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reelve laboratory pooulrtions of Urasaphile melanquesier

werg maintelined under ant snvivonmentsl conditions fep

COn

o ogp 8 yespe, 2och populstion contalning twe of a series o

=

paeudr~allelic sex-linked mutents st the white locus in an

inbhrad hao!

round genotype. cepulsr zasmoling of 2dult [lies

from the ceges nllewed .ene {reguesncy chenges Lo he followed,

wena made of the hynotheses thint rendom mating and

3

&

no gametic selectiion occurrsd witibin the populetions,.

w &

ol
e

sral of thne vopulntions apperred to schisve a astable
eouilibriur for the sex-linked paeuwdonlleles, snd etiempia

lgtermire the valetive selszetive vaolues reson-

theas soullibria,. TRo is of sralvals prae

develoned for dotn Trom oopuletlion cases containing
autosonnl =lleles in corootitlon were modified feor applica-
tiem it A sgz-llnkod avslen. The prelative asleeiive vniues

%

sore nlse calcaleted directly frem the soulllibriuvm cene and
cenotrype Ifreguencies. ‘ne enalyacs yilelded conflicling
results 55 to the velunes of the eouilibeium gene {requencies,
thie megnitude of the relotive selective values, snd t(he

tentidty o the esteblished esullioria, Fansible resocoens

Por theoe contradiections are discussed, and criteria sug-~

o

ested For on idesl methed of snalvsis.

frde

b

gnlficont hetorazeneliy wes feound in oll copulsations



for the sex ratio of different ssmples Irom the same Cagd.

The Asvistisns In sex retic cccurred in beil directions,
ship to gene freguency changes in the pon-

gxoarimental work to eluclidrte the couses

s supgested.
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Universityv. To the best of my
rnowledse, due credlt hing been given in the text for the
authorsnip of 1]l mzterlel punlished oreviously

AlLer NErstn.
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Vor many veeps there have been studlies made of bhoth

and lebepniopy panulstiorns shich show sppavently

T T - ey " T
oo lynaPoinlsma. hese nave Prom the poly=-

morphisms found in men feor vorlous groups And NEOmO-
elebin charecteris fes te the ehromosomsl inversion polye-

p “ 4 ” - e o e e s o 5 g e Y
?‘:;(g}?;‘)i}ijmﬁ in many :._;EQ;KG:}M;’i}.ﬁ. species and 1O WmOPro CO¥ }‘-'11'3,.

situstinms such as arg found in snnil sand grasshopper colour

conhrollad

nattarnd, W

sxhibiting

sutoaomnl inberitence, althoush some suthers have reperted

=

able frecusneies of
natural ropulstions of 8 few

attention

meraiblsma fovr sex=iinked

o

for Lno axiatence of such pelymordnlsms

ve only recently
rgeeived conslderstion. The selective forces rooulred te

mein' sin gueh @ svstem hsve been sbown fo Lo subisct to

cfeapeant reatrletions [rom these peouircd Tor -

of en subtosemsl polymernhiasm, sllowing apecies with » SIPOmG-
gomnl determirntion of asex to exbibit polymorphlsms withn more

then one possible avstem of eontrelling selective forces,

Tt seemsd thet 8 study of Ilsboratory ponuletio

SO~

P

taining twe sezx-lin nllelss sicht detopmine whether s

selectively balsnced sea-linked nelvmorphism wes possible



3

ander artifieisl conditions.  Drosoohils melsnomaislgr wo

rhesen na a convenlent speeles, as 1t hos 2 short sverage

e main-

teineie

the 4ifferent genctypes in the populntions would alleow

jeductions to he mede ag e Uac nossiblie exlstence o

h

atohle

balanced polymorphlsms. If such were found comporisons

wetween bthe selective lorces resporalble
fer these polvmorpnhigma and those =eintaining solymorphisms

rharsoters.
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The necesanry ond sufflciert conditions fep the

ol a8llelec

xistence of & stable polvworphism for o

many voars age

{Fisher, 1922). Yore recently attentlon hes been givern to

the problem of a

maltinle allel

7t omn sutesomsl locue (Owern, 195L; RKimurs, 192563

- " - ap 5 iy e 1 % .y
[ & e P P | c g S Fa Lol EE ow N - b 3 Y 1 LA B
emith, and Sprett, 19363 Handel, 195%{(a) ). The

# e e o s g T -y 5 ¥ s i B e B b S o e e o o sy .
ol Letcerozypozity”, (Vs whicl the helterosvroous eI

8 yvishility losa thar the syvarare

populsntion, but this 1s 8 sulficiert 25 well na a necessary

gtaility in certeln aspecliel cozen on
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{1953}, who
seleetive valuss

{brlum can resylt.
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fipst paper bBeins by Bermett (1357). e considered i

- f
7

splatinn hetween the pene [requencices in %o

5

% o g F -4 # YT LR L . o ey
aez-linked slileles and n, mnd the reletive selschilive values

to muintein o pelymorn

the hemarametic sex (&

o
Laks

sex in terms of tne relstive seliectiive valuea as

aonpencies of

unless €, = 1,

ts ne relative seleetive

1e2, uniess

the twe male gpenotypes. T sgsuwnution of eaouel

fresuencies in the twe sexes Leg often heen mede for naturelly

seourring

{1380} stuldy of glucoss nase deficlency

il

in meane The gene Ureqgueney of this enzyme deficiency in

P4

rle in 21lison’s
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East Africen males wes used to celculeate the expected number
of female homozysotes end heterozypoies, and thus a figure
obtained for the percentsge of fewmnle hetsrozyvgotes detect-
shie with the technloue employed. As seleetive Tsctors
sueh ns anssmin snd {mounity to molsvie sre inewn to nifect
persons with this sneyme Jdeficlency, the assumpilon of no
relotive selective differerce botween the twe wale genotypes
would be hnpd te Juatify, snd in conseguence ithe ssaumption
thet the male gene frecucncy could be zpnlicd to the femslies
was not velid.

sennett's paper slso gave the necessary snd sufficient
conditions for steblility of a sex=linked polymorohism aa

ﬁa & 1= % hand m,a €1 -4 n It can he seen Lhint

ey

i4h,
the autesomal "princivle of hastersasygosity” ne longer soplies,

na only in the speeisl crse of By o= 1 nre both Lfemale homo-
sypotes required Lo hove reletive selectivae velues less than

1

thnt of the femele hicterozymole a8 8 necesssry end suificient
gonditior for stebllity. Bormett $1llustrates this faet
with o theoretiecel exsmple in whiosh one femcle homozygote had
8 relntive selective value greater than unity snd rsat a
ateble polymorshiism sxisted. e gave another exemple where
both “AA and Saa were less iharn aniliy butl no stable poly=
morphism was pessible, as the existence of an equiiibiium
depends on the pelative selective valuss in the male as well

88 in the Cemnle zeX.
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An 11lustretior wes provided by Hendel {1959(®) ) of
a "principle of heterezygosity" for the case of sex-linked

solymorohi s Uging o Aifferent notetion Trowm thet ol

-

Bernett, he asseignsd seleciive rolues to ssch of the Tive
posalble genotypes, iaking none &8 8 &L andard. e thoen
showed thet 1f esrinin combinsilons of these seiective wvalues
were taken a3 spplying te the homogemetic zez, the atehility
nddtions would be that the mean viability of the Pomnle
novalet ioh must be grester then thet of esch femals homozygote,
psnd thet sech femsle homozypote must Lave & selective value
1ese ther thet of the heterozyzoic. T"he modificstiong of
the selective valuse srmounicd to a velterstion of Bennett’s
atonility conditions, and anfortunstely hnve led to s certaln

eanfusion a5 to the conditions lor ateble gsanilibrie (see

V_J

£111uen, 19607, whern ¥narcel stoted that Temele haterorzrgotes

are preasent in cxecss of L wpar-Helint

grpectrtions 28 &
ennd@ition fer stetility, Le wes considering the femnle paerd

of the populstien enly 2s anelegeus %o the ahele of & popule=
tien showlng sutesomsl polymerphiom, mnd then epplyding s
formuls %o it which is not strietly sppliesble in the sex=-
linked cusé. Ge wes met implying dlsegresment with Eennett's
11lustrrtion of the feet thst sn exceus of femele neterezypotes
over ihe sum of femele homorzvootes is nelther s necessary nor

a sufficient conditien for stable sex-linked plyrorphisme
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In o later paper, Bemnett (1958) elsborsted on the
formulae presented in Lis Uirsit note, and spplled his results
te dnte published by Wellesce (19LA) for leborstery sepuls=

tiong of Dreseonile wnagudo-chgcurg conisining a sex-~linked

conditins ¥nown as "Sex-Pstie"y(SR). Males with an Shebearing
¥ snromogome produse weinly deughtera, but the sems aversge

rumber of offgpring ne normal males, so 4het counter-zelection

Lebasping chromosome is not %o re=~

myat e present 1f the

place the noreel one in the peoepulstion. Wellece cleimed
¥ !

o

et & lzboretory pepuletion resched en equilibrium with

£

stout G of 9R when meintained st 16.4%C, and he presented

relotive selective vrines for both mele and femsle penoiypes,

b2

Bermett sheowad thet althoughk these relative selective velues
wonld meintpin a astsbile couilibeium, the resulting frequencies

would not be thooe ohasrved by Wellees, e ther presented

the gene snd geneotype raguencies which weuld ~eccur if

s

[

inllace’s roletive asslectiive velues were the correct ones.

Tt shinuld be noted thet 4t %18 i{vmossible to estimste
the relrtive selective waluce Crom Wnllsce's equilibvelum dnte.
The racuencles were determined from egg sswpies slone, so
that only ihe zvgetie freaquencies before selection and the

reguencies of peametesz uniting at random oen be deduced frem

¥,

the ezperimenial resultite. Bennets s Termalae zlleor catimption

ef t, 1n sueh cireumstances, Lui cen only iﬁﬁicaﬁe/ﬁeiﬂslon—

ahlp between Rﬁﬁ and B8 .. A gomnlete selutier requires

&
it

knosledge of the genolyple Trecuencies giving rise to the



be tedlous to schieve experimeninlly

sopuletions atudied by Wallace.
261) suggested that

o Bnv geXelinked nolve

morphiam whers gometice selection coours, suech sa ithe "agz-

1 osecurring in mature sygotes,

hnt oceurring in the

&3

ametes uniting st

random Lo Iorm the pext gensratlien, Thia 1nttar definition

fop gamelic selection na w

does of 11 =8 zygotilc
seleciion te oecur belove the "oguilibeiam frequency” ia

not in eon

maenge reatpictaed

é‘d

to copteln typee of sex-linked nelymorphism,

5

o8 summing

dwards

te unity over bolll sexes, thereby ailawing lhe onloulstion

S T , " Y Y =
of the fregqusncy of nos 89

DR 2

This is8

immossivle in z2oniving

yere aummed to unliy within ssxes, slthoush Edwardsg Lan

erronacusly asgumed

by s deing. Sdwards heg furthermore asglprned the ssme

ralstive selective veine Lo {he normel molesg ond homo=-

gygous normel tel Juatification.

His =tten to coneider aametle selection senarste=




w O e

ly is perhaps unnecessary aven fer the "sex-rstic” pepuletions,
wiiere only the zygetic Troguencles hefere zelectiion ccours
($.0. frecuercics from esg samcling) sre excerimentelly
deterrmined.

Edwer '8 plae presented s formel sreofl of the stadnility

gonditions for a iwo~allele sex-iinked polymorphism, and

the
results af & simmliation of Wellsce's szperiment on an electreonie
digitel comnuter. The latier 1linzdvsted thet 1% ia neasible

te nssign reletive selective velues uwhish result in spproxs

inutely the observed chenges in chremozcms fyeguency.

Mo
e

o
P

Tne further thesrebiesl studry o sgy-3inlks:

Lo

Py

noiy-
morvhism is that hy Speett {1957). He pregentied 8 model fov
g multiple ellelic sex-linked polymorpbise,. 2afining the

ecuilibrium pene frecuencies 23 thoce in wme

—vﬁ

are zyzotes of
hoth soxas, He atated in his inteaducilon that Fitress

could be gonsidered te have twe components, £y the cherce of

matiry ot 211 (zegotic vimhility! and Fé, the contridbution te
fertility of = pair after sating. The £, fretor woas opiglin=

glly introduced by Ponvese for suniozemnl lec! te consider

b
=
senarntely the peoelnillity of repreductive cvercompensation

®

mainteining o wn‘wwowﬁh-mﬂ, but

-
i

=2 Dppott took f2 as equal

Yo unity he bas gensideves only sygotic selectlicon. e

aedligned the selective velues 1 » wij te the femnle genow

types A, ﬁﬂ, and 1 + Lk, te the male genetypes ﬁi’ soid derived
e of &

the equilidvrlum gere frecuencies in terms of iLhess K- and



he values, le rlan derived

gondltiong {or nuilit 2

Lo he

an sy g

net presented o8 simple inequnlities of %
ziues.  Ghen reduced to Lhe Ywo-nllele ense
neEcessnry For stahility being Kz?:>
which was stated o » 47

o
3
e
s d
o]

e
werea

onditicn

te 0D but grester precisien than this con

ui

U <

ctive vely

female

Ii» selactive
thece Led e a
-(k, 4 i)
(i, 2)
24 Rye W,
e o
the devisntions

e

nd

is souivelent

be ohteined

rajotive

b3

the selsctive values of the female heterezvoote snd the nale
nemizvoote, frnnthier sxemple presented numericslly 2 situa-

ion of stabls nolymorphiam being sehilsved without selectiv
guperiority of the Temale neleroszygote, though this fecl waes
not commentsed on. “me three-allele situstion wes also

exerined numericsily, asing specinl zasumpiions

Pemsio

Lnrse

furt

ner axnlore the Lthrce-nllele

L at el

@ral tiong

S

fo

pror ondd for

stability

aitan

ay

23 to sounlity

lon Lo see

Sorobt



these of the two-silele coae, and indsed 1% seema Aifficult

te do so in genersl feprs from his formuiac.

Very few experimental dsta have bsen publiished fop

lsboratery

Alationeg conteining compoting sex-linksd

aileiss, The wont extensive sxceprimenl reported wes under-

“ 5 2 At - P e s -5 e
i 5 A e anefsum W AT
WDADCEN VRS SReAYLINE A gualrome

1is segudochsgurs in

ot atlslics the Ywo

SRR OTED » A e

tyass ol X ¢ Zor annlytlieal

Savarsion and

geagsing over 18 congegauently vary UaCG. dailsen wointsined
sopulnifons of aversgs size L,000 under gonstant envirenmenial
comiltiena, and follewed tle chenges in {requeney of the two

types =2 X chromosome by removing

aspmples at regular

Loai® wewd s el oo B B T g 2 v f g oep
and o¥inlopglcally eismining

af ipitial chromosoire [reguenciss

av Tinal onromesons fregooncioy, and recorted toot 2t ?%@C
]

an zouilibpiam reaulited

timaten

ien ail T within

N i = L] e s s ' B Wil S i, A - ¥
dreing fitavose dlfderenges 2¢ difiTevent

stages of the 1ife cvele, and presented the product of

am oan everall selective value for ench




proved supaerise in ove

populetion data.

ning srbiteerily

velues

LS whaa dewm

rlege "experimentelly™ by Bsrker (1958},

" T | . T o T g s
ramme was designed te sllow for four ¢

s “ . P — S e o e e » - s 3§
aelection, gencipple reproductiive seleciion,

nameiy,

gelcction he« nt meiesls in heleromygotes, snd

ilization. de adented
in Ws

t T T &
R ok




as srzotic solection

an egullibrium, both series of simal

wlith ihe thecretleal 2oeuitliibriur dem

yaluas, Berker

specific or oversll selective veluss

T
th

is gernetic altuntion, snd altheugh i

by Sdwsrde on the grounds thet sex p

two npproeches, Harker

chromesone Ireguencics =

samuleds, and fon

A

geries ol exporiments waa

i'm

only, and obtained the same resultis of

sted populntions sgreeing

onstrated by Bennstt fop

+
o

soncluvded tont either

mey be used to study

o5
3

ds was cusllen ged

atie would 4iifer in the

w28 only concernad with velstive

ns measured Irom egp

ser ?otio i irrelevant.

cuarted by severel suthors

raseniile

zelanegaster in amell peoulstionwbotitle unite (Reed end Keed,
19483 19803 fadwin, 13513 #“sevell, 1353%a, 1953u; Merrell
and Underntill, 1956). Thess ponulntions veried consider bly

in size throushout their histery,

raported by end Heed 4o avarage

Raer

such small nurhers pondom arift effe

contribute to goene Ifrecueney changes

fluctuntions in gene Ireqcusney ware

neriments, Hesd snd Heed [ 194L58)

aiilp between size of populatisn and

ireguency

resulis ware sversced over s numberp

slinminete drift effeats, the chenges

safgly be sttributed $o asslectlive fo

beiween successive sampling

snd o1 thelr awelliest were

151 Indiviinals. With

imht crpected to

cte. m 6

s ind certsinly great

agemmon in 2ll these

dempnastreted 2 relations

@
chesnne in génotype
uzh the

™

an atithou

ef popul=tien unita to
in gene Iraquency csnnot

Poes alond



in many cases wag placed in

not surprisingly

dd

gcompetition with iin

. A= 2 on. A TN T —
gilminotion nf the muient

f, ) "‘G’%V‘ ™ o

1 this feor white eve colour, !

eye colour and ferked brigtles, and

genesa as Marrell

et

i

lons,

Gikle conhine

studled

i b -
~“0r 5%

e ed .
goepsll frepuency

sulias

| Ty 2 e o8 ¥ 4%
TATRNEER on L

— -2 E 3 A &Y N 7 4 >
shed differerags in

a
i
: 1»‘
S gn iy e 4 5 3 ; s 2 - L
acequatgly compare the sbaserved results wiih theos exnzeoied

ohserved elliminntion

—— ——
pgeng noHu

the

cbeerved

genorw r-r}%j

goarrect for o gezx-linkesd ne on the assunntiiona «f ne
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fme experiment by Reed and Reed (1948} showed an
spparently stsble ecullibrium helng aschieved desnite the
lerge fluctusntions irp frecucncy in individuel popnulstion
unite. This experiment involved conmpetition hetween 2 Mullepr-
5 X chromesome (inversion, Uar sye, spricot eye) and &
normal X chromosome mnrked with white eye (w) ministure
wing (m; end ferked bristle (f), and Fer meny generetions
the authiors obzerved only two sdult femsle genoiypes,
¥ei/wnf and ewf/wef, in the rotle o6y, and $he two adult
mele genotypes wml and MeH in the reitlo of 931,57, Reed
snd Heed nesumed the V) moles 41d notl mnte, a3 they were
known to be seni-sterile snd of poor viability, =nd concluded
that tne ¥ chiromodome wss thevelors mainieined in the
populntion by supcriority of the femmle hetereszygote. Wright
zaleulated the relative selective values of the wmf/emf and
HeS/wmi females to Be «27:) for such sn soullibriam. It
one sssumes thet the ohgerved zmygolle Urequencies are those
af the individunls which give rise to gametes without further
selection ccourring, the reletive selective velues in
Bernett's terminology must be 3,, = o3k, Bop = O by = 5.69,
assigning A te the normel X chiromosome mavriked with w, m, L.
These relntive selective values satisly the stehility cone-
ditions, end such conszidevable selective differences
pregumably prevent the detectiorn of -drift effects in small

populntions. Reed snd Reed's figures slsc indiceted that



the cquilibriuws populestions contained only 308 of meles,
althoush they #1d not comment on this feet. Such a resuylt
could falirly well be sccounted for by sapuming thet the
male lrrvee with the V-5 chromosome rarely resched meturity.
#errell snd Underiill (1956) intreduced » single male
wild type ©ly into emell populstions of either vellow body

oy

riiey reported that in % out of 9

=

or respberry ave lies.
vellow pepuletions end 5 out of 10 raspberey npepulationa the
mutant was eventuslly replsced by 4ts wild type allele,
althoush there was censlderable veristion hetween popelations
in the rrte ot which this cecourred, In the remmining popu-
iations the wild type sllele wam presumably lest by chance.
fnelllary experiments om Isrvel viebility snd “Cemnle cholce"
meting tests led them to conclude ithet selection hrd exerted
its major offesct through meting performances, aud this wes
roughly borne out by Sepker {1958}. who simulsted the series
of populetions with yellow on an electronic computer. Yerrell
and Underhill's data on vianility arnd neting performances
were sdapted for use in Serker's preogremming, end in 8 osut
of 10 "populstions™ the introduced wild type was lost., The
rate nt whiech the wild type repleced the vellow in the othep
twe "populations™ showed less varisbility ithen {n the laboree
tory populestions, but the simaulaticn was a remsonsble
epproximetion te the originel sxperiment,

inother group of experiments or compeiing sex-linked

nlleles was conducted by Yerrell end Underiill, using



pseudoalleles mt the white locus. Thelr small populations
corteined the white allele and one of sosin, spriesst, coral
and ssteume, and were maintained for moproximetely s year,
Very large {luctustions in geve frecueney were obasrved in
all bettlee, bui the grephs of mene {recuency changes in
meles suggested thnt eosin appesred to be vepleeing white,
while white was pervhape supsrior te spricot, corsl, mnd
{less obviously) antsume, It wes impossible to predict
whether elimination of one allele or 2 belsnced pelymorphism
would heve resulted for largsr pvopulations maintnined Por

8 longer time.

s all the femele ucterozygous genotypes, cxcept these
ror sotsums and white, were distinzuishavle by eyve from the
two homozygeus lemale gencivpes of the same populsiion, the
gene Ireguencles {or boih sexes could resdily be estimsted,
These were orly presented sveraged aver s2ll counte of ene
bottle rether then over all bottleg st ane time, so thet
changes in pene freguency with time cennot be zxamined, The
suthwore ciaimed thint ihe gene frecusncies differed in the
two soxee lor eosin-white »nd corei-white populetions, mt
their stetistical snalysis sppeers teo lisve heer inadecuate
for the sppropriste null hypothesisa. They furthermore
claimed to have demonairated the existernce of heterosis for
all the populsiions, by showing en sxcess of chserved femsle
heterozygotes over those expscted, but thev ststed thet the

axpected velues were obtained using the lsrdy-%einberg



formula and the femnle gene frecuencies only. A8 these are
sex~linked #lleles this procedure would have led to =n
incorrect ssitimete of expected ferale heterosygote numbers
if indeed the zene requencies did 4t fer in the twe sexes.
Ir cernzeguence, 1ittle value ¢esn be sttsched t{eo the suthors'
sugpsations of the aceurrerces of heterosis with pseudo-

alleles; mnd its nossidle relastion to theories of overdomin-

These same anthiors eiso revorted sn sxcess of msles
in the pseudo~-nllelic populetions, alihough thev indiented
that thers wore considevable Pluctusntions in sex retic from
somple Lo sewple, a8 perheps expected with smell populstions.
The percentages of melss {rom eech populntion sre themselves
simificantly hetercgereous within eech group of populmtiens,
exeept that of sstsume and white. Conseouently ithe fizures
given for the nverall percentege of wnles ip & populetion
serieg have 1ittle meening. Yt 12 perhapa Aifficult to
evalunie the eauthors' susgestion thet differentisl visbility
ol maies and females iz relsted ife the nroportions of pseudo-
zileles in the poouletion, without sxamining the originsl date
to see whwether there was & relstlionshin between gene frequency
chrngea snd sex patio chenges.

A reeent publiestion by Thomson (1951) discussed e
repetition of Herrell =nd Undernill's experiments with white

and astsuma, using hoth semnll =2nd lerpe populetions. In
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contrest to the former results, setsume sppesred to replece
itz shite allele, the rute dependins on the genetic backe
ground of the atocks used, hHut not on the temparature, the
size of the vopulstion; or the illuminction veceived by the
CAgEe Selective meting exporiments demonstreted o SUper-
lopity of the satsuma meles over the white males, =nd ithe
extent of this superiority in meting performence wes shown
to depend on the 1lluminstion in which the test was conducted,
2ut not on the background wenoiynpe of the stocks used.
Uensequently Thomson concluded thet selective msting crulsd
not by itself be the principal determinent of gene irecueney
chenges in the ceges, snd susgesteithiet his dste on reduced
inryal viability of the Pemale Lhowmorygous white genotype were
rglevent in scecunting for the ohserved sepuletion results.
The number of observed femals heteroszysotes wes net sig=-
niflcertly grester than the number expscted. Sex rotie wes
found to be very varisble in both large snd swell populsntions,
#ith ne spparent velation te gene frequency. ¥t wsms, how=-
ovor, dependent on the genetic hrekground of the steeks used,
and the author postuleted thet this wes on {ntrinsic

charscteriatic of ench pepulnticn.

(e} STAPISTICAL AWALYSTS OF EXPERIMENTAL DATA,

feo siotistieal snalysis exists in the litersture for
confirming the mppsrent cstablishment of epn scuilibrium Yor

two or more mex-linked slleles in a lrboraiery populztlon.
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¥either i3 there an anslysis for determining ithe relative
selective vealues of the genctyres in such & populstion from
dnte obtained by observing gene {resuvency chsnges ovar a
period of $ime. Comsecuently any review of the literature
of stetistienl snelysss of labopatory porulstion data can
only vefer to technicues developzd fer ponulntions contain=-
ing two or more sutoseomal alleles.

The {irst such snalysis was presented by Weirht (Wright
and Dobzhsnsky, 1946} for spplication %o lsborstory vopula=
tiens gontaining on {nversion of ihe thied chromosome in

The Irequsneies of the nermal

Drosonbils pzeudoobscurs
(2T) end tnversiorn (CH) chromosomes hsd been recorded for
zevernl penerstions, snd a2n apperent souilivrium ssteblished
with ohout 70% OT. %pight attempited te cstiweie Lhe
relntive seleetive values of the different genotypeas in the
populstion, end mlse the squilibriur chromosome Irequercies,
by expressing the expected chmnge {n chromosome frequency

per generation in %terms of the reletive selective valnes and
tha chromogome {recuencies. This was equated Lo the abserved
zhanges in {'reguency. f3 there wore s number of ebaervailons
of both cliromosome recuencies ond clianges in frequency per
generetion, the method of lemst sgusres waa used to eatimeote
tihe unknown relative sclective values,. The expression for
chenge in caromesome I[reruency was not lincer with respect

teo the relative selective volues; a0 2 solutlion wes determine

ed by iteration. The mmalysis sssumed constancy of the



relative selective values throuzhout the existence of the
populstion, ne selective differences betwesn the sezes fop
the same third cliromosomé cenotype, discrete generatiens,
end random meting. It furthermore reouired =n ecstimete of
the sversge zeneration time within the populsiion, snd this
was nol experimentally determined but chosen empirieally.

The apeiysis was thon extended to mllow for differing
selective volues in molea ard femmles by sssignlng to
genoiype the =sversge of 1%s relative selective vonlues in
the two sezes. Thia modified snelvsis 44d not sllow
zatimation of differing relniive selective welues in the
two sexes which conld best 1t the dsta. 5 nerely
$1llustrated how these velues could very conasidersbly without
altering the agreement beiween observed #nd oxpected fre-
naencies, previded the averaze fer esch zenotype remained
the seme 23 determined in the (irst enanlysis,

Ao fuprtaer nodification congisted in sllewing the
relative selective velues to be dependent on clhiromosone
Traouencles, ignoring vesstible sex diffevences, A
particuler relatiomship botween relative zelective values
and chromosome [requencies wes chogen, mnd very approximnte
methods wsed to find solutions for the parmmcters. expressing
this raletionabip. This refinement again smounted to 1ittle
more than sn illustretion of how different hypoiheses and
verying relative selective valuees could account for the
oheseryved date, without indliesting any preference between the

golutions obtained.



The method of enalysis was criticised by Levene

(Levene, Pevioveky end Debzhensky, 1953} on the greunds that
only ithe mparnitude of the abscrved chenges in chromosome
frequency were ieken into conslderation, and not the order

in which ther oceurr»ad. Tnis meant that the early chences

ir Prequency per genzration, when ihs populstion wes far
from ecouilibrium, contributed fo Lhe estimeter of relative
selective values fer more then 4id lster changes, which were
necesserily sveller =5 the populstion apnrosched an spperent
gouilibvrium. levone supgpssted orn alternstive =nalysis
uping & minimum 'X? method of estimmstiion. deglative
selective values were chesen empinicslly te ¢nlculaie
expected chromosome Trecuencles, and the )Cl of grodness of
1% Detween ohssrved ond exrecied rosulta determined. Improve=-
mevd in the Dittirng wes then sehdeved by sltering the relstive
selective values, wtll ne further corrections were conaidered
NEC8IBNNY. The oeleulations raguiresd were oxtenslive, and
the correciions te the wzlniive selective vrlues clinsen hy
teinl end error aldne, so this ensiyels cen perhsps be cone
sidered impractical where sxitensive dets exiat {or ssch of

meny pepulations,unless recourss can he hnd te an glecironie
goemputer

% diffevent soproschi e the problem was presented by

Cavellt {1980), #bo sssumed selection tn bz 2 continuous

o
4]

process which could hest te represented by means of a
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differentiel scuetion. e expressed & small chenge in gene
fpeoueney Ap ss a funchtion of melective walues which were
defined in terms of an element of time dt. Opn integration
ne ebinined a trsnsformetion of gene freauencles which would
sive a funeclion livear with time, and he showed how cotime-
tien of the peramesters of this lineer function would leed to
satimetion both of the cquilibrium rene freguency snd relative
selective valyes ner time dt. The roecuired sstimstion wea
sehieved by an extension of Pisher's method of scoving,
synlied te maximem likelihood sgumtionse. ﬁv7e'for poodness
of £4% of the transfersed gene frequencies to the fitted

inear function then tested the hypotheals that the Jiffer-

jucd

antis) eountion 414 in feet adecuately desceribé the selective
GrOcasd.

Trnis ansiysis did rnot assume discrete generstions, but
444 presuppose constancy of the seleetive values throughout
the axistence of the populetion. It wes not appliceble i
the enly ecnilibeium possible in a periiculsr cese were s
tpiviel ene, and one possibvle cmuse of a bad 1t gould heve

neen the populsiion not heinyg lurge encugh to reduce the

o

chisnees of drift cccurring.
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3., EATERTIALS ARD METHODE.

e paturally occurring sex~linked velymorphism is

known ir Dros

cpy @ither {or cliromosomal
reg-nresngenents or Tor charecters whiech csn be scored without
eousing the denth of the individual in the urocess,. In
gconatructing sn aptificial oopuletiorn contelining two
competing sex~-linked genes, thereifore, it wes necessary o
ase wutent phsnctypes found in laboratory atecks. Further-
more, & none of the common laberstery matsnta sre found in
netural poruletions, {4 was felt that i such z mutant were
nlsced in competition with its wild-iype 21lele the mutant
would Le eliminnted, i.2. ne balaneed polymorphism would
result {¥errell, 1953}, It wes itherefore degclided to
nrronge for compeotition betwesn twe zllellc or pseudo-
sllelic mutents in = populrtion, and theree sex-linked seudoe
allelen =t the white locus were chosen - white (w), zpricot
(»®) ana b“ooﬁ.aw&1® fs the heterozygous eprisot-white
and blood-white femnles csn epolly be distincuished vy syve
from the hemwozygous apricet snd blood Temsles, 2 complete
glssgificstion »f sny sample of [ldes could be szehleved
without the necezsity of progeny testing,

Pricr %o sateblishing the pepulciions containing com=
peting nseudo=-a2lleles, lines were 3¢t up o2¢bh segregating
ior white and elither spricot or dlooed, znd mointsined by

single~pair sib metings for 1L - 15 gensrstions. This
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should heve ensured relntively nigh homezyposiiy for all
locd =xcept those clesely linked 1o the w locus. Any
selective dlfiferences deduced {rom the exveriment could
then be valldly =mssigned %o the w locus ftself, snd not to

heterozygesity of backgreund genctynes. The wmethod of

)
LA

propasating the wilie-apricot 1lnes wesz ico cross sn hebere
ozygous Temale fto slther » white or spricst 2ib, repeating
the same ¢roas eech generation, l.¢. always using = whlte
mele or mn spricet male within & line. In this way the

w gene was introduced inio s w stock, snd gonversely, the

% gene inte 8 %@ stock. A similer process wesz fellowad Cor

i
D w“] gene inte v ¥ stoek,

hv-r

blocd=uinite Iines, inearparaiing 1
end the w gene inte s wbl atock. Tide metiiod wrs follewed
te datermine whethey the background gzenoiype of stocke used
would influence the suwhsecuent behavieur of ihe twe pseudo-
alleles in competition,

The leboratery stooks fvem which the lineas were set up
contalned two stecks of ench of Lhe three mutanis,. Cone
seguently & Tuprthar gomoarison 7a3 possidle hetween the becke
around zenctypes of Lthe two atocks of ssch mutsnt in their
ellfecis on competition hetweer ifhe paseudonlleles. o great
differences were expecied here, however, ag in all coses the
two stocks hind been aensreted enly f{fteen months prior to

the setebliisbment of the 1lnes.

A summary of the 1ines used in the experiment 4s given
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in Tablie 3.1, together with the rumber of generations of

gib moting In each line.

Genotype of Ho. of gen=
Tinc Eb, Originel erosa, mele porent o8 sretlona of
subsgquent gen~ s1b mating.

erationg.

14 ¥® Stock 1 x W Stock 2 ¥® 16
11 A %" Bteck 2 z W Stosk 1 U 14
11 B LK o " # ¥ W 16
o 1
1211 B] % ® w w o m W W 18
51 19

16

111 A | w"lsteck 1 x W Stoek

£3

v A ,,,:bl

g

Gtook 2 x W S4¢cck

3:" Vr ;;3 ] f " 3 11 v

=2

Yhe deaipn of the cages used for mminisining the
vopuletions gos o wodification of thai Jdescribed by Thomson
(1957), and is illusivsted in Flagure 1. Eaoh cege w03
construcied from o itwelve-inch glass Tunnel, kold in 2 ring

on 8 ratort sten A 14¢ wede of " perspex had & eirecular

*.
groove »" frem its perimeter, inte which the ground edge of
the funnel {1tted clonely, zllowing ne £lies to eacape, and
rermitting easyv rotation of the 1id,. In 1he centre of ithe

113 was 8 circle of 2" diameter of Tine copper mesh to allow
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for ventilation, and a smell 1id of 2%" dlameter was cut
into the large 144 with 1%te centre 32" from the centre af
the letter %o allow for removal of old food containerzs ond

coment by freah ones. A rabber storper sns fitted
£

anide oconid be bhlown

Py 114 so that

into thils gecond

inte the temporerily srassthetising the flles,

food containsrs was effected.

T T e L ; sl B A ;
& vertlaal rol zitnchad ¢ ts undepe

o T
0 &

2xts point of minimum dlemeter
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dar 1448 af
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sontainers were identlcsl bekalits sarsw-tos

2% dimmater, capable of ey each bheld

2 a8 S e a5

25 ais of & standard

geede’] with o5 uls of & solution

A Bmell gquentity of ascdium hensonte mas included 4n the

.
"1

% e g e Dy A Y
radium $o hinder fun growtlie

Lhen 3111 the end of the axperinent the »ldeast coantainer was
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replaced by a fresh one every two dnys. This might heove
resulted in selection for repid Jevelopmsnt, hut very few
lervae and pupse were ever obsarved in ithe 22«deys old

medium whien it was removed,

teking ten to fourtesn deysz from egzg te sdult st QBOG‘

The main sdvanteze of using the glsas funnel as the
bedy of the cope was that desd flies snd old medium
seccummulated zhove the cottonwoel plug nt the hsae of the
funnel rnd eould he vemevaed peri wuiuql’v (evary 1l devs)
without disturbing the population.

The populetions were sompled every 1L days by anasese
thetizing all the flles with earben dioxide, collecting them
in a beaksr from the bsse of the fumnsl, znd removing a
random teaspeonial belore roeturaing the bulk of the popula-
tlon %o the cage. & totnl of 300 flies wos exmwined using
a binscular mieroscops, ascoring being done for sex and eye-
colour genotyoe, The sswpled Tlice were then returned to
thie cage, anving been cutb of it for no longer than half an
Houp.

the enrly stages of the ezpeprirent =n estimste was
elso made at eegulsr inteevels of Lhe folel number of flies
in each cege, using 8 vhotegraghic %echrious (Thomson, 1957).
“hen removed for suwpliing purposes, the flies from ssch eoge
were ansesthelized wlil carbon dioxide and spread in derkness
en a 12" x 10" shest of Ilfoerd Clossy Premide B5 photographic

panEr, A light was then briefly switched on, snd the flies



returned to the cage. When the peaper was developed a
permenent record of the number of flies present was obtalned,
end & count mnde using 2 gless greticule snd hand counter.

Twelve cages were set up durding the fortnight beginning
26/2/1958, ¥ine of these were mointained until 28/L/1959,

a total of 50 weeks, until 2 mite infestation occurred and

the experiment lhnd te be termincted. The other threec cnges
beceme contamineted by wild-type flies or another mutsnt, snd
were dlscontinued ofter 16, 22, and 2l weeks respectively.

The espes were kKept in n constant temperature room st 250@3 %Qb.
on 10/6/1958 and 5/2/1959 the tempersture rose to 28°C aznd
27.ﬁ°0 respectively for o period of 6 = 8 hours, but no
detectable effect on gene {requency chenges cmuld.be

sttributed to the temporary temperature {luctustions.

"he humidity wes not controlled in the constant
tempernture room, hut wos meinteired by a large sinkful of
water. A hydrothermograph placed in the room from 22/4/1958
te 29/L/1958 showed tempernture Fluctustions of enly 1°C.

The room humidity varied from 56% to 62%, but within the
cages it was probsbly much higher due to the presence of
meist food surfoces,.

The initiel composition of esch csage is shown in Table
3.2, wnich gives the original number of flies, the initial
genotype numbers, snd congecuent gene {reguencies. In all

cases the number of males and lemslies was the same,.



lnge Inbreed< Unte of ?otmg wﬁ“ﬁmﬁa?typaga %ﬁ gene
desig=f ing Lind. Sstablishy Fo.off ¥ % &0 W@ W W Jsequeney.
netion ment. | flied.

K 1A 1./3/1958 24 - 12 - o5 o5

L 15 26/2/1958 40 - 20 =- B 5

M 112 | 26/2/1958 28 - 14 - 5 5

N 118 28/2/1953 | 32 - 16 = o5 o5

0 1A 12/3/1958 | L8 (12 12 - o75 +25

P 18 10/3/1358 | 24 | -~ 6 6 025 75

Q 11A 10/3/1958 | 24 | - 6 6 3 .25 .75

R 118 10/3/1953 | 2L 65 6 - 3 «75 425
(n)
Uage | Inbreed-} Unte of Total _wiigpotypes Bl #01 gent
desipg=) ing Lined “stablish+ No. of # 0t W% ww w I frocuem
netion} ment . Tlleanl

8 1114 28/2/1958 16 - 8 <« L B 5 o5

T 1118 28/2/1958 32 - 16 = 8 B .5 .5

U v 5/3/1958 20 - 10 = 5 B W5 o5

' VB 18/3/1958 24 - 12 = 6 [ o5 o5

It cen be seen that cagea ¥, L, ¥, A0 ¥ giffered from
cages T,F, 0, R respectively only in the initial gene

freguencics in tie two sexes. With respect to the derivation
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of the lines used, then, the pairs K-0, iL-P, H-3, and

Heh esn bo considered es replicetes. Simileriy, in
consldering whether the two genes are competing in =

%% or W beckground, soges K, ¥, 0, and 4 cen be compared
with %L, ¥, P, end ®X. Again, ceges ¥, L, ©p and P originste
from one set of leborastory stocks, snd capes ¥, W, @, and R
from another, nllowing snother comparison to be made.

Within the sot of four cages 9ith Wbl and ¥ 4n competition,
fewer zroupings cen bhe mnde. However, § end I compared
with T and V reflect differerces in background genotypee,
‘ana the pairs &«T and U<V are {rom different laboratory
atocks. o erces were scht up in this series with gene
frequences differing from .5 in elther sex, a8 it wos felt
thet 12 cages was the maximum number thet could be malntsined
ond zcored.

% more detelled analysis of the type of selection
eeccurring within the cogea was sitempited by two ancillapy’
experiments based on ecege L.  On two occasions (2L/9/1958
end 15/1/1959) s teat was made to detect departures from
random meting within the cage. The Lemales scored lor
eyecolour genotype in the routine sampling of the cage were
isnleted in individual creamers, and from thelr progeny
the meting of the female could be determined unazbiguously.
The first time 139 femeles were isolsted, of which 1C8 geve
sufficient progeny, snd the second time 123 metings were

determined from 148 femples isolsted. The 19% of females
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who were not scored does not necessoarily indicste high
sterility ir the populestion, 58 both old and virgin femeles
were included in the sampling.

The moting that hnd occurred could ve inferred from
the genotypes of the female offspring, end 2t the same time
the genotynea of the mele progeny sflorded & check on the
clessificoiion of the f{emale parent. A swell percentage
of miscleasificetion was detecied, but 23 will be shown
when discuscing the regults of the experiments, 1t did
not sifnificantly affect zene frequency sastimntes,

ALl reguler scoring wes carried out with =dult flies,
and in subszquent enalyses 1t was assumed that the estimated
gene {requencies were those after selection had opersted in
the 1ife cycle of the {lies. This =ntailed the three
assumptions of no selective dlfferences in fertility,
random mating, ond absence of gametic nseleoctive differencea.
The asonond sssumpticn wes tested s nhove. In oan sttempt
teo dotect the pressnce of gemetic selectiive differences
# pendom sample of eges was removed from cege L 2t the time
of #ach of the rendiom meting tests, snd the lsrvre permitted
to develop under optimal conditions of ample Tood supply
and vic crowding. 28 nearly 1007 of the eggs woere scored
e emerging adults, selection in the lervel and pupdl stages
of the 1life ecyele wes thus virtuslly removed, A comparison
could then he pede between the gene {recuencies estimnted

from the egg semple, znd these ol the siults in the cage =t
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the time the sample was taken, to detect the presence of
selective differences between the meture zypote stave of
the life cyele end the formetion of the new zygotea., If
no such selective differences were found, = further com-
perison could be made boiween the gune {requsncles of the
egn asemple snd those among the adults of the next gensration
in the o=apge, Lo detect any selective differences durding

the laryvey and pupsl stszes of development wlithin the ecage.
@y i d
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L. RESULTS AND ANALYSIS.

(a) PRESENTATION OF DATA.

The dsta from the samplings of the twelve populetion
cages are presented in Tsbles L.l % hel2, Each table shows
the sge of the pepulstion in weeks, the numbers of esch geno=
type Tound in the teotal of 300 randomly selected individuels,
and the gene fréquenciaa for both sexes with their stendard
errora coiculated for sach sample. The errer for Pys the

bl) in

frequency ol gene 7 e " {or W the males, wns criculeted

from the binomisl veriance V(p y = _gil-Pﬁﬁ_’ where 12 was

the number of mnles in the sample. The error for pi, the

blg 'n

frequercy of gene we {(er W the femsles, was obisined

using ¥empthorne's (19%5) formuls, V(p,) = 240/2 = (Pas)2

-xl’

s
where P is the cbserved proportien of W'w® (or wﬁlﬁﬁl}
homozyzotes, 20 the propertion of heterszymotes, and ny the
number of femsnles in the ssmple.

The tsbles 2lso show the sex ratior for esch sample,
expressed as the observed proporticrn of males. The error 1is
agein celculsted from the binemisl verience, V(p) = r{l-r],
ond the values of p differing significantly from 5 ot %gg 05
level of significence sre indicnted by sn ssterisik. As &
Iarge nurber of the samples shows this siznifiennt devietion
from r= .5, homogenelty of the sex retlec wans tested for emch
cage using the Brendt and Sne&ecor-x? formula, In all cases
a significant X? wa? obtalned, the probebility of ﬁh@vxﬁ being

1 - 2% for cages T and V, and (.001 for all the other cages.
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Suel: hoterogeneity is hard to zccount for. If it eccurntely
reflects chenges in sex rotio within the csges, there msy be
an extrese sensitivity of sex relic contrel to smell environ-
mental fluctuations in such highly homozygous mutant popu=-
l1ntions. Alternntively, 1t mey indlecte & non random
sampling %echnicue, with the biss net conatent {rom onec
sampling to snother, but this seems unlikely zs the observed

. gene freguenciesa show no lavge or eérratic changes correspondw-

ing 4o those of the zex vratio.

b

ki

Fopulation 3 showed the meost extrene devistions in

ks

sex ratic, 17 outl of 2 samplings having significantly mere
ther 508 moales, #nd onc sample renching 74 meles. It was
thoug .t thet selection for femmle inviablility might have

been nsgociated with the obscerved selection for the %hl geney
but belore this suggestion could be experimentelly tosted o
veversnal in the direction of gene freqguency chinnges was noted
which continued until the experiment was terminsted. Whether
this reductiecn was due te s mutation affecting zenotyple
selective vrlues, or to conteminetion by, say, W flies with

2 dirferent geretic background, is not known. In subseguent
analyses only the initisl rise in whi gene frequency is
considered,

The tebles also show the populstion sizes 2t the time
of the firast six semplings from each cace. These show that
eltheough large fluctustions in total couni were common in the
early asteges o each populsation the minimum number snee the

populstion hnd become astablished was always grester than &%?0
S Pi{en,
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A considersble fluctustion in numbers is expected in such
populetions, with an eventual size approximately midway
between the extremes of the fluctustions (Thomson, 1957).
The totel ceunts were not continued long enough in the pre-
gent experiments to determine the eventusl populetion number,
a8 it was merely desired to eatsblish thet the sumbers present
were great enough to ignore random drift effects on gene fre-
guency chenges,

The date are {1lustrested granhicelly in Fligures 2 to U4,

" . : bl
where the Trecueney of the wg {or w )

gene in a cage is
plotted sgainst time, the sexes being trested sepnrately,

“he eatimnted frequencies for meles azre subieet to greatep
erpror then thoze for femsies, due to the szeller rumber of
sex-linked genes sempled in %the heterogemetic sex. It can
be scen thsY the freguencies d4irfered 11ttle in the twe sexes
of any one vepulstion. "he grsphs alse illustrote the fact
that populstions sterted with gene frequencies differing
between the sexes rapidly nchieved the same frequency in both
aexes, snd theresfter behsved similsrly to thoze sterted with
the same gene {reoguency in ench 36EX. In 211 ceses, it is
cbvious thet the w gene was gt & disadvantege compared to its
colour-producing sllele, regardless of the hreeding hiztory
of the lires used in estasblishing the cnges, The frequency
of & or whl rose merkedly, in some crses sppesring te resch
an equilibrium with 10 - 207 of w genes, and in others tendin:
to establish o wonomorphic populetion of the coleour-producing

Fené.
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(b} RESULTS AND ANALYSTS OF ANCILLARY BXPERIMINT

e L

The results of the sncillsry exceriments need only a
brief consideration. Two teasts to determire whether random
mating was oceurring in Population L were cerried out, when

tiie cage Lind beern mointsined for 3C end L6 weeks respectively,

using the technioue ocutlined in the previcus section. Om
tiue first ocession 139 femeles were fsolsted, but sa some
geve ne progeny, or 8o few thet the wmating that had oceurred
could rot be unsmbiguoualy deduced, only 108 rnsetings could
ne determined, In the second test 148 Jemnles were isolsted,
snd of these 125 yielded aufficient progenys for snalysia,
The male offspring provided s check on the cleasificetion of
the f'emale perent, and the femnle progeny geve informetion ns
to the meting thet hed cccurred in the cege. fatings by
males ol more then onc geneotype were inforred when the
diffevent genotypes nmong the Temale offsoring did not conform
to expected ¥endelien ratios, and such double motings were
nsgigned equelly to the twe male gencoiypes. Touble metings
by males of the same genotype could not of course he deducted,
and introduce an element of uncerteinty inte the results. -
Table L.132 shows a comparison of the effects of wis-
clessification of w's" and w®w femnles in the twe tests, and
the ‘X? caleculated to test the independence of the 2 x 2
tables formed by the w'n" and w'w femoles vielding progeny

a8 scored visually =nd by progeny snelysis.



ELT

Yisual ¢lassifica~
tion of sempled ,
femnleBevcesssnnne 9}4 56 7 139 105 39 LL 11.}3

Yisual clasgifica-
Lion of females
yicldins progenv.. | 76 27 5| 108 39 3L 2 125

Classification by
nrogeny snalysis.. |63 LO 51 103 87 36 21 125

Y= 343 05<P<.10  Y'=0.02 .80<P< 90

Keither of these Tﬁlwas significont st the 5% level, showing
thet althoush misclasgification 414 cccur, it did net sig-
nificantly affect ithe classificntion of tlhie samples in these
two coses, ond presusebly did not therelore lLinve serious con-
seqguences in the olher ssmplings of the cagpe. The W gene
frecuencies astimeted from the females clsseifled by progeny
testing {pl}l=.7685 +.0281, and ¥ .BLOO %0223) d4id net dAiffer
significantly from those estimated {rom the females classified
visunlly (4 = 1.19, ¥ = 237 end d 2 OL, o = 967).

The resulis of the raniom meting tests =2re shown in
Table Lell, where the few deuble metings detected hinve been
nllocoted as indicsted =bove. The ]flvaluea testing the
nypothesis of indeperndence of scsocintlon of male snd femnale
genotypes were both ron-significant, se thet ne departures from

random meting were soparent.



#ernle genotyne. " Pemale genolype.

P W 7 (Totel,

7P 27 1 | 105
10 g 1| 20

EIN " '
W Pulm s ww [lotsl |

W 56 3h 95
W 12 8 o} 20

(€

6@ u2 5 115 87 36 2 125
’)(::m 1.1k, 3<P&E X’im f}.g]_.’.g‘r}(p('!

The pesulis of the twe testa were homogeneous, &3 shown LY
applying the Brandt and Snedecor teat te & 6 x 2 teble formed
#4th the resulis sbove, ()@-m 7.62, +10<P<,20), end when the
secaulte were pooled inte ene table, sgein no depariure from
{ndependence of panoelintion of male and fornle ganotypoes wWas
detected ( Ly= 2.18, .30 <P & ,50). Wc.ﬁignificmnt non=random
mating could therefers have been ocenrring in the populstion,
or its presence would have heen detected in the present ssmple
of 240 srslvsed motings.

Sgg semples teken Trom cage L at the time of the asbove
tests were milowad to develep ynder onptimal conditions of
plentiful food aurnly. Two halfe=pint milk bottles were used
for epch sample, ond =8 the regults were not significently
heterozencous between bottles of o sample, only the totals for

encl sempling sre presented in Teble Lel5.



Semple 1 55 29 3 83 171 197
Sample 2 L7 5k 7 147 21| 376

On the assumptisn thst there were ne selective differ-
ences in femele Fertility, thet meting wea randerm with respect
to gye colour genstype, and that no gamztic selection occurred
within the crges, the gene [requencies in meture adults at the
tima the egg samples were removed should be those of gometes
aniting ot random to form the next generotion, A X. test

ved numbers of esch genotype

27, WY

for sgreemerni boiween the obe
peguiting from the egg samples, ond thens expected on the
sbove hypothesis, gnve & nenaignificent result for both gsemples
(113“ 3,29, «3 € F < .5 for ssmple i, )(;-: 252, «+3 < F < W5
for ﬂﬁm@le 24 This exveriment does not therefove invelidsaie
the sssumption made in sudseqgueni ennlvses that the gene ire-
guencies 1n adult fliss were Lthose after selection had com=
pleted its sctlon In tha 11fe cvele.

A furtner X' wss esleulated to test the homogenelity of

the cbserved numbers of z=mn genotype resulting from the egg

samples and theoe shserved in the esge st the time the adults
emerged from the =gg gamples. Turing the time between removal

of the sgg semple snd emergence of the fliles from it, differ-

3

ential lervel pupsl selection hnd presumsbly been operating

in the csge, dbubt not irn the bottles where ihe gamples developeds
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figniiicant aifferences between the two sets of results would
neve demonstreied the sckion of selectlen at thesc stages of
she 1ife cycle withinp the CRge. %o significant differences
were found ()(;s 1.7, «5<€FP <.7 for samnie 1, )(lw LeQ, +1L¥< 42
sor sample 2, the W femalea belng pooled with the W yenntha
put tuis does not necesserily mean thet aifterentinl selectlion
44d not oceur in the CRES during these developmental stages.
The "sampling technicue =llowsd the ipclusion of Tlies
which could heve buen asempled previously = {1.0., the sample from
the cage did not conpist entirely of ipdividusls which were

st the egg stage when the eog semple wos peraved, and hnd it
neen poasible to obteln such & sample, aignificance pight well

heave bhoen estnhlished.

(¢) ANALYSES OF BOUILIBRIA.

tyy spelysis wad developed O datvermine whether an souilie-
brium head been stiained {n gech cope, =nd how many gampling
seanlts conld be regerded a8 these from o populstion in
gouilibriumr. Por ench cage the last two rendings were gome
paprsdl by means of u contingency X? , And 1 & ronsignificant
sesult were obteined the two seis of resulis wore summed and
rested sgeinst the thipi=to=iast resding. The procedure was
repented until & aignificant lf‘waa obtained, emd the sample
which thus diiffered asignifienntly from the sum of nll subsequent
semples wes teken to be the orne beifore &0 sauilibrium had been
catablished, =1l lster recdings peing samples of ihe esuilibrium

population. Tn this test the sexes were tpaoated separately,
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to @voidisignific@néa aue to variastion in the sex ratio alone.
Por the females the ww numbers were ndded o these of the
neterozgotes, =5 the fopmer were too small io sllow sepnrate
tpeotment, snd the test therefore consisted of & series of

2 % 2 econtingency tehles for each SEXe As an example the
sesults of this analyvsis for Population K are presented in
Tahle L.16.

2
continsency i values for determining the number
gﬁ_aa/$1esbﬁnrmigw_@he“ﬁgqi£gbvgum in ??n:lﬁ’i@p B
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T4 can be scen thel Lhe inst eleven semples of femnlea could
be corsldered ns belng fpem an ecuilibeium populntion, whils?
anly the lssi ten semples of males gave ponsignilicant
values, and conseguenily ihe population was considered to be
in equilibrium during the time of the 1zst ten samplingsS.

Por the males, the sixih=to=lnat reading when tested ageinst
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the ather flve gove & Xﬁ with probebility of 2 - g%, but as
the next ¥3 wre nonaignificent iha former wos taken to be the
1 in 20 chence sxpected using ihe 5% sl nificarce level, and
wns not taken as indlesting o semple prior to the estzblishment
= the souilibrium.

Trne pumber of sampiings considereld io we those from the
squilibrium populuetions lor £11 the cages #lth w° ond ¥ in

svition are shown in Teble Lel7e

76 nbove method of determining the nu wher of sewples
feom Lhe , populotien which codld be eonaidered as heing Irom en
souilidrium sight mesn ihet @ few semnles were included which
hed Beer 4oken helfove Lhe eatehiionment of the soullibrium.
However, the numbers ipvelved in the test were such that enly
s slight Asvistion wenld be significent, and for 61l coges o

38

Siat

.pb«
2

stween the sonilibrium semples and

.1
r*
\')
-]
2
&
o
e
3
S
P

3
o 4
S

¥Ge

!.

‘L.

gloar

L{!

the one prior to ihe egulliibriume A X; tent for homogenelty
sf the esuilibrium semples wos rnen eneried out, using the Brand
and Sredecor formuls, snd in all aeses the reault ¥25 non=-
significent. Phus hed a homogunaity test alone been used Lo

t

g_.a

detarmine the number of asmples Lrom the equilibriuws, lenat

£
o,

the aame number of semples, snd in mery cRses wore semnles,
would hove hoen inciuded as belwg those from 8 populstien in
squilibrium.

The resulis of =ll the smmples from the eouiliorium
papulstion were then anrmed for each genotype snd the following

atetistics caleulated for ench cngel«
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. o8
ﬁ%milibrium frequency of @ @ genatype 4n edult femeales
W
sy &y o 1 ! =
= Y o= W-ww’ where n’ - tOtﬂl numhe? Qf
t

femnlese

v o= x(1=X b

. & o S :
wquillhrium fraquency of «0d genobype {n adult females

fgmale

aumber ol W
ey = _g@sgrho_.

¥y Tty

,Aﬁguiliﬁrium fpecuency of Ww genotype in sdult femeles

he » oy T eme
= B = Ny !
‘-‘z"fz e z! !-EAZ ®
Ry

feuilibrium cpenuency of gene in female asdults = pp= X4 ty.

v = Layls (xea/2)
e ¢ ny )

&

. ; . i a B
unilthrium ¢fpocuency of wenc in male sdults

pumber mf,wﬁmgggs
= n

=

, where Ny = total number af males.

Pm 2
v = P2~ 1%&2, !

cov( X »¥) = = %X

coviz,y) = :fi

Gov(X.pf) = CoviX,X+ fy) = % ¢ % Cov(Xy¥)e

cov(yepe) = covly, Xt iyl =3V, ¢ cov(X,y)e

Gov(z,pfi - Coviz, = (z ¢ iy)) =¥, - & covizeyle

velues of Der fo, Pp? and ?F ape shown 1n Tanle L.17 forf a1l

“m
cnzes with~wﬁ and w in competition.

0f mejor snterest are the reletive selective values

reaygneihle for meinteining A population in equilibrium, end
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these were estimeted as follows from the equilibrium gene and
wenotype fracuencles.

" On the sssumpiion thet no differentisl selection cccurred
between Lthe sdult zygote sts e of the life cyele and the forma-
tion of g&mﬁﬁes'which‘mnited % randem te form the next generse-
tien, Pp = gcuilibrium frequency of W zene in the female
sametic output, end Py = squilibrium frecuency of w" gone in
the male gemotic outout.

The velative selective values of the femnle genotypes
w”%ﬁ, wﬁw, and ww werc teken to be ﬁﬁﬁzlaﬁﬁ&, snd those of
the male gemotypea'wﬁ end w to he tﬁzl or lztﬂ, go thet

t, or 4, = 1 4 b, where h wos positive.

Then random union of the gametes would have resulted
in the relative frequencies of the genotypes in the next

generntion belng:i-~

Temeles Pp Py wa (pp (1~pm) + (1~pf) Fm) W,

(1‘Pf) (1“@!") ww

- - ; ; - . r
remeles Do Py Spp ¥ W (pg (1-p,) + (1-pf)'pm) whw,
(1"yf)(1'pm)°ﬁa W,
& ) . L &
5"'31&8 pf YA w ™ (l"’;}fq) Wy Qﬁ ?f Wy (1"’pf) !wg We
%3 the populstisns wove sssumed to be in ecuilibrium, the
relative seloctive values were eatimated by
o X e - 9 .
ii;ﬁ\;ﬁg i "‘"‘“’“ipf s I_J!!! ﬁ"pf ? 3
“f£ *m

‘Ti«pf)fi—ym) °

1-p,

Pel 1y



Values of S, ::“‘}M,, and t, or t, for the cages with w®
snd w in competition sre given in Table Lel7.
Po obtein variences for the estimates of the relative

aciec tive coefiiclents the following formulac were developed?

%&L)

—-{[x,y,f;,m)
A 172 DG A+ o)

where I*, y* ’ ‘p; s 8nd p are Jrartir*ul":“ vnlues of X 5 ¥» Pes

(G G (f/@‘/f; (%W"m*(f)/ai(w(xlz)
B3 v Gty ) + (5196 ) o).

Aﬂ‘r‘mw covariance terms being zero as Py is independent of

and p

1@ T snd })f.
Therefore =

“[%,_”: S ﬂ*f% 28, pus [ |/ +
Voo 7L i Ffn

2 2
% \40 L/ﬁfvf)m

e T e -2
oo oo

Pl ’J’ﬂ Colinty)

3imilarly, it was shown that -

o [ A i VA A RV LT Y
Ve, I;avmo m\] 3 [{Mw—f% ] s 3\/’%

& 1P p Pu | (;
VPM \31 E %w.) O'w(z ZS

3‘(\ A

P14 Pr= APy P ’P* -
b ite) ot FE B At o)
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Tne results of sopplying these formulae to the data from
Fopuletions E=R are ziven in Tabvle Lol7.

Fop en ecuilibrium to ne @ steble one, the relative
selective velued rust econform to the followirg inequnlities

(sennett, 1957).
Bop AR B s and S < 1 4 b when t, = 1 4 h
(14h) (n positive)

or 8,, < 1+ dmend8,< 1- t hmwhen t =145
B - 1+h
(n positive)

when h = G, f.e. there is no differential gelection in the

males, then Pp 2 Dy and both u‘h and S, < 1 sare necessary
for stabilitv. Phis 18 the familiar 0ondition of superiority

of the heterozygote, here aynlying enly in the homorametic sS€Xe
Censidering the results of the anAalyses summarized in
mable L.17, it could be scen thet the number of samples from
the eguilibrium o ~opulstion varied from % %o 156, snd although
1ittle rellence could be placed on &N equilibrium existing for
as short a time 68 6 weeks, Lhe analvsis was csrried through

for populations ¥, ¢, and R for purposes of compurisone.
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The eguilibrium gene frequencies varied from .80 to .94 o

for the femnles, and from .74 to .95 «® for the males, and in
all cases but two, pf and PR 44d not differ significently at
the 5% significarce level. The exceptieons were Populations

¥ and €. For populstion M & greater number of equilibrium
samples mignt have resulted in smaller variasnces for pé and.ﬁﬁ,
and conseguently ihe significarce of the difference between

Pg = o794 and Py = « 738 might have been more clearly establish-
ed (g = 2,59, .02< P<.05). Population Q gave 3, = 2.86,

L01< P<,02, for the comparison between Pp = 805 end Py = 07624
These two populations were slsc the only ones where tﬁ(or tﬁﬁ
differed significantly from unity, »s expscted when the
equilibrium gene froguencles were not the same in the two
SeXese

With regerd to the origins of the lines used for the
populations, comprrisons were made between the equilibrium
gene frecuencies within pairs of coges. The pairs Keh, #H-N,

0=P, snd G-R reflected differences due to & w® or a w back-

31

L

ground, vet in only the {irst of these peirs 418 = w genetic

heckground result in @ higher ecuilibrium frecuency of %" in
hoth sexes. The other three pnirs showed w significently

"l F= 5’: T B
lower sguilibbium frecuency for w in the w 88 compared to

the w background genotype.
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For exslsnsticn and methods of caleulstien sos Text.
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The paire of coges K - O, L = P, M « 0, and N - R
differed within themselves only in the initial gene frejuen~
cies in the two sexes, and were iherefore replicates with
regard %o ihe bresding history of the lires used. However,
within the peire K « €, L -« P, snd ¥ - R the equilibrium gene
frequencies A ftered aignificontly, fer both males anad
femnles, which suggested thai initial gene frecuencies
could influence the resulting eouilibrium, The peir ¥ - Q,
on the contrsry, showed no significent differencens when the
two pas snd twe D8 were compared, snd thersfore in this
case nt lenst the inltisl gene frequcney 4id not effect
the zouilibbium fresuencies,

Gompapisons within the peive K - ¥ snd L -« N reflected
differences in the two laborstery stocks of bhoth @ snd w
used in setting wp the lines, The fret of thesa pelrs
showed significant differences in the ecuiltbrivm frequencies,
the second did not. Comperisons of soulllbrinn frecuencies
within the peirs O - 4, ¥ - R, reflected the same differences
in the twe laboratery stocks of w" and wy £nd also ¢ com=
plication due te diflering initlel gere frecuencies, but
neither pair showed n significant difference in ecither sex.
This wes surprising in view of the effects of differing
inltinl gene frecuencies zlone consildered sbove.

Te sum up the results of these compsrisoss, ne general
conclusliona could be drawn as tc ihe effects on the equile-
ibriur gene frecuencies of gernetic baekground or initial

gene frequencies in the cepes, or the poasible differences
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between the two lavoratory stoecks of each allele.

for populations ¥

Turning now to consider the stebility of the equllibria

- R, Tohle LJB shows the 954 confidence

limits for the femalﬁ reletive selective coelficients, ond

equilivrium to exist,

Bermett's incqualitiecs, using the eatimmtel valuss of ¢
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attinched fto the gstimete of this relative zelective co-
¢fficlent, Horever, a8 the frequency of the w® gene rose
mercedly from 1te initisl vslues for meoles swnd Temnles in
both popalstiona,the w gene was at some seleoctive disndven-
tage, and ithe true valuea Tor ﬁwa in conseguence were

Gaky

proboily both

then unity. The confidence limits
for the ostinates of G4, Tor the two pepulstions ineluded
values greater then ihe maximwr permissidle for ihe

tability »f the eguilivrium, so 15 2ould net be cone-
eluded thet the exiatense of two stadble equilibris had
ween unambligucusly established.

For the other nopulesiions the situstion was more con-
fasing,. Wone of fthe relative salective voluzs satisfiled
the insgualities for stebility of the equilibrise, slthough
for populations L, O, end ¥, velues within the confidence
lizita of hoth ﬁﬁﬂ mind Sﬂ& 41d fall below the neceassary
maxima. Tre englysis of Pooulstion L suggested that an
gouiliforiun bad existed for & longer pesrled of time thasn

#ng the esse for Fopulstions O snd ¥, but for all

-r*

ree gnyes
he mognitude of the relative sclective enelficients made
the existence ol stable equilibris very mach open to guestion.

in Fopulstlon ¥ the confidsnce limita of 3,, contelned

values conforming to the #iebllity reculrement, bGut no
poasible value of ﬁﬂ& fell low enough teo suggest the
axistence of & stable squilibrium. Pinslly, for Fopulstions
¥ snd © no volues within the confiderce limits of elther

relative selectlive value Pulfilled the stebility requirements.
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I% ¢can be seen, then, that this analysis established
no unembiguous case of sn sttained steble equilidbrium. Cages
K snd B sstisfied the conditions remscenably well, snd osges
Ly, 2, ond P mey perheps heve been in steble egquilivriunm,
while coges ¥, ¥, o2nd € could not have vemained in equll=-
1orium if thelr sclective coefficlients were those astimated
above.

It should be noted thot the caleulntionn of the in=-

T e Hege

eguslities used the estimeted valus ol &, o A

3

caleulntion using the uoper ornd lower linits given Ly the

95 cenTidence limits for Ty or L., wenile giving different
moyime for the femele solective coefficients in the i{neqgual-
ities, in neo way sltered the conclusiona = to which euapes
might have been in stableﬂ equilibrium and which ones

eotld not have been with the ecalculnted 2¢lective cozificienta

This snalysis was not carried cut for the four cages

with w" © and w in cowpetition, =8 1t had gsiven such incon-

b

clusive results for those gontalning w snd w.

P WRIGHT ABD DOBZUANSEY'S

TITHOD.

It seemed desir-hle to apply & method of z2nmlvais
whichh used #ll the data obiained from sach esge, and hot
only the last fes rcadings, in detearmining whether on
equilibrium hnd been resched =nd what the sclective values
were for ssci populziion. This wes firat done by using
8 modification of the analysis empleoved by Wright and

Dosznensiry (1346) for populetiens containing sn sutosomal



inversion in Drosophils pseudoobdsScurs In 4his method,

+he observed ﬁhange in gene f{reguency per generation was
expressed in terms of the {unknown} selective values, and
the method of lesst sguares =dapted to estimste ithese
gselective coefficienis. is the expression was not linear
with reapect Lo the persmeters, @ solutien hed to be cbisined
hy iterstion,

In sdephting wright's derivetion of the analysis fer
autosormsl senes to the ¢nse of sex-linked ones, lei P ne
the frocuency of gene A in the femsle garmetic output of the
nth genereatlion, snd Py the frenuency of the same genc in
the male gemetic output of the same gencration. If A and
@ sre the genes competing in the populstion, ot the selective

W

values of ihe genotypes present bel-

Genetypes AL As e A e
Gelective velues Sﬁﬁ SAa gae Sﬁ Sa

Then the meon fitness of the femnlo population in the
(n + l}tn generation, sfter selectlion has operated,
= -S; = PR Snn ¥ {’P;('*ﬂﬁ *”ﬁa("'f’:%ggm i ("’Pl)("/ﬂ)g% -

2{milerly, the mean fitness of the male populstion in
the (n » 1)¥® cenerstion sfter selection has operated
= §M= /P»gh i ("'P'Bgo.'

The chenge in gene Ireguency in one generation in

females = Zl'ﬂl can be shown fto be

NP (4- ﬁ}{f,(../payﬁ(n—m}%'ﬁ(»-ﬂ)(l—mfaj / S,
1
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and the same change in males =
APZ = {p;@,(l—?g) 8, ~ P2(1-P1) sa'} / 'é'm.

The data consisted of readings of pl and P at different
times. Using an asverase generation time of 21 deys (Reed ard
Keed, 1950), though this seewed an overestimste, eppropriate
values of & P1 and A P5 could he obtained from the observa-
tions. The method of leest squares was then used to minimise
the sum of the squered deviations bhetwcen observed and
expected values of Api and Apé

Let 111 = E‘?ip‘g(l‘i’i) /gf

Xy, = (3-p) {5?&(1’55) ¢ ) } /§f

e

y5= p1(1-p4)(1-p3) /Sf

and let xl = f)i.(l-p‘i,) / Sm

%, = P3(1-p3) / 5,

Let observed Ag.,p = ¥y and observed APE = yz
For sny one pair of simultaneous readings, the deviation

T = 3

§ = (yi-8p,) + (3, - 47y).
I+ was {desired to :ninimisezgz = Z(yi—ﬂpi}a +
\ 2 A5 4

42(yé- Apz*} y for as selection was assumed to operate in=-
dependently in the two sexes,épj’: and 4 p"??’ could he con=
sidered as independent.

Therefore 2 82=*' 2(3-}" xllsAA" ﬁZSAa* x'l.’?saa)z 3

- . 2
+& (5 X 8y +158,)
Pive normal ecustions were obtained by putting -

aiy" = 0 e = aéaz = aé e = é _130
W - - W

SAA 88



This resulted ini-
2 - = -
(1) s 2" * "ha i"u"m snafxl = 33" £x 1171

2) 8,, 2% 11" 1z ¢ "Aai 1 - f‘n»fxm ef X, 0¥ 7

FLV 4

(37 8,, 2% 33X 45 + *‘ﬂixl’f 13 ~ %aa i:c 13 ”‘{)‘133’1

- $ . . _

(J} f X X vfxz - +éx?y1

which form two groups of ecuaiions, & set of three for the
remale solective coelficients, and 8 set of two for ithe male
selective coefficlents.

The snalysis wes {irst spplied te the dsta from
Fopulstion ¥, letting A represent the W gene, ond 1tz allele
a the v gene. Triel velues for the I'ive selective coelfic-
isnts were chosen, using vslues cbisined by & preliminary
epplicstion of the methiod of snelyasis of the previous secilon
G} to the dnts from Population K, when the cage had been
mainteined feor only 38 wecks. (Tt should nperhsps be pointed
out thet the analvais of this section(D) was undertnken
nefore that of scotion (C); stherwice the selective co-

effleients in Tehle L.17 could hesve been uszed as trial

values. | be #nd O, were ealculeted for each met o Dy

N and from these X X and
ond Pos and Irom these X444 %5, )(13, 11 and x:&
obtained, using the definitions sbove. The twe scts of
equations were ther selved {or the eselective coelficlents,
snd the corrected values used to obisin trisl values for 8

farther 1tenntion. The selective coefficients used in the
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gsecond irial were chosen as being ones which would satisly
the stebllity conditienes for sn eocuilibrium, without
devieting te merkedly from the celeulated vnlues from Trisl
1, which Aid not themselves satisfly these conditions. The
selective velues chosen for beth Triels 3 and L4 were in ihe
apme roaitln as the corrected vealues resulting from the pre-~
vious trisl, using the corrected values of Hﬁﬂ eyl %ﬁ n3
gtendards. “he reenlts obtained in the successive iterations
are snown in Teble L.19.

Tt acn be seen that convergence did net oceur, and
th& srnalrsis wes net further ceontinued. In 81l geses the
saleuleted sslestive value for the #%s” fernle was greater

"
%

then thet for the hoterezyvgote, and the w mele had s greeter
selective volue than the w mele, Under these conditions

equilibrium esuld net be established, end thisz might explein
L &

why the snalysis, bsaed on the sssumption ol sn aoullibriam,

414 not pive more intellepible vesuliz. Howaver, other
pssumptions weve slise impllieit in Lhe ﬁﬁﬁi?ﬁi@g It had been
asgumed that the selective wvalues were consiant throughout
the existerce of the population, that the populstion re-
n“oduce& in discrete genepations, snd thet the observed gene
frecuencies were those siter aclectlion hed complated its
nction in the iife cvele. Fajilure of one or more of ihese
nssumrtions might have been rasponsidble feor the ohserved
results of spolyirg the anslysis, rather then the sbsence of

g nontrivial equilibrium.
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RESULTS OF ADAPTATION OF ZRIGHT'S ANALYSTS APPLIED TO POPULATION X,

irisl 1 “riei 2 Trigi 3 : Trial U

%elect~ Lale
ive Co- culs- _
- Erntio i

cfficient.if Tricd | ted iried

Cal= { Cal~
culs- g culs- .
ted {latie i Tried! ted Eatle

% . E
227 | 135 ; 251 .15 1.23
.05 ' ; 051 Lon .31
A5 |1 5 B5) w527 1
35 ; é 351 .25 | .73 |

8. .99 | .69 | 1.134 .70 | .48
5, .00 § 81 |1 280 | 41
5 ;30 .05 a0 .20 .06
5, .00 | .75 |1 .30 | .58

'; 1‘{‘}2 @:77 07*5 ] oﬂ)f.; .?43




This method of anslysis was not used for the other cagss,
as considersble lsbour was required for each iterstion.
Apart from the fset that 1t was inconclusive when sppiled to
the dnte {rom Fopulation ¥, the method suffered frorm ithe
same defects ns Wright's epalysis of the sutosomal case.
These heave been meniinned by uefene, (Levene, Pavlovaky &
Debzhenaky, 1952). Sesienlly, snchAp was censidered as
being indeperndent of 511 the othera. tence the e=rly
| changes in gene Crequerncy, which woulld be grester in velue
than later ones, werc given toe grest s welght in the fitting
process. The order, o3 well as %the megnitude, of successive

A s would need to be eonmsidered in o satisfactory aralysis.

{B) ARALYZTES USTEG AN ADAPTATYON OF QAVALLI'S METHOD.
The third methoed of enelysing the dnitn wes & wodificstion

of thet proposszd by Cavalll (1950 for populsetions with two
autosemel alleles in competition. It was supposed thst
aelection wee 2 process continuous in times, snd its effects
en gene frequency could therefore best be renresented by a
dirferential equation.

In adepting Cﬂv&lli'a annlysis %o the sex-linked cnse,
let the freguency of gene A in the female gametic output st
time ¢ be Pqs and thet of “he geme gene in the simultsneous
male gametic output be Py Then qi = l-pl end g3 = 1-Pg,
ere the f{recuencies of gene s in the femnle and mele garetiec

outputs respectively 2t ti-e 1.
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The genotypic freguencies resulting from these gmmetes

are:
Cenotypes: AA Aa an " A f
frequency:  PiPp.  Py@xTY 8393 By @)
Keletive
selective I-Adt 1 1-Cat le+hidt 1
Yplues: .

Where 4t is & amall time intervel, and 4, €, and h the
unknown relative selective coelficlents,

In the time intervel 4t the chonge in female pene {re~
gquency d@l' ond the chence in male gene freguency 632. will
not depend solely on the mapnitude of the reletive selective
values of the different gendypes. If ne differential
selection oceura in the mopulstion, end 1 ¥ P2, the values
of Pl and ?2 will escillste with decrensing amnlitude about

an average gene {recuency f = 2p +P2 and hence dpl and &92
e = '.wm “

are functions of (pi~pé}. Tn wishing to cormsider changes
in gene Ireguency due to differential selection alone, there~
fore, it is savisable teo consider changes in the sversge gene

Irecuency L.

Then 4f = if@iysz
3

= %Flp?.l;wﬁt)* 3 (P192,Pa%3) _ _pl} 4 {ii“l‘élm*h at) %}
I-Api@@ﬁﬁ - Ggya,it , +Py

= 4 dt ZQiqé(pi+pé) c - ?lpg(qlwqé) A+ glgiﬁ§, 1%2:§:n%p
* (at)2.

This equation, unfortunnstely, 1ia not very smenable to

moathemetical trestment.
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A less general situstion, but one which asppeared to

P
4

appliy to most of the present axperimentel deta, is where
Py P #p =t ell times, %%%%@%mWﬁwﬂgﬂwd%%fvu%%?%%%ﬁﬂaguw
itk R0y,

it equilibrium, Bennett's (1957) formala gives -

<%> TSR <%> females, so thet for the gene
frequencies to be the sawe inmdles and femeles h must = O,

This 1¢ equivelent to stating thst there is noe Aifferentinl

zelsetion between the twe mole genotypes, end thst differen~
tinl selectieon oceurs solely among the female genotypes of

the pepulation.

ren df - YRR SA0-(){2C0-f) - AR L
Ay (a3 f0-DfC0-4)- 4]
which an integration gives

¢
i baf ¢ gl G g e ] At O

At equilibrium 4f = O,
at

Therafore
i . L S
fe* e Ye® 7ec
Zguetion (1) ean then be rewriiten as -

Pf’og/ + ‘it/og(lz[)ffje /%?//% -—f/ : %—[mc)t + et .

This is of the form Y = asbt, where b = %{A+C3

"hie is similer to Cevelli's eque' ion for eutosomal
selection curves, and provides = trensformation for the ex~
perimentel dsie which will be linear with time. The problem

of estimeting the veriocue unknown parameters cen then be
resolved by spplying the same maximua likelibhood method.
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In prectice, = trinl value was chosen for Dy, by
i{nspection of ihe deste. For each observed { & transfermed
value y wes caleuleted, using equation (2), #rd then =
straight line ¥ = a+4bt £fitted by eye to the greph of y

ceirst time. Tn the present dsota, unlike Csvallt's, the
iritinl gene Irecuency weeé known exactly, snd the ‘a! of
the straight Eine iYéw a ot t=o) was therefore knom. It
remained to find correciions te the trisl velues of P, and
'v! which wenld iwpreve the it of the thecretical model to
the wh5¢vVQ§*nna, and thue following formulee were emploved.

If n = nomber of zores observed in sach semple,

f = 209,05 for esch sample; ¥, snd p, were not weighted by
Lol 2 1 ?

3

invarase varisnces, 23 in the cnse of the grestest Jif-
forences ir Populsticon E £ wes altered by 75 only, and
the extrs labour waa not considered %o be justified by
such & gmell correction.

¥y = transformed volue of f, from equation (2).

Y = expested value of v, deperding on value of '"»' chosen
grechicnliy.

P = expected vaiue of £, obialned by means of the trans-
formation formula, corressonding to asch Y.

(£-P} (Rg -7}
w = P(1-P) g -P)?
«P}
{log é‘lT‘f p~_, - (qepp) Y}

b = or"ecbivn to estimate of b,

&Tpé- correction to estimete of p.
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Then Z net = b2 nwt? 051)62 nwitz) give the scores in respect

2y of the porameters and the
Zmaz = 5'{32 nete 4 5pei nwz?) :‘vaf the poramelers i the
matrix of the coefficients

of adjustment, which is the meirix of informetion in respect

of the satimnies of the perameters, \
These countionz were develovned inl sn identicel faoshion
i

to those of Cavalll, the enly difference deing thet only two

e

pereneters (b and pe} needed te be considerod. By inversion
of thez informetion metrix sdjustments to b and P, Werre QRle
culated, Then the enlculetions could be repeated using
corrected values Tfor the paremeters, until the corrections
ebtained were smaller then their stendard errors {(obteined
from the diagonsl of the inverted informoation metrix).

The pooiness of £t could be tested after s<ch correction
hed been made, by compering cbserved =nd expected pene fre-
guencles, The degrees ol fresdem of the ;LQ aqualled the
number of eamplings less two , o8 two porsmeters had been
catimated,

This method of aralysis wns “irst spplied te Fopnlatien
¥, taring % ns the 2 were and w es its g allele. Tovle L.20
1s sn illustretion of the crledations requirsd, ond shows the

working in obtainirng the firat corvections Top {259 and B

”

pé was chesen to Re .90, and figure 5 is ihe plot of ¥y smainst
time for the seme crnge, from wnich the first estimnte of

b o= 1.00 was made,
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FIGURE 5

PLOT OF y AGAINST TIME FOR POPULATION K.

Pe chosen as .90 b = 1.00

35

TIME in units of fourteen days



TABLE L.20

" WORKING POR_OBTAINING FIRST CORRECTIONS TO THE P
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ARANETENS

POR BOPOLATTON £,

% £ n y ¥ 8 W »
0 (.5 261 247 o5 o
1 {«5334] W6F  2.0B1 »5357] -.0B379] .03300{ 1.16L78 { p_ chesen to be = .90
2 1.5532] 458] 3.052 6520 ~.020500 .01395] 11.96554 | & chiosen to be = 1.00
3 1.52L3( L7 o 00 <7007 ~.01523F JC0B33F  158.L43965 t is expressed in units of 1L days,
L §1.6881) LAO S.171 e 73521 -~ O0776] 00530 21.17709 n varies, due ic Aiffering numbers of
5 {+8955] Lkl Yo 5l L7588 -, 00894 00364 2h.2L52C nales mand Cemales in each sample of
5 1e793ul w3l 5.15 77zl L0030l .00276) 26.6L575 1 300 f£lies.
7 .7889] L50]  S.on L8302 -.c0132f L0015Y  L5.15629
3 £.82361 45 11.010 .§126) 00096 | .00116] 50.28273 Enst = -16.143677
9 1.8235{ Lsu] 11.000 5228 00065 | 000371 58.95116 S aut%e 51k 35455
10 j.8274) b60Of 1l.36l « 5330, -.0003Y J000A3  72.76893 Erwtz = 3833.31224
11 J.86n8) K51]  17.004 L33 L0012 L000u2]  9L.BLUST Snez® = 3616.46501
12 |.8486] Lbb L5509 -.0001Y 00030 116.94511 Enaz = 551.72416
i §.3854] 416 <8553  .00127 00023 127.7u021 _y (-01112779 _,.sz}zz&g
15 §.3923] 4L459 8538 00137 .000211 135.71153 1 = (-.00123226 .0001653hL
16 § .9033{ Lsh <3617 J0C159 1 L0013 IL8.1ITETL
17 {.9114{ L29| .65 .001567] .ooo1s 159.5u117
18 § .9000] LS9 3674 .O0108 LSOOO1IR 175.52771 Therefore &b = -.2866 % .1055
19 | .3072] L52 .3699 .00112§ .50010 199.32736 §p,= +1231 2 .0129
22 | .9199{ 469 L8780 .00092) .0000S  309. 38825
23 .ﬁ;mo«} 15 L3807 .00072| .00004 371.1,3630
2L | .92070 L3 L5830 000621 .000GE 1h56.h7L93
26 | .91691 L5¢ .ezaaaq .00031 ] .0000Y 762.01102
For explanation ang deriveatien of symbels, see texi.
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The ealeulated corrections led to the impossible value
of Pg = 1.0281, preventing = further iterntion beinp esrried
out . %5 an empiricel mpprosch, the poodnesa of it between

aoserved and expected gene Ireguencies was then Jound for a
range of srbitreprlly chogen values of pé and e The beast it
obteined wes for By = .9999,b = .57 i'Xﬁo = 20,96, .05<P<.10},
which corresponded to A = 000 end € = 8549, or sclective
velues of .9999 snd J1U51 per unit time for the »2® ond ww
nomozygotes respactively. The populstion thaeraefore sppesred
incepable of =sichlishing a stoble nop-tpiviel equilibriun, due
to leck of significant supericriiy of the hetorosypous femmles
and low selectlve velue of tlhe wy Lomozyzoies.

It was noticed during the emplriesl tasting of various
Py and b velues ithat the last sevenieen resdings seemed to
fore & group distinct from the first Live resdings in theip
contributions te ihe y? Tor geodness of $it. This sugpested
thet the hypothesais of constent selective values 414 not apnly
for this pepulatlcen, =nd thet the esrly chenges in gene frew-
gueney rmight @érhapa be expleired by 2 set of relstive selective
values which did net apply later in the hlstory of the populs-
tion.,

A s8imiler conclusion wss resched when the sralvsis was
applied to the deta frem Populrtion L. The originel ¢triasl
values of vg T .85, b = 1.1, resulted in & very poor it of
ocbserved and expected gene Irecuencies, ()621-—1;0@7;,.{301 <P<,0l}
but when celeulsted correctiont were aspplied the sgreement

hotween observed and expected boceme worse (LS,=62.96, P<,001).
21 ¢
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The me jfor contributions to ﬂhe)Lz-v&luea came from the last
eighteen sampling results when using the corrected prrametsrs,
but from the ©irst five resulis when using the uncorrected
perametars, and it wes decided thet i1t would be i{mposeible to

reconcile the dote with 2 single set of paremsteras,. The two

o

greoups of resdings were then trested ug 1f they ceme from two
dilferent cuges, snd esch rapldly led 4o o satisfactory vesult
in the {teretion procedurs. The firat group of five resdings

St b ok o . o ara *
indiented an eventusl sgu ‘ frmguency'pe = JO3LE =059,

aith 912 2 L0370 and 518 noe the selstive seleciive
values par unit tire of the 7w and ww nomezyrotes respectivel;
Inmalysing the secnnd gyoup of elphteen resdings the method

of snalyalis hed te be nmodilfied, & the "original” gene fre-

Kaown, and Lhree pevamsters hed

The 1

f‘?‘

tnerefore Lo Be ers

o

,~

tien procedure led to
the conclusiona of pg = 28L& 2 ,01%, with .786 ¥ ,179 ena
e

: = S MY — . ! & @
- 194 2 <329 25 the sslective valuves of the v w® snd ww

nomozyrzetes respectively. Although such groupirg of the
dete was purely empirical; it wes of interest thst the same
gquilibriun gene feocuency reaulted for ithe twe groups,min-
talnad by differsnt 2elastive selecilive velues,. It wss con=-
@luded thet the salective veiuss had prohsbly eltered wiih
time, end thnt any anelysis boseld on constency of the selective
values would be insdequste for ithese data,

The same conclusion wes dreawn from the armliveis of
the dsta from I'onpulstion H. Pg was Iirat chosen ss .95, and

the resulting geaph of ¥y =gainst tirme wes eunrvilinenr rether
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than lineear. Calculsted corrections 4id not alter the lack
ol pgreement between obscrved sand expected gene reguencies,
go the Tirst nine szampling results were empiricslly choaen

for sepnarate treatment, and by testing of verious Py end b
values o £it cbtained for g = +99 ()c?, = 12.30, .05 CF< .10}
with 1=2 = ,99373 and 1-0 = ,7327 as female sclective vnlues
per unit time, These coelfielents s=re equivalent %o a
trivial equilibrium only, aas previousi: found for Fopulation K.
The fect that these twe cnges appeared to have achieved atzble
nontriviel equilibris when theeguilibrie

alone were considered in Scetion C 15 perheps further svidence
thot the selective verlues wzre not constant throughout the
existernce of the copulniions,

When theowethod of snalysis was spplied to the dﬁ@a
from Fopulsation © the results of the first two samplings hnd
to be omitted in order to obtein 2 sstislactory conclusion.
This exclusion wes perhaps Jjustified by the fect thet the

aagumption of equel gene frecuencies in the two sexes could

not he cxpected to spply in the early stages of & populstion
started with differing gene fresusncies, The rermainder of

the drte led %o the conclusion of an eventunl ecuilibvriam

gene frequenmey by = .901 * .0L9, with .945 % .035 and

501 2 ,03L na the relative selecetive values per unit time

of the w'w" and ww homozygotes respectively. “his econclusion
of a st<ble nontrivial equilibirium wes in marked contrast %o
thet obtained using the rnalysis of Section €, where the
cgtimated velative selective values were incapeble of astisfy=

fnz the stability conditions.
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I¥ proved impossible to apply the modifiecstion of
Cavelll's anmlysis to the data from Populntion ¥, as the f
velues showed no reguler trend. It became apparent th-t no
values cﬁ?pé and b would result in 2 satiasfsctory it of
observed and expected gene freouencies, ever for empirically
selected portions of the deots, so the resulis hed to be left
unanaiysed by this method.

The method of snelyals alse proved unsstisfactory when
applied to the data from Populationa ¥ and C. In both cases
the emiculated corrections led to n poorer sgreement of obe-

sorved snd expected gzene freguencles, snd although this

suggested the failure of cne of the sssumptions on which the

snalysis wos boesd, inopection of the dzte did not reveal an
obvious cnuse. Empirical testing of & lerge range of values
of the %“?am&ﬁﬁrﬁ‘pé~&nﬁ b led to mood f1t3 belng obteined for
both populetienas. The beat for Population N wes for pg = 88,
with resulting relntive selective values per unit time of
«392 4 O3 and 208 2,113 for the v ond ww femnle
regpectively, ond such sn equilibrium should he stable non=
trivial one. For Populstien C the best £it was for Pg = o 93,
with .983 £ .058 end J147 ¥ .261 rs the two femnle/BETRETGEYC
selective velues, but the stebility of this equilibrium was
more open to guestion due to the lerse error terms.

Yor the date from Feopulstion ¥, the snslysis agein
proved incspable of estimeting peramete s which would give a

satiafactery it of observed snd expected gene freguencies.



-When the 1lrat seventeen sampling results were eonsideres alare
the iterstion proecedure led to bg = .99 : «02, with female |
fiomozyzote relstive selective values of .988 ¥ ,019 ang

-e233 b4 «07y but ss for Pepulstion O such selcetive ceefficients
wers not likely to result in » stabie nontrivial ecuilibriam.

Summsrizing the resulta of epplying this method of

-aneliysis to the drta from csses with apricot and white in
competition, in no cose nould the entire body of datm bhe
snalysed satiafactorily. Empiriecal selection of portions of
the dnte led to suggestionz of varying seclective values for
Populations ¥, L, and ¥, and to conclusions of trivial
eguilibris for Fopulstions O snd P, The validity of the
steble egullivrium fer Populsiion ¥ wes doubtful, =3 the result
could only be obteined by empirieal testing of verious values
of the nporemeiers, Only for PFopulation &, by omitting the
first two sampling results, d1d the methnd of analyaia indicate
a atable non=-trivisal souilibrium, |

Similer results were obtained when the aame anelysis

was accllied to the dste from the four cozes with bloed end white
in competition, Ho analysis was possible for Populsation 8,

85 extinetion of the white slliele cccurred in meles, ond
probubly would hsve in females, =nd the extistence of 2 non-
trivial equllibrivm wos assumed in obtaining the original
trensformation of ¢ wvelues to v values, #With the daté from
Fepulation U, two epplicertions of the iterstive procedure led
to satimnted corrections for the parametersigé end b which were

ameller then thelr standard errors. lowever, the resulting



Pg = .66 £ ,01 corresponded to xﬁ = 34.18 (012 P ,02)

for egreement between observed and expected gene ireguencies,
and consequently 1little weight could be attached to the
relative selective values per unit time of .292 ¥ ,115 ana

“.376 ¥ 204 for the wilyPl

and ww females respectively.
Por Fopulations T and V, eslculsted corrections for
the trial values of the psrameters led te lsrger XQ velues
and ceonseguently poorer spgreement betweer observed snd
expected gene {requencios. For the date Irom Populstion V
a range ol velues of Py and b wos tested, end the bhest Tit

resulted in pg = .99, with tm@'Qﬁlwﬁl

Temnles Leving & relaotive
selective value of 9%  As this wos eguivelent to & trivial
eguilibrium only, the originel spplication of the enalysis wae
not valid, which was perheps the csuse of the observed non=
convergence of iLhe iterstive precedure, If a similerp
axplenation sccounted for the nonconvergence found for Popiae
lztion T, it could be concluded that three of the four nopulo-
tions with hleod ond white in competition either 1ed or wonld
have led to extineiion of the white sllele, while the fourih
populetion might perheps heve estsblisted a steble nontrivial
equilibrium.
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5. DISCUSSION AND GONCE LUSTONS,

Of mejor interest in en experiment consisting of
competition hotween different genctvpes in o contrelled en-
vironment sre the relstive selective velues under such con-
ditions. A knowledge of the megnitudie snd noture sof Lhese
valuea can lead te o better understanding of selective
procenses under natursl conditions, ernd cen help explain how
genetic materisl is orcenised te denl with 1ts environment
with maximum efficlency. Tt 18 not of greot value merely
to demonstrete that differential selection lLins cccurred, asg
for theoreticsl ressong one mey assume it 4063 unleas con-
clusive evidence is presented to the controry. In the
present series of experimenta the gredusl dut definite changes
in gene Tregueney sre evidence thot selection was in fact
onareting. dowoever, altempts to estimste vrelstive selsotive
velues led to 2 nurber of contreadictions, and it seems worth

considering whether these were due to fatlure of technical

cr analytlicel procedures, snd whether the inferences 4het

could de drawn Crom the experimentel results were of more
ther supevrficinl intervest.

#ith regard to the design of the cagss, it was desired
to meintain populstions lIerge enough te ignore rendom drift
effects, so thet changes in gene frequency could be sttributed
mainly to selection. The tetel counts of flles made in the
enrly weeks indiceted thot sufficiently larse nopulotiona
were soon established, so that in this respect the cnges

seened satisfectory.
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Competitinn bhetween iwo pseudo-szlleles resulted as
expected in slow changes in gere frequenrcy, iIrom which one
would suvpese thet the selective differences between pgenotypes
were small, Althouzh no twe populsetions were exect replicsies
they all agrecd in showirg o rsduction in the frecuency of the
white vseudo=-nllels. Inviroenmentel veristiorns coannot there=-
fore have been of mejor importance, although comnplete environ-

mentol centrol could net be schieved. Drosophils =

is knowr to he susceptible to humidity varistion {Gpercer, 1950C
and regulztion of this envirenmental constituent would be
degirsble in experiments of this tyvpe. Sven hnd 1t been con-
trolleble, howsver, complete eqguality of environment between
psepes, ond even within different aress of ihe ong cage, 18
srehebly 8 practiesl impessibility. The circulsr structure
of the present csges, and the regulsr replacement of food every
twe days, should heve reduced wide luctustions in internal
environment such o8 oceurred in the populstion-bottls units
designed by Reed snd Reed (194S). This is surely important
shen sry analysis of selective wvalues iz sttempted. If eyclic
vapietiong in food supply, for inatence, are gpre2d over a
seriod of $ime grester then the sverage generation time of the
organism concerncd, the caleulsted selective value far o
genatvpe will noi spply in each gencration, but will be the
averege nf the vslues anplicable to & number of generstlons.

it is important thst any technigue for sempling a
populntion should be » raniom one, and it is difficult to see

irn ghet menner ony bias could lisve been intreduced by the



gsampling methed described {or the present experiment. It 1a
alae important thest ssmpling varistion should be kept te a
mintmum, which meers that the number in cech samnle should be
as lerpe &8s practiceble. The present sample size of 300 was
lepger Shen thet selected by Wright and Dobzhsnsky {19L6), who
repulsrly snelyvsed s total of 300 mulosomsl chrowmosones, where-
75 the number ~F sex=linked penes Lere clessified varied sbont
a mean ol L5O.

The effects of misclassificotion 2lse need consideratien
in discussing experimentsal technicues, end drte from the
randon meting tests are relevent in thls connection, It wes
noted thmt elthouph neither of the two testa showed e sig-
nificant difference hsiween the cleasilicsiion of femnlcoca #s
gcored visually and as seored by progeny ftesting, in éﬂch cane
the visuel misclasgificntiorn di4 result in 2 deficlency of
recorded hetevozycotas. Thias deficlency was more merked in
the first of the two teats then Ir the second, conducted siz-
teen weeks later. Hiowever, ags the populstion had been sampled
regularly during the thirty weeks prior teo the first test, the
reduced miselnsaillication of the second test i pet likely to
be due te inerensed preoficiency in scoring with time é&n the
auther's nert. Degnite lack of sizniitcance of the two 3(2
values (Table L.1%), the suspgestion remsins that the freguency
of femele heterozygotes may hove been underestimsted throughout
the experimeni, ond thst ceonsequently the Urecuency of the A
gene ns calculsted may be grester than the 4rue velue, slthouzh

not significently so.



¥any euthors heve snslysed sexual preferences in msting
by pleeing two genotypes of one sex with only one genoivpe of
the other sex (e.z. ¥errill, 15493 Thomson, 1351). It is
difficult, hovever, to extrapolste from the resulting mele andg
Temele preference dats %o the situstion found in snv naturasl
or cetificial nopulntion, where in 2 different environment
from thnt of the mating teasts both sexes cre simultsneously
2ble to sxerclze a preference in mating pertner, The isolation
of Temsles taken {rom the cege, and the determinastion by LrO-
gery anelysis of the moting they hed ondergerne when in the eege,
gvolded the eriticlsm outlinsd akove. To prevent affecting
the subsequent nistoery of the capge, horsver, the samle of
iselsted femoles hsd Yo be 8 randem one, with the result thet
Lthe varer genotypes werce poorly renresented ond little informpe
tion could be obteined as to thair rmetings, Lven had they

%

exhiivited strong mating prefarences thoss would not hove been
detected. This defletsney in the technioue of detecting non
random metinga could heve been svoided hed the fosts been con-

dueted earlier in the history of the populstion, when the geno=

s

types would have bheen more 2qually reprgsented in sny rondowm

sample, but as it is ithe conclusiona must be viewed with céution‘
Tuening te a conalderstion of the egg sempling exneri-

ments, scoring was corried out on the adultas resulting from

the egg =amples teken from the coage tn & more faveurable ene

vironment. Thene penotyplce Irecuencies were shown not teo

differ significantly from those exnccted from the gene fre=-

quencles among the sdults within the orge 2t the time of



removal of the eggs, on the hypothesis of random mating end

no gametic selection. 8 ne departure from random meting

weg Indicsted in the previous experiment, thls test was then
one te detect signiticent gonetic selection, The lack of
sipnifieence in toth experiments lends suppoart to the sssump-
tion, made in subsecuent gnalyees of the pepulation cage ante,
of there naving heer random meting ond no gemetic selection
within the esges, sc thet the observed gere [requencies smeng
edulte could be taken an those among ganeies uniting =t randem

to form the next genceration. However, 1t 18 clear thel the

s
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nuroers involved in ‘or the existeérnce of garmetie
aelection were Loo smell to eneble detection of very small
selactive dliferences, nithough no celeulstion was made to

determine the limit of detection. Yoo large & sample of sges

5

could net of course be removed from the csge =t sny one time

=

without adversely affecting the populstlor, so this techninue
1s probably better sdepted te situstions where lorpe gameiie
selective differences might be expectsd, ea for example with

'

the "sex-retio" condition in Drosophils vne udoohscurs.

The same experiment wss not sble to dewonstrate the
existence of differentinl zygotic selectiorn within the coge,
although selectlion must presumebly have operated nt some stage
of the life cycle te ncceunt for the observed changes in zene
frequency. Gomparisons were made between the genotype fre-
quencies obacrved among sdults in the cage nt the time of

emergence of the adults fvrem the egg semples, end the genotype
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freguencies of these emerging adults, The leptter were pree-
sumed to have developed without differentisl zvgotic selection
cceurring, the reverse belng true for Individuels developing
#ithin the cnge. The lack of significance found for the
comparisors dnes not mesn thst neo differentisl sypotic
selection in sct occurred within the c2ge, &2 the =zdults
sarpled from the cage would not sll have been ot the erg stiage
at the time the egg ssmple was rewoved, and this weuld sdd
difficulty to making the desired compurisons. It hed been
hoped, however, te demonsirate the cyiastence of differential
selection within the cage by exverimentsl ss well =2 by
ensiyticsl tecinicues.

Torning from eonslideration of sxperimentsl procedures
te theose of snelyeis, the situetion 12 lesse sstisfsctary.
Given & populsiion in & econditisn of sppsrenily ateble eguili-
brium, the relstive selective values of the different geno-
typus ean readlly be ealculsted frem the aquilibrium genotyps
frequenciea, and this has been dons for naturael populstions
showing rolymerphlsm for nllelez st on sutesemsl locus (e.z.
Allison, 1934, The anse technigue esn of sourse be applied
to sny experimentsl nopulation whienh schieves on snpsrently

ateble equilivriam,. however, in moat laboretory nepulstions

&

the gens frequency changes sre recorded 28 an equilibriuvm is
sppronched, end 1o many ¢ases it is A4iPf1icult to determins
wiien s trae eguallibrium has been nehieved, or even whetlor
siimination of one sllele world oceur if the ponulstion were

maintained for & longer period of time. “ihen selective
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diiferences are small the finel eliminstion of one sllele is
expected to he very aslow in terms of the rumber of perzrantions
required (Fisher, 193C). It is tempting te speculste whether
thils may be an explenntion for the results sbtained by Lewontin
(1958), when he meintained Drosophile pseudoobscura nopulstions
conteining two third-chromosome gene arrongements for over
thiree vears in & consiant eénvironment. Lewontin vecorded a
gredusl change in chromoseome frequency, toverds eliminstion of
Whe rerer gene srrangement; from that which he hed consideresd
ng on squilibeium value. He sttributed this change $e @
cienge in relative selsctive volues, due L2 2 sisble environ=~
ment reducing the svelutionery éﬂvantﬂg@ to the populstion of

2 pelymorphic systenm. The present sathor azttempted to onslyse
the results Irom Lewontin's zege C by the wethod of Cavalll
(1950), using the dste recorded beth before end nfter the
aatablisiwent of the “eguilidrium®. Tging o trisl value of

b, = <33, the eniculeied correctisrs led to a velue of the
ecullidbrium chromesome freguency greater ihaen unity,vimglying
comnlete eliminstion of the rsrer inversion. An attempt to
discover ampirically chosen valuea of the paoremeters which

would lesd Lo agreement between cbserved snd expected chromo-
some {requencles wes unsuecensiul, the best fit cbteined being
for p, = «99 (')(,%3 = 23.39, +02<P<,05) which cannot be con-
aldered os esistliishing the exiasterce of n ntzble nontriviel
gguilivriam,. Although the method of esnslysis is not =pplicable

unless & nontriviel squilibrium i: possible, the adbove result

of its epplication dees sugpest that even without changing
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selective values no stable non trivial ecuilibrium was possible

for this populstion. “n slterstion to the originsl selective

vyelues weuld not thern need te be postulated, as the observed
“equilibrium" wes perhaps a spurious one.

This exewple illustrates the difficulty of determining
whether an experimentsl pepulation has in fact achiev&d.@ atesble
acullibrivm. The method used for the pressnt deta was not
entirely ssitafsctory, particularly when only 2 smell number of
semples could be regeardad a6 coming Irom the aquilibrium popue
lstion. The stetistiesl procedure employed sllowed the size
of the sample te influence the number of readings conaidered
as equilihriurm enes, end therefore the estimstes of the
cquilibrium gene recuency were aflected by the arbitrsrily
chnsen number of individuals examined ot esch sampling. The
estimated frequency of the more common allele may in any case
be lower then the true equilibrium frequency, if such exlsts,
gither f£rem the faet that egquilibrium hed not been gulte
atteined, or thet earliepr semplings prior to the esteblishment
of the squilibrium were included =& heing from the sguilibrium
population, so lowering an overall aatimete of gene frequency.
Considering the magnitude of the error termz for the present
enleuleted gene Treqguencles, however, n alight veristion in
equilibrium velue would not hove sizgnifteantly sltered agtimotes
ef the reintive selective ccefficlients,

The sdventage of working only with equilibrium gene end

genotype frequencies in determining relntive selective values



wes, apert from ease of computation, that the sole assumption
rocessary wad constancy of ihese relstive selective values 23
long #s the equilibrium was maintained. The disalvantages,
however, in experiments like the vregent one, were that She
results of 2 lerge rumber of esrly ssmplings were not considered
in the snelysis, snd that the populsiions had to be meintsined
for o long neriod of time teo satisfsctorily establish the
sxistence of sn squilibrium,. These two dissdverntnzes did neot
ecenr in other methods of snelysis develored for populeiione
palymorohic for alleles st sn sutosem=l locus, nor in the

3 esent meodiftiestions of these snelyses for the cese of & sex-

iinked locus. Wright's spprosch Yo the problem, & well ss
«t, of Cavelli, used =11 the date I{rom the samplings of the
nopulniien, #nd dié not require on equilibrium to biave been
stimined before relative selective values could he determined.
Against this, however, iz the fect that mony more assumntions
hed to be made in spplying these sneplyses, some of which might
not Iisve been Juatified,

¥risht's theoreticel model assumed discrete generations,
end this 13 obviously urtrue in & populstion cage. It is
d1fficult to estimete the importance of this particular lack
of sorrespondence beitween the model ond the populstion te
whichi 1t is spplied. Generelly it has been assumed to be of
1ittle simmificonce (e.g. Bdwerds, 1561), but this sssumption
hns heen mnde when considering cases of pepulsations sither
nesr or =t ecullibrium, when the gere frequency will be

subject te slow chenges per time unit, Tt wmay well be more



importeant in en analysis of sopulstione far from acuilibrium,
when lerger chianges in gene frecuency sare expected in eanch
gelected time intarval, In 2 populstiorn with overlapping
zenerotions £ particular set of relztive selective values will
regult in smaller cohserved changes in gene frequency per time
unit thean woeuld be shaerved with the seame reletive selective
yolues in & populetion with discrete generstions. This is due
to the fmet thet the techniques of sampliing o population ellow
inclusiorn of individusls which heve contributed to an esrliier

estimate of gene frequency in the fom

:r ense, but not in the
latter. With large chenges in gene freguency expected from
one sempling to snother, this mey leed to considerable dif-
ferences betwaen the gene frequency ostimstes from the two
populations. Hence the squeting of 2 model mssuming diserete
gensrations and an sctual popuistion Laving overlepping genera~
tions may well lead to erroneocus estimotes of the reletive
selective velues,

The analyses of both ¥Wright end Usvalll also sssumed
econatancy of relntive selective values throughout the history
of the populstion, end, more serlecus perhaps, were not capeble
of indienting when this sssumptien slone was not valid. e
will obviously be aifficult to determine relative selective
values il these are not constant, but it would seem desirable
to be able to deteet the existence of changing relative selective
velues when such occur. Another essumption common te both
snalyses wna thet the gene frequencles could be estimnted after

election hed
5 completed its action in the 1life cycle, sc thet
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in any epplicaztion of the wodels the eatimsted gene frequencies
couls be teken s those In the gemetes which united ot raniom

to form the next generaticn. It ies 4ifficult to Jusiify the

et

assumption that ne further differentinl selection occurred
during the lifetime of the sampled individuals. Tests could
e made for the sbaence of gametic selection snd the existence
of rendom wmeting in the populstion, However, if either of
these tests had been significant, the gene frequenclies estinnted
from adult zyvgotss would net have beern those in ﬁhe gamstes
uniting at rendow; even i theses lsiter Irequencies could then
have been deduced, 1% would have been difficult %o interpret
the eslenlnted relstive gelective values, for the effscts of
nongenctypic ssleciion wonld then have heen inciuded in 2 walue
naslgned to 8 genotype.

Cavalll's snalysis alse presupposed the existerce of a
nen trivial equilibrium, ond coulid net be used to determine the

reletive selective velues respensaible for the elimination of

ene ellele. Tn i1ts nrssent adspltation te the sex-iinked case,

o

t aleso suffered from the particulsy reatriction of the
sasumption of ¢, = 1, lmplying no differentisl selecticn in
males and censequent souslity of male and female gene fre-
guencies st ecuilivdriam. ¥

the megnitude and not the order of gene frequency chenges,
Thig could result in absurd conclusions frem sr & plicsiion
of the snalyvsis, as shown by Levene, Paviovaky, & Dobghansky
(1954, A hundred generations with no clhiromosome [regquency

chionges were ihnenratically added to existing date from a

(RS
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pepuletiorn polymorphic for an antosomal inversion. However,
wher Wright's enalyeis wes spplied teo thiz situation of &
very stable equilibrinm, the resulting reletive selective
vnlues were such thet no steble squilibrium could have been
maintained. This contradiction waz due te the emphasls
ziven in the snalysis %o the initial lsrge chenges in chromo=~
some {requency, and the rolstively amall weicht plven te the
meny successive zsro changes in chromosone fregnency.

#44h the shove assumptions and eritieciswas in mind, a

few suzgestions can be made #8 to the sequirements ~f 1depl

3

metheds of esnelvais Tor deta from laboratory pepulotions con-

toining either eutosomel or sex-linked penes in competition.

S.uoh en enelysis should make use of =211 the serpling dets, and

eongider order 2s well as megnitude ol observed gene or genotyne

fragueney changes, Tt sheuld he capavle of 2pplieation when

ne equilibrium cen be esteblished, perheps #edueing relative
selective values from the vate st which cne allele is glimin-
eted, snd should prelerably glve an setimete of the soulilibrium
gene frequencies, if such exist. Overlapping gencrations
should perhaps form the hasis of the model from which the
annlysis s deprived, snd the possible detection of changing
pelstive selectlive coefficients wonld be & practienl sdventoge,
Similerly, aseperete estimetion of gametic and zypotic relstive
selective values could he of advantsge in understending the
methiod of selection in some populatlons, Cthey subdlivisions
of 4he oversll selection could perhsps be informative 5180,

when considering perticulsr populstieons,
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This set of requirements will be dilfficult te asetiafy,
cven for the case of populsiions sllowing competition hetween
allelen st sn auvtosomal locus, snd the difficulties will be
inereased in the sex~linked case where more uparameters are
reguired to desceribe the populetion. The present deta ere
thie meat extenaive nvellable for lesrge laboratory populations
with sex~linked alleles in competition 2nd cmn sevve for the
gnplicetion of & satisfeciory method of anslyais when one is
developad.

The conclugions which could he drawn fvrom the present
enelyses of the dnte contein & aumber of gontradictions. When
the equilibrivm gene freqguencies slone were considered, the
existence of steble equilidris wes indieated for two popule-

tiena, ¥ and R, slthough for the latter populstion 1% hed not

fnk
by
o
5]
3

-;'-1\

gatablished, These were the only populations fer
which the velstive gelective values of baih femslie honmozygous
gonotypes were lesas then unity, end when the equilibrium gene

frecusncies do not differ

P
e

the twe saxes thls 18 a necessary
and sufficient condition for o steble equilivrium, 211 the
populetions but ¥ and & showed ne significsnt differences
between the scuillibrium gene Irequencies in meles and females,
g0 with these ezcepiions the Temale howozygote relastive
selective vaslues should all heve heen less then unity.
Fopulations L, 0,8nd F could perheps be considered to satiafy
this reculrement, hut Populatiens ¥, N, end € could not he in
1t

steble equilihrium with the celeulsted reletive selective values



for the homozygotes, ss all these values were too grest in
magnitude. The possible effects of wmisclasailication are
relevant in this connection. ts the {recusncy of the femsle
neterozygous gernotype appears in the dencominsior of the formulae

for estimsting o . and B

Y ?Fa, arn incremse in this {requeney, and

. R T
censequent decresse in the frecuency of the WV genotype,
would heve resulted in lower values for the reletive selective

coefficients of the Temnle honozysotes, ¥igseclnasificetion

dtd eceur in this expasriment, #nd, aithough not stetistleslly

significent, wes such that the sstimnted relative selective

(.4

- - B T Py A e .’ B ey g
yelnes for the femals homozygzotes would have heen greater then

the true volues for the vpopulationz.
Tompering these coneiuslons with those drewn froem the

from the lstter

in for Fopula-~

the W gene would haw

o u H Ty N S - A5 o s o 1
tiena X and R, snd seamed to indicats the

seen elimirated had these populestions been maintained for a

longer peried of time. There was slze 8 suggestion of the

sgleetive velues having varied with time, which could not have

naen seted in an anslysis censidering only eguilibrium
Irequencies. The snelveis of the dsis  from Population &

also suggasted m%&nging gelactive valueg, snd when aprpiled to
& and P the wethod led only to the conclusion of
eventual eliminstion of the W sllele. Population ¥ aipght
perheps heve sehieved s stable equilibrium, os might TPopulatie

e Howevar, ag Populsationa ¥ and @ had been shown to have

dirrevent eoullibrium gene frequencles in the two sexea, the
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epplication of this medificetion of Cavalli's anelysis was
not velid, ss the simplifying sssumption of t, = 1 (which
implies equallity of the pene frequencies in the two sexes) had
hed to be nmude. There were a number of cther sssumptions
made for this method of snelysis, 20 thel the coneclusions
must be considered a3 being very tentative.

An experiment might well be csﬁﬁua%ad to determine
whether relstive selective valuea do alter with time in such

g leborstory population. A large sampls of {iles ceuld be

removed from a cage after changes in gené frecuency had been

cbserved, and used o start snother cege, wiih gene and geno-
iype frequencies edjusted to the originsl veluves of the Ciret
soge. Chenges in the second gape paralleling those of the
first would then irndicete no chenge in selsotive coelflicients.
Paster (op slower) chenges in gane freguancy would suggest
that the relstive selsotive values hed aliered in the first
cage from Lhe time of itg inception to the time of esteblishe
ment of the vasecond cage.
velues could be nceounted for by mulatiennl or recembinstionsl
events, Fuerther work might

dependence of relative seleclive values o1 gene or genotype

freguenciens in 2 pony
be exarmined using population cages, rathe

selection st different atages of the 1ife cyvele outside a cage,
ng 1t 18 difficult either to anumerats oy investigste nll
poasible stages of the 1ife grvele where differential selection

may opoeralic.



Cne finel metter which emerged from the present ex-
periment wss the remarkable heterogensity of the sex vetle
ohserved in ell the CRTek A total of 35 of the samplings
hed a8 pre ;oztion of meles 4iffering significently from .5,
whilst For individusl cages the percentage of significant

samnlings veried from 5€ for Ponuleiien U te 829 for Popula=~
& &

P

tion B, There were wmore significent exceases of males than
of females, geinly due to two populstions, K and &, which
showed 12 end 17 significent szeoessss of males respectively

Zven without

and 21 of famsl

ten populs=-

tiens, fo posaible sssocistion could be detectied between

depsrtures from s 111 sex retie and changes

fpeaueney or poopulintion sizs ($he latter for

ea of each population enly, 28 counis were not

gontinued hevand twelve weeks).

£

TP the ssmpling tschnicue used throughout the expsriment

£

hed heen reanonsible for o non rendem aslasction of the two

sexes, ¢he similarity ef the method

snample should he-e resulted in homogenelty of the sex retics

even 1f these lettar hed Jiffered aignificonntly from the
axpected 121l retio of malear Temelea. Tt would therefore
seem thet the obeeorved helerogensity of thz sex »atios could
not bhe sseridbed to deficliencies in experimentsl technigquss,

and in ecngequence 8 geneticsl or envirommentsl explanation of

the significent deviaetions must e considered.
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The presence nt a particuler locus of an sllele capable
of influencing the relative proportions ol the sexes is not
gory likely. Hot only would such & gene hove hed to be malin-
taired by chence threugh meny genersilons of single-pair
matinres, in twelve Alfferent lines, prior tc the sstsblishment
of the vopulstiens, but 1t 1s hserd to suggest =z posslible mode
of setion for sither sn sutosomsl or sex-linked gene which
could result in the observed liuctustiions of the sex ratioc.

I such s gene affected the viability of one sex slone, ITluc-

tuations in its frequency could explaln the recorded data on

the freguencles of the sexsz: however, the necesssry veristion

-

B

%itn time in the frequency of the gerne would imply the
ﬁxi&a@nco of rendem Avift effects, which could enly occur if
the effective mating populatlion were much smeller than the
toetel populsation. If this ware true, ainmilsr rendom 4rift
effects ahowld have been detected Tor the

freguencies, but neo such evidence of drift was cbserved.

The suggestion arose eeriier thet the relative selective

veiues of the eve-coleur genntyvres had sltered with time.

Genotyple seleciive veluzg which varied s &2 to vesult in

ehenging aversge fitnesses of the male and female subpopulations

yv

could lead Yo verving sex ratios. In this c¢ess, as above, one

would then expect =z relstionship feo exiat Letween the signifl

asxcosses of one pex end the chenges in gere Ireguency at the

Devistions from acuslity in numbers of the sexes have

been renorted Ffor laborstery populatisn studies employing Heed

cant
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and Reed's (1948) small populetion-unit technique. In these
eceags, however, the ponulstieons were sampled when environ=-
renterl condltions were nt thelr most sdverse in terms of food
appply, snd any viebility A1 fTerences between the sexes might
then be expected to lewd to an eXcess of one zex. Usumlly en
excens of Temnles has besn reported, slthougn ZYerrill end

gnderhill (1956) Cfound an averall frequency of males grenter

H

than 9

-

¥

ror some populetions with competing sex=-iinked alleles
at  the W locus. Phese aathers did net present thelr original
dste, hut stoted thot the sax petic wes very veriable, @8

were the fpequenciss of the sye-colour genes. f4nce fluc~

tuntions sseribshle Le rendom chence ace trn be expected in

)

theas small nopulations, the obaarved aoX petios might hsve
neen 4ue to shanes effects slone.

Hewever, Thomson (1961) reperted varisble sex ratios
in lzrge lowopsteory populsiions corhaining the some sex-linked
paendo~clleles a8 those giudled by Yerrill and Undertili.
Here pendem chence could not ace sunt for the deta, and the
aythor atated thet the excesses ol one or the othar asex
sppesred to be an intrinelc ehnracter of esch population.

Lo there geems o he no socintien betwoen the sex ratio

and changes in gene Irzquency =t p sex-linked locus, wither

[y

‘hemson's exseriment, or in the one reported by the
nregend author, 1t seems nrobable that such varleble sex
potios wav cceur in oiler ieheratory populetions whiere sex-
1inked elieles zre not %&ﬁ?ﬁg@tiﬁg. Hewever, the publishied

dnts for lurge labopatory populstiens with corpeting autosomsel



alleles have not been presented with the sexes rec o"déﬂ«n
ganarately, so it is noi at pressnt possible to verily this
suggestlion.

Apart from the fmet that slleles sl the seme loous were
itudied, there was snolhe ¢ similepity between the experiment

reparied by Thomson and the nresent one, whilch m he relevent

tn explelning the dete on SoX Gistribution. In boih

e
&

the populstions were beileved to be homozygous at all leel,

¢
tm the W locua,. If sn

. " ovamy P 2, A P s, oo T saran PR 4 L
meshanianm for sex retlo control were postulated,

E

WY g paemyn "
RL G CONTYLs

gyatem, disturbences of chenges in

pocounted Tor.

nalaneg 4in 8 nermelly outbrecding specles, very

Y & mae o & Y s R W P
fluciustions the environ

to imyge

-

sex raile centrel mechenism in these nutosone

e, o s w.- T4 v % e do & pre oy
51ly homosygous populetions.

Ap experiment might well bs conducted te test the above

¢ labepsiory populsbions with

sorel homozypoalty, snd recerding any

. & - g g
LOng VLLAD

]

avraegenes of muatand

atic sysiem could alse

) . . * 4o e - 4 g o - %
e exerined, ring the veriatiens of the sex rutie in

wild type popu. with these in populatiene sither home-

svrous or secvegating for o MM iferent mutents. "here is also
Y& &

the theoreiiesl problem te be considered of how & syatem of



gene balance in
gnvironmental T
characteriatile
sex retio veris

interest, and w

nstidering the results of

tion cage duts,

of the differen

plgment present
whieh aschiesved

f@fﬁ]ﬁ genotype

%

i

LR

g

grmant snd Lt
wes nn aviderce

popuistions, it

ogeurred during
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ndividusls of a populstion could resect to
luctuntions so as %o affect & populistion
guch ss sex ratic. This general guestiion of
tion in lsboratory populeiions is of great

arrents & deteiled investigztion.

the enslyses of the popula-
14 weuld spopeer that the melative fltneasses

t notypes did not depend on the smount of

the eve of the fly. In the twn populations

an sguilibrium, not only Ald the heterosygous

neve & graeter selective value thean the dmpker=

remale genoivpe, but no selective differences
A ®

the male gerotypes, one with

vy

an eye-colour
. #e
other complotely witheut, Furthermore/there

of difterentisl gemetic selection within the

wenld sppesr thet differential selection
the gygotic steges of the life cycle of

femeiss slone, ¥or much of this time, end particulsrly during
the intense larvel competiiion for food, ne sye-coleur pigmenta
are present. Tt weuld therefore seem thet these plieles have

ef fects on thel

i

morohiisme, 1T

v carpiers other then ithe v?odubtgon of adult
mpre to this

gxtent pl@ptvapic.

meintenence of sEX~l

linked poly=-

a3 been shown that stebility can be schieved

by two Aifferent poassible mechenisms. “ither one #llele
esn he 5% on npavenicge in one sex end st a disadvantage in
the other sex, o no sclegti Al {terences need occur in ihe
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neterogemetic sex;, together with a selective superierity of
the hetcrozygotic genotype in the homogametic s&X. The latter
mechanism is theoreticelly s rather specisl cess, for 1t
results from feking %, = 1, instesd of allewing the wapsmebep
Lo VREY. In practice, howvever, this may be the wmore common
method of maintensnce, for sex-linked nolymorphisma sre likely
te pecur in species which eleso exhibit sutosomal poly=
morphisms, end which have therefore evolved mechanisma for
ohteining the necssasyy haterozygotie superiority, The
aquilibris found in the present oxperiment wers cortainly

%

e 3  ap— o & wnd XY % Tl 4 o v g it b y g
of $his second type, and it #111 be of intsrest to see which

mechonisn of contrel oceurs with the grester frequency &8

more sex-~iinked polymorphlsss ere studied.

L et W Gl W R SR e b D e VD e S Y R
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