eJ. .. of tide flue the 1... ;rU tiliV brivMa replleatlona 

hi ... " that • tint actrioa io .tart . aiml ... uperlamt voul4 

be to ca....,. •• nplioat.lona .. aaib1., ... lab .. pupae iD la oaa 

.. poa.ible, aDd .. 1.. }1U"it1lte in MO ODe. JDOrluloa the populatioa 

ai .. 1 thi. way would deo ...... .... t:l Uttt. aupling aDd ".i 1111 enon, 

.1"1'''' vbich ari .. fna ........ ilia • •  -.11 popalaUoa la nonalq 
cUstri .... . All 1C0�la (1961 )  points od . ..... the pre of ne clom.-

DaDH i • •  �l pulatl coulcl al .. .  bl hi .. to tU ft8D01 ... . 

The coaclual vhicb lapnHe4 the author la that ual.7.ia ot • 

.. leo'l re teohD1quea auoh .. 

fittiDg a •• 1011 1iDe to response cum IIhou1cl teat..cl befoN be1D1 

blindly UHd ;  It they ue DOt eo teate4 • rn4er ahovld at l ... t be aact . ....... 

of th. atatiatical ptlou 1Irf'o1vec1 and an author 1e4ae 'Ulat 
the ... ptiona could cawse con.! le hi... 41110 '" mul te h.- 41ttu-

_t "plicat! . .. at DOt be bliD4l7 pool ... , la • pre t expert nt __ 

analyua could not be o_p1ete4 to ... a .. ired riatre becaue 'Ul ... vu too 

laeteropaei ty � the ab. nplicatlcma. !be.. -..pm abou14 lll __ 

t.n that yBiS of a l"tlO11 "spoon la WZ7 . .... 1 t.al pro .... 
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,... .. la ... ne ... 4epa4 
ft.e WI'4 _MJA wbich 

ot eu11 .. • 

an1� • .,._ .... ea I..,.a-.ilaft·. i. • Dll 

natiaUea1 _4",,, DOl' Uoal ettol'Y •. -.... 114U1f.l". M� iDterpft. tbe 

Lt t 

atatiatioal 

..... _, be 

upecW to u 

itlp17 • 

A'lIr1 ... i-.. ... ,� .-1 DCII .. . 

ltAlt • 

'icl_ 01 .. 

le"� MpU'ate 
• ..., tOl'OM aft-u.c hia .. leeU "� aDd "  . ... 811&11 

" tbeM tore .. .  p 17 atfeet.ecl the a..v 
iD siaUuo tuht_. !Id. i. t .  wholHal. critic'- 01 

,...uoal theoNtie1aaa . 't ,. isurteK a WUDf.IW t aD Gpel'i-
� crury 1 ... popalati ... np1ieatiou lt be 

that this t.rheuy rill appq i.o his ftsul.. " .,.. alao 

.. ial pro�eri, 
Where ... pli ati ana populatiOD al .. an otten bo 1..,. 

Depr ... iq th ... CJODClwd.ona -.y ....a. ere 1 • •  tl11 eonai 1. 

� in the tecludquu of analyaia aftilabl.. !he pnMDio _perment b.en tea 

... to be imall or iDCaac1ualft theft .... oeoaaional17 aD alterDati .. Wir 

.t 100klDc at the .. iD IIIl 'UDbiaae4 • this of ywlDa 
.. boU data "'7 .. ....,. ..thocla a. eib1., iDeoacrluift .. 

_ iU " la per pe tbe IIOR prGId.iq to t.ke iD tutaH. It would •• 

leut be t iD tu ...... that (Pa100D .. , 1 961 ;  pep 2(8) tt • • • • • •  

.... 4I'avi of COIIC1n! fro. I'HUlta 0' uperberd. iD . ti.14 ot 

q.otita'U... .. Un ia to ... eatent .. _t ... 0' pu8Gllal j • !be 

tarihu tbte pwMaal j t be hed back, .... to be np1aeec1 b7 __ 

tMaa Deo18i hDetioa theory, the 110ft n11abl. will bec.e th ... 

.... �. ot .. leet.! reapoDH. 



la e1ibH' populatlOD 4uri 

Vet'" taw .,tori .. . ..  _�ia1 

- tat -

t)  to 1 . ... " _UG 

ch rill briDa 

'Uae ...... of .. lecti.OD tUoI7 that. 1. a'ftdlable. la thi. HX" MCtiOA ot the 

th •• i. he awcu. .. 1_ ab1111\1. ana 'ftlW"7. to pN4icn • _l."i ....,.... 

Bow ROOM.fully it baa 0De .0 iD 'the JIaft la 41"11&'" 1.0 the literatuft nYi_ 

that tol1on. 

pndio 1'e1lpO'DMll. !b auoce . o� these 

� ot en ia ueua11y • 

be ccm8i4ft0e4 

to be inaccu te when iD tact. the 1'''' tor �t with ObHnecl 

.... i. clue to a poorly replicated aDd badly conducted experi.llent.. It .... 

t.h pre_u� autb.' a intent. to "teat this prediott 

which d14 DOt OO.DWa th ... � •• , 
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tault. with 

Por eallPl.!. . iiIIInIJ.LWIlml ( 1 963) ... 

DOII�141'1_ -aat.·10 ftI"1 

"") . of 

Oft &ppU' Uc1 la 2.ln appare" Saaftaae 

iD 62% 11:,2 P , di.� ft the • ft'I'Oft are t.ir17 Id • 
.."...ay &Dd a1u di .... pr4i tha. 12 I /"h2 p N)" ROt a wry uaetul lDaia.-

imilu17 data of hey 
Bol'lleJ' ( 1 95') an Interpretable ill • ..aner oppoat.t. to 'that ci 

t1_ tM pnclletion eaU-tea .ay ha.,. .:t4lU'darcl _�ora " hi aa to -.ke 

t.b4IID alMat -m. .. l... (faleODft. , ,,,_ Kyle Cha� 1 953) . 

leportiDc OIl • •• 1.0'1 aperwnt .. 1,- to lIRJZWIUI'" 

pro!OJh111 tUy caleala .. ..  pnNIieW 
product! of 

t r � .... "'0Il. !beD to euh 01 .... Wo ftll1)OU4" .. para-� the)' 

tit .... a ......... t line Oftr .u punatioaa.. !he 
pro .... to be IleU'ly parallAl. !Ma l. iD4Mcl aoo4 

reareDt liDe. 

CUOD of .m!I. of 

no' MC.. l1y of i u absolute _!!:!!�,) but the en'Ol'lt of 

.!1 Al!.! (t 951) 

C1aT'oD UMd .. the ,..lue of -obaft'ft4- r •• poDH the aD reaponBG of fiYe 

....... tlou iD -.eb of f1_ ftplieatiOlW. .ll. th�U8h thi . ..  zap w.l ..,...a 
.. ell with the ., apooae pr loted f'I"OII the bue po la'ticm the repl tcatioM th __ 

y Mari n  ( ' 958) pr_iried naponM 
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spo __ ,,".en . • (hIe , 1953, 1"" 

�.u,e.iOD O� via. tu 

but 40.. ' .... wtth .1 

.. pn-

ot all • ••• iIIa ... wt.ll be giWll • poalU .. blu. !bUI ... �ID' 40u � 

pti. .. 

tho .. uptift ana 0 .. po.tU .. , baton pNtic'1Dc troa th_. !be .t·Utuct. 

to take to the .. and. other 1lDfta:ItOD&bl. ..t1Jlatea .... bee. studied by Buri. 

( 1 964) .  ID a Monte Carlo eiatllaUoa � llaft'u e� tbe pnclietea 

reapcmse to iD4a .. lectiOll eo the oeaaU ... .. tiJlaWa of ..utiw 'f!ariaace 

vue accepted at t ... 'f'&l • vi ·  tIM pncU.ct.e4 � when sucb •• ttatu 

wve comrerte4 to _1."0. lie coaclu4e4 that the cU.�. ____ th.- ".. 

Lastly. some 01 the prec1icUQD eq.Uoaa .... 1 ... aft too aillplilie4 to 

be realistio.  Conaic1er Gritt11lg'. (1960) 4lquatiGo t. the theontical ... 8poDM 



D 

7 
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• 

• 

• 
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• pi .... ia.. 11H ... . .... DUI". d allol... It 

becaUM the ooeftieieat "b2 AA cleonuea iD 

... 1 ··.i- .... 

rf 

&ill (t9651» polna � tU t firstly th ... ie clr1ft ." ... vh1eh 

2 ocoura la al fiDite popalatiou. u4 KC n4l7 there la the tact tIha. � A 

,"",14 ltnlt be lovencl ia 

the eft tlon Gill ab.a • 

ala popular habit. r esi.'npolaid.Da • past J'8apoDH to pNtiri 
a l� fu'ture n-pouo 18 �an17 lIUCeeiIa1'ul. Lel\I (1961 ) ",porta OD tta 

UN cluriD.I a. or the els.aie plato bne4iJlc esperiMnta OIl loaa-t.era Hl_ttoa. 
the eape� llnOl ... 61 ........ tiou ot .. lection tor oil &Dd protein coateD. 
In _lA and 4uri iu pro ...... dltt.fta� authoR •• teaptea to precliri turiher 

..... a..r .t 'thft' ..a  a pndiotiOD foaol. or the7 .mpl,. 11 ftte4 • N-

teag reporta that 1Il_ OIlt ot the 



of 

... t 1 1  .. 

is 1 ) . Bull 

.. Pft'8OU ... ...... .... 0 

80ry to appl,. .. taCtual populaU • !hi. oou 

(t )  Pnc11ctioD tb.eol'7 .. Uy bee bMa 4erift4 only tor -14eal- popalaUoaa 

that .. iD li equillbri -...lecte4, aD4 rabCl .. -ttaat tIaa. 

ibi. tbeoJoy t. ftI1 GDl.y t. one ,..raUoa 01 .. leri1OD, .. t ...... 

then the l1at t;e4 PM lIOCl.l .aD 11 ... ODly aD approx1.ate pndlcUoo. 

(2) ID __ , popula .. 1ca.a Dtitiau fd 1dealt. caD 1left1' be fnltill.a. 

!buetore pncUeti e..,. 1a '-1"17 not app11eable. 

Penpeot.iw to tt» .. pof.IlU ... . ul up by n... (pen. � h -Aa 

1 ... .. the 

ab� wll pndlc'W b;y • CUNDt t.bMr.r, at l ... t tOl' the ,"trat. t geoeratiou. 

lZ'HtJpMt,i ... ot the 18 "ic e-.ucture of baH populaUcm.ae . 

!be experiaeat aiaa to ...... this elaia and it it tail_, to find CNt � 

betaa delayed tor OM pDeJ"atioa. It precU.ct.ioD system could be f _leh 

was reliable aa4 yri did not hold up or aM coat to � ItCJlection proceu 'Uda 
.,.. would be -.ore u .. tul than oib4trs. The thor pro�. tbi. appzooaoh b7 

anal Uta whether the reapoaH � the tint. geoeration 01 elect!OD _on � 
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' ..... a .. ... 1.1&"i_ vi. 

.. owr _ t84. Ja' 
• pow pn41dor ot • NI.,." 
to , .... out 1wfF it ..,. be • 



1.- aa4 , 

- tt3 -

et J>ZI!ItcI1,c-.Ju. . .. leoti 

of • 

ita .... ibe4. 

eiIIp1 .. � ..... of 
17 to .  __ late 

nu • olear __ ..... iDa 

.... ita ...uue a .. iD aateriDa tOM oaU7 for IDftt.a 

1 that t otheni .. n1a • pntl1eUoa. • 

wiU DOt. 

eau ... the napoDM 

.. len-

01 .... 17 appu..a at aD7 ...... of . .. leeUoa pro...- ihe oU_ 

..,. be ..a. .. 1 all 4 .. in4 ( NOopld 1 ........ ri* 

01 ..... or .. the ....... Meon., 1 ) . la the PR .. t .,..1-.t the ,.... 

cUeU 1. tro. the rupoIIH nalia at the firM .... �iOD of 41Mb 

period, aa4 t.e.tea tor ita cl to ....., ftapoue Oft!" the le eta 

.1 t period. tide ten iurolw. t.M t da.... t hae al-

• eo11eot.4 f; Part of 'the u..ai., for Gallpt. the Nleeti 

_tftftI_. at Geaeratioua " 1 " ..... vi th the 

n8pec'tift17 of ttou 1 to 6, 7 to 12 13 to 18. ODe. qUD the 

&JI&l7ai. ia applied to each npl1oaUoo -,....-17 t the Oftral1 ...... s .D' 

ritbiD IID7 ODe period be-'- ... ftapowtI t�t10D .. :la 

".Wet b7 con.tau. t.be tONer vi the latter. pUr o� i teu oont.aa fnn 

eaoa npllca�iOll. It 00ft'e1. iOD coe,fici_t h .. .. _1_ cl ... to UDl.t 
8D4 the ......... -.al_ of ti�_"101l ft8p0DH8 la .lIIila7 to .. .. ...... 

ftlue 01 ..aD reapGD"., the the lint-aeoeratiOll N8pOD8I I, cODSi ...... to 

be a good pre41cios" of ....., napoue I� aDiY .lx ..... ntion periocl. an 

It ft1 01 tir8t,...pa __ tiOD I'UpOD8e tm4 N8'pCDH diU ... 



.ttielea" la 

_'ldent. t. 

ir ...... 
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la O'fcu .. u..tiDc ..... other ...,'1'41_ d 00-

COIl'NlI ... ly. if of lau.. 

la tide 

ru. ti t. obri 1)' • 

men t ot a1ftlilO: • p .... _1 to pn41ot; 
the ... "no_. If 

.... POI... ie ebill4trlMIII 

M1ntlD f1n t..i napaDH 

... .t d. be UMM to �  

84>. A faUly � of ual,.ta 1. illwaV.te4. la 

etteo-ta ot 11 :tl .... ..,...t.4 la ..... 

ftDally opportunit.)' 18 to ten .ftnt-c ..... t..ioa .. . 

pJl'edi I' � the .� .. or 11 be .... geauatiou ... ..... 

...... 'tl Api.D thia predtc ut . 18 fiH'l a.pl by t.b. use of cornl ... 

tiOIl coeffici W .. tlWI tiae fi�t;lOD napoue ( .. pua-l7) 

• dftiation ana ... . _81on coefticd. .. ,. for per104 la tUZ'D. It 
aDY 01 e�l U .ipi� thea tbe conwlati vnl4 be 

nucu. .re 44r\all. i t  .... coefflo1 __ wan .. alp1tieant then 

otllft _ • It .. to..tical1� eaters � eftecta of acale aIId aatuM1 .. 1 .... 

i , ao4 It. caD be can1ed out the 4ID.C'l coacll ticma of tiDg ..,..-. • 

.. leo�1 blt._l V etc ... a:N to be appU ID the auceMCIiac ...-n.t.1oIut. 

hcautJe ot ibia aleo, ..... t1 of al_ti &re loa. ,. "l� wbl1e 'UIe 

pndictioD lyai. i. takiD, plJ .. !'he IIIdD fault; 01 ihia II8tho4 1. that It; 

ao.. DOt p.ro-ti • an � of the ... acUon in the populaUcm .. with-

out till. UIIIilenteaat.., ., 1. 41ftieult to " altem&ti .. ..  leetlO11 PI'O-



- 11'  ... 

Nla�... la 1»1. otria'DeCl. 

� o·tm1I .. t .... a ot 4OId.D ... 

:r le o00Bi4 a popnlatl 

but. DO ... u ... ftri 

ID aplw. 01 hi ie ftl"lablliV i't 11 lift ....,. little .... POIiaM ... 

laU , i� vUl 17 • .aYUC1&Il _ 

... -

a4cliU .... pnKie 

t1 . ;\1 01l l'e1lpOUe D8Yft' prov1 • 

t r a pntioti .,.tem 

... ot ....... 

abcmt et ..uotia,a rna • 

• type, o� '!'bia 

lati. .. fUlCl1UD1� of addi.1Ye, dOII1 , �l"'Uc 10 ftriuoea 111 

of .... �urate � cIotna thia ualyaia i. by • 

• 41a11e1 ana i. bdlcal17 a 'lype ot _ 1., experi • la which • I!UdGa 

aaple of illlCliri • 1. dn.1m � • ,opal.t" tmJr,f .u. la tbe 

... pl. is gaWd flYftry t • 1 tara. By ....aurlDa en4 � the proa-Y 

ot all it ls poaaible to .. ti ... the awrap bre 1. ft1 (or 

ne:ral c.biIaiDg Abil1f,y) or .lU:h lJ&l.e taken Oft all t...t .. , .aa atS:Y 

tlDCOIIIIDoal;y good ft1ok1aa .u.,q (Ilp"itic C"'in1na �ilitoy) t.ha.t MOb .. le 

ha ... vi tb icular f 1... Oeneral and Specific Ccmbinina Ab!li'tie. lea4 

41NCU,. to an ... illate ot the ad41ti • wriane.ea r •• pee'tl .... ly iD 

the populaUOD the .. iD 'urn lead to • pnticti ot the heri tUiUt,. tha. 

01114 Haul. fl'0II •• lect-101l in 'the popula'Uon. the actual rospollR wh1eh 

..,. be espeo'W '"- .. lee'tiOll ia then abtai rely hwa .at tiplyS,Qa 1 • 

•• �t.e of bert t.abili 'toy by the ee1ect.iOJl diff .... ntial . 
!be earlier •• ..,. on eelootion theory expl&iDed how the .. _Uo analysts 

of a populattoo, .. for ua.mple by • clia.11el C 08S , cl pended OD part!"!Ofti , the  

pMnot)'pio ftZ'lance lDto bew..n-faai� vi t.b1.D-fudly eompo ts. .... 

ob"national c_poDftU u. t.he.aIael.. c poUDded treat eau 1 poetic COItpOMDta. 
Qat ie t..- kft fncUoaa of the adti'iiv.. doaiNmCe and .piatatie -.:rtanc.. 
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of 4 upaa ... 1. ....,...... 

il'.v:t_ ot t..tU.... .. haUftb t. 11... MlR' tuUua. 

• InNlaD .. ..  ..ue ,..1. " be .... c .. 

"'-..:Il'IL"Ia out all attee OOIIIPOlMllU 01 

pn41cti t such netricti acope 0' ie 

co to be vi • it n � • enbat.a t beI�.LbU1_ 

iaae4 u • .. • trea ful181b analyda. 

the re .o ihat .. J' .'rle-ti� • tJC:Ope of aDal.7a1- ... tbe 

au ccmai4are4 t • 11:1"1& he ... 1IAilI.q( _uu 

et . 1. the prop fd .. tall diall.l U'On. tbl. . 

tb OD t • • popula"iOll ( enuaUcm 0) the Cl lea 1 

1'f1T Light this wuld iD4i :te aJl7 ClUIaatta ill the 'Y-.&��_ 

C te ibat vu eau. b;y aelectioa. Dowwr. it obrio 

• Lilbt replicatiou 1I01Il4 "ftW7 aall aDd __ b7 6 tin 1 8  aDIl eOIlIIIe-

tly tber. WO\ll4 be ria ot taUure 1t flY ... � t'W to • 1 

coepl ted d1u1.1 ting �. Aceor 1 1y the _tbor .. 

... aWietecl fUll ot ctia11e1 lyaia 1Ib1ch u • 2 rire - 2 daa block _tq 

�. .. scri . Idem ( 1963) . 

Vii.bia 2 ain - 2 block are iD pain. they 

are uterc tbia aye Aqui that tile)' be l.t, ether 10 

1Q ' nut " to produce DO'Q8b prog IlY' tor ..uurlna, aD4 tbat atter 

th ... peeata ha .... })HQ � the seeoDil p oaeZO' � not ti1 1t 1. 
sun t the pupae PH Dt haYe i ·  heeD .ireel 1:J7 the MC4 

... ridual a ot th tint • !hi .. OIl t.ind.na proc 
able trGa Utftoature and so .. pilot. experiment ut up 

IJIhe tail. � tIWt pll t 4JXpft' t vi1l Dot be giVl but it 

11&1. &Dd DOt b:r 

waa DOt &'ftdl­

proY! l� 

• foUwi 



ror 

(2) ID . t. )OJl  ot the at 

.... tId. tatl 

pil iDtOl'Mti 
up .. tollowsl 

(1 ) 

popalatt 

tor thl. dlalle1 analysl . .. ..  IIlxtun of the hM;y 

broua" f'roII au.ke.. that ia iho .. populaUOIUJ holD wb1 the ... plica"io_ 

...... aa.ple4 at ..... UOIl 0 iD .. tlMd.. ortpaal Wo ..... popD-

laU .. Wft &11 __ to ........ "pgately :UI leetl .. ftDiahe4 
at Genua.tlOIl 18. the equal re. ot .. tiDe blocks wen Ht up hoII MOh 

of the. aDd th "PH t the "ba.M popalaU.e iD 'fable 1 9. 

(2) !hAt npl1oatlona of ..  .tiOA 18' •• leetiOD UDe. "... analyHcl lDdepend-t17 
of another but ua1 ....... ot mating blocb .... Ht up troa eech 

iD iob. Li t ana Deny popolationa. leplic&ti 8 ,of to vu ..,. 

__ honYe &Dd 80 ... nplaotld by Replication T ton the diallel 

� . .. narw.. 
(3) .. aalyela oarrie4 .. a.D7 tine blooD .. 'MUiti •• Vl)Uld allov. Ko ... 

bloeb "" .. t Gp for � Lipt population 1baa tor e1 the!' the' :t7 'G� 
baae popalatiou8 , becauae of ita areater 1"&te d failun iD � pilot .x­

p-.riMDt. 

(4) tIMt � tor MOh _"ilia block _re ehoaeD na4G11ly trca a 1'01'Jioatioa. 

..... IMJft prect .. ata would ha ... been obte1De4. if th8J' .... .. tea 

..... taU .. I,. (b7 Y'ir1i1ae of iDel" ... ina ihe ai4parent ... iUlCe.'. 1Iowe .... 
ach e.u.atN an open to hid in ..n popalatlona 1t Urp ,!noa .. c!4SUft 
ett._ ..... ( ..... , t�1 ) . Mononr. kwcm ( 1964) tJh01MCl tor 

."lboln. .... t becau .. _ ... 1 .ttecta were IF."" ill hta popa1&tiOD, 

auoriati ... -.Unc 1Dt1aWd the rep_ion .1_ t ott.-pri.Da OD �. 
(,) Paftota ...... left to ._ tor 1 .  4a;ra �/�te4 to the other � toy 
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�. DIe M00a4 Dn,Jllll:lY .... .... b_ .. 
the " _ t � .. , 1wuI. D'1ItM. 

___ -.1. <� U. IDI..-ti 

..... d beri  

�,,,,,_ " 'I  .... I 
etia. 1MO) .. 

of 

popolatl • 

t 

.1 aata GOU;IAI � .. 

bed ill •• accorcu.ac talr17 iII4. __ • "mat.. � 

_ un.a bel..,. 

(.) Baltdlt o� A1I&lyala 

(1,) hllUb ua1,.al-

(0) uat-ottapriDa "PHd � 

( ) ApJ"" p"a U ... but hiliV &D&lyeb. 

the iIiiIGaDt of blaa tna DOD a4cUtift � ie l ... t iD ....... at aaalyaia, 

, .... .,.at ... 1& balf.lb ualyttia. UI4 .... teat iD tullei analv�i.. !be fourth 

to _1--" • 

lNP" for wetcbi • Ihe lull_lb �ia iIwol..a ..,..._ ta ent1n:q, tekeD 

t .... t.boae ""baI bloclw whi 

or tlllieh 2 aln -

2 
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Ut.J �t . ..  applt_ oaq 

"Ieft"t ' 8  Lip' aa4 a...,.,. popalat.to •• 

' ..... populatl 

t ·  • � ....... _ten tor .... t-atnoti-.a1 .� 

s. f .... NaJpOJ", ft :UDc eD'IrU'cI�m� 
ia thuetOft .. 11ft41" CJ'WU a �ri 

ft_taU .. ahoQ14 tbaD Oftr a u..l. . ti 

-

...... ot ... ttyat. ... • .. palaU .. - then 

14 be 110 ptIri 01 ___ t1 bi1 vb1 _ teat Ita . eti .. 

!be V&7 1 lch thJ.. 1 to c11a11el 

aa.ta ecla Gp)ahd.. � half of the ana la .... 2 un - 2 1>1 wen 

• 11' tna .. proa..- .. " .u.a by of the .at_. 

pro.....,. which "" atnc1 bT tbe .. 0IIII 1Ial . ... iD DO W¥ iIwolwcl la V. aaa1Y81a • 

• ..a to Wo raoa. fi .. au4 euh '-ale produclaa Ilia taaal. u4 .is ..te 

IJUpaa fflr weilhiDa pu71JOH8. !btr 4erifttiOD 01 We bfti ill • ...tu. 1. 

et ... iD a.tail by AbplaDalp aD4 1. e1IIpl.. to tollow. but it 1a too 1 to 

WU'l'aDt npeattna iD W. tbeala. 'I'b. lMl.tlO1l iDteu1t,. u..a ill tM tIDal,.a'. 

cornapoaa.a to that uae4 late-.. iD the �t. aaaely that ia tlda ..... 

popdaU04 the hMri .... 4/32 ot Pl"OIeIV' .... toNaua .. pzooepeoU .. puoeute tor 

upnrcl .. lecttlOD aD4 the 11 teat. 4/32 ... tnate4 .. P"8PMt1ft pannta tor 

clOWllllal"Cl .. leetiOlle !be heri tabUi V oaleulatiou the esaG't.l7 foll_ the 

pattern of PlaDalp·. �l. though he nawa ibat it la cl1ttloult to ...... 



ltability 

!!Il�-aib Iftl! 

t cl 

'..:le al. 
pzo 

1 .. 1-1 b:' + b� + l� t :1.4" s(-lJ l6 .12028 .t0667 

Sins vi th1a blocD t. � + b� -+ \:It,� IT .10757 
J)au wi blocb L � + 6� + Qb1 'J1 .06486 

Sift X 1 "rani L �-+ 6� 31 .0524' 

14l&l )L � 140 .<Mm 

,,2 4b� 2 
.32 ! .10 .t4 ! .08 - 1a.1ft -

81 ... 1,"w + �+t:; +� +1,� 
2 + + 
.. 

.. .ar - .at ."  - .10 

hl.!-rib lYsis 

Be pro,.m. •• .. , 6� + bb� f ., .22220 . 1 53 

wtthiD pro Ili •• 5M � 210 .05610 .05010 

1a2 J..1:,l b,2 : . + + 
.. e .. - .1  • .51 - .1. "bi'W + -gtp 

J!em!!lon !!!!:lx!la (14 pr �f tellal •• and 6 __ 1 .. ) 

,,2 .. aw ... h2 + - .26 - .05 

.in h2 + 
re .. ,.04 - .04 

Lj._. 1'1 tabili!.l: 11.1• (55 pupae ho .. Pl'OapecttYe .. fIooa tU .... 
1 ) 

1'--.1. ab 

'112 d.{ 6s -+ A:b.J 2 
.18 .41 .. .. 

IlS -+ A)) + b.F 
2 

.10 .29 Ilacnrawucl .. 

BpliHd heritability : !eeption 1 ( 01 12 repe, each of 32 ) 

h2 lec110n r •• 2 
.. 

1apwar4 
.. .A) .4' 

.. lection 41ffer aa'tial 2 - .02 -.CM 

( 2 
.21 . • 20 ) -

......... 

Qee"!. 1 t 6 
2 

.2 .%'1 .. 

h2 - .04 .04 

( 2 .16 .1'5 ) • a ....... 



!Itlf .... lb !D!lY!l! 
blocb 30 

Sirea vi thin blocb 31 

DuIa Yi tbiD blocu 31 
1N X DIa iDteraetiOD 31 

lu1dual 620 

b
2 
IIin • 

.2 
CIa -

1talJr!1!t !D!l:pi! 
BetwHA propnin 92 

VitMII ....n .. 4165 

h2 -
........ s1oD -...lnlo. 

narr. OD daa .2 -npo.. OIl alN 
.2 -

!ftU,Hd hftit&b1l1S 

.. 2 � -
2 hc10wDward -

( .2 -awnp 

: !!D!J;a»-- " t4. 18 
.2 upn.r4 • 

2 ha...az.d -

( )a2 -
awrap 

!'able 19, (OcnrtiDuM) 

.ale 
1'"'" PI'OI� 

1 1 .5413' 1 .t0167 
.26000 .28645 
.27323 .29032 

.10839 .16)23 

I .� .07469 

+ + 
.32 - .10 .28 - .to 

+ . + 
• 35 - .11 .29 - .11 

.5(4)' .45196 

.05882 .05465 
+ 1 .12 - .09 

+ 1 .10 - .09 

(62 progeDl .. ) 

I + .7.8 - .ar 

+ .41 - .Cfl 

(6 ftP) 

-.91 -.81 I 
... .68 I 

-.13 -.(6 ) 

1 -.1. -.13 I 
.2. .15 I 
.05 .01 ) 

22 
2) 
23 

23 
460 

" 
295 

r-al • ale 

.3: 

.056;y. .' 

.0'143' .' 

.10565 .0870 

.04274 .mm 

+ • -.31 - .Of -.)0 - .14 
+ + 

-..18 - .04 -.19 � • 

.278tO .251" 

.05020 .04481 
+ 

.86 - .'2 . 

(46 propai .. , 

I + .21, - .08 
+ .rr - .oa I 

(6 npe) 

-.32 -. 

.%1 .10 

( -.02  .(1 )  

I A .en 

.06 .03 

( .04 .05 ) 



are .1 .... i. fable 19. Al. 

, . --,..-. 

nad • it ... i. 

neulta tor GtuR ... t.iona 1 18  
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• of Ilftt 111 

la 

la 

..trice o� 1IaD� (196) t 

-
aiftll. thie ai U ari ... bMaw.. the 

le 19 al. c De the reali .. hen 111 to7 

l '  

to 1 ' . the ftaut ta actina " • ""..,.IIMl- MWmGlliUte wi tb which to ClOllpaft 

aIIoYe eni to .  

!he ODly other Cl t.e to .... before ...... nna 'the Haul tII .... tint17 

tbat. iD the balt.ib aualyaia aUaat.e of ""b 2 (�loc1&a ClClllJlOMD 

of ..-.r1ance) can be obtaiDad tn. IlUbtnotiOll 01 .1 • aiftll-ooWi thiD-blocb 

abili. foNQ).a. Seeowlly the 'ftl .. liftD tor naliMCl beritabiUty a� 

o.-rat.ion 1 aDd Gnen.t.tcma 1 t. ' aN  obtaiDeC1 by' awnctDa the reaulu hoII 

2 boih hP;y and Lt&" populat.l • PO%" 8u.pl., h � iD the table ia the 

Man Yal\18 for 2 la the MiD liDe ot the IIeaYy popul.aU aD4 .. t.rol 1laa 

of ibe Ligbt. populatiODI aDd h2c1ow8ud ie the .... ... lue tor .. 2 la the aaa1 

liDe t the Light. ,opu1&tl aDd 

!he tol1ovf.s1a Cl 

Coartrol 111. � he BeMy populati • 

(1 ) Bea1iMCl uri tabill tyl !bere ta a tall � wlue be.. 0. tiOD t 



la 

IJNII 

- 1 21  -

la W4"'U't. ..... UtID..ati_ 1 to 6 

1 3  18 la Liabt. palet! • 

t .. l .. U bu eau  ... 

e. 

!tuiU,. to Idl appree.-

populat!OD 

to \hat ot • nall..a h_tiabilt. ta 

of thMe four 'Rluu Sa ftZ7 atallR 

ao it -.y be accep1ie4 (tctati .. � 

latter .. u.ate i. 010 .. to HrO iD both 

2 
ftlue of h - 0 in the l.to .... c .... . ud tide ocnr ooma 

with the l"MliH4 ftlue. But iD tM BeaV popa).aUOD the olosene.a of all fGur 

•• tilDatea to the -.alae b 2 - .30 ..at be couia.n4 to Oftft'Ul. .. excu.e that 

fte poaaibl. naaou tor thU �uaa.a fatlun will be ooui,ctend ahortq la 
relation to the criber aystema of pnc1ictiOl'l ibat foll_. 

(3 ) hllaib �., Pullai . .. tla .... of pncU.ct.4 heritability aft mueh 

too h1ab iD tU ..... pop&lat.ion aDd they aotual17 increase rro. Wa to th. 



'pala�l " • la __ b:l1.e -.1 to. ... popula�l 

ftJ .. lDl. Sa ,_ ot C.ballltt r... Qam,oaUoa t 

HAll .. Wttabtl1 
.lb ' 1,..1. o ••• nt. . " 

__ I. �17 WOI'1bl .. 

(4) ftanPl.lW ........ J1OD 

la .. __ populat 

• 

P"4lotiGD PDI�". 

(,) In 

lylJUt 
1'labl11V va1 

tt. be MC*P'I ... · that tall-
a 1.aqe u 

. . 

• •  

froIt the ua1� 

UllNllabl. ,. 

population utia.tH ot pndieW Iaeri Uita' ... oIItaSM4 b,r baltdb aDalyaie. 

Nlelb � t-ottapaolDc npeui 3'IIl., ud they '" W27 

a'.UU' •• u.. .. to ODe thel·. III the pNlleIlt experiment 'the eattatea fna 

ta11aib analysis aft coaai.to,"� hiahor the othen.. !hie u� Wu 

coal. be to .. of a � of '&cioN ,  such ea inaua aDCl eplri&tio 

Wrriaao., aa4 �lanc. due to GlWi aod t.maJ. eft' .. ta to Ml-

. ail) lit1eft .tc. Pariicularly 1. there etric1enee tor _terual ett __ • It 
Idgb� perbaplt _ 00 14vec1 ... the . la.,vtDg habi 01 'fIt!bol!'  � .. atDSaS .. 

the .... t of :tic iDtl..... that. a dBIII could haft u her PJ'OPD7. but. 

ill tac .. conaiclenbl . ... na! stfects &N ncoried by Btair (1962) for the 

ehanotft' ot lU"t'&l _tght iD lJibol • aDd b7 (1965) tor the ebanetft 

of a .... 1o..-eow _.. 1'b.ere is eY14enee ot .. abltlar tunal et.teet tor t.be 

ebanoter 01 pupal. vwiab"t iD the pres.nt experi.-'t. .... m.4..c. ia i.be ob-

.. �ti tha� ill all t.bree populatio 

� pnpq ... 1",,, wtah' 
",,"aMd aiN -J.aht. 

a.nal7aa4 , the eoerti.l :t. of np' ... ioa 

ater in lu than tbai fd p� wlCh" 

s140D (1963) would probably cou14_ or f.rapol'te.DH the tu .. .... ab. a 



- 12) -

....... .... _"io of 'ftriaDo_ .. .  .. 01 .. ... · .. 01 ..... 

.... popalaU to ........ Uoa 1 la the Li 

ftd .... .. a MtIn. ot apwurd. bl ... 

• pi .... l.. Miller .I1 ti,. ,  (196') olaia '&bat • nUo ot IntenGtioa ftri • 

to pbnot.ypi_ wri ... 1. not after all a wry UMtul in4i tor of 

.a4iti:" .-1.10 ftftuce. Por naaple 11. 1nel _ ... the 'ia�l 

be ___ __ mal enri 01 tU puent ..a a-o'ne ot tb. pr�. 

8oal • .tt.tIt an not upeotec1 to be a _jor eatIN of aD7 4l .. � 

.. al. ball � 11 tU. iDtlueDOe OD realiHC1 beri tabill ty becau .. 11. -"_1.8 the 

�ator ( .. I_U .. ft,8pODH) Md clao.t.aa1.or ( .. leotloa clitfenDtlal ) b.Y al80ri 

1Iowwe1', a ldapl. _--tloal. ......... . bOa that Hal • •  tteou 

will blaa apIfUU ihe Hti._. of hut tabill 1.7 ,.... puent-Oft_priua ..... wi. 

1t the Mall ".lab' ot ott8pl"ina •• H4a t.be .... _ICht ot parODte . 

tbie ....... ' prooH4a .. toll._ ( nppl1ecl by Pro,. .... A.L. -h 

All-... X ,  • obHrIati_ OD i tb pareDt 

1'1 • obNI •• Uon - oU.pri .t i t.h panD' 
Let jJ-p .... ftlue of pareate 

!Pi be 4eY1aU .. hoII Man cb:ae to a44i 1.1 .. .... acti .. 

E:
pl N Nllil4011 deri.ti 

let r-G ' � oi '  £01 ba ... _ia1lar __ hac for ott.priDe. 

Iba it ett_w bo pMU. � an 8UlUpU U .... 11. 

,be writ1.on "" X i  • 
e..(� � Sri. -to E.f\. ) 

• e..:f .  e.�(>i. -1- €opt. ) 



difter. 

"low. 

ID 

either f 
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a lau .. n 

.� - " 
p 

• )I �pi + 11 €. 

'It • M + It 901 + Mo �1 
(re eu1 Id off.pr OD 

• l M  !la � Mt (bS·� 
• j �6P; I ��+ baf) 

a b1aa 1. it ".tab 

111 • ".1 u for the three populati 

1)0:0. 
(Qeu 0) 

". " ( ) 
-.le 2.16 

MIle 2.(1'( 

MaD isht 2.09 

of on.pr1Da 

U' analysis .... ai 

tt '" 
D 1 8) (Gea f8) 

2.74 1 .44 

2.57 1 .36 

3.20 t .  

-- po taU the p Dy' MaD dOH DO� 41tfer . '"" trGe 
h. " eo o b1u trc. 110&1. eftecta cl be es.pected. 

ia cGl1.1.teD�1T 

abo .... this ut4 

ible tor • o� heritUiUti_ 
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�1JN1I .. :iOD aoalyaia .t GVUIII,�ti 1 • 

..... acu..i .. ll'IIDa'Ho 'W'&ri • ma1.,ral. .n ... ana 

a on 1 17 eau... of bi.. 1a pndiCl,.b18 tb4t i tabili t a� OIbLM'll .... 

U 1 

en • 

� t. """.- .. o:Uter eau_ .. well. 

t. i • 

that UDd.1'II0IMt .. lecti 6 1  

... p saur .. &Dd etteota build which � 

ar:t&l7e:t. .. 

(6) LtMU' heritability anal,..i.. !hie _�hDd has .  "NfUlly 

, there viiI be an ..,...trical fI'oII '" population. 

ab801ute Wlluea of th1a pn4icted naponae .. iD the rea1 of real! 

without bein o.aoUy aia1lar to iMa. Aa aplainoc1 earli8l' the author �_G. 
t be .-.peatre4 la the Li t an4 Rea.." popqlatl 

it 1. obrioua that the � .1plt1c t be locka an Ifq .t 

G4muatlOD 1 8  wou14 hiN pnl'4a � liDHI' hel'itabUlty .. ti_tu by .,..,. I 

Aa it opera iD the baR populatioa howe,w, the liDea.r heritability 

analyai. ie 6 bnter ..thod of pntini -dinct.ioDa1 reaponae to • leri1 

tbul ie the tho4 of ftriu," lyeie. • 'a co� 't!l. �tmCluai 

reached by Bhat (1965 ) ,  iD wboH eEpftlMnt. the liaear heritabilif,y ent.ate 
oscee4ecl bot.b 

coll8ictenbl. 

The 8UCCe88 acMend at pNClietiDa heri tabU! ty iD thl. aperiMut "t'ariec1 

idft 1,. vi the 'thocl uod aD4 MJ'atiOD tested, but OIl the whole it 

..,.. proMb17 uot quit.. ... . ..atul as �. pred1otiou ... ported by ( 1965) . 
VoaiDe with a a1allar aeleotiOll cbarac .... 4 .... 10 n la !ri.bol1 , 

IlavSOD appUed acme of tho _tbo4a WIed hen aa4 not uaed here. tile lat.ter 

auall7 i.DYolftDa iabn4 It.II... Ra foUDd t pre41et.iOJJll vere often accurate 

.... r shon-t.ra p4tri048 ( 7  eratiou) but IIOnly lDaccura_ 0 .. 10 .... 
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I*'lola (13 "Den ) .  A -.iD cmM � thia to 
1.... :W 0."1 ..-i populatt-. of 

DGI ..... lI41tl .... 1 .... 6180 ata (t963) " a � NU' 

deal vith 

rea •• 

BUJ!2J!� to  
� � .  OIlel"OVlt.Y .. leotion ttX]�.r:u..IB�, • 

.. it.nlf • be-." pJ.'ed:1 t,  -r 01 rttt;..-. 

Pftaen-� an al.o -t.akea thi. a-ttt'Wd , 

• abtU. '8 01 & t�.1 
UDrCMIh ts PU'UcwarlJf �t.. iD the pr._n:t; vb 

abon , t ritability .... .. tea 

pndict.abill ty would be even Poorft' ibaI'l i .. ac l� "'" il the npllcatiOll. ha4 

Men c ai4ere4 iDdi'9i ll". ID -the "ion below they are in .fleef; ceDllicJ.erK 
individually GDCl .. thia ia • 1IUC moro mee.ninatul test of pre4icte.bili�. 



nepos ... iJ 01 

dltt.natiel . 

data :requlnd 

cJUterentiAl ri11 ha'ft 

wn1i"t.bWhll. abaol 

is 

. -

•• 

l. - .. 1ect1 
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&sun iQ, .. lecti 

le W "�U&lly ..... un � 

PI'Ocua of ... MIJIUW 

• to 

if • will • 

iit roIa 

di.tr.lbuti n. Both or theau .�ro .... are NCluce4 u the .ize of ... p1e and 

eaDnot contribute t1) mea.auring tb ... errors ..  0\.tI'Cd ot poor prediotatd1U.,. 

pulaU-oa in V91ght 

� of the se1 ti a 41t1erential has 

occaaiolUJ 1 t could be c1irecio17 uUl'tI4 rather 

111 tb! thou - on all 



llR"'. w111 

t tirtl1�IAOI:'&'t1 

.. atP8WY 
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t , 

'�,q ... _ la 

paired ftluea (ODe per replicatio ) ,  to 

rnponae of a a1'ftD period lIIYol 

ftSpoIlS. (x) of tha� period vitb it. 

la tum. !hen the oo,"laU eocdfieienlo ( .. ) i. calculated .. 

r • 

It 

atep 

if 

nplic tt 

y, 

.. 01 ilq (1 959) tor (0-.2) - .. -...e of treecloa. 'the .05 ( .01 )  1 ..... 18 01 

slpitlc 

Por all dftta ill the table, Control _1 __ 

ha .. heeD &W, ..... , ........... lDto the fl�· tion ... apo.nae (all vall .. iuto 

reapctlUle) ot,he..nd e the .,..teet of a f1 �tl_ iD. t1M ellW'UoJaent could iaflueu 

tM reaulta too aach <mtI' a single aeaer tior& of napGiDM. 

culatl tJ:da __ po • 



Jab1. 20s Cone1atioa brivHn ti"�tlO1l .,.� 

GeneaUooa t 1 to t 

1" -1 -- ' " , ., 1 - ' -
13 1 

1" I it 

JP (Iia .. t • MU - IV' "8ft •• lOA) I .<1129 l .om 1 -04 1 ·068T I .cutl ·1&1°O)tl l _otM , .. " 
'It (fir" , ...., - ...,. toW/6) .0729 .oeo1 •• 22 .0681 .0620 .10 .OS" . .ot'IJ •• t7 I 
r (tu.' • .,..,....lon ooet'licl-') I 
r (tint . __ - by ","UiOD) 

" (til' •• t __ - ..., total/6) 

I' (Iirat I ....... icm oo-'lid.-) 

t 
•

• 08 1 I ... " 

.�. 1 .0441 I .82 1 .0446 

.�14 I .04'5 I .M I .0rM6 

• os 
-.6S 

I 1-.061 I I··� I 

.Ot "  

1 I .ct,' .M 

.. 

-. 

• a 
• 
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.m ... 'a 

period .......,u ... 01 _lOIa -

lift' .. 

t. WMI4. y 
1Iai. 

le 

b .... '. 

ftmOUUl;p eri.deI" that wi 

floOII tun aeJl��u.c. 

Wa. 

ate of r.8-.... �- padaall7 1&11. 

of 

'!be oorr.l.U01l "WeeD tin�ratlO1l naponM and ....... _iOD coeffto' at 

conaietnUT ba8 • neptl" s1 • thi. IMtaDS that ta. higher 1. tot.. n.ponH 

a't the st.arlt of .. p4trl_ ... taa-te it. tails off t1urina the period. t'b1. COD-

clua1 aecO"Na with atic 
Yariabill�y 10 • population affecta i the way both the aao t ot Ha .. 

.. 1_t1ou aDd. the rate at which thls r •• ponee tall. ott. Rov ••• , 

the absolute ftlu .. ot th ... 

below the aip1ticance l ... la 01 .,81 ( .92) to ha" any prediot1" 1ue. 

total lIIpr •• aio of reeult.a in 'fable 20 ia 4e a... in 

particularly in 1_ trndence tbat .... vb Control 'ftl'iat.ion is 
.. lectioa .... po • at &I\Y on • •  _rati_ i. a poor p�c'tor 0, 

into 

p. - either an J& a aoo4 conelatl0 beY:MIINlft 
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tin ......... "_ N • aD4 later ... but the ..... aperiMd COUld 

not detect i�. 01' alterDatift17 oor:relatlcm exisb. .i&Utift .-."io 

:\ later reanoll_ will M le .. tl�Uo. H-P'IIIUI .. , 

.. it waa iD ' le 20, but tlWI bl .. ahou14 not. aft.,... t.Iw cCd'MlatlO1l co-

etticieDt. SiDe . ... tic : tJiee'ore aM .".....tl7 ot to bu.. fOft 

pOor correl tlO11 (80114 .... wry ...u1 f1_ 111 .. �) 
lti appeara likely tllat. fiuctuatlOllll ot Naponae -.y be ftspoutble. PunbeJ'l­

ao� .  aince theM flvotuationa .... tb h'e" cauucl b7 enri t. tie 

drift and tlUlpliog error ato . vM are all faotora able to be cout.nlle4 by 

low correlattou obtaine4. PeJohapa there were t.oo few replications. perbapa 

each replicatioo bad too t. aai.al.. !bi. bypotbHia ia bl'nstlpte4 In the 

!yale that. fo11on , by Hparat1Dg out a oau_ ot tluct.uatl aDd ........ 

i their etteotal OD the �ellulu. It 1. adII1ttea that the analyei. ia 'fIU"Y 

li.1 .. 4 but it doe. «1" the author 80. uacteratand1ug ot the pool" correlat.tona .  

'l'he .. i.hod ot analyai. i a  illuatratM in detail tor the reapoa. period of 

OeneratiOl18 1 to 6 iD the Hea..y popW.aticm. In thi. perlod then are the uaual 

.is NplicatioD8 ud each contaiDa an upvani a.lectio l1ne and a downvarcl 

Control line. that i. tvelft linea ltoget.hu. 1'01' each ot t.heA twel". line. 

the author oalcul&ted the fiHt-ogenen. tion ft8ponaa aDd the reapoue trt'ft 

all ab puerationa. then oalculatecl the c1iacnpaDCY betwwen the two. The 

..-al.uea of thes. cliacnpanciH &re ,1 ... below Un ... Pft pupae) . 

.. leotion upwards . 

downward (CoDt1"01 ) 

a.p 1 1. .1 .t .1 .l 
-.14  +.02 +.30 -.04 +.04 +.11 

+.1 2  -.07 -.12 +.04 -.08 -.01 

!he • ..,..... 81" ttt t.b ... deT1at.lou (di .... p.r41Dg the .1p) 1 • •  102 aD4 their 

st&n4&rd deri.aUOIl 1 • •  1 30  (which i. a sun ot their range) .  SiDee the 
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-- � cturiIIa ibt. __ peri . ... 0Dl7 .0601 , ... ........ or 

Ori.Uon aN bo "J'Y 1up t....... la ibt. .... tid�l 

nil i • •  � poo p.nclietor ot .... Bot that .. 

... of It. Ita Co \1 .... a'm the ma�l 

aft oaloulawa. 

.." .l .1 .t 1 i 
-.01 -.02 +.09 .00 -.02 +.05 

aad tu ___ ai •• of th_ la .031 ( u .tanaal'4 UriaU .. uat. .(44) .  
ttd. u • IaICb ...nu pere_ .... ot the __ the author oonteD48 that 

thl. ruul t be lDter:pNtect :ua .... i . . ... ry conaid.rable iIqnoo� 

iD pJN41c hUi ty it �ta1 aoure_ of error aN oaten4 tor b.Y aD 

act.qua_ Control. 

uppoH llOW' iDatea.tt that the upwaI'd aDd 40VDVU'd (Cozrtrol) Unea an left 

aeparate but tba� withiD each one the nspoaaea of all at.a replicatio_ are 

••• raaed , betOft the 4eriati0D8 are calcul.tect. !he .. c1Arftatiou voul4 be 

upnrcl +.06 

� -.03 

.ad 'th • •  .......,. 4wiati01l ia .04' (naaaa. cleriat.iOD equal • • (62) . 1'h1a la 

... iD • an.t nctuctt OD the orlgiual. dlacnpaDC)" aliHmt. th«'M;ap a1igbt17 1_ 

iapr..... ..... by the COI'NCtioa tor CaoWol.. !hi. nault ...... to th. 

author that cornlat.t ..,. .... D tlra�tlO1l aDd aaeaD napouau woula 

probably ha.,. higher it l.u'ger popula�iou bad been used, thouab It t 

pool1tta of .is. nplicatiooa tor tlda ualyaia abaft ia Dri 

ucuaaril)' -a,uiw.leDt � a alual. pepul .. tiOD eis u..a the aise of -.cb one • 

• iDa11y, nppoa. that the l"HpODMa of all ... 1 ... linea are a .. ra betoft 

the ....... UOD ill oalculatect be ..... tlr�tiOD u4 Mall. !hia 4eYiatiOD 
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hi. iD �tatiOD of 

� coaoluaiou ..... -.et. t.be ... _qaia .. appll .. to eeeh of 

r-.ioiDc perlo4a of .. 1 tiOD. Ibe "'8ult. an CGDtajDed iD fable 2'1 .  

IDol tile ft1 ot period 

anot .... 

!HIe 21, J)18CnpulOy be 

1 to 6 1 to 1 2  1 )  to 1 8  

.0620 .0172 

-.rap �ftJ'a .. A.erace 
c1l8erep. 8.D. �rep. S.D. ctiacrep. S .J). 

CODi?Ol _4 IN boih pooled: .102 .130 .103 . 1 27  .075 .098 
Coatrol pool... re,- unpoolecl .031 .044 .022 .031 .0)) .031 

Coot1-o1 UIr,POOle4. Npa pooled .045 .062 .021 e.O)() .041 .068 
Control aDd "pt both pooled .01 3 .fXYI .01' 

Wet 2!e!lati,!! 
... .... poDM .0438 .0494 .01 36 

"'1'., ,werage .ftrap 
die.rep.. 8 .D. �aorep. 8 .1). c1iacrep. .D. 

Control Md reps both unpoolecl .055 .. 070 .096 . 1 3) .042 .050 
CooUol pooled. re,. unpoelea .01 3 .01 5 .062 .083 .03·1 .031 

Control _pool_. rep. poolecl .012 .01 8 .008 .01 1 .02) .033 

Control and .. pa both pooled .009 .002 . .019 
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lJa &11 cu. tM --rap d1ecnpa1lq and ita at.aN1ud cteria'tiOD an ar._. 

thaD the _ 1 tnlt U the "pt! UOIUf .. __ tea separately ( 1.) u4 

tl' Con'tn18 an u.o 'W aapara q tr. the .ua .. lenloo line •• 
M �ter. 1 aata ta i orpoft 

(poo1.a) bel • aDd equally eo tU ala "pl' :ti la direetiOD 

an pool bet'o • It both ot t.h • ta;ska are oarri.a to .,.to tbeD 

.... is e"ftD furt!lft UlpI'O'WemeDt. !'be ..,..... diltCl'epaDOy which ine4 ... 

'\hi. lut .... 'ftorietl tJ:ooa .,c to 1_ t the __ ft.pon ... aacl 1. raaiDdft' 

U oubtedly oaue4 parily by genetic tre48 ana partly � flue ti which 

ha .... Dot been coapltttely catend tU'. !be ... lati:n laportance of th ••• two 

tOJ'C •• , dil'"ticma1 &Dd JlODoooCliNCt.ioDal , i. giftD iD 'igun 9 in which th. re­

pe •• ioa liM i8 filOWD 11 tte4 to tile ...... of I'Hponae _l .. s. SometiMa the 

11 al PH tl'Gll. ·tha period __ tcnrar4a tbe tir ......... tiOll w.lue, tor __ pI. 

in the periocl eO'ftriac Generatiou 1 to 6 of ill. BeaV popdation. ID .uch 

cu.. the dmatiOD heW... tiNt-generation and meaD ia cauMd part,ly by t.reD4a 

of tallina nBpOnae . But a't oth.r t.i .. _ 'Ule nare.aiOll liM elope. away trGa 

the lira-t-geD J'ation .,.1u. (tor example in period 2 )  an4 in tb ••• c .... the 

c1ft'iatlon cumot be uplaiuecl by auch � .  It i a  obrioWl that. where the 

.1ope ot ngre.aioa liDe doe. not explain all 4mationa,. th.u th ••• dfli.aticma 

are apparently caused by fluctuations ot "apona.. !hia meaua that deapi te the 

pooliDc ot responsea bOIl all .ix replieatiOlltl and Control. the populatiOD 

CUTiect waa not big enoQ8b to ..u th ... nuctuatiou aaiaaporiaDt .. 



Fig 9 :  FW CT UAT IONS AND T R E NDS 
OF R E SPO NS E 

re s p o ns (l 
( I n  mg�) 

.08 

.06 

.04 

.02 

.06 

It 

.04 

.00 

l--teav y Popu l at i o n  

1 st 2nd 3rd 4th 
9'iln (I rations 

P E�IOD 3 (g(lns 13-18) 

popul ation  
1 

5th 6th 



"1 01 

- 1 " -

•• 11 

.", the aublNIP"" .... pon ... _1 ua. A Wl:l:14V of 
ftgun 1 COl .. 

laU . 4vri1J8 

"A'I�l_ '" ft'r7 little 

lllli of _� 
t .. fUrihw plec. of 

ftie DIf"I�IBG]lOlll tb8o� ie baNd 

b7 BAlIertlWm ( 1960) 1 t en1lllla$AM 

_1.. ��IJIIII ftllPOIlUIe obiaiuec1 • i�. 
uoad of ti .... , .... reDlts'atiOD ftifpODM. '!he llaWlU'Il�t;JD 18 onl,. appro:d. 

u4 at applt .. 0D17 We produet ot R. (et ation alae) 
i (_1eetion iateut1ty) la 1-. , Q :t.1y Do1Hft!'UotnIft 

how low. 1Jl the teat ot la tileo17 CUT . out below tU _1 ot lilli� 

.... . � the o� neb ,.104, that ie the npltoatio .... ot 
0 , 6 .-ad 12..  In each ot the tImn et 

ia bble 22 tor the 18. 12 8Dl 6 ratio of 

.. lM'tiOll iPol"N4. According to BoberisoDt. 't.Uory thb ntio ahoul4 ha.,. .. 

.. lae of 2If " ,  tID4 alaee . .... � bND .. tiaatea •• 4.7 iD 'the HeaV • • 

pepalaUoa 6.4 ill the Licht populatlcm • � n.U� aft .... pecUftl7 
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. ,.t 1 2  .. 1., . 

Replica," 1 

2 

) 

4 

, 

!ftZ'&P ratio 
pre4ictt.d ratio 

plication 1 

2 

, 

4 

t10 1r.8S 

,"0 of '\"01ial r&8 

1 to t 

_· I�· I _Uo 
1 .02 .rn " ,1 

.16 .03 28 .. 1 

1 .)3 .12 10.9 

1.46 .08 11.7 

1 .05 .04 26.2 

1 .14 • 10 1 .. 

1 8.2 

9.5 

.36 .03 1 3. 1  

.45 .06 1.8 

.1 3 .05 2.7 

.n .08 ... , 

'(01" 8) .48 .. ' .. 6 

6 .1 ' .01 1 ,0 

� ra'Uo 8.1 

pndio-tecl ratio 12.8 

ft� tio 
• 

• _ tira U ft8pon .. 

1 ta t) to t. 

=1=1 raU �� ra'Uo 

,"v P!J!!l.U .. .06 ' 6.2 .rn .03 2.6 

.AD _Ott 9.' .15 .05 3.0 

.82 .12 6.9 .06 .02 2.6 

.70 .09 7.4 .29 .01 24.6 

•• 1 .ur 5.9 -.Of .05 -0.1 

,..-r .02 23,' .14 .02 6 6  

9.9 6-.'(7.9 

9.5 9.5 

Yqht Eft9l!ti 
.46 18.6 .19 .05 3.1 

.32 -21 .3 .10 .ar 1 .6 

,11  2.6 .03 .04 0.9 

.rr 5.2 .14 .ar 20.1 

.29 -7.8 .01 .05 1 .4 

.26 .2t 1 .14 -.02 - 6 

-0.2(6.9 3.8(5.1 

t 2.8 12.8 
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_caatoaa tIw aerace .... "to baa bHD ,lwn _ al_ ... tl .... w.lue 

ia kat.. N. alteraat.tw nprue u tU ftJ.ue obtaiue4 __ all Dep"t ... 

n.t.i .. om. floc. the aft • !be author oOD8iderecl that .ince eMh 

rat.loa � repJraHD ......... _1ue of .. 1-'ioD ill Wo 

41recti0Jl8 . ft1 ill fttically iIIpouibl. ua aaat be 

to wifbiDl or ina 4tft'QI' could theft!" be 'We Ron'ftr, .� 

Z' -iBiDe ratioe IIIiIht othezovise be claimed "to Neei ... a poet t1 bi.. the 

...... rap ratio baa bMn oalculated by both M'tboU .  

It ia inWna-ting to no_. but. 4iftioult to uplatn wb.Y' .  the ...,.... ntio 

c:lec:ftaHa .. t: .. lec:ti DHI'8 ita a •• 

ia C01lsiet.red to be .,.. � .. ta tha-" naIl .. ana pntioted ra�i_ ue 

or a aOllabl,. aillil&1' order tbroughCMd tha table.. A poaaible ftMOD ror 

the realised ... "10 to be ... 'tu tban precliet.a in the !lea..,. populatiOD 1_ 
than predicted in ... Light population, li •• iD � .rt.ot. ot ""'.U7 ()ft toM 

method ot c&lculotiQg f'irat.-genaratioa naponn. In both pcpW.at.!ou t.lde 

..,...try eft_t ia bataiaea 1D the llain •• lection liDH but by tncorpo�tiq 

� Control it ia ___ lled. out of the t1rat-geuerattOll reaponae ;  tharetore it. 

b� the �nt of "total raspona." but not that ot fttirst-genwa.ttOll 

retlpoD.... • !he .ffeci. ot ibitJ biu ia to inoreaae the ratio above preclici.e4 

va1 iD the IJ � popul tlOD aDd etacreaae it below predicted ftlwt in the Light 
population, uactly .. the table ahowa. 
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UI_ iato ace tboH pNtio Clil .... _11 .. ...,.. -17 tna Ml-

al" ..... l.7al. aDd boa npnalon of off8prillc " be aplai 

with qui- .. 1 .... 1. fti of U". �tc MU • I't cl .. A1N! .... 

pM_. iD • popalaU . ... he ooala __ aeaVJ. �l fOl' .. up .. a 

btu t l't • aDd nb:r Mtll pn41 '  the bet tabl11 V with naaoaable 
�. Bd tbia la a _" .... to be 4eten1De4 by the "-lu. luUDc of 

the bne4_. 

!be naul w of 'Wa aeeoac1 ACtion of the thee1. titter allsh"l,. ,.... tho .. 

ot Idea (1963) but. the ,enen1 oODClusiou 1NUlc1 be .. 811111.... a.'-r.r1D8 

to hi8 ettorta to pnato' .. lecrt4oD napcmM tro. a 2 atft - 2 ... blook ..,. ... 

of diall.l ual,ai. She! . eonolad .. .... ,\ - -ID pneral . _libe1" "h .... 

popula'tlG1l DOl' later � pnc110Wd a4 uate17 the aubaequen't .. leeti 

napouea- (,... 490) .  

It ..... ...... 1. to 00M1 

heri ll1ty ot Z'UpODM ... DOt pnelae1y .. curate, iD • baae populaU-. 

lIOrily b8au .. tu _tlloc1a o� eater tor: all d '\he DGD ... aaittw ..... UO 

propeni •• of a populattoa. Por ... pt_ they oamao't cater t01" ..,...trica1 

raponaea. !b1 . ..... _ thd the p...aJ.oti4D ayneu vhtch 'tf01Ilcl be .n Ubly 
to H4 would .. thoae 0 nla'tlua -a" e10Nly to tz. aotual pr • ot 
_leet1 • .lbplaaalp·. � of 11 __ heritabi11. aaalyeia otte.8 Cl 14eJt-
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of 

aleo 

fi"�UOD NIIpoa.M ___ 18 .-.uo ......... ..., at ... 14Y ,.. ..... ... 

al80 .. .,...loa ......... t1e to OI*M'U.I 

• 

woul4 ... alltly ha.,. bHa hi .... It .. n npl:laaUou ba4 bHD eurie4 ... .... 

ant.l . ... 1 ..... iD MOh _. ID otbeJt wo2da. aaapliaa ......,.. iD all ..... 'Ueaa 

nUoD lu-1f. 

the ft_ a'\ which It fall. 

off - tJda 

.... poDM aDd "," .. loa coel'ticien'\. BlIt 0DIIttt ap1D a .iplflcant OOl'NlatlO1l 

woul4 appMa' to 4eptDd on 1 ..... populaUcma aa4 ".,86tH np11cratlon WN 
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... ilaenton ... ..aUeaU7 It PI'O�" 
... the ft.lft fw .... U • • ...... & tltdtaWu:v etteot of Id" :� 

. pal.,"-
...... 'the ... liUl11_ .... . al� ... l .. woaJ4 .. ........ , . " 

. apeet •• la 

la IMIIIbezo ot 1001, noGIIIM_U 1n4a, type .t ... _:'tOIl ... an4 of coune. 

eel .. "1_ lateaal..,.. !he ft8pODlle la ... .... l¥ ...... U- 01 _leoti_ aappoftecl 

'l'811Ult;. of �. tbat � _le.etl pnaue .. the pea� "apoDM. 

All the PI'OP -. oooU....a ho1twu, W. _perleri. was pa&al17 naua.a ... 

• ...u_ .....nual1,. zoweHCl. !bueatte tile ..... n ... " popala'W. 

he. tM 1 ... 1. .. •• 1Htioa .,..tea. !M Il\1ItMr of aenentiou 

illeH at.al.-tloll eapuow.m.a ihue� ecoori pnenl17 v1� poetic tbeR7, 

al thouP auoh at..l1&t1oaa caD J.'leftr be claiMd to 1'epftMD� the c0llP1ez .ta,-

eo ,. tUb a !up (aDd .urprtaiDa) pp 

11 .. - to apply 'lb . .... 0411 of analp-
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Lipt ODU. ...._ .. 
-�--. t. 

_..,;.c .. �. 

C O N T R O L 
- - - - - - - - - - - - -

1II __ 1ti. .. - 8t.nDa. Mo4ezaie, .. 

...... Wa put ... DCtt � ... ___ 

It ... COGt&l- 1IU'IIl8 tor 

1ato equal 

�.n .. DO .. 1_,"011 ..a. for It.pm 1UI;JMt iD w.a aperilaeDt but, -

.. 1.'1_ 1.... wn � � ihe .aiD 

ri-

• 



iIIc ............ 

- ,., -

K ........ 01 .. popalati 2CJO t-.l4t 200 .al. pap .. 

A fttV .r -uw.1aa WH ." ........ . 

e1 .. 1JW:.t 

at.uW4. aM f.'na .. 

. .. 

1111*'0.1;" It.., 

·� - lIriac  f'na .. bz . ..... tilt . .... ua ... 

Co :bol ". t. ..  � w1&h- woala la Q thne 

IbM ..tt.r .. few tl ., ttelect1 J it -.oul4 .... t be .Sailer 

to ... iD .. tter. of ...u aDc1 aat.un1 _leoti_. tId. a.p1a1u _ la 

.'pn 10 the CClD1.wo1 .. ipt ia hi .... tbaD .. of _lee ..... U- tor .. 

ft1rJ' ahori u... 

!be CooWol population 4eeor1becl aboft • -.r17 c1Ut.ra iD _tun ft'aa ibat 

u..a iD t.be .... 11411' Gpel''--t_ Beeaue of the .... ocl of aub4iY14J.Da ... total 

r.. e aDd beeauH of \be lat appr !ft 1 . ..  0D4 � •• tId. 

MW typ. of Coa'bol .. ...... e4. I" woala DOt be .. nU.able .. the pnftOB 

ODe bMauM i t  ..... eat. f. all thrM __ .. ta - 8 • MM _. Weak. 

Bel .. 1t could • MUl the cliet... of � n il. ,  (1962) to ..,. 010" ... 

the .. lee .... IlnH iJl ..-tne - obrioua17 it oCNlcl DOt atay ClOM to all tbrM 

l� OUN they atarW to 41�. rua ia _ .c1I1U,tecl ........ of tbe CoDWol , 

aDd 1 t ia ..... to _et .0 l:rolal OoaVol.. .t.pert tI'oII tMa ihe Coot/nl 

4_plie4 ri 'the nqui .... o ... lata 40n tor 1J;lMli .. iD the npel"Saeat or 

IlI'ay .t! .I1. 

Inlt.e.ttOll! hi' e.oh of tile ..... ____ ta ibeN .... eis replloatioDL 

!hirty iIIfo t-.l. 32 _1. l'U{JM .... nD40aly a.pl wiJhed ta .... 

. nplioatt.OIl II'IIU7 gnenttOll, aaotly aft iD ibe pnriou ftPtIri t. Wo ..... 

2'eplicati.olUJ wen caaoriea in ... of �l ..... DOl' wn ... llU.ba«&uenl,. ... hI. 
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fel!!U!! "'''!!'It (a) t 32 1-.1 • 

•• 
41f111 ... _ _  _ 

the 1Ift1!WA .......... , ala l'Qliu.. .... �.- to 

.......... l� 

· • . all uu ... 

"'_11'�a1 .. 1 ........ tIP'SIlf' uat la .. 
_lIMIr o't 1Dti,Y&U"-" _u .. __ '. . ..lMtt . ..  ftri. ... 

_DR of pU..-t* .. :.0. •• la np1ioaU fd t.II", 
tb . ... ........ t� .. Wo _ ....... $ -.1 .. ... _lee .... oat :la pain 

f _l_W iD .... Moauate npl1eatioe 

.. eta" baft", pUn iD • 

( .) 1I1th .. f .. panaW � _1.-. ... ..... ti t . .... riW, 

• of tie - at 1een wJ.� It "'lDa detec'W. U 

.. dic1 DO't .-11 OOlltriwt. _ equal ..... of JII088II(J to tbe DBt :\lOll. 

till. cou14 � 41 ....... tU ao1.Gal aD4 theont1oa1 r .. PJIl.... hI" illia 

I'8UOIl pd. ...... U ... ..... . ea tlaroupout the � ...... wre ..., nch 

-tJ.asa iD __ SUozsc NpUcaUOD� four iD .... JiIocl __ .. ODe aD4 allb' la 
..ch Weak .... nxw.a ftDd_ , ... 1. DD4 .idMD I'M4oa IIal.e pupae 

weiahec1 In. ... .-u--ti • •  1gb" pat ... traa a Moclente ODe . .... 

fOUl" paizoe hoe a Veak oae.. thi . ..... . toW of 32 paiJW iD ........ 
,. "plt ... U. PG' ..-n.tioD. la all ..... the heaYia.' '-la .. Ml . ... 

.. � fnIa • pau--tiDa '&0 .. IU-tue panG • 

(4) IDWl..,l,. ... labe.,lina nte lIDUlc1 aft ... ........ ... _____ , 

Idabe.' iD the .strcmc. l ... t ID the .... !hU 1 .... 1' .... an .. � .. 
.... to keep all tanalS1.,. ...... fairl,. eODataa witbia ...,. .. ......... 

.. alloce'toa of ,........ tor ..... .... pe.t�'iaa .. � .. _ � 
. ••• J .. ... a..table tba, .. � n_ be kept. e.ooth beioweD 
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.&tI._,dPnatjll._ vi tIda all 

plaa ... 811f'F&-_. 

STRON G MOpERATE 
�- . �" 

" 

Gep 1 

Gap 2 

GiP 3 

GaD. 4 

the .... �tAlI iDbreetiDe 1-.18 at\4nr 

• J .. 4_. ¥ 
la a .  

toll 

. � . 

ia 

W E A K  

all 

(1963) 

.tan 
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....... la SQ"-IIiIlMr 196) 

.a..1 ..,. ... �tiJIa 

It ... · 

... a.... tbia 

-.tU 

e.J"Ol .. of B1Ir_. Moc1ua_ 

� .. of I11III4 ...... 

- 1. -

.... all 

tllMD. .. ..... u of "leetl . 

• 

, 1 , 

.....ttoa (--.,.4 ..... all three _ .... .a1�) ta aJ. 

o 1 
1 2 
2 to , 
) to .. 
4 to , 
5 to 6 
6 to 1 1 • 
8 '  9 
9 10 

10 _ 11 
1t  to 12 
12 " 
1) to M 
14 to ' 5  
" to 16 
16 to t1 
17 to ,. 
1 to '9 
19 to 20 

_ .... a .. tor 

30 
33 
32 
lO 
" 
3t 
31 
31 
31 
30 
)' 
30 
31 
30 
31 
34 
l4 
32 
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'.)1 ter1piM .. 1 .. »0 !'!PIP" 

I 

..,1. 24) 1 All tbne ... at- • t.irl'T 

..... .... 1)01 ... . 111 :HOD t.. Wt laI'p tl it ... 

thea all 1 ... 1. "  I. • ea MfPon ........ a ...., lIMpoDR. 

. • tl'Ol 1. f1 taU_ alao .n..-atal 

t.1NIlllilal __ C tro1 ftriati_ I. laio ace It (Pie. 12) ... of tile 

1.na ..... f'IIIIIdlltailoaa an �1D'ftI. � 0 

an.. ..... u tot 1. to • plateaa. • ... a .. fOI" W. 

p1atea ClaD oal7 be 1Ial'IIi'" the taot that It affeot. all three _. __ nu 

..... _ i aD u.at.e ...,. be n.-i.bl •• thOQlb 

ROb apl .. tl .... ..... ibat • __ obai .... bait oot att .. W the CoDtnl 

populatlOD to all equal clepee. 

At fir" SVoDc riftS the tu .... t ftapoDM toll0n4 by Mo4erate. but afteI" 

...... pneraUou Mode .... tue. • 1.... .., GeDuatlOD t7 th. Weak popalaUcma 

an bean •• t ana tbua the ortatDal 01'4.1" i. N'ftI'ncl. !M. la the patWI'D ot 

.... poue that vu pntia by � of � ..-tic .u1. u iD the a-latloa 

.xput_Db 01 MarUD aDd Cockuba8 (1 960) ,  Gill ( 196'0 ) aD4 "--. (1966) .  

Latent barlv.bill ty wul4 be the __ tor all tUN Vea 

•• 1_U08 aa4 enf .. Stl'ODa. w1 th th. hi .... .. leeUon c1i.ftenut.lal aD4 _at 

raptd iacr .... of 1IIporiaDt .... , aboutd alft the ......... t Napoue. Bo"'., 
i u ... tia 'ftI'lation would al.o &ut.c.attca117 tall at • t ... n ftte beeaun 

.. I .. ,....... "" Miq •• lectecl nc1l aaeraUoa, th.reto" the h.ritabiliV 

would lall oIl tutu hen tbaa ill other t.na ..... t. aD4 wi tb it. the raw 01 

re.,..... CoJIftne17 Weak b&a ibe �l .. t •• l_UOII 4111 .... tial aD4 eo .,1114 

alft the -.11en ft • iD .. . uly .... Uou. IQt .t.aoe tta 1DbNetiaa 
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n_ t. 1 .... l� 10'" f .... fa'f'OUabl . ..... by ---'10 ctrif • ..a eo the beri'" 

.. 111V ... nie of � voul4 be .un ........ fOff 1..... 1 ...... �-

ia ltttl . ..... ti In. .. IftlIU ......,. ..... taU • ..,. at all na 

whol. � • 

tW Wo ..... U .. of _!l4eleetl at of the �t- fl-.... ,­

� � 40  

to ....... _ ftZ7 .. la. It ..-ot be conelua.a therefon • tben 1. eft • 
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table 2,1 (CoatllllMNl) b) lIal. data 

6 1 _  1 a , .. , 6 1 _  1 I , .. , , 1 -

° .on .06I .05I .066 .039 .017 .063 .C1D .tII7 .049 .CM' .05' .-OM .�9 .052 .05' .069 .056 .011 .OD 

1 .059 .042 .03' .O" .0)7 .051 .04' �039 ��8 .046 .019 .068 .082 , .062 .0000 .m .04O .048 .040 .053 .041 

a .068 .067 .051 .04' �106 .. O42 .(6) ,(5) .067 .042 .0)1 .032 .on . � .050 .050 .070 .069 .on .CM' · .m 
, .051 .068 .040 .0,. .023 .aD .00t8 .029 .049 .066 .04' .0)1 .049 . • OM .032 .041 .�, .tnT .042 .040 ' .041 

.. .066 .051 ."'8 .031 .CM' .0,.. _ .052 .041 .OD .* .068 .046 .070 .� .00' .OD .019 .OM .046 .069 · .. '", 
, .072 .066 .051 .101 .083 �062 .0'14 .081 .093 .094 ,042 .0$2 .091 , .OTI .06) .040 .010 .049 .069 .060 ' .OST 

6 .0" .0)9 .05' .041 .0)0 .030 .040 .069 .041 .m .033 .oP .OJ" - .�a .* .027 .03' .CMO .0'10 .046 .041 
., .1» .an .063 .O"D .1"  .05' .081 .� .OS? .04' .060 .06' .1,. .069 .0" .069 .068 .043 .064 .010 .� 
8 .�' .020 .034 .069 .on .028 .0H ' .025 .052 .02' .049 .03' .108 .049 .031 .05' .0)' .OS? .ar1 .041 .* 
9 .026 .096 .040 .(6) .ora .10) .061 .046 .Of' .00 .tOO .109 .08' - .on .061 .061 .06) .041 .092 .0" .06t 

10 .OZ6 .019 .os, .040 .069 .0'J7 .� .ca' .051 .089 .OIl .1" .. 06' .m .050 .� .069 .091 .069 .048 .064 
1 1  .o,2 .1 12 .080 .066 .059 .031 .063 .000 .079 .056 .an .t" .046 .076 .042 .062 .012 .069 .059 .059 .062 , 

12  .040 .021 .(6) .062 .069 .068 .�1 .0?9 .04' .094 .061 .an .07'5 .073 .041 .01' • .", .041 .074 .. 0" .cwr 
1 )  .04' .* .101 . 040  .088 .OM .061 .1 10 .0'IT .09' .091 .09' .049 .08' .� .01' .092 .*' .081 .050 .06. 

14 .062 .056 .on .048 .067 .078 .066 .111 .090 .* .0)8 .*' .041 .. 061 .. O)9 .OM .08' .09' .068 .06t .011 

" .051 .031 .102 .049 .ort .029 .049 .0" .02' .031 .M' .051 .. 0J1 .046 ""' .028 .0'2 .041 .0" .00T .036 

16 .O" .039 .061 .068 .* ..cM1 .�2 .�2 .042 .031 .0" .081 .059 .O!O .024 .. Of4 .M1 .046 .034 .. 041 ... 04' 

17 .050 .0T9 .060 .054 .043 .056 .051 .032 .0)6 .049 .05' .018 .. 126 .062 .071 .029 .028 .,032 .024 .027 .030 

18 .ora .07O .076 .070 .041 .063 .066 .02' .040 . tOO .08' .09' .052 .066 .CMO .06' .019 .104 .0S4 .060 •. 064 
19 .073 .016 .061 .043 .� .086 .068 • t04 .05' .114 .080 .079 .051 .081 .05' .O" .. 075 .031 .021 .06' .048 

20 .04' .10) .073 .OT6 .063 .051 .068 .088 .. 142 .064 .13' .236 .. 08' .11' .an .064 .01I .039 .010 .0)6 4Ioeo 
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toW/20 .0472 .05'72 .0562 .0550 .CMOZ 
c1lftU8DCe -.01 54 -.0114 -.0087 -.0090 -.0031 
diU ntee/2D4 �. ,. lOJ' 1" ,. '" -' 

t1, which attectecJ all ihne v.. 
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..-1ta ... aMlyM4 M1'&ftteJ,y . 
the l1_t • the tUn ftttMD. 

I tDiend U. la 00II1PUU. 
peftoI ill _ w ... ti 

Id-- ..., cUtt< - • �.-

tint 11ft ti 

, 17 ..... .u ....... 
o1 .. 1eoU • 

att • 

ftIIil*I'" wt.tada 

i ta  ... 
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(C) 

1nIII"- halt of tbi. 

w.r1aaee) 1. P • 

I.... balt 

c.t 1 or DOt. 

able 29. .... napoDM iD each period C __ per .... U ) 

Weak 
Con 1 

tNJrc 

---

v ... 

o to , I 0 to 10 J 0 io 1 5  I .) � .... UuaW t Ccmtnl 

. 1 32 .OTI .054 

. 1 31 .083 .055 

.090 .057 .051 

+.023 .000 -.0012 
b) -� napoD8:. 

+ .109 - .01 2  
+ 

• 0"T1 - .(Xf1 • .� - .(Xf1 
( .,) ( .3) ( .9) 
+ .108 - .«n 

+ .083 - .008 + 
.057 - .. 004 

( .01 )  ( .02) ( .4) 
+ 

.067 - .001 + .057 - .00f + .053 - .002 
( .02) (.2) ( .7) 

It OOlltaiU 0 tnoU of ebalap aoa i ... tluoWatiou that 

.. 'PIa .... alIIo.t oUy c ... 11_ CNd OftJ" tb.e 1 ... 1" perioa • 

o to 20 

.054 

.05' 

.056 

+.002 

• .052 - .006 
( .8) 

.05' t .004 
( .9) 
+ .054 - .003 

( .8)  

.,... ..... wi thiD MOh __ -.at. bee.,... 1air17 cl .. tna thia tab1. It 



.. the le.,.&h of 

tl.... 0 

- '56 -

atroDa _ Moclftate ibeD Week 0 .... , ....... tiOlUl 
JIIoUn.t. then SVoDa theD Weak 09ft 10 aD4 " pDe1'&�1 

ODly oft terloD to COD-

.14 tor a �roia1 bne4J.aa pJ!'Gp SSI the reaulta ....... that It MleoUoa 

1. to be coutiDuecl tor ODly • abort tl8e then aD lDWnae ..... ut i. the bea" 

ODe to ..... but it thi. perioc1 ot .election 1. to be lOllpI' '\be lateaaity aboal4 

CODftrHq be n4acec1. !be ben Oftftll .arice to be taken troll the abO'ft naul ta 

q W'ODl4 be to carry out PJoctera • ••  1ectiOD nprdle .. of '\be peri04 

iJrorol'Nd. Moderate 1. IIftU 110ft than 'ftry .lilhtq below the ben v.. ...... ... 

Oftr the mic1dl.. cU.tanc_ ia lWelf the be." by tairly .1pltlcaDt u. 



..... '1 

--

Moc1ft'ate 

".. 

!ple A9! 

- ,,., -

Dt for ftl'latiOD of the 

Ieali berl Uity ta 

0 .. , o to 10 

+ .216 - .039 
+ .178 - .027 

( .2) ( •. 02) 

+ .343 - .029 .280 ! .020 
( .1 )  (.1 )  

+ .242 - .039 . + .214 - .021 
( .6) ( .3) 

.. with all 

'bot po atl .. 

ptri 

o to '5 0 20 

+ .128 - .019 + .112 - .017 
( .05) ( .05) 

+ .186 - .010 + .157 - .OCM ( .1) ( .01 )  

+ .194 - .012 + .216 - .017 
( .02) { .01 )  

approach aipltiOaDOe. !he hauli which le .et eurprieina ie that V .. aboula 

be eo ImCh lover tha1a Modftate 0'ftI' till. ehort puiocl ucl DO aiIIpl. ....tleal 
......... 1. obri.ou to aplaln it. BO'iNftr, it 1 . ..  11kely to be .... ly a VHIt-

__ of tbe aperiMlltal IId-up .. It ie to be • ,.nica1 """'7-
OftI' the three 10...- perlo4a 01 .el_tiOD 8� heri tabili ty ia aiplt-

well with i.hoH iD 

" rapic1ly 80 at • 
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' .  11 

to be .uch a chancift. It 1. i8p0 .. lble to MpUate ... ett_� of DC 

8t.andad 4riatlODI 8'SU1Ga� d..natloD " UM4 •• a _l8llltft of fiUlllrlw-tloD 

appll.a onl7 to • ftl'ianc.. calculated tor the tnn ntloD period aa4 not 

ihoae w.ri •• calculaWd tor the ahori4n' peJ.'lo4al the r •• ult. an Pftll iD 

!'able 31 . 

hble 31 1 !feat tu ru-pn.i V ot ftriaI1cea 

(B • ftlu. of t tt loa,cf
2 - �fl l�o.: } 

P - probability tbAt • 18 not aiSDiflcant, 

baH4 OD x..2, , 4�f. ) 

.I p -

(Jperatio ... 0 to 20 

8traaa 4.63 ., 

erat. '.86 .6 

If.u 3.14 .1 
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1. 81 bo4a tluotuatiODa o� ftapoue 

�i I O to 5  I o to 10 o to 1 5  o to 20 

'.176 -.194 .170 .173 

... .156 .149 '.1 50  .15' 

Weak .1 56 . 139 -.1 34  .140 

.gc.aatOll eodtieient 

-.0512 -.0164 -.0094 -.0050 

-.0418 -.01 26  -.0108 -.-0056 

. .- -.0413 -.0110 -.0055 -.0023 

Ifb. �ue of a'\anclArd cleri.ti la ccmai neD't17 ereatut iD StJ'ODC aDI1 

-.11 •• t iD Weak. Wot too ..ah iaportuce ahoul4 be place4 cm the c ri tneDcy 

" there ia a COnfoUDcUng eftect betveeD 

of decna .. troll SWonc to W.ak could obYioualy haft ari .. quite by chaDc. in 

tJw tirri t �enerat.iOD. and it thia patten ... auttlcieatly ponrfQl It would 

peraiat ... n ,. n the lcmc-r periocla V-ft"e be1na analyaect. }for this "pon oDly 

the pat'hrD "" alplticaut. thi s  dpltlcanoe . by .-ten .... 

pari ... of 'l'U'1..... the .... iauee �ue. used ine t&UD .. a2 rz.c. the 

h......-iV expre •• ion aboft. ftia 8
2 

-.1ue 1. 'the pooled w.riaDCe OYer all 
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at,roDC a: • .0308' 

--. a: • .0244T 

... 2 .01993 • 

tile .... tioa an �r2 • 1 .26 

f.: - 1 .23 

ror auoh a pattena of 4ift� to 8IIIIII1rtI. 

ts camlGt be •• tablish for Cel"iaiD. LeI'DU (1954) ... 

that .. iDbnedi lenl. iocna .. a popGlatl 

!hi. uplaDaU 

blply that s.h �_. oula iDcreue _ron 1ibe table .. th. length of pertoa 

the ftl •• an taU-l,. aODStaat vi th Uta iD eaoh v ataent,. !be other .apl ..... 

tion po •• ible fo:r the .. pa'tte,rg ia that. the fiuetuatlou rep.... t .... pllDa 

eno:r .. far u the choosiDg of pareDU ia coaaft'Md. In e 8trona tnat.ent 

only two f...ue ana two _le panDta 41ft .. lec'Mc1 euh PIlft'ation an4 ibi. al10we 

�. po •• ib1li V ot cona1dA1!'able poetic c1r1ft, aDIl therefo:re conai 1. fluct.a-

atioe of napol1M. In the Y'" v .. tment. elabt f--.l •• aD4 ei8ht 11&1_ an 

ohOMD &Dd so pDetic u1ft vou1c1 be wry INCh leu. tId. uplADatioD acCO'UDte 

aati.factorU.y tor tM be' .. ..aI'4lI'M,�� patterns iD If.bl. 32 bat it aan atl11 

be reprclecl .. t.Dtati ..... 

!he .... uct clftiatioDS ue YfIrY 1 ..... cOllpU'M with the M&nII of 7able 29 -



Fi g 13 :  F L U C T UAT I O NS AND T R E N DS 

OF R E S PO NS E 

respolJSa (mgms) ''''' 

-.ca 

:� .0& - -�""1::... ........ .... _--­� - -
.00 ...... ..::::::� 

:-::::. � - -.;; --.0& - _� __ � .::.;;;;.� - -
� - - w .00 �::::fn 

-- = -.O$ - _ � - -=- .:::: - - - -
..... -.. . �  .. 00 
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.... ter tbaD theb .... peoti ... .. na 

111 ... , ...... -. ill . q D 1tat .... �UD:I_ 

..... tr.. 

'ftrT q iDIIIi_. 
...... lDol 

!beN .... a _llMr of 

laldne .. par • 

atf'Mt. �. AIM ... .. t.iM.ie.. of ntlr.nct.1&'d 

all oce .. lou. tlal • 

tl1:l4lWfrlRCI. 

.... - whieh aIl4lK1lCl 

becau .. thi. hetor is MeJd, to ... _tenet tor by iIw Cont:lol populatloa. ' 
0*"'_. auapiciou .f this type of CoD'bol t. t.h1a 1;ype of uperilNnt lad •• 1d 

re-oalculat. � �4 

a. results of this lculation ..- quite 41. 

ccMCled in ita job of caWriq for � • 

Control populat.loa. 

»eeult .... clear - It 

...... 1 .. coetflglmt.. All uplaiDet1 earllno, nare •• l 11 .... ".. fitted 

to the 11w , Wu, fifteeD and Wen nspoDHa, eaob period in 'turn (ftg. 1 4) . 

1'heD tbe .b rear ••• ion coetticieat. ( .. per repllcatlOD) vere averagecl to cl ... 
aD •• tiJlate tor each period. the Udlt.y of &ftJ."8Cing the eoetrici nt. fl .. &11 

replioatiou ... checked tor the twa�tlon 'Period by an P-teat of hetao­

.-u .. u4 the ft.ul_ U'8 given "low. 



Fig 14 : REPL ICAT ION DIFF E R E NC E S  (0) PERIOD PARAME T E RS 

St rong �ms.! 6 

.()6 
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( 9<ln<lrat ion s 0 to 20 ) 
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� --- -
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tfSDOOS!! 

--- -- • • 

standard dGyiatiql 

� -
-

roqross ion cooft ic iont 
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01 

...... ti '- •. 
......... wl 
....,. l '  

ID all tta .. __ 

- 162 -

of .... ftI�1D It._ 

- 01 .- tit 

- ! - • -

.oat, o.ar .002) 0.11 

.0273 .020t 

.0'262 .01 96 

-

.0030 

.0189 

.0182 

!. 

0.16 

ftftlta of all aiz npUc.-

,.,1 • tId. 4IaM ,  

table aItoft) u4 .... IIIUIKU t-te.t, for 11) ap... of ,........ OD OCoaaiOD 

414 la -teat appnaoh a '" 1 .... 1 of a1pitlcaoo. , 1wDo. It .ut be conel:' ea that 

v .... UOIUt of •• 1eeU • 

eoetf1ei. u. ftrnl,. la the facif (ft •• 1.) that la rnwtT npllcatlOD of all 

three u..t.enta � all four perioa the ........ loD eoetfiol.t haa a ..... tl" 

at... 1IeIU'41... of whether eech co.moi." ta i t •• lf aJ.pif1e.atly 41tt.NDt 

1 naponae per ... �.UOll ta4a to 4 ...... wUh tille. .Aa the peri04 of 

aeleot! "'10IIII" 1G1111 ... (left to rip. aoro .. ....,1. 32) the ftl • 01 tlda 00-

iD each of 
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... a1 the .. leoti I'OpoDM ta at it. II'Mw •• la ua. --17 PMntlou 

1 t alao t.Dda to tall ott .n npl4ly iD the .... 17 ti . !be HOODI 

point ot 418011.81on arl ... ha. the 17 ..n  ......u .... tor .... ropoe1. 

ot ........ slOD iD !'able 33. !heM � .. an ' _ ..u tba, they lDclloa_ • 

ab "I" .. t eoeftieleDta iD � ooe t.reaiMll' an too .lIdl .... iD �_ 
tbaD eoul4 be apect.a mm tbe � t 4wlaUo about euh • IDInMcl � 

beilla hetena the six Yalu .. .... in fI '  too •• !be .0.' 

ob'l'ioaa iD tatiOD ot auoh a n8al' 1. that a t1 t.uaUoa ot napoDM ..... 

c11ttennt ....... UODa 1. atteotiDa all repllca'iona in .iailar t .. MODJ tor 

exaapt., it there ls a D t1.,. I'OpoDM ln OM PIlft&tl0D " Z' Uf3 lwn nplloa­

"1011, the ot.her "pt1 t,lona will alae tend to eOlltaiD uptl.. n8pODMa. 

!hi. b.Jpothe.l. ,.. wated tor th. 8--. tna " O't'ft' the ..... ratlOJl 

period aDd the nlftaDt respouM data 1. giWD 1 1. 34. 



- 164 -

..,1e ;Ht Cornlatecl rea a iD  -- --...... 

1 Z 3 4 5 6 • 
a-

t .23 . • 32 .26 .34 • 1 3  .20 1 •• 

Z .28 -.02 . • 22 .14 .30 .19 1 .11  

3 -.10 . 10 . 1 1  .20 .05 . • 09 .4' 

4 .08 -.09 -.03 -.18 -.C11 -.1 1 -.40 

5 .04 .38 .20 - .06 .00 .14  .70 

6 .04 -.08 -.02 .17 .17 .06 .34 
7 �.24 .12 .2. .14 .19 .)2 .Tt 

• -.01 �. 1 5  �.31 -.14 -.41 -.)4 -1 .36 

9 -.06 �.1 1  .04 .C11 .18 . 1 1  .23 

10 . 1 1  .38 .04 .C11 .18 .24 1 .02 

1 1  .04 .19 .1 5 .(ff .03 .03 .51 

12  -.05 .18 . 18  .04 -.02 -.10 .23 

13 -.02 -.11  -.14 -.f11 -.18  .08 -.44 

14 .07 .00 .0) .10 . 12  -.02 .30 

15  .11  .10 .10 -.01 -.08 -.(ff . 1 5  

16  -:-.03 -.17 -.19 .1 1 -.04 �.17 -.49 

17 .00 .11  -.04 .12  -.01 .02 .20 

18 .17 .02 .)1 -.08 .17 .38 .97 

19 -.1 3  -.12 -.11 • 02 -.1 3  -..... -.91 
20 .10 .34 .08 .18  .09 .30 1 .09 

1fotal .63 1 . • 39 1 . • 1 2  1 .23 .67 .91 5.95 -



- 16' -

I'HUltt Iognt 01 wt_ it - I. .. -
..,11 tl0 , 

... tl 1 9  .0878l2 '.99 .-001 

... u.1 9' .01�1 -
Yotal 1 19 -

table, 

.1allar .... 't-lca1ly viii n_ 

ahoul4 peralat iD the tat. .-..n after aAjuataeD" baa bHD ad. for ftl"1at,loa of 

the Control population, tor the aain purpo .. of auch a Control ,... to oaDCel 

out �i. eft .. t. the author ........ till. ftault .. a4cli tlonal wriclaoe tbat 

hi. Co trol ... DOt ati.r to..,. for W. type of exper� .. the _.ter rill 

be ell uM4 I\Iri.her later. 
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9U.'iabiliV be 

ftllft .... iD , • •  �inieal WOMbili V it 

--tift .. 

• 1iIUIaaJ� 4eYlat1OD 01 the .1a npltoatlO1l 

..alae. 'rhe .. . �ICIaJ!'C1 a.ftationa OaD the be 41"1'i4e4 

tift __ w.l • to atft • oHllieient 01 ftZ'iatiOD lor 

. parueter. All tour pert 

!fable 35. 

01 re.pou .. haft bHo ualyae4 in thl. � I • 

!'able �I Ueation eU1�eNDO_ .) period panMten 

_ ... tioy O to 5  o to 1 0  o to 1 5  o to 20 .L!a.fc .•• !o!a.� S,D'r'.' :.LIe .. , 

• ) -.n ntJPODM 
Btrona .0292 � I '�� _1 '�73 3t� 1 '�43 -
Moderate .0171 , • •  0196 2 • •  0101 1_ .0087 ,_ 
Weak .0162 � .0094 1'n' .0048 '" .0066 1� 

It) � amatiOD 

SUoDc .0486 - I '� � ·I ·�� · I '�� 1 .  

Moc1ezoate • 0293 ,_ .0183 1 _  .01 57 1� .0219 , . 
"..at .041 2 2. .031 3 2'" .0274 20J' .01 82 ' ''' 

e)  r.cre •• ion ooettioi .. t 

8VoDa .0405 m .0094 me .0028 30JC .0018 3. 
Moderate .0322 � .01 1 2  8_ .0022 2O,C .0019 ,.. 

... .0317 6'n' .• 0059 ,. .0041 7'" .001 2 5. 
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I t  la .. to look too 

pert. a �. table for it 'a 41tli u1t _atlUN tM alpltiouo. d auoh 

path � !ben u iD � .nu-�y 0Dly .. pa� iD t.he le 

tabl., __ q tile 8DCJ' for -.-1ab111 t,. to troll 8 to te 

to .NIl 1 tu tu of the _ • that W. patten ia 

a1 11 • 1" ay be cauaect by 41ftftODtial U ot t10 drift, eh 

woal theont1eally be area--a. iD the � iDbnec1lD8 SVoq t.nt 

1-" iD the WHIt ODe. More NftDe4 wia .. .  of tlda pattem viII be alftll ..., 
a Oc.pari1lOD of ftriaDce c _ 1n the lollOW'inl MCtiOll. 

the � et ttlci t 01 ftri.tiOll of nplication. about th.i .. __ ia 

about 21" lor the rDpODIJ8 , ,. loa- .... DC1N'4 c1m..Uoa aDd _ lor 

npoeaSiOD ooettioi t. .... .. the caM in the 11nt aperi .. t ".. ... i 

OO8llioi t ia .et ftriabl. __ ....una 1»7 thia aMboa, the tut that iD ibi. 

aecoDd upe.t.at t.. coettici t ot 'f'&ri.t.tOll ls h IOWft' t.baD iD tta. tint. 

'fU'iabili tT "tween repllc.tlou oan be aeur.a each 

ot onr • period. !hi. u.. it. la the MeD 1I'8ie- ot "plieatioH that an 

coapancl ratheJt t.ban their respoDll!s. the "lU'iabilit.y be ...... th_ i. DO. 

8XpI"eaaed .. aD I' ..... Uo, ...... -...replic.tion 'ftriaoca to viihin-replicati01l 

..rianc., aDd the ftlue 01 Wa ratio i. paphed in 'i,are 1 ' .  It tbts ratio 

ris •• with t.t_ it in4icate. that the dilterenc •• between "pllcation. are be­

cOlliDe _... sipitteant CC*pIIoNCt vi tb t.be nenll pGpulat.ion 'ftI"iabill "y. !be 

ntio vould .ppear to b. tne of 1.. boil the effeot. ot 

.. 1 action. 

1. aDd natural 

b ot tha arapha in Piave 1 5  ahon •• la .. t. one 1 .... tluct tion but 



Fig 1 5 . REP L I CAT ION DI F FE R E NCES (b) VAR I A NC E  RAT IO 
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boriJlODtal ioU ... .. P • 18 

e 

.tlc cU.ttennc • beW4iten "pU Uou an4 tb 

• 

_NDtJ or Ylldabtllt)t', bui the 

absolute IU'8ell •• of the .. ...... tio. ill all ....... t.MD t. pntaapa S1ll"priaina. 

fleoUOIl of the .. ry ...... cU ....... of Rep1icaUo 1 (fta. 10) nthe tbaa • 

.. t1ecr&10 ot iDo ........ cl1Terpne • ..,. all np1icat1ona aaa it tbi. i. 

atleeta4 "pi tiOD 1 .  

hDeUo 4ritt ia not the only eau. ot ftJ'iabiltty betwe. "p1t ati0D8J 

lI1lother cause i . ..... eft .. of ... ttlieal .. leetion opeJJattna 00 the •• d1ttennc •• 

czreatea by clritt. '!'he .. lat1ft etteeta ot the •• two torce. (drift ana .. lect-

t ) ta MUUl'abl. but it ... t be _trened ibat t.b. _th04 ot .......... Ilt t. 

"p1Ic.tt ..art ... Cc.pODlJDt, which 'WOQlc1 be apeoWcl it 0Dl7 .-etic clritt vu 

.. lectioa vu Milia appliecl. ubtnctio or this theontical 

Yal troll the ob&1ern4 'ftlue ot bet.wea-replicat;tOD CGIIpODeDt l .. ft. aD aIIOUIlt 

wbiob CaD be atuibutecl to tbe 4ifterent.ial effeo1ta of aelectlou. 

!he t of ftriebility .xpected frail ch"Ut i. "iftD bT 

-g betwHD "pe _ 2 P '62 adc1 

when P - inbreectiDa 1 ... 1 

'62 aM - ach1i "ift 'larianc. ill .... popula"ioa. 
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t-:le tal � 2 - .01260 

-.le " • 

I� la DAMt&8MJ',Y a180 to calculate 1 ... 1 

all pneraUons .  !he circular 'typea 01 -UDc .,.... in the rtroDc. Moctnate 

aDCl Weak zoep11cationa are rirtua1ly equtftolent to 40D 1. ti� couaiD, qua4J'apl. 

MCoD4 eowlin 

1 ... 1 

I 
P - 1 ( .. + 

11 "1 
1 ) lor SUoDc � + , + 1 I 

, - 1 6 ( 8P  + 

1 I 

., • 12 (1 6P + 

11 
.. 

11 
• 

11/ 
+ a 

III 
+ .. 

11/1 
1 ) lor Ifoclerate + p + 

1111 (Ill/ 
+ 2P + P + 1 )  tor Weak • 

eo the ... .labrH41ng rate OWl' all pDRa'tiona hall bMD optea. 17 

b. p - .090 tor SVoDc. .038 tor Mocl __ .. ... .018 to. ... - which 

c ..... ponct nap.oti'ftly to the inhneclina raW. aohi .... by na40II _�iq ot 

5.6. 1 3.2 aD4 27.8 pa.r8Du. theM la�tu ftlu .. ha ... JlOV bMD ao41tle4 aliahU,. 

to ca'\er tor the ettecrt ot .. lecn1oD within 8Mh tullaib family. by the toRUla 

ot lIoberiaon ( 1 961 ) . 

at-. • (1 - L) + «I- (1 - �) 

la the pJ!'ea.t Uperi_D� ODe t ... le ADd GU mal. v .... .. laoW tre. MOh 

fullab taaily aDd equal ....,.,.. ot _'-la ..... veigllect in each tally (eb __ 
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ot ... __ wi iD • •  1 ,  of each .. iD _. tour ot 

iD .. ) . C - 0 ett.tift popal.au.oa at .. ta .1ftD � 

• • ,.6 a 32/31 • 5.8 to� St_­• 

• • " .2  a 1 /" • 14.1 " • 
w • • rt., • 'h • 31 .8 t. --. 

!be conee .. atea of 1 .......... (1/211.) ... tbenton 

{j, .,  • .086 tor \nDa 
i1 .  I: .03' tor Jfoclft'ate 

fj .,  • .01 6 tor v..k 

't. - 11 .  + (1 - �')Pt-1 

aa4 the tiDal at.ep la ...u.a,. th. ftlue ot Yal" 

b7 of � fo� 

'0 2 between ,...,. . "  b 2 ... 
rabl. 36 con 108 for each ...... 'I:I .... t both of these naul ta - th. i.lab...ainc 

-
lnel at each g .. ration ancl •• t.1a.ted trc. it, .. -nrlaDC. du. to 4rlft tor 

.ach aa.. 

the 'lU'ianc. clata of ibia tabl . ..... pn8enW4 ecaiD .. a graph la I'igu.zoe 16 

to nabl compariaon vi ill the betwen-nplicatlon ftri&DCe eta_ actually ncor4ec1 

iD the apuoiMDt. It i. jadpcl froa thi. figure that in all three treat.enta 

the 'ftl"iane. due to drift i. ap1D le.. t.baD balf of the total ...-iauc. betveeo 

replicati • jut as was the caM iD the fira ... experiMnt. !be n.dD4_ ia 

appar.n't.ly du 'too dlfferential .ffecta of selection ac"\l.. OD 'th ... diff.r.nc •• 

b.tveea nplleaUou Ht lip by ._tic drift. 
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_oaII apD'iMDt ... .....,MI� 
" of pn4lO'U � weu14 t.ke � tile 

... foa .. • __ to ap . 1_ ill ... tll'ri eq,m __ d:. 

, oUna a ... by 1uice o.ualyUa of U. 

..... oed. followed by & a't1ld,y of fin U 

pNtictor. !hle origlDal plul Ma to " 804lfi beoauM of et 

""loped 4uri ex, . tan". ... boih upUtaMm_ ueuect 1bei .. md ceJrtalD 

popu1atlon.e in -.oil t tbeII wry slow a� product Id ' ...,. 
&Dd vheD ot 1he .. po-pu1atione ,.. eubas1 'tt.a io • pUo' diall.1 ..-l7aie then 

" wry IIBD3' tatlune by death or low fwUlity of pal' te. of 

t.hl. hip taU ft_ 110ft 2 si ' - 2 _ti blocke vou14 'haft to be 

an up tbul wu  arieiDally pA.IIIII .... 11 t.be naul:tlng *"1 _ of ritebl11V .... 
se _Una blocb voul4 haft to be keF' t .... 

1 .. than orieina11y espe0te4. !hi. e1tlJaUon call.cl tor tu 110ft iDcnIbator 

apace thaD .... Ucipate4. or .. Uabl.. It left th. author with Wo at ...... tl.,.. 

- either could atieeJpt to fI1&ft7 out equal 4la11e1 1IDal,... OD be. �_ 

but w1 nclDcec1 i011Ubfta aDd. td tftM in eae1a. or he could ttIS. un that 

ODe expert t be gtftn • pt ... .... pno1ae 4ia11.l aualya1 • ...a tbe otbel' 

_� be � III a 1 eopb1eU.tea • ne &utobor . t.be 

l.tter altematl" the that one pnol .. ten of pnctiotl_ la "t'" 

thua iapneiH a. aDd be ohoae ... tin" �t to contain tIMt 41allel 

aaal781a 18 the beliet ibat Ita nlectea .toeD would " t1"- aD4 tbtn.-etore 110ft 

likely to· COIIplete h • dialle1 prop ml .  Ibi. hel.loa .... t. tba. t.be pre­

diction of heri t&bl11 ty hl BIr.pe�illlent !'wo .un IhIffft Mcoriincly • re4uottl_ iD 

alse 0# aaal,..s. •• aD4 It vu clacl to repl the luknded diall.l ...... 

by & tallaf.b _lya1a . AccoN1.ncly t.-al. ad -.le paNIl'U ... ChOHD nn401ll7 
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tna .. .... popalati .. iD �. '& • fOUl' t..al • ... I ..t. 

� .. of pnc-.y of ..eh pdr .... a.pl_ ... .. _ .. 1", pareft&-

ft1f c!a lit lea �... __ talldlt _ � .. 

al80 OUT! M1eeW. . te .t w.,.,. 
(0·--.3,.," n )  

baltaib eniJlate of beri 'kbUl � er Abp1 

•• iD'. Wo , tulai otd.a& 

."111&'" are at .... iD hble 7'1. � Y1 

20) ot tbe � .. it .. telt 

pt. linear .RIJla1!e;. of berit.hUl"T. 
aDd pareot-otfapr r ••• aioD 

tile of real! heri .... 

abillV tor the pn.eatioD CQDCet1:"lllMl., aDd f'0l" ihe 

Nf'Oft or aft. it .. 

• fo11ori eOllleDu ean be -.de abotd �le Tt. 

(1 )  Real! � hm tabi1iV' PJ.!eri0Ull obMrnt.ioD of toM ...,. flUlttuatioua 
iD nallMd heri tabiU tor ahould eeuti aaaiuat. plac too 1. tIae 

l"UUl tat trc. jan nUoD. the 8ingl Uao neul ta at .... 1. the 

le do Dot. 't'ft7 relatiOD to t1 tiOll reaul W gi"ftD below 

tbeIa aDd 1 t. 18 C0G3iA1erea by suthor t latter an a 110ft nllab1. iD-

cticatiOD ot ..,.tic ftriuc. ntl&lDiDa i the populaU • Ibi_ a� i tuae la ..... 

pe:rtq tbe f t. t tluct.uat1 of tbe � ha.,. 1 .... 0ftftJ.1 eft_t 

durlDa tt� tiou 'tba ety bIwe clUrlna tiOD . aD4 tl1 tbe CoatJoo1 

populaU " .bili., w ca'" t. .se 4ftI'Iiroaaental tluct;uaUcma the 

ftaliae4 heri iU V ie briter considered iD ot aftn.ge ftl_ Oftl" • perloct. 

It ia then�oM the .. tlytt-gUGration uretI et "alf. b 1'1W>ili'ly whlch aM 

uaecl as the buis of decddbg It pn4f.ettoa hY bee auoo..tal. 

(2) 1'a11eib �i.' the f'u1laib ttate. of heri Uity an t_ too 



!tb1 n! s.u..U tabU! 

.) !&tl -e !cr'!!£! 
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.. leoU 

aaal:va1. iD ; 11m aped.8eM aD4 1� ,_ 1� tIaa" the __ aplaDaUoaa 

WVI .... V. • i. --q tba" .nDate 1. bi..... � b7 laqe .....ta o� 
aMiU_ �lc ftriaDc • ..a b7 0"" et,._ ( •.•. llatenal) 0. .. io Mla1b 

llt.t.n. 

�) 

eftee". 

u..tea ot herl--.111" b7 

.... voIJeaU an quite aill1lut to OM I • ...u. ... 

...apoJIR ... �. tbJ.:a her1 tabl11V pndirit 

in rep ... ' aaalyai . .. aoc1 0Dl,. thia ODe ot the _thoU teatea, will 

pJ'Oride a ....,...,ly 8CCUZ'de PftICliOtiOD 01 the heritab11iv t. popul.�iOJUl lib 

tide tlaato 'UoDa herite.b1Uty rill fall tu .. ... Moderate or , .. 18 __ 

peoted iD theory, ADd real!'" iD tU ft .. lta of tIle �. PJoaa W. point. 

ot ri ... thee 'a U.t.tie Mrit. iD ,....ucUDa the heritability ot a population .,. 
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.filot t tIeI ___ • 

t t. b7 oa1 

Vl.tbia eeeh __ 

ftplt tl ID 

eta pain. !'hie 

aD4 "pent D ..,ttlol ta fd . 

ft. 

.. w1l. !he nsult1De � 

'Uou O to 5  o to 10 

lr(tinta __ > 
.16 .Ott 
.19 .31 

.1 5 .51 
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.71 
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-.66 

-. 56 -.91 

-.08 

-.1 2  

.85 lr (ftrn I nar-i 
-.83 

-.60 

-.45 

or eorrelati 

o to 15 

.59 .22 

.16 

-.22 I 

o to 20 

.. 81 

.33 

-

-.26 

-.63 

.88 

coetflcient) 

.17 .57 

-.11 -.'5 

-.46 -.41 



- 116 -

!be conela:UOD bet ... t1n�ti n u4 I!'MpODH U 

a1� .iUft but .ilAiftcaD� the foner N.� .... ,ore • 

� iD 1. _ t.Dt .. .  ftr7 pnol .. pndiotor fd the latter 

.. ocmrelaUou IIi 

la _re pnol.. ...11-np110a .... . speriMDU bat W. ao. DOt bIpq t 

the oornlatl ftl a tb ... lft. woald .. ne .. hip to u .. for pre-

die"OD. 

ft. cornl.tl be fiH ......... nUOD rettpona. aD4 atanaez04 4niatf. 

ia ofta larp iD a poaitift clinotioa &Dd oftn -.11 iD a D8l&ti ... dineti • 

tIae posi U ... blaa of ihe .. Haul U ia � IhIDMtl" 01 a real ool'nlatl 

�"'1Il the Wo panMte ... but it la too 1 oaalateDt lD the p1"eMDt aperilMDt 

to .. UH� " r pn4ieUDc the fiuc-.U 01 ftapoDM. 

haft • Deptift ftlue iD ten of the .. 1" euu . !be iDterpntatioa of tId. 

treDI i. that .. tU -nlu. of the I __ r iDOftaHa tU ftlue ot the lat ... be­

Ca.H 110ft ..... ttft, iD DOn-IItiatlaUcal 1 ...... It ..ana that the peat. ia 

• n8paue la tile firet ..... tlOD tile lIOn rapicUy it .ul fall ott iD later 

..-nU • !lda 1. _tirely lateat wiib M41ti ... .... tio theoz7. tor both 

�ter. apeDCl OIl tbe ....at 01 .,...t.lc wri preMDt iD . popalatlOD. 

0Dee .,.wa howwer. ot the te pntiet the other would .... to require 

hip repU.oatioa b1& populaUOM. 

fte rla ... for 41acrepaDC7 .. tween tir --.-. ti n:apcmae aDCl .... 

N�'" i. worthwhi1. lDW8tip.tiDc, just .. iD the pnrioua nperu.nt. !be 

aiacrepaDCy ..... D tb_ ball ... caloulatea tor each replication 1Jl tan ... 

holD tIlis the ......... -nl_ (tiereaucUaa the 81p) aa4 the atand .... a.naUOD 

ot tb ... 418CNpaDOi... !he Haula er. P-nD iD fable 39, f11'11"-" tor tbe 

.... when the rep1i tiona are k�t entlnly .. pant. &D4 alao DO lUlju8 



- '111 -

la • a4Jlld_� t, .. 

Control 1. • "".o,ftbaa4 (nquiriDc at" adJ __ " .01 ) , tbbo4l7 I • . 

DO a4,j � i. but· ".,pOI:a.-. 0'1 all npt! ..... 

bo a4j_t_rt. 

fabl. 39a DJ. 

CoIl,,"l aDd npII rth -.pool .. 

CoDt 1 aap001ed.. npe pool .. 

Cmatrol poole4. repe uapool_ 

Cootrol u4 np8 boib pool 

0 .... ' o to 10 o to " o to 20 

8!ro1w 
.1 t .072 .17 .m .19 .on .19 .<711 
.11  .t7 .19 .19 

.14 .075 .t8 .081 .19 .071 .19 .010 

.14 .18 . 19  .19 

!!o4pat. 
Caa1n1 and ftP boib aDpOOlecl .17 .067 .22 .0'1' .2' .0'11 .2' .0'10 
CoD ... l aapoolecl. np8 poolecl 

Ccmf.rol pool_, "pIt pool_ 

OOOV.01 aa4 npIJ bo. pool_ 

WoI ana Np8 boib uapooled 

ConVol unpooled, npI poole4 

Coav.oI pooled, rep. QIlpooled 

CcJa1IaooI aDd NpeI boo poole4 

.17 .22 .2' 

.20 .063 .23 .0'1" . 2' •. 061 .26 .C11O 

.20 .23 .2' .26 

1-
.16 .046 .19 .042 .20 .043 

.16 .19 .20 

.19 .046 .20 .� .20 .04' 

.19 .20 .20 

.19 .046 

.19 

.20 .046 

.20 

!be a ........ 41Mnpenei .. between 'l .......... Uon aDCl __ n.polUIe. aft all 

... � one. ftZ7 -.oh l-..r than the r •• PM"i _ __ napouea �.l,". ncon_ 

ba_ iD fable 29. Paribft'llO ... . the cliecrepuaci .. teD4 to lDcr •••• in Yalue viib 
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the l-ath cd peric bet .. 0 thi. pat.tem Mnly Rfleey tha" 

the __ .. itselt ia a.cru.iDa aa tt.. .... • � U 

ealcu1& 

1. 1Mtc::aulIe 

..a iben10ft 

in • tilleR '7 b7 li all Aa "plicat.! 
tut. tba-t. the pool 1_ an &1� 1 

�rati .... 111 &1...,. Ift&W1' 
• 

ftapea ... ot Yabl. 29 . tht. . ..... that ihere ia • J.ar.ae in � .iu of 

cU.aonpancy. la ..... theftton the tin�tiOll ftapoue 18 a poor 

pre410ift o� the period rea t lir.'U7 the .. plica"oJUI ft.I'Y C lClerab17 

iD thei .. diaenpuoy be ..... the two, aecODClly the c1iaorepue1' i • •  un "I'Y 1 

.... ... the nplicatioD .... pool ... 

'!ben i. ODe othe iIIporiaDt ft t iD fabl. 39, -11' Uaat the • .,.... 
41 ... � aetually i_NU_ OD .at. occaaiona vIIeD a4Jaataeat la -.de t r the 

Ccmtrol r • .,oD". !hi. CaD cmIy be rep:rUcl .. further ericleace that the type 

01 Control u.ae4 .. DOt • ftI'y au:i table OM f. ibia Vpe of _perilleD". 

P1Dal17. .... ........ cterlatiOD 01 tillOftpaDC7 4eoftaH. �Ucal11' tn. 

BVoDa to Moc1erate to Weak iD all toor pertoda, ...... thoqh tU ......... tiaonpu.­

ot •• tb ••• l.,.. ROW DO 8DCh patMn. tId. i. yet another -.ait .. tati_ ot th. 

I .. NI" ftriabiI1V be ... Weak ... pltcatiou thaD _tvee Moderate or Si.roDa ... 

aDd t.t pro bly just .... that --'ie drift 1. 1 ... t. ill the 1I'Mk v.aiuDt, .. 

t. npect.e4 tr. .... io tbeozy. 

It 4_. t .ppear libly that the 11111 t of .. 1"tloo rHpODM ba4 1MteD 

nuhe4 iD thi. uperiMllt vIum it cloH4 .t aeunti. 20. !here ton DO .t.tellpt 

... ..ae to apply the act_ti .. 01 Roberiaola ( 1960) lor pnc1ictiDa the ratio of 

total re.poue to tlrat-c-raUoll ftapcmae. 
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• -.iD �.allODlJ t_ tide e_-.'" .... 

(a) it 4t Dot ftG_ the tl_'ICI�· 
bei ..... ... �,ti , 

(b) it. oauR4 tbe np'eUi 

be, 

friei." to cl 

(c) it 414 " net . t.he cltaonpmoy be .... tira" ._ tiCID rattpOD:" ... 
• 

... a theon"ical nwpoiat 

a4eQuate17 t all tuN ... 

of coar.. .. .  t a eiDtle CODtrol to cater 

�ate1y �a_ t.bne VttaWlMlta 

tuion 

• it 

.u A!. , (1962) iD ibei� .� of 

..... Ucm ana that .aa -UDc shoal4 be no" uae4. !be .. apeol11 tiou WN 

loll0ve4 iD tile prennt experblen" &Dd acooftiDal,. tile Control about4 be w.1icl iD 

..... ot reneet 

"tn17 ditlerea" ".,., so 411te""" iD lact that it voul4 be better to DOt a4jua" 

I tide Coatrol at all. !he author 41el 1DI!lee4 re calculate the naulta OIl We 

..... but. t 1 I'i ... tH Coa-trol " they  an DOt 81 ... bee beoauM t.bey 40 DOt 

U1all.7 8I'tect the oapu1.aoa bei;nea "ataenta a" all ,  DOl' 40 th4r7 appreci..,ly 

alter tu cUl'&07 01 precllcUD8 .... poaae. 

"pN1.ee ot • Yalue of Control then, t.be Coapari8on ot Strcma. 
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aelection iote Itt. contataa 

CGlllIII8J:"Otal • l't aflOlft t at tire tIIne · 

it! 
• 

8�--

• HQC%._ 

iD OUJNc1; leal ..... ... h1che" 
b� .'\ 1IlM1-. at ... 

t 'WU7 aiplft t ... aUl I. 

t t .. of _leotiOD lDteu1V tor a br •• ". pn� .. t 

........... .,. en teria 0 J t GpMttea re . .or 1. 

• t !tl "'
_ 

tJw �. __ tbia ... Ime .. vout4 be a aeriou .. t-

t c tal j...... .... ..... lildie4 NRlu o� ... t �t 

nliabl. MleeUoa tat.aiV wal4 be ente. tor owr all f pari . 
1t ... ....... .... allabtq below t.be ben iD .. .,.... aD4 It 414 DOt a� 

.. auttar tna & I ot t1 !Id. ooaol 1. at lean aD 1Uh'a1Mt4t .. 

r.m.rt• op1D1 (1 9", ,... 123) 

.... lt DH .. auy follow nl. fd 

to be 1IH4 i pwn 81 t1..- . 

.. • • .,..101..,. ill t .. leeU 

la 4 .. 141. tile .. lactl uWult7 
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DISCUSS! 

.... Ilor .... ONICl 8Ubal4luy :ta 

the � ot np11oatlou 

..... 1I&ia tha... ....nr. a 10M wo ..  _ .... :n.UOD iDteiif'&l 

MC ...... tb1a � .... uualq ntleote .. tt� .. cllraaj ... iD a UDe. � 

32 -.1_ �. la � Oat theN ... . . 1tch� Iou ot t1 .... lA 

the popal.aUoD bd a ..... ter ODe iD .. Li.h,\ popIlaUOD. ID .. 

cloam, Uou up to MftD .. ,ka .. ..  ea iDatee4 ot .. or1aiDal I 

.. 

...... tor • poentioa. !he SVoDc popdaU ot BIlperiMDt !'wo 1hltrft'e4 aia1-

"-1;, � ly of iIIbne4lDa eft. ather .. tlMl ala. tide 

tailiDc nquifta that tbe ... _ aD4 VeM linea ha4 to al_. tor 

all tbne _____ aDd the CoDtiZ'Ol .. t be kept iD atep. Also. __ of .. 

...... Mta ot pro • 

Bw •••• all the .... wwk that. tbi8 falli titoe.. t. about., 1Dcl111t ... 

tbe tIaft7lng ot two _tn. repUnt-ioDS, had ODe hla a4�. It. -.at. tbat the 

au1mar was abl_ to aw14 ban. b1a pptJ iD the c1ata, wbicb would haft ....... 
't.be aaal.7al. ot ftaW. w. fti . .... to be a aerioua .. iD the work d 

( 196) aD4 Dehi. AIl4 'f01lllthben7 (1961 )  ad. ... 0 autbora .  but la 

.. PftMDt. e&periaeDt the fUll .....,. d NpUeat,loDa and d .m_'a in ... 

... JIai .«Md to the .."  • Perhapa ita hi .... t. .. eJmeaa 18 that then ... 

DOt 110ft npUoat.iGD8 and udmala iD euh ODe hoe the aiari. H ihla 

__ t.Iw ... the fiuetuat.lo be ... ..-n,tlone would pnbably ha ... bHn t • 

..t1.. the7 ..... Bftc1enee tu thia la PWD iD table below. th. 

4&_ Ulltel an 'WalQH ot ........ 1'4 c1.naUon bet... Uoaa tor B:&periMJrt 
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neoN .. earlier that the diaonp8D07 _tweeD tln ...... DeI'&tlon aa4 IIHIl ft8pOQMa 

vaa .� nduoeI io • naaODably low ftl_ 11 all npl10atiau (aDtl tbeu C-­

..,la) ..... pooled betoN the 4iRnJllUMl7 ... calculated. ADother HDettt iba� 
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auociatiou 1. Nllab18 eDGU8fl to predict tn.. 

the ftzet. ..... "lOD for fllian W01I'k 1. ...fon a .... lat ten ot .....uo 

theoz7 -iDe a ftD8e of population .1.a. ill!. aod of .. le uta la _ 

. atudeata CCNld iIheD a� 110ft aoJb1a-tlca toplea aucb ea taut elf"" of 

� .. leetioa iDteuJ. .. pari ...,. t.broagh aD a:per1MDt. pa there le 

.... __ ter 1 .... to 'be p1M4 ,... PnMr·. approach. Be a. (per_ • 

• ) . of I'Nvl�1ng po� to 8pNitte4 -.11 aa.1 

__ a, iD to follow tu effec' 01 .. leoU. aet.iD8 OD s.ate.- _ iD ...... 

_ ...... .-iabiU'-. At lift'" tbia voal4 .. poa.ihle oaly iD 0I'pDi _ _  11 

obu'W. ,...uoalq, auoh .. J)£o!opI!Ua, ID 1 .... � specie. each .. 

!libeI1!!! 1fOdl would be l1ldted ... iIrpoaiDI bo\t.l___ 1 'fUi aorta, iD aft'I:jI..,. 

to cnate a � of disequilibria iD . .... popalatl 

It. .... liU� that. � rill be __ ... 
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.Spf..UOIUdo wc ..... iD I'IU'& " :t-.ftw .­ It 'a 

1aO];JeG that ...:Jlua ia .. lat .. • fa brf ..... 

.. qtB1ltaU.. • � i& .. � .  

bra ..... to . afl . :t,q PNi' . .. lie! aD beaU or • 

!be two __ tbU t.. t1rat� � 

...uy be apWD114 or � la .... d _, 
a44i U... action eta ,  eh tapltu ... � tM7 ab' be e&tctn4 tor iD a41 .... 

v1Ua .. 17 aopbl8tioa �. 8eocDUy .... ... _te .... 
• r... • t1rd ."J"ati • deteotlDa .ipift d1 • 

Mk_ S • te YMk .. JARl etc. be _o_ah11,. ubi 

.... U7 eDluwi tile al .. 01 d Nplieati • 

• coo4 • 'Iba. 1 • • S� __ lnr.� . _lecUGD .......,. _uu 

to c .... ua awl' 1.. t GD1.y iD .. widal- .,.�. 01 a1Mn lafiDlte 

.tu aad detail. Pn. .. oawlIl"Oia1 ........ . ft.Rpo� tbb ti __ 1. jaM an 

ponl 1_ the Naul ta of theRe ... h_ woa1d be bet to lpoJoe 
........ rd tecladq .. ..  PNdictiDc ,.. a cUa11e1 aaal,..la. It __ to tbe 

DI'III_a" autblao tbat at tbi. tbu18 aperiMGt .. t� ID01'e aophlstioatea 
.. W b ' . proJ-- voulcl be . .. that )'ri thl. tboai8 .. ,,� 

0Dl7 tab n to �cal aDd prec1iniw , such · .. 1ee14GB aa.ory 
i. cln8Ucalq oft of with the ...aa of .. a� I Inial. bnec1fto. 

la " u theo1"e\iciaDa to t.&b • 

Vbetbft i. 

to U 

.... _ aDCRn pnftta 

"aoeJl'Dld abcMd UItII1awtab4iaa ..... they do. 'a IIDt author's pri.tl -.:I. 
00 a ... poe'otl .. D8te. pR'hapt the .t polD" of thia theaia 1. ita 

b1ah t rep1lodiOD. � tU ..... atl_l sigDitl .... 
appU.a .... the labl1tV be-'- npltcaUoaa " it. .... eleur 



-.- ( 1�) 
OIN .... U � 

4t�-... �� �_ ... 

ftie e&plallllA 
7R llftl. hetRCl�_1b' 
... Db In 

u..t.1 wam1 

- t -

• tIaee1a. ....... (1 958) tU.lIOm __ 
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. ohae.rft4 • 
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.. aa4 _. :ba laDOZ'a'tori_ 
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..... ton • hi ...... tllbtlitr 
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.. :t) .� .. to ... ll�t.l. 

emNtri_l •• by tt.e 

bu &lwaq � slIIllG" .... 

• _ aMdIIIld tar 

fd .. pI ..... , -aaQeftble" la et ... q :bIDfDIIi ..... iD 

elaia the pn_� thee_ l�1.-. ftIIPGDl .. 1. �_ ... 

.. 

emrut_Md, ..... � popala"i_. 

� .. ...... .. a to. BaDIIGD'. (t96" 1_ ' _ 

&I1tibDr "porta herit.bl1iV cd .  HlLeoUC. 1/1118J.l0ll1. be a al_ � \be 

1U tAU1. w.Jlae .. oe1eu1a - .. 

..... of Npll_U • fne d etnrbl __ '. -uae ...-
'. '-..rI� of ... �.� tbeaf.a to 

a ..... of aild.lari1iJ' tiblUl .. hi. 

QI..aIJIII _ 

• 

Hleetioa clilhr rn. pnaen" .... -" � ,.. hf·Sllt hew ... 11 the 

01 

__ .... '10 ft8Ul_ " to .... polate. UDto U OM "  
_1141)' tela iDt..u tha" Y111 Hlp Ma to ao ao. 



· .. Aft 

- -

of _ ... ,..", ....... -

I 

PlPwt bl or .!r.!IlIl!!l1 __ _ 1.,... .. PllPlIe iD ....... 

populaUoD,. la bo __ thI_ 

a upuate C :t.ftl � • 'C117 nplio&ti 

81& ap11o&tioaa 64 pap .. 

(2) of �iDa 

... Ipol .... of tile tln_ ��IRI_ 

C � iD 'the tIbeolute � of 

(,) !be nlpoue Y1thlD each nplioaUOD .. ooof'oaa6ld by __ -t.r.Y 

I..,. t1 UoDII bd cmaoaU n8Ult aDOaG _�'[ft 

Yi .... 8lowl¥ .tan vith _�. ft1en vu et .... pa� iD 

.... of tluriua�1ou or 4uriDa period of the �. 

(ot) Yariabl1iV "pI 1 ti ... _foIIaE'Wlll 

by the P-catio of Mt. ..... epll ti ftriaaae to wl tb.1D-npU 

!Id. ntio I1p1fteaDt aftR � • ,.. t.ioDa tYI4 lac 

taao.. 

� .. _leoti arift ,.. appareat.ly a -,jar 

.... of ibi. iabiliV. Tariabl1tV bet_Ill ap11o&tto. ... 111.., U1_IdJ..s 

tor tz.. , ..... ri �"'U_. ion CtCMtfftcd 

O'f'ft' ab •• iMI'aU pert • It .. tail"17 1_ t ftrn 

�. 

.aa of _laoU_ aD4 .. UII .. _ 
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of heri ill. � .... .... ,... balfalb. t.11.1�, l'II1 .... maIJZ"1Jl8 ..... Hi .. 

llDea' tUlll. ODly lari Id .. eqalppt4 'to pMU. •• 

-

n1aU.�l» 

w1 talr __ lla . d 
. - . .,... 

.,...� tollowf.: • Iv 41·8d'ItpaiDCY •• 

tly bJ' �-.. tha 4&_ 

bltf'u.· at.telllPtilDll to }1l'eCl:1n. !hU ........ tba� wt 

...... w. be  la 
of _ftl,oaJ.:l3' uaJ.yaiDa .. populaU-. 

of 

(7) .. tic!D "_'DODI" et 

'( )  1D .. ..,0Dd mn .... .-� .ueftSOD for ... �nr DIIl"­

at UnII'Ger iaWu1U tar WelRy .-0 .. :\1 • "" first 

all 

the raa .... reiIpo toU. by �ta then After aI)01d 7 ....... 

Uoaaa :te the 1 

�iDCJe> of _1 Weak 

aDd be14 1 UtI �n GtmeJ:oation t7. 

the hecwiost populatl 

... ;i; aignitl4aDt 0ftI' fiftoeD or twentoy ..... UGD8 but heri..,Ui t,y 4lft.r-

...... _-_. 1y WIDe .  NGl1 h«ritebil1U .. beiDg lowd iD the s+.;--

__ aad hi t in t.he cme. 

(9) u the ..... .. � ti_� • 

tlttean aa4 ti • la fIIftJry oaH tl 'tiGD bcnIree ........ 

�1ou apill .. nalJCla&od dAIri. i-GD au4 the 1oftD4 G'flIr tioaa 

.. ...-an4 hoIa re 1 coetflciaDt of rosPOnM. .... .... DO 01..-
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• t the IIIaeep bu4Joy �, .t ...... 11Dl..-.lV • 

. v ..... _ ,..uanee. 

v. .... aDd Hr a. 11 , to ... A.c. 1 (Appli.& ... 

Dl'riai , n.8.I.R. ) ror tUb' ....... _lp. 
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CM�. A.B. 1946 
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�. ot .. leoti • _il-.1� .. 61208 220 
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"'!paI" of the t..tan .. t fWU7 a  .. aaotn}Jble 
----. o.n�._ ,, �  

CbI .. , 0.8. eD4 CIIa�, A.B. '958 ot 
..... tn. .. l ti ot � 
a-eu .. . ,.'94-600 

�, G.A. , MoniA. J.A. , 1obRtaoD, A. 195T AD aperiMDtal cbMk 
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Dd.4 "," 2-110 

. ... tOI'Il. 
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CooJruMa, C.C. 1954 Aa at.ai . of CGDOept of parilU henc1I.iM7 
ftri8DH tor �. of ftlat1 .... 
.... 18 1. � G...-tica 39 • ." ea 

C , · c.e. '''' �l. of . ;ti .... .-ne aett_. · 

.. --- .... 

ec..tock. ' .... 

Jlnroldl ..... ..,.,..la iD . "t.,. ".9.53.!-61 
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1IliIM1i'rlCtIJ .� 

1ID1l11JU1IOA,. ... 1m BMw. 
.... 1. 494-516 

CoMe. p • • " ..... LII. ,  ..... K., .... u, 0.". .et .... .1.1.. f962 
BftillatiDa .. � w.riaUoD. 
lIft'ecll"Y 17 It stattat1ea1 1 1 5-'» 

11 . ti 21 1-236 

Cnia, .1.'1. aD4 Cbe; .. A.B. 1953 � .... of pn41ntou o� f.Dbn4 
11 .. per! , 1D ____ • J • .b1a. Se. 1 2.,24-, 39  

Crow ,  J.P. '''' GeIIftal ...,. o� populaUosa ...... t .. . �1 •• 

CeI48pri 1a. 201,.." 
en.. J.P . ..  n.an, M .. 1 95' 'OM '�lc ' 1_ iD _tun! populatiou. 

hoe. tIWr4 JIlft. 8pp. .tal. stat. .. 4.1-12 (1Iri Me) 
c.ow, J.P • ..a 1InicID, .Z. ,'" 

pala.l • 
M ......... ot ot ..... � 41ft" i -.11 

JmdaUOIl 9.202-a14 

Da.waon. P.s .  1964 !'he UN ot .......... 1.,. _tiDe t bftitabl1iii7 • .u.Uoa. 
a-t1ee 49.991-994 

DawaoD, P .s. 196' Bni_tion fd c tit of pJ:aeaoWic ..nuc. tor 4ft1tlop-
MIltal ftW la t;rDol1 . IIen41 V 20.403-411 

Dehi •• , J.C. au4 ��. LY. 1961 � ftriablUty ot Z' to ael.nloa. 
I.  IIrtftliDe u4 lDWaliDe wriabll1ity iD a popula .. 1OD ot 
D:roaoph1la atflDia .. 1 ..... ' tu" bocJy wel," • 

.... tlca 46., 5,9-1-530 

Dlckeraoll, D • •  19" GeneUc .lippap iD ft8PODH to .. leatl_ tor .altipl. 
object!..... ColdapJ>ina IIutJor ,..,eau 20121 3-224 

�. G.E. 1959 �q ... tor ...... rch in �1ati .... __ 1 ,...tic • 

MIn. • ADla. PIvcl. plbl. 57-105 

D1ckencm. G.B. 1963 Baptriaeutal ft'al1idloa of .. lenl_ the0J7 1D poal'by. 
JI'n. Dth IDt. Coup. ho. 2 • .,47-761 

�.--t D.s. 1 9" hlect1 tor larp aD4 �1 .1_ ID Id.ce. 
J. hn. " .410-501 
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.. laP. .8. '954 YalicU. 0'1 tu eory 01 
J. • 4,,43-4 • 
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'uurra"JUIR Barber _1I»Ol1ta 20" 11-196 
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• Xl Iat. COIaao 

Pal ...... , .8 .. ... na.. el.Y.B. 1953 A ....., or .. leeU 11ld. la tbe ..... 
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• • .A. 1929 

OD. 
_�. 11 1'3-63 
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.ai-.1 ....... Ib. 

1'nMr, A.8. 1957 ti cUp tal ec.lJIQtera 

1 .  t. J. 
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....... A.S. 1 962  8J.alati of �io �. J. tMon". 101 . 2 . 329-346 

heJ'. �.J. 01 actual ... pnclio pi iD 
ft1;lR'jL-._. .&pGa. J. 471186-188 
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